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. EXECUTIVE SUMMARY 

1. INTRODUCTION  

"An Assessment of Hydroelectric Pumped Storage" is part of a larger, 

comprehensive study undertaken by the U.S. Army Corps of Engineers to assess the 

potential contribution of hydroelectric power resources to the Nation's energy 

supply. The pumped storage assessment consists of three major areas: 

• An up-to-date inventory of the various pumped storage projects (opera-

tional and planned) in the United States 

• A study of the technological alternatives to pumped storage including 

new peak-load generating technologies and the "zero kilowatt" tech-

nologies of load management and conservation (a major focus of this 

section is an analysis of the feasibility of each of the alternatives and a 

comparative cost assessment with pumped storage) 

• A regional analysis of the future need for pumped storage (or its 

alternatives) based on a range of possible regional growth rates, the 

overall cost competitiveness of each peaking alternative, and the cost 

of installing the additional base load capacity to support each of these 

alternatives. 

The relative cost of fuels versus new construction and the influence of 

environmental considerations on these cost decisions could direct the capacity 

expansion plans for each of .these regional systems along a wide range of quite 

different development paths. This diversity could, in turn, produce a wide range of 

possible future pumped storage capacity additions. Consequently these issues are 

critical to the results of this analysis. 

In this analysis, capacity expansion plans are assumed to be determined by 

the long-run growth rates of electricity demand, which in turn are influenced by 

the overall rate of savings and investment in the U.S. economy. This savings and 

investment rate is presently uncertain, however, particularly in light of the results 

of newly formulated economic policies. Thus, until the new direction of the U.S. 

economy becomes clearer, ranges  for future growth rates are more appropriate 

than a specific, targeted growth figure. 

1 



For the purposes of this analysis, it was also assumed that high growth in 

national savings and investment rates (produced • by new, national economic 

policies) would eventually result in an increase in the rates of growth in electricity 

use. These rates could) then lead to higher rates of generating equipment 

retirement than would otherwise result because the availability of new generating 

facilities would render the existing stock obsolete. Should a rigorous building 

program develop, the potential for pumped storage or alternative technology 

development would increase significantly. However, should the opposite situation 

materialize, potential development of pumped storage or alternative technology 

facilities would be minimized. 

In the following sections of this summary, a statement of the background of 

the study is provided, the conclusions of the analysis are summarized, and the 

major findings of each element of the overall project are outlined. 

2. BACKGROUND  

Over the next 20 years, the extent to which pumped storage electricity 

generating facilities will be incorporated into the Nation's regional electric utility 

generating systems will depend on the interaction of a complex set of engineering 

and economic factors: 

• Growth in the regional use of electric energy and seasonal peaks , 

• Relative prices of fuels used to generate electricity 

• The future course of general price inflation 

• Escalation in the construction costs of new powerplants 

• The specifics of regional economic development and the generating fuel 

"mixes" in each region 

• Developments in new and alternative technological electricity 

generation. 

The applicability of pumped storage to the future peaking needs of the 
various geographic regions of the United States is the thrust of this assessment. 

Today, conventional aboveground pumped storage is a proven technology, subject 

only to changes in the cost of new construction. In its conventional form, pumped 

storage is clearly applicable to the regional needs of a wide geographic area of the 

country (e.g., central United States). However, for some of the other regions, , 

2 



(e.g., Florida) the terrain is too flat, even though a systems need for peaking 

capacity exists. For these :areas, underground pumped storage may be a feasible 

option (underground pumped storage systems use natural caverns as the "low land 

reservoirs" and a proximal ground-level site as the upper reservoir). Also, in many 

parts of the country, other alternatives to the use of pumped storage as a peaking 

technology are already in place; these include installed oil- and gas-fired plants in 

systems that may later be adding new base-load plants; and existing, conventional, 

hydro generating stations with sufficient storage capabilities to permit their 

operation as peakers (if additional base-load plants can be constructed). 

For some regions, both the conventional alternatives and the nonconventional 

peaking technologies could be added. Many of these alternatives are seen by some 

policymakers as potentially less costly or environmentally preferable. If cost was 

the only criterion, it is likely that the lower operating cost of existing peaking 

capacity (particularly the installed hydro of the Northwest and the existing oil- and 

gas-fired capacity in the Southwest and South Coastal Pacific regions) would be 

more attractive than building new facilities. Thus, the long-term applicability of 

pumped storage to regional requirements for new peaking capacity rests on such 

factors as the consideration of possible environmental impacts and the future 

prices of oil and gas versus the cost of pumped storage construction. 

The large increase in hydroelectric pumped storage' capacity that has 

occurred over the last 20 years has provided electric utility companies with 

flexible, reliable plants that are capable of quick startup to meet daily peak energy 

demands and emergency situations. Although the ratio of pumping energy to 

generation energy generally ranges from 3:2 to 4:3 for a pumped storage plant, it 

allows for efficient operation of the larger, more complex fossil -fueled and/or 

nuclear plants that would otherwise be used only to meet daytime base loads. As a 

result, net energy savings are realized when base-load plants power storage 

facilities while simultaneously providing improvements to operating reserve 

margins during peak-load periods. 

Other factors contribute to the attractiveness of pumped storage plants, 

including the compatibility of pumped storage with nuclear power generation 

loading during rapidly rising peak loads or in the face of forced outages during peak 

periods. The low operation and maintenance costs of pumped storage and the 

steady rise in peak-load to base-load ratios, which was prevalent until the mid- 
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1970's, are also contributing factors. In general, hydro systems make pumped 

storage generation attractive because hydro is a renewable source of energy. 

Today the potential for future development of hydroelectric pumped storage 

is somewhat clouded. Major changes in load growth, the shelving of plans for more 

large nuclear and coal plants, and the emergence of environmental litigation with 

respect to the siting of pumped storage facilities, have combined to lessen the 

presumed attractiveness of pumped storage. 

3. CONCLUSIONS 

This study actually consists of 17 separate regional studies. For purposes of 

summarizing only, these have been summed into 7 regions of fuel supply 

commonality and then further summed into a set of national tables. Both the 7 

summarized regions and the national results are listed in Task 5 of the report at 

5-year intervals for the next 20 years. The details of the computer programs that 

were written to perform these 17 regional studies are reported in Appendix C. . 

In the following tables (Tables I through IV) the national results are further 

summarized and are reported only for the year 2000. Yet it is important to 

remember while studying these results that these are only summaries of the 

regional analysis and cannot be taken as proportional for any one region. The 

distinguishing feature of this analysis is that the supply and demand of any one 

region has little applicability to any of the others. 

For example, the hydro generating capacity surplus of the Northwest (to 

which, as time passes, more base capacity will be added) is converted by this 

process into a huge peaking system and cannot be proportionally applied to the 

steam-coal base-load systems of the Midwest. The Northwest has a long-term 

surplus of hydro (obviating the need for the construction of pumped storage 

facilities), while the Midwest has a long-term, chronic need for peaking capacity, 

thus making it the prime target area for future pumped storage or alternative 

peaking technology construction. 

These two regions cannot be combined because of the physical limitations of 

moving vast quantities of electric energy 2,000 miles every few hours. It should be 

further remembered that these regions cannot be coupled because they also have 

different prospects for growth. In point of fact, this analysis is simply the result of 

17 regional studies, and this limitation has been deliberately introduced. We 

believe it is reflective of the limited ability and real diseconomies in the existing 
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TABLE I 

Maximum Estimated Capacity of Installed 
Pumped Storage by the year 2000 

(if no additional, non-pumped storage is added 
beyond that planned or currently under construction) 

Dames & 
Projec- 	Projec- 	Moore 
tion I(1) 	tion II(2) 	Forecast(3) 

Most Favorable Economies for Construction 

W/o Load Management 

Utility announced retirement 
Generic retirement 

	

250,000* 	302,000 	180,000 

	

255,000 	302,000 	188,000 

With Load Management 
Utility announced retirement 	143,000 	178,000 	105,000 
Generic retirement 	 146,000 	178,000 	107,000 

Least Favorable Economies for Construction 

W/o Load Management 

Utility announced retirement 
Generic retirement 

With Load Management 
Utility announced retirement 
Generic retirement 

*Rounded to the Nearest 1000 MW 

(1) 1979 Industry Projection 

(2) 1979 National Laboratory Survey 

(3)1981 Dames & Moore Forecast 

	

150,000 	223,000 	60,000 

	

195,000 	242,000 	117,000 

	

47,000 	94,000 	17,000 

	

82,000 	122,000 	41,000 
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198,000 
227,000 

189,000 
216,000 

313,000 
340,000 

302,000 
329,000 

95,000 
116,000 

89,000 
107,000 

82,000 
139,000 

37,000 
106,000 

186,000 
251,000 

126,000 
232,000 

9,000 
41,000 

4,000 
19,000 

TABLE II 

The Unsited Base Needed by the Year 2000 to Support 
an All Pumped Storage Peaking Construction Program 

Dames & 
Projec- 	Projec- 	Moore 

tion I(1) 	tion II(2) 	Forecast(3) 

Most Favorable Economies for Construction 

W/o Load Management 

Utility announced retirement 
Generic retirement 

With Load Management 

Utility announced retirement 
Generic retirement 

Least Favorable Economies for Construction 

W/o Load Management 

Utility announced retirement 
Generic retirement 

With Load Management 

Utility announced retirement 
Generic retirement 

* 
Rounded to the Nearest 1000 MW 

(1)1979 Industry Projection 
(2)1979 National Laboratory Survey 
(3) 1981 Dames & Moore Forecast 
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4,000 
12,000 

2,000 . 
5,000 

2,000 
4,000 

24,000 
38,000 

42,000 
56,000 . 

11,000 
23,000 

2,000 3,000 7,000 
6,000 19,000 8,000 

7,000 11,000 26,000 
15,000 42,000 26,000 

TABLE III 

Maximum Estimated Installed Peaking Capacity by the Year 2000 
(if no additional peaking capacity is added beyond 

that planned or currently under construction) 

Dames & 
Projec- 	Projec- 	Moore 

1) tion I(  tion II(2) 	Forecast (3) 

Most Favorable Economies for Construction 

W/o Load Management 
Utility announced retirement 
Generic retirement 

With Load Management 

Utility announced retirement 
Generic retirement 

Least Favorable Economies for Construction 

W/o Load Management 

Utility announced retirement 
Generic retirement 

With Load Management 

Utility announced 'retirement 
Generic retirement 

* 	- 
Rounded to the Nearest 1000 MW 

(1)1979 Industry Projection 
(2)1979 National Laboratory Survey 
(3) 1981 Dames & Moore Forecast 
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196.000 
267,000 

113,000 
182,000 

	

340,000 	570,000 

	

412,000 	115,000 

	

242,000 	42,000 

	

315,000 	60,000 

174,000 
240,000 

99,000 
168,000 

313,000 
393,000 

229,000 
296,000 

48,000 
99,000 

32,000 
51,000 

TABLE IV 

The Unsited Base Needed by the Year 2000 to Support an 
All Non-Pumped Storage Peaking Construction Program 

Dames & 
Projec- 	Projec- 	Moore 

tion I(1) 	tion II(2) Forecast (3) . 

Most Favorable Economies for Construction 

W/o Load Management 

Utility announced retirement 
Generic retirement 

With Load Management 

Utility announced retirement 
Generic retirement 

Least Favorable Economies for Construction 

W/o Load Management 

Utility announced retirement 
Generic retirement 

With Load Management 

Utility announced retirement 
Generic retirement 

*Rounded to the Nearest 1000 MW 
(1) 1979 Industry Projection 
(2)1979 National Laboratory Survey 
(3) 1981 Dames & Moore Forecast 
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interregional transmission systems by which the hourly movement of electricity 

over long distances between most regions cannot be accomplished. 

Table I summarizes at the national level the need for pumped storage 

capacity in megawatts (MW) that was computed for the various assumptions of load 

growth, load management, retirements, and the applicability of existing capacity 

as future peakers. In the first of these summary results, it was assumed that all 

peaking needs would be met by pumped storage construction. Table III summarizes, 

for the same assumptions, the use of alternatives to pumped storage; for this table 

all peaking needs are met by such peaking systems as gas turbines, combined cycle, 

or such new peaking technologies as fuel cells. 

As can be seen from Table I, load forecast is the most significant factor in 

the determination of the need for peaking capacity, followed by implementation of 

load management (as an alternative to peaking capacity construction) and the 

question of favorable economic conditions for construction. Generic versus 

company announced retirements are the least significant. The differences between 

Tables I and III further illustrate the Current competitive differences between 

adding pumped storage or building additional peakers. Table I generally implies 

that for the most favorable conditions for construction, an additional, large 

base-load construction program (with substantial long-run reduction in oil and gas 

consumption) would also be needed. Table III generally implies a much higher level 

of oil and gas consumption but a smaller base-load plant construction program. 

Under the least favorable economic conditions for construction, pumped storage is 

built only after all other existing oil and gas capacity is being used for peaking 

needs. The corresponding base-load construction programs are illustrated in 

Tables II (the base needed to support an all pumped storage program) and IV (the 

base needed to support a non-pumped storage, peaker construction program. 

4. PUMPED STORAGE FACILITIES 

In the first part of the project six existing and proposed sites were chosen as 

suitable case histories for review. The technical, environmental, and economic 

characteristics of these pumped storage plants were examined. The decisions that 

resulted in their construction were reviewed for relevance in similar future 

decisionmaking. The results of these studies are reported in Section 2; the sites 

were: 
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1. The Taum Sauk Project in Missouri, a Union Electric Company facility 

completed in 1963 

2. The Northfield Mountain Project in Connecticut, a Northeast Utilities 

facility, operational in 1973 

3. The Ludington Pumped Storage Project in Michigan, jointly owned by 

the Consumers Power Company and the Detroit Edison Company, 

operational in 1974 

4. The Helms Pumped Storage Project near Fresno, California, currently 

under construction as part of the Pacific Gas and Electric Company 

5. Blenheim-Gilboa Project, owned by the Power Authority of the State of 

New York (PASNY), operational in 1973 

6. The ,proposed Breakabeen/Prattsville Pumped Storage Project, also a 

PASNY facility. 

In addition to identifying existing projects, the literature was searched to 

identify sites for possible new facilities in the United States (this consisted .  of a 

review of the work of others). Figure 1 shows the general geological opportunities 

for underground pumped storage facilities. As the map indicates, the areas with 

the highest degree of confidence are located in the Pacific Northwest and Central 

Northern regions of the country. The Gulf and Atlantic coastal regions are the 

areas most unsuitable for underground pumped storage development. Figure 2 

shows the number of and total generating capacity of all of the existing and 

proposed facilities in the United States. The histogram indicates pumped storage 

generation has been increasing consistently since 1965. Figure 3 indicates the 

general location of projected and operational pumped storage plants in the United 

States; as can be seen the majority of pumped storage facilities are located in the 

Appalachian mountain region although California has the largest number of pumped 

storage facilities of any one state. Project briefs and data sheets were developed 

on each existing and proposed project in the United States (see Appendix A). 

The second part of this project considered alternative peaking technologies 

and compared them, on a comprehensive basis, to pumped storage. This task 

included identification of the most promising alternative technologies, both exist-

ing and new, and a time and total availability assessment for each. The study 

determined three significant alternative strategies to pumped storage: 
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FIGURE 1 
GEOLOGIC SITING OPPORTUNITIES - UHPS 

SOURCE: Charles T Main, Inc.. 1978. 
Isom WES MEERCAN STUDY 3 AND PUSLIC SENTICE ELECTRIC AND SAS STUDY I. TABLE II- I ) 



30 -I 

20 -• 

10 0 

--- Projected (includes: Harry S. Truman, 
Clarence Cannon, Helms, 
Bath County, Rocky Mountain, 

. 	and Bad Creek). r--1  

N
U

M
B

E
R

 O
F 

O
PE

R
A

T
IN

G
 PR

O
JE

C
T

S
 IN

 U
.S

.  

I-. 
t4 

U 
0 
1 
o 
o 
o 
1 
o 
0 
I 
m 

40 -1 

_1 
r - --r — 

I 

v•ilyv 	 if 

1950 1955 	 1960 1965 	 1970 	 1975 	 1980 	 1985 	 1990 

DATE OF INITIAL OPERATION 

FIGURE 2 
NUMBER OF OPERATING PROJECTS 

HYDROELECTRIC PUMPED STORAGE PLANTS 



0 
-A■ 

•.. 

1 	.',.... 

FIGURE 3 
LOCATION OF HYDROELECTRIC PUMPED STORAGE PLANTS 

• In Operation 

CI Projected (under construction and/or licensed) 

UNITED STATES 
ss au us awn 
sue 	Asa 	suu 

........... 

	

1 - 	 --........ . i 
/ \--1......  / 

A i 	t-. 	 i i 
i 

	

----"---" 	I 
1--- 	 r 

	

( 	1 

	

1 	ti,
• 

	

i 	 i 	L ,,. 	i 	I 	i 	i 	-. , 
--r-.... 	 i 

e• 	 L 	i 	
i.._._._..._... 

) 

	

i ----1.,.... 	I 
-7-'—.4 

	

130.141 	

1 i 	- 16 12 • / 

	

k. 	 i 	
i 	• 3 	•• • 1 	

ir.."7„ii 	
• 

	

I 	
% 

1 	
a...T:14; 

' 	\ 	

i 4,0 69 
	1 

	

03 	

i 	
i 4  \ 	i 	

1••■•..................:14, 	33WN.  

	

i 	Y.......,_: 	r•-• 	' i 	 . . 	 t.. 	i  
I 	32 0 	( 	iee,....,r,  i  

I 	 ■ 
ea ‘4."( 	.---.--4—r•  

•.... 024 	N 

	

i 	1 i---1—
......... 	

re26 

• •J-11110 030 • ;$ 
4 	10 i 

I 	 i 	
j---- •1"----36-10)28 '‘ 37 

'–‘..... i 	•11) 	ii 	i 	
043 ••146  

	

""";. 	• 	i 	040 	i 	 • 	

1. 	

( 	i 	li 031 	•••%, 

	 • 	. 	i 	 i 	 1■ • ■•■••••'•••i 	i 	\ 

‘ 
/ 

 
•: 	\..\ 	‘.._ 

. 	 • 2 	 e 
% 	

I 

	

I 	
\ 

	

... • 	. 

•25 • 
S O 11■11•• ■■ ••1 • 

1 

• 22 

	

5 	23  
• 1•j ............47 

	

1ir 	•••t• 

	

../g....i?../.1  17 	 1•7 1 	 •- 
: 	11• 

• 
eNO • 

t ::7"--  -I .r.s, 



FIGURE 3 (cont'd) 

Legend  

Project 
Number 	Project Name 	 State 

1 	Rocky River 	 Connecticut 
2 	Buchanan 	 Texas 
3 	Flatiron 	 Colorado 
4 	Hiwassee 	 N. Carolina 
5 	Lewiston 	 New York 
6 	Taum Sauk 	 Missouri 
7 	Yards Creek 	 New Jersey 
8 	Smith Mountain 	 ,Virginia 
9 	Cabin Creek 	 Colorado 

10 	Senator Wash 	 California 
11 	Muddy Run 	 Pennsylvania 
12 	O'Neill 	 California 
13 	Thermalito 	 California 
14 	Edward G. Hyatt 	 California 
15 	Salina 	 Oklahoma 
16 	San Luis 	 California 
17 	Kinzua 	 Pennsylvania 
18 	DeGray 	 Arkansas 
19 	Mormon Flat 	 Arizona 
20 	Horse Mesa 	 Arizona 
21 	Northfield Mountain 	Massachusetts 
22 	Ludington 	 Michigan 
23 	Blenheim-Gilboa 	 New York 
24 	Castaic 	 California 
25 	Grand Coulee 	 Washington 
26 	Jocassee 	 S. Carolina 
27 	Bear Swamp 	 Massachusetts 
28 	Carters 	 Georgia 
29 	Raccoon Mountain 	 Tennessee 
30 	Fairfield 	 S. Carolina 
31 	Wallace 	 Georgia 
32 	Harry S. Truman 	 Missouri 
33 	Clarence Cannon 	 Missouri 
34 	Helms 	 California 
35 	Bath County 	 Virginia 
36 	Rocky Mountain 	 Georgia 
37 	Bad Creek 	 S. Carolina 
38 	Montezuma 	 Arizona 
39 	Davis 	 W. Virginia 
40 	Seboyeta 	 New Mexico 
41 	Mt. Elbert 	 Colorado 
42 	Cornwall 	 New York 
43 	Richard B. Russell 	- Georgia 
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• Part one of the first alternative was simply to consider meeting all 

peak loads using conventional generating technologies. These were 

defined as gas turbines and combined-cycle plants. Part two of this 

alternative was to widen the range and consider new peaking tech-

nologies (wind, solar, or fuel cells), including those for storing energy 

(batteries, compressed air, underground water storage). 

• In lieu of constructing any new peakers, a utility might purchase 

devices and finance programs that would be used to shift peak loads (in 

time) into nighttime demand valleys. Thus the base-load plants that 

would otherwise service the pumped storage load, off-peak, could 

directly serve the shifted peak load. The effect of this strategy is to 

shift peak load, not to inhibit its growth. 

• Financing projects to inhibit future growth (i.e., insulating) is an 

alternative to new peaking capacity construction or shifting peak loads. 

A comprehensive list of conventional generating technologies was first 

developed. From this list, part-time energy producing technologies and base-load 

alternative technologies were deleted (e.g., geothermal). Table V is a summary of 

the costs for the most important of these remaining alternative technologies. 

Compared to alternative technologies, pumped storage has the broadest range of .. 
capital costs, while customer thermal storage and tidal power are at the extreme 

ends of the range. Table VI summarizes the specific regional applicability of these 

technologies. For the two most competitive peaking technologies, we computed 

lifetime revenue and annual minimum revenue requirements, which are shown in 

Tables VII and VIII. Revenue requirements for pumped storage are substantially 

below those of combined-cycle generation. However, the difference in the 

comparative costs of adding pumped storage as opposed to combined-cycle 

technology are insignificant. This comparison is presented in Table IX. 

Pumped storage and its alternatives were assessed comparatively as to their 

potential impact in the areas of physical constraints, economic considerations, 

environmental issues, and institutional/regulatory constraints. Table X shows the 

results of the assessment. The issues of major concern to pumped storage 

development are the environmental and institutional/regulatory constraints. 
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TABLE V 

Comparison of Cost Data 

Operation 
and,  

Maintenance 
Capital cost Cost 

	

Technology 	 ($/kW) 	• 	 (s/kWh)  

Utility Thermal Storage 	 85-200 	 N/A 

Compressed Air Storage 	 270-480 	 0.2 

Advanced Storage Batteries 	400-700 	 0.15-0.25 

Combustion Turbines 	 215-250 	 0.3 

First-Generation Fuel Cells 	400-700 	 0.4-0.5 

• Hydroelectric 	 500-2,000 	 -- 

Solar Photovoltaic 	 1,100-1,800 	 0.1-0.3 

Combined-Cycle 	 380-470 	 0.2-0.3 

Coal Gasification/ 

	

Combined-Cycle 	 825-975 	 0.5 

Atmospheric Fluidized Bed 	700-900 	 0.8 

Solar Thermal Power 	 1,700-2,000 	 0.4-0.6 

Wind Power 	 800-1,000 	 0.1-0.3 

Tidal Power 	 2,300-3,500 	 0.2 

Wood-Fired Powerplant 	 1,300-1,700 	 .5-1.0 

Customer Thermal Storage 	75-150 	 N/A 

Load Management 	 100-250 	 0.1 

Pumped Storage 	 500-2,000 	 -- 

f 
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TABLE VI 

Regional Availability of Alternative Supply Technologies* 

Technology 	 Regional Availability 	 Reference** 

Compressed Air 	Available in all regions; potentially 	 Section 3.2.3.2 
constrained by geology in portions of 	Table 3-2 
the East Coast, Southeast (especially 	 . 

' Florida), Great Lakes, Southwest, and 
West Coast 

Hydroelectric 	Available in all regions; greatest 	 Section 3.2.3.6 
potential in the Pacific Northwest, 
with substantial potential in the 
Northeast, West Virginia, Kentucky, 
Tennessee, Arkansas, and California 

Solar Photovoltaic 	Available in all regions; best capac- 	Section 3.2.3.7 
ity factors in the Southwest 

Solar Thermal 

• 

Wind 

Tidal 

Technically possible in all regions; 
due to need for direct insolation, 
initial deployment will be concen-
trated in the Southwest 

Technically possible in all regions; 
best wind resources in the Northeast, 
Appalachia, Great Plains States, and 
portions of California and Washington 

Potential sites limited to Maine and 
Alaska 

Section 3.2.4.6 

o 

Section 3.2.4.7 

Section 3.2.4.8 
Figure 3-4 

Section 3.2.4.9 Wood, Other 	Available in all regions; most con- 
Biomass 	 centrated potential in North (West, 

Central, and East) and South 
• Atlantic regions 

*Other Categories A and B supply technologies are, or will potentially be, available 
in all regions. 

**See also A2pendix B. 
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TABLE VII 

Summary of Lifetime Revenue Requirements (Levelized) 

(millions of dollars per year) 

Pumped Storage 	Combined Cycle  

Return on net investment 	 11 	 8 

Economic depreciation 	 4 	
_ 

3 

Income tax 	 1 	 1 

Fuel, operation, maintenance 	 32 	 61 

	

48 	 73 

0 

TABLE VIII 

Annual Minimum Revenue Requirements 
(millions of dollars) 

Year 	 Pumped Storage 	 Combined Cycle  

1 	 39 	 52 

2 	 46 	 59 

	

5 	 47 	 66 

	

15 	 44 	 67 

	

25 	 40 	 65 

	

35 	 37 	 63 
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TABLE IX 

Comparative Costs of Adding Pumped Storage or Combined Cycle 

Operation 
Pumped 	and 	Coal for 	Combined Combined 

OWIA x 	Storage Maintenance 	Pumped 	Cycle 	Cycle 	Pumped Storage 	 Combined Cycle 
Year 	10° 	Carrying 	Coal 	Storage 	Fuel 	Carr Ting 	 1/M WH 	 1/M WH 

1 	17. 	 1.2 	661.0 	 686.2 	38.95 	661.0 	36.88 

2 	17.5 	3.8 	677.4 	 681.0 	38.91 	677.4 	38.71 

3 	18. 	 7.2 	893.8 	 701.0 	38.94 	693.8 	38.54 

4 	18.5 	10.8 	710.2 	 721.0 	38.97 	718.2 	38.38 

5 	19. 	14.4 	726.6 	 741.0 	39.00 	728.8 	38.24 

6 	19.5 	16.8 	743.0 	 759.8 	38.96 	743.0 	38.10 

7 	20. 	18.0 	759.4 	 12. 	777.4 	38.87 	771.4 	38.57 

• 	20.5 	18.0 	764.4 	20.8 	40.5 	12. 	803.2 	39.18 	821.9 	31.85 

9 	21. 	18.0 	769.4 	20.8 	40.5 	12. 	808.2 	38.49 	821.9 	311.14 

10 	21.5 	18.0 	774.4 	20.8 	40.5 	12. 	813.2 	37.82 	826.9 	38.46 
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5. REGIONAL ANALYSIS ON THE NEED FOR PUMPED STORAGE AND ITS 

ALTERNATIVES 

The third part of this project was to forecast the demand for additional 

pumped storage over the next 20 years. As previously discussed, the basis of this 

assessment was the analysis of 17 regions of the country. Each is an actual 

electricity planning region that has been defined and identified by the electric 

utility industry. Each region annually publishes a forecast of demand for electric 

energy and plans for new generation to meet that demand. In addition each region 

estimates possible interregional transfers. 

Because of the data intensive nature of the analysis and the regional 

limitations of a more generic analysis, a specially designed electric energy regional 

computer program was developed for use in these studies. The program, the 

Dames & Moore DISPATCH Model, is a detailed computer program that dispatches, 

on a regional basis, all known electricity generating units plus all powerplant 

additions planned or under construction in the region. The computer program is 

designed so that unavailable data or company plans not yet formalized for needed 

capacity in the post-1990 time frame, can be supplemented with additional base 

generation, pumped storage, or peaking capacity needed to meet the prescribed 

load. The country was initially separated into the 17 existing National Electric 

Reliability Council (NERC) regions and pools. Once the need for new base pumped 

storage and peaking capacity was calculated, the results were summarized and re-

aggregated into the group of seven contiguous "fuel commonality" regions. 

The DISPATCH model, designed particularly to access U.S. pumped storage 

potential, contains several assumptions that permit readily developed calculations, 

but which limit the model's ability to reflect the real world accurately. Load is 

dispatched according to an economic ordering of generation by fuel types, i.e., 

hydro is assumed to be the most economic generating fuel type and therefore all 

hydro is dispatched before all other fuel types. Ideally, load would be dispatched 

according to an economic ordering of each generating unit in the system. 

The particular DISPATCH model used in this analysis is a deterministic 

rather than a probabilistic dispatch. Forced outages are assumed to occur at a 

given frequency. In a probabilistic dispatch, forced outages are probabilisticly 

determined. The effect of this assumption is a tendency for the model to 

overestimate the load for a base plant and to underestimate load for a peaking 
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plant. Similarly, scheduled maintenance is only-an-approximation .and could be 

improved upon with more detailed data. , 

The last significant limitation of the DISPATCH model involves the load 

duration curve. A more accurate depiction of load would be an hour-by-hour load 

duration curve. By basing the dispatch on just one load duration curve, the 

uniqueness of each hour's load shape is lost. 

Although the above limitations prevent a totally accurate depiction of the 

real world, the assumptions are no more limiting than those generally employed in 

any other model. The results produced by the DISPATCH model are reasonable, 

and no significant distortions of reality appear to have affected the results. 

The computer program performed the analysis in the following manner. For 

each fuel commonality region, all generators in each of the powerplants are 

assigned forced outrage rates by fuel type and age, and then deterministically 

dispatched by category (such as run-of-the-river hydro, nuclear, coal, oil-steam, 

gas-steam, and the like) against their seasonal load duration curve. The calcula-

tions result in a year-by-year requirement for base and peak or base and pumped 

storage capacities. The results are presented in the regional reports in Section 5 

for each 5-year interval. 

The computer program was then implemented to assess the storage alter-

native (pumped storage, compressed air storage, electric batteries) and the peak 

capacity alternative for meeting peak load. Both storage and base capacity were 

calculated to meet loads for the storage alternative, and in this case base capacity 

had to include the additional need for base-load energy to power the storage load. 

For the peak capacity alternative, only base-load energy to power the base load 

was calculated. Since an efficiency difference exists in the base need between the 

total energy and the fuels used in each of the alternatives, the base capacities 

computed for each alternative differ. Figure 4 illustrates the base-load/peak 

energy dispatched against a typical load duration curve for pumped storage. 

For both alternatives, an important economic distinction was represented by 

the selection of fuel sources to power base and peakers. If it is assumed, for 

example, in New England that oil is used to power future pumped storage and 

pumped storage is dispatched last as a peaker, then the long-term demand for 

additional pumped storage is far smaller than if nuclear or coal is used as the last 

base fuel and pumped storage is dispatched as the first peaking technology. On the 
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other hand, if it is assumed that coal or nuclear will be used to power the peakers 

and that they are dispatched before oil or gas, then the demand for new base and 

pumped storage would be maximized for each of the other parameters. 

The use of dispatch acts as a proxy for the "least favorable" and the "most 

favorable" economic conditions for construction shown earlier in Tables I thru IV. 

If it is economical in the long run to build pumped storage in New England instead 

of burning oil (i.e., the most favorable economics for construction), this means 

that the cost of money for new construction is low enough for the capital cost of 

new construction to be outweighed by the long-run costs of fuel oil used in a base-

load plant. In terms of national economics it means that inflation is low and that 

oil has become scarce and expensive, or that oil (or gas) has been displaced by coal 

conversion and is no longer available for powering base-load or peaking capacity. 

Table XI describes all scenarios studied in the assessment. The scenarios 

vary in their load growth, retirement schedule, and order of dispatch. For 

example, one scenario might examine the pumped storage capacity alternative 

under the Dames & Moore demand forecasts. No load management techniques are 

assumed to be employed (base-load curve). The retirement schedule reflects those 

retirements announced by the utilities to NERC. Finally, the dispatch order of 

pumped storage would follow after all other fuel types. Another scenario might 

examine alternative peaking capacity under the Projection II demand forecast, 

using the generic retirement schedule based on the age of the generating unit. 

Load management techniques may be assumed to be employed. The dispatch order 

of the alternative peaking capacity technology may follow after coal steam. The 

summary results for the most likely set of parameters (described in the first 

example) are shown in Table XII. These results indicate the maximum amount of 

pumped storage capacity achievable under the most likely scenario of assumptions. 

The growth rates of projected demand for each of the 17 pools used to calculate 

the results in Table XII are presented in Table XIII. Tables I thru IV, previously 

discussed, summarize the national results. The regional results for each set of 

assumptions considered in the assessment are to be found in Section 5 of the 

report. 

For all conditions considered a regional pattern of demand emerged for 

pumped storage or its alternative pure peaking. Most of the pumped storage is 

needed where excess base already exists but for which there are emerging 

shortages of peaking capacity. This situation exists throughout the north and 
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TABLE XI 

Scenarios 

Pumped storage capacity and alternative capacity technologies were forecast 

under each of the three demand projections (Projection II, Median, and Dames & 

Moore) for each of the supply conditions below. 

I. 	Base-Load Shape 

A. Utility-Announced Retirements Schedule 

1. After coal steam 

2. After oil steam 

3. After all other fuel types 

B. Generic Retirement Schedule 

1. After coal steam 

2. After oil steam 

3. After all other fuel types 

II. Load Management Techniques 

A. Utility-Announced Retirement Schedule 

1. After coal steam 

2. After oil steam 

3. After all other fuel types 

B. Generic Retirement Schedule 

1. After coal steam 

2. After oil steam 

3. After all other fuel types 

( 
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TABLE XII 

Maximum Pumped Storage Development 
by Region Under Most Likely Scenario 

i 

Continental United States 

New England; New York; Mid-Atlantic 
(NEPOOL-NYPP-MAAC) 

Florida 
Southern; Tennessee Valley; Virginia- 

Carolinas (Southern-TVA-VACAR) 

East Central; Mid-America; Mid-Continent 
(ECAR-MAIN-MARCA) 

Southwest; Electric Reliability Council 
of Texas (SPP-ERCOT) 

Maximum Pumped 
Storage Capacity  

59,875 MW 1  

3,353 

5,254 

13,399 

35,981 

1,314 

Rocky Mountains; Northwest (RMPA-NWPP) 

Arizona-New Mexico; Southern California-Nevada; 	 . 
Northern California-Nevada (AZNM-SCNV-.NCNV) 	 574 

0 

1
Based on Dames & Moore's load growth projections, utility-announced retirement 
schedule, dispatch of pumped storage after all other fuel types, and no additional 
load management techniques implemented.' 
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TABLE XIII 

Hydroelectric Pumped Storage Analysis Projections 
- of Energy Demand Growth 

Dames & Moore Projection 

NERC Region* 	1978-1985 	1985-1990 	1990-1995 	1995-2000  

NEPOOL 	 1% 	 1% 	 1% 	 1% 

NYPP 	 1 	 1 	 1 	 1 

MAAC 	 2 	 2 	 2 	 1 

Florida 	 4 	 3 	 3 	 3 

Southern 	 2 	 2 	 2 	 2 

TVA 	 3 	 3 	 2 	 1 

VACAR 	 4 	 4 	 3 	 2 

ECAR 	 2 	 3 	 2 	 2 

MAIN 	 3 	 4 	 3 	 3 

MARCA 	 4 	 4 	 3 	 3 

SPP 	 4 	 3 	 3 	 2 

ERCOT 	 4 	 3 	 3 	 2 

RMPA 	 5 	 4 	 3 	 3 

NWPP 	 3 	, 	3 	 2 	 2 

AZNM 	 5 	 4 	 3 	 3 

SCNV 	 2 	, 	2 	 1.5 	 1.5 

NCNV 	 2 	 2 	 1.5 	 1.5 

*NEPOOL = New England; NYPP = NewYork; MAAC = Mid-Atlantic Area; Florida; 
South Central; TVA = Tennessee Valley Authority; VACAR = Virginia-The 
Carolinas; ECAR = East Central; MAIN = Mid-Atlantic; MARCA = Mid-Continent; 
SPP = Southwest; ERCOT = Texas; RMPA = Rocky Mountains; NWPP = Northwest; 
AZNM = Arizona-New Mexico; SCNV = Southern California-Nevada; NCNV = 
Northern California-Nevada. 
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middle parts of the country where for years coal has dominated. In contrast, no 

pumped storage is ever needed where large hydro systems are already in place. As 

growth occurs in these areas, the existing water storage on the hydro systems 

allows hydro to act as a pure peaker, and only base plants are needed for these 

systems. This situation exists throughout the Northwest and Rocky Mountain 

areas. Though there may be isolated areas in the Northwest and Rocky Mountain 

regions where the transmission system cannot make the regional base and peak 

energy available to the specific area, in general, the areas have no need for 

pumped storage. 

In the areas where the need for pumped storage is most variable as a 

consequence of changing economic conditions, significant quantities of oil and/or 

gas are already being used. If these fuels continue to increase in cost (ahead of 

inflation) but construction costs do not escalate, pumped storage will develop more 

quickly. However, if oil and gas cease to escalate with construction costs, then 

there will be little need for increased pumped storage capacities. The base oil and 

gas generation capacity will, over time, shift to peaking use, as more appropriate 

base is added later. The most important point for these areas is that if gas and oil 

prices do not further escalate, then only new base-load plants will be added 

because the existing base gas and oil plants can operate economically as the new 

peakers. The present trend of economic development points to this course. 
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1.0 INTRODUCTION 

"An Assessment of Hydroelectric Pumped Storage" is part of an overall study 

undertaken by the Corps of Engineers to assess the potential contribution of 

hydroelectric power resources to the Nation's energy supply. The objective of this 

report was to "prepare a comparative assessment of pumped storage with other 

alternatives for meeting peak electric power demands, and to develop estimates of 

the amount of pumped storage capacity that may be developed over the next 20 

years." To accomplish this objective, the current state of pumped storage 

development for the United States was examined and the rationale for existing and 

possible future pumped storage development was identified. 

Specifically, the reasons behind the decision to build a pumped storage 

facility as opposed to using alternative forms of peaking capacity were identified 

for several typical pumped storage facilities already on line in the United States. 

Alternative forms of peaking capacity were identified and compared to the 

beneficial and adverse impacts of pumped storage development. Regulatory, 

environmental, physical, and geological constraints were examined in great detail 

to assess the potential development of each type of capacity generator. The future 

potential for pumped storage capacity and alternative capacity development was 

estimated for seven composite regions of the . United States, and estimates were 

developed under various scenarios in order to assess the likelihood of development. 

A brief summary of the major results of the report is presented below. 

The future development of pumped storage systems will be affected by the 

need to add new generating capacity and by the overall competitiveness of 

alternatives to pumped storage. Major economic, physical, and environmental 

factors will affect the future development of pumped storage facilities. Conven-

tional pumped storage systems need topographic conditions that provide a suitable 

potential head between upper and lower reservoirs. Also, geologic conditions are 

particularly important for underground pumped storage systems, and consequently, 

the siting of alternatives near demand centers may be more feasible than pumped 

storage facilities. Pumped storage, however, has a clear advantage over other 

alternatives and their physical constraints in terms of turnaround and starting 

times, operational complexity, maintainability, and useful life. The only physical 

disadvantage to pumped storage may be the complexity of expanding the facility if 

expansion is not included in the original design. 
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Among the economic factors favoring pumped storage is that of a well-known 

technology: There is virtually no risk that the project will- be unable to operate 

substantially as designed. However, one economic disadvantage is the long 

construction time of pumped storage facilities in comparison to its alternatives. In 

addition, the extremely tight financial markets at present make it difficult for 

utilities to obtain the capital funds necessary to undertake any major construction 

projects. 

Since pumped storage uses relatively large land areas in comparison to other 

alternatives, its potential effeets on the environment (land use, terrestrial ecology, 

aesthetics) are great, although the use of existing reservoirs or lakes as part of the 

pumped storage system is likely to lessen these effects to some degree. Water 

quality and aquatic ecology effects are also potentially significant, but again, 

existing conditions will dictate the magnitude. In total, underground pumped 

storage systems have significantly fewer environmental impacts than conventional 
systems. 

Environmental regulations probably have the most significant.effect on siting 

powerplants. The major regulatory difference between pumped storage and the 

alternatives is the negligible impact of air quality regulations and the significant 

impacts of water and land resource regulations. 

Alternatives to hydroelectric pumped storage are highly dependent on the 

status and availability of new technology. These new technologies can be divided 

into supply alternatives and demand alternatives. Supply alternatives are storage 

and power generating technologies that a utility can use to meet peak loads. 

Demand alternatives refer to rate restructuring, load management, conservation, 

and end-user technologies. 

Overall, combustion turbines and hydroelectric power will continue to be the 

major supply alternative options for new peak-load power generation over the next 

two decades. If substantial reductions in capital cost can be achieved, fuel cells 

have the potential to become a viable alternative to diesels and combustion 

turbines in the 1990's. Photovoltaic energy conversion is likely to be limited to a 

minor supplemental role between now and the year 2000. . 

Existing oil- and coal-fired units will continue to be used for intermediate-

load power power-  generation. Hydroelectric power will continue to be a major option for 

new intermediate-load capacity as well as peak load. Combined-cycle units are 
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ideally suited to intermediate-load operation, but new orders may be constrained 

by limitations imposed by the -Fuel Use Act. Coal gasification/combined-cycle and 

fluidized bed combustion units could be commercially available in the early 1990's. 

Other technologies, such as cogeneration, solar thermal electric plants, wind 

turbines, and biomass plants, will also provide some additional capacity. 

The demand alternatives fall" into three categories: (1) thermal storage, 

(2) load management, and (3) conservation. The storage of heat by residential or 

commercial customers in either water or solid matter is technically simple and is 

limited only by economic considerations. Storage of coldness is uncommon and 

more complex, since large volumes are needed to store coldness on an annual basis, 

making this type of storage far less economical than heat storage. 

Load management falls under two general approaches. In the first, the utility 

provides the customer with an economic incentive to manage his own load. In the 

second, the utility manages the customer's load through load control and communi-

cation devices. Generally, the utility controlled-load customer receives a lower 

rate for electricity. However, projections by the Edison Electric Institute (EEI) 

indicate generating cost savings of only about 1 percent. 

Conservation results in an overall reduction in the quantity of energy used. 

Only two areas of conservation show significant savings in the residential area: 

setbacks and setups of thermostats and improved efficiency of household 

appliances. The EEI study projects industrial use of electricity savings of 20 

percent and in the commercial sector a savings of approximately 45 percent from 

conservation techniques. 

Various scenarios, consisting of different run conditions, were used to 

determine the future development of pumped storage capacity and alternative 

capacity technologies. Briefly, the potential for pumped storage capacity develop-

ment was assessed under three load growth forecasts. Existing plant capacity was 

retired under two separate schedules: utility-announced retirements, as reported 

by the National Electric Reliability Council (NERC), and generic retirements based 

strictly on the age of a generating unit. Various dispatch orders for pumped 

storage were used and the effects assessed. In addition, the effects of load 

management on future pumped storage capacity development were examined. The 

same scenarios were used to assess the future development of alternative peaking 

technologies. . 
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The combination of the most likely conditions results in an estimate of 

pumped storage capacity development for the continental United States of 59,875 
megawatts (MW) by the year 1999. This estimate does not consider the environ-

mental, physical, and geographical factors affecting pumped storage capacity 

development. Unsited base capacity development needed in conjunction with 

pumped storage capacity development is estimated at 8,478 MW, in 1999. 

Estimates were developed for seven composite regions of the United States, and 

under all of the scenarios developed, the ECAR-MAIN-MARCA region was 

estimated to have the greatest potential for pumped storage capacity development, 

followed by the Southern-TVA-VACAR composite region. The RMPA-NWPP 

composite region was estimated to have no potential for pumped storage develop-
ment. The analysis will show that for even the minimum future peaking capacity 

requirements forecast herein, sufficient capacity to meet projected demands will 

be available only when substantial further additions of conventional pumped 
storage or of gas- or oil-fired turbines are developed. 

In the report, Section 2.0 presents five pumped storage facilities now in 
existence in the United States and a brief discussion of their development. 

Section 3.0 examines alternatives to hydroelectric pumped storage, and Section 4.0 

presents an assessment of hydroelectric pumped storage including constraints to its 

development. Section 5.0 provides estimates of the potential for future pumped 

storage capacity development on a regional basis, and the development of 

alternative technologies to meet pumped storage also is estimated. 
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2.0 THE HISTORY OF HYDROELECTRIC PUMPED STORAGE 

2.1 Introduction 
1 

The following pages contain a brief description of pumped storage, followed 

by a chronological history of pumped storage in the United States. This section 

will be followed by six case studies of pumped storage projects, and finally by a 

summary which will draw on the entire chapter to document the advances in 

concepts and technology which have been (and will be) important to pumped 

storage development. 

2.1.1 Definition of Hydroelectric Pumped Storage  

A pumped storage project is a hydroelectric development that generates 

electric energy by using water that previously has been pumped from a lower 

reservoir to an upper reservoir. There are two principal categories of pumped 

storage projects: 

• Pure developments produce power only from water that has been 

previously pumped to an upper reservoir. 

• Combined developments utilize .  both pumped water and natural stream-

flow to produce Power. 

In a pure pumped storage development the upper reservoir is located 

off-stream while in a combined development the upper reservoir is located on a 

stream. In the latter case electricity may be generated without the pumping 

requirement as in a conventional hydroelectric facility. In either type of 

development the lower reservoir may be located either on-stream or off-stream. 

Figure 2-1 is a simplified illustration of a pure pumped storage arrangement. 

Within the last 12 years the concept of underground pumped storage has 

received serious consideration. In an underground pumped storage arrangement the 

lower reservoir would be located below ground up to 4,000 feet below the surface 

reservoir. Use of both manmade and natural cavities for the lower storage 

reservoir has been studied. The powerhouse would also be constructed below grade 

maximizing head above the turbines. Figure 2-2 is an illustration of two possible 

underground pumped storage arrangements. Although underground pumped storage 

facilities have been shown in theory to be economically feasible, (Main, 1978) no 
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such facilities have been constructed in the United States nor are any under serious 

consideration for Federal Energy Regulatory Commission (FERC) licensing. 

More recently, the concept of combining underground hydro pumped storage 

facilities with compressed air storage systems has been reviewed (EPRI, 1976). In 

such a scheme the underground hydro reservoir also serves as the air storage 

reservoir. As water enters the lower reservoir during peak demand generating 

hours the increasing water level acts to provide constant pressure on the 

compressed air which is simultaneously being withdrawn to combustion turbines 

that are also responding to peak demands. In theory, advantages of this system 

include the support of two peaking power systems with the same underground 

reservoir and the provision of constant pressure on the compressed air storage 

reservoir without additional energy requirements. The economic and operational 

feasibility of such systems are unproven at present, and, as a result, the remainder 

of this chapter will focus on the history of pure and combined pumped storage 

development. 

2.1.2 Objectives of Hydroelectric Pumped Storage  

Although the objectives of pumped storage facilities have changed over the 

last 50 years, the common purpose of almost all such plants is to store energy for 

use during peak demand periods when generally larger base-load electric generating 

plants are inadequate or inefficient. 

Figure 2-3 is a diagram of a typical weekly electric load curve and illustrates 

the portions of the demand which are satisfied by various generating facilities of a 

utility. Pumped storage plants are best utilized to meet the peak demands which 

occur daily since their quick-response and easily regulated output capability cannot 

be matched by larger fossil-fueled or nuclear plants. Note that the pumping 

energy for the Pumped storage plant is obtained during off-peak hours which also 

allows the base load fossil-fueled and nuclear plants to operate at a more level 

output and therefore more efficiently. As a result, even though pumped storage 

plants operate at an overall cycle efficiency between .66 and .78, they are 

economical to construct and operate due to the increased efficiency of the entire, 

integrated electric generating system of a utility. In addition, they may at the 

same time allow postponing construction of new, costly base load plants. 
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Other objectives which have been documented during the development of 

pumped storage in the United States include: 	 - 

• Provision of emergency power 

• Increase in system reliability 

• Voltage regulation capability 

• Increase in system efficiency 	 . 

• Fuel selection capability 

• Multiple use of storage reservoirs including recreation, water supply, 

low-flow augmentation, flood control and irrigation 

• Seasonal storage of hydroelectric energy. 

These objectives, which in most instances are also advantages of pumped 

storage over other forms of peaking capacity, are listed here to provide a 

background for the following history of pumped storage development. They will be 

discussed in more detail later in this chapter. 

2.2 History of Pumped Storage 

Pumped storage had its beginning in Germany where the first plant was 

constructed in 1908. Most of the early developments were in western Europe, 

principally in Germany, Switzerland, and Italy. In the United States only four small 

developments had been constructed by 1960. Rocky River was the first pumped 

storage project constructed in the United States. It is on the Housatonic River in 

Connecticut and was constructed by the Connecticut Light and Power Company to 

provide seasonal storage for the existing 31-MW combined hydroelectric plant 

which contains one 24-MW conventional unit, two 3.5-MW motor generator units, 
, and two pumps. Initial operation of the plant was in 1929. 

• Twenty years after the Rocky River Plant the Lower Colorado River 

Authority's Buchanan Project on the Colorado River in Texas became the second 

pumped storage installation in the United States. It has a separate pump and an 

11-MW unit and although it is not now used for pumping on a regular basis, it has 

23 MW of conventional hydro capacity still in operation. The early pumped storage 

projects such as Rocky River and the Buchanan Project had conventional hydro-

electric generating units and separate pumps. The reversible pump/turbine, 
•■• 

developed overseas in the 1940's and now used almost exclusively, greatly extended 
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the field of pumped storage application at economical costs (See Section 2.4.1). 

Although reversible pump/turbines were tested and installed outside the United 

States, it was not until the 1950's that they were utilized in this country. 

Soon after the Buchanan Project was built commitments for three additional 

projects were made: the Flatiron Project, the Hiwassee Plant, and the Lewiston 

development. The combined Flatiron Project was part of the Water and Power 

Resources Services' (formerly U.S. Bureau of Reclamation) Colorado-Big Thompson 

Project. The power and pumping plant contains two 31.5-MW conventional units 

and one 8.5-MW reversible unit, the first unit of that type installed in the United 

States. The pump/turbine unit pumps water into Carter Lake for irrigation in an 

area north of Denver. The Tennessee Valley Authority's (TVA's) Hiwassee Plant on 

the Hiwassee River in North Carolina, installed two years after Flatiron, contains a 

60-MW reversible pump/turbine unit. It was used principally for pumping during 
_ 

winter months when Hiwassee Lake is drawn down to provide flood control storage 

capacity. , 

The 12-unit, 240-MW Lewiston development is specifically related to the 

conditions in the international treaty that governs flows over Niagara Falls. The 

treaty establishes minimum daytime flows over the falls of 100,000 cfs during the 

tourist season and minimum flows of 50,000 cfs at all other times. Flows in excess 

of these rates are divided equally between the United States and Canada and are 

available for generation of electric power. As a result, during the tourist season 

the greater portion of the water for power generation is available during offpeak 

periods at night when it is least needed. To take advantage of this, surplus 

nighttime flows are stored by pumping the water approximately 100 feet into 

Lewiston Reservoir for subsequent release through the Lewiston plant and then 

through 310 feet of head at the associated conventional Robert Moses Niagara 

powerplant which contains 13 150-MW units. The combined installation of 

2,190 MW is substantially greater than the capacity that could have been provided 

without the pumping feature. 

In addition to the development of the reversible Francis turbine, there are 

other reasons for the surge in pumped storage development in the 1950's as 

evidenced by the above projects. The post-war population increase and national 

economic growth reshaped the electric demand pattern by increasing the peak-to-

base-load ratio and creating more distinct seasonal peaks for electricity. In 
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addition, pumped storage became increasingly attractive as part of multi-purpose 

projects that enhanced the economics of each objective. 

The planning and construction of pumped storage projects in the United 

States were greatly accelerated in the 1960's and early 1970's. Again there were 

important reasons for the increased interest. Average  electric power loads in the 

United States were continuing their long-time growth rate of doubling approxi-

mately every 10 years. This presented an increasing challenge to the electric 

utility industry to plan and construct sufficient generating capacity to supply the 

electric loads in an efficient and reliable manner. Thus, there was a need and a 

market for new sources of power supply that could be operated economically in 

large electric power systems. 

For many decades the nation's electric power supply had come principally 

from conventional steam-electric and hydroelectric generating stations, with 

hydroelectric power gradually becoming a smaller portion of the total supply. 

During that time, substantial advances were made in the efficiency of steam-

electric units, and the normal role of such units was to operate initially to serve 

the base of the load and to gradually operate at lower capacity factors as new, 

larger, and more efficient units were installed. By the 1960's, however, most new 

steam-electric capacity was being provided in very large-capacity, high-

temperature, high-pressure units, and there was little prospect for further signif-

icant improvements in efficiency. Those units, and the large nuclear-powered units 

that were being planned for installation throughout the country, are best suited for 
high capacity factor operation throughout their service lives. The ability to 

operate such units at or near rated capacity for long periods reduces the magnitude 

and frequency of thermally induced mechanical stresses in the steam units. There 

is, therefore, a reduction in forced outages and maintenance costs, and an 

improvement in system reliability; also, the operating efficiency of the units is 

improved significantly. Under these conditions there was a need for specially 

designed peaking capacity to complement the base-load power derived from 

conventional and nuclear steam-electric stations. Pumped storage plants were 

ideal for filling that need. 

The Taum Sauk pumped storage plant, built by Union Electric Company in 

Missouri and first operational in 1963, marked a major landmark in turbine 

technology while fulfilling the above mentioned role in a utility system. The 

764 feet of head under which the turbines operate was a major increase over 
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previous designs and the 408 MW of reversible capacity in only two units put it in 

the class of large generators previously restricted ,  to thermal turbo-generator 

plants. (See Case Study--Taum Sauk Pumped Storage Project). 

Advances were also occurring in Europe with respect to increased operational 

heads. In 1959 at Festiniogg in Wales a 300-MW plant with a head of over 1000 

feet was being planned as was the 400-MW Cruachan Plant in North Scotland with 

nearly 1,300 feet of head. These were followed closely in the United States by the 

Public Service Company of Colorado's Cabin Creek Plant, a pure pumped storage 

development with two units of 150 MW and a gross static head of 1,199 feet, which 

is the highest of any pumped storage plant now operating in the United States. At 

the same time the Japanese . were joining the ranks of United States turbine 

manufacturers and were building projects with even higher heads. The Nuppamara 

and Ohira Projects with heads of 1,560 and 1,780 feet, respectively, surpassed 

previous records for operating heads. 

The advances in turbine design that allowed such increases were significant 

since power output is directly proportional to the head under which the turbines 

operate. The ability to operate at higher heads not only increases plant capacity 

but reduces average development cost per kilowatt of output since increased costs 

due to more lengthy penstocks are a relatively small percentage of total project 

costs. This progress thus justified plants that at lower heads could not have been 

run economically compared to other options for peaking power. 

The Muddy Run Project, an 8-unit, 800-MW pumped storage facility of the 

Philadelphia Electric Company, illustrates another aspect of pumped storage 

facilities. At the time of its initial operation in 1967, it was the largest pumped 

storage project in the United States. The plant is on the east bank of the 

Susquehanna River in Pennsylvania, about 12 miles upstream from Conowingo Dam. 

The Conowingo Reservoir serves as the lower reservoir and is the principal source 

of water for the upper reservoir. With such plants commonly located in 

undeveloped areas with topographical relief, the creation of two reservoirs usually 

offers unique opportunities for recreational development in conjunction with the 

hydroelectric capacity. Although reservoir drawdown and filling can cause 

significant fluctuations in water levels, such changes for reservoirs located on 

streams may be relatively slow and often total only a small percentage of total 

reservoir depth. As a result, development of picnicing, boating, fishing, and hiking 

facilities has gone hand-in-hand with development of pumped storage projects. 
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Federal Power Commission (now FERC) license agreements require plans for 

recreational development and often recommend studies of fishery development 

and/or impacts to be performed as part of the annual reports on project operation. 

While many projects have required construction of new reservoirs, the use of 

natural bodies of water or existing reservoirs has always been advantageous to 

pumped storage developers. The use of existing reservoirs was not only encouraged 

by the savings in construction costs, but, as pumped storage moved into the late 

1960's and 1970's, the environmental advantages of existing reservoirs became 

more important. With the environmental awareness of this period, best illustrated 

by the passage of the National Environmental Policy Act of 1969, the tendency to 

utilize existing reservoirs was emphasized. For example, the Pennsylvania Electric 

Company and Cleveland Electric Illuminating Company have, since 1970, jointly 

operated the Kinzua pumped storage project utilizing the Corps of Engineers' 

Allegheny Reservoir on the Allegheny River in western Pennsylvania as the lower 

reservoir while a 106-acre offstream reservoir above the left abutment of the 

Corps' dam serves as the upper reservoir. It is also significant to note that the 

project was conceived so that the lower reservoir at Kinzua could also serve to 

augment downstream flows during low flow periods. This has become a significant 

contribution of many pumped storage (as well as conventional hydro) projects. 

, Other pumped storage projects that use existing reservoirs or are integrated 

with facilities developed with other objectives (i.e., water supply, flood control) 

include: 

• The conventional Mormon Flat and Horse Mesa hydroelectric projects 

on the Salt River in Arizona, which were expanded and modified during 

the early 1970's to include a reversible pumped storage .  unit in each 

plant 

• The Castaic pumped storage development, completed in 1973 at the 

southern terminal of the California Aqueduct Project, which includes 

Pyramid Dam and the 179,000 acre-foot Pyramid Lake, the Angeles 

Tunnel and steel penstock, six 212.5-MW reversible pump/turbine units, 

one 56-MW conventional unit, and the 30,000 acre-foot Elderberry 

Reservoir that serves as the lower reservoir 

• The six generating units (the completed installation will comprise 12 

units) installed at the Water and Power Resources Service's Grand 
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Coulee Pumping Plant on the Columbia River in Washington, 'which 

were to serve initial irrigation development on the Columbia Basin 

Project 

The Jocassee pumped storage plant, part of Duke Power Company's 

Keowee-Toxaway development on tributaries of the Savannah River in 

North and South Carolina, which uses Jocassee Reservoir and Lake 

Keowee for its pumping needs. 

The early 1970's was a notable period in the history of pumped storage for 

several reasons. First, during this period the installed capacity of all pumped 

storage plants nationwide jumped tremendously primarily due to the startup of 

three large facilities: Northfield Mountain (1972), Ludington (1973), and Blenheim-

Gilboa (1973). Figure 2-4 illustrates the increase in capacity due to these plants 

which cumulatively added almost 4,000 MW of reversible power to the national 

total. The reasons for development of this capacity during this period are several 

fold including the optimistic outlook for nuclear power with its relatively inexpen-

sive off-peak pumping power; the need for back-up and replacement of older oil-

fired generating units, particularly in the Northeast; the need for regional 

emergency reserve; and the need to streamline operations of larger nuclear and 

coal-fired units. 

The above projects also highlight major innovations in plant design. North-

field Mountain (see Section 2.3.2 for a more complete discussion) was the first 

plant to employ a completely underground, unlined powerhouse excavated over a 

half-mile within the mountain and reached by a 26-foot diameter access tunnel. 

The Ludington Project (see Section 2.3.3) is currently the largest pumped storage 

project in the United States and utilizes Lake Michigan for its lower reservoir, 
eliminating problems with reservoir drawdown and water supply. 

Secondly, during the early 1970's the environmental movement gained 
momentum, and supported by the Federal Water Pollution Control Act Amend-
ments of 1972 (Clean Water Act), exerted increasing pressure on pumped storage 

developers. The effects of environmental opposition are possibly best illustrated 

by the sequence of pumped storage projects proposed by the Power Authority of 

the State of New York. In June of 1968 the Authority filed for an FPC license to 

build and operate the Blenheim-Gilboa project (see Section 2.3.5) on Schoharie 

Creek, 40 miles southwest of Albany, New York. Ten months later the license was 

i 
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granted and Blenheim-Gilboa was built without unexpected delays. Approximately 

5 years later, in March 1973, the Authority applied for a license to construct a 

similar facility, the Breakabeen project (see Section 2.3.6) just downstream from 

Blenheim-Gilboa. Even before completion of the Draft Environmental Impact 

Statement required by the National Environmental Protection Act (NEPA), it was 

evident that opposition from environmental groups and local property owners would 

not allow development of the project on a reasonable schedule. As a result, 

approximately 4 years after initial application, the Authority formally requested 

that the alternative Prattsville site located just upstream from Blenheim-Gilboa, 

be licensed in place of Breakabeen. Although using an existing reservoir and 

planning the powerhouse, penstocks, and tailrace underground, the opposition to the 

project was just as severe as with Breakabeen. At present, 31 years after 

recommendation of Prattsville and 7i years after the original license application, 

no compromise has been reached and the project is in hearings with its future 

uncertain. 

Similarly, the proposed Cornwall Project has had a long and rocky history. 

On March 9, 1965, the Federal Power Commission issued a 50-year license to the 

Consolidated Edison Company of New York, Inc., for the construction, operation, 

and maintenance of the project, to be located on the Hudson River about 40 miles 

north of New York City. The Commission's license order was contested and, in 

December 1965, the Second Court of Appeals remanded the proceeding to the 

commission for further consideration. Following a hearing examiner's decision in 

August 1968, recommending that the project be licensed, the commission in 

November 1968, reopened the hearing to determine whether construction of the 

project would constitute a hazard to the aqueduct supplying a part of New York 

City's water system, and whether the project powerhouse should be relocated. 

Following those hearings, the commission, on August 19, 1970, issued a new license 

for the project. That license order was also contested, but it was upheld by the 

Second Circuit Court of Appeals, Scenic Hudson Preservation Conference vs. 

Federal Power Commission, CA 2, No. 35678 (October 22, 1971), and affirmed by 

the Supreme Court of the United States on June 19, 1972. Construction was 

further delayed, however, by litigation pending in New York State courts. By 

March 1973, all appeals in both Federal and State courts had been concluded and 

the licensee proceeded to initiate construction of the project. Before any 

significant construction had been completed, however, intervenors were successful 
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in having the court stay construction, contending that there was new evidence 

showing that the effects of the project on the Hudson River fishery had not been 

adequately considered. The Commission then set that issue for hearing, but the 

hearing has been repeatedly delayed. Consequently, a project that was estimated 

to cost $130 million, exclusive of transmission facilities, would now cost at least 

ten times that amount. Consolidated Edison Company has recently applied to 

FERC to surrender its license for the Cornwall project. 

The above related cases illustrate one of the major issues affecting the 

development of pumped storage through the 1980's and 1990's. Not only are delays 

important for project cost reasons, but they have a considerable impact on utility 

system planning, an effect that will be discussed further in Section 2.4.3. 

During the last three decades of progress in pumped.  storage utilization in the 

United States, the Federal Government has played an important role in project 

development: 
, 

• The DeGray Plant was the first pumped storage project put in operation 

by the U.S. Army Corps of Engineers in 1971; it is on the Caddo River 

near Arkadelphia, Arkansas, and includes a 40-MW conventional unit 

and a 28-MW reversible unit 

• Thirteen years after the Flatiron Project went on-line, the eight-unit 

424-MW San Luis project was constructed by the U.S. Bureau of 

Reclamation (now the Water and Power Resources Service) as a part of 

the Bureau's Central Valley Project; it is operated by the California 

Department of Water Resources 

• The Water and Power Resources Service's Colorado River Front Work 

and Levee System includes a pumping-generating plant at the Senator 

Wash Dam offstream of the Colorado River in California, near Yuma, 

Arizona 

• In 1975 the Corps of Engineers • completed the multipurpose Carters 

Project on the Coosawattee River, near Carters in Murray County, 

Georgia. 

Historically, however, the development of pumped storage capacity as part of 

Federal projects has been secondary to primary objectives such as irrigation 

storage and flood control. 
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Table 2-1 is a summary of the pumped storage projects currently in oper-

ation. Figure 2-5 shows the location of these projects nationally, and in addition, 

12 other plants under construction or with Federal authorization to proceed with 

construction. Construction of two plants, Davis and Cornwall, is currently stayed 

by court proceedings. 

In some instances the addition of pumped storage capacity has been the 

determining factor in the development of a generation site. One example is the 

Corps of Engineers' Harry S. Truman Dam and Reservoir, a key flood control unit in 

the Osage-Marais des Cyques river basin. The feasibility of a pumped storage 

project at the same site was studied several years earlier by Union Electric 

Company, which operates the Taum Sauk Plant. The project proved not to be 

economically feasible when considering only hydroelectric generation potential and 

was dropped. The Corps of Engineers, however, was able to show justification for 

the pumped storage component in a multi-objective setting, and Congress directed 

the Corps to proceed with the project. 

In recent years, however, the need for further peak-load generating capacity 

has diminished, and this drop has occasionally jeopardized the completion of a 

project. The Bath County Project, about 25 miles northeast of Covington, Virginia 

is one example. The project was initially scheduled to go on line in 1982, but in 

January 1980 the project's owner, the Virginia Electric and Power Company . 

 (VEPCO), announced that completion would be delayed to 1984, and in May 1980 

they announced a further delay to 1985. These delays were a result of the sharp 

drop in peak-load growth. However, tb render the project feasible once again, in 

October 1980 VEPCO entered into an agreement to sell from 40 to 50 percent of 

the project power to the Allegheny Power System, making the project justifiable on 

the basis of its contribution to both utilities' systems. 

In the licensing proceedings involving the Bath County Project, a significant 

issue raised was the socioeconomic impact on neighboring Highland County. Most 

of the construction workers were expected to reside there while the tax benefits of 

the project would go to Bath County where all project works will be located. 

Because Highland County could not absorb the added governmental costs that 

would result from the influx of construction workers, the license requires that the 

project owner must compensate Highland County for additional expenses for 

education, law enforcement, waste disposal, government costs, and welfare and 

/ 
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Year of 	Gross 
initial 	Static 

operation 	Head (ft) 

Installed Capacity 
in megawatts  

Revers- Conven- 
ible 	tional 	Total State 

Project or 
Plant name Owner or developer 

63 

57 

31 

34 

72 

117 

240 

408 

387 

536 

300 

7 

800 

25 

115 

644 

260 

424 

422 

68 

58 

130 

TABLE 2-1 

Pumped Storage Projects in the United States 
in Operation as of November 1, 1980 

Rocky River (1)** 

Buchanan (2) 

Flatiron (3) 

Hiwassee (4) 

Lewiston (5) 

Taum Sauk (6) 

Yards Creek (7) 

Smith Mountain (8) 

Cabin Creek (9) 

Senator Wash (10) 

Muddy Run (11) 

O'Neill (12) 

Thermalito (13) 

Edward G. Hyatt (14) 

Salina (15) 

San Luis (16) 

Kinzua (17) . 

DeGray (18) 

Mormon Flat (19) 

Horse Mesa (20) 

Connecticut 

Texas 

Colorado 

North Carolina 

New York 

Missouri 

New Jersey 

Virginia 

Colorado 

California 

Pennsylvania 

Cali fornia 

California 

Cali fornia 

Oklahoma 

California 

Pennsylvania 

Arkansas 

Arizona 

Arizona 

Connecticut Light and Power Co. 

Lower Colo. River Authority 

Water and Power Resource Service 

Tennessee Valley Authority 

Power Authority of the State of 
New York 

Union Electric Co. 

Jersey Cntl. P. & L. Co., Public 
Service E. & G. Co. 

Appalachian Power Co. 

Public Service Co. of Colorado 

Water and Power Resources Service 

Philadelphia Electric Co. 

Water and Power Resources Service 

California Department of Water Resources 

California Department of Water Resources 

Grand River. Dam Authority 

Water and Power Resources Service 

Cleveland Elec. Ilium. Co. & 
Pennsylvania Electric Co. 

Corps of Engineers 

Salt River Project Power District 

Salt River Project Power District 

1929 	230-200 

1950 	Unavailable 
(UA) 

1954 	290-140 

1956 	243-134 

1961 	100-65 

1963 	863-755 

1965 	760-688 

1965 	195-174 

1966 	1,226-1,170 

1966 	 74 

1967 	411-361 

1967 	56-44 

1968 	102-86 

1968 	670-508 

1968 	246-228 

1968 	327-101 

1970 	813-668 

1971 	188-144 

1971 	 132 

1972 	295-151 

7* 	24 

11* 	23 

9 

60 

240 

408 

387 

236 	300 

300 

7 

800 

25 

82 	33 

293 	351 

260 

424 

396 	26 

28 

49 

100 

40 

9 

30 

*Turbines are not reversible; separate pumps are used. 
**Project Number--see Figure 2-5 for location. 



Year of 	Gross 
initial 	Static 

operation 	Head (ft) 

Installed Capacity 
In megawatts  

Revers- Conven- 
ible 	tional 	Total State 

Project or 
Plant name Owner or developer 

Northfield Mtn. (21) 

Ludington (22) 

Blenheim-Gilboa (23) 

Castaic (24) 

Grand Coulee (25) 

Jocassee (26) 

Bear Swamp (27) 

Carters (28) 

Raccoon Mtn. (29) 

Fairfield (30) 

Wallace (31) 

Massachusetts 

Michigan 

New York 

California 

Washington 

South Carolina 

Massachusetts 

Georgia 

Tennessee 

South Carolina 

Georgia 

TABLE 2-1 (cont'd) 

Pumped Storage Projects in the United States 
in Operation as of November 1, 1980 

Connecticut Light and Power Co. 

Consumers Power Company & Detroit 
Edison Co. 

Power Authority of the State of New York 

Los Angeles City & State of California 

Water and Power Resources Service 

Duke Power Company 

New England Power Co. 

Corps of Engineers 

Tennessee Valley Authority 

South Carolina Elec. A Gas Co. 

Georgia Power Company 

1972 	825-720 	1,000 

1973 	362.5-295.5 	1,978 

1973 	1,143-1,055 	1,000 

1973 	1,088-1,022 	1,275 

1973 	362-266 	314 

1974 	335-280 	610 

1974 	770-680 	600 

1975 	392-352 	250 

1979 	1,040-890 	1,530 

1979 	169-155 	511 

1980 	97-94 	216 

Total 	 13,406 

1,000 

1,978 

1,000 

513 1,331 

314 

610 

600 

	

250 	500 

1,530 

511 

	

108 	324 

	

1,370 	14,756 
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FIGURE 2-5 (cont'd) 

Legend  

Project 
Number 	Project Name 	 State 

	

1 	Rocky River 	 Connecticut 

	

2 	Buchanan 	 Texas 

	

3 	Flatiron 	 Colorado 

	

4 	Hiwassee 	 N. Carolina 

	

5 	Lewiston 	 New York 

	

6 	Taum Sauk 	 Missouri 

	

7 	Yards Creek 	 New Jersey 

	

8 	Smith Mountain 	 Virginia 

	

9 	Cabin Creek 	 Colorado 

	

10 	Senator Wash 	 California 

	

11 	Muddy Run 	 Pennsylvania 

	

12 	O'Neill 	 California 
' 

	

13 	Thermalito 	 California 

	

14 	Edward G. Hyatt 	 California 

	

15 	Salina 	 Oklahoma 

	

16 	San Luis 	 California 

	

17 	Kinzua 	 Pennsylvania 

	

18 	DeGray 	 Arkansas 

	

19 	Mormon Flat 	 Arizona 

	

20 	Horse Mesa 	 Arizona 

	

21 	Northfield Mountain 	Massachusetts 

	

22 	Ludington 	 Michigan 

	

23 	Blenheim-Gilboa 	 New York 

	

24 	Castaic 	 California 

	

25 	Grand Coulee 	 Washington 

	

26 	Jocassee 	 S. Carolina 

	

27 	Bear Swamp 	 Massachusetts 

	

28 	Carters 	 Georgia 

	

29 	Raccoon Mountain 	 Tennessee 

	

30 	Fairfield 	 S. Carolina 

	

31 	Wallace 	 Georgia 

	

32 	. Harry S. Truman 	 Missouri 

	

33 	Clarence Cannon 	 Missouri 

	

34 	Helms 	 California 

	

• 35 	Bath County 	 Virginia 

	

36 	Rocky Mountain 	 Georgia 

	

37 	Bad Creek 	 S. Carolina 

	

38 	Montezuma 	 Arizona 

	

39 	Davis 	 W. Virginia 

	

40 	Seboyeta 	 New Mexico 

	

41 	Mt. Elbert 	 Colorado 

	

42 	Cornwall 	 New York 

	

43 	Richard B. Russell 	 Georgia 
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social services attributable to the influx of temporary project workers, to the 

extent those expenses exceed taxes and fees attributable to those workers. 

The development of a number of other projects in recent years has also been 

slowed by unexpected events or intervention. The Arizona Power Authority, in 

June 1968, received a license authorizing construction of the four-unit 505.4-MW 

Montezuma pumped storage project to be located on lands of the Gila River Indian 

Reservation about 20 miles southwest of Phoenix. The high evaporation rate in 

Arizona (about 7 feet of water per year in some areas) will require additional 

pumping per unit of power generated, but the overall reduction in efficiency would 

be negligible. The fate of this project is uncertain, however, because the licensee 

has not found a firm market for the power that would be developed. To date, only 

minor construction has taken place. 

In another case, on April 21, 1977, the Federal Power Commission issued a 

license to three subsidiaries of the Allegheny Power System, namely, the Mononga-

hela Power Company, Potomac Edison Company, and West Penn Power Company, 

authorizing construction of the 1,025-MW Davis pumped storage project on the 

Blackwater River and Reed Creek in Tucker County, West Virginia. The Commis-

sion adopted the proposal of the companies which included a 7,000-acre lower 

reservoir in Canaan Valley, thus rejecting an alternative site known as Glade Run 

that would have the same upper reservoir as Davis but a lower reservoir having a 

surface area of only 785 acres. The latter had been recommended by an 

Administrative Law Judge in an initial decision issued on June 10, 1976. The Sierra 

Club and the Department of the Interior have contested the license issued by the 

Commission, and the Corps of Engineers has denied the licensees a dredge-and-fill 

permit needed for construction. These two issues are now awaiting decisions in 

separate court proceedings. As a result, the Commission has stayed the terms of 

the license pending the court appeals. 

Table 2-2 lists the pumped storage projects now under construction and/or 

licensed by FERC. The total capacity to be added to the nation's generating 

capability when (and if) these projects are complete is 9,346 MW. It is pertinent to 

note that the average capacity of these 11 plants (to be completed after 1980) is 

850 MW. In comparison, the average size of plants in operation before 1980 as 

listed in Table 2-1 is 432 MW. This illustrates the distinct trend to larger plants 

made possible by the turbine/pump advances previously discussed. 
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State 

Missouri 

Missouri 

California 

Virginia 

Georgia 

South Carolina 

Arizona 

West Virginia 

New Mexico 

Colorado 

New York 

Georgia 

Gross Static 
Head (ft) 

Capacity in MegaWatts 
Reversible 	Conventional 	Total 

Unavailable 
(UA) 

107-59 27 

160 

31 

160 

58 

1,560 1,050 1,050 

1,050 

652 

UA 

2,100 

675 

1,000 

2,100 

675 

1,000 

1,690-1,620 

864-803 

UA 

485-430 

1,160-1,000 

505 

1,025 

2,000 

600 

200 200 

2,000 

505 

1,025 

600 

UA 300 300 600 

9,646 327 9,973 

TABLE 2-2 

Pumped Storage Projects in the United States 
Licensed and/or Under Construction, November 1,1980 

Project or 
Plant Name 

Harry S. Truman (32)* 

Clarence Cannon (33) 

Helms (34) 

Bath County (35) 

Rocky Mtn. (36) 

Bad Creek (37) 

Montezuma (38) 

Davis (39) 

Seboyeta (40) 

Mt. Elbert (41) 

Cornwall (42) 

Richard B. Russell (43)  

Owner or developer 

Corps of Engineers 

Corps of Engineers 

Pacific Gas and Elec-
tric Co. 

Virginia Electric and 
Power Co 

Georgia Power Co. 

Duke Power Co. 

Arizona Power Author-
ity 

Allegheny Power System 

Public Service Co. of 
New Mexico 

Water and Power Resour-
es Service 

Consolidated Edison Co. 
of N.Y. 

Southeastern Power 
Administration 

Total 

*Project number--see Figure 2-5 for location.. 



Each year the American Society of Civil Engineers selects the outstanding 

civil engineering achievement of the year. It is noteworthy that on four occasions 

pumped storage developments have been involved in those awards. In 1969, 

Oroville Dam and the underground Edward G. Hyatt powerplant that contains 

reversible generating units received the award. In 1972, it was the California 

Water Project, which carries surplus water from northern California to water-short 

central and southern California and extends some 700 miles. Included in that 

project are four pumped storage plants: Edward G. Hyatt, Thermalito, San Luis, 

and Castaic. The 1973 outstanding achievement award went to the Ludington 

pumped storage project, and the 1975 award went to Duke Power Company's 

Keowee-Toxawiay power system, which includes the Jocassee pumped storage 

project as well as nuclear and conventional hydroelectric plants. These awards are 

given for the engineering project that "demonstrates the greatest engineering skills 

and represents the greatest contribution to engineering progress and mankind." 

In summary, the history of pumped storage development is one of progressive 

growth since the first serious consideration of the technology in the United States 

led to the small combined plants of the 1950's. This growth was accelerated during 

the 1960's and again in the 1970's until recent circumstances began stimulating a 

reevaluation of generation system demands for the 1980's.* 

The following section focuses on six projects that illustrate a variety of 

technical, environmental, and economic characteristics of pumped storage plants, 

the decisions that resulted in their construction, and the results of their opera-

tional histories. 

*All pumped storage projects referred to in this report are included in the inventory 
presented as Appendix A. 
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2.3 Case Studies and Project Briefs 

In this section, the following case studies are presented: 

Taum Sauk Pumped Storage Project 

Northfield Mountain Pumped Storage Project 

Ludington Pumped Storage Project 

Helms Pumped Storage Project 

Blenheim-Gilboa Pumped Storage Project 

Breakabeen/Prattsville Pumped Storage Project. 

2.3.1 Case Study--Taum Sauk Pumped Storage Plant  

2.3.1.1 General 

The Taum Sauk Pumped Storage Plant was completed in June 1963, by the 

Union Electric Company. The plant is located on the East Fork of the Black River 

about 80 miles southwest of St. Louis, Missouri. Figure 2-6 diagrams the physical 

layout of the facility. The 408-MW plant was constructed at a cost of $45,854,000 

(1963 dollars) including the switchyard and transmission facilities. This is 

equivalent to $112 per kilowatt of capacity. At the time of completion the two 

204-MW pump/turbines were the largest hydroelectric units in the United States, 

reversible or conventional. The decision to use units that were significantly larger 
* 

than any previously employed in the United States was heavily influenced by 

European success with such units under similar high head conditions. The 

Providenza Project in Italy, completed in 1962, had attained heads of 860 feet with 

units designed by Allis Chalmers who also manufactured the Taum Sauk 

turbine/pumps. Using these units Taum Sauk was able to operate under 764 feet of 

gross head. Previously the 290-foot head at the then Bureau of Reclamation's 
** 

Flatiron Project was the highest in the United States. 	Furthermore, the 

advances made in development of the reversible Francis turbine/pump allowed the 

use of one 
* 
The 20-MW units at the Lewiston Plant in New York were the largest units 
installed in the United States prior to Taum Sauk. 

** 
Since power output is directly proportional to operating head, such a major 
increase greatly affected the economics of hydroelectric projects; particularly 
pumped storage facilities. 
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unit for both pumping and generating which resulted in a large cost savings when 
compared to using separate machines for each purpose. 

The upper reservoir for the plant was built on Taum Sauk Mountain about 
1,500 ft. above sea level and consisted of a 32-acre pool with a 10-foot parapet 
wall constructed on he crest of the embankment to gain additional storage 
capacity. The lower reservoir is formed by a 60-foot high dam. The upper 

reservoir has a usable storage capacity of 4,350 acre-feet of water, which is 

equivalent to 2,700 MWH of electric generation or 7.7 hours of operation at full 
load. The plant can actually provide 445,000 KW of power for a short period of 
time with a full reservoir. 

The licensing of the Taum Sauk Plant deserves attention because of the 

precedent setting decision made by the Supreme Court regarding the jurisdiction of 
* 

the Federal Power Commission. Section 23(b) of the Federal Power Act requires 
any person desiring to construct a dam or other project on a nonnavigable stream, 

but one over which Congress has jurisdiction under its authority to regulate 
commerce, to file a declaration of intent with the Federal Power Commission. If 
the FPC finds that "the interests of interstate or foreign commerce would be 

affected by such proposed construction", a license must be issued by the FPC ,., 
before construction may begin. A declaration of intent was filed by Union 'Electric 

Company for Taum Sauk in 1960. Since the project was located on a "non- 

navigable" stream totally within the borders of the State of Missouri, Union „ 
Electric Company maintained that the FPC did not have jurisdiction and com-
menced construction in 1960 without an FPC license. In 1962 the FPC determined 

that it did have jurisdiction and ordered a license application to be submitted by 
Union Electric. This ruling was negated by the Eighth Circuit Court of Appeals 

which decided in favor of Union Electric Company. On May 3, 1965, this ruling was 
reversed by the U.S. Supreme Court which affirmed the Commission's licensing 

authority over Taum Sauk. In writing the opinion, Justice White concluded that: 

• 	The interstate transmission of electricity is fully subject to the 

commerce powers of Congress. 

* 
The Federal Power Act was originally enacted in 1920 as the Federal Water Power 
Act, 41 Stat. 1063. The original Act was amended by Title II of the Public Utility 
Act of 1935, 49 Stat. 838 and made Part I of the Federal Power Act. 

2-25 



• Projects such as Taum Sauk which generate electricity for transmission 

affect commerce among the states and are therefore under the 

Congress' commerce power whether or not the Congress controlled 
- 	nonnavigable tributary streams. 

• It was the intent of Congress to require a license for water power 

projects utilizing the headwaters of a navigable river to generate 

energy for interstate power systems. 	" 

As a result Union Electric Company applied for and received a license to 

construct and operate Taum Sauk on August 26, 1965, two years after construction 

was completed. While it is difficult to determine the impact of this decision on the 

development of pumped storage in the United States, an opposite determination by 

the Supreme Court may have had a tremendous influence on sail* of pumped 

storage plants. With the connection of virtually every active pumped storage plant 

to interstate transmission systems all plants except Seboyeta have required a 

Federal license. It has not been determined at this time whether the Federal 

Power Act will require licenses for underground pumped storage' plants which use 

closed systems located off navigable waters and their tributaries.' 

2.3.1.2 Rationale for Development  ' 

An analysis of projected load growth and generation demands by Union 

Electric Company in the mid-1950's showed that the need of the system was 

primarily for peaking power since coal-fired steam' units in operation were 

adequate for baseload power. There were no oil or nuclear plants in the system at 

the time. Since all economically feasible conventional hydroelectric sites had been 

developed and gas combustion turbines were in ;  the development stage (those in 

production were too small for Union's requirements) pumped storage proved to be 

the most economical alternative. As alternatives, oil fired cycling boilers were ., 	. 	. 
also considered but did not meet the specifications .required by the, generation mix 

of the system. Interestingly, hydroelectric plants including Taum Sauk accounted 

for about one third of Union Electric's total generating capacity in 1966. 

Other potential sites for the project were considered including some along 

the shores of the Mississippi River and the site at the Lake of the Ozarks which 

was later developed by the Corps of Engineers as the .Harry S. Truman Pumped 

Storage Project. The potential sites along the Mississippi River, which were to use 

the river as the lower reservoir, were dropped when geologic studies identified the 
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existence of limestone caverns which would have raised construction costs con-
siderably. 

2.3.1.3 Operational History 	 . 

The Taum Sauk Plant is remotely operated from the Osage Plant at the Lake 

of the Ozarks and the master console at the Union Electric Dispatcher's Office in 

St. Louis. The maintenance staff at the plant consists of 10 persons. The annual 

operations and maintenance expenditures for 1979 totaled $972,000, but included a 

significant percentage for major scheduled replacements and repairs of machinery. 

As a result, the actual efficiency of the plant has recently been returned to 
predicted values of about 55 percent after several years of operating at effi-

ciencies of about 45 percent. Normal weekday operations include generation for 

about four hours with one of the two units. Maximum drawdowns are 17 and 80 

feet in the lower and upper reservoirs respectively. The utilization factor for the 

plant ranges from five to eight percent. This is relatively low when compared to 

the 20 percent utilization factors of other plants such as Blenheim-Gilboa and is 
due to the different operating philosophies and generation mix of various utilities. 

While some plants log many hours of generating time due to the outage or higher 
maintenance requirements of older fossil-fueled or nuclear plants in the system, 

the Taum Sauk Plant responds primarily to small loads at the top of the demand 
curve and has had only minor use as an intermediate load replacement facility. 

The high percentage of conventional hydro capacity in the Union system, partic-

ularly during the 1960's and early 1970's, also has contributed to the lower 

utilization factor of the Taum Sauk Plant, since conventional hydro is well suited 
• 

to peak and intermediate load generation (see Section 2.1.2). 

Power from Taum Sauk is used primarily by Union Electric although both 

daily and longer-term contract power, including spinning reserve, is sold to the 
Tennessee Valley Authority and Southwestern Power Administration. The plant 

was originally designed to allow • operation in the condensing mode but due to 

economics the equipment was disconnected in 1966. 

Upon licensing in 1965 a recreation plan was developed for the facility and 

included building of a museum and construction of boating and fishing facilities on 

the lower reservoir. As has occurred in other pumped storage projects, Union 

Electric was concerned about the liability of operating recreational facilities on 
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the lower reservoir due to the fluctuating water level. As a result, the Missouri 
r,) 

Conservation Commission operates the recreational facilities at the site. 

2.3.1.4 Summary  

The Taum Sauk Plant was a major step in the development of pumped storage 

due to the capacity and operating head of its turbine/pumps and the total capacity 

of the plant. The Supreme Court's decision that the project was under the 

jurisdiction of the FPC has been an important factor in the licensing of later 

facilities. Although it fills a critical role in the Union Electric system, the low 

utilization of the plant stands in contrast to more recent projects with different 

system demands. 
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2.3.2 Case Study--Northfield Mountain Pumped Storage Project 

2.3.2.1 General 	 . 

The Northfield Mountain Pumped Storage Plant is a multipurpose hydroelec-

tric project developed and operated by Northeast Utilities. The 1,000-MW 

capacity project was constructed on the Connecticut River near the border of New 

Hampshire and Massachusetts in the towns of Northfield and Erving, Massachu-

setts. Figure 2-7 indicates the physical layout and general location of the project. 

The underground powerhouse at Northfield Mountain, the first underground power-

house of its type, houses four, 250-MW reversible pump/turbine generators which, 

at the time of construction, were capable of meeting almost 45 percent of the peak 

demand experienced by Northeast Utilities' members. *  

The project includes, in addition to hydroelectric generating capacity, a 

water supply objective that allows transfer of up to 50 million cubic feet daily to 

the Massachusetts Metropolitan District Commission's Quabbin Reservoir for use in 

the Boston area water supply system. To accomplish this, spring flows in excess of 

15,000 cfs in the Connecticut River downstream of Turner's Falls Dam will be 

pumped to the upper reservoir of the Northfield Mountain Project. Historical flows 

indicate that average flows in the river will be in excess of 15,000 cfs on about 70 

days. For such an average year, up to 26 billion gallons of water could be diverted 

to Quabbin Reservoir. This quantity, however, is less than 1 percent of the annual 

flow of the Connecticut River, although it would increase the flow to Boston from 

Quabbin Reservoir by about 25 percent. 

To allow for the additional storage capacity in the upper reservoir, the dam 

and dikes of the upper reservoir were constructed 4 feet higher. In addition, a 

separate water supply intake in the upper reservoir allows connection of the 

planned 10-foot diameter gravity tunnel to convey water to Quabbin Reservoir, 

which is 500 feet in elevation below Northfield Mountain's upper reservoir. 

Presently no contract or agreement has been signed between the Metropol-

itan District Commission (MDC) and Northeast Utilities for construction of the 

line. The MDC has been ordered by the state legislature to perform an 

* 
Northeast Utilities includes Connecticut Light and Power Co., Holyoke Water 
Power Co., Western Massachusetts Electric Co., Northeast Utilities Service Co., 
New England Nuclear Energy Co., and Hartford Electric Light Co. 

, 
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environmental assessment of the proposed transfer project. The study is not 

complete as of this date, and it appears that a decision to construct the tunnel will 

not be made in the near future. 

Hydroelectric generation facilities at the project include an upper reservoir 

with a live storage capacity of 12,750 acre-feet and an estimated power potential 

of 8,500 MWH, a 34-foot diameter penstock, a 300-foot long by 70-foot wide by 

120-foot high unlined powerhouse chamber excavated in bedrock, a 31-foot 

diameter tailrace tunnel and the existing Turner's Falls Reservoir which serves as a 

lower reservoir. Turner's . Falls Dam was originally constructed by Western 

Massachusetts Electric Co. to provide conventional hydroelectric generation capa-

bility. The underground powerhouse served as a milestone in pumped storage 

development in the United States made possible by advances over the previous 

decade in blasting techniques, methods of handling and transporting rock, and more 

efficient techniques in anchoring and rock bolting. 

In addition, an extensive plan was implemented for development of recrea-

tional facilities in conjunction with the lower reservoir created by the existing , 

Turner's Falls Dam. Facilities for camping, boating, winter sports, fishing, 

horseback riding, and hiking have been constructed as part of the project. The 

operating companies of Northeast Utilities have also conducted a program to 

restore shad and other fish species to the river by providing fish passage and 

protection devices at the Turner's Falls dam. 

In all, construction costs for the project totaled $140 million in 1973 or about 

$140 per kilowatt of capacity. 

2.3.2.2 Rationale for Development 

Planning studies performed in 1964 by the member companies of the 

Connecticut Valley Electric Exchange (CONVEX) and the Electric Coordinating 

Council of New England indicated that the service area needed additional genera-

ting capacity and that peaking power requirements were of paramount importance. 

The combination of high transportation costs for coal and dependency on oil for 

energy in New England worked to make the area attractive for development of 

nuclear power during the 1960's. As a result low cost, off-peak generation 

capacity available from planned nuclear plants made pumped storage especially 

attractive as a peaking source. (See discussion in Section 2.4.2.) 
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Site and economic studies performed by CONVEX indicated that the North-

field Mountain Project would best meet the need for short hour generation, 
fluctuating peak loads, and emergency reserve power (emphasized by the 1965 

blackout in the area). The application for a Federal Power Commission license was 
submitted on January 14, 1966, by the three members of Northeast Utilities at that 
time. Previously a preliminary permit for feasibility studies had been granted to 

Massachusetts Electric Company, one of Northeast Utilities' member companies. 

The license was approved in mid-1967 and construction started in September of 
that year. Construction was delayed approximately six months due to accidental 

flooding of the powerhouse cavity. Unfortunately, generators and other equipment 

were inundated during the flood, adding significantly to the final cost of the plant. 

Original cost estimates made during feasibility studies indicated a construc-

tion cost of approximately $75 million. By the date construction commenced the 

estimate was about $110 million. As previously stated, final construction cost was 

approximately $140 million. The operating schedule of the plant is based_ on a 

modified weekly cycle with most of the pumping occurring on weekends. Addi-
tional pumping occurs during early morning hours on weekdays but not enough to 

replace the water used for generation that day. As a result a gradual drawdown of 

the upper reservoir storage occurs over the week, with complete replenishment 
occurring on Saturday and Sunday. The plant was intended to operate in harmony 

with the existing fossil-fueled and nuclear base load plants and conventional hydro 

plants. Original planning proposed that actual hour-by-hour peak demand fluctu-
ations be met by a combination of pumped storage and conventional hydro, with 

conventional hydro actually meeting peak demands on weekdays. Although planned 
to function as part of the CONVEX system, by the time it 'was placed on-line 

Northfield Mountain was dispatched against the entire New England load. 

2.3.2.3 Operational History 	 . 

The Northfield Mountain Plant, can best be described as a reliable, powerful 

operating tool for the CONVEX dispatcher. Although the ratio of pumping energy 

to generating energy has been rising slowly since 1973 (1.34 in 1973 to 1.37 in 

1980), the plant maintains a 25 percent utilization factor and is used constantly 

during peak load periods to meet a wide variety of demands on the system. For 

• 
Based on a maximum daily generation potential of 2,500 MWH/day. 
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example, when the Connecticut Yankee nuclear plant was unexpectedly lost to the 

system recently, the Northfield Mountain Plant was called on (via automatic 

controls at the dispatchers office) to increase its output from 150 MW to 750 MW 

in less than two minutes. Later the same day the New England Power Exchange's 

(NEPEX) computers malfunctioned and nuclear units could not respond to demand 

changes. The Northfield Mountain Plant was automatically loaded to its full 1,000 

MW capacity again within two minutes. With the total electric generating capacity 

of all Northeast Utilities Plants being 6,000 MW, the 1,000 MW of Northfield 

Mountain is a major component of the system. In addition, the plant is being called 

upon to operate more often in the synchronous condensing mode thus providing 

voltage regulation to the system when required, especially during periods of low 

demand. 

The Northfield Plant requires a total staff of 35 persons for operation and 

maintenance of the 1,000 MW facility. In comparison, the Mt. Tom oil fired plant 

in Holyoke, Massachusetts, has an operating staff of 20 with a capacity of 150 MW. 

As a result of this and other factors (such as the cost . of fuel, environmental 

equipment, maintenance downtime, etc.), the operation and maintenance costs for 

Northfield Mountain average about $1.90 per kilowatt year while operating costs at 

Mt. Tom are approximately $12 per kilowatt year in 1979 dollars. The Northfield 

Mountain operation costs would be significantly lower but for the need for 

cavitation repair work, unit balancing, and dewatering of the upper reservoir for 

the plant's five year inspection. While most of this maintenance has been 

accomplished during the offpeak seasons, operating costs have been well above 

average for the last two years. 

Environmentally, to the knowledge of Northeast Utilities, the Northfield 

Plant has had no serious impacts and local acceptance of the project has been good. 

On-going studies of fishing potential indicate that the tailrace area may need to be 

protected from fish access. Methods of providing access for anadromous fish such 

as shad are, being considered presently. Having been planned and licensed without 

the necessity of an Environmental Impact Statement, the effects on local flora and 

fauna would be difficult to determine at this time due to the lack of environmental 

baseline information. 
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2.3.2.4 Summary  

The Northfield Mountain Plant fills a critical role in the Northeast Utilities 

electric supply system. While the ratio of pumping energy to generating energy 

could be lowered through. modifying schedules, the operating philosophy over the 

years has shown a trend toward using Northfield Mountain at a less than optimal 

mode to maximize efficiency at larger, less flexible fossil-fueled and nuclear 

plants. Northfield Mountain has the advantages of most pumped storage plants 

including "black start" capability, spinning reserve capability, low operating costs, 

low maintenance costs relative to alternative peaking options, and ability to 

provide synchronous condensing. Other key aspects of the plant include: 

• The underground powerhouse, penstocks, and tailrace reduce environ-

mental impacts when compared to above-ground facilities. This is an 

important factor which may be a key to successful 'licensing and 

development of pumped storage plants in the future, since most such 

facilities by nature are located in relatively undeveloped or rural 

settings to facilitate reservoir construction and where water is rela-

tively "free" and available. As a result, the areas most suitable for 

pumped storage development tend to be most sensitive to damage to 

the natural environment due to construction and operation. The 

solution may be underground facilities, including underground reser-

voirs. This will be discussed further in Section 2.4.1. 

• The construction cost of $140 per kilowatt of generating capacity when 

combined with reliability and low operation costs made a very attrac-

tive investment at the time of development. Obviously, construction 

and operating costs are significantly higher today, but relative to other 

alternatives, pumped storage may still be very competitive. 

In recent years the decline of peak load growth and the postponing of 

construction of nuclear plants (which provide the cheapest source of off-peak 

pumping energy in New England) have combined to put the planning of pumped 

storage projects on hold. Northeast Utilities' current 20-year plan does not call for 

development of any additional pumped storage capacity. While peak load demand 

has leveled, the off-peak (base) load is still rising. This allows existing nuclear and 

fossil-fueled plants to supply a higher percentage of the total demand thus 

reducing somewhat the need for additional pumped storage capacity. This trend is 

2-34 



off-set, however, by the need in New England to replace old, oil-fired plants which 

currently provide a high percentage of the total capacity of the area. As such 

plants are retired, nuclear facilities will pick up the load,, thus moving down on the 

demand curve and requiring pumped storage and/or conventional hydro to meet 

peak demand again. 

I 
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2.3.3 Case Study--Ludington Pumped Storage Project 

2.3.3.1 General 

The Ludington Pumped Storage Project, jointly owned by Consumers Power 
Company (51 percent) and Detroit Edison Company (49 percent), is located on the 

eastern shore of Lake Michigan, about four miles south of Ludington, Michigan. 

Figure 2-8 is a general physical layout of the plant with a location map. The plant 

is the largest pumped storage facility currently in operation, with a rated capacity 

of 1,978-MW that is capable of producing 2,076 MW of peaking power. It was 

designed and constructed at a cost of $322 million, including transmission lines and 
transfer stations. The plant provides about 15 percent of the combined system-

wide electric generating capacity of both owners. 

The Ludington Plant is unique in that it uses Lake Michigan as its lower 
reservoir in combination with a manmade upper reservoir, which has a live storage 

capacity of 54,000 acre-feet. Using Lake Michigan not only reduced construction 
costs but eliminates the need to draw down a lower reservoir during the pumping 

cycle. The upper reservoir at Ludington was constructed on a plateau and is 

enclosed by a six mile long, 103-foot high dike, which creates a 1.75 square mile 
reservoir with a storage capacity of 15 million KWH when full. 

In addition to meeting the systems' needs for peaking power, at various times 
the plant: 

• Satisfies the owners' requirements for spinning reserve. 

• Provides emergency power for both the owners and Commonwealth 
Edison Company, which supplies electricity to the City of Chicago. 

• Can be used in the condensing cycle to control system voltage during 
* 

low load periods. 

• Is used to meet constantly fluctuating demands during generation that 

allows baseload fossil fuel and nuclear plants to operate at a constant 

level. 

* 
During synchronous condensing the turbine-pump/generators are neither generating 
nor pumping, but are spinning and allow "absorption" of system voltage. 
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Construction of the plant was begun in 1969 and took four years, with initial 

start-up of two turbines in March of 1973. Initial feasibility studies, including site 

selection, were begun in 1959. 

2.3.3.2 Rationale for Development  

In 1959, Consumers Power Company conducted a site selection study for 

Michigan's Lower Peninsula, addressing the load growth expected to occur during 

the 1960's. The study included investigations of more than sixty potential sites, but 

the proximity of the Ludington site to demand centers, in addition to other factors, 

made it the most attractive. Other advantages included its location on Lake 

Michigan, proximity to the port facilities at Ludington, and availability of native 

soils suitable for dike construction. 

Initial feasibility studies in 1959 indicated that the plant should consist of 

five 100-MW units, to be used entirely by Consumers Power Company. Due to the 

mild recession of 1958-61 and the associated decline in load growth, along with the 

economic attractiveness of fossil fuel plants during that general period, the project 

was postponed for about five years. During this time, Consumers Power Company 

and the Detroit Edison Company reached an agreement to coordinate their 

transmission and generating systems, including the Ludington Plant when it was 

developed. Also during this period, load growth increased rapidly; plans for an 

extra-high voltage transmission network were formed, including interconnection 

with utilities in Ohio, Indiana, and Canada. (The existence of 138-KV transmission 

lines, particularly in the vicinity of Ludington, was an additional factor initially 
precluding development of the pumped storage plant. Such lines do not have the 

capacity to transmit power from a plant as large as Ludington.) Another factor 

influencing the development of the Ludington project was the planned installation 

of additional fossil fuel and nuclear baseload plants in the system (Forgey, 1974). 

A re-evaluation of the plant's feasibility was performed in 1967, showing that 

the optimum initial storage capacity was 15 million KWH. (This proved to be the 

ultimate design capacity of the facility.) However, it was also concluded that this 

capacity was too large for integration into the Michigan Electric Coordinated 

Systems Network until 1983. As a result, the owners reached an agreement with 

Commonwealth Edison Company of Chicago for purchase of one-third of the power 

from 1973 until 1983 and one-sixth of the capability between 1983 and 1988. 
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Commonwealth Edison agreed to provide proportional amounts of pumping power 

and to pay for transmission line losses during this period. 

Table 2-3 is a chronology of the planning and development of the Ludington 

Pumped Storage Project. 

TABLE 2-3 

Chronology of the Ludington Pumped Storage Project 

Preliminary Investigation Started 

Received FPC License 

Start of Construction 

Testing of First Generation Unit 

Commercial Operation of First Unit 

Commercial Operation of Last Unit 

Completion of Recreation Facilities 

January 1959 

July 1969 

July 1969 

October 1972 

January 1973 

October 1973 

May 1974 

11% . 

The construction of the powerhouse, penstocks, reservoir, and other facili-

ties, extending over almost four years, was completed within 20 days of the sched-

ule established in 1966, three years before construction began. This is a consider-

able accomplishment considering both the immensity of the construction effort and 

the innovative systems which had to be built to meet unique requirements. 

A key accomplishment of the Ludington Project was the research and 

development of a special asphalt mix for lining the dikes of the upper reservoir. 

The mix had to be impervious to water, deformable, resistant to ice erosion and 

free from cracking and fissuring from age or heat exposure. The resulting 

hydraulic asphalt concrete was a major step forward in reservoir lining technology. 

During the height of the construction effort, over 2,800 workers were on the 

job. More than 50 million cubic yards of earth had to be moved during the winter 

and summer seasons. Approximately 300,000 cubic yards of concrete were poured 

in winter as well as summer. Although it was greater than the $110 per kilowatt 

cost estimated during the planning period in 1967, the final construction cost of 

$175 per kilowatt was lower than the engineer's 1970 estimate. This includes 

transmission lines, the switchyard, and substation. Part of this savings was the 

result of value engineering performed on the reinforced concrete design for the 

plant. 
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2.3.3.3 Operational History 

The Ludington Plant was initially justified based on a projected daily genera-

ting schedule of from four to six hours during peak demand periods. Over seven 

years of operation, use of the plant has increased steadily to the extent that it now 

generates ten or more hours per day. The Ludington units are significantly more 

reliable than steam units, with annual maintenance costs less than half that of 

fossil fuel plant costs. The pumped storage plant requires a crew of 33 men, less 

than one-fifth the size of a crew for a steam plant of equal size. 

Unexpected outage of units at Ludington has been virtually nonexistent. 

Normal maintenance on the equipment is performed during the low peak demand 

seasons of spring and fall. 

Normal annual operation and maintenance costs for the plant are estimated 

at about $1 million. This figure was exceeded in 1979, due to the need to 

investigate and correct leakage from the upper reservoir. The leakage was thought 

to be occurring through the bottom of the clay lined reservoir. To prevent a rise in 

the local groundwater table because of reservoir leakage, a series of 40 wells were 

constructed at the periphery of the reservoir to maintain groundwater levels at 

historic levels. It appears that the leakage has been controlled with present 

pumpage from the wells stabilizing at 7 cubic feet per second, about half that 

originally experienced and within predicted bounds. 

Environmentally, the project has resulted in predicted effects. Although the 

project was developed before requirements of the National Environmental Policy 

Act were in effect, environmental planning was performed as an integral part of 

the project. Recreational facilities, including a 'campground and scenic overlook 

developed as part of the project, have been well used by the local community and 

tourists. Studies by Michigan State University on the effects of the project on 

local fisheries indicate that the upper reservoir now contains all of the fish species 

found in Lake Michigan. Loss of fish passing through the pump/turbines is as 

predicted but has not significantly changed the species or number of fish in Lake 

Michigan in the vicinity of the intake/outlet (Brazo, 1979). 

Another environmental concern expressed during project planning, and con-

tinuing during operations, was the problem of bank erosion along much of the 

eastern shore of Lake Michigan and the potential of the Ludington Project 

exacerbating the problem. This was investigated by Consumers Power Company 
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during feasibility studies and again after start-up. The conclusion reached by these 

studies is that the problem 'will neither be mitigated nor worsened by the jetties 

and intake/outlet works of the project. The Corps of Engineers plans to continue 

investigation of the problem. 

2.3.3.4 Summary 

The Ludington Pumped Storage Project fills a key role in the electric supply 

network of Consumers Power Company and the Detroit Edison Company. This is 

confirmed by the increased usage of the plant over the years of its operation. 

Highlights of the Ludington Plant's development include: 

• The final construction cost in 1974 for the plant, substation, and 

transmission lines was $175 per kilowatt. 

• The plant has the capability of providing approximately 300 MW in less 

than 10 minutes and can reach full output of 1978-MW from standstill 

in 30 minutes. 

• The plant provides the utility with the ability to adjust generation 

output on a minute-by-minute basis to meet constantly fluctuating 

system demands. This allows base load plants to operate at a steady 

rate, significantly increasing their efficiency. 

• A major reason for increased utilization of the pumped storage plant is 

its reliability. The plant is called upon frequently to pick up loads due 

to outage of less dependable fossil fuel power facilities. 

• All of Ludington's units are capable of starting and being brought to full 

generation under "black start" conditions. 

• Operating costs are significantly less than those of other plants in the 

system. 

• Consumers Power Company was able to delay the construction of large 

and more expensive steam plants. 

As a result of the success and demand for the Ludington Plant, Consumers 

Power Company is investigating additional pumped storage capacity along Lake 

Michigan. 
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2.3.4 Case Study--Helms Pumped Storage Project  

2.3.4.1 General 

The Helms Pumped Storage Project, scheduled to be in operation in June 

1983, is being developed by Pacific Gas and Electric Company (PG&E). The project 

is located about 70 miles northeast of Fresno, California. Figure 2-9 shows the 

physical layout and general location of the plant. The original estimated 

construction cost for the plant was $186,500,000 in 1973 dollars or about $178 per 

kilowatt of installed caPacity. 

The pumping and generating facilities will be constructed underground, 

linking the existing Courtright Reservoir on Helms Creek with the Wishon 

Reservoir on the North Fork Kings River. Both reservoirs are located on the 

western slope of the Sierra Nevada Mountains, about 70 miles east of Fresno, 

California. Wishon and Courtright Reservoirs are also part of PG&E's North Fork 

Kings River Hydroelectric Project. The Helms' Project's 60-mile 230-kV trans-

mission line will connect the power generating facilities to a proposed substation to 

be located 12 miles northwest of Fresno. Most project facilities will be located 

within the Sierra National Forest, although portions of the transmission line would 

traverse other public and private lands. All project facilities would be located 

within Fresno and Madera Counties. About 5000 acres of land are required by the 

project, most of which are part of the Sierra National Forest. Approximately 1,400 

acres of this land are for transmission lines. 

The powerhouse, including both pumping and generating facilities, will be 

constructed about 1000 feet underground between the two existing reservoirs. The 

unlined powerhouse chamber will be 320 feet long, 75 feet wide and 65 feet high. 

The plant will utilize three 480,000 hp vertical Francis turbines capable of 

generating 350 MW each. The total operating capacities of the plant are as 

follows: 

	

Net 	Electrical 	Turbine 	Water 
Operating Mode 	Head (ft) 	Capacity (MW) 	Capacity (hi)) 	Flow (cfs) 

Generating 	1,560 	1,050 	1,440,000 	9,000, 

Pumping 	 1,500 	1,035 	1,365,000 	7,200: 
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Cour tright Lake 

Wishon Lake 

A single 38.5 foot diameter penstock, handling both pumping and generating 
flows, will branch into three 90 inch diameter steel pipes. Only 150 feet of the 

four mile penstock will be exposed above ground. Other facilities being con-

structed are typical of a pumped hydro project and include surge chambers, access 

roads, intake/outlet structures, trash racks, slide gates, compressed air equipment 
switchyards, transformer units and exciter switchgear. A horizontal access shaft 

and a vertical elevator shaft are also under construction. 

Plans for operation of the facility include a microwave communication 
system from the Fresno dispatcher's office to the project area via a passive 

reflector mounted on top of Hall Mountain about four miles from the project. This 
will allow almost instantaneous response of the generating capability to either 

emergency or normal peak demands. 

The existing Courtright Dam is a concrete faced, rockfill embankment about 

315 feet high with a crest length of 862 feet. The Wishon Dam is a rockfill 
embankment measuring 260 feet high and 3,330 feet long with a concrete upstream 

face. Water surface elevations above sea level and capacities for the two 
reservoirs are: 

Maximum 	 Minimum 	 Gross 
W.S. Elevation 	W.S. Elevation 	Capacity  

8,184 ft. msl 	8,020 ft. msl 	123,300 AF 

6,550 ft. ms1 	6,382 ft. ms1 	128,600 AF 

Recreation plans for the project include rehabilitating three existing camp-
grounds, construction of a new 30-unit campground, parking areas and access roads 
to the reservoirs for fishing, development of picnic areas, boat launching facilities, 
and a scenic overlook.. 

Construction of the project was commenced in 1976 and plans currently call 

for a seven and one-half year construction schedule. Creation of a "small town," 

housing over 200 single workers and 350 families, will be required during the peak 

of the effort. Construction is scheduled for completion in late 1983. 

2.3.4.2 Rationale for Development  

In addition to the 1,050 MW capacity of the Helms Project, PG&E had at the 

time of the feasibility study 21 other electric generation projects planned for 
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operation by 1981. If all 21 projects followed the original licensing and construc-

tion schedule, the generating capacity available to the PG&E system during the 

summer of 1982 would be 15,216 MW. Contribution of other utilities to the system 

by 1982 was estimated at 4,926 MW of generating capacity. When including the 

892 MW of transfers from other systems and a planned maintenance schedule which 

would make 300 MW unavailable, the net projected generating capacity of the 

system for the summer of 1982 was 20,734 MW. 

Estimates of the California Public Utilities Commission projected a peak 

demand for the summer of 1982 as 19,000 MW. In review of the project the 

Federal Power Commission reduced this forecast by 430 MW due to existing 

diversity of loads in the system and by another 140 MW for interruptible load 

(demand which by contract may be interrupted during peak loads, as necessary). As 

a result the forecasted demand was 18,430 MW resulting in a reserve of 2,304 MW 

or a reserve margin of 12.5 percent. (Reserve margin is the difference between 

the net generating capacity and net load responsibility, expressed as a percentage 

of load responsibility). Without the Helms Project the reserve margin would be 7.3 

percent. Pacific Gas & Electric requires a 12 percent reserve margin. As a result, 

the Helms Project was considered to be justified by need, especially in light of the 

fact that delay or deferral of any of the other 21 projects would further increase 

that need. • 

Alternatives to Helms which were considered during project review included: 

• Nuclear steam 

• Fossil steam 
, 

• Geothermal steam 

• Simple and combined cycle combustion turbines 

• Coal-fired steam peaking 

- • Conventional hydroelectric 

• Other pumped storage projects 

• Purchase of power 

• Conservation 
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• Rate structuring 

• No action 

At the time of the FPC review (1975) more "exotic" alternatives including 

solar power, wind power, storage batteries, fly wheel storage systems and magneto 

hydrodynamic power were not considered as reasonable alternatives. The addition 

of nuclear or fossil-fueled steam plants as alternatives to Helms was discounted 

early since such plants would tend to function more as base load facilities pushing 

older plants up into the intermediate cycling category making the system less 

efficient. The rationale for this conclusion was that during low demand months, 

when the system load would not be high enough to require full output of the 

1,050-MW Helms Plant and other available hydro capacity, it would be necessary to 

operate base load facilities at low plant factors or to allow spillage over dams of 

inexpensive hydro energy. The operation of expensive, base load plants at low 

plant factors was not considered an economically viable alternative. 

In consideration of other pumped storage plants as alternatives to Helms, it 

was evident that it would be at least three additional years (1984) before another 

plant could be put on-line if Helms were not built. Four other sites for equal sized 

projects were studied and discounted for environmental, economic, and other 

reasons. 

, The FPC also studied the potential for purchase of power from neighboring 

sources, including the Pacific Northwest. The study concluded that although off-

peak transmission capability existed, other systems could not supply the needed 

peak capacity in 1981 due to their own direct commitments and even if they were 

available, on-peak transmission capability was not available. 

It was concluded regarding the potential effects of conservation and rate 

revision that: 

"While improved conservation measures such as redesign of rates should 
be pursued vigorously, the uncertainties of the effects of specific rate 
redesigns and other conservation measures on the load characteristics 
of an electric system, the time lag associated with consumer responses, 
and the long times required for constructing new capacity, severely 
reduce the practical potential of rate revision and conservation as 
alternatives, at this time, to the scheduling of projected needed 
additional generating capacity. Accordingly, these measures cannot be 
considered as reasonable alternatives to the proposed Helms Project." 
(FPC, 1975) 
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. Since PG&E had plans to develop 732 MW of geothermal, base-load generat-
ing capacity by 1980 (which was considered in reviewing need for the project), it 
was concluded that further geothermal capacity would not replace the peaking 
capability of Helms but would rather act as additional base-load capacity. 

For the above reasons, final alternatives to Helms consisted of simple-cycle 

combustion turbines, combined cycle combustion turbines, and coal-fired steam 
peaking systems. Cumulative present worth total annual system costs for the study 

period of 1981-2000 were: .  

Alternative 	 PW Cost ($ million) 

Helms Project 	 8,449 

Simple Cycle Turbines 	 8,717 

Combined Cycle Turbines 	 8,760 

Steam Peaking Plant 	 8,989 

Note that these present worth costs for the 20-year period are in millions of 

dollars and that, although the percent difference between the Helms project 

(lowest) and steam peaking plant (highest) is only six percent, it amounts to $540 

million. ' 

It is significant that the latest (1980) estimate of total construction cost for 

the project is approximately $600 million or 3.2 times the estimate at the time of 
FPC review of the project in 1975. Although this is a considerable increase, it is 

equivalent to about $571/KW .which is low relative to estimated 1980 costs for 
other projects in the planning stage. 

2.3.4.3 Environmental Considerations  

Although the Helms project would utilize two existing reservoirs and include 

an underground penstock, powerhouse, and tailrace, it was not without significant 
environmental concerns. Construction of the intake/outlet structures required 

drainage to low levels of the two lakes necessitating capture and removal of fish in 

the reservoirs. Visual impacts due to cutting of the access road to the powerhouse 

and construction of the switchyard, transmission lines, and microwave towers will 

be significant. 
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Probably the most significant environmental issue was the method of disposal 

of over 700,000 cubic yards of rock excavated during construction of underground 

'facilities. It was proposed that this material be placed in the bottom of Lost 

Canyon covering an area 1,325 feet long and 110 feet wide. This is being 

accomplished without major environmental opposition, probably resulting from the 

remoteness of the canyon and lack of significant negative environmental impacts. 
I 

The Helms project stands out among thosewhich either began construction or 

applied for licenses during the late 1970's. While many projects experienced severe 

opposition from local and national environmental groups often causing lengthy 

delays in schedules (see the Breakabeen/Prattsville case study), the Helms project 

' proceded relatively smoothly into construction. This is notable since the project is 

located in an environmentally sensitive area--within the Sierra National Forest and 

about one-mile from the Jon Muir Wilderness Area. 

Much of the reason for this success lies with the approach Pacific Gas & 

Electric Company (PG&E) took regarding public involvement during project plan-

ning. Well publicized, yet informal, public meetings were held with local citizens, 

environmental groups, and state agencies both before and after application for 

license was submitted. Feedback, including suggestions on project design, was 

gathered and incorporated into project plans. Site visits were made with interested 

groups to provide clearer understanding of the project's impacts. As a result of 

these meetings PG&E was able to determine local community priorities, com-

pensate for them in project design and avoid expensive delays later due to 

unexpected opposition. 

2.3.4.4 Proposed Operation of Helms Plant  

The planned operating schedule for the project includes about 6 hours of daily 

generation with variations from four to twelve hours as system demands require. 

Pumping would occur at night and on weekends. In addition to daily drawdowns of 

the upper reservoir, weekly drawdowns would occur with levels in Courtright Lake 

reaching a maximum early Monday morning (8,184 ft.) and a minimum Friday 

evening (8,176 ft.). Annual drawdowns of the storage capacity in both reservoirs 

would occur during late summer and fall. This will be offset by storing more water 

in the upper reservoir during spring runoff to replace the larger withdrawals from 

Lake Wishon (lower reservoir) during dry seasons. 
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Objectives of the project include, in addition to peaking power, supply of 

spinning reserve, emergency reserve, and voltage regulation. The emergency 

response capability of Helms will be particularly significant since its 1,050 MW of 

capacity will be linked not only to PG6cE's system but also to the Bonneville Power 

Administration's 500 KV network. Helms will thus be capable of meeting 

emergency needs anywhere in an interconnected system which extends from 

Portland, Oregon, to San Diego, California. 

• 
2.3.4.5 Summary  

On completion, the Helms Project will be a major component of the PG&E 

generating system supplying peaking capacity of 1050 MW. Estimated construction 

costs for the project have risen from $186,500,000 in 1973 to $600,000,000 

recently, reflecting a 12 percent annual cost escalation which is typical when 

compared over this period to similar projects of this size. The more lengthy 

construction schedule which will result in project start-up about two years later 

than originally planned, is part of the reason for increased project costs. 

The ability to plan, license and begin construction of the Helms project with 

a minimum of local and environmental resistance is a major accomplishment. The 

maintenance of a reasonable budget and schedule is to a great extent the result of 

two factors: 

• Site selection and design of the project which allows use of two existing 

reservoirs and underground placement of almost the entire physical 

system except the switchyard and transmission lines. 

• The considerable effort made by PG&E to incorporate local and 

environmental priorities and concerns into project planning early in the 

development process. 

Objectives and justification of the project were typical to that of most pure 

pumped storage projects, with the exception that the Helms capacity will be 

available to respond to needs of a very large geographic area due to the 

interconnection of the PG&E system with that of the Bonneville Power Administra-

tion. 
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TABLE 2-4 

Chronology of the Helms Project 

1969 	 Feasibility studies begun 

October, 1973 	 License application filed 

November, 1975 	 Final EIS sent to CEQ 

May, 1976 	 License granted by FPC 

October, 1976 	 Construction begun 

December 1983 	 Projected start-up 
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2.3.5 Case Study—Blenheim-Gilboa Pumped Storage Project 

2.3.5.1 General 	'  

The Blenheim-Gilboa Pumped Storage Project was built by the Power 

Authority of the State of New York between 1969 and 1973, the same time that 

Consumers Power was constructing the Ludington Project in Michigan. Figure 2-10 
illustrates the physical layout and location of the facility. The Blenheim-Gilboa 

facility, about 40 miles southwest of Albany, was part of the 1970 Project of the 

Authority which also included the James A. Fitzpatrick Nuclear Power Plant east 
of Oswego, New York on Lake Ontario and transmission lines for each project. 
Total estimated construction cost in 1974 for the 1970 project was $544 million, 
including $200,000,000 for the Blenheim-Gilboa Plant. The plant has a total 

generating capacity of 1,000 MW from four 250-MW turbine pumps located in a 

powerhouse which has three stories above ground and nine floors of equipment 
below ground. 

The Blenheim-Gilboa Plant utilizes a manmade impoundment on Schoharie 

Creek for a lower reservoir. A 100-foot high rockfill dam about one mile 

downstream of the powerhouse was built to create a 430-acre lake with a capacity 

of 15,500 acre-feet. The upper reservoir was located on top of Brown Mountain 

and has a live capacity of 15,000 acre-feet or 12 million kilowatt hours of 

generation. The gross head between the two reservoirs is about 1,100 feet with 

both having a maximum operational drawdown of about 40 feet. 

The Power Authority of the State of New York is a public benefit corporation 

directed by five trustees appointed by the Governor. The Authority is a wholesale 

power supplier and sells its power to municipally- and cooperatively-owned 
electric systems in Vermont, New Jersey, Pennsylvania, and New York, to investor-

owned utilities and to private industry. Before being assigned the responsibility for 
developing the Blenheim-Gilboa Project, the Authority has financed, built, and 

operated the 800-MW St. Lawrence Power Project on the St. Lawrence River and 

the 2,400-MW Niagara Power Project at Niagara Falls. These projects represented 

an investment of over $1.1 billion by the Authority. 

Table 2-5 is a chronology of the development of the Blenheim-Gilboa project. 
Note that the date of acceptance of the Federal Power Commission License, 

June 16, 1969, was only 10 months after the date of application to the FPC, August 

15, 1968. Although an environmental assessment under NEPA was not required, 
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August 15, 1968 

June 16, 1969 

July 12, 1969 

November 24, 1969 

April 10, 1970 

May 20, 1970 

July 13, 1970 

January 18, 1972 

July 27, 1972 

July 5, 1973 

July 31, 1973 

December, 17, 1973 

July 30, 1974 

TABLE 2-5 

Chronology of the Blenheim-Gilboa 
Pumped Storage Project 

Governor Nelson A. Rockefeller signs bill 
authorizing Power Authority of the State of 
New York to develop nuclear and pumped 
storage facilities 

Power Authority applies for Federal Power 
Commission license to construct project 

Power Authority formally accepts Federal 
Power Commission License 

Groundbreaking 

Transmission line plans submitted to 
Federal Power Commission 

Federal Power Commission approves routing 
of two transmission lines 

First concrete placed 

Temporary Visitors' Center opened 

First turbine runner and shaft installed 

Two transmission lines placed in service 

First power 

Project dedication 

Full power 

Dedication of Lansing Manor Visitors' Center 

May 21, 1968 
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considerable study and planning were directed at environmental factors. Plans 

were incorporated into the project for establishing fish populations in the reser-

voirs, providing deer migration routes, and protection of white cedar trees. The 

recreation plan implemented along with the hydroelectric plant development 

included a visitors center, development of Mine Kill State Park with associated 

swimming pools, bathhouses, boat launching ramps and picnic areas, and preserva-

tion/restoration of the historic Lansing Manor complex as a major information, 

education, and scientific center. This old farm, built in the early 1800's 

overlooking Schoharie Creek, is listed in the National Register of Historic Places. 

It is interesting to note that from 1718 until 1916 water in the Schoharie Creek was 

harnessed for power to run grain mills, lumber mills, and manufacturing plants. As 

many as 70 hydropower facilities were located on the river at one time before 1916 

when Empire State Power Company retired the last plant which had a 1,500 

kilowatt capacity. 

2.3.5.2 Rationale for Development  

The objectives of the Blenheim-Gilboa Plant were essentially the same as 

those for the Ludington Project and most pure pumped storage systems: to provide 

reliable, quick-response peaking capacity and to allow base load plants to operate 

at relatively constant generation levels. The Blenheim-Gilboa Plant has two 

400-kilowatt diesel starter motors allowing the plant to come on-line with full 

capability within 45 minutes under "black-start" conditions (complete black out 

with no power from other plants in the system). 

In the pumping cycle the plant uses inexpensive power from the Niagara 

Hydro Project on weekends and the Fitzpatrick Nuclear Plant on weekday nights. 

An additional advantage of the Blenheim-Gilboa Plant which was considered during 

planning was the facility's potential for allowing "fuel selection" or storage of 

energy from more readily available fuels to use during periods of peak demand. In 

other words, a pumped storage plant permits pumping energy to be supplied by 

units where the most available (or inexpensive) fuels are located and generating 

with this stored energy during peak demand, allowing units burning fuels in short 

supply to be used less or shut down. In more complex electric supply systems, such 

as that in New York, this capability may be of considerable importance. 

The plant is also used for voltage regulation, emergency back-up power, and 

to satisfy'spinning reserve requirements of the New York Power Pool. 
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Initially the plant was planned for operation only on weekdays for a limited 
generation period. The utilization factor of the plant for economic justification 
had to be 2.1 percent. The facility is actually operating at a significantly higher 
factor as will be discussed in Section 2.6.3. 

2.3.5.3 Operational History 

The Blenheim-Gilboa Pumped Storage Plant has more than met the expecta-

tions of the Authority during its seven years of operation. Currently, the plant 

provides almost 15 percent of the 6,888-MW peak generating capacity of the 

Authority. Originally justified by a utilization factor of 2.1 percent, the plant has 

operated at above 20 percent regularly. On start-up in 1973, the plant was used to 

generate only one or two hours on Saturday. Today it generates with 2 to 3 units 

for several hours on Saturday and Sunday. 

Annual generation, which remained relatively constant at about 
1,220,000 MWH for the first several years of operation, has increased significantly 

over the last year to over 1,720,000 MWH.* This increase has been caused by the 

outage and retiring of fossil-fueled plants such as the Indian #1 Plant near New 
York City. The additional maintenance requirements at both fossil and nuclear 

powered plants have also contributed to the increased usage of the Blenheim-

Gilboa Plant. Table 2-6 indicates the total annual generation, pumping, and system 

support usage of the plant. System support includes such operations as condensing 

for voltage regulation. 

2.3.5.4 Summary 

Feasibility studies performed in 1967 indicated that the New York Power 

Pool not only had need for additional peaking capacity but also that old fossil-
fueled power plants had to be retired in favor of more reliable, efficient units. 

When it went on-line in 1973, the Blenheim-Gilboa Pumped Storage Plant provided . . 
1,000 MW of the Authority's total generating capacity of 4,200 MW. The storage 
capability of Blenheim-Gilboa allows the Authority to off-load less . efficient 

thermal units with higher heat rates during periods of peak loading. In addition, as 

with most pumped storage projects it provides spinning reserve capacity for 

emergency response and can be operated in the condensing mode for voltage 

* 
Based on January through September generation data proportionately increased 
through the end of 1980. 
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TABLE 2-6 

Blenheim-Gilboa Plant Usage 
(MWI-1) 

Calendar 	 Total 	 Total 	 System 
Year 	 Pumping 	 Generating 	 Support  

1973 	 672,089a 	 453,045a 	 7,516•5a  

1974 	 1,174,861 	 1,226,957 , 	11,442.7 

1975 	 1,758,586 	 1,226,602 	 10,861.8 

1976 	 1,916,470 	 1,316,763 	 13,049.0 

1977 	 1,437,361 	 983,686 	 12,935.0 

1978 	 1,760,019 	 1,205,625 	 14,113.0 

1979 	 1,749,931 	 1,187,857 	 13,722.0 

1980 	 2 345 000b 1 r  724 L  000b 

	

_.....____— 	14 000L 0
c 

----1.---— 

TOTAL 	 13,381,317 	 9,324,535 	 97,620 

aPlant operating only part of year. 
bLast 3 months projected from past years. 

cEstimated. 
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regulation. ' Operation and maintenance costs are roughly half (or less) of those 
required for equal capacity fossil-fueled plants. The Blenheim-Gilboa Plant has 
been such a flexible economic addition to the Authority's system that it has applied 
for a license to construct a similar facility in the same watershed to meet 

expanding peak load responsibilities. The proposed Breakabeen/Prattsville Project 

is discussed in the following case study. 

1.9 
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2.3.6 Case Study—Breakabeen/Prattsville Pumped Storage Projects  

2.3.6.1 General 	 . 

The Breakabeen Project, proposed in March 1973 by the Power Authority of 

the State of New York, would have been located immediately downstream of the 

Blenheim-Gilboa Pumped Storage Project that was under construction. Figure 2-11 

is a plan view of the project and its vicinity. Like the Blenheim-Gilboa Project, it 

would have included a new dam on Schoharie Creek (just upstream of the town of 

Breakabeen) and construction Of a new upper reservoir on Rossman Hill approx-

imately 1,200 feet above the lower pool. The project would have required about 

3,300 acres of land, about 2,000 acres would be covered by the upper and lower 

reservoirs and dams and about 90 acres would be required for relocation of State 

Route 30. 

The Breakabeen Project would have supplied an additional 1,000 MW of 

generating capacity via four reversible pump/turbines in an underground power-

house and three 345-KY transmission lines each 4.5 Miles in length. The upper and 

lower reservoirs would have usable storage volumes of 11,900 acre-feet each. 

Maximum drawdowns of the upper and lower reservoirs would have been 65 feet 

and 4 feet, respectively. The lower reservoir would have been created by a 75 foot 

high, 2,800 foot long earth and rockfill dam across Schoharie Creek. The 

powerhouse, penstocks, and tailrace would have been constructed underground. 

The project would have included approximately 1,200 acres of land for 

recreation use and for the protection and enhancement of scenic and environmental 

values. The proposed recreation plan included: an all seasons outdoor recreation 

area; an information center located at an existing roadside rest area on Route 30; 

two new roadside rest and shorefishing areas on the section of Route 30 to be , . 
reconstructed by the New York Department of Transportation; two constant-level 

ponds, also along the section of Route 30 to be reconstructed; a recreation facility 

development in the Old Blenheim Bridge area; a hiking trail to connect the 

proposed major recreational facilities of the project with existing Mine Kill State 

Park; an easement from the project boundary to the State reforestation area, 

located east of the lower reservoir, for use by snowmobiles and skiers; and a 

temporary visitors overlook. . 

As part of the project the Authority planned to maintain a _summer flow in 

the Schoharie Creek equal to the flow entering the reservoir from tributaries and 
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the upstream end. During low-flow periods streamflow was to be augmented by 
reservoir releases. 

2.3.6.2 Rationale for Development  

The Power Authority of the State of New York and seven private utilities 

comprise the New York Power Pool (NYPP) that was formed to coordinate, plan, 

and operate power facilities throughout the state. The New York Public Service 

Commission requires that all suppliers assist any area where there is a power 

shortage through interconnections that tie all systems in the State together. As a 

result, all of the capacity in excess of that required to serve a utility's direct load 
is committed by contract to supply the load of other members of the NYPP. 

Need for the Breakabeen Project to supplement the existing capacity of the 

Authority was based on two factors: first, at the time of application the 

Authority's projections indicated that by 1975 the on-line generating capacity of 

the Authority would be 4,200 MW. At the same time, the load responsibility was 
projected as 4,118 MW including both direct and indirect sales. The resulting 
reserve margin of 82 MW was only two percent of the peak demand experienced in 

1974. The New York Power Pool had determined, however, that a 20 percent 

reserve margin was necessary to meet possible contingency situations in the 

system. The NYPP projected that without the Breakabeen Project (or equivalent) 

the net reserve margin could not be met through 1988. 

The second factor indicating the need for additional peaking capacity was the 

deferral or cancellation of other projects that would have met summer generating 

requirements. An April 1, 1974, report by the Regional Electric Reliability Council 

projected a 17 percent reduction in planned generating capacity for 1983 for the 

NYPP service area. Other factors affecting the need for the project were also 
considered, including effects of conservation and rate revision on electric demand. 

It was concluded in the draft Environmental Impact Statement (FPC, 1976) that 

energy consereation during 1973 had produced a drop off in electric demand as a 

result of the Middle East oil embargo, but that this was short lived as evidenced by 

the rapid return to pre-embargo levels after correcting for the mild economic 

recession of that period. When coupled with projections of recovery from the 

economic slump, it was concluded that concerns regarding electric power shortages 

were valid, particularly in the light of the delay or cancellation of scheduled 
additions as previously mentioned. 
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In addition, after an analysis of the potential for demand reduction through 

rate revision, it was concluded that: 

"By the year that the Breakabeen Project is scheduled for 
completion (1981), PASNY will have had sufficient time to study and 
implement time-of-usage tariffs. Given the current belief that peak-
period electricity demands are responsive only to certain types of tariff 
increases that require improved metering, and because of the time lag 
that would occur before customers would respond significantly to higher 	. peak-period tariffs, it appears unlikely that rate revisions during the 
next 5 years would affect the need for the generating capacity that 
would be provided by the Breakabeen Project." (FPC, 1976, p. 8-9) 

Alternatives to the Breakabeen Project which were considered feasible 

included conventional hydroelectric power, simple-cycle combustion turbines, 

heat-recovery combined-cycle combustion turbines, and coal fired steam peaking 

and intermediate load plants. In addition, other sites for pumped storage projects 

were considered, including the Prattsville site upstream from both the proposed 

Breakabeen Project and the existing Blenheim-Gilboa Project on Schoharie Creek. 

A review of the potential conventional hydroelectric sites available in New York 

State concluded that there were no remaining sites suitable for development 

providing a comparable alternative to Breakabeen. 

Economically, he comparison of alternatives indicates that all the options 

were within 1.2 percent of the Breakabeen cost estimate. This is well within the 

range of uncertainty of the estimates themselves. These estimates include capital, 

annual, and production costs. With regard .  to sophistication of engineering required 

for the project, it was considered only moderately complex with the uncertainty 

about subsurface rock conditions potentially posing the most technically chal-

lenging problem. 

The main focuses of attention on the Breakabeen Project were the projected 

environmental impacts. Approximately 600 acres of high value farmland would 

have been lost to production and about 90 acres of prime forest land taken. Also, 

in addition to water and air quality impacts during construction, possible long-term 

changes in water quality were envisioned including temperature changes which 

could potentially have caused changes in fish populations. Elimination of wintering 

areas for hundreds of deer and destruction of resident wildlife populations in the 

areas of the reservoirs were predicted. The project would have impacted three 

sites listed in the National Register and would have destroyed a fourth site that 

was eligible for inclusion. Three existing and two proposed archaeological sites 

I., 
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would have been inundated. Positive impacts on the local employment and income 

levels were seen to be short-term in nature. 

Although the above environmental issues were not formally publicized until 

the Draft Environmental Impact Statement (EIS) was issued in April 1976, it was 

apparent to the Authority that environmental opposition to the project was 

significant. After the application for license was made in 1973, well over 50 

interventions were filed with the FPC. As a result of the considerable opposition, 

Governor Carey issued on May 15, 1975, a press release stating that the Authority 

would undertake a comprehensive study of alternative sites within the Schoharie 

Creek watershed. The possibility of using the existing Schoharie Reservoir along 

with construction of an upper reservoir on Dog Hill upstream of the existing 

Blenheim-Gilboa Project on Schoharie Creek was mentioned by the Governor as an 

attractive alternative. This alternative, known as the Prattsville Project, was 

presented by the Authority to the Federal Power Commission about a year later as 

the recommended first alternative to Breakabeen; and one 'which the Authority 

believed to be more environmentally acceptable for development. As a result, 

Breakabeen became an alternative to the Prattsville Project, the history of which 

will be discussed below. 

2.3.6.3 Description of Prattsville Project  

On April 28, 1976, the Power Authority requested a revision of its Breaka-

been license, application for permission to construct, operate, and maintain the 

Prattsville Pumped Storage Project further upstream on Schoharie Creek. The 

Breakabeen Project was thus to be an alternative to the newly proposed Prattsville 

Project. 

The Prattsville Project would be located about 6.5 miles upstream of the 

Breakabeen Project. Figure 2-12 shows the proposed location of the facilities. 

The existing Schoharie Reservoir, originally built as a water supply reservoir to 

serve New York City, would be used as the lower' reservoir for the project. The 

reservoir is formed by the Gilboa Dam, a 180-feet earthfill embankment which 

would be raised 10 feet to provide a usable capacity of 60,000 acre-feet with a 

70-foot drawdown. The lower reservoir would continue to act as a water supply for 

New York City via Shandaken Tunnel which exits from the west side of the 

reservoir. The upper reservoir would be constructed on Dog Hill and have a live 

storage capacity of 26,000 acre-feet. It would also serve as a water supply source 

2-62 



.7.1) 

if • GILBOA 

GILBOA DAM 

LOWER RESERVOIR 

TO SCIICMARIE 
RESERVOIR (18 MILES, 

N.Y.C. SHANDAKEN 
TUNNEL INTAKE 

TRANSMISSION LINE , 
RIGHT-OF-WAY 

WEST 
CONESVILLE 

• 

345 KV II PERMANENT ACCESS 
SW ITCHYARD11 / ROAD 

\ 
%. 

)0 

,„ 

UPPER RESERVOIR 
UNDERGROUND 

POWERHOUSE 

I> 
ix 
I rt 
 I \ 

(), 	 \ 
Ve, 
Yk 	

\ 

4 	
$‘ 	4 

■ < 
■ 	

- A A 

) SHANDAKEN 
TUNNEL PORTAL 

\ ei 

. 

	

./LLABEN % 	 "Ck "I • PRATTSVILLE 

\,........4 PHOENICIA 

	

.1 	

e . -0 ...._._ .,.. t‘,.\ ..• , IN s, 

N, • 
\

SHANDAKEN • 	')

441)(O 	
v- \ 
( 

‘ 
1 

TO ESOPUS 
CREEK (18 MILES) 

NOTE:THIS DRAWING IS NOT IN 
SCALE. THE ASHOKAN RESER-
VOIR IS AT A SMALLER SCALE 
THAN THE SCHOHARIE RESER-
VOIR. 

SOURCE: FERC STAFF 

FIGURE 2-12 
PHYSICAL LAYOUT 

PRATTSVILLE PUMPED STORAGE PROJECT 

2-63 DAMES B 11610011IE 



for the plant and recreational facilities at the project. The penstocks, powerhouse, 

and tailrace would be underground as proposed for the Breakabeen Project. 

The Prattsville Project would require about 3,300 acres most of which is 

owned by New York City. Over 1,900 acres would be used for the upper and lower 

reservoirs and associated dikes. Three, 345-KV transmission lines would extend 

from the project switchyard about 5.6 miles to the existing Gilboa-Leeds transmis-

sion line. 

The powerhouse would contain four 250-MW vertical shaft, reversible, 

Francis-type pump/turbines each with a pumping capacity of 372,000 horsepower. 

The Prattsville Project has essentially the same objectives as the Breakabeen 

Project: 

• To provide 1,000 MW of fast-response peaking power, 

• To provide emergency response capacity, 

• To improve system reliability, and 

• To displace less efficient, more expensive generating units, such as 

combustion turbines. 

Although the last three of the above objectives are "real" benefits of a 

pumped storage project, the Prattsville Project, like Breakabeen, had to be 

justified by analysis of the future need of the New York Power Pool for additional 

peaking capacity. To do this, increases in electric generating capability of the 

NYPP had to be projected and acceptable forecasts of peak demand had to be 

produced. Concerning increases in generating capacity it was noted in the 

Environmental Impact Statement for the Prattsville Project that delays in the 

siting and licensing procedure and cancellations of major planned system additions 

were becoming "epidemic." As an example, in April 1979, the Authority had 

decided not to construct the 1,200-MW Green County Nuclear Plant. This 

impacted considerably on Consolidated Edison which is heavily dependent on 

purchase agreements with the Authority for neeCled .  Capacity to supply New York 

City. 

On the other hand, peak load responsibility of the NYPP was projected to 

increase although the rate of increase was the subject of much question. Three 

projections were developed, each presenting a considerably different outlook on 

peak demand growth. One forecast prepared for the New York State Department 

of Environmental Conservation used a disaggregated method to forecast individual 

, 
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load components subsequently summing results into a single projection. The 

Cornell University Study Group made a second projection using an econometric 

model. The third was the composite of the individual econometric projections of 

the members of the NYPP required under Article III, Section 5-112 of the Energy 

Law of New York State. The latter projections indicated declining growth rates 

for peak demand although its projections were significantly higher than the two 

other studies. Because it was a composite of several estimates, the NYPP 

aggregated estimate was considered to be effective in reducing impact or regional 

abnormalities. Because of "the considerable forecasting experience and a broader 

understanding of the unique characteristics of the loads of the eight members of 

the NYPP" (FPC, 1979, p. 1-116), the higher peak load growth projections were 

chosen. Using these higher peak demand projections, along with projections of 

peak load responsibility, the need for Prattsville was apparent. 

As with the Breakabeen Project, the effects of conservation and rate revision 

were considered as a potential factor in need for the project. It was concluded 

that, while the precise effects of conservation and rate revision on peak load 

growth were uncertain,, the demand and capability forecasts as developed had 

reflected such effects. It was also concluded that the effects of load management 

techniques, such as permission for load interruption during periods of peak demand, 

had been factored into demand projections and were part of the reason for the 

decrease in peak load growth. 

2.3.6.4 Alternatives to Vrattsville Project  

Alternatives to the Prattsville Project which are considered capable of 

supplying the type and quantity of the proposed project are: 

•• 	Conventional Hydroelectric Power 

• Simple-Cycle Combustion Turbines 

• Heat-Recovery, Combined-Cycle Combustion Turbines 

• Coal-fired, Steam Peaking and Intermediate Load Plants 

• • 	Other Pumped Storage Projects (including compressed air) 
.: 

• - Purchase Power. 

In the 1976 FPC publication, "Hydroelectric Power Resources of the United 

.. .States," it was indicated that there were potential undeveloped sites in New York 
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State which had a total capacity of 1,286 MW of conventional power. However, the _ 
largest potential site could reasonably produce only 90 MW and, considering the 

average capacity of potential sites, about 67 conventional hydro projects would 

have to be built to yield the capacity of the Prattsville Project. With regard to 

purchasing power in lieu of developing Prattsville, it was concluded that the 

alternative was not feasible due to the demand forecasts of the NYPP and resulting 

lack of available firm capacity. The 800 MW for which the Authority has already 

contracted with Hydro-Quebec was considered to be the maximum dependable 

purchase available from Canada. 

Of the 96 potential alternative pumped storage projects studied by the 

Authority at the time of original application for Breakabeen, all but five were 

eliminated for various economic, technical, or environmental reasons. A sixth 

alternative site, the Canandaigua site was included by the FPC staff in its review 

of alternatives for the Prattsville EIS. 

An economic analysis of the alternatives to the Prattsville Project indicated 

that the nine alternatives, including Breakabeen, were within 1.5 percent of the 

total estimated annual cost of Prattsville for the period 1988-1995. The most 

attractive non-pumped storage alternative was the cycling coal-fired steam plant 

which was only 0.3 percent less expensive than Prattsville for the period 1993- 

1995. Compressed-air energy storage was considered to present too much 

uncertainty at the time of analysis and was not considered a viable alternative. 

With the use of the existing Schoharie Reservoir eliminating the need to flood 

productive farmland, it was anticipated that environmental opposition to the 

Prattsville Project would be considerably less than with Breakabeen. This has not 

been the case. Other projected environmental impacts of construction and 

operation of the project have resulted in a high degree of interest by a wide variety 

of individuals and groups. There are now over 70 intervenors on the Prattsville 

Project. Federal Energy Regulatory Commission hearings on the project are 

presently being conducted in Washington, D.C. Concerns regarding the effects of 

the project are directed at a variety of environmental issues, but primarily focus 

on impacts to local fisheries. ' 

A considerable amount of water is diverted regularly from Schoharie Reser-

voir through Shandaken Tunnel to Esopus Creek for ultimate use in the New York 

City water supply system. From 1965 to 1975, such diversions provided from 41 to 
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83 percent of the flow in Esopus Creek. As a result of the stratification of 

Schoharie Reservoir, these diversions have been of lower temperature than the 

flows from the Esopus watershed and, as a result, have acted as a temperature 

regulator during summer months in Esopus Creek preserving the trout habitat of 

the creek. As a result of the destratification of Schoharie Reservoir during 

drawdown and pumping cycles in summer, the temperature regime of Esopus Creek 

woulcl)be altered, possibly damaging the trout habitat. Analysis of the potential for 

such effects is a technically complex problem and has resulted in a considerable 

loss of time during study and restudy of the problem. Other impacts on wildlife, 

water quality, and local social and economic conditions are possible but appear to 

be secondary to the above concern. The outcome of the hearings and resulting 

prospects for construction of the project are uncertain at present. 

2.3.6.5 Summary 

A review of the Blenheim-Gilboa, Breakabeen, and Prattsville Projects 

provides a significant perspective into prospects for licensing and constructing 

pumped storage facilities. A chronology of the development of the Blenheim-

Gilboa Project is presented in Table 2-5 of Section 2.3.5. From this it can be seen 

that the elapsed time from the date of license application until licensing and start 

of construction was 10 months. It was constructed on schedule and is a major 

contributor to the NYPP electric system capability. The project is in the same 

watershed as the Breakabeen and Prattsville Projects, required the construction of 

two reservoirs and had an above-ground powerhouse. However, the Blenheim-

Gilboa Project was planned and licensed before the National Environmental Policy 

Act and an Environmental Impact Statement was not required. In contrast, 

Table 2-7 shows the chronology of the attempts to license the Breakabeen or 

Prattsville Projects. In comparison to Blenheim-Gilboa, it has been seven and one-

half years since license application for Breakabeen was made and approval is still 

uncertain. During this period the estimated construction cost for developing the 

1,000 MW of additional capacity has risen from $397,800,000 (1973) to $497,588,000 

(1980). The delay has occurred for environmental reasons even though the 

Prattsville Project uses an existing reservoir, has an underground powerhouse, and 

is in a less sensitive area with regard to historic and archaeological impacts. 
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TABLE 2-7 

Chronology of the Breakabeen/Prattsville Project 

1971 	 Initial planning for Breakabeen begun 

March 30, 1973 	PASNY applied for FPC license for Breakabeen 

April 9, 1976 	Breakabeen draft EIS prepared by FPC 

April 28, 1976 	PASNY requests revision to license application to allow 
construction and operation of Prattsville Project 

May 26, 1977 	License application revised to include Prattsville as pro- 
posed project with Breakabeen as an alternative 

July, 1979 ' 	Prattsville final EIS issued 

December 1979 	Hearings for Prattsville Project begun 
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2.4 Summary—Major Factors in Pumped Storage Development 

When it is considered that the pumped storage capacity in the United States 

in 1960 totalled less than 100 megawatts in four small projects, the progress that 

has taken place since that time is outstanding. On November 1, 1980, 31 projects 

with a total of 13,406 MW were in operation, 11 projects with a total capacity of 

9,346 MW were licensed and/or under construction and seven projects with a 

capacity of 10,150 MW had official Federal or licensing status. This is a total of 49 

projects with a capacity of 32,902 MW. In comparison, as of January 1, 1978, 

developed conventional hydroelectric power in the United States totalled about 

59,000 MW (DOE, 1979). An additional 23 pumped storage projects with a total 

capacity of 32,478 MW have been studied and abandoned or deferred for various 

reasons. Figure 2-13 illustrates the progress in completing pumped storage plants 

over the last 30 years and Figure 2-4 (p. 12) shows the total installed capacity of 

these facilities. Figure 2-14 relates the capital construction costs to the initial , 
operation date for each plant. 

The "boom" period of pumped storage in the 1960's continued into the decade 

of the 1970's with an indication that many large-capacity, 1,000- to 2,000-MW 

projects would be constructed. For a number of reasons most of these projects 

were abandoned or placed in a deferred status (Table 2-8). The newly-enacted 

National Environmental Policy Act, other environmental laws, and the general 

public awareness of environmental concerns led to widespread opposition to many 

projects on environmental grounds. Most proponents of projects receiving strong 

environmental opposition chose to abandon them rather than to risk long and costly 

hearings and litigation such as were being experienced with the Cornwall and Blue 

Ridge Projects. Another factor was the large cutback in plans for nuclear plants, 

plants that were being counted on to supply low-cost pumping energy for the 

pumped storage plants. At the same time, the cost of fossil fuels used in steam-

electric plants increased dramatically. Thus, the cost of pumping energy from such 

plants would be very high. That, combined with high construction costs due to 

inflation, made it uneconomical to proceed with some projects. Plans for a number 

of other projects were deferred because projected future load growth rates had 

decreased substantially. The prognosis for the future of pumped storage will be 

discussed in Section 2.4.5. 
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TABLE 2-8 

Factors Impeding Pumped Storage Development 

• Environmental opposition 

• Cancellation of nuclear power plants 

• Fossil fuel price increases 

• High construction costs due to inflation 

• Projection of lower load growth rates 
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2.4.1 Technological Advances 

Although the development of pumped storage projects in the United States is 

relatively new, the technology is essentially the same as for conventional hydro-

electric plants and thus has been available for many decades. The principal 

difference is the use of reversible pump/turbines at pumped storage projects. Such 

turbines were available in the 1940's, prior to any significant interest in pumped 

storage development in the United States. 

Probably the major technological advances have been those that led to the 

production of the single reversible unit that both pumps and generates during 

successive phases of a plant's cycle. Also extremely important were the sub-

sequent advances made in the size of these units as a result of the ability to 

operate at increasingly higher heads. 

Initially there was uncertainty as to the maximum head that could be 

developed with single-stage reversible units. The highest head utilized in the 

United States to date is 1,199 feet at the Cabin Creek Project iri Colorado. The 

licensed Montezuma project in Arizona would have a head of 1,690 feet and four 

projects--Oak Creek, Blair Mountain, Brown's Canyon, and Mount Hope--all would 

have heads in excess of 2,000 feet. Single-stage reversible units were planned for 

each of those developments. The turbine manufacturers have gained experience 

and confidence in constructing single-stage pump/turbines and they can now be 

obtained for heads in excess of 2,000 feet. 

As a result, the increase in size of pump/turbine generating units has allowed 

construction of larger plants at only marginally increased costs (see Figure 2-15). 

The Taum Sauk Project was a leader in this regard. The two 204-MW units 

installed in 1963 were at that time the largest hydroelectric units in the United 

States, conventional or reversible. The largest reversible units operating today are 

the four 382.5-MW units in the Raccoon Mountain Plant. Although the unit 

construction cost usually is lower for units of maximum size, it is sometimes more 

valuable to have more units of a somewhat smaller size to provide greater 

flexibility in operating the plant. A plant with four units, for example, can be 

operated to bring the units on line one at a time as the system load gradually 

increases to its daily peak. 

2-73 



• 

t., 
I 

...I 
at. 

U o 
1 
m 
m • 
I o o 
U 
m 

1970 1975 

• 

\ • 

• 

• • 

• • • 
• 

• 
• • 

2500 

-: 
/Ma 

I zoom 

I- 
z 
4 
...1 
a. 
>- 
U) 
> 
1- 	1500 
U 
4 
a. 
4 
C..) 
14.1 
-1 
CD 
U) 
CC 1000 au 
> 
au 
cc 
a w 
..j 
..I 
4 
I- 
v) 	500 2 

• • 
• 

• 
: • • 

1950 	 1955 	 1960 	 196b 

DATE OF INITIAL OPERATION 

FIGURE 2-15 
HYDROELECTRIC PUMPED STORAGE 

CAPACITY BY PLANT 

• 

1980 

o 

s 

® 	s 

® 
s 

s 

• In Operation 

® Projected (under construction 
and/or licensed) 

1985 

■ 

1990 

s 

s 

s 



Advances in blasting techniques, anchoring, and rock .stress analysis have 

resulted in greater confidence with design and construction of underground 

powerhouses. Advantages of underground powerhouses include: 

• More freedom in site selection and plant arrangements 

• More freedom in selection of powerhouse elevation 

• Reduction in length of penstocks and tailraces 

• Economic advantages of cavern powerhouses, shafts and tunnels 

• Lessening of environmental impacts (Karadi, 1974). 

The same advantages will make underground reservoirs more attractive at future 

pumped storage projects. 

Other technological advances that have affected decisions to build pumped 

storage plants include: 

• Improved overall plant efficiencies resulting from fabricated com- 

ponent design using tempered high tensile steel and stainless steel 

• Advances in asphaltic concrete reservoir linings 

• Advances in transmission line technology to allow higher voltages to be 

carried from larger plants with fewer transmission line losses 

• Advances in site-selection techniques, such as satellite photography and 

computer land capability mapping, allowing more advantageous sites to 

be chosen from a larger number of alternatives. 

2.4.2 System Requirements  

Even with the above mentioned advances, the fact that a pumped storage 

plant generally requires 33 to 50 percent more energy to pump than it is capable of 

generating may still lead one to ask, "Why build a pumped storage plant?" To 

answer this, the following rationale from a recent Federal Energy Regulatory 

Commission Environmental Impact Statement is quoted: 

To clarify the logic which makes hydroelectric pumped storage 
capacity feasible and makes fuel savings possible, an example is 
offered: 
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Let us make the assumption
* 
 that pumping energy is supplied 

from base-load units having an average net heat rate of 10,000 Btu per 
kilowatt-hour delivered to the pumpmotors during off-peak hours. 
Using a pumped storage cycle efficiency of 75% (a value which is 
currently attainable), the effective heat rate for energy generated by 
the pumped storage units becomes 10,000/0.75 = 13,300 Btu per net 
electrical kilowatt-hour. The "effective heat rate" may be defined as 
the number from fuel consumed by the base-load plants (which supply 
pumping energy) in order to obtain one net kilowatt-hour of electric 
energy from the pumped storage generators. 

Up to this point in our example, we have "increased" production 
costs and have "wasted" fuel However, if the generation mix of the 
utility operating the pumped storage plant includes peak-load generat-
ing units which have net heat rates exceeding 13,300 Btu/kilowatt-hour, 
the utility can reduce its fuel consumption and can reduce the fuel 
component of its operating costs. 

The 1975 Department of Energy Data Report entitled "Gas 
Turbine Electric Plant Construction Cost and Annual Production Ex-
penses 1975" (published May 1978) gives data on the combustion tur-
bines operated by the Consolidated Edison Company (a member of the 
New York Power Pool). This report shows that the company operated 
2,896.8 megawatts of combustion-turbine capacity and generated 1,445 
million kilowatt-hours of electric energy with these units. The average 
heat rate for this total capacity calculated from these data is 
15,800 Btu/kilowatt-hour. The heat rates for the 12 individual combus-
tion-turbine plants operated by Consolidated Edison range from a low of 
14,700 Btu/kWh to a high of 28,930 Btu/kWh. Forty-four percent of the 
installed capacity operated at heat rates higher than the average value 
given above. Modern utilities employ economic load dispatching 
methods which would result in off-loading the combustion turbine 
having the highest heat rate first with pumped storage generation. To 
be conservative (economic dispatch of generating units would off-load 
the highest cost units first) we shall however use the average combu-
stion-turbine heat rate of 15,800 Btu/kWh. Proceeding in this manner, 
we see that for every kilowatt-hour of energy generated by the pumped 
storage plant to off-load combustion turbines, we save (15,800 - 
13,380) = 2,420 Btu of fuel oil or gas and the equivalent fuel cost. This 
represents a minimum of 15.3-percent saving in fossil-fuel energy. If 
the pumping energy is derived from coal rather than oil, the saving in 
fuel cost, expressed as a percentage, will be: 

15.3% X (cost/million Btu) for coal 
(cost/million Btu) for oil 

which is approximately 26%. 

* 
The average heat rate for the 4,290 megawatts of Consolidated Edison's' 
fossil-fueled base-load capacity at Arthur Kill, Astoria, and Ravens-
wood for 1975 was 10,036 Btu/kWh - as reported in DOE/EIA -0033/1 
for that year. 
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In addition to the savings in fossil fuels and production costs 
illustrated by the above example, there are other financial benefits 
which accrue from pumped storage capacity and which are unique to 
this form of generation: (1) when large fossil-fueled units must be 
maintained at hot-bank in order to be quickly brought on line to meet 
the next day's increased demand, irreplaceable fuel is consumed without 
returning electric energy to the utility system. In lieu of hot-bank 
stand-by, such units may be operated at full-load and maximum 
efficiency to supply pumping energy to pumped storage plants, thus 
saving the non-productive fuel consumption and costs of hot-bank 
operation. (2) Operation of fossil-fueled units at minimum load, to 
provide spinning reserve capacity and insure a stable boiler fire, also 
increases fuel consumption and costs. Instead of operating at the 
minimum load required for maintenance of stable boiler fire these units 
may be operated at maximum efficiency to supply pumping energy when 
the generation mix includes sufficient pumped storage capacity. This 
has little effect on the speed of response when the capacity of the 
fossil-fueled units is required for emergency demand since the pumping 
load can be instantly tripped, making the pumping load capacity 
immediately available to meet the emergency demand. (3) Pumped 
storage units are an economical source of spinning reserve capacity and 
reactive kilovolt-ampere capacity. The large pumped storage gener-
ators may be operated in the spinning-on-air mode as motors but 
operating in the generator sense of rotation to supply wattless reactive 
volt-amperes to the system for power-factor correction and voltage 
control: When operated in this manner the only power supplied by the 
system are the small losses in the pumped storage unit. Since the 
turbine runner is spinning in air its losses will be much lower than when 
operating in water. In less than one minute the air can be replaced With 
water and generator operation can begin (FERC, 1979). 

In summary, although pumped storage plants provide reliability, flexibility, 

spinning reserve, and voltage regulation, actual justification of the plants has been 

(and will be) based primarily on net savings in total annual production costs for an 

entire system when compared to alternatives to pumped storage. Over the last 30 

years pumped storage has done very well in the comparison. 

2.4.3 Operational History 

Part of the reason for the success of pumped storage has been its low 

operating costs relative to other peaking options. Table 2 -9 presents a summary of 

annual expenses estimated by the Electric Power Research Institute (EPRI) in 1976. 

Costs for thermal energy storage systems and fossil-fired steam plants with equal 

power ratings were $3.20/kW/year or twice the average of the five plants listed in 

Table 2-9 (excluding Kinzua, which had recognized unusual maintenance 

requirements). Although these costs are out of date, the relative difference is of 

importance. 
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TABLE 2-9 

Operating Cost Experience of Hydro Pumped Storage Plants 

Years 	Capacity 	 Adjusted Annual Expenses, $kW/Year  
Plant 	 of Operation 	MW 	 Operation 	Maintenance 	Total 

Yards Creek 	 9 	 330 	 0.36 	0.78 	1.14 

Cabin Creek 	 7 	 280 	 0.97 	0.41 	1.38 

Taum Sauk 	 11 	 350 	 0.28 	1.25 	1.53 

Smith Mt. 	 9 	 440 	 0.56 	1.00 	1.56 

Muddy Run 	 7 	 856 	 0.66 	1.15 	1.81 

Kinzua (Seneca) 	 4 	, 	 380 	 1.09 	1.43 	2.52 
h) 

I 
n.1 	

. 
a,• Average (6 plants, 

unweighted) 	 . 0.67 	1.00 	1.67 

Average (without Kinzua) 	 0.59 	0.92 	1.51 

Blenheim-Giloboa 	 1 	 . 1,030 	 0.19 	0.12 	0.31 

Jocassee 	 1 	 312 	 0.52 	0.07 	0.59 

Ludington 	 1 	 1,675 	 0.35 	0.46 	0.81 

Northfield 	 2 	 1,000 	 0.86 	0.32 	1.18 

Source: EPRI, 1976 



Improvements in machine design and manufacturing and decreased losses in 

penstocks and tailraces due to advanced design have improved plant efficiencies 

over the years from an average of about 55 percent in the early 1960's to as much 
as 74 percent presently. Furthermore, pumped storage plants are fulfilling an 

increased role in a modern utilities system, often supplying the intermediate load 

as well as peak demand for long periods each day. Utilization factors up to 25 

percent are common for plants that were originally justified at factors as low as 3 

to 5 percent. 

2.4.4 Environmental Factors  

The importance of site selection studies in planning pumped storage projects 

has been made clear during the last decade. Objections from local citizens and 

environmental groups, which can cause lengthy delays and cost increases, may be 

controlled in part through more effective site selection processes. The Helms 

Project (see Case Study No. 4) is an excellent example of the value of public 

involvement in the project planning phases. It has been estimated that as much as 

75 percent of the delays caused in review of environmental reports for license 

applications have been caused by insufficient detail in alternative site analyses 

(Resch, 1975). 

Whether or not to use existing reservoirs has been a common question asked 

during pumped storage project planning. Advantages and disadvantages of using 

existing reservoirs created for other purposes, such as water supply, conventional 

hydro or recreation, have been observed over the past three decades and include: 

Advantages  

• Savings in construction cost 

• Minimum disruption of streamflow 

• Utilization of existing transmission routes 

• Minimum changes in land use 

• Reduction of adverse aesthetic impacts 

• Minimum effects on terrestrial habitats. 

Disadvantages  

• Adverse effects on boating and swimming 
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• Potential' bank erosion 

• Adverse aesthetic effects of water level fluctuations 

• Reduction of benthic organisms 

• Effects on temperature stratification 

• Adverse impacts on existing sport fishing 

• Impacts on fish habitats. 	 - 

A summary of environmental- issues resulting from pumped storage develop-

ment indicates three main categories of impacts that must be analyzed for both 

the construction and operation periods of a project. First are ecological impacts, 

including those described above for use of existing reservoirs. Other possible 

effects on aquatic and terrestrial species may result from spoil disposal from 

underground excavations, cutting of access roads, and dam construction. Since 

aboveground pumped storage plants have by nature been located in more remote, 

environmentally sensitive areas, the impacts may be particularly important. 

Second, land use impacts such as flooding of agricultural land, reduction of forest 

productivity, and both positive and negative effects on recreation must be 

assessed. Third, cultural impacts such as those on historical and archaeological 

sites may be critical. The short- and long-term consequences of a project on the 

local economy must be considered. 

In all assessments of the environmental effects of pumped storage, it is 

important to analyze the projected results of a project in comparison to other 

alternative actions that produce the same objectives. 

2.4.5 Future Directions of Pumped Storage  

The 30-year history of significant pumped storage development in the United 

States indicates that its future will hinge on several key issues: 

• Patterns of electric demand--While baseload growth will probably 

continue to level off, much of the impetus to pumped storage has been 

due to low load factors, which have, in turn, been, heavily influenced by 

• demand from the industrial sector. Projections of extended periods of 

slow industrial growth will tend to discourage pumped storage 

construction 
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• Resurgence of nuclear plant construction--The delay or deferral of 

nuclear plant constructiOn has already affected planning for pumped 

storage. Resolution of the problems of nuclear energy will pave the 
way for the provision of large supplies of low-cost, off-peak power for 

pumping. The attractiveness of using nuclear plant cooling water 

reservoirs as reservoirs for pumped storage plants has been recognized 

already. 

• Environmental/regulatory climate--Whether or not a moderation of 

environmental concern occurs may depend largely on factors such as 

regulatory reform and the national priorities set as a result of inter-

national fuel supply situations. Environmental factors play a key role in 

project development. The planning period (feasibility studies through 

construction) for a pumped storage plant presently ranges from 12-15 

years. Much of this time is a result of regulatory and environmental 

requirements. In a period of economic, financial, and political uncer-

tainty such a long period Will have a tremendous impact on a utility's 

plans for capital investment. Regulations covering bonding and bond 

taxation may have an effect on financial feasibility since most 

privately-owned pumped storage projects are financed by general 

obligation bonds (up to 50 percent of project costs have been provided 

by equity stocks in some cases). 

• Technological breakthroughs--Significant advantages and cost reduc-

tions may be realized in pumped storage due to: 

- Further increases in operational heads 

Development of techniques for combining pumped storage with 

other peaking systems such as compressed air 

Advances in transmission facilities (such as development of direct 

current capability) that would reduce costs, allow longer trans-

mission distances, reduce line losses, and allow greater flexibility 

in locating towers (solid state invertors with 90-percent effi-

ciency are in the development stage) 

- Use of fluids with greater specific gravity than water 

- More economical methods of underground construction. 
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• 	Advances in alternatives to pumped storage development (such as 

synfuels projects with resulting supplies of low-cost commercial grade 

gas) that could affect gas turbine feasibility may be forthcoming 

although still several years in the future. 

These potential advances will be addressed in more detail in Section 5. 

Finally, there may be reason to believe that the economy of pumped storage 

plants will decrease as more are put on line. In other words, two pumped storage 

plants in a particular system may not provide twice the benefits of one plant. Of 

course, answers to the above issues of nuclear and coal generation, technological 

developments, etc., will determine the actual economics of additional plants on a 

system-by-system basis. 
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GLOSSARY 	. . 	 . 
. 	 "p., ■ %;c: . 

Black start--Commencement of generation from a standstill or pumping mode 
without power from generating sources other than the pumped storage plant 
itself. • . , 

Capacity--The nameplate capacity (installed capacity) of a generator or set of 
generators. 

Capacity factor--The ratio of the average load to the plant capacity assuming a 
maximum number of hours available to generate on a daily or weekly basis. 
It is a measure of plant use relative to generating potential. 

Conventional hydroelectric generation--Production of electric power from an on-
stream plant which stores and utilizes flows without capability to pump water 
into the reservoir. 

Efficiency--The ratio of total power generated to total pumping energy consumed 
during a complete cycle (daily, weekly, or annually) of a pumped storage 
plant. 

Generator/motor--A single unit capable of generating when operated with a 
turbine and, in the opposite rotational direction, capable of acting as a motor 
to supply power to a pump. 

Gross head--Simultaneous difference in elevation between water surfaces of the 
upper and lower reservoirs for a pumped storage plant. 

Load factor--The ratio of average load over a given period to the peak load 
occurring during that period. 

Operating head--The simultaneous difference of elevations between the water 
surfaces of the upper reservoir and lower reservoir with velocity heads across 
the turbine included. 

Reversible turbine/pump--A single unit capable of performing as a turbine which 
outputs to a generator in one direction of rotation, and, in a short period of 
time, reverses rotational direction to operate as a pump receiving power 
from a motor.  

Spinning in air--The procedure of allowing the turbine to rotate without engaging 
the generator. 

• 
Spinning reserve--The portion of a bulk electricity supplier's total capacity which 
- is not generating but is kept at reduced speed to allow full generation 

capacity within a specified short period of time. The capacity of a pumped-
storage plant which is not generating is generally considered spinning reserve 
since it can usually be brought to full capacity within the specified time 
period. 
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System support--The operation of turbine/generators in the spinning-in-air mode to 
provide voltage regulation (condensing) and other advantages to a utility's 
system while not generating electricity. 

Utilization factor--The ratio of energy output to available energy based on the 
capacity of the plant. It is a measure of plant use as affected by water 
supply. 

MP 
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3.0 ALTERNATIVES TO HYDROELECTRIC PUMPED STORAGE 

3.1 INTRODUCTION 	 , 

The need to add new generating capacity to the nation's electrical system 

results from the interaction of a number of factors. These include the character-

istics of existing capacity; the current generation fuel mix; the age of the various 

units; the present level of electricity demand and existing load shapes; forecasts of 

electricity demand and load shape; forecasts of inflation, including the cost of new 

generation; the cost of future supplies of fuel; the cost and availability of new 

capital; the current financial status of the industry; and, of importance to this 

study, the status and availability of new technology. 

This section addresses a specific group of technologies: those that are, or 

will soon be, alternatives to pumped storage. These alternatives are identified, and 

their characteristics are discussed. In later sections of this study these new 

technologies will be compared to pumped storage and their competitive prospects 

will be assessed, taking into consideration current and future economic trends and 

their impact on the choice of feasible peaking capacity system additions. 

3.2 SUPPLY ALTERNATIVES  

3.2.1 Introduction  

As our fluid fuel supplies decline, numerous alternative energy technologies 

are being explored to find ways to meet changing energy demands. Little effort 

has been made, though, to analyze the specific characteristics and attributes of 

competing technologies that could provide substitutes for the oil and gas being used 

in today's peaking electric generating units. One potentially important substitute 

is hydroelectric pumped storage, already in use in many regions of the United 

States, and the principal focus of this study. 

There are several competing technologies available today and others that are 

likely to become available within the 20-year time-frame of this study. Some of 

these may offer certain potential advantages to electric utilities; thus, an 

assessment of the supply technologies competing with pumped storage and the 

attributes important to decisionmakers is necessary in order to determine factors 

affecting competition, geographic areas where pumped storage is competitive, and 

potential supply competitors to pumped storage. 
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In this section and in Appendix B, the supply alternatives are analyzed as 

follows: 

• A full list of candidate alternatives is developed 

• Screening criteria are developed to determine which candidates are 

available and applicable as alternatives to pumped storage 

• The criteria are applied to the full list of candidates in a preliminary 

screening to yield a short list of alternatives to hydroelectric pumped 

storage 

• Attribute criteria are developed for assessment of the screened list of 

alternatives (Figure 3-1a) 

• A detailed description and an assessment of the screened list of alter-

. natives are performed. 

Specifically, the screening, assessment, and characterization of the alter-

natives presented in this section form the basis for the comparative assessment 

presented in Section 4 and a key part of the analysis of the potential for 

development presented in Section 5. 

3.2.2 Supply Alternatives Methodology  

The full list of candidate supply technologies considered is listed in Table 

3-1. These are technologies that might be used now or in the future to meet a 

projected level of demand. The categorization of these alternatives given in the 

right-hand column of Table 3-1 results from the initial screening process discussed 

below. 

The following criteria were employed in an initial screening of the candidate 

supply technologies: 

• Availability--Will  the candidate technology be commercially available 

before the year 2000? 	• 

• Gross Economic Viability--Will  the projected energy costs of the 

candidate technology be in a range offering some reasonable possibility 

of economic competitiveness before 2000? 

• Environmental and Institutional--Are  there any major  environmental, 

legal, regulatory, or other institutional barriers to the use of the 

candidate technology? 

3-2 



FIGURE 3-la 

Characterization Criteria for Supply Technologies 

Technological 

Operating principles and characteristics 
Current status 

' Research and development requirements 
Development outlook, schedules, and targets 
Advantages and disadvantages 
Summary of technical factors (e.g., peak-load capability, efficiency, capacity 

factor, lead-time, lifetime) 

Resources 

Resource requirements 
Availability and geographic distribution 
Siting considerations 

Impacts 

Principal environmental and safety considerations 

Institutional 

Principal legal, regulatory, and Other institutional considerations 

Economics  

Status 
Projected, including principal factors affecting viability 	 • 
Availability and/or estimates of commercialization/market penetration 
Summary of economic factors (e.g., capital cost, fuel cost, operations and 

maintenance costs, typical power costs) 

Note: These criteria are used in the detailed discussion of each supply technology. 
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TABLE 3-1 

Initial Categorization of Candidate Alternative 

Supply Technologies 

Storage Technologies 	 Category* 

Hydroelectric pumped storage 	 A 
Utility thermal storage 	 A 
Compressed air storage 	 A 
Batteries 	 A 
Capacitors 

Flywheels 

Hydrogen 

Superconducting magnets 

Thermochemical pipelines 

Thermal-Fossil Technologies 

Diesels and combustion turbines--existing fuels 	A 
--synthetic fuels 	A 

Oil plant conversion—to coal 	 B (and C) 
- -to coal/oil mixtures 
- -to RDF/oil mixtures 
- -to synthetic fuels 	 B (and C) 

Phosphoric acid fuel cells 	 A 
Combined cycle 

Coal gasification combined cycle 	 B (and C) 
Fluidized bed combustion 	 B (and C) 

*A = Firm peak power generation, available before 2000. 

B = Intermediate-load power generation, available before 2000. 

C = Base-load power generation and/or not available before 2000. 
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TABLE 3-1 (cont'd) 

Category 

Solvent refined coal 

Gasifier/molten carbonate fuel cells 

Magnetohydrodynamics (MHD) 
Cogeneration 	 B (and C) 
Bottoming cycles 

Thermionic conversion 

Other Thermal Technologies 

Geothermal 
Solid wastes 

Advanced nuclear—converters 

--breeders 

Renewable Technologies 

Hydroelectric--expansion of existing facilities 	 Al  B, and C 
--installation of unpowered dams 	A, B, and C 

7-new dams 	 A, B, and C 
Solar photovoltaic—terrestrial 	 A (and B) 

--satellite 
Solar thermal 
Wind 
Tidal 

Wood and other biomass 	 B (and C) 

Ocean thermal energy conversion 

Waves 

Currents 



• Applicability—Can the candidate technology reliably provide firm peak 

capacity? If not, can the candidate technology otherwise impact on 

peak and cycling electricity production in a manner that might compete 

with pumped storage? 

Figure 3-lb depicts the specific way in which these criteria are used in the 

initial screening process. Of the four criteria, the first and fourth perform most of 

the screening function. The second and third play only a small role; only major 

barriers are considered here. Consideration of environmental impacts and institu-

tional factors is taken up in the discussion and characterization of candidate 

technologies that have passed the initial screening, and in their comparative 

assessment with pumped hydroelectric storage; more detail on each of the 

technologies also appears in Appendix B. Similarly, detailed consideration of 

economic competition is covered in the analysis presented in Section 5. 

The first of the criteria operates here in a "yes/no" sense for initial 

screening. A specific availability schedule is discussed for those technologies that 

are not commercially available today but that are expected to be available before 

the year 2000. Another criterion that must be considered is regional availability, 

affected, for example, by resource constraints at the regional level. 

The initial screening process sorts the full list of candidate technologies into 

three basic categories: 	 - 

• Category A--Technologies that will probably be commercially available 

within the study time-frame (1980-2000), and that are direct alter-

natives to hydroelectric pumped storage in tbe sense of being capable 

of providing firm peak-load capacity. 

• Category B--Technologies that are likely to be commercially available, 

and that, although not direct alternatives, could otherwise impact on 

peak and cycling electricity generation in a manner that might compete 

to some extent with hydroelectric pumped storage production. Specif-

ically, this category incorporates available intermediate-load and 

certain fuel-saver technologies (the latter being technologies whose 

effective capacity is much lower than their rated capacity). 

• Category C--Technologies that are not expected to be commercially 

available in the study time-frame, and/or that will be used for: base-

load rather than peaking power generation: 	. 
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4.b 

4.a 

2. 

3. 

1. 

A 

Available 
Peak-Load 

Technologies 

Otherwise 
Might Compete With 

Pumped Hydro? 

B 

Available 
Intermediate- 

Load Technologies 

- Potential to 
be Competitive? 

Major 
Environmental, 
Institutional 
Barriers? 

Available 
Before 2000? 

Supply 
Candidates 

Firm Peak 
Capacity? 

C 

Unavailable 
and/or Base-Load 

Technologies 

Figure 3-lb Initial Screening Process for Alternative Supply Technologies 
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Table 3-1 shows the . results of thus categorizing the list of candidate supply 

technologies using the initial screening criteria l. ,,,,Of the roughly 40 candidate 

supply technologies (many of which subdivide into several variants), eight have 
been screened into Category A and will be discussed briefly below. Besides 

hydroelectric pumped storage these are: utility thermal storage; compressed air 

storage; batteries; diesels and combustion turbines; phosphoric acid fuel cells; 

hydroelectric power; and solar photovoltaic energy conversion. Approximately 10 

more technologies have been screened into Category B and will be discussed 

briefly. The remainder, about half of the full candidate list; comprise Category C. 

3.2.3 Assessment of Category A Supply Alternatives  

3.2.3.1 Utility Thermal Storage 

• Thermal energy storage (TES) systems -are dedicated storage systems 

designed to be integrated into a utility electric generating plant, storing thermal 

energy from steam or hot feedwater during low demand periods and releasing it for 

use in generating electricity during peak demand periods. There are two basic 

ways to integrate thermal storage into a central base-loading powerplant. One 

method involves adding a separate peaking turbine to an existing powerplant and 

the other method uses the stored heat to heat the feedwater and requires a 

modified turbine design to allow for large variations in the extraction steam flow. 

During peak load periods, the latter method heats the feedWater from storage, 

thereby increasing turbine throughflow and power output. 

A series of Electric Power Research Institute (EPRI) -  reports (1, 2) prepared 

by General Electric identified a number of TES systems and analyzed the most 

promising for near-term electric utility applications. Of the 40 TES system 

.concepts examined for possible application to two reference plants (an 800-MW 

high-sulfur coal plant and a 1,190-MW light water nuclear reactor)*, 12 systems 

were found to be the most promising in terms of near-term availability and 

potential for economic feasibility. Of these, the TES powerplant with the lowest 

capital cost and highest overall efficiency used underground cavern storage of high 

temperature water in steel vessels. Other storage media considered included 

aquifers, oil, water/steam, and molten salt, and various combinations thereof. 

*These plants were chosen since these plant typesare expected to represent the 
majority of utility capacity additions to the year 2000. 
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These systems are outlined in Table 3-2, including estimated costs in 1976 dollars 

(see Appendix B for discussion). 
.. 

Compared to alternative methods of storage, TES systems also offer the 
) 

potential for efficiency savings. The turnaround efficiencies of the EPRI selec-

tions, while somewhat higher than those given in other studies, were roughly in the 

range of 75 to 85 percent for low vapor pressure systems, and 85 to 90 percent for 

the high-temperature water systems (2). 

None of the TES systems discussed in the report have technical problems 

substantial enough to prevent their deployment; on the other hand, none of the TES 

systems appear to be economically attractive to utilities at this time (2). About 

one-half of the TES costs arise from the storage-related items necessary for water, 

oil, and molten salt systems, with the remaining costs for standard state-of-the-art 

equipment such as turbines,, piping, valving, etc. Future reductions in total costs, 

therefore, must come almost entirely from reductions in the TES storage-related 

expenses (2). While not investigated in the EPRI studies, redesigns of the reference 

coal and nuclear plants and TES systems also would be required to improve the 

performance of TES for peaking applications (2), and these changes would eliminate _ 
the use of TES in near-term applications. Federal agencies, in addition to EPRI, 

have been examining the concept of TES (3) and have also reached the conclusion 

that TES systems are likely to be costlier and less efficient than pumped 

hydroelectric energy storage. 

3.2.3.2 Compressed Air Storage  

Compressed air storage (CAS) systems store energy in a form convenient for 

power generation by pumping compressed air into an underground reservoir. Rock 

beds, salt domes, and aquifers are all reservoir candidates. During compression, 

the air gets hotter, requiring cooling to prevent fracturing of the rock or creeping 

of the salt reservoir in which the air would be stored at about 1,000 pounds per 

square inch (psi): This constant-pressure system would cool the air to about 50 °C 

(122°F) during storage. During the power generation mode, the stored air would be 

' released and passed through a recuperator (a proposed feature that recovers 

exhaust heat from the power-generating turbine) and preheated before being 

channeled through an expansion turbine. The preheated, high-pressure air is then 

heated further by burning fuel (oil or gas) as the air is expanded into the power 

generating turbine. 
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TABLE 3-2 

Economic and Near-Term Availability Ranking for 
Thermal Energy Storage Systems 

Near-Term 
Selection 	 Energy 	Power TOTAL 	Economic 	Availability 
Number    Syem 	 ($/kW) 	($/kW) ($/kW) 	Rank 	Rank 

	

1 	Prestressed cast iron vessels-feedwater 	 . 
(PCIV-FWS) 	 461 	462 	923 	6 	 4 

	

2 	Prestressed concrete pressure vessels- 
feedwater (PCPV-FWS) 	 524 	495 	1,019 	9 	 4 

	

3 	Steel vessel-feedwater (STEEL-FWS) 	 1,129 	495 	1,624 	12 	 1 

4 	Underground-concrete-variable pressure 
(UG-C-VARP) 	 172 	477 	649 	1 	 3 

	

5 	Underground-compressed air-feedwater . c..1 
1 	 (UG-A-FWS) 	 108 	667 	775 	5 	 6 1... 
c) 

	

6 	Underground-evaporators (UG-A-EVAP) 	 180 	487 	667 	2 	 4 

	

7 	AQUIFER 	 75 	855 	930 	8 	. 	6 

	

8 	Oil-feedwater (OIL-FWS) 	 132 	538 	670 	3 	 5 

	

9 	. Oil and packed bed/thermocline (OIL/ROCK) 	188 	541 	729 	4 	 3 _ 

	

10 	OIL/SALT 	 --- 	--- 	1,400 	10 	 2 

	

11 	SALT/ROCK 	 426 	501 	927 	7 	 4 

	

12 	Phase change material (PCM) 	 1,000 	--- 	1,500 	11 	 8 

Note: 	Based on 6-hour discharge. Costs are in 1976 dollars. 

Source: General Electric Company. Conceptual Design of Thermal Energy Storage Systems for Near-Term Electric 
Utility Applications,  Vols. 1 and 2, EPRI EM-1037, Project 1082-1 (Electric Power Research Institute 
(EPRI), April 1979). 



Compared with hydroelectric pumped storage, CAS has several advantages, 

including a wider choice of geological formations, greater compactness (the density 

of the energy stored could be higher), and a smaller minimum capacity size. 

However, because existing CAS concepts use oil or gas in the turbine train, it is not 

a pure energy storage system, although CAS systems are expected to save as much 

as two-thirds of the premium oil or gas fuels required by a conventional gas turbine 

unit. To date, however, there has been limited experience with CAS systems. 

CAS facilities must be sited where the geology is such that a suitable air-

storage cavity can be economically developed (as noted by Miller (4), studies have 

shown that the economic optimum is obtained with storage pressures between 600 

and 1,000 psi). A literature search has not revealed any detailed analytical survey 

of potential CAS reservoir candidates throughout the country; however, EPRI (5). 

reported that favorable geologic conditions in the United States are widespread 

(Figure 3-2), and it identified potential utility networks and power pools that could 

be used for CAS salt cavern systems. 

At present CAS is not part of the utility generation mix in the United States, 

although a 1977 EPRI report concluded there were no major technical or generic 

environmental barriers to constructing such plants. CAS costs also are "expected 

to be competitive with that (electricity) generated by underground pumped hydro 

and certainly less expensive than that produced by a standard gas turbine" (6). No 

technical or environmental barriers exist, other than those related to siting 

considerations and to implementing CAS systems as peak power/storage alter-

natives during the 1980-2000 time frame (7). 

EPRI and the Department of Energy (DOE) have cosponsored three prelim-

inary engineering studies to provide bases for design and for decisions by 

U.S. utilities interested in CAS. Each study focuses on a particular storage 

medium: salt caverns, rock, and aquifers. The component technologies are largely 

available, and commercial-size plants (200-500 MW) potentially could be operating 

in the United States by the mid to late 1980's. Based on the results of these three 

studies, the Soyland Power Cooperative of Illinois has begun licensing activities for 

a 400-MW (two-unit), compensated hardrock CAS plant. 

3.2.3.3 Batteries 

Advanced batteries have the potential to become an attractive choice for 

daily-cycle energy storage and peaking power because of their modular capacity 
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Figure 3-2 Principal Electric Load Centers and Regions 
Probably Suitable for Underground Storage 

• 0.5 - 1 GW 
• 1 - 3 GW 11111111 Probably Not Suitable for 
• 3 - 9 GW 11111111 Underground Storage - 
• 9 - 20 GW 

Source: Reference (5). 



and dispersed siting flexibility, their short installation lead time, their rapid and 

efficient response to load changes, and other advantages such as minimal environ- 

mental impact. However, none of the existing, commercially available automotive 

or industrial lead-acid batteries have the characteristics required for large-scale _ 
modern utility storage system application—low costs and long service lives. A new 

generation of electrochemical battery storage systems now under development for 

utility service promises to meet these requirements. 

In addition to a large number of research and development efforts by private 

companies, detailed assessments of the technical and economic prospects of the 

more promising advanced battery prototypes are to be made at the Battery Energy 

Storage Test (BEST) facility, jointly funded by DOE and EPRI. In order to provide 

actual operating experience with battery storage coupled to a power grid, DOE and 

the electric power industry have also initiated the Storage Battery for Electric 

Energy Demonstration project (SBEED). The current goal of the project is to 

complete a facility by 1984 consisting of a 30,000-kWh lead-acid battery coupled 

to a 10,000-kW AC-DC converter connected to the Wolverine Power Cooperative 

grid in northern Michigan. To be operated by utility employees, the $20.3 million 

SBEED plant will be used to provide the on-line performance, reliability, and 

economic data needed prior to utility applications. 

Although the potential benefits of advanced battery systems are substantial, 

these systems will not find significant utility application in this century unless 

their cost can be reduced to a level competitive with other bulk energy storage and 

peak-generating methods. EPRI's goal for the battery selling price is just under 

$300/kW for a 5-hour battery system with power conditioning equipment. Of all 

the battery systems currently under consideration, only the lead-acid can be listed 

as a near-term (pre-1985) candidate. Because of its costs, however, significant 

commercial application by electric utilities is not expected. 

Of the several advanced battery systems proposed, the two that appear to be 

the most promising for utility application before the year 2000 are the high-

temperature sodium-sulfur battery and the low-temperature Redox battery. 

General Electric Company and EPRI have been cosponsoring the development of 

the sodium-sulfur concept, the determination of technical and manufacturing 

feasibility, and the evaluation of market potential. Work completed to date 

indicates that major technical barriers have been overcome, that the system 

manufacturing costs are potentially competitive, and that the market appears to be 
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large, although significant uncertainties still remain in each of these three areas 

(8). The Redox (an acronym for reduction-oxidation) battery is under development 

at the National Aeronautics and Space Administration (NASA) Lewis Research 

Center in Cleveland, Ohio, under joint NASA and DOE funding. If development 

programs can keep to schedule and costs can be substantially reduced, these 

batteries may be commercially available for utility use in the early 1990's. 

3.2.3.4 Diesels and Combustion Turbines  

Diesels for electric utility application•operate on the same principles as their 

automotive counterparts, though they are much larger and are more ruggedly 

designed for long operating lives. Likewise, combustion turbines are similar in 

basic operating principles to aircraft turbojet engines.- 'Diesel- and combustion-

turbine-driven generating units already supply a substantial portion of today's peak-

load electricity generation. 

These units are convenient for a number of reasons. The first is that their 

cost, per kilowatt of capacity, is the lowest of the conventional forms of 

generating capacity used by electric utilities. For exa'mple, a 75-MW combustion 

turbine is estimated to cost about $190/kW (in late-1978 dollars) (9), or about one-

quarter of the capital cost of a modern coal-fired powerplant. This low capital 

cost, together with inherent operating characteristics, makes diesel and combus-

tion turbines well-suited to the low-hours operation of peak-load units--although 

they do use premium oil and gas fuels. These units also have a short lead time for 

construction and can be Put "on line" in approximately 18 months. Since they are 

available in a range of capacities, blocks of combustion-turbine capacity can be 

dispersed throughout the utility system in a manner that will locate them near , 
appropriate load centers. This dispersion can reduce transmission line require-

ments and transmission losses. In most cases, combustion-turbine capacity can be 

brought to full load in approximately 30 minutes (4). 

Those units currently in use burn premium oil or natural gas fuels; however, 

the Power Plant and Industrial Fuel Use Act of 1978 exempts the use of oil and gas 

in utility units that operate for less than 1,500 hours a year, or at less than 

17-percent capacity factor, which is in the peak-loading range. Hence, diesels and 

combustion turbines probably will continue to be an important alternative for peak-

load electric power generation in the coming decades. 
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Beyond 1990 it is possible that synthetic liquids and gases may be used in 

diesels and combustion turbines for peak loading. Since the basic gasification and 

liquefaction technology is almost two centuries old, these fuels could, in principle, 
be obtained either by purchase from private (nonutility) producers or by utilities 

building and operating their own synfuel facilities. If construction of commercial 

facilities was to begin soon, synthetic fuels could be economically competitive with 

conventional oil and gas in the 1990's. However, current planning efforts are 

somewhat limited, in large part due to the high capital investment required. 

3.2.3.5 Phosphoric Acid Fuel Cells  • 

Fuel cells are conversion devices that convert the latent chemical energy 

contained in a fuel directly into electricity. The fuel cell operates in a manner 

somewhat similar to a battery except that it is designed for continuous operation 

rather than an operation/recharge cycle. Among its advantages for intermediate-

load and peak-load operation are: relatively high efficiency (36 to 46 percent); 

constant efficiency over a wide load range; clean operation; and the potential for 

siting close to load centers. 

For utility applications, hydrocarbon fuels (synthetic or natural) are prefer-

able, and the production of alternating current (AC) is a must. Therefore, a fuel 

cell powerplant has three subsystems: a fuel-processing section, the fuel cell, and 

an inverter to convert the direct current (DC) to AC (10). 

The phosphoric acid electrolyte fuel cell powerplant has evolved faster than 

other fuel cell plants as a result of industrial and utility interest and development 

(11). Extended fuel cell utilization may not occur, however, until potential users 

are assured that the systems could operate reliably, not only on highly refined 

naphtha or natural gas but also on the more abundant, heavier, and lower quality 

fuels. It is felt that, ultimately, utilization of coal-derived fuels will be required 

for economical usage of fuel cells (12). This is the focus of research and 

development on second-generation fuel cells, which were classified as a 

Category C supply technology. 

There are potential drawbacks in using first-generation cells as peakers in 

that currently available batteries do not have ideal startup and shutdown charac-

teristics (13). Required improvements also are related to fuel cell anode and 

cathode design, fuel processor catalyst design and removal of impurities, fuel cell 
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integration with the fuel processor, waste heat recovery (efficiency improvement), 

and reduction of fuel cell corrosion problems (which decrease lifetimes) (10). 

There are many organizations working on the fuel cell and its effective 

application in power generation systems. United Technologies Corporation has 

undertaken to design and test a fuel cell powerplant, and Westinghouse is currently 

negotiating to build a 75-MW fuel cell facility and to test it at a host facility. 

While capital costs for fuel cell application currently are not economically 

competitive, proponents believe that fuel cells can be commercialized by the mid-

1980's at a cost of about $500/kW--about half of what they now cost (an ultimate 

cost goal of $300/kW has been mentioned). Overall, however, fuel cells offer 

several advantages as compared to combustion turbines and diesels and could be a 

viable candidate for peak-load power generation in the future if component 

lifetimes are increased and capital costs can be significantly decreased. 

3.2.3.6 Hydroelectric Power  

Hydroelectric power is one of the major sources of electricity in the United 

States and currently accounts for over 12 percent of utility electricity production. 

The potential of the country's untapped hydro resources is quite large, and 

significant amounts of new hydroelectric power generation are anticipated for the 

future. ' As is the case for current capacity, new hydroelectric units will span the 

load range from peak through intermediate to base load. 

Inventorying and assessing the potential for development of untapped hydro-

electric power resources is the major focus and objective of the U.S. Army Corps 

of Engineers' National Hydropower Study (14, 15).* The potential for increased 

hydroelectric power production basically can be divided into three categories: 

• Rehabilitation and/or expansion of capacity at existing hydroelectric 

power facilities 

• Installation of turbines and generators at existing unpowered dams 

• Development of new sites. 

*Rather than trying to replicate this work here, the potential for new hydroelectric 
capacity will be briefly reviewed in Appendix B as to the alternatives to pumped 
hydroelectric storage. Appropriate data from the Corps study is incorporated in 
the analyses of pumped hydroelectric storage development potential presented in 
subsequent sections of this report. 

3-16 



The first two are sometimes grouped and referred to as the incremental potential, 

and the third as the undeveloped potential. Regional hydroelectric power produc-

tion potential is detailed in Appendix B. 

Environmental impacts produced by installing hydroelectric generating 

facilities are an important consideration of energy development planners. Most of 

the ': impacts associated with hydroelectric generation are highly site specific. 

Potential run-of-the-river impacts include "turbine-induced mortality and injuries 

to down-migrating fish, impingement at turbine intake trash racks, and siltation 

and release of toxicants in sediments from plant construction and from any 

required dredging of the old impoundment" (16). Development of a store-and-

release hydroelectric capacity at an existing dam could produce water fluctuations 

• possibly resulting in additional impacts. 	 . 

Federal and state laws requiring the construction of fish ladders, elevators, 

etc., to facilitate the passage of anadromous fish at certain sites will have a cost 

effect on potential projects--especially at small-scale dams. Federal and state 

designations of river systems as wild and scenic can also reduce potential 

hydropower capacity development. As of December 1977, 4,845 miles of river 

systems in the United States were so designated by states (17). The effect of these 

laws is exemplified by the State of Oregon's designation of 524 miles of eight 

rivers, resulting in a loss of 2,371 MW of capacity that potentially could have been 

developed. 

The capital investment required for potential new hydro capacity is highly 

site specific and depends on: 
0 

• The conditions of the dam (if one already exists) 

• The size and type of the dam required if none exists, relative to the 

capacity of the unit 

• The capacity of the unit (economies of scale) 

• The hydraulic head. 

In addition, streamflow characteristics in general, and the wide range of potential 

capacity factors in particular, combine with capital investment to yield an even 

larger range of potential power costs. 

As to capital costs for small- and intermediate-scale developments at 

existing unpowered dams, Acres American, Inc., estimates the cost of new hydro 
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currently to be in the general range of $700 to $1,500 per kilowatt (1976 dollars). 

Capital and other cost factors (see Appendix B), as well as environmental 

constraints and other considerations, will cause the realizable new hydro capacity 
to be substantially less than the physical resource. Nevertheless, there is a 

significant potential for new hydro capacity development over the next 20 years in 

all load ranges, including peak-load power generation. 

3.2.3.7 Solar Photovoltaic Energy  

Solar photovoltaic cells are discs of transistor-like materials that generate 

DC electricity at low voltage when exposed to sunlight. The output of such cells, 

which are grouped and wired into flat plate or concentrator collector panels, 

arrays, and modules, must be converted to AC and the available voltage stepped up 

before it can be transmitted and/or used for utility applications. Photovoltaic cells 

and arrays have been technically available for more than two decades; however, 

application has been limited to types of service that require little power and to 

applications in which cost is not a major consideration. Also, because of the 

intermittent nature of sunlight, photovoltaic cells will be best suited to fuel-saver 

or peak-load utility applications. Without dedicated or system storage, photo-

voltaic cells are not a firm "peaker" in the true sense, as is hydroelectric pumped 

storage. However, applications can include central station and dispersed systems, 

and a key characteristic of the technology is its intrinsic simplicity (e.g., no 

moving parts). 

The principal barrier to large-scale use of photovoltaic cells, however, is 

their high cost--currently about $10,000 per peak kilowatt for the cells only. The 
, 

primary objective of Federal research and development efforts is to reduce costs 

to about one-twentieth of this figure by 1986. These efforts are centered in three 

areas: reducing the manufacturing costs of the single-crystal silicon cells that are 

now on the market; developing new production techniques for cells made from 

silicon and cadmium sulfide; -  and developing high-efficiency cells for use with 

concentrating collectors. 

Photovoltaic systems produce no pollutants or major adverse impacts during 

normal operation. The principal environmental concerns involve worker exposure 

to toxic substances during manufacture. Also, if photovoltaic systems are 

considered in terms of displacing hydrocarbon technologies, the net environmental 

impact could well be positive. 
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Figure 3-3 shows the variation in average-incident total radiation on a 

horizontal surface across the United States. Roughly speaking, the solar radiation 

resource is greatest in the Southwest and least in the Pacific Northwest. However, 

several points should be noted with regard to the data in this figure: 

• In practice, collector surfaces will be tilted or tracking, and thus will 

receive more radiation than shown here. 

• Concentrator systems cannot use diffuse radiation but only direct 

radiation, which is significantly less than the total radiation shown. 

• There is substantial hourly, daily, and monthly variation in insolation, 

and average December levels are only about one-half of average June 

levels. 

Because of the reasonably close relation between the hour-to-hour output of 

a photovoltaic array on a clear day and electric utilities' typical daily peak-load 

demand profile in summer, photovoltaic systems have been classified here as a 

peak-load technology. In practice, .though, they are not firm peak-load systems in 

the same sense as the other technologies in Category A, and a substantial portion 

of their value would be solely from the fuel use they displace (i.e., fuel-saver 

operation). Two of the principal reasons for this are that there is little or no 

output during cloudy periods, requiring backup elsewhere in the system; and since 

utility winter peaks generally occur in the early evening, photovoltaic cells without 

storage would be limited to displacing part of the intermediate load on a clear 

winter day, with little or no effect on the peak load (18). 

Also, current costs constitute a barrier to latge-scale applications of 

photovoltaic systems. Though the price of a typical commercial solar cell array 

has been reduced by a factor of three or more over the past several years, 

photovoltaic cells with sufficiently low cost to make possible commercially 

feasible systems for converting large blocks of solar energy to electric energy have 

not yet emerged from accelerated research efforts. Basic research now must be 

followed by engineering development and demonstration of commercial feasibility. 

3.2.4 Assessment of Category B Supply Alternatives  

3.2.4.1 Oil Plant Conversion  ' 

At the end of 1977, almost 40 percent of the nation's large fossil powerplants 

were burning oil or natural gas as a primary fuel. Many existing oil-fired 

3-19 



150W/m2 
,170 W/m

2 
2 

150 W/m, 

245W/ni 

225 W/m 

Figure 3-3 Yearly Average of Solar Energy Incidence in Watts 
Per Square Meter (Horizontal Surface) 

3-20 



units--ranging in age from old to relatively new--were originally designed for coal 
use, though some were designed solely for oil firing. One aim of the Powerplant 
and Industrial Fuel Use Act of 1978 was to reduce by 1990 the amount of utility oil 
consumption to half of what it was in 1977, and to encourage greater use of coal, 

synthetic gas derived from coal, and other alternative fuels in utility boiler 

systems. To realize these goals, DOE has placed restrictions on existing coal 

capable facilities, and many have been ordered, individually or in categories, to 

convert back to coal. Methods for eliminating or reducing oil use include: 

conversion to coal firing; modification to burn oil/coal or oil/waste mixtures; and 

use of coal-derived and other synthetic fuels. 

Anticipated conversions of existing capacity are incorporated in the analysis 

of development potential presented in Section 5.0. Of course, such conversions 

really do not provide new capacity and so could enhance the potential for pumped 
hydroelectric storage more than compete with it. 

3.2.4.2 Combined-Cycle Plants  
i 

The combined cycle, as the name suggests, combines two different turbine 

systems for the conversion of heat into electricity in powerplants. In the first 
cycle, a clean fuel (distillate oil, natural gas, or gasified coal) is mixed with 

compressed air and burned; the hot combustion gas turns a turbine to generate 

electricity. When the combustion gas leaves the turbine it is fed through the boiler 
of a second cycle where it heats water into steam to power a conventional steam 

turbine to make more electricity. 

Combined-cycle plants are attractive for a number of reasons. They use less 

water for cooling purposes than do conventional combustion turbine or steam 
turbine generating plants of a similar size, and they can provide significantly 

higher operating efficiencies (40 percent in current units and 45 percent in 
advanced designs). In addition, the technology is readily available; there are about 
35 combined-cycle oil and gas units in the United States and somewhat more in the 
planning and construction stages (19). However, the capital cost of a combined-

cycle powerplant, per kilowatt of capacity, is from 75 to 100 percent higher than 

for a simple-cycle combustion turbine plant (4). For example, EPRI estimates a 

complete capital cost of $340/kW in late-19781  dollars for a 250-MW combined-

cycle plant, as compared to $190/kW for a 75-MW combustion turbine (9). 
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Plants of this type currently use distillate oil or natural gas and are generally 
used for cycling (intermediate-load) operation. The Powerplant and Industrial Fuel 

Use Act of 1978 imposes a limitation on new powerplants using oil and gas that 
operate no more than 1,500 hours per year (a 17-percent capacity factor). This 

will constrain future orders for combined-cycle units unless they can be operated 

with gasified coal or similar fuels. 

3.2.4.3 Coal Gasification/Combined-Cycle  - 

The concept of integrating a coal gasifier and a combined-cycle powerplant 

can provide some of the benefits of combined-cycle operation with the ability to 

use coal fuel cleanly. A coal gasification/combined-cycle (CGCC) plant would 

generate electricity from both gas and steam turbines (as described above), but 

would be powered by synthetic gas produced from coal. The gasifier would be 

constructed at the powerplant site and coupled to the power-generating equipment. 
Both Westinghouse and Texaco have designed coal gasifiers for use in CGCC plants 
(20, 21). Technological uncertainties stem mainly from a lack of experience with 
overall integrated system control (e.g., plant load-following capabilities) and gas-

cleaning equipment design. 

Considerable interest is being shown in CGCC technology, and the first 

commercial units may be operating within 10 years. However, while capable of 

intermediate-load operation, CGCC units are more likely to be used for base-load 

power generation, at least in their initial years of operation, because of their 

relatively high capital cost. 

3.2.4.4 Fluidized Bed Combustion 

In fluidized bed combustion, crushed and sized coal or other solid combustible 
materials are burned in a bed composed of inert materials, such as coal ash, sand, 
or alumina, and chemically active limestone or dolomite. During combustion, fuel 

is fed continuously into the boiler at the rate required to maintain the desired 

thermal output. The bed of solid particles is supported by a porous or perforated 

plate and held in suspension by a controlled stream of air passing upward through 

the plate with a velocity sufficient to cause the bed of particles to behave as 

turbulent fluid. . 

3-22 



r" 

The advantages of fluidized bed combustion include: 

• The flexibility to burn a wide range of fuels including high-sulfur coals 

without flue gas treatment 

.4, 	Increased combustion efficiency and reduced combustion temperature 

with a higher heat transfer rate than conventional boilers 

• Reduced boiler tube surface and furnace size 

• Reduced NOx  emissions and greater than 90 percent SO 2  capture 

• An easier-to-handle solid waste form, more readily amenable to disposal 

than that from a wet scrubber. 

The fluidized bed can be adopted to a variety of heat and power production 

modes in a number of ways; the two principal variants are atmospheric and 

pressurized operation. 

The atmospheric fluidized .bed combustion (AFBC) process operates with a 

combustion boiler at about atmospheric pressure and can be applied for process 

heat, space heat, or electricity generation (some demonstration projects are 

currently in operation). Pressurized fluidized bed combustion (PFBC) is similar to 

AFBC except that pressure within the combustor is maintained at between 3 and 10 

atmospheres. Pressurized operation offers advantages over AFBC, such as higher 

combustion and sulfur capture .  efficiency, lower NO x  emissions, and reduced vessel 

size. PFBC advantages are most beneficial to utility applications, and PFBC could 

be used with a combined-cycle system of gas and steam turbines. However, the 

PFBC arrangement does require additional auxiliary equipment to maintain pres-

sure during its operation. PFBC is still in the early stages of development, and its 

commercialization is generally estimated to be at least several years beyond that 

of AFBC (22, 23). 

AFBC boiler technology faces some uncertainty for utility applications as 

long-term operational reliability has not yet been demonstrated. Other problems 

include the fact that it is still unknown whether or not moderate to high efficiency 

can be attained over a wide range of load conditions; starting reliability and 

rapidity must still be demonstrated; and further study of corrosion effects, load 

control, coal feed, and other aspects of large-scale units is required. AFBC plants 

are not expected to be commercial before about 1992 at the earliest (9, 23). 
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Estimates of the future potential costs of fluidized bed powerplants vary 

widely depending, among other things, on the degree of technical progress assumed. 

Overall, conceptual design studies generally' estimate a mature capital cost 

between 80 and 93 percent of that for a conventional coal plant with scrubbers. 

The cost of early demonstration units will be significantly higher. Also, while 

intermediate-load operation is possible (and design improvements that would 

improve load-following capability are being investigated), fluidized bed power-

plants are likely to be used mainly for base-load operation in the initial years of 

operation due to their relatively high capital cost. 

' 
3.2.4.5 Cogeneration 	 . 

The term cogeneration applies to the production of both electricity and 

useful steam or heat from the same fuel. Cogeneration can save 10 to 30 percent 

of the fuel required to generate electricity and thermal energy in separate plants. 

In principle, cogeneration can be incorporated in most technologies that involve the 

use of heat to generate electricity, thereby providing a wide range of potential 

systems and fuels (24). Currently, cogeneration accounts for over one-third of 

industrial self-generation. 

Many operating arrangements for cogeneration facilities are possible (25) but 

can be roughly summarized as follows: 

• Electric utility-owned plants selling process steam or heat to adjacent 

or nearby industry 

• Industry-owned plants generating process steam or heat for internal 

use, with excess electricity (if any) sold to the utility 	• 

• Jointly-owned facilities. 

The potential for cogeneration is great and exists primarily within the larger 

energy-using industries, e.g., pulp and paper, chemical, steel, petroleum, food, and 

textiles (24, 26). However, the feasibility of developing this potential is limited by 

a large number of factors, including: . 

• - Siting restrictions and regulatory requirements 

• The size of the facility and the type of fuel it will use 

• The cost of electricity that the plant displaces and the price paid for 

sales of excess power to the utility 

.1 
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• The cost of standby power and whether or not a capacity value will' be 

included in the price paid for electricity sold 

• The extent of plant utilization (capacity factor) 

• Whether overall the facility will yield a sufficiently attractive return 

on investment (usually around 20 percent per year). 

In general, economic attractiveness improves with increasing plant size, higher 

energy rates, increasing the capacity factor, and less expensive fuels (e.g., coal or 

residual oil). . 

Cogeneration has significant potential to improve the efficiency of energy 

production. Its impact on utilities will be seen primarily as some reduction in 

demand and a supplemental source of power, principally in major industrial areas. 

Due to economic factors and the needs of industrial users, cogeneration will be 

. operated mostly as base-load, and to some extent as intermediate-load, energy 

production. Purchased from nonutility generators at the utilities' incremental 

costs of generation, it will have little or no effect on other consumers' electricity 

costs. 

3.2.4.6 Solar Thermal Power  

A solar thermal electric powerplant is similar to a conventional powerplant 

but with the fundamental difference that the steam driving the turbine is 

generated by heat focused by the sun's rays rather than by burning fuel. The two 

basic concepts are the distributed collector system (e.g., parabolic troughs) and the 

central receiver system (power tower). Both concepts require a backup source of 

energy to ensure reliability for utility applications because of both diurnal and 

intermittent cloud conditions. 

For utility applications, development efforts are currently concentrated on 

the central receiver system because of the potential for higher efficiency and 

lower costs. Because of the much higher levels of direct solar radiation there, 

deployment of solar thermal energy plants will be limited at least initially to the 

Southwest; there is a test facility -currently in operation at Albuquerque, New 

Mexico. Areas of existing utility concern regarding solar thermal electric 

systems include: 

. 	• 	Cooling water requirements and other siting restrictions (e.g., because 

of its steam-cycle operation and the land needed for the mirror arrays) 
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• System and plant reliability (e.g., effects of intermittent sunlight, 

momentary outages, dispatching problems) 

• Materials performance and lifetimes (e.g., effects of large and rapid 

thermal fluctuations on the receiver boiler) 

• Overall system economics and cost uncertainties (27). 

A recent DOE status report (28) stated: "Neither central receiver nor 

dispersed collector systems are commercially available today. If either system 

were to be built with currently available components the cost would be $7,000 to 

$10,000 per kW-pK." Pilot solar thermal powerplants currently planned for the 

Southwest will be designed for intermediate-load operation with conventional 

backup, but they will not be economically competitive. Other regions of the 

country having lower direct insolation would require larger concentrating mirror 

areas and storage capacities that would result in higher costs, and significant cost 

reductions would be necessary to make solar thermal energy economically competi-

tive with other sources. In particular, the cost of heliostat (tracking mirror) 

systems would have to be reduced to around 20 to 30 percent of current costs (29). 

3.2.4.7 Wind Energy 

Windmills have been used to generate electricity since 1890, and many 

different types have been operated since that time. The principal goal of current 

U.S. wind turbine programs is to lower costs through the development of new 

materials and production methods and through research into new designs. Most 

wind machines today' are of the two- or three-bladed horizontal axis type, though 

development and demonstration of vertical-axis (Darrieus) machines are also under 

way. 

Overall, large wind turbine operating experience to date is quite limited, and 

wind turbines are essentially in the demonstration stage. It will be several years 

before they are in multi-megawatt-scale mass production, in part because blade 

stresses and fatigue are still an important consideration. Several machines have 

lost blades, and the DOE/NASA machines at Sandusky, Clayton, and Culebra Island 

encountered blade stress problems in the early months of their operation. Addi-

tional development and testing also is needed in order to better understand wind 

machine interface with electrical grids, and maintenance requirements are still 

uncertain. Further work on siting methodology is required--particularly the 
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development of better means of estimating the meteorological characteristics of 

potential sites (27). 

Like photovoltaic cells, wind turbines are an intermittent source of energy, 
and current plans call for operating them without dedicated storage. Thus, their 

primary value in utility systems is as "fuel-savers," i.e., their capability to reduce 

fuel consumption elsewhere in the grid when the wind is blowing above the cut-in 

wind speed. Also, while wind turbines do have some ability to displace the need for 

conventional generating capacity, it is important to note that this is on much less - 
than a one-for-one basis. 

As yet, methods for predicting wind characteristics at potential turbine 

locations do not provide the levels of confidence desirable for siting, though 

. substantial improvements are being made. In general, the best sites for wind 

turbines are likely to be: mountain ridges or exposed knobs; gorges that funnel 

prevailing winds; open flatlands; and exposed coastal locations. The physical 

capability of potential multi-unit site areas will be constrained to some extent by 

the need to space turbines at least 10 to 15 diameters apart to prevent the 

"shadowing" of one turbine by another. This will limit average output to roughly 

3 MW per square mile (10). 

Average wind speeds also vary with the time of year; they are generally 

higher in winter than in summer, and average winter output may be twice as high 

or more than the summer average output. Also, wind speeds often exhibit 

significant variation during the day, and in some areas mean wind speeds are 

highest around the middle of the day (30, 31). In rough terms, this potentially could 

provide some assistance in load-following, on average. 

Estimates and reported capital costs for large wind turbines vary widely, 

ranging from around $500 per rated kilowatt to as high as $10,000/kW for the 

200-kW DOE/NASA machine on Block Island. However, comparing capital costs in 

dollars per kilowatt must be done carefully since the rated wind speeds of machines 

typically vary from 20 to 40 mph. Additionally, cost estimates do not always 

include the cost of installation. Projected installation costs for mass production 

are typically about $100 to $200/kW. However, DOE/NASA has estimated an 

installation cost of about $1,000/kW for its 200-kW MOD OA machine at a readily 

accessible site (32). Capital costs are expected to be lower in the future, based on 

bringing current designs into mass production. 
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Estimates of future installed wind capacity vary greatly, with projections for 

the year 2000 ranging from nominal amounts to around 45,000 MW (33). Recent 

Congressional legislation has focused on a goal of about 800 MW of installed wind 
capacity by the end of this decade. The actual outcome will of course depend in 

great measure on the extent to which costs can be reduced. 

3.2.4.8 Tidal Power 	 . 

Tidal power schemes require the damming of bays or estuaries to form 
operating basins or pools. A minimum difference in head of about 5 feet between 

the basin and the sea, or between paired basins, is usually needed to permit power 

generation. With the variation in tides (neaps and springs) about the average range, 

and the need for more than sporadic power generation, a viable tidal power project 

requires a site location where the mean tidal range is at least 15 or 16 feet. 

Operation is similar to low-head hydro projects, except that power generation 

depends on the tidal cycles and is therefore not continuous. 

There are many schemes for producing power from the tides. Current design 

analysis is showing a preference for simpler single-pool and two-pool schemes. 

Single-pool schemes may involve electricity generation on either the flood tide, the 

ebb tide, or both. Unidirectional generation is referred to as "single effect" 

operation and bidirectional flow as "double effect" (see Figure 3-4). 

Reverse-directional pumping may be a desired supplement for both single and 

two-pool designs to increase the operating head and power output, particularly 
under neap tide conditions. With some versions .  of the two-pool scheme it is 
possible to produce some power at all times, although the amount of power 
generated varies greatly with the tides. This provides a certain amount of 
dependable energy. Due to tidal variations, a feasible tidal power scheme cannot 
maintain a constant power level. Furthermore, the variation in tidal range from 

spring tides to neap tides and the 50-minute-per-day advance in tides limits the 

extent to which electricity load demands can be met. Depending on the scheme 

that is used, a tidal plant might range from fuel-saver to intermediate-load 

operation. 

The only large tidal plant constructed to date is the 240-MW Rance Station 
located in the Rance estuary upstream of St. Malo, France. The only potentially 

developable tidal power sites in the United States are the Passamaquoddy Bay 
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Region (including Cobscook Ray) in Maine and the Cook Inlet Region (near 

Anchorage) in Alaska. 	 , 
:_. 

Tidal power development is not without environmental impacts, both adverse 

and beneficial. Among the physical impacts expected to occur would be: the 

physical obstruction created by the dams and the local disruptions from their 

construction, altered water levels and tidal ranges in the basins, reduced tidal 

exchange or flushing, change in current patterns, less vertical mixing, lower rates 

of oxygen uptake, greater stratification, higher summer temperatures in the basins, 

reduced salinity in the surface layers, enhanced winter icing in the enclosed basins 

in colder regions, reduced dissolved oxygen in deeper layers, and altered erosion 

and siltation patterns. These effects would occur primarily within the enclosed 

basins or within their immediate vicinity. Specific site investigations would be 

required to adequately determine the environmental impacts of a particular 

scheme (34). 

There are no firm plans at present to build any of the cited tidal projects. It 

is not likely that construction of any of these projects would begin until the mid-

to late-1980's, at the earliest. Estimated construction times range from 4.to 10 

years, depending on the individual project. 

3.2.4.9 Wood and Other Biomass 

Biomass production and conversion are concerned essentially with the genera-

tion of energy from terrestrial and marine plant life. Within these plants, energy 

from the sun transforms elements from the air, water, and soil into organic 

compounds, primarily carbohydrates. The major source of energy in plants is 

cellulose, a common carbohydrate that is a primary product of photosynthesis. The 

principal drawback to biomass production is its low efficiency; efficiencies for 

conversion of solar energy to biomass by photosynthesis are generally on the order 

of 0.4 to 1.3 percent (1 to 3 percent of "photosynthetically active radiation") (35). 

This does not include the efficiency of converting biomass to useful energy. 

The principal source of biomass energy being .  considered for utility applica-

tion is wood. Other potential sources of biomass for energy include farm wastes 

from crop harvesting (cornstalks, vines, leaves, stubble, etc.). Much of this 

material is now burned on the farm or is left on the land as fertilizer and to 

prevent erosion. Other sources include mill residues such as corn cobs and bagasse 

from sugar mills and grains. In some parts of the country the collection and 
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subsequent conversion to energy of these residues may be feasible--for example, in 

the Corn Belt. It is also possible that biomass energy could be produced from 

ocean plants (34), although it is unlikely that this will be a significant energy 

source in the near future. Energy crops may be used for direct combustion, 

pyrolytic production of fuel oils and low-Btu gas, or for fuel production by 

anaerobic digestion. 

The potential availability of biomass resources for energy production by 

region of the country is given in Table 3-3 (see also Figure 3-5). The total 

potential estimated by the MITRE Corporation is about 11.4 quads per year (36). 

About 40 percent of this would come from agricultural and silvicultural biomass 

plantations. It is not expected that a significant amount of energy will be produced 

from biomass farms within the study time-frame. 

3.2.5 Assessment of Category C Supply Alternatives 

As mentioned above, about half of the candidate supply technologies were 

screened into Category C because they are unlikely to be commercially available 

before the year 2000 and/or because they will be used for base-load power 

generation. These technologies are summarized in Table 3-4 and briefly discussed 

in Appendix B. 
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Table 3-3 Estimated Potential Availability of Biomass Fuels 

Potential 
U.S. Avail- 	Availability by Census Region 
ability 	 (Percent of total) 
(guads/Yr) 

NE MATL SATL, ENC ESC WIC WSC MT PAC 

Logging Residues 	1.7 	3 	3 	20 	7 	22 	3 	17 	4 	21 

Standing Bicmass 	1.3 	11 	15 	35 	16 	18 	12 	7 	8 	-22 

Mdll Residues 	 0.5 	6 	5 	19 	610 	2 	8 	11 	33 

Biomass Farms 	 4.5 	3 	5 	26 	12 	14 	10 	27 	0 	3 
Silviculture 
Agriculture 

Crop Residues 	 3.4 	0 	2 	5 	17 	3 	44 	10 	10 	9 

Source: Reference (36). 

Figure 3-5 Estimated Potential of Selected Biomass Fuels in Megawatts 
by U.S. Census Regions (Not including Biomass Farms) 

(See text for 
assumptions) 



Availability*  

Current 

Technology 

Geothermal 

Current Solid Wastes 

Current Baseload. European 
programs further 
advanced than U.S. 
programs. 

Nuclear Converters 
and Breeders 

1990 Solvent Refined Coal Base-load 

Base-load Mid-1990's 

Base-load; prime' 
resource areas: 
Hawaii, Puerto Rico; 
and Gulf of Mexico. 

Early 1990's 

• 
1 • 

Commercial deployment by utilities 
before 2000 not anticipated. 

TABLE 3-4 

Summary Characterization of Category C Alternative 
- 	Supply Technologies 

•• 

Cornments  

Primarily base-load; 
prime resource areas: 
West Coast and Gulf 
Coast. 

Primarily base-load; 
supplemental resource. 

Molten Carbonate 
Fuel Cells with 
Coal Gasifier 

Ocean Thermal 

Fusion . 
Magnetohydrodynamics 
Bottoming Cycles 
Thermionic Conversion 
Solar Satellite 
Wave 
Currents 
Capacitors 
Flywheel's 
Superconducting Magnets 
Hydrogen , 
Thermochemical Pipelines 

•.., 	. 

	

. 	, 
*Date of earliest cordmercial operation; includes lead time from first commercial 
orders. 
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3.3 DEMAND ALTERNATIVES 

	

. 	_ , 

	

3.3.1 Thermal Storage (Demand-side Technologies) 	. 

Thermal storage is used by electricity customers to reduce the cost of 

service. Its overall effect on an electric utility is to reduce capacity requirements 

and usually to increase energy requirements, an effect that arises from energy lost 

from the storage. 

The most common demand-side thermal storage technology is the domestic 

hot water tank. This system allows water to be heated over an extended period for 

use in short periods. It thereby reduces the heating power (but not energy) 

required. Without storage, domestic hot water would be limited to instantaneous 

service, such as the hot water faucets often seen on drinking fountains or in 

lunchrooms. This is a case where thermal storage makes a. modern technology 

feasible. 

Another demand-side thermal technology that is common in Europe (though 

not in the United States) is thermal storage systems for space heating. During off-

peak hours, ceramic bricks are heated by electricity.. The building is then heated 

by circulating air over the bricks during the on-peak hours. In some parts of 

Germany, for example, electric storage heaters represent nearly 25 percent of the 

total demand for electricity, and in winter the daily load curve for the utility is 

nearly flat (37). However, further installations are not being. encouraged, lest a 

new peak be c reated where none existed before.  

Nearly all solar space or water heating schemes involve storing heat, often in 

water. Demand-side storage of low temperature thermal energy from solar sources 

has the advantage over supply-side storage of reducing the difficulty and cost of 

transporting low temperature heat by water. Demand-side storage becomes the 

needed backup to provide heat when there is no sunshine. The net effect of solar 

heating will be to reduce electric energy requirements. However, unless very large 

storages are provided, there will be periods during extended sunless weather when 

electric heating will be required. . . . 	 • 

In general, the storage of heat by residential or commercial customers in 

either water or a solid is technically simple and is limited only by economic 

considerations. Storage of coldness is more complex. The effective capacity of 

chilled water cooling systems used for commercial buildings can be economically 

increased by the use of chilled water storage. The storage allows the reduction of 
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operating costs by taking advantage of lower time-of-day (TOD) rates, by limiting 

maximum demand charges, or by operating at night to fill the chilled water storage 

when outside temperatures are lower. Prototypes of systems to store cooled water 

or ice are being tested; they are bulkier and costlier than heat storage. It has been 

estimated that cool storage could reduce air conditioning peak electric demand by 

up to 50 percent in some parts of the United States (90) since coldness can be 

stored on an annual cycle using a heat exchanger and the winter air; however, a 

large storage volume would be needed. 

For larger installations, storage in aquifers has been suggested, and one such 

system has been proposed for JFK Airport. In this case there are two wells 2  one at 

34°F and one at 40°F. In summer water would be pumped from the 34 0  well, 

through a heat exchanger (where the ventilation air would be cooled), and into the 

400  well. In winter water from the 40 °  well would be pumped back to the 34 °  well 

via a cooling tower, which produces the temperature drop. 

In Great Britain a program of encouraging heat storage in residences has been 

in effect for 20 years (38). In 1979 about one out of eight British homes had off-

peak central heating. There are two rates; the off-peak rate applies for 7 hours a 

night and is about 30 percent below the on-peak rate. Commercially available 

items include storage radiators, storage fan heaters, central heating systems with 

heat storage, and floor warming systems. (A storage radiator is a heat storage unit 

without a fan, using only convection to transfer its heat; it is suitable in size for 

heating only one room.) A typical central heating system has a capacity of 7 kW 

and storage of 46 kWh, and larger sizes (to 15 kW) are available. A time-based 

meter on the customer's premises records on-peak and off-peak usage separately, 

and turns on the off-peak power to storage heaters and hot water heaters. 
Weather-sensitive controllers are available to control the quantity of heat stored. 

Line voltage signalling with ripple control is also used. 

The Saskatchewan Power Corporation is studying off-peak heating by an 

electric furhace with thermal storage (39). Five furnaces of 23-kW heating 

capacity and 140-kW storage capacity have been built and are being tested. The 

cost was $3,625 per furnace, but these were hand-made units, and it is expected 

that the cost would be considerably less for a production model. 

The American Electric Power (AEP) system has tested 70 residential electric 

thermal storage (ETS) space- and water-heating equipment installations in its 
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service areas. A 14.4 kW (105 kWh) heat-storage furnace of English design was 

modified by adding a 10-kW, conventional electric-resistance heating furnace. A 

special electric thermal storage hot water heater with a 120-gallon capacity and 

three elements giving 4.5 kW, 3 kW, 2 kW, or 1 kW was also tested. Its special 

features included improved tank insulation, diffused inlet water supply, and a load-

leveling heating control that spreads the heating requirements out over an 8-hour 

heating period. It was reported that 91 percent of customers in the test found the 

ETS space heating satisfactory, and an equal percentage of customers found their 

hot water supply acceptable. The AEP is said to believe that about 100,000 such 

units could be added to its system without any problems, and the utility has filed 

for off-peak rates to accommodate ETS furnaces (40). 

At least 56 U.S. electric utility systems are sponsoring or conducting thermal 

energy storage projects (41). These include: 

Annual-cycle energy storage 	 2 

Central ceramic heat storage 	 22 

Comparative studies of thermal storage 	 3 

Concrete walls cool storage 	 1 

Eutectic salts cool storage 	 1 

Combination heat and cool storage 	 11 

In-ground heat storage 	 3 

Ice cool storage 	 21 

Pressurized water heat storage 	 9 

Room ceramic heat storage 	 6 

Water heat storage 	 2 

Many experiments are still underway, but preliminary conclusions indicate 

that thermal energy storage systems are effective in improving load profiles, 

provide dependable, automatic operations, and are economically feasible if incen-

tive electric rates are adopted. A complete list of utilities and their projects can 

be found in Smith (41). 

3.3.2 Load Management 

"Load management," as described by the Electric Power Research Institute 

(EPRI), "deals with customer loads--by category or in total--as they exist today 

and as seen from the utility's side of the electric meter. Load management covers 

a user's own efforts to shift or reduce his pattern of electricity use when those 
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efforts are stimulated by utility rate incentives." A joint EPRI and Department of 

Energy (DOE) project states: 

The objective of Load Management is to alter the real or apparent 
pattern of electricity use in order to: 

• Improve the efficiency as well as the utilization of genera-
tion, transmission, and distribution systems; 

• Shift fuel, dependency from limited to abundant energy 
sources; 

• Lower the reserve requirements of generation and transmis-
sion capacity; 

• Improve the reliability of service to essential loads. 

Load management is particularly attractive in terms of its potential for 
conserving energy and capital in production and distribution of electric 
power; for shifting a significant amount of the fuel base from oil and 
gas to coal, nuclear, and renewable resources; and holding down the 
cost of electricity (42). 

The peak-shaving achieved by load management enables the electric utility to 

increase its load factor (ratio of average load to peak load) and thus deliver more 

energy using the same generating capacity. This delays the need to construct 

additional generating plants, and reduces the need for forming additional capital. 

Load management is mainly concerned with the control of peak loads, which 

furnish only a small fraction of total energy. Consequently, even though peak loads 

are replaced by loads served at lower cost, the savings in generating costs apply 

only to a small fraction of system output. Studies by EEI project generating cost 

savings of only about 1 percent. 

There are two general approaches to load management. In the first the 

utility provides the customer with an economic incentive to manage his own load. 

Demand-based rates (peak load pricing) and time-of-day, seasonal, and interrupt-

ible rates are the techniques of this approach. In the second method, the utility 

manages the customer's load and usually charges a lesser price for the electricity. 

Utility control of water heaters, air conditioners, or space heaters typifies this 

approach. 

3.3.2.1 Rates 

Unlike many worldwide electric utility systems, demand charges are common 

in the United States only among large commercial and industrial users, where 
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energy use is large and the cost of metering and special billing is low. Demand 

controllers that are programmed to keep the customer's total demand below a 

certain level are widely used. These increase the user's load factor and the system 

load factor, and there is no doubt of their effectiveness. 

The Public Utility Regulatory Policies Act (PURPA) of 1978 (43) makes time-

of-day, seasonal, and interruptible rates standard for practically all utilities in the 

United States. Rates must also take the cost of service and load management 

measures into account. The intent of the act is to encourage the conservation of 

energy, the efficient use of facilities and resources, and equity of rates among 

different customers of electric utilities. At the request of the National Associa-

tion of Regulatory Utility Commissioners, a very extensive Electric Utility Rate 

Design Study (EURDS) was conducted by the Electric Power Research Institute 

(EPRI), the Edison Electric Institute (EEI), the American Public Power Association 

(APPA), and the National Rural Electric Cooperatives Association (NRECA). The 

EURDS report composes about 100 volumes and analyzes the effects of the various 

rates prescribed by PURPA (insofar as the state of the art permits). A difficulty 

common to all these studies is the shortage of information on the effect of these 

rates in the market sector. In respect to load management some researchers 

conclude that "The major limitation of these studies is that none of the methods is 

capable of (1) taking as an inp-ut a particular load management strategy and 

(2) providing as an output either the cost-benefit ratio associated with such an 

action or a rate structure that could accomplish the desired load shape or load 

pattern change" (44). The EURDS, however, does suggest methods by which such 

results might be obtained. 

A survey of electricity demand and consumption by time-of-use (TOU) was 

sponsored by EPRI for the National Association of Regulatory Utility Commis- 

. sioners. In presenting the report, the EPRI project manager writes: 

The findings of this survey show that we barely scratched the 
surface in obtaining hard data on customer behavior under time-of-use 
pricing. Within both the utility industry and the government there is 
great interest in knowing the elasticity of demand with respect to peak • 
load pricing. (Results of this survey) caution against the ready 
acceptance of any estimate of the time-of-day elasticity at this time - 
(45). 	 - 

There have been, over about 4 years, 14 projects on residential TOU rate 

experiments sponsored by DOE. The EPRI authors critiqued each of these, and 
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found that eight were flawed. However, regarding the others, two completed 

experiments and four others' in progress offered the prospect that their data could 

be used to estimate TOU price effects. After a review of the various analyses that 

have been performed on these experiments, the EPRI authors significantly con-

cluded: 

By way of conclusion, at this point we can say very little about 
the quantitative effects of TOU or seasonal pricing on residential 
customers even on a local leveL What results there are show 
tendencies,. but are insufficient for making policy decisions. . .to date, 
all the available experimental evidence on TOU pricing lies with 
residential customers (45). 

The EPRI study results from each of four utilities with mandatory TOU rates 

for commercial/industrial customers are described below. 

Wisconsin Power and Light has had such a rate since January 1977 for about 

130 large customers. "On-peak kW's cost between $4.50 and $5.00 each and the 

ratio of on- to off-peak kWh charges is 2:1. Preliminary estimates are that 8 to 10 

percent of the entire class load has been shifted out of the peak period and about 6 

percent of the kWh's consumed." . 

San Diego Gas and Electric Company, Pacific Gas and Electric Company 

(PG&E), and Southern California Edison Company have rates with much smaller 

on/off-peak kWh differentials, and the utilities report shifts of 1.5 percent or less 

except in the cement industry; here the shift in demand was 1 to 4 percent in the 

summer and 3 to 6 percent in the winter. It was noted by Pacific Gas and Electric 

Company that the ability to shift depends largely on whether the plant is operating 

at or below capacity. The EPRI authors point out that "It is really too early in the 

history of such rate structures to expect much response, especially since many 

industries would have to undergo extensive alterations in their production tech-

nologies to do so." , 

At PG&E there is only a 15-percent difference in the energy charge between 

on-peak and off-peak hours, but there is a large difference in peak-demand charges 

(46). Consequently, the incentive to shift load out of the peak period is mostly in 

this area. Almost all the firms showing a definite response to TOU rates are in the 

cement, primary metals, paper products, or industrial chemicals industries, 

although many firms in these industries do not seem to have changed their usage 

patterns as a result of TOU rates. (For the entire rate-class, load reduction as a 

result of TOU rates is estimated as 1.3 percent in winter peak hours and 2.0 
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percent in summer peak hours.) However, the authors point out that a lack of 

knowledge of the effects of TOU pricing reflects both the unavailability of data 
. 	: 	''.;::,- •• 

and methodological problems in data collection and analysis. 

In Europe large nonmanufacturing industrial energy users--such as the 
chemical, refining, and steel industries--have been very responsive to such pricing. 

This study of TOU pricing in Europe incidentally concluded that such pricing would 

:ultimately reduce peak industrial electric demand in United States significantly. 

3.3.2.2 Load Controls  

Load controls are the means by which a utility manages some portion of the 

customer's load. The utility commonly uses a communications and load control 

system (C&LC) to control a water heater, air conditioner, or space heater. Often 

the utility makes a reduced charge for electricity delivered under load control. 

Load control programs are just coming into common use in the United States; 

a list of large-scale utility load control programs is given in Table 3-5. Costs of 

the C&LC system per metering point are given on Table 3-6. As can be seen in the 

table, under load management programs, the cost per kilowatt of capacity is lower 
than that for peaking plant generation costs, which are presented in Tables 4-1 to 
4-15 (pp. 4-8 through 4-22). 

The load management program at Minnkota is perhaps unique in that it is 
directed toward improving the annual load factor rather than the daily loadfactor. 
The dual heating system used by Minnkota is a dual electric/oil furnace. Oil (or 

natural gas) is used to meet extreme peak loads--perhaps 10 percent of the total 
annual energy (47). 

In contrast to the effects of pricing, the effects of load management can be 

predicted,. analyzed, and calculated. Hudson (48) has studied the effect of the load 

management of residential storage heating, storage air conditioning, or water 

heating. The tool used was a power system generation expansion planning code, 

and the utility modeled was System A of EPRI's synthetic utility systems. It was 

assumed that 1 or 5 percent of the annual system peak load was deferred by 

controls. The cases and some.results are tabulated as - follows: 
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TABLE 3-5 
„ 

Large-Scale Utility Load Management Programs 

Utility 	. 

Arkansas Power & Light 

Buckeye Power 
Cobb Electric Membership Coop. 

Detroit Edison 

Lumbee River Electric Membership 
Coop. 

Minnkota Power 	. 

Shenandoah Valley Electric 
Membership 

Southern California Edison 
Walton Electric Membership Coop. 

Wisconsin Electric Power 

Type of C&LC 
System  

Radio . 

Radio 

Radio , 

 Radio 

Radio 
Ripple 

Radio 
Hybrid 
Radio 
Powerline 
Carrier 

Number of 
Receivers  

NA 

42K 
13K 

200K 

8K 

4K 

2.5K 

14K 
8K 

150K 

Principal* 
Load(s) 

Controlled 

AC 

WH 

AC 

WH 

WH 

DHS 

WH 

AC-WH 
AC-WH 
WH . 

*AC - Central air conditioner. 
- 	 ' WH - Water heater. 

DHS - Dual heating system. 

SOURCE: M. D. Nelson: "Mirmkota's Load Management Program: Economic 
Aspects," Power Apparatus and Systems, Vol. PAS-99 No. 5 (Sept/Oct 
1980). 
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TABLE 3-6 

Load Management Programs--Cost Summary 

, COELC System 	 Per Point 
. 	Per Point Cost 	Benefit (kW 

Utility 	 ($) 	 Load Relief) 	. Cost $/kW 

Buckeye Power 	 105.00 	 1.1 	 95.45 

Cobb EMC 	 92.80 	 1.3 	 71.38 

Detroit Edison 	 89.50 	 1.0 	 89.50 

Minnkota Power 	663.00 	 10.00 	 66.30 

Source: Nelson, 1980 (Reference 99). 

/ 
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Scenario .  

Annual 	Costs* 
Load 	(millions 

Factor (%) 	of dollars) 

Base-case scenario peaking utility 	 63.7 	 17,987 
1-percent deferral by conventional water heater 	64.3 	 17,780 
5-percent deferral by conventional water heater 	67.0 	 17,714 
1-percent deferral by storage water heater 	 64.3 	 17,775 
5-percent deferral by storage water heater 	 67.0 	 17,544 
1-percent deferral by storage air conditioner 	 64.3 	 17,780 
5-percent deferral by storage air conditioner 	 67.0 	 17,625 

Base-case winter peaking utility 	 64.4 	 18,402 
1-percent deferral by storage space heater 	 65.1 	 18,293 
5-percent deferral by storage space heater 	 67.8 	 18,220 

Results show that, as expected, load management makes it possible to defer 

system capacity expansion while still meeting system reliability requirements. 

Load management flattens the daily load curve so that the reduced system peak 

can be met using less capacity. When base-load plant additions are deferred, 

operating costs are increased because intermediate and peaking plants with higher 

operating costs must be used to a greater extent. However, this cost increase is 

more than offset by savings from the deferral (or cancellation) of new generating 

plants. . 

Another aspect of load control has been studied by Kuliasha (49), who used a 

gradient dynamic programming model to analyze the operation of a power system 

incorporating load control. Both the generation system and the load are controlled 

to optimize costs. A number of synthetic electric utility systems were simulated 

using a variety of load control options. Results indicate that the cost savings 

achieved through direct load control are highly dependent on utility characteris-

tics, load characteristics, pumped storage capacity, and penetration. 

Production cost savings for the simulated cases analyzed were as follows: 

*Total present worth of system costs (present $), capital + fuel + O&M. 
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Production Cost Savings (10 3$)  
Connected 	 Hours 

Load 	Device 	Deferrable System A 	System D 	System F  

	

500 MW Water Heater 	6 hr 	32.0 	193.3 	59.1 

	

100 MW Water Heater 	12 hr 	35.8 	310 . 7 

500 MW Storage Air 

	

Conditioner 	12 hr 	73.2 	781.0 

- 1,000 MW 	 133.9 	1,276.3 

500 MW Storage Space 
Heating 	16 hr 	 74.2 

The greatest variability in system marginal costs offers the greatest savings. 

The load characteristics producing the greatest savings are large storage capacity, 

high coincidence with system peak, large connected load per control point, and 

moderately high diversity fraction. 

An important result involves the interaction between load control and 

pumped storage. This is a consistent trend toward decreased utilization of pumped 

storage as the amount of controlled load increases. Load control and pumped 

storage compete for the same swing in system marginal costs. But pumped storage 

has a round-trip efficiency of only 65 to 75 percent and is limited by reservoir 

capacity, whereas load control has almost 100 percent efficiency but with variable 

capacity and numerous operational constraints. In the case studies detailed above 

the load control system was chosen as the preferred resource because of its higher 

energy efficiency. 

3.3.2.3 Impact of Load Management  

DOE has sponsored a recent study (50) of the impact of load management on 

the future of intermediate and peak generating technologies (IPT's), specifically 

considering pumped storage. Load management actions that were simulated 

include: 

• Space heating and cooling incorporating energy storage 

• Hot water heater control 

• Changes in hourly electricity consumption patterns 

• Changes in total electric energy consumption 

• Interruptible service. 
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An electricity-cost-minimization model was used to examine the role of IPT's 

in the year 2000 with and without load management. Insights from the study 

include: . 

• A large fraction of annual demand variation is due to seasonal and 

weekly demand cycles. 

• Most load management will reduce only daily demand fluctuations. 

• Future load shapes are very sensitive to electric space heat saturations 

in both the new and retrofit markets. 

• Energy use data for the commercial sector is weak. 

The DOE study concluded: 

• There will be a need for IPT's in the year 2000, and the 
probability is high that the demand for IPT's will be about 
the same as it is today. The required capacity (with less tha 
a 15 percent capacity factor) is in the 10 to 30 .  percent* 
range under a broad range of growth and load management 
scenarios. 

• The need for IPTTs will be greater in the South Central 
region because of continued strong summer peaking. 

• Annual load factor increases of more than 10 percentage 
points are unlikely even with a high level of load manage-
ment success. 

• The greatest load-altering potential exists in the following 
end uses: 

- Industrial load management 

- Cool storage in summer peaking regions 

- Space heat storage in winter peaking regions. 

This conclusion is based on estimates of the amount of 
demand that can be reallocated among time periods and the 
beneficial effect of the reallocation. 

• As in the past, growth in space conditioning loads will be the 
single most important determinant of spontaneous changes 
in electricity demand patterns. 

*Percent of installed capacity. 
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• 	Without load management, storage could account for 20 to 30 percent 
of installed generating capacity in the year 2000 (assuming a 75 percent 
turnaround efficiency). Load management will probably reduce this 
potential by fewer than 10 percentage points  (50). 

3.3.3 Conservation 

There is virtually no field of applied science or technology today in which 

conservation is not actively pursued and promoted. Some conservation is volun-

tarily motivated by patriotism or thrift and a hatred of waste, but more commonly, 

conservation occurs for economic reasons; as costs rise, users find that they prefer 

to use less electricity and divert funds elsewhere. Also, for economical reasons 

there can be conservation as an investment; a new energy-efficient applicance may 

be bought to replace a less efficient one when cost estimates show that the 

lifetime cost of buying and operating the new applicance is less than the lifetime 

cost of operating the old one. 
% 

There are guidelines for residential, commercial, and industrial users in every 

specialty. For large buildings a number of computerized systems for economical 

control of heating, cooling, and lighting are available; computer buffs have their 

own systems in residences. Energy-efficient designs for new buildings of all types 

and sizes have been developed. Under economic pressure, interest in improving the 

efficiency and power factors of small motors has been rekindled, and utilities are 

taking renewed interest in measures to reduce transmission and distribution losses. 

New energy-saving processes are being adopted in industry after industry, and old 

plants are being converted to new methods or replaced. In a representative case a 

specifically equipped new building is estimated to use 40 percent less energy than a 

comparable building without energy-saving features, while the special features 

added only 2 percent to its cost. The extra cost is expected to pay for itself within 

2-1/2 years (51). 

End-use conservation does not necessarily mean minimizing the total use of 

electric or any other form of energy. It is aimed at eliminating "wasteful" or 

unjustified consumption, involving a commitment of scarce resources that end-

users value more highly than consumption. When end-users are faced with prices 

that reflect the actual costs of the resources used in producing electricity, 

electricity is consumed only to the extent that the value of additional electricity 

consumption to consumers is equal to or exceeds the cost to society of producing 

the additional energy. 
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One of the major purposes of the Public Utilities Regulatory Policies Act 

(PURPA) of 1978 is to encourage conservation of energy supplied by electric 

utilities (43). PURPA establishes a set of ratemaking standards whereby the cost 

of electricity will reflect the cost of providing such service. Such rate designs 

would encourage the societally appropriate degree of consumption and, by implica-

tion, conservation. The guidelines for implementing PURPA call for electric 

utility rates to be based on marginal costs, which PURPA requires each utility to 

calculate. The guidelines argue, "Marginal cost-based pricing will encourage the 

proper amount of end-use conservation in the sense that no electricity will be 

consumed when its value to the consumer is less than the value of the resources 

required to produce it." 

Estimates of the magnitude of electric load reduction by conservation are 

given in Appendix C, Volume IV, of the report "The Magnitude and Regional 

Distribution of Needs of Hydropower" of the National Hydropower Study. To the 

extent that the peak energy required will be reduced, the effect of conservation 

will also serve to reduce the need for pumped storage. 

The need for pumped storage as a means of meeting peak demands depends on 

the shape of the daily load curve. Measures that shift loads from peak periods to 

off-peak periods reduce the need for pumped storage. The biggest group of peak 

electric loads that can be shifted are in the residential category: water, space 

heating, and air conditioning loads. 

The Harza Engineering report showed that the only significant savings in the 

residential area falls into two principal categories. The first of these (denoted by 

"Settings" in Table 3-7) is the set-back of furnace or water heater thermostats or 

the set-up of air-conditioner thermostats. The second category (denoted by 

"Improvements") is improved furnaces, air-conditioners, water heaters, and 

refrigerators. The estimated magnitudes of savings are shown in the table. The 

effects of improvement in equipment are not expected to change the shape of the 

daily load curve; however, changing thermostat settings should reduce the peak 

loads in both summer and winter. The study also estimates a reduction in industrial 

use of electricity of approximately 20 percent and a reduction in the commercial 

sector of approximately 45 percent. 

Another effect that can be and has been studied by this method is the shift of 

space heating and hot water heating from gas- and oil-fired heaters to electricity. 
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TABLE 3-7 

Effect of Energy Conservation Measures 
(percent decrease from base-case consumption) 

NERC Region 	Settings 	Improvements 

WSCC 	 12-19 	 11-17 

MARCA 	 12 	 15 

SWPP 	 13 	 17 

EPCOT 	 13 	 17 

SERC 	 19 	 12-13 

MAAC 	 12 	 15 

NPCC 	 10-15 	 12-16 

MAIN 	 10 	 13 

ECAR 	 10 	 13 
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Such a shift may not change total energy consumption'very much if the new heater 

is a heat pump; it will increase total energy consumption, however, if the shift is to 

a resistance heater, but it will result in conservation of oil (or gas) at the expense 
of more plentiful resources. Some studies (52) consider the replacement of 24 

percent of existing heaters and 29 percent of new heaters by heat pumps. If a shill 

to heat pumps without thermal storage or load control is made, utility peak loads 

will increase and load factors will decrease. If thermal storage or load controls are 

used, total system energy requirements will increase, and the effect on the load 

factor will depend on the amount of penetration. Moreover, the effects are likely 

to vary greatly from region to region. There are few data available on which to 

base an analysis or prediction of these effects. It is usual to follow the method 

used in the EPRI repot and assume a penetration, calculating the result. In that 

reference, the result as a large shift in the time of peak load, and the resulting 

load shape would provide plenty of opportunity for the use of system energy 

storage. 

Load profiles for the residential, commercial, and industrial sectors are 

shown in Figures 3-6 through 3-9 from a study sponsored by EPRI (52). In that 

report load shapes were synthesized by adding the products of the ordinates from 

these figures and the peak value of the corresponding load components. Two 

typical results are shown in Figures 3-10 and 3-11. In both cases there is enough 

load shape variation remaining to make energy storage--including pumped 

storage--attractive. 

The EPRI methodology can be used to determine whether the reductions of 

heating and cooling loads due to thermostat settings will shift enough load to 

reduce the need for pumped storage. An inspection of Figure 3-11 shows 

immediately that although conservation will slightly flatten the load shape, it will 

not reduce the need for energy storage significantly. To do so requires more than 

conservation--it requires load management. . 

The National Energy Conservation Policy Act (NECPA)- also mandates the 

Residential Conservation Service (RCS) program. Under this program nearly all 

electric utilities (except some co-ops) are required to offer customers a detailed 

energy audit, including information the use of renewable resources. The auditor 

must explain any energy-conserving practices the customer could use and recom-

mend installation of program measures (equipment, etc.) that would be effective in 

.saving energy also giving information on costs, expected benefits, etc. The utility 
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also must arrange financing for the supply or installation of any such measure on a 

customer's request. In addition, the customer may pay for such measures on his 

utility bill. The program is estimates to cost utilities $4.9 billion or roughly 7 

percent of total 1979 electric utility revenues. In many cases utilities have hired 

outside contractors to perform these audits. In some states the utilities have 

united to form an organization to conduct all audits in their state. Thus far the 

request rate for audits is estimated at 2 to 2-1/2 percent, and to be independent of 

the charge (if any) for the audit. (The response rate seems to depend more on the 

kWh price level.) Initial followup surveys show that although customers purport to 

be pleased with the audits that have been done, only about 20 percent of the 

measures recommended have been implemented. Even worse, two studies show 

that no energy was saved as a result of the services offered. After some 

experimentation, the most common survey technique involves use of a time-share 

computer because of the massive amounts of data required to offer energy audits 

once every 2 years through 1984. There is still a chance, however, that the 

popularity and effectiveness of the RCS program may grow. 

Conservation measures most frequently recommended in a pilot audit pro-

gram were: 

Measure 	 Percent 

Insulate pipes/ducts 	 56 

Insulate walls 	 51 

Aquastat 	 42 

Tighten doors/windows 	 39 

Automatic flue dampener 	 38 

Replace/tune-up burner 	 38 

Solar water heating 	 34 

Install storm windows 	 30 

The measures recommended in the average audit report were estimated to cost 

$1,228 and produce an average first-year savings of $317 (53). 

As the cost of electricity rises there is new incentive to improve the 

efficiency of electric motors. (One estimate is that energy loss in motors is 

equivalent to 200,000 barrels of oil per day, or about 1.2 percent of U.S. 

consumption in 1980 (54, 55).) Energy-efficient motors with more steel and more 

copper to reduce internal losses are now commercially available, but they cost up 
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to 25 percent more than standard motors. Even though efficiency is increased by 

only a few percent (say, from 91.5 percent to 94.5 percent), these motors will pay 

for themselves within only a few years. Moreover, a power-factor controller for 

small induction motors has been developed and offers energy savings ranging from 

5 percent to 50 percent, depending on loadings. 

As a means of forcing conservation of electricity, the Energy Policy and 

Conservation Act of 1975 mandated a 20-percent improvement in 1980 over similar 

products made in 1972 for 10 designated appliances. In 1978 the National Energy 

Conservation Policy Act (NECPA) required DOE to establish a mandatory, 

minimum-energy-efficiency standards program by December 1980 for: 

Refrigerators 	 . 	Clothes dryers 

Freezers 	 Water heaters 	 . 

Dishwashers 	 Room air conditioners 

Furnaces 

These appliances are estimated to use 3/4 of the energy used in the home, which in 

turn is a little less than 20 percent of total U.S. consumption. This program is said 

to have greatly increased the energy efficiency and cost of appliances since 1972. 

Since most of the electricity used in the home is for space and water heating, the 

potential for saving large amounts of energy in other appliances is very small (56). 

The principal result of conservation is expected to be an overall reduction in 

the quantity of energy used. EPRI (57) estimates that more efficient electricity 

use by all types of consumers could reduce electricity energy demand some 20 

percent by the year 2000. Reductions in electrical system losses may be the most 

significant step toward conservation a utility can take, since a 1 percent reduction 

in transmission and distribution (T&D) system losses could save $1.1 billion by 1985. 

The effects of the three demand alternatives (thermal storage, load manage-

ment, and conservation) are shown on, a hypothetical weekly load cycle in 

Figure 3-12. Here it is assumed that these measures are widely adopted through-

out the service area. Load management or thermal storage will reduce peak loads 

and add to minimum loads; the effect is to flatten the peaks and fill in the valleys 

in the load curve. The result will be a reduction in the requirements for peaking 

plants such as pumped storage. Both the total peaking capacity and the percentage 

of system capacity in peaking plants will be reduced. Conservation will reduce 

loads generally without much effect on the shape of the load cycle plot. It will 
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reduce total generating system capacity required, but will not change the percent-

age of system capacity in peaking plants. 

I 
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4.0 FUTURE DEVELOPMENT OF PUMPED STORAGE 

The future development of pumped storage systems will be affected by the 
.: 

need to add new generating capacity to the Nation's electrical system and the 

overall competitiveness of alternatives to pumped storage. The alternatives may 
compete on several different levels. Economic considerations are probably most 

significant, but technical limitations, environmental impacts, physical constraints, 
and institutional/regulatory impacts also play an important role in determining the 

competitive advantages and disadvantages of any supply technology. Section 4.1 

represents a comparative assessment of the alternative supply technologies and 

provides an estimate of future potential generating applications and capacity. 
Section 4.2 compares the physical, economic, and institutional/regulatory con-

straints and environmental impacts associated with pumped storage systems and 

each alternative technology. The major economic, physical, and environmental 

factors affecting the future development of pumped storage systems are discussed 
in Section 4.3. 

4.1 COMPARATIVE ASSESSMENT OF THE ALTERNATIVES  

This section summarizes the principal characteristics of Categories A and B 

supply alternative technologies and discusses their competitiveness for peak-load 

operation. Their competitiveness is influenced by economic costs, technical 
limitations, availability, and potential utility applications. Sections 4.1.1 through 

4.1.3 compare the technologies while Section 4.1.4 summarizes the characteristics 
of each technology and its regional availability, and estimates its future potential 

generating application and capacity. . 
, 

4.1.1 Category A--Storage Technologies  

Three storage technologies other than pumped hydro were considered in 
Category A: utility thermal storage, compressed air storage, and advanced 
batteries. 

Utility thermal storage has been studied quite extensively over the last 
several years. While no major technical barriers to development of the most 

promising methods of thermal storage are foreseen, projected capital costs of 

near-term design concepts still appear to be too high to be economically competi-
tive for peak-load or cycling operation. Currently, plans to develop thermal 
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storage for incorporation into utility plants are limited to pilot and demonstration 

solar thermal electric facilities. 

Compressed air storage (CAS) has significant 'potential as a means of peak 

power production. The only CAS plant currently in operation is the 290-megawatt 

(MW) facility at Huntorf, West Germany. Studies conducted to date generally 

project potentially competitive economic costs, and suggest no major technical 

barriers to development other than location of acceptable geologic media for large 

air storage caverns. CAS is not a true storage technology .since release of 
compressed air provides only about two-thirds of the power generated; the 

remainder is provided by distillate oil or natural gas burned in a combustion 
turbine. While no CAS units are currently planned in the United States, ongoing 

studies could lead to commercial demonstration units by around 1990. 

. Batteries may become an alternative for dispersed load-leveling use by 

utilities if current research and development efforts to produce advanced battery 

designs are successful. It is difficult to predict whether advanced batteries of 
adequate durability and sufficiently low cost for utility application will be 

available within the study time-frame (1980-2000). However, several organizations 

indicate that it may be possible to have advanced battery systems in commercial 

operation by around 1992. Meeting this target date, however, will require 

significant technical development and demonstration, and substantial cost 
reduction. 

Unlike hydroelectric pumped storage, none of these alternatives are mature, 
demonstrated technologies. While compressed air storage 'and advanced batteries 

show good potential for peak-load operation, their commercial availability for 
deployment in utility systems is at least 5 to 10 years away. 

4.1.2 Category A--Other Peak-Load Generation TeChnologies 

The other peak-load generation technologies considered in Category A were: 

diesels and combustion turbines, phosphoric acid (first-generation) fuel cells, 

hydroelectric power, and solar photovoltaic energy conversion. 

Diesels and combustion turbines tare, and will continue to be, major options 

for peak-load power production. They are attractive because of , their short 
construction lead time and relatively low capital:cost. Although they use primarily 
distillate oil and natural gas, the Powerplant and Industrial Fuel Use, Act of 1978 

exempts new oil and gas units operating less than 1,500 hours per year. The 
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premium fuels they use Will continue to become increasingly expensive and supply 
constrained, although coal-derived and other unconventional fuels may provide an 
economical alternative in the 1990's. -; 

Phosphoric acid - (first-generation) fuel cells are currently in the early 
• demonstration stages. They offer significant advantages over diesels and combus-

tion turbines, including higher efficiency, constant efficiency over a wide range of 

power output-, lower emissions, and the potential for dispersed siting. • However, 
they will require the same premium fuels, and startup and shutdown characteristics 
are not as yet ideal for peak-load operation. Fuel cells . are not commercially 

available, but could be in production by the mid 1980's. However, capital costs 

must be reduced 'substantially from current levels; estimated capital costs for 

production units are considerably higher (around 100 to 200 percent) than for 

combustion turbines. 

Hydroelectric power is currently an important source of peak- and inter-

mediate-load power generation. The physical potential of undeveloped hydro-
electric resources in the United States is estimated to be much larger than that 
already developed. The principal focus of the National Hydropower Study by the 
U.S. Army Corps of Engineers is to catalogue this potential and to analyze the 

technical, economic, environmental, and institutional constraints to its develop-

ment. While the developable potential will be substantially less than the physical 

limits of undeveloped potential (due, for example, to economic constraints), new 
hydroelectric capacity will be an option for peak- and intermediate-load power in 

most areas of the country for some time to come. 

Solar photovoltaic energy conversion is constrained by its high current capital 
cost. The Department of Energy's (DOE's) target is to reduce costs of complete 

photovoltaic systems for utility application to $1,100 to $1,800 per peak kilowatt 
(kW) by 1990 (in 1980 dollars). Meeting these goals will, at a minimum, require 

considerable engineering development. Photovoltaic systems, however, are not a 

true peak-load technology. Their Output on a clear day corresponds closely to the 
peak demand profile in summer, but on overcast days and in winter they cannot 

provide full capacity on peak without storage. It is estimated that the effective 

capability of -photovoltaic systems is on the order of 35 percent of their rated 
capacity, and their capacity =factor would generally range from around 14 to 30 

percent, depending on location rand collector geometry. • 
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Overall, combustion turbines and hydroelectric power will continue to be 

major options for new peak-load power generation over the' next two decades. If 

substantial reductions in capital cost can be achieved, fuel cells have the potential 

to become a viable alternative in the 1990's. Photovoltaic energy conversion is • 

likely to be limited to a small supplemental role between now and 2000. 

4.1.3 Category B--Supply Technologies 	 , 

The following technological alternatives for intermediate-load power genera-

tion were evaluated under Category B: oil plant conversion, combined-cycle, coal 

gasification/combined-cycle (CGCC), fluidized bed combustion, cogeneration, solar 

thermal energy conversion, wind turbines, tidal plants, and biomass powerplants. 

Oil-fired (and gas-fired) steam generating plants ,still account for a signi-

ficant portion of total power generation in the United States. Many of these were 

originally designed for coal firing, though some more recent units were designed 

solely for oil firing. Conversion to coal can significantly reduce operating costs; 

however, the economic feasibility of conversion is sensitive to such factors as a 

plant's age, whether or not it has operable coal handling equipment and boilers, and 

the additional emissions control equipment required. Converted plants could be 

operated as intermediate-load units, but are more likely to be operated as base 

loaded. Such conversions do not, of course, provide new capacity, and could 

actually enhance the potential for pumped hydroelectric storage rather than 

compete with it. . 

Combined-cycle units are ideally suited to intermediate-load operation. They 

have the highest efficiency of current thermal power generation technologies and a 

capital cost intermediate between that of combustion turbine peaking units and 

coal-fired base-load units. A substantial number of combined-cycle units are 

currently in operation, under construction, or on order. However, inasmuch as 

current designs use primarily distillate oil or natural gas, future deployment could 

be constrained by the limit imposed by the Powerplant and Industrial Fuel Use Act 

of 1978 of no more than 1,500 hours per operation for new oil and gas units. 

Coal gasification/combined-cycle (CGCC) plants that integrate a coal gasi-

fier with a combined-cycle unit offer many of the advantages of combined-cycle 

operation together with a clean method of using coal. The 100-MW Cool Water 

Project in California will be the first CGCC demonstration unit in the United 

States, and it is estimated that commercial units could be in operation as early as 
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1990. . The capital costs of commercial CGCC plants are projected to be quite 

close to those of conventional coal-fired plants with scrubbers. While technically 

suitable for intermediate-load operation, CGCC units are likely to be used for 

base-load power generation in their initial years of operation because of their 

relatively high capital cost. 

Fluidized bed combustion likewise offers the advantages of higher efficiency 

and reduced emissions as compared to conventional coal-fired units. Demon-

stration atmospheric fluidized bed combustion (AFBC) units are planned, and it is 

estimated that commercial plants could be in operation as early as 1992. While 

intermediate-load operation is technically possible, the projected capital costs of 

commercial units are quite close to those for conventional coal-fired plants. Thus 

base-load generation in the initial years of operation is likely. 

Cogeneration of electricity and process heat or steam at industrial facilities 

can provide supplemental amounts of new power generation, particularly in major 

industrial areas. Much of the cogenerated power will be consumed internally by 

industrial facilities, and the impact is seen by utilities essentially as a demand 

reduction. Excess power will be sold to utilities at a price based on what it would 

otherwise coat the utilities to generate the power themselves. Thus, cogeneration 

will have little or no impact on what other consumers pay for electricity. 

Operation in the intermediate-load range is possible, but it can be expected that 

much cogenerated power will be base loaded. 

Solar thermal power generation is currently in the early demonstration 

stages. Capital costs will have to be reduced substantially from current levels, 

concentrating primarily on reducing heliostat costs by 70 or 80 percent. If this can 

be achieved, commercial'units Costing around $1,700/kW could be possible in the 

1990's. Deployment would be limited, at least initially, to the Southwest. Solar 

thermal electric plants would be designed for load-following operation on clear 

days; backup capacity onsite or elsewhere in the system would be required on 

overcast days. The future economic viability of solar thermal electric plants is 

uncertain, and substantial research and development work is still required. 

Wind power is likewise in the early demonstration stage. A variety of 

prototype and demonstration wind turbines are in operation or under construction 

as part of the Department of Energy/National Aeronautics and Space Administra-

tion (DOE/NASA) and industry programs. Significant cost reductions will need to 
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be achieved through development work and mass production savings. It is 

'estimated that the installed capital costs of current designs in volume production 

could be as low as $800/kW (referenced to a rating in 30-mph winds). Capacity 

factor estimates generally range from 20 to 45 percent, depending on design and 

location. Since wind power is intermittent, the principal value of wind turbines is 

in the fuel use they displace in the system. Capacity value is highly variable; 

estimates of effective capability for large wind turbine arrays range from 5 to 40 

percent of rated capacity. The future economic viability of wind energy 

conversion in utility systems is still quite uncertain, but between now and the year 

2000 it will probably have only a limited impact. 

Tidal power potential in the United States is limited to the Passamaquoddy 

Bay region in Maine (and New Brunswick, Canada) and the Cook Inlet region in 

Alaska. Currently, there are no plans for development. Given the high capital 

costs and long construction times (estimated to range from 4 to 10 years), it is 

unlikely that any significant amount of tidal capacity would be available in the 

United States before 2000. 

Biomass resources in the United States, composed of standing trees and 

logging, mill, and crop residues, have a theoretical potential on the order of a 

50,000-MW equivalent. The developable potential is substantially less, however, 

due to recovery feasibility; economic, environmental, and other constraints; and 

competing demands. Estimated prices of green wood chips and biomass waste fuels 

are economically competitive with other boiler fuels, but the capital costs of 

wood-fired steam plants are significantly higher than those of large coal-fired 

plants (this is largely due to their relatively small size of from 10 to 50 MW). 

While several wood-fired units are in operation and several more are planned, wood 

and other biomass will be limited to a supplemental role in future electric power 

generation. 

Existing oil- and coal-fired units will continue to be used for intermediate-

load power generation. Hydroelectric power will continue to be a major option for 

new intermediate-load capacity as well as for peak loads. Combined-cycle units 

are ideally suited to intermediate-load operation, but new orders may be con-

strained by limitations imposed by the Fuel Use Act. Coal gasification/combined-

cycle and fluidized bed combustion units could be commercially available in the 

early 1990's. While capable of intermediate-load power generation, they will likely 

be used for base-load generation in their initial years of operation due to their 
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relatively high capital cost. Other technologies such as cogeneration, solar 

thermal electric plants, wind turbines, and biomass plants probably will provide 

some additional capacity. 

4.1.4 Summary Tables  

Tables 4-1 through 4-16 summarize the supply alternatives to pumped 

storage systems. Capital costs given in these tables are estimates of total costs 

complete in 1980 dollars. They include not only base construction costs but 

allowances for engineering services, contingencies, interest costs, etc., to reflect 

the total capital cost for a hypothetical startup in mid-1980 (though projected real 

cost decreases from current levels have been incorporated for technologies that 

are not yet commercial). Care should be exercised in comparing these estimates to 

others in the literature that may not necessarily include all of these cost 

components. The "First Commercial Service" date given in the tables includes 

design and licensing time plus the lead time estimated from the first commercial 

availability date. 

Table 4-17 summarizes the regional availability of the alternative supply 

technologies, and Table 4-18 gives projections of the potential penetration of 

Categories A and B alternative supply technologies for 1985, 1990, 1995, and 2000. 

These projections assume the commercialization of new technologies in line with 

target schedules. 

Not all of this capacity would be available for firm peak-load and inter-

mediate-load power generation. As noted in Table 4-18, most of the projected oil 

plant conversion, coal gasification/combined-cycle, fluidized bed, cogeneration, 

and biomass capacity would be operated as base loaded, at least through the study 

time-frame. Additionally, the effective capability of solar and wind capacity (and 

possibly some of the hydroelectric capacity) would be substantially less than the 

rated capacity. These technologies account for the major portion of the projected 

capacity, and thus, of the levels forecast for the year 2000, around 20 to 40 

gigawatts (GW) would be firm peak-load and intermediate-load capacity--about 

evenly divided between the two load ranges. These levels, which will develop 

mainly in the 1990's, could be further reduced by intertechnology competition and 

by slippage in commercialization schedules. 
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TABLE 4-1 

Summary Assessment of Utility Thermal Storage 

TECHNOLOGY: Utility Thermal Storage 

Load Type: 
Fuel: 
Status: 

DEPLOYMENT SCHEDULE 

First Commercial Service: 
Lead Time: 
Unit Life: 

PRINCIPAL DEPLOYMENT FACTORS 

Technological: 
Resource: 
Regionality: 
Environmental: 
Institutional: 

Peak 
Plant heat 
Under investigation 

N/A 
Same as for plant in which it is incorporated 
Same as for plant in which it is incorporated 

Capital cost currently too high 
Any thermal generating unit 
None 
Not significant 

COST AND PERFORMANCE DATA 

Capital Cost ($/kW): 
O&M Cost (t/kWh)*: 
Heat Rate or Efficiency: 
Capacity Factor: 

85-200 (6-hour discharge) 
N/A 
75-90 percent 
N/A 

*Operation and Maintenance Cost (cents per kilowatt-hour). 
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PRINCIPAL DEPLOYMENT FACTORS 

Technological: 

Resource: 

Regionality: 

Environmental: 
Institutional: 

TABLE 4-2 

Summary Assessment of Compressed Air Storage 

TECHNOLOGY: Compressed Air Storage 

Load Type: 
Fuel: 

Status: 

DEPLOYMENT SCHEDULE 

First Commercial Service: 
Lead Time: 
Unit Life:  

Peak 
Electricity for pumping; oil or natural 

gas during discharge 
Prototype operating in West Germany 

.1988 
6-10 years 
20-30 years 

Uncertainties in geological requirements 
and thermal-physical behavior of storage 
caverns 

Requires premium fuel for operation, 
though 60 to 70 percent less than a 
conventional gas turbine 

Some areas do not have suitable geologic 
formations (see Figure 3-5) 

Emissions and underground excavation 
Potential future restrictions on oil 

and gas use 

COST AND PERFORMANCE DATA 

Capital Cost ($/kW): 
O&M Cost (t/kWh)*: 
Heat Rate or Efficiency: 

Capacity Factor:  

270-480 (6- to 8-hour discharge) 
0.2 
0.72-0.83 kWh/kWh electricity and 

4,000-5,300 Btu/kWh fuel 
15 percent (typical) 

Note: Low end of capital cost range applies to salt caverns, high end to hard 
rock caverns. 

*Operation and Maintenance Cost (cents per kilowatt-hour). 
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TABLE 4-3 

Summary Assesement of Advanced .Storage Batteries 

. TECHNOLOGY: Advanced Storage Batteries 

Load Type: 
Fuel: 
Status: 

DEPLOYMENT SCHEDULE 

First Commercial Service: 
Lead Time: 
Unit Life:  

Peak 
Electricity 
Research and development 

1992 
. 	2. years 

10-15 years 

PRINCIPAL DEPLOYMENT FACTORS 

Technological: 

Resource: 
Regionality: 
Environmental: 

Institutional:  

Requires substantial cost reduction 
and component lifetime improvements 

Off-peak power 
None 
Potential accidental release of toxic 

materials 

COST AND PERFORMANCE DATA 

Capital Cost ($/kW): 
O&M Cost (t/kWh)*: 
Beat Rate or Efficiency: 
Capacity Factor: 

400-700 (5-hour discharge) 
0.15-0.25 
72 percent 	 . 
Less than 15 percent 

Note: Low end of capital cost range is commercial goal. 
, 	. 

*Operation and Maintenance Cost (cents per kiloWatt-hour). 
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TABLE 4-4 

Summail Assessment of Combust4on Turbines 

TECHNOLOGY: Combustion Turbines 

Load Type: 
Fuel: 
Status: 

DEPLOYMENT SCHEDULE 

First Commercial Service: 
Lead Time: 
Unit Life: 

PRINCIPAL DEPLOYMENT FACTORS 

Technological: 

Resource: 
Regionality: 
Environmental: 
Institutional: 

Peak 
Oil or natural gas 
Available 

Current 
2 years 
20 years 

Advantages are low capital cost and 
short lead time 

Uses premium fuels 
None 
Emissions 
Potential future restrictions on oil 

and gas use 

-. COST AND PERFORMANCE DATA 

Capital Cost ($/kW): 
O&M Cost (/kWh)*: 
Heat Rate or Efficiency: 
Capacity Factor: 

215-250 
0.3 
13,800-12,500 Btu/kWh (annual average) 
15 percent or less 

Note: High capital cost and '-mr heat rate are for an advanced design potentially 
available in the mid- to late-1980's. 

*Operation and Maintenance Cost (cents per kilowatt-hour). 
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Load Type: 
Fuel: 
Status: 

Intermediate/peak 
Light distillate oil or natural gas 

Prototype 

, TABLE 4-5 

Summary Assessment of First-Generation Fuel Cells • 

TECHNOLOGY: First-Generation Fuel Cells 

DEPLOYMENT SCHEDULE 

First Commercial Service: 	1986 
Lead Time: 	 ' 2 years 
Unit Life: 	 20 years 

PRINCIPAL DEPLOYMENT FACTORS 

Technological: 

Resource: 
Regionality: 
Environmental: 
Institutional: 

COST AND PERFORMANCE DATA 

Capital Cost ($/kW): 
O&M Cost (/kWh)* :  
Heat Rate or Efficiency: 
Capacity Factor: 

Startup and shutdown characteristics 
are not as Yet ideal for peak-load 
operation; requires improvements in 
component lifetime and significant 
cost reduction 

Uses premium fuels 
None 
Potential air emissions 
Restrictions on oil and natural gas use 

400-700 
0.4-0.5 
9,300 Btu/kWh 
35 percent (typical) 

Note: Best estimate of capital cost is about $500/kW in full production. 

*Operation and Maintenance Cost (cents per kilowatt-hour). 
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TABLE 4-6 

Summary Assessment of Hydroelectric Power 

TEaHNOLOGY: Hydroelectric Power 

Load Type: 
Fuel: 
Status: 

DEPLOYMENT SCHEDULE 

First Commercial Service: 
Lead Time: 
Unit Life: 

PRINCIPAL DEPLOYMENT FACTORS 

Technological: 
Resource: 
Regionality: 

Environmental: 
Institutional: 

COST AND PERFORMANCE DATA 

Capital Cost ($/kW): 
O&M Cost (/kWh)*: 
Heat Rate or Efficiency: 
Capacity Factor: , 

All (project-specific) 

Available 

Current 
4-10 years 
50+ years 

None 
Substantial 
Large regional variation; greatest 

undeveloped potential in the Pacific 
Northwest (see Figure 3-9) 

Project-specific (see Section 3.2.3.6) 
Siting 

500-2,000 (project-specific; see text) 
Variable 

Project-specific 

*Operation and Maintenance Cost (cents per kilowatt-hour). 
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TABLE 4-7 

Summary Assessment of Solar Photovoltaic 

TECHNOLOGY: Solar Photovoltaic 

Load Type: 
Fuel: 
Status: 

DEPLOYMENT SCHEDULE 

First Commercial Service: 
Lead Time: 

Unit Life: 

PRINCIPAL DEPLOYMENT FACTORS 

Technological: 
Resource: 
Regionality: 

Environmental: 

Institutional: 

COST AND PERFORMANCE DATA 

Capital Cost ($/kW): 
O&M Cost (/kWh)*: 
Heat Rate or Efficiency: 
Capacity Factor: 

Peak/fuel-saver 

Research and development (available, 
but current costs are too high for 
widespread use) 

1992 
2-5 years (higher figure is for large 

central station) 
20 years 

Major cost reduction required 
Large 
Capacity factor varies; highest in 

Southwest 
Large land areas required; potential 

for a variety of chemical releases 
during manufacture of cells 

1,100-1,800 
1-3 percent per year of initial investment 
-- 
14-30 percent (see Table 3-11) 

Note: Capital costs are DOE 1990 goals for complete systems. Effective capability 
is around 35 percent of rated capacity. 

*Operation and Maintenance Cost (cents per kilowatt-hour). 
) 
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Feasibility sensitive to type and 
age of unit (see Section 3.4.1) 

Technological: 
. 1 

TABLE 4-8 

Summary Assessment of Oil Plant Conversion 

TECHNOLOGY: Oil Plant Conversion 

Load Type: 

Fuel: 
Status: 

DEPLOYMENT SCHEDULE 

First Commercial Service: 
Lead Time: 
Unit Life:  

Base/intermediate (likely to be mostly 
base loaded in study time-frame) 

Coal (and wastes) 
Available 

Current 

Plant-specific 

PRINCIPAL DEPLOYMENT FACTORS 

Resource: 
Regionality: 
Environmental: 
Institutional: 

COST AND PERFORMANCE DATA 

Capital Cost ($/kW): 
O&M Cost (/kWh)*: 
Heat Rate or Efficiency: 
Capacity Factor: 

Emissions 
Conversion orders; requirements for 

additional control equipment 

Highly plant-specific (see text) 

*Operation and Maintenance Cost (cents per kilowatt-hour). 
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TABLE 4-9 

Summary Assessment of Combined-Cycle 

TECHNOLOGY: Combined-Cycle I 

Load Type: 
Fuel: 
Status: 

DEPLOYMENT SCHEDULE 

First Commercial Service: 
Lead Time: 
Unit Life: 

PRINCIPAL DEPLOYMENT FACTORS 

Technological: . 
Resource: 
Regionality: 
Environmental: 
Institutional: 

COST AND PERFORMANCE DATA 

Capital Cost ($/kW): 
O&M Cost (/kWh)*: 
Heat Rate or Efficiency: 
Capacity Factor: 

Intermediate 
Oil or natural gas 
Available 

Current 
3 years 
30 years 

Well suited for intermediate-load use 
Uses premium fuels 
None 
Emissions 
Fuel Use Act restrictions . 

380-470 
0.2-0.3 
8,700-7,600 Btu/kWh (annual average) 
40 percent (typical) 

Note: High capital cost and low heat rate are for residual oil use in an advanced 
design potentially available in the late 1980's. 

*Operation and Maintenance Cost (cents per kilowatt-hour). 
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TABLE 4-10 

Summary Assessment of Coal Gasification/Combined-Cycle 

TECHNOLOGY: Coal Gasification/Combined-Cycle 

Load Type: 

Fuel: 
Status: 

DEPLOYMENT SCHEDULE 

First Commercial Service: 
Lead Time: 
Unit Life: 

PRINCIPAL DEPLOYMENT FACTORS 

Technological: 

Resource: 
Regionality: 
Environmental: 

Institutional: 

COST AND PERFORMANCE DATA 

Capital Cost ($/kW): 
O&M Cost (t/kWh)*: 
Heat Rate or Efficiency: 
Capacity Factor: 

Base/intermediate (likely to be mostly 
base loaded in study time-frame) 

Coal 
Demonstration unit planned 

1990 
5 years 
30 years 

Lack of experience with integrated 
system control, gas cleaning 
equipment design 

Large 
None 
Emissions,.but lower than conventional 

coal units; waste disposal 
-- 

900 ±75 
0.5 
9,250 Btu/kWh (annual average) 
65 percent (typical) 

*Operation and Maintenance Cost (cents per kilowatt-hour). 

4-17 



TABLE 4-11 ,  

Summary Assessment of Fluidized Bed Combustion (Atmospheric) 

TECHNOLOGY: Fluidized Bed Combustion (Atmospheric)  

Load Type: 	 Base/intermediate (likely to be mostly 
base loaded in study time-frame) 

Coal 
Pilot 

DEPLOYMENT SCHEDULE 

Fuel: 
Status: 

First Commercial Service: 
Lead Time: 
Unit Life: 

PRINCIPAL DEPLOYMENT FACTORS 

Technological: 

Resource: 
Regionality: 
Environmental: 

Institutional: 

COST AND PERFORMANCE DATA 

Capital Cost ($/kW): 
O&M Cost (/kWh)* : 

 Heat Rate or Efficiency: 
Capacity Factor: 

1992 
5-6 years 
30 years 

Requires further development and 
demonstration 

Large 	 - 
None 
Emissions, but lower than conventional 

coal units; waste disposal 

800 -1100 
0.8 
9,800 Btu/kWh 
65 percent (typical) 

*Operation and Maintenance Cost (cents per kilowatt-hour). 

4-18 



(See note) 

5;000-6,500 Btu/kWh 

TABLE 4-12 

Summary Assessment of Cogeneration 

TECHNOLOGY: Cogeneration 

Load Type: 	 Base/intermediate (likely to be mostly 
base loaded) 

Fuel: 	 Oil, coal, or wastes 
Status: 	 Available 

DEPLOYMENT SCHEDULE 

First Commercial Service: 	Current 
Lead Time: 	 -- 
Unit Life: 	 20 years 	\ 

PRINCIPAL DEPLOYMENT FACTORS 

Technological: 	 Project-specific (see Section 3.2.4.5) 
Resource: 	 Limited for oil use; coal use difficult 

except for large generators 
Regionality: 	 Largest potential in industrialized 

regions 
Environmental: 	 Emissions 
Institutional: 	 Ability of smaller generators to 

cope with regulatory requirements 

COST AND PERFORMANCE DATA 

Capital Cost ($/kW): 
O&M Cost (e/kWh)*: 
Heat Rate or Efficiency: 
Capacity Factor: 

Note: Excess electricity sold to utilities at a price based on utilities' avoided 
cost of generation. 

*Operation and Maintenance Cost (cents per kilowatt-hour). 
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TABLE 4-13 

Summary Assessment of Solar Thermal Power 

TECHNOLOGY: Solar Thermal Power 

Load Type: 
Fuel: 

Status: 

DEPLOYMENT SCHEDULE 

First Commercial Service: 
Lead Time: 
Unit Life: 

PRINCIPAL DEPLOYMENT FACTORS 

Technological: 

Resource: 
Regionality: 

Environmental: 

Institutional: 

COST AND PERFORMANCE DATA 

Capital Cost ($/kW): 
O&M Cost (t/kWh)*: 
Heat Rate or Efficiency: 
Capacity Factor: 

Intermediate/fuel-saver 
None in steam system with storage; 

distillate fuel oil for backup 
combustor in hybrid gas turbine 

Pilot 

1995-1997 
5-7 years 
30 years 

Substantial heliostat cost reduction 
required 

Large; best in Southwest 
Initial deployment likely to be 

concentrated in the Southwest 
Handling and disposal of system 

fluids and wastes leading to water 
contamination; alteration of micro-
climate; large quantities of land 
required; ecological impacts of 
heliostat fields 	. 

May be adversely impacted by changes 
in the Federal budget 

1,700-2,000 
0.4-0.6 
-- 
30-50 percent 

*Operation and Maintenance Cost (cents per kilowatt-hour). 
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800-1,000 
1-3 percent per year of initial investment 

20-45 percent 

'TABLE 4-14 

Summary Assessment of Wind Power 

TECHNOLOGY: Wind Power 

Load Type: 
Fuel: 
Status: 

DEPLOYMENT SCHEDULE 

First Commercial Service: 
Lead Time: 
Unit Life: 

PRINCIPAL DEPLOYMENT FACTORS 

Technological: 

Resource: 
Regionality: 

Environmental: 
Institutional: 

Intermediate/fuel-saver 

Demonstration 

1986-1988 
2-3 years 
20-30 years 

Requires cost reduction through mass 
production and further development 

Large 
Best wind resources in Northeast, 

Appalachia, Great Plains, and areas 
of the West Coast 

Aesthetics; noise 
Siting may be a factor 

COST AND PERFORMANCE DATA 

Capital Cost ($/kW): 
O&M Cost (/kWh)* :  
Heat Rate or Efficiency: 
Capacity Factor: 

Note: Capital costs are based on a rated wind speed of about 30 mph. Effective 
capability of large arrays ranges from about 35 percent rated capacity 
to under 10 percent, depending on design and location. 

*Operation and Maintenance Cost (cents per kilowatt-hour). 
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TABLE 4-15 

Summary Assessment of Tidal Power 

1 

TECHNOLOGY: Tidal Power 

Load Type: 
Fuel: 
Status: 

DEPLOYMENT SCHEDULE 

First Commercial Service: 

Lead Time: 
Unit Life: 

PRINCIPAL DEPLOYMENT FACTORS 

Technological: 
Resource: 
Regionality: 
Environmental: 
Institutional: 

COST AND PERFORMANCE DATA 

Capital Cost ($/kW): 
O&M Cost (t/kWh)*: 
Heat Rate or Efficiency: 
Capacity Factor: 

Intermediate/fuel-saver 

Available 

1990 (but operation in United States 
before 2000 is unlikely) 

6-12 years 
50+ years 

None 
Limited 
Only potential sites in Maine and Alaska 
Similar to hydroelectric 

2,300-3,500 (project-specific) 
0.2 

24-48 percent 

*Operation and Maintenance Cost (cents per kilowatt-hour). 
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TABLE 4-16 

Summary Assessment of Wood-Fired Powerplant 

TECHNOLOGY: Wood-Fired Powerplant 

Load Type: 

Fuel: 
Status: 

DEPLOYMENT SCHEDULE 

First Commercial Service: 
Lead Time: 
Unit Life: 

PRINCIPAL DEPLOYMENT FACTORS 

Technological: 
Resource: 
Regionality: 

Environmental: 

Institutional: 

COST AND PERFORMANCE DATA 

Capital Cost ($/kW): 
O&M Cost (t/kWh)*: 
Heat Rate or Efficiency: 
Capacity Factor: 

Base/intermediate (substantial portion 
likely to be base loaded in study 
time-frame) 

Wood, biomass wastes 
Available 

Current 
3-5 years 
30 years 

None significant 
Substantial 
Most concentrated potential in northern 

tier states and Southeast 
Emissions; wood harvesting requires 

large land areas; potential erosion 
problems. 

1,500 ±200 
0.5-1.0 
14,500 Btu/kWh 
65 percent (typical) 

*Operation and Maintenance Cost (cents per kilowatt-hour). 
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Reference**  

Section 3.2.3.2 
Table 3-2 

Section 3.2.3.6 

Available in all regions; best capac- 	Section 3.2.3.7 
ity factors in the Southwest 

Technically possible in all regions; 
due to need for direct insolation, 
initial deployment will be concen-
trated in the Southwest 

Technically possible in all regions; 
best wind resources in the Northeast, 
Appalachia, Great Plains States, and 
portions of California and Washington 

Potential sites limited to Maine and 
Alaska 

Section 3.2.4.6 

Section 3.2.4.7 

Section 3.2.4.8 
Figure 3-4 

TABLE 4-17 

Regional Availability of Alternative Supply Technologies* 

Technology  

Compressed Air 

Hydroelectric 

Solar Photovoltaic 

Solar Thermal 

Wind 

Tidal 

Regional Availability 

Available in all regions; potentially 
constrained by geology in portions of 
the East Coast, Southeast (especially 
Florida), Great Lakes, Southwest, and 
West Coast 

Available in all regions; greatest 
potential in the Pacific Northwest, 
with substantial potential in the 
Northeast, West Virginia, Kentucky, 
Tennessee, Arkansas, and California 

Wood, Other 	 Available in all regions; most con- 
Biomass 	 centrated potential in North (West, 

Central, and East) and South 
Atlantic regions 

Section 3.2.4.9 

*Other Categories A and B supply technologies are, or will potentially be, available 
in all regions. 

' **See also Appendix B. 
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TABLE 4-18 

Potential Contribution of Categories A and B 

Alternative Supply Technologies 

(in gigawatts (GW)a) 

Installed 	Net Additions Above 1980 Level (GW) 
Technology 	 1980 	1985 	1990 	1995 	2000 

Utility Thermal 	 , 
Storageb 	 0 	0 	0 	0 	0 

Compressed Aire 	 0 	0 	0-1 	1-3 	2-6 

Advanced Batteriese 	 0 	0 	0 	0-2 	1-5 

Combustion Turbines 	(48) 	(2) 	(3) 	(2-3) 	(0-3) 

First-Generation Fuel 
CelLs 	 0 	0 	0-1 	1-3 	1-7* 

Hydroelectric 	 (65) 	(4) 	(6-7) 	(7-8) 	(8-10) 

Solar Photovoltaic d 	 0 	0 	0-1 	2-4 	6-15 

Oil Plant Conversione 	-- 	(8) 	(16) 	(19) 	(22) 

Combined-Cycle f 	 (8) 	(1) 	(2-3) 	(3-5) 	(3-.5) 

Coal Gasification/ 

Combined-Cycle 	 0 	0 	0 	1-5 	10-25* 

Fluidized Bedg 	 0 	0 	0 	2-10 	20-60* 

Cogeneratione 	 5 	2-5 	3-10 	4-15 	5-20* 

Solar Thermalh 	 0 	0 	0 	0-1 	1-2* 

Wind 	 0 	1 0 	0-1 	1-2 	3*-6 

Tidal 	 0 	0 	0 	0 	0 

Wood, Other Biomasse 	. 0 	0 	1 	2 	4* 

*Derived from: Annual Report to Congress, Volume Three: Projections,  DOE/EIA-
0173(79)13, Energy Information Administration, U.S. Department of Energy, 
Washington, D.C. (1980). 
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TABLE 4-18 (cont'd) 

aThe estimates in this table are uncertain and should only be used with caution. 
This is particularly true for new technologies since it has been assumed that 
commercialization schedules will be met. The estimates are not generally 
additive since some technologies will be in competition with others. 

bNot including storage at solar thermal powerplants. 

cHighly uncertain since the technology is not yet commercialized. The Energy 
Information Administration has not forecast storage capacity, and a literature 
review did not yield any other penetration forecasts. . 

dA substantial portion of this would be in decentralized nonutility applications; 
assumes DOE cost targets are met. Effective capability would be on the order of 
35 percent of installed (peak) capacity. 

eA substantial portion of this is likely to be operated as base loaded. 

fA portion of this may be repowered to coal gasification/combined-cycle. 

gWould displace new conventional coal units; likely to be dispatohed as base loaded 
through the study time-frame. 

hHigh end of range is from Electric Power Research Institute (EPRI) Report No. 
EPRI ER-978. Effective capability would range from around 40 percent of 
installed capacity, to 20 percent or less. 
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4.2 COMPARATIVE ASSESSMENT OF PUMPED STORAGE AND ALTERNATIVES  

This section presents a comparison of pumped storage facilities and the 

Categories A and B supply technology alternatives. For each technology, the 

potential environmental issues and the constraints imposed by institutional/ 

regulatory, economic, and physical factors are identified in a matrix. The matrix 

(Figure 4-1) was developed to compare and contrast the significant issues associat-

ed with each technology. The issues are rated to indicate the following: 

• The potential environmental impacts associated with each technology 

• The potential institutional/regulatory impacts on each technology 

• The impact of economic characteristics (of each technology) on peaking 

applicability 

• The physical constraining factors that either limit the availability of 

sites or limit the use of the technology as a peaking system. 

The potential issues were rated for each technology using a relative scale. 

Those issues unlikely to have impacts are rated as of no concern, while those that 

have potential large-scale impacts are rated a major concern. Potential limited or 

indirect impacts are rated as of moderate concern. It should be emphasized that 

this matrix is intended to show a relative ranking between technologies. Since the 

characteristics of each technology may be more clearly defined and quantified 

when site-specific and technology-specific alternatives are developed, the relative 

rankings will probably change. For instance, pumped storage is likely to have a 

very significant effect on the water quality of a small, previously free-flowing 

stream, but it is likely to have a negligible effect on the water quality of an 

existing, large, well-mixed lake. 

The following section compares the natural resources required for pumped 

storage and for the alternatives. A general understanding of these characteristics 

assists in developing the comparative assessment. This section is followed by a 

discussion of the four major issues rated in the matrix. 

4.2.1 Natural Resources 

When comparing the resources required for pumped storage with those 

required for alternative technologies, some striking contrasts are revealed. The 

natural resources that should be considered can be broadly categorized as land, 
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water, air, and other resources. . The contrasts are discussed in the following 

paragraphs. 

Pumped storage projects may use an enormous ,  land surface area. Due to the 

nature of the technology, i.e, two reservoirs, a total land area of from 500 to 

10,000 acres may be required for a conventional pumped storage system of 

1,000-MWh with the head varying between 300 and 1,000 feet (Public Service 

Electric & Gas Co., 1976). The area required for the reservoirs decreases as head 

and/or reservoir depth increases. For underground pumped storage, the surface 

area needed for reservoirs may be reduced by at least one-half the area required 

for a conventional facility with the same head. 

The other energy storage alternatives—utility thermal storage, compressed 

air, and advanced batteries--generally need less than 2 percent of the land surface 

area required for a conventional pumped storage facility of equal capacity. 

However, the other energy storage alternatives may need less than 10 percent of 

the land area required for an underground pumped storage facility of equal 

capacity. Although wood-fired plants require a significant land area for wood 

farming operations, none of the alternative energy generating facilities of equal 

capacity, except possibly conventional hydroelectric systems, are likely to need 

nearly as much land area as conventional pumped storage. 

The use of water resources may be categorized as water consumed and water 

needed during operation. Depending on the technology, these quantities may be 

very different. Although relatively little water is consumed by pumped storage 

facilities (i.e., losses due to seepage and evaporation), large quantities of water are 

required during operation. The alternatives that use water for cooling and/or 

heating purposes consume some water but do not require quantities comparable to 

pumped storage needs. Conventional hydroelectric plants are the only alternative 

that uses .significantly more water resources from both categories than does 

pumped storage. 

Air resources are used by some alternatives to assimilate noise or combustion 

waste emissions. Pumped storage facilities use this resource only in an indirect 

way--namely, if combustion units produce the base power used for pumping. This 

may be considered rather insignificant, since the end result is to equalize air 

pollutant emissions throughout the day rather than concentrate emissions during 
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peak power generation, as is the case for combustion units used for peaking 

purposes. 

Probably the only other natural resources of great concern are oil and natural 

gas. Pumped storage has a rather limited potential to deplete either and again, it 

is dependent upon the source of pumping energy. If oil- or natural gas-consuming 

electrical generating systems are used, a rather moderate consumption may be 

expected. However, if oil- or natural gas-consuming peaking systems are used , 
instead, the depletion of oil or natural gas is more significant due to the 

inefficiency of these systems operating as peakers. 

4.2.2 Physical Constraints  
_ 

As indicated in Figure 4-1, major physical constraints such as geologic, 

topographic, and siting factors limit the availability of pumped storage sites. 

Conventional pumped storage systems need topographic conditions that provide a 

suitable potential head between upper and lower reservoirs. Geologic conditions 

are also important, especially for underground pumped storage systems. Conse-

quently, the siting of reservoirs near load demand centers is not always possible. 

There may be certain regions of the country where there are no suitable potential 

sites. 

Some alternatives with significant siting constraints require certain geologic 

and/or topographic conditions. The solar-related (solar photovoltaic and thermal) 

and wind technologies need minimal cloudy periods or optimal wind conditions. 

Wood and other biomass systems need favorable conditions for the production of 

biomass near the plant. Therefore, many of these alternatives are limited to 

certain regions of the country (see Table 4-17). 

The remaining alternatives have moderate or no concerns with respect to the 

availability of sites. This flexibility allows them to be located relatively close to 

load demand centers, thus reducing the need for transmission facilities and related 

impacts. 

The other physical constraints listed on Figure 4-1, i.e., turnaround and 

starting times, operational complexity, maintainability, useful life, and potential 

for expansion, may limit the use of any particular technology as a peaking system. 

Pumped storage has some clear advantages is is evident from Figure 4-1. Probably 

its only disadvantage is that it is not easily expanded, unless provisions for 

expansion are incorporated into the original design. 

1 
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4.2.3 Economic Considerations  

When comparing pumped storage to its alternatives it must be noted first 

that pumped storage is not an identical alternative, and the comparison will not be 
a 

strictly between alternatives. Pumped storage is a form of supply-side energy 

storage without energy addition. It thus functions as supply-side thermal storage 

and storage batteries do; it differs from compressed air storage in that energy is 

added in the latter. It differs from fossil sources of peaking energy in regard to 

the amount of energy originally generated and the time at which it is generated. It 

is similar in many respects to demand-side thermal storage, or to the effects of 

load management, but differs in that the efficiency of pumped storage is likely to 

be lower and in the time of delivery of the energy. Pumped storage differs from 

reduction in load by more efficient energy utilization (sometimes called conserva-

tion) in that pumped storage provides energy whereas conservation enables the 

consumer to do without it. Thus simple comparisons in terms of dollars per 

kilowatt of capacity or dollars per kilowatt-hour of energy may not always tell the 

whole story needed for the assessment. / 

Among the factors favoring pumped storage economically is the fact that the 

technology is well known. There is virtually no risk that the project, when 

completed, will be unable to operate substantially as designed. . 

Among the factors unfavorable to pumped storage is the long construction 

time as compared to alternatives. During this time construction costs and the cost 

of money may escalate greatly, so that the total project cost exceeds what would 

have been thought acceptable at its inception. Another disadvantageous factor is 

that pumped storage operations may occur over large areas accessible to the 

public, and may therefore be more subject to damage suits, interruptions due to 

environmental problems (real or claimed), and other problems less likely to occur if 

all operations were conducted within areas wholly under utility control. (Our 

concern in this section is only to note that these matters have possible economic 

results.) 

When comparing operating costs* of pumped storage with those of alterna-

tives, it must be remembered that although the operating cost of the pumped 

*Note: In this section the term "operating cost" is used to signify the sum of the 
costs of fuel, operation, and maintenance. 
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storage plant is very low, the operating cost of the plant providing the energy for 

pumping will probably not be low. Moreover, since the round-trip efficiency of 

pumped storage is about 72 percent, the source of pumping energy must generate 

about 139 percent (the reciprocal of 72 percent) of the energy finally delivered. If 

pumped storage is to be economically more attractive than an alternative peaking, 

plant, then the carrying charges on the pumped storage plant must not exceed 

those on the alternative by more than the operating costs of the alternative exceed 

139 percent of the operating costs of the pumping energy source; or: 

Carrying charge for pumped storage plant 

+ 	139 percent of operating cost of pumping energy source 

- 	Carrying charge for alternative peaking plant 

+ 	Operating cost for alternative peaking plant 

But this scheme implicitly assumes that a base-load plant to provide the pumping 

energy is already in place and paid for. If it is necessary to provide new or 

additional base-load capacity to provide energy to operate the pumped storage, 

then the carrying charge for this new or additional capacity must be added to that 

for the pumped storage plant. 

The capital costs of pumped storage plants are, as noted elsewhere in this 

report, highly dependent on the individual site. It seems reasonable to assume that 

only sites at which costs are competitive will be considered. There appear to be a 

sufficient number of these to meet all needs (see Section 4.3.2). As will be noted 

again in Sections 4.3.1 and 5.5, the construction of new generating plants of any 

type is proceeding very slowly at the time of this writing (mid-1981) because of the 

high interest rates utilities must pay on bonds and the low prices (relative to book 

value) at which they can sell stock. In this respect, pumped storage is now 

experiencing the same problems as other technologies. However, the relative 

attractiveness of alternatives will vary as financing costs vary. When financing 

costs are high, alternatives with low capital but possibly higher operating costs will 

be preferred. When financing costs are low, alternatives with high capital and low 

operating costs will be chosen. 

To conclude this section we repeat the cost estimates given in Sections 3.3 

and 4.1 in a different format in Table 4-19. 	 s 
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TABLE 4719 

'Comparison of Cost Data 
„ 

Operation . 	 and 
Maintenance 

	

Capital cost 	 Cost 
Technology 	 ($/kW) 	 (t/kWh)  

Utility Thermal Storage 	 85-200 	 N/A 

Compressed Air Storage 	 270-480 	 0.2 

Advanced Storage Batteries 	400-700 	 0.15-0.25 

Combustion Turbines 	 215-250 	 0.3 

First-Generation Fuel Cells 	400-700 	 0.4-0.5 

Hydroelectric 	 500-2,000 	 -- 

Solar Photovoltaic 	 1,100-1,800 	 0.1-0.3 

Combined-Cycle 	 380-470 	 0.2-0.3 

Coal Gasification/ 
Combined-Cycle 	 825-975 	 0.5 

Atmospheric Fluidized Bed 	700-900 	 0.8 

Solar Thermal Power 	 1,700-2,000 	 0.4-0.6 

Wind Power 	 800-1,000 	 0.1-0.3 

Tidal Power 	 2,300-3,500 	 0.2 

Wood-Fired Powerplant 	 1,300-1,700 	 .5-1.0 

- Customer Thermal Storage 	 75-150 	 N/A 

Load Management 	 100-250 	 0.1 

Pumped Storage 	' 	 500-2,000 	 -- 
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4.2.4 Environmental Issues 

A quick review of Figure 4-1 reveals that pumped storage has a potential 

moderate to major environmental impact in most areas of concern. However, no 

significant air quality and groundwater impacts are likely. A conventional 

hydroelectric system is the only alternative with potential for widespread impacts 

of similar magnitude, and there are two reasons for this phenomenon—namely, the 

large-scale use of land and water resources. 

As previously mentioned, pumped storage systems characteristically use 

relatively large land areas in comparison with all other alternatives except, 

perhaps, conventional hydroelectric systems or wood-fired plants. Consequently, 

the potential impact on land use, terrestrial ecology, and aesthetics is great. 

Obviously, the potential magnitude will be a function of existing conditions; for 

example, the use of an existing reservoir or lake as part of the pumped storage 

system is likely to lessen these impacts to some degree. 

The large-scale use of water resources is another characteristic common to 

both conventional hydroelectric and pumped storage systems. Thus, water quality 

and aquatic ecology impacts are potentially significant. Again, existing conditions 

will dictate the magnitude of these impacts. A site with a large, well-mixed lake, 

such as the Ludington pumped storage powerplant where Lake Michigan serves as 

the lower reservoir, can significantly lessen impacts on water quality and aquatic 

ecology (Liston, 1977). 

Underground pumped storage systems have the potential to have significantly 

fewer environmental impacts than those associated with conventional pumped 

storage. Land and water resource use is characteristically less; consequently, the 

magnitude of land use changes, aesthetic alteration, habitat modification, and 

water quality change is proportionately reduced. 

Pumped storage systems may produce significant beneficial or desirable 

environmental effects when compared to the alternatives. These could include: 

• Supplying energy without air pollution, especially if pumping energy is 

supplied by a nonemitting base power source such as a nuclear plant 

• Reducing the rate of consumption of natural gas and oil resources, 

especially if pumping energy is supplied by a base power source such as 

a coal-fired plant 
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• Providing a means to control both floods and draughts 

• Increasing fishery resources 

• Providing additional recreation and park facilities. 

The most significant differences between environmental impacts associated 

with the alternatives and those associated with pumped storage are the potential 

air quality impacts resulting from the combustion of fossil fuels. Sulfur emissions 

from these systems have the potential to produce acid rain, resulting in secondary 

impacts on water quality and aquatic ecosystems. The acid rain phenomenon is 

especially significant for conventional coal combustion units, since they have the 

potential to produce sulfur emissions 2 or 3 times greater than those produced by 

oil- or natural gas-fired plants. Thus the oil plant conversion alternative has a 

- potentially significant aquatic ecology impact. 

Wood-burning plants also have potentially significant air quality impacts. In 

addition, erosion, resulting from large-scale wood-farming operations, has a 

potential significant water quality/aquatic ecology impacts Also, large land areas 

are required; thus the potential land use impact may be significant. 

As indicated in Figure 4-1, the remaining alternatives have mainly moderate 

or no potential environmental impact. Moderate air quality or water quality/ 

aquatic ecology impacts were assigned to alternatives with potentially limited air 

pollutant emissions or thermal water pollution discharges, respectively. Alterna-

tives requiring significant land area were assigned moderate to major ratings for 

potential land use, terrestrial ecology, and aesthetic impacts. Potential major 

sound quality impacts were associated with the compressed air and wind alterna-

tives only. 

The potential human impacts, such as those on historical and archaeological 

sites, were not included in the matrix. Although any alternative may have a 

significant impact, these types of impacts are generally site specific. 

4.2.5 Institutional/Regulatory Issues 

The regulatory issues listed in Figure 4-1 may be characterized as environ-

mental and/or operational regulations. The environmental regulations probably 

have the most significant impact on siting powerplants whereas the operational 

regulations affect day-to-day operating procedures and costs. 
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The major environmental laws and regulations include: National Environ-

mental Policy Act of 1969 (NEPA); Clean Air Ac t of 1970, 1977 (CAA); Clean 

Water Act of 1972, 1977 (CWA); Water Resources Planning Act; Wild and Scenic 

Rivers Act of 1968; Fish and Wildlife Coordination Act of 1958; and some state 

laws and regulations. These laws and regulations might affect the siting of a 

powerplant. The CAA, CWA, and some state laws and regulations may also affect 

powerplant operations through a permitting program. These and some additional 

site-specific Federal environmental laws and regulatory guides affecting siting of 

powerplants are listed in Table 4-20. 

As is evident from Figure 4-1, the technologies with potentially significant 

environmental impacts are similarly affected by the environmental regulations 

designed to protect environmental resources. Since pumped storage and conven-

tional hydroelectric systems can have large-scale environmental impacts (as 

discussed previously), they are potentially affected to a similar degree by corequi-

site environmental regulations. Thus the major difference between pumped storage 

systems and the alternatives is the negligible impact of air quality regulations and 

the significant impacts of water and land resources related regulations. 

The significance of impacts resulting from environmental laws and regula-

tions is probably best understood by comparing two similar projects, one developed 

prior to 1970, and the other after 1970 when several environmental laws and 

regulations had been established (see Table 4-19). The Blenheim-Gilboa and 

Breakabeen-Prattsville projects are examples. As previously discussed in Chapter 

2, the projects were located in the same watershed. The Blenheim -Gilboa project, 

initiated prior to 1970, consisted of the construction of two reservoirs and an 

aboveground powerhouse; it required 10 months to obtain license approval and start 

construction. In contrast, it has been 7-1/2 years since license applications were 

submitted for Breakabeen, and approval is still uncertain. Estimated construction 

costs have increased from $397,800,000 to $497,588,000. The delay has occurred 

for environmental reasons even though the Prattsville project uses an existing 

reservoir, has an underground powerhouse, and is in a less sensitive area with 

regard to historic and archeological impacts. A comprehensive site selection study 

and public participation program, such as the approach taken by PG&E during 

project planning for the Helms facility, can significantly reduce this impact. 

Plant safety and health regulations are potential moderate impacts for nearly 

all technologies. Major impacts are possible for the solar photovoltaic technology, 
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TABLE 4-20 

Environmental Laws and Regulatory Guides Affecting Siting of Powerplants 

cP 

Federal Laws, Executive Orders, 
Regulatory Guides  

Anadromous Fish Conservation Act of 1965 
Archaeological & Historical Preservation Act of 1974 
Archaeological Resources Protection Act of 1979 

Clean Air Act of 1970, 1977 
Clean Water Act of 1972, 1977 
Coastal Zone Management Act of 1972, 1976 
Endangered Species Act of 1973, 1979 • 
Federal Land Policy & Management Act of 1976 
Fish & Wildlife Coordination Act of 1958 
Floodplain Management (Executive Order 11988) of 1977 
Marine Mammal Protection Act of 1972 
Marine Protection, Research & Sanctuaries Act of 1972 
Migratory Bird Conservation Act of 1929 
Multiple-Use & Sustained Yield Act of 1960 
National Environmental Policy Act of 1969 
National Forest Management Act of 1976 
National Historic Preservation Act of 1966 

National Trails System Act of 1968 
Protection of Wetlands (Executive Order 11990) of 1977 

Rivers and Harbors Act of 1899 
Water Bank Act of 1970 
Wild & Scenic Rivers Act of 1968 
Wilderness Act of 1964 

Source: Modified from Dames & Moore et. al., 1980. 

Land/Oceans Species dc Cultural 
General  Air Water 	Use 	Habitats Resources  
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since exposure to toxic substances during the manufacturing of photovoltaic cells is 

a major concern. 

Institutional impacts on pumped storage and conventional hydroelectric 

systems are rather unique when compared to the alternatives. The potential 

impact results from a variety of possible development, ownership, and financing 

schemes which may involve several utilities, state government, and Federal 

government organizations such as the Bureau of Reclamation (formerly the Bureau 

of Land Management) and Corps of Engineers. In addition, a cost and benefit 

analysis is required if the project is Federally financed. 

Current regulations resulting from the Powerplant and Industrial Fuel Use 

Act of 1978 were not included in this discussion since they are presently under 

review and are likely to be significantly modified, if not abolished. 

4.3 FACTORS AFFECTING FUTURE DEVELOPMENT OF PUMPED STORAGE  

The future development of pumped storage will be affected by the competing 

technologies discussed in the previous sections. In addition to this competition, 

there are economic, physical, and environmental factors associated with pumped 

storage that are likely to significantly affect future development. These major 

factors are highlighted in the following sections. 

4.3.1 Economic  

The cost of operating a peaking plant for a year can be well approximated by 

the following relation: 

Annual Cost = (Capital Cost) x (Annual Carrying Charge Rate) 

+ ((Rated MW) x (Capacity Factor) + Losses) 

x (Fuel Cost, S/MWh + O&M Cost, $/MWh) x 8,760 hours 

This shows that the important economic parameters are: 

Original cost 

Financing costs (Carrying Charges) 

Output energy (Rating x Capacity Factor) 

Fuel cost 

Efficiency 	(Losses) 

All of these are important factors affecting the development of pumped storage. 

(The operating and maintenance costs are usually not large contributors.) How 
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costs for pumped storage compare with costs for alternatives will determine the 

future development of pumped storage. 

The original capital cost or investment in a pumped storage plant will depend 

on its site, and only sites that have competitive costs will be considered 

(Section 4.2.3). Surveys of suitable sites (Section 4.3.2) suggest that an ample 

number of such sites exist. Whether pumped storage remains competitive depends 

on how costs of pumped storage plants (now largely land and construction costs) 

vary in relation to costs of alternative capacity, especially energy storage systems 

(largely mechanical and electric equipment). 

- Although the cost of money affects all types of generating plants, its effect 

is greatest on plants with the highest capital cost per unit capacity. At present the 

high cost of financing capital has brought new plant construction to its lowest level 

for several years. However, if financing costs come down, those technologies with 

the highest unit capital costs will benefit most. Thus with reference to Table 4-19, 

it would seem that utility thermal storage, consumer thermal storage, and com-

pressed air storage (if developed successfully) would stand to benefit more than the 

average pumped storage site if finance charges fall. 

The maximum feasible capacity factor for a pumped storage plant using the 

same rotor for pumping and generating is of the order of 30 to 35 percent. This far 

exceeds the 17 percent allowed for oil-burning peaking plants, or the 15 percent 

estimated in -Tables 4-2 and 4-3 for alternative energy storage. On the other hand, 

it is not as good as alternative coal or wood-fired plants, and only about the same 

as some solar and wind plants in good locations. The output energy of the pumped 

storage plant could be increased, assuming that pumping power is available, by 

supplying a bigger pumping than generating unit. The capacity factor would not 

seem to be a limiting factor in pumped storage development. 

A major determinant of pumped storage development, however, is demand 

growth. In Section 5.0 we show the supportable pumped storage demand under 

three growth scenarios with and without load management. The range of values at 

the end of this century is 149,969 to 17,161 MW or more than 8 to 1 (Table 5-5). 

Probably the most significant determinant of the future development of 

electric energy storage systems in the United States will be fuel cost. Energy 

storage systems--and especially pumped storage--are widely regarded as the 

natural concomitants to base-load coal-fired or nuclear plants as a means of 
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reducing the national dependence on imported oils or even scarce domestic oil. So 

long as the cost per unit of energy from coal or nuclear fuel is much below that of 

oil (as it is of this writing in mid-1981), construction of pumped storage is 

encouraged. Indeed, in New England the cost differential between Fuel Oil #6 and 

the grades used in oil-fired peaker plants has been enough to justify operating oil-

fired steam plants to furnish pumping energy for pumped, storage. Should discovery 

of large reserves of oil bring its price down to that of coal or nuclear generation, 

the attractiveness of any energy storage scheme, including pumped storage, would 

lessen or disappear. This is especially so since all storage systems involve an 

energy loss in operation, and this loss must be supplied by burning more of 

whatever fuel is being used. • 

The round-trip efficiency (defined as the product of pumping efficiency and 

generating efficiency)' of a pumped storage system is now typically 70 percent or 

so. Although research and development may improve this somewhat, a sizeable 

improvement of, say, 5,0 percent is obviously impossible. Similarly, other energy 

storage technologies are about equally efficient. On the other hand, the present 

low efficiencies of solar, wind, and wood-fired plants seem to offer opportunities 

for improvement. This would seem in the long run to diminish somewhat the 

potential for pumped storage development. 

4.3.2 Physical  

The major physical factors affecting the future development of pumped 

storage systems relate to siting constraints and operating characteristics. The 

operating characteristics are probably the most significant factors that encourage 

pumped storage development, whereas siting constraints may limit the available 

sites within an area or region. 

Pumped storage systems are easy to operate and have relatively quick 

turnaround and starting' times. These characteristics make pumped storage 

extremely reliable, .and consequently pumped storage systems are an attractive 

method of providing spinning reserve capacity for emergency responses in addition 

to peak power. This in fact was part of the rationale for development of the 

Blenheim-Gilboa plant (see Chapter 2) and most other pumped storage systems. 

The most significant siting constraints relate to topographic and geologic 

conditions. Conventional pumped storage systems preferably require a head 

greater than 700 feet due to the cost versus head relationship. Topographic 
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conditions also determine reservoir shape and area, dike length, and water conduit 

length between reservoirs. Excavation for additional. components of pumped 

storage systems are affected by topography. Geologic factors will determine 

reservoir bottom sealing needs to reduce 'seepage losses and will affect tunneling 

costs. All these factors may have a critical impact on project cost. 

Underground pumped storage systems are significantly affected by geologic 

and groundwater conditions although topography is not as significant. A sound 

stratum of several hundred or possibly thousands of feet below the ground surface 

is required and must be favorable for removal by mining techniques. Obviously 

groundwater conditions must be such that the lower reservoir will not refill 

significantly during pumping operations. 

It appears that there are very few regions or areas where siting constraints 

may significantly affect the future development of pumped storage systems. 

Studies of potential pumped storage sites have been done to determine the capacity 

available from conventional systems. Tables 4-21 and 4-22 summarize _these data 

by region (see Figure 4-2); Figure 4-3 indicates areas of the United States where 

geologic conditions are especially favorable for underground pumped storage. 

Pumped storage operational characteristics also should encourage future 

development. 

More detailed economic and environmental analyses ,of the potential sites, 

however, probably will reduce the potential conventional capacity available. For 

example, the Potomac Electric Power Company (PEPCO) studied available pumped 

storage sites in an area 80 to 120 miles west and northwest of Washington, D.C. 

After screening an initial list of 100 potential sites, 19 sites were chosen for a field 

survey. Ten sites, each with a potential capacity in excess of 2,000 MW, were 

considered acceptable based on the field survey, which was conducted to assess 

costs, construction problems, transmission routes, and environmental impacts. 

However, 'since the sites were not close to the PEPCO service area, long 

transmission lines were required. Construction of the transmission lines would 

have undesirable environmental impacts; therefore, these sites were dropped from 

consideration, and the company began an investigation of nearby areas suitable for 

underground pumped storage. . 
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TABLE 4-21 

Estimated Availability of Pumped Storage Sites 

Region  

New England 

Middle Atlantic 

East North Central 

West North Central 

South Atlantic 

East South Central 

West South Central 

Mountain 

Pacific 

Alaska and Hawaii 

Availability of 

Pumped Storage Sites (MW)  

> 9,250 

19,830 - 26,440 , 

17,340 - 26,010 

6,920 - 10,380 

25,890 - 34,520 

16,840 - 21,050 

5,970 - 11,940 

>12,350 

>27,000 

360 - 	540 

Source: Modified from Public Service Electric and Gas Company, 1976. 

E.% 

4-42 



TABLE 4-22 

Estimated Capacity of Pumped Storage Systems 

Federal 
Or 

Licensing 	Identified 
Operating 	Projected 	Status 	Potential 

	

Region 	(MW) 	(MW) 	(MW) 	(MW)  

1 	 4,430 	2,000 	1,400 	49,400a  

2 	. 	-- 	 -- 	 -- 	 -- 

3 	 3,186 	3,775 	 -- 	1,405d 

4 	. , 2,622 	1,216 	3,000 	8,589 d 

5 	 299 	 -- 	 730 	 -- 

6 	 623 	 200 	5,020 	650,000b 

7 	 1,612 	2,155 	 -- 	341,100c  

Note: 	Not all regions have been studied for potential sites. Region 
2 is probably the only region where there are no potential 
sites. 

Sources: aPublic Service Electric and Gas Company, 1976. 
bU.S. Army Corps of Engineers, 1972. 
cFederal Power Commission, 1975. 
dU.S. Army Corps of Engineers, personal communication. 

4-43 



-"I' • 

irol_ 

—` t 

• see 

I 	il 
I. 

	

f------------. _1 	 ,.) 	.--- ,./ .,,,.., 

	

! 	L 

	

, 	... rd> 
,L--------A ‘2' 

NORTH CENTRAL 
: 	 1 	v 

 i 

..----r---f 	j 
t. r  

Y.,. ' ‘,... 	i 	/ 	"y 
(..  

Y-1.  

	

i 	1  
! 	1 i ' 

	

i 	i 	© 1 ,._ 	i 	/ 

	

1 	SOUTH CENTRAL ! 
1 

	

...1 	 1 	/ 
\ 	L. • 

? 	0 

•_ I 

I 
 

i() 
\ 

L. 

a 

-j 
\ / 

PACIFIC SOUTHWEST 

. 1. 

1. e 

• •.••••■ 

PACIFIC NORTHWEST 

•..ROCKY MOUNTAIN i 

• •■■• ■••••■ • 1=•.••■•■■ • ••••• • Wm.. • ••••••: 

"
-1-1".  

L%.5) 
SOUTHEAST • 

0 

f 	• 

. NORTHEAST.d 

.4T 

yoga 

UNITED STATES 
FLORIDA 	Scal. 01 Myles 

	.5_2?  		
FIGURE 4-2 

REGIONS OF THE U.S. 



; 

AREAS WHERE SITE SELECTION 
REQUIRES CAREFUL GEOLOGIC 
INVESTIGATION 

SPECWC AREAS OFFERING SITING 
OPPORTUNITIES WITH HIGH DEGREE 
OF CONFIDENCE 

SUITABLE ROCK TOO DEEP OR DEPTH 

OF UNSUITABLE MATERIAL TOO GREAT 

5 
a 
3 
e 
e 
11,  
E o o 
a — 

FIGURE 4-3 
GEOLOGIC SITING OPPORTUNITIES -UHPS 

SOURCE Charles T Main. Inc.. 1978. 
1 FROM ACRES AMERICAN STUDY 3 AND PUBLIC SERVICE ELECTRIC AND GAS STUDY 2, TABLE 5-1) 



4.3.3 Environment  

The major environmental factors affecting the future development of pumped 

storage systems relate to the natural resources that may or may not be altered 

during construction and operation. As is the case for most energy producing 

technologies, pumped storage has both environmental advantages and disadvan-

tages. The importance of these factors must be judged in relationship to the 

specific needs and alternatives available to meet those needs. 

The negligible air quality impacts of pumped storage can be a significant 

asset in regions in which the degradation of air is an issue. Similarly, areas 

requiring flood control or storage reservoirs for water supply may be amenable to 

pumped storage systems. Provisions to increase fishery resources and additional 

recreation and park facilities can also become an environmental asset. The 

Blenheim-Gilboa plant in New York is a good example (see Chapter 2). The project 

established a fish population in the reservoirs, and recreational facilities such as a 

visitors' center, swimming pools, boathouses, boat launching camps, and picnic 

areas. An historic farm complex was preserved and restored and has become a 

major information, education, and scientific center. 

Major negative environmental factors affecting the future development of 

pumped storage systems relate to land use changes and changes in the hydraulic 

and hydrologic conditions of water resources. Potential impacts on land use, 

aesthetics, terrestrial habitats, water quality, and aquatic ecosystems may pre-

clude development. Environmentally sensitive areas are often site specific, but 

some general characteristics are easily identified. 

The environmentally sensitive areas are the same areas commonly excluded 

from conventional hydroelectric development. These include: national or state 

parks; designated wild or scenic river reaches; wilderness or primitive areas; areas 

that provide habitats for endangered species; and areas containing sites of 

archeologic or historic significance. In two studies that identified potential 

pumped storage sites, the site selection process excluded sites based on the first 

three criteria (Federal Power Commission, 1974; U.S. Army Corps of Engineers, 

1976). 

The Prattsville project in New York (see Chapter 2) provides an example of 

an environmentally sensitive area. It has been estimated that operation of the 

project would alter the downstream temperature regime. Destratification of the 
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lower reservoir during summer operations would increase temperatures down-

stream, possibly damaging trout habitat. Consequently, due to environmental 

opposition, construction of the project is uncertain. 

Potential pumped storage sites that minimize environmental impacts may 

include the use of sites with existing reservoirs or large lakes. Since the land area 

required for the development can be greatly reduced, the land use changes can be 

minimized. Consequently, aesthetic impacts and the reduction in terrestrial 

habitats may also be reduced. Where a large, existing, well-mixed lake or reservoir 

is used, water quality changes with resultant impacts on aquatic life may be 

diminished. 

The Helms project stands out among the other pumped storage projects (see 

Chapter 2). It was constructed in an environmentally sensitive area--namely, 

within the Sierra National . Forest and about one mile from the Jon Muir Wilderness 

Area. However, environmental impacts were significantly reduced since two 

existing reservoirs were utilized. 

The development of underground pumped storage systems may have a similar 

effect in reducing environmental impacts. Additionally, since these systems are 

not dependent upon topographic conditions to provide an adequate potential head, 

they may be located closer to the load demand center, reducing the need for 

transmission systems and their resultant environmental impacts. The major 

negative environmental factors are a result of the disposal of large quantities of 

excavated rock material, mineralization of water, transfer of lower rock body heat 

to the upper reservoir during pumping, and potential eutrophication in reservoirs. 

Groundwater and geologic conditions will be a major siting factor, and as is the 

case for Florida, may exclude certain areas or regions of the country from 
consideration. 

The future development of pumped storage will probably be significantly 

affected as a result of the environmental factors. Planning efforts are frequently 

protracted, and actual construction may be uncertain during this time-frame. It 

appears that the natural 'tendency of the utilities is to move toward less capital-

intensive alternatives that require less arduous planning efforts. 
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5.0 ESTIMATE OF FUTURE DEMAND FOR PUMPED STORAGE 

AND ITS ALTERNATIVES 

5.1 INTRODUCTION  

. 	Up to this point, the thrust of this report has been to define the character- 

istics of pumped storage and its alternatives, and no estimates on the extent to 

which new capacity would be needed to meet future peak demand have been 

presented. The purpose of the following discussion, therefore, is to quantify, in 

megawatts, the regional demand for pumped storage or its alternatives between 

now and the end of the century. To do this, a special-purpose computer program 

using regional data on the installed and planned electric generating systems in the 

United States has been developed. The program is used to estimate, for the various 

assumed growth rates, the amount of additional pumped storage or its alternatives 

that will be needed over the next 20 years. 

Specifically, estimates are developed for the maximum pumped storage 

capacity that could be required, as well as for the estimated supportable pumped 

storage energy and unsited base capacity needed in conjunction with pumped 

storage. For the purposes of this analysis, maximum pumped storage capacity is 

defined to mean the maximum amount of megawatt capacity that would be 

obtained from the use of these pumped storage facilities. In this context, 

maximum is taken to mean enough additional pumped storage capacity to meet any 

future requirement for stored energy. Similarly, the estimated supportable pumped 

storage energy simply means the number of gigawatt-hours produced by this 

estimated additional pumped storage generation. In like manner, estimates of 

unsited base capacity represent the additional base capacity needed to support the 

estimated demand for electricity, which at this point could be termed unplanned 

generation expansion projects. This estimate includes not only unsited base 

capacity required to support pumped storage development, but all yet unsited base 

capacity required to meet total system load projections. Similar estimates are 

developed for such needed additional capacity as would be available from new 

technologies other than pumped storage. 

In the analysis reported in the previous chapters of this report, it was shown 

that a combination of technological, geographical, environmental, and institutional 

factors govern the future availability of peaking generation capacity. As will be 

obvious from the analysis reported in this section, for even the minimum future 
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peaking capacity requirements forecast herein, sufficient capacity to meet 

projected demands will be available only when substantial further additions of 

conventional pumped storage, gas- or oil-fired turbines or other peak storage 

technologies are developed. 

Over the long run, the degree to which additional pumped storage capacity 

(or its technological alternatives) is added to the nation's electrical generating 

systems will be the result of a complex set of interactions between a number of 

constantly changing economic, demographic, and physical factors. Today, the most 

important of these factors are economic--in particular, the current troubled 

condition of the national economy. Nationwide, demand for new generating 

capacity has been strongly impacted by inflation and high interest rates. In 

addition, regional generation fuel mixes (with origins in earlier economic and 

environmental action); the future availability and cost of fuel; and the local rate of 

population growth and business activity have influenced the demand and type of 

new generating capacity developed. Eabh of these factors will be examined later 

in this chapter. 

To determine the impact of these factors, an economic "stacking dispatch" 

methodology was developed to forecast the need for future base-load and peaking 

capacity additions, including pumped storage. In this method, a series of regional 

demand forecasts are assumed. These forecasts range from a low average annual 

compound growth rate of 2.6 percent to a high average annual compound growth 

rate of 4.4 percent for the continental United States. Demand growth rates are 

projected on a regional basis for both base-load and peaking energy. The computer 

program compares these demands, on a year-by-year basis, with the availability of 

existing capacity and with previously announced.  forecasted (or planned) capacity 

additions. If the announced or planned capacity expansion plans are inadequate to 

meet the assumed demand, the computer program computes the needed base-load 

and peaking capacity additions necessary to maintain area reliability. As will be 

explained in more detail, however, although the load growth assumptions for the 

computations are identical, the fuel generation additions that result differ accord-

ing to whether pumped storage or an alternative technology is used to provide 

peaking power. 

Various scenarios, consisting Of different run conditions, were used to 

determine the future development of pumped storage capacity and alternative 

capacity technologies. The scenarios are listed in Table 5-1. Briefly, the potential 
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TABLE 5-1 

Scenarios 

Pumped storage capacity and alternative capacity technologies were forecast 

under each of the three demand projections (Projection II, Median, and Dames & 

Moore) for each of the supply conditions below. 

I. 	Base-Load Shape 

A. Utility-Announced Retirements Schedule 

1. After coal steam 

2. After oil steam 	. 
3. After all other fuel types 

, 	B. 	Generic Retirement Schedule 

1. After coal steam 

2. After oil steam 

3. After all other fuel types 

II. Load Management Techniques 

A. Utility-Announced Retirement Schedule 

1. After coal steam 

2. After oil steam 

3. After all other fuel types 

B. Generic Retirement Schedule 

1. After coal steam 

2. After oil steam ' 

3. After all other fuel types .  
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for, pumped storage capacity development was assessed under the three load growth 

forecasts described above. Existing plant capacity was retired under two separate 

schedules--utility announced retirements, as reported by the National Electric 

Reliability Council (NERC), and generic retirements based strictly on the age of a 

generation unit. Sources of generating electricity were ordered with the most 

economical source dispatched to generate electricity first and the least economical 

source of generation last. Pumped storage was dispatched under three scenarios of 

dispatch order--after oil steam, after coal steam, and last. For instance, pumped 

storage dispatched after oil steam assumes pumped storage is less economical in 

generating electricity than oil steam but more economical than gas combined cycle 

generation. (Table C-1 in Appendix C shows the initial dispatching order used in 

the analysis). The impact of the economic ordering of pumped' storage was 

assessed under each scenario. The effects of load management on future pumped 

storage capacity development were also examined. Each run condition and its 

results are described in detail in this chapter. As will be seen from a careful 

examination of the results, the level of assumed future demand growth, the 

assumed source of power to drive pumped storage, and the fuels that pumped 

storage will displace when dispatched to meet demand loads are all crucial 

determinants of future pumped storage capacity development. 

These elements have not been selected capriciously. Their choice has its 

roots in the current ability of the industry to built future capacity; this choice 

process has been modelled and given an analytical and predictive basis. To 

illustrate this basis, a financial analysis has been developed in which the present 

and future costs to the consumer are calculated for a variety of pumped storage 

and peaking mixes. As will be seen from the results, the future mixes that are 

likely to be used will be determined by existing regional generation mixes and the 

relative costs and availability of fuels for conventional base-load and peaking 

generation technologies. It will be seen that existing regional generation mixes are 

partly the result of recent changes in regional growth rates. In many parts of the 

country, as fuel prices have risen (particularly in oil- and gas-burning regions), 

predicted loads have failed to develop, and the generation systems were left with 

excess capacity already in the construction pipeline. 

Therefore, as a first step toward understanding the impact of the need for 

new pumped storage, a detailed historical analysis of regional electricity demand 

will be developed in conjunction with a description of the three load growth 
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forecasts used in the analysis (Section 5.2). Thereafter, the analysis of pumped 

storage is presented for each region and scenario (Section 5.3); the implications of 

and reasoning behind the regional results are closely examined and discussed; and 
finally, a description of the regional computer program is provided (Section 5.4). 

These sections are followed by a financial analysis of the cost calculations that 

support the choice basis used in the computer program (Section 5.5). 
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5.2 REGIONAL ELECTRICITY DEMAND  

5.2.1 Determinants of Demand  

Three basic factors affect the demand for electricity: the price charged for 

it, the Nation's level of economic activity (the gross national product), and the 

number and types of customers that use electricity. Over the long run, charges for 

electricity are simply the result of the cost of production factors; the cost of the 

system used to generate it, and the cost of the management skill needed to operate 

the enterprise. Since the electric utility industry is a regulated monopoly, 

profitability does not play a major role in determining the current cost of 

electricity but acts instead to attract future investment to the firms. The price of 

electricity, therefore, is primarily the result of the cost of capital and fuel. 

Regions of the country where utilities generate electricity from expensive 

fuels such as oil and gas have seen electricity demand falter because of large price 

increases. New England is an example of such a region. Growth in the demand for 

electricity in New England has fallen sharply since the 1973 OPEC oil embargo and 

shows no signs of returning to the level of growth experienced before that period 

anytime in the next decade. And even regions that have had an abundance of 

electricity are facing drastic changes in demand. The Pacific Northwest and 

Rocky Mountain regions are both heavily hydro based. Since hydroelectric 

generation is one of the least expensive means of producing electricity, demand 

growth rates in these regions characteristically have been high and electricity has 

been inexpensive. Today, however, the Pacific Northwest and Rocky Mountain 

regions are experiencing difficulty in obtaining permission to build new generating 
, 

facilities, and the price of electricity has risen to a rate more reflective of prices 

in the rest of the country. Should these two factors continue, growth in the rate of 

demand will be constrained. 

With respect to the second factor (level of economic activity) that affects 

electricity demand, the size of the population to be served and the kinds of 

manufacturing and service industries that provide employment to that population 

must be taken into account. Since manufacturing and service industries vary 

greatly in their use of electricity, heavily industrial regions will require more 

electricity than more rural areas. This fact is particularly relevant in capital-

intensive industries (such as those in the Central Industrial region) as opposed to 

the more labor-intensive industries of the Southeast. Since the price of electricity 
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and these demographic factors will interact for every region of the country, in the 

long run, if the price of electricity changes radically, both its per capita use and 

the industrial attractiveness of any particular region could be affected. 

The number and types of customers that use electricity--the third factor-- 

also influence the demand for electricity, and in any industrialized region of the 

country that demand will be closely linked with business cycles. In an economic 

environment that is stable over the long run, the ups and downs of these cycles 

balance out to an underlying growth rate, and fOr most analytical purposes it is this 

underlying rate that is important. However, during the last two decades, several of 

the more dramatic economic events have been those business cycles that were 

closely intertwined with sharp price increases in OPEC oil. These cycles have 

become guideposts to future demand growth rates because they so graphically 

illustrate the changes in the before and after electricity use. rates. Indeed, an 

examination of regional demand during this time supports this proposition. The 

structural use of electricity changed because oil price increases affected both the 

overall economy and the cost of generating electricity from oil burners. The 

growth rates resulting from these business cycles, then, are watershed events in 

the forecasting of regional demand for electricity. The Central Industrial and 

Middle Atlantic regions, both prime contributors to the gross national product, are 

- examples of regions where the underlying rate of demand growth has been declining 

since 1974. « 

5.2.2 Analysis of Past Demand  

Any economic forecast of future events must accommodate the past, 

rationalize the present, and provide a smooth transition into the future. This is 

particularly true for electric energy forecasting. Because of the turbulence and 

nature of the events of the 1970's (because growth rates were so different at the 

end of the decade as compared to the beginning), it is therefore crucial that this 

period be carefully analyzed for clues and reasons for changes. In the analysis that 

follows, historical demand has been extensively scrutinized. 

Two purposes have been served. First, for each business cycle and region for 

which there is data, the succession of maximum and minimum growth rates are 

evaluated; these rates provide evidence as to the long-term direction of the 

„underlying regional growth. Second, as will be noted, the regional cyclical changes 

. of growth rate correspond at the same frequency, and peak and trough, at almost 
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the identically same time (because of the efficiency of the national economy). The 

result is that when a relative price change occurs to electricity in a specific region 

(for example, because oil or gas prices go up in regions where that fuel is the major 

energy source), the peak or trough of a business cycle shows up as having achieved 

a new high or low energy use rate. These cycles are identified (for example, in 

New England in 1974 and 1978) in the following analysis. . 

Both business cycles and regional cyclical changes in growth rates are used to 

ratify a new view of future regional growth rate. In the data and discussion that 

follow, such an analysis is developed. From these the Dames & Moore regional 

growth rates are assumed. In the following discussions, both overall growth rates, 

business cycle effects, and regional restructuring are examined. First, electricity 

sales and their relationship with the business cycle are examined. 

Fluctuations in the demand growth patterns of electricity sales (Exhibit 1) 

reflect a strong correlation with swings in the business cycle. Between 1957 and 

1980, the business cycle experienced five major troughs (1958, 1961, 1970, 1974, 

1980) and five major peaks (1957, 1960, 1969, 1973, 1977). The plot of electricity 

demand growth in Exhibit 1 closely emulates these major troughs and peaks. Since 

electricity is a major input into the production of goods and services in the 

economy, any slowdown in the production of goods due to economic conditions is 

immediately reflected in the sale of electricity. Thus, the business cycle is a 

major determinant of the demand for electricity. 

In contrast, the regional analysis is more complicated. To illustrate this, 

patterns of electricity demand growth for each of the seven composite regions are 

presented in Exhibits 3 through 11. Although the general patterns reflect the 

national business cycle, the magnitude of fluctuations and cycling depends on the 

electricity demand base (i.e., residential, commercial, industrial), the type of fuel 

base, and the region's relative influence on the U.S. economy. Regions with one or 

more of these characteristics in common display similar demand growth patterns. 

The New England (Exhibit 3), Mid-Atlantic (Exhibit 4), and Central Industrial 

(Exhibit 5) regions experienced similar electricity demand growth rates during the 

1957 to 1980 period. These regions have a large industrial and commercial demand 

base and therefore have a substantial influence on the United States business cycle. 

As evident in the exhibits, the regions exhibited major fluctuations in the growth 

pattern indicative of the recessions and recoveries occurring between 1957 and 
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1963. Growth remained steady until 1972 when the economy dipped into a 
recession. The 1974-1976 recession is evident in the three regions' demand growth 

patterns. The New England and Mid-Atlantic regions experienced steady growth 
rates after the oil embargo, although a slight decreasing trend in the underlying 
rate of growth has occurred in . the post-embargo years. The Central Industrial 
region, on the other hand, was still experiencing a great deal of fluctuation in 

demand growth after the 1975 recovery period, and the magnitude of these 

fluctuations throughout the 1957 to 1980 period was greater than in the other 

geographical regions (negative rates of growth occurred in 1959, 1975, and 1980). 

One cause of the Central Industrial region's low demand growth in 1980 has been 

the slump in U.S. automobile manufacturing. Electricity is a major factor in 

automobile production, and the recent sales downturn in the industry has resulted 
in lower rates of growth in electricity demand. There are no indications that the 
underlying growth rate in demand will deviate from its present downward trend. 

The economic variables driving the demand forecast on its present path (e.g., gross 

national product, inflation, production of domestic automobiles) show little indica-

tion of changing dramatically in the next few years. The forecasts presented by 

Dames & Moore reflect this sustained downward trend in the underlying growth 

rate. It is unlikely, in view of recent history, that the Median and Projection II 
growth rates will occur. 

Demand growth rates in the Southeast region (Exhibit 6) were not greatly 

affected by events in the economy between 1957 and 1963. Although growth rates 

did decline substantially in 1959, the magnitude of the fluctuations after 1959 

remained relatively stable until 1973; since then, growth rate fluctuations have 

been of a much larger magnitude. As in the regions discussed above, the underlying 
rate of demand growth has declined since 1970. We see no reason to suspect a 
reversal of this trend. The South's sufficient supply of relatively inexpensive labor 
will continue to restrain any extensive increase in capitalization that may have 
resulted from the industrialization occurring in the South. The lower forecast of 
demand growth for the region advocated by Dames & Moore reflects the historic 
trend. 

, 	The Pacific Northwest (Exhibit 7) and South Central (Exhibit 8) regions' 

demand growth fluctuated consistently throughout the 1957 to 1980 period. Only 

the years 1964 through 1969 display somewhat stable growth rates. The Pacific 

'. 	Northwest experienced negative rates of growth in 1959, 1978, 1980, and 1981. In 

5-9 



contrast the South Central region experienced a major increase in the rate of 

growth during 1962 and 1963, resulting from a substantial amount • of new 

industrialization occurring in the South as industries relocated there to take 

advantage of lower labor costs. The demand growth patterns of these two regions 

reflect the most encouraging growth in the United States. The Pacific Northwest 

shows a slightly upward trend beginning in 1975, while the South Central region 

displays the standard downward trend in demand growth. In the past, the Pacific 

Northwest's industrial development has been enhanced by the supply of inexpensive 

hydroelectricity used as a production input. Recently, however, the Pacific 

Northwest utilities have been forced to increase their prices to a level more 

reflective of the rest of the country due to capacity constraints. Hence, it is 

reasonable to assume a slowdown in the rate of demand growth in this region as the 

price of electricity continues to rise. 

The West Central region (Exhibit 9) maintained relatively stable rates of 

growth in demand between . 1957 and 1980. Although the major business cycle 

fluctuations noted above do appear in its demand growth patterns, the magnitude 

of the fluctuations are not as dramatic as those occurring in other regions, possibly 

because the region is primarily an agriculturally-based economy. Usually, this type 

of economy will be somewhat affected by national recessions and expansions, but 

not to the same extent as an industrially- or commercially-based economy. The 

region has been affected by the recent 1979-1980 recession, which resulted in 

slightly negative .  growth rates. Peaks in demand growth occurred at relatively the 

'same level throughout the period. While the oil embargo of 1973 did not change 

the level of the demand growth peaks, it did result in a lowering of the underlying 

growth rate. We see no indication that the underlying rates of growth will be 

reversed. This trend is reflected in the Dames & Moore forecast. 

In the Rocky Mountain (Exhibit 10) region, demand growth rates have fluc-

tuated to a greater extent than in any other region except the Pacific Northwest. 

The underlying growth rate, however, has been relatively stable throughout the 

period, probably because the region's major industry is mining, which has little 

impact in determining business cycles. The Pacific Southwest region (Exhibit 11) 
. , 	. 

displayed a definite declining trend in its demand growth rates from 1957 to 1980. 

Negative rates of growth occurred during 1974, 1975, and 1976. For the mostpart, 

all other regions show similar declining growth rates after 1974 with the exception 

of the Pacific Northwest, West Central, and South Central regions. Both regions 
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display a decisive downward trend in the rate of demand growth. The Pacific 

Southwest region has met with considerable constraints on capacity development 

and as a consequence, has discouraged further commercial and industrial develop-

ment through increases in the price of electricity. Both regions are forecast to 

retain their downward trends in the rate of demand growth as reflected in the 

Dames & Moore forecast. 

As can be seen from the analysis, the regional rate of demand growth is 

closely related to the national business cycle, particularly in areas where the 

regional economy is a significant component of the national economy. Regional 

differences in commerce and industry determine the magnitude of the fluctuations 

in regional demand growth as demand growth follows the business cycle: Hence, 

regional demand growth analyses based on business cycle analyses prove useful in 

the development of future regional demand growth. 

5.2.3 Demand Forecasts  

Three scenarios of demand growth are incorporated into the pumped storage 

analysis. The Corps of Engineers has requested that two demand growth scenarios 

presented in the study, "The Magnitude and Regional Distribution of Needs for 

Hydropower," July 1980, be used in conjunction with our analyses. The Projection 

II figures, presented as Table 5-2, give an average annual compound growth rate of 

3.4 percent for total energy demand between the years 1978 and 2000. Growth is 

expected to be largest in the Florida region, followed by the Arizona-New Mexico 

region. The lowest overall growth projection is forecast for the Mid-Continent 

Area Reliability region. Growth in the New England, New York, Mid-Atlantic and 

East Central regions is projected to be somewhat higher between 1985 and 1990 

than between 1978 and 1985. All growth rates are expected to remain constant 

between 1990 and 1995, but at a slightly lower rate than during the previous 

decade. 

The second scenario for demand growth requested by the Corps of Engineers 

was the Median Projection (Table 5-3). The Median Projection is the median 

forecast represented by Projections I, II, and III in the aforementioned study. The 

Median Projection forecasts an average annual demand growth rate of 4.4 percent, 

and the projections generally are higher than the Projection II growth rates. The 

lowest demand growth rate region is projected to be the Mid-Atlantic, while the 

Florida and Arizona-New Mexico regions are projected to have the highest rates. 
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TABLE 5-2 

Hydroelectric Pumped Storage Analysis Projections 
of Energy Demand Growth 

Projection II 

NERC Region* 	1978-1985 	1985-1990 	1990-1995 	1995-2000 

NEPOOL 	 3.3% 	 3.5% 	 3.3% 	 3.3% 

NYPP 	 2.8 	 3.4 	 3.3 	 3.3 

MAAC 	 3.0 	 3.4 	 3.3 	 3.3 

Florida 	 5.3 	 4.1 	 4.1 	 4.1 

Southern 	 3.8 	 3.7 	 3.2 	 3.2 

TVA 	 3.9 	 3.8 	 3.3 	 3.3 

VACAR 	 4.0 	 4.1 	 3.6 	 3.6 

ECAR 	 3.2 	 3.4 	 3.2 	 3.2 

MAIN 	 3.1 	 3.3 	 3.2 	 3.2 

MARCA 	 3.1 	 3.1 	 3.0 	 3.0 

SPP 	 3.6 	 3.2 	 3.0 	 3.0 

ERCOT 	 4.1 	 3.8 	 3.4 	 3.4 

RMPA 	 4.3 	 3.6 	 3.3 	 3.3 

NWPP 	 3.8 	 3.3 	 3.1 	 3.1 

AZNM 	 5.0 	 4.1 	 3.6 	 3.6 

SCNV 	 3.8 	 3.7 	 3.4 	 3.4 

NCNV 	 4.2 	 3.9 	 3.4 	 3.4 

*NEPOOL = New England; NYPP = New York; MAAC = Mid-Atlantic Area; Florida; 
South Central; TVA = Tennessee Valley Authority; VACAR = Virginia-The 
Carolinas; ECAR = East Central; MAIN = Mid-Atlantic; MARCA = Mid-Continent; 
SPP = Southwest; ERCOT = Texas; RMPA = Rocky Mountains; NWPP = Northwest; 
AZNM = Arizona-New Mexico; SCNV = Southern California-Nevada; NCNV = 
Northern California-Nevada. 
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TABLE 5-3 

Hydroelectric Pumped Storage Analysis Projections 
of Energy Demand Growth 

`Median Projection 

NERC Region* 	1978-1985 	1985-1990 	1990-1995 	1995-2000 

NEPOOL 	 5.2% 	 3.3% 	 3.1% 	 3.6% 

NYPP 	 2.8 	 3.4 	 3.3 	 3.3 

MAAC 	 3.6 	 2.9 	 3.0 	 3.0 

Florida 	 6.3 	 4.8 	 4.1 	 4.1 

Southern 	 6.2 	 4.6 	 4.6 	 3.8 

TVA 	 5.9 	 3.7 	 3.1 	 2.6 

VACAR 	 6.0 	 5.6 	 4.3 	 4.2 

ECAR 	 4.5 	 4.6 	 4.5 	 3.5 

MAIN 	 4.7 	 4.3 	 2.9 	 3.9 

MARCA 	 5.0 	 4.5 	 3.7 	 3.6 

SPP 	 5.4 	 4.6 	 3.7 	 3.6 

ERCOT 	 4.9 	 4.8 	 4.7 	 4.6 

RMPA 	 6.3 	 5.0 	 4.0 	 3.9 

NWPP 	 5.5 	 4.3 	 3.9 	 3.9 

AZNM 	 6.9 	 5.6 	 4.3 	 4.2 

SCNV 	 3.8 	 3.7 	 3.4 	 3.4 

NCNV 	 4.2 	 3.9 	 3.4 	 3.4 

*NEPOOL = New England; NYPP = New York; MAAC = Mid-Atlantic Area; Florida; 
South Central; TVA = Tennessee Valley Authority; VACAR = Virginia-The 
Carolinas; ECAR = East Central; MAIN = Mid-Atlantic; MARCA = Mid-Continent; 
SPP = Southwest; ERCOT = Texas; RMPA = Rocky Mountains; NWPP = Northwest; 
AZNM = Arizona-New Mexico; SCNV = Southern California-Nevada; NCNV = 
Northern California-Nevada. 
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The third scenario for demand growth was devised by Dames & Moore 

(Table 5-4). These rates of growth are substantially lower than those projected by 

the other forecasts. The annual average compound growth rate between 1979 and 

1999 is expected to be 2.6 percent. The Rocky Mountain and Arizona-New Mexico 

regions are projected to be the fastest growing energy regions, while the New 

England and New York regions are projected to have the lowest rates of growth 

• between 1978 and 1999. 
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TABLE 5-4 

Hydroelectric Pumped Storage Analysis Projections 
of Energy Demand Growth 

Dames & Moore Projection 

NERC Region* 	1978-1985 	1985-1990 	1990-1995 	1995-2000  

NEPOOL 	 1% 	 1% 	 1% 	 1% 

NYPP 	 1 • 	 1 	 1 	 1 

MAAC 	 2 	 2 	 2 	 1 

Florida 	 4 	 3 	 3 	 3 

Southern 	 2 	 2 	 2 	 2 

TVA 	 3 	 3 	 2 	 1 

VACAR 	 4 	 4 	 3 	 2 

ECAR 	 2 	 3 	 2 	 2 

MAIN 	 3 	 4 	 3 	 3 

MARCA 	 4 	 4 	 3 	 . 3 

SPP 	 4 	 3 	 3 	 2 

ERCOT 	 4 	 3 	 3 	 2 

RMPA 	 5 	 4 	 3 	 3 

NWPP 	 3 	 3 	 2 	 2 

AZNM 	 5 	 4 	 3 	 3 

SCNV 	 2 	 2 	 1.5 	 1.5 

NCNV 	 2 	 2 	 1.5 	 1.5 

*NEPOOL = New England; NYPP = New York; MAAC = Mid-Atlantic Area; Florida; 
South Central; TVA = Tennessee Valley Authority; VACAR = Virginia-The 
Carolinas; ECAR = East Central; MAIN = Mid-Atlantic; MARCA = Mid-Continent; 
SPP = Southwest; ERCOT = Texas; RMPA = Rocky Mountains; NWPP = Northwest; 
AZNM = Arizona-New Mexico; SCNV = Southern California-Nevada; NCNV = 
Northern California-Nevada. 
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5.3 REGIONAL FORECASTS OF PUMPED STORAGE OR ALTERNATIVE PEAK-
ING CAPACITY  

In the analysis that follows, the need for pumped storage or alternative 

peaking capacity is calculated. The forecast horizon is 1981 through the turn of 

the century. A series of demand-supply scenarios for each region were computed 

using an economic dispatch computer program. The important variables in the 

calculations were demand growth rates, rates of retirement for existing generating 

capacity, assumptions about fuels used to power pumped storage, and fuels 

displaced by new pumped storage. 

The calculated results for the different scenarios vary significantly in 

accordance with the three demand scenarios. The growth rates most likely to 

result under the current economic environment are those forecast by Dames & 

Moore. An evaluation of the three demand forecasts was presented in 

Section 5.2.3. 

As will be shown, even for the lowest growth rates projected, prospects are 

dim for achieving estimated required amounts of pumped storage in the current 

economic setting. Severe shortages of peaking capacity are probable in the early 

1990's—even under these low-growth forecasts. Unless the financial and economic 

environment confronting the utilities improves, the need for peaking capacity by 

1995 may have grown to levels that are clearly unsupportable in terms of current 

construction plans. A detailed analysis of the results and implications of these 

forecasts follows. 

5.3.1 Overview of Results 	 . 

Based on our analysis (and on economic reasoning and previous history), the 

actualization of the following combination of conditions is most likely to bring 

about pumped storage capacity development: (1) DaMes & Moore's load growth 

projections; (2) utility-announced retirements; (3) the dispatch of pumped storage 

after all other fuel types; and (4) load management techniques not presently in 

effect. A detailed description of each of these conditions and how they were 

derived appears in Section 5.3.2, but briefly, the choice of Dames & Moore's load 

growth projection was discussed . above, and utility-announced retirements are 

presented on the schedule of retirements compiled by NERC from utility reports 

(Table 5-9, p. 5-31). Utility plants probably will be maintained for longer periods 

of time than in the past since the capital costs of building a new plant are now so 
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high. The same rationale applies to the dispatch order of pumped storage; utilities 

will choose to operate the plants currently on line rather than replace them with 

new pumped storage plants, which have higher short-run capital costs although they 

are the most cost effective in the long run. In implementing load management 

techniques, by the year 2000 the capacity factor will be reduced by 10 percent 

(according to DOE); Dames & Moore, however,.considers this estimate to be too 

optimistic. 

The combination of this particular group of conditions results in an estimate 

of pumped storage capacity development for the continental United States of 

59,875 megawatts (MW) by the year 1999. It should be restated that this estimate 

does not consider the environmental, physical, and geographical factors that affect 

the development of pumped storage capacity. The estimated supportable pumped 

storage energy is 24,175 gigawatt-hours (GWh). 

Unsited base capacity development needed in conjunction with pumped 

storage capacity development is estimated at 8,478 MW in 1999. Table 5-5 is a 

summary- table of the future demand for pumped storage in the continental United 

States in 1999; maximum pumped storage development for each region is presented 

in Table 5-6; and detailed results are presented in Table 5-7. 

The ECAR-MAIN-MARCA composite region is estimated to have the great-

est potential for pumped storage capacity development, followed by the Southern-

TVA-VACAR composite region. The RMPA-NWPP composite region is estimated 

to have no potential for pumped storage development. These conclusions are based 

on various scenarios that alter the combination of the determinants. In our best 

judgment, the estimated potential as shown represents the maximum amount of 

pumped storage development possible for each region. A detailed description of 

the analysis that preceded our conclusions is presented below. 

Puerto Rico was not included in the DISPATCH calculations to assess the 

potential for pumped storage development in the United States. Although Puerto 

Rico has experienced power shortages, the lack of new capital prevents Puerto 

Rico from investing in new capacity. The current capacity in Puerto Rico is oil 

based. We believe it is unlikely that Puerto Rico can afford to finance either coal 

or pumped storage plants. Therefore, the potential for pumped storage develop-

ment in Puerto Rico is poor at best. 
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TABLE 5-5 

Summary Table for Future Demand 
Assessment of Pumped Storage 

Continental USA - 1999 

Projection H Median Projection 	Dames & Moore Projection 

Base Load 	Load Mgt. 	Base Load 	Load Mgt. 	Base Load 	Load Mgt. 
Shape 	Techniques 	Shape 	Techniques 	Shape 	Techniques 
(MW) 	(MW) 	(MW) 	(MW) 	(MW) 	(MW) 

Utility Announced Retirement 
Schedule 	 _ 

1. After coal steam 	 250,273 	143,412 	301,868 	178,498 	180,342 	105,812 

2. After oil steam 	 221,585 	121,960 	297,578 	172,999 	140,831 	79,957 

3. After all other fuel types 	149,969 	47,274 	223,234 	94,239 	59,875* 	17,161 

Generic Retirement Schedule 

1. After coal steam 	 254,484 	146,200 	301,868 	178,498 	188,376 	107,499 

2. After oil steam 	 245,545 	138,632 	301,868 	178,498 	165,484 	93,796 

3. After all other fuel types 	195,213 	81,564 	248,575 	122,275 	116,641 	41,370 

*Base Case Projection 



Continental United States 

Maximum Pumped 
Storage Capacity  

59,875 MW 1  

1,314 

0 

TABLE 5-6 

Maximum Pumped Storage Development 
by Region 

New England; New York; Mid-Atlantic 	 . 
(NEPOOL-NYPP-MAAC) 	 3,353 

Florida 	 5,254 
Southern; Tennessee Valley; Virginia- 

Carolinas (Southern-TVA-VACAR) 	 13,399 

East Central; Mid-America; Mid-Continent 
(ECAR-MAIN-MARCA) 	 35,981 

Southwest; Electric Reliability Council 
of Texas (SPP-ERCOT) 

Rocky Mountains; Northwest (RMPA-NWPP) 

Arizona-New Mexico; Southern California-Nevada; 
Northern California-Nevada (AZNM-SCNV-NCNV) 574 

1 

1Based on Dames & Moore's load growth projections, utility-announced retirement 
schedule, dispatch of pumped storage after all other fuel types, and load manage-
ment techniques not presently in effect. 
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Hydroelectric Pumped Storage Analysis 
Pumped Storage Forecast For - Continental U S A - 

Utility Announced Retirements Only 
Projection II 	 Median Projection 	 Dames & Moore Projection 

Pumped 	Pumped 	Unsited 	Pumped 	Pumped 	Unsited 	Pumped 	Pumped 	Unsited 
Storage Storage 	Base 	Storage 	Storage 	Base 	Storage 	Storage 	Base 
(GWH) 	(MW) 	(MW) 	(CWH) 	(MW) 	(MW) 	(OWH) 	(MW) 	(MW) 

Base Load Shape 

Pumped Storage Dispatched After Coal Steam 

1979 	96864 	99744. 	86072. 	96864. 	98744. 	86072. 	96864. 	98744. 	86072. 
1985 	122635. 	126717. 	82604. 	144853 	143327 	96339. 	110852. 	116567. 	71957. 
1990 	145342. 	153801. 	77863 	210766. 	189664. 	109048. 	117066. 	134382. 	50362. 
1995 	213868 . 201377. 	121069. 	329365. 	257212 	211963. 	151200. 	159873. 	68013. 
1999 	310282. 	250273. 	198812. 	392824 	301868. 	313158. 	141507. 	180342 	95425. 

Pumped Storage Dispatched After Oil Steam 

1979 	35888 	74180 	 0. 	35888. 	74180. 	 O. 	35888. 	74180. 	 O. 
1985 	47914. 	96496. 	 0. 	56692 	105515. 	1524. 	43706. 	89067. 	 O. 
1990 	60600. 	118071. 	 0. 	88454. 	138967 	1393. 	50046. 	102925. 	 0. 
1993 	117970. 	161018. 	8282. 	255418. 	229732. 	65204. 	60821. 	119765. 	 0. 
1999 	235174. 	221585 	58992. 	360249. 	297578. 	155275. 	91529 	140831. 	6925. 

Pumped Storage Dispatched Last 

1979 	1924. 	7455. 	 O. 	1924. 	7455. 	 O. 	1924. 	7455. 	 0. 
1985 	4756. 	18568. 	 0 	9052. 	30813 	260. 	3405. 	13754. 	 0. 
1990 	10429. 	35237 	5573. 	29864. 	65751. 	11943. 	5903. 	20740. 	 0. 
1995 	32753. 	90392. 	24688. 	125314. 	167501 	86685. 	11147. 	37309. 	305. 
1999 	96816. 	149969. 	81977. 	186622 	223234 	185698. 	24175. 	59875. 	8478. 

Load Management Load Shape 

Pumped Storage Dispatched After Coal Steam 

1979 	96864. 	98744. 	86072 	96864. 	98744 	86072. 	96864. 	98744. 	86072. 
1985 	99568. 	105969. 	81455. 	114712 	117059. 	94738. 	91743. 	100872. 	70703. 
1990 	99113. 	113153. 	75159. 	141045. 	137088 	104264. 	81079 	97267. 	44968. 
1995 	112064. 	123871. 	114633. 	204232. 	167238 	203403. 	89678. 	103018. 	63267. 
1999 	162426. 	143412. 	188512. 	221333. 	178498. 	301544. 	104178. 	105812. 	89141. 

Pumped Storage Dispatched After Oil Steam 

1979 	35888. 	74180. 	 0 	35888. 	74180 	 0. 	35888. 	74180. 	 O. 
1985 	38918. 	80806. 	 0. 	43932. 	88222. 	1330. 	36184. 	77290 	 0. 
1990 	40399 	86404. 	 0. 	53477 	97862 	847. 	35834. 	75648. 	 0 
1995 	57417. 	98610. 	6065. 	144607. 	142143. 	58709. 	35754. 	75941. 	 0. 
1999 	108311. 	121960. 	51743 	198057. 	172999 	143521. 	44213. 	79957. 	5634. 

Pumped Storage Dispatched Last 

1979 	1924 	7455 	 0 	1924 	7455 	 0. 	1924 	7455. 	 0. 
1985 	2004. 	8970 	 0. 	4375 	15640 	469 	1676 	7827. 	 0. 
1990 	2636 	9973 	 0 	10880 	27082 	2066. 	1904. 	7837. 	 0. 
1995 	6074 	23898 	6003 	53518 	73611. 	52114. 	2684 	11303. 	 0. 
1999 	' 22924 	47274 	37386. 	72311. 	94239. 	125785. 	. 4637 	17361 	4491 



Hydroelectric Pumped Storage Analysis 
Pumped Storage Forecast For - NEPOOL - NVPP - MAAC - 

Utility Announced  Retirements Only 
Projection IT 	 Median Projection 	 Dames & Moore Projection 

Pumped 	Pumped 	Unsited 	Pumped 	Pumped 	Unsited 	Pumped 	Pumped (Melted 
Storage Storage 	Base 	Storage Storage 	Base 	Storage Storage 	Base 
(GWH) 	(MW) 	(MW) 	(GWH) 	(MW) 	(MW) 	(GWH) 	(MW) 	(MW) 

Base Load Shape 

Pumped Storage Dispatched After Coal Steam 

1979 	27459 	21106. 	25573 	27459 	21106. 	25573. 	27459. 	21106. 	25573. 
1985 	33937 	26132 	26536. • 	35623. 	27372. 	29876. 	30131. 	23272. 	19853. 
1990 	39741 	30663. 	29051. 	41088. 	31619. 	31777. 	26572. 	24006. 	12943. 
1995 	47681. 	36792. 	40710. 	48782 	37537. 	42933. 	31130. 	26629. 	14006. 
1999 	55032. 	42464. 	54837 	56471. 	43440. 	57740. 	32703. 	27948. 	16542. 

Pumped Storage Dispatched After Oil Steam 

1979 	6534. 	12410. 	 0 	6534. 	.12410. 	 0. 	6534. 	12410. 	 O. 
1985 	8121. , 15355. 	 0 	8933. 	16090. 	 0. 	7193. 	13662. 	 O. 
1990 	10648 	19125 	 O. 	12787. 	20085. 	 O. 	6575. 	14706. 	 O. 
1995 	28348 	29402. 	4021. 	33457, 	31577. 	6573. 	7175. 	15956. 	 0. 
1999 	47224 	39557 	16223 	50835. 	41740. 	19125. 	8819. 	17936. 	 0. 

Pumped Storage Dispatched Last 

1979 	 0 	 O. 	 O. 	 O. 	 O. 	 O. 	 O. 	 O. 	 O. 
1985 	 0. 	 0. 	 0 	104. 	496. 	 O. 	 O. 	 O. 	 O. 
1990 	577. 	2752. 	1029. 	682. 	3251. 	1204. 	 O. 	 O. 	 O. 
1995 	4846. 	15074. 	7142. 	4888 	16047. 	10355. 	316. 	1507. 	305. 
1999 	8768 	23041. 	20513 	9343. 	24307. 	25354. 	703. 	3353. 	979. 

Load Management Load Shape 

Pumped Storage Dispatched After Coal Steam 

1979 	27459 	21106. 	25573 	27459. 	21106. 	25573. 	27459. 	21106. 	25573. 
1985 	28531. 	22176. 	26184. 	30021. 	23280. 	29524. 	23382. 	20009. 	19133. 
1990 	26871 	23055. 	27856. 	27947. 	23825. 	30565. 	15611. 	13483. 	8634. 
1995 	28025 	24306. 	38992. 	28804. 	24838. 	41194. 	18112. 	13823. 	11706. 
1999 	28802. 	25225. 	52614. 	29719. 	25857. 	55484, 	16831. 	12955. 	13904. 

Pumped Storage Dispatched After Oil Steam 

1979 	6534 	12410. 	 0 	6534 	12410 	 0. 	6534. 	1P410. 	 O. 
1985 	6784 	13014. 	 0. 	7112 	13668 	 O. 	5155. 	11730. 	 0. 
1990 	5969 	13689 	 0. 	6663 	14145 	 O. 	3655 	7451. 	 0 
1995 	14565 	19213 	3523 	18046. 	20123. 	5816. 	3454. 	7122. 	 0 
1999 	23664 	22374 	14063. 	27029 	24483 	16933. 	3172. 	6627. 	 0. 

Pumped Storage Dispatched Left 

1979 	 0 	 0 	 0 	 0 	 0 	 0. 	 0. 	 0. 	 0 
1985 	 0. 	 0 	 0 	 0 	 0 	 0. 	 0 	 0. 	' 	0 
1990 	 0 	 0 	 0 	 0. 	 0 	 0. 	 0 	 0 	 0. 
1995 	1074 	5119 	4138 	1033 	4927 	4094. 	 0 	 0. 	 0 
1999 	1548 	6570 	9592 	1526 	6518. 	9375 	 0 	 0. 	 0 

Table 5-7 (cont'd) 



Hydroelectric Pumped Storage Analysis 
Pumped Storage Forecast For - Florida - 

Utility Announced Retirements Only 
Projection II 	 Median Projection 	 Dames & Moore Projection 

Pumped 	Pumped 	Unsited 	Pumped 	Pumped 	Unsited 	Pumped 	Pumped 	Unsited 
Storage 	Storage 	Base 	Storage 	Storage 	Base 	Storage 	Storage 	Base 
(GWH) 	(MW) 	(MW) 	(GWH) 	(MW) 	(MW) 	(GWH) 	(MW) 	(MW) 

Base Load Shape 

Pumped Storage Dispatched After Coal Steam 

1979 	11300. 	9196. 	9973. 	11300 	9196. 	9973 	11300 	9196 	9973. 
1985 	17914. 	14289 	11809 , 17914 	14289 	11809 	14160. 	11525. 	9895. 

1990 	22884. 	18228. 	12392 	22884 	18228 	12392. 	16418. 	13361. 	7852 
1995 	27982 	22287 	18581. 	27982 	22287 	18581. 	19035 	15490 	11558 
1999 	32867. 	26176 	24511. 	32867. 	26176 	24511. 	21427. 	17435 	14944 

Pumped Storage Dispatched After Oil Steam 

1979 	2842. 	5419. 	 O. 	2842. 	- 5419 	 O. 	2842. 	5419 	 O. 
1985 	4505 	8419. 	 O. 	4505 	8419 	 O. 	3561. 	6791. 	. 0. 
1990 	5754 	10739. 	 0 	5754. 	10739 	 O. 	4129. 	7872. 	 0 
1995 	20029 	18137. 	2088 	20029 	18137. 	2088. 	4786. 	9126 	 O. 
1999 	32272. 	25856. 	8174 	32272. 	25856. 	8174. 	7246. 	10894 	 O. 

CP 	 Pumped Storage Dispatched Last 
I 
&D 	 1979 	 0 	 O. 	 O. 	 O. 	 0 	 O. 	 O. 	 O. 	 O. 
ba 	 1985 	289. 	1401. 	 0 	289. 	1401. 	 O. 	 O. 	 O. 	 0 

	

1990 	1364. 	4439. 	1653 	1364. 	4439 	1653. 	 O. 	 O. 	 O. 

	

1995 	5354. 	12496 	5625. 	5354. 	12496 	5625. 	232. 	1126 	 0 

	

1999 	9468 	17405. 	11926. 	9468 	17405. 	11926. 	1084. 	5254. 	373 
. 	 c. 

Load Management Load Shape 

Pumped Storage Dispatched After Coal Steam 

1979 	11300 	9196 	9973 	11300. 	9196. 	9973. 	11300. 	9196 	9973 

1985 	13588 	11118. 	11565 	13588 	11118 	11565. 	12489. 	10219 	9809 

1990 	15287. 	12628 	11978 . 	15287. 	12628 	11978 	12883. 	10643 	7674 

1995 	16751. 	13947 	17971 	16751. 	13947 	17971. 	13386. 	11146 	11269. 

1999 	17977 	15084. 	23702 	17977. 	15084 	23702. 	13767 	11553 	14548. 

Pumped Storage Dispatched After Oil Steam 

1979 	2842 	5419. 	 O. 	2842. 	5419 	 O. 	2842 	5419 	 O. 
, 

1985 	3417 " 	6552. 	 0 	3417 	6552. 	 O. 	3141 	6022 	 O. 

1990 	3883 	7490. 	 0 	3883 	7490 	 O. 	3273. 	6313 	 O. 

1995 	8160 	9305 	1388. 	8160 	9305 	1388. 	3400 	6612 	 0 

1999 	16122 	14085 	7365 	16122 	14085 	7365. 	3497. 	6853. 	 0 

Pumped Storage Dispatched Last 

1979 	 O. 	 O. 	 0 	 O. 	 0 	 0 	 0 	 0 	 0 

1985 	 0 	 0 	 0 	 0 	 0 	 0 	 0. 	 0 	 0 

1990 	 0 	 0 	 0 	 0 	 0 	 0 	 0 ' 	0 	 0 

1995 	756 	3665 	1642 	756 	3665 	1642 	 0 	 0 	 0 

1999 	1255 	6082 	5109 	1255 	6082 	5109 	 0 	 0 	 0 



Hydroelectric Pumped Storage Analysis 
Pumped Storage Forecast For - Southern - TVA - VACAR - 

Utility Announced Retirements Only 
Projection II 	 Median Projection 	 Dames & Moore Projection 

Pumped 	Pumped 	Unsited 	Pumped 	Pumped 	Unsited 	Pumped 	Pumped 	Unsited 
Storage Storage 	Base 	Storage 	Storage 	Base 	Storage Storage 	Base 
(OWM) 	(MW) 	(MW) 	(OWH) 	(MW) 	(MW) 	(OW) 	(MW) 	(MW) 

Base Load Shape 

Pumped Storage Dispatched After Coal Steam 

1979 	8779 	13715. 	 0 	8779. 	13715. 	 0. 	8779. 	13715 	 0. 
1985 	9956. 	18083. 	 0. 	20189 	23008. 	2459. 	8987. 	16875. 	 0 
1990 	14798. 	22813 	 0 	39465. 	32694. 	6730. 	11921. 	19875 	 0 
1995 	29005. 	31270 	1262 	67781. 	48061 	25470. 	14165. 	22519. 	 0 
1999 	53479. 	41187. 	14982 	85706 	56969 	42344. 	14879. 	24069. 	 0 

Pumped Storage Dispatched After Oil Steam 

1979 	5934 	13630. 	 0 	5934 	13630 	 O. 	5934. 	13630. 	 0. 
1985 	8285. 	18083. 	 0. 	13736. 	21768 	1524. 	7619. 	16875. 	 O. 
1990 	10900. 	22652. 	 0. 	27476. 	29440. 	1393. 	9388. 	19875. 	 O. 
1995 	19253. 	28562 	1044 	65836 	46934 	19530. 	10914. 	22430. 	 O. 
1999 	41754 	37158 	10234 	85706. 	56969 	36406. 	11898 	24069. 	 O. 

• 
Pumped Storage Dispatched Last 

1979 	938. 	2757. 	 0. 	938. 	2757. 	 0. 	938. 	2757. 	 0. 
1985 	2234. 	7156. 	 0 	4674. 	12079. 	260. 	1768 	5946 	 0 
1990 	4565. 	12143. 	 0 	16860. 	22708 	2407. 	3268. 	9205. 	 0. 
1995 	9585. 	20597. 	 0. 	47633. 	41290 	17717. 	4454 	11847. 	 0. 
1999 	29209. 	31952. 	8309. 	68205 	52405 	34751. 	-5077. 	13399. 	 0. 

Load Management Load Shape 

Pumped Storage Dispatched After Coal Steam 

1979 	8779 	13715. 	 0. 	8779. 	13715 	 O. 	8779. 	13715 	 0. 
1985 	7118. 	15210 	 • 0 	13886 	18230 	2000. 	6757. 	14507 	 0 
1990 	8654 	16669 	 0. 	28706. 	24328 	6034. 	7392 	15203. 	 0. 
1995 	11056. 	17656 	598 	42673 	30788 	23743 	6931. 	15165 	 0. 
1999 	22773 	20697 	12803 	50528. 	33370. 	39953. 	6426. 	14640 	 0. 

Pumped Storage Dispatched After Oil Steam 

1979 	5934 	13630 	 0 	5934. 	13630 	 O. 	5934. 	13630. 	 0 
1985 	6669 	15210 	 0 	9290 	18112 	1330. 	6308. 	14507 	 0. 

1990 	7455 	16669 	 0 	16128. 	20690. 	847. 	6686 	15203 	 0 

1995 	8043 	17656 	598 	40854. 	29385 	17804. 	6705 	15165 	 0. 

1999 	16876 	20688 	9017 	50528 	33370. 	34013. 	6426 	14640 	 0 

Pumped Storage Dispatched Last 

1979 	938. 	2757 	 0 	938 	2757 	 0. 	938 	2757 	 0 
1985 	1020 	4281 	 0 	2626 	7301 	469. 	785 	3579 	 0 
1990 	1802 	5998 	 0 	8064 	13659 	2066. 	1210 	4531 	 0 
1995 	2539 	6985 	223 	24026 	23480 	15976. 	1150. 	4494 	 0 
1999 	8010 	10888 	7119 	37944 	28961 	32212 	965 	3767 	 0 

Table 5-7 (cont'd) 



o. 
5136 

46406. 
80551 

o. 
o. 
o. 
0 

4486. 

986. 
1637. 
2635. 
6145. 
16915 

13365. 
12580. 
13145. 
18889. 
32146. 

13365. 
15465. 
22627 
64640 
68941 

24491. 
28362. 
35884 
53784 
57723 

o. 
o. 

3874. 
43965. 
77289. 

o. 
0 

6156. 
28807. 

o. 
o. 
O. 

2102. 
12166 

12219 	23398. 
12801. 	24712. 
13335 	25911 
13682 	26949. 
33550 	37153 

12219. 	23398. 
14097. 	27058 
15620 	30118. 
60296 	52384. 
68941. 	57723. 

O. 
0 
0 

31274 
64876. 

12219. 
12580 
13141 
13131. 
22376- 

233911 
24271 
25548 
25804 
31094. 

1979 
1985 
1990 
1995 
1999 

O. 
0 
O. 
0 

16040 

o. 
o. 

O. 
5634 

O. 
0 
0 
O. 

4491 

986. 
891 
694 
1534 
3672 

4698 
4248 
3306 
7309. 
13194 

O. 
O. 
0 

28824. 
59118. 

0 
0 
0 
0 

15566 

1979 
1985 
1990 
1995 
1999 

	

986 	4698 

	

1749 	8339 

	

2793. 	13315 

	

26376 	39505 

	

35327 	47314 

	

986. 	4698 

	

984. 	4689 

	

834 	3975 

	

1705 	8129 

	

11111 	23734 

Hydroelectric Pumped Storage Analysis 
Pumped Storage Forecast For - MAR - MAIN - MARCA - 

Utility Announced Retirements Only 
Projection II 	 Median Projection 

Pumped 	Pumped 	Unsited 	Pumped 	Pumped 	Unsited 
Storage 	Storage 	Base 	Storage Storage 	Base 
(OWN) 	(MW) 	(MW) 	(GWH) 	(MW) 	(MW) 

Base Load Shape 

Dames & Moore Projection 
Pumped 	Pumped 	(Incited 
Storage Storage 	Bane 
(GWH) 	(MW) 	(MW) 

Pumped Storage Dispatched After Coal Steam 

0. 
0. 
0. 

2643 
13281. 

1979 	13365 	24491 	 0. 
1985 	16022 	30033 	 0 
1990 	19456 	35772. 	 0. 
1995 	48058. 	54984. 	7807 
1999 	92656. 	76069 	31435 

13365 	24491. 
21768. 	36861. 
44571. 	54116. 
106041 	84010. 
124774 	98434 

13365. 
14689. 
18749. 
34001. 
55805. 

24491 
27831. 
34103 
45398 
56241. 

Pumped Storage Dispatched After Oil Steam 

12219. 	23301 
16022. 	30033 
18944 	35284. 
27655 	45834 
78614. 	70891 

Pumped Storage Dispatched Last 

1979 	986. 	4698 
1985 	2233 	10011. 
1990 	3357. 	13204. 
1995 	10910 	32414. 
1999 	44944 	58066.  

O. 	12219 	23398. 
O 17680. 	32961. 
O 26298. 	44967. 
O. 	104299. 	83292. 

18447. 	124774 	98434. 

	

986. 	4698 

	

3985. 	16837. 

	

10160. 	31547. 

	

61664 	70501. 

	

87622. 	88155. 

	

0. 	12219. 

	

0. 	14689. 

	

0. 	17538. 

	

33981. 	23558 

	

68186. 	47823. 

o. 
o. 

714. 
29207. 
62758.  

233911 	 0 
27831. 	 0. 
32948. 	 0. 
408611 	 0 
53882 	6925 

4698. 
7808. 
11535. 
2P829. 
35981. 

1979 
1985 
1990 
1995 
1999 

0 
O. 
0 

1904 
17294 

Load Manageilint Load Shape 

Pumped Storage Dispatched After Coal Steam 

1979 	13365. 	24491 
1985 	12801 	24712. 
1990 	13335 	25952. 
1995 	18549. 	30698 
1999 	49364 	43818 

Pumped Storage Dispatched After Oil Steam 

24491. 
24271. 
25548 
29877. 
34177 

Pumped Storage Dispatched Last 

fn.-sea-1AI 



Hydroelectric Pumped Storage Analysis 
Pumped Storage Forecast For - SPP - ERCOT - 

Utility Announced Reti 	ts Only 
Projection II 	 Median Projection 	 Dames & Moore Projection 

Pumped 	Pumped 	Unsited 	Pumped 	Pumped 	Unsited 	Pumped 	Pumped 	Unsited 
Storage 	Storage 	Base 	Storage 	Storage 	Base 	Storage Storage 	Base 
(OWN) 	(MW) 	(MW) 	(MK) 	(MW) 	(MW) 	(OWN) 	(MW) 	(MW) 

Base Load Shape 

Pumped Storage Dispatched After Coal - Steam 

1979 	25816 	21016. 	36819 	25816. 	21016 	36819 	25816. 	21016. 	36819 
1985 	33529. 	27153 	30894 	36566 	29624 	37580. 	32989 	26781. 	31138 
1990 	34562 	32756. 	21902 	46979 	37955. 	35959. 	32348 	31340 	20031. 
1995 	42739. 	38626. 	33261 	58189. 	46898 	55693. 	39633. 	36251 	29069. 
1999 	54690. 	44034 	47969 	68711 	55285 	78520. 	48485. 	39392. 	37791. 

Pumped Storage Dispatched After Oil Steam 

. . 
1479 	6293 	13368. 	 0. 	6293. 	13368 	 O. 	6293. 	13368. 	 O. 
1985 	8250. 	17017 	 O. 	9021. 	18482 	 O. 	8113. 	16796. 	 O. 
1990 	16036 	20339. 	 O. 	11664 	23421 	 O. 	9554. 	19499 	 O. 
1995 	11902 	23819. 	 O. 	18279 	32251. 	 O. 	11107. 	22411. 	 O. 
1999 	16089 	29377 	 0 	44103 	53015 	13522 	12099 	24273. 	 O. 

Pumped Storage Dispatched Last 

1979 	 0 	- 	O. 	 O. 	 O. 	 O. 	 0 	 O. 	 O. 	 O. 
1985 	 0. 	 0 	 0 	, 	O. 	 O. 	 O. 	 O. 	 O. 	 0 
1990 	 0 	. 0 	 O. 	232 	1107. 	3074. 	 O. . 	O. 	 O. 
1995 	765 	3648 	4848. 	3905 	18613. 	17034. 	 O. 	 O. 	 O. 
1999 	2269 	10814. 	14284 	8744. 	28968. 	37849. 	276. 	1314. 	2640. 

Load Management Load Shape 

Pumped Storage Dispatched After Coal Steam 

1979 	25816 	21016 	36819 	25816. 	21016. 	36819. 	25816. 	21016. 	36819. 
1985 	28227 	23057. 	30503 	30881. 	25229 	37161. 	28366. 	23185 	30795 
1990 	25103 	24399. 	21107. 	34667. 	28430 	35051. 	24486 	23969. 	19328. 
1995 	25966 	25280 	31989. 	37490. 	30892 	54169. 	24794. 	24368. 	27936. 
1999 	31168. 	25860. 	46238 	39488 	32700 	76369. 	27404. 	23743 	36299 

Pumped Storage Dispatched After Oil Steam 

1979 	6293 	13368. 	 0 	6293. 	13368 	 O. 	6293 	13368. 	 0 

1985 	6904 	1458R 	 0 	7578 	15876. 	 0 	6939 	14664. 	 0 
1990 	7291 	15384 	 0 	8539. 	17774 	 O. 	7146. 	15129 	 O. 
1995 	7518 	15906. 	 0 	9256 	19234 	 O. 	7220. 	15366. 	 0 
1999 	7651. 	16251 	 0 	22224. 	29374 	11217. 	6978. 	14995 	 0 

Pumped Storage Dispatched Last 

	

• 1979 	 0 	 0 	 0 	 0 	 0 	 O. 	 0 	 O. 	 0 

	

1985 	 0 	 0 	 0 	 0 	 0 	 0 	 0 	 0 	 0. 

	

1990 	 0 	 0 	 0 	 0 	 0 	 0 	 0 	 0 	 O. 

	

1995 	 0 	 0 	 0 	 O. 	 0 	 O. 	 0 	 0 	 O. 

	

1999 	 0 	 0 	 0 	595 	2837 	16553. 	 0 	 0 	 0 

Table 5-7 (cont'd) 



Hydroelectric Pumped Storage Analysis 
Pumped Storage Forecast For — RMPA — NWPP — 

Utility Announced Reti 	ts Only 
Projection II 	 Median Projection 	 Dames & Moore Projection 

Pumped 	Pumped 	Unsite, 	Pumped 	Pumped 	Unsited 	Pumped 	Pumped 	Unsited 
Storage Storage 	Base 	Storage 	Storage 	Base 	Storage 	Storage 	Base 
(GWH) 	(MW) 	(MW) 	(GWH) 	(MW) 	(MW) 	(OWN) 	(MW) 	(MW) 

Base Load Shape 

Pumped Storage Dispatched After Coal Steam 

1979 	 o 	o 	o 	o. 	o 	o 	o 	o 	0 
1985 	 o 	o 	o 	o 	o 	o 	o 	o 	0. 
1990 	 o 	o 	o. 	o. 	o 	o. 	o 	o 	o 
1995 	 0 	 0 	 0 	 0. 	 0 	 0. 	 0. 	 0 	 0. 
1999 	 0 	 o 	o 	o. 	o 	o. 	o 	o 	0 

Pumped Storage Dispatched After Oil Steam 

1979 	 O. 	 O. 	 0. 	 O. 	 0 	 0. 	 O. 	 O. 	 o 
1985 	 0 	 0. 	 0 	 0 	 o 	o. 	o. 	o. 	0 
1990 	 0 	 O. 	 O. 	 o 	o 	o. 	o: 	o 	o 
1995 	 0 	 0 	 0 	 O. 	 0 	 O. 	 O. 	 O. 	 O. 
1999 	 o 	o. 	o. 	o. 	. 	o 	o. 	o. 	o 	o 

CR 	 Pumped Storage Dispatched Last 
I 
b) 	 1979 	 O. 	 0 	 0 	 O. 	 O. 	 o 	o 	o. 	o. 
CM 	 - 	1985 	 O. 	 O. 	 0 	 0 	 0 	 O. 	 o 	 o. 	 O. 

1990 	 O. 	 0 	 0 	 0 	 o 	o... 	o. 	o. 	o 
1995 	 O. 	 O. 	 o 	o 	o 	0. 	 o. 	o. 	O. 
1999 	 o 	o. 	o 	o. - 	o. 	' o 	o 	. 	o. 	o 

Load Management Load Shape 	. 
,.. 

Pumped Storage Dispatched After Coal Steam 

1979 	 O. 	 0 	 0 	 O. 	 o 	o. 	o 	o. 	o. 
1985 	 0 	 O. 	. O. 	 o 	o. 	o 	o 	o 	O. 

1990 	1 	0 	 0 	 0 	 o. 	, 	o 	' 	o 	o 	o 	O. 
1995 	 0 	 o 	o 	o 	o 	o. 	o 	o. 	0. 
1999 	 O. 	. 	O. 	 0 	, o. 	. 	o 	o 	.0 	 o 	o. 

Pumped Storage Dispatched After Oil Steam 

1979 	 0. 	 0 	 0. 	 0 	 0 	 0 	 0 	 0 	 0. 

1985 	 o 	o 	o 	o 	o 	o. 	o 	o 	o 
1990 	 o 	o 	o 	o 	o 	o. 	o. 	o 	o. 
1995 	 o 	o 	o. 	o 	o 	o. 	o 	o 	o 
1999 	 0 	 0 	 0 	, 0 	 0 	 0. 	 0. 	 0 	 0 

Pumped Storage Dispatched Last 

1979 	 0 	 o 	o 	o 	o 	o 	o 	o. 	0 

1985 	 o 	o 	o 	o 	o 	o 	o 	o 	0 

1990 	 0 	 0 	 0 	 0 	 0 	 0 	 0. 	 0 	 0 

1995 	 0 	 a 	0 	 o 	o 	o 	o 	o 	o 
1999 	 0 	 0 	 0 	 0 	 0 	 0 	 0 	 0 	 0 

Table 5-7 (cont 'd) 



Hydroelectric Pumped Storage Analesls 
Pumped Storage Forecast For - AZNM - SCNV - NCNV - 

Utility Announced Retirements Only 
Projection II 	 Median Projection 	 Dames & Moore Projection 

Pumped 	Pumped 	Unsited 	Pumped 	Pumped 	Unsited 	Pumped 	Pumped 	Unsited 
Storage 	Storage 	Base 	Storage 	Storage 	Base 	Storage 	Storage 	Base 
(OWN) 	(MW) 	(MW) 	(G8H) 	(MW) 	(MW) 	(OW) 	(MW) 	(MW) 

Base Load Shape 

Pumped Storage Dispatched After Coal Steam 

1979 	10145 	9220. 	13707 	10145 	9220 . 13707 	10145 	9220. 	13707. 
1985 	11277 	11027. 	13365. 	12793 	12173. 	14615 	9896 . 	10283 	11071. 
1990 	13901 	13569 	14518 	15779 	15052 	17054.. 	11058 	11617. 	9536 
1995 	18403 	17418 	19448 	20590 	18419: 	22880 	13236. 	13586. 	10737 
1999 	21558 	20343 	25078 	24295 	21564 	29492. 	15208. 	15257. 	12067 

Pumped Storage Dispatched After 021 Steam 

	

1979 	2066 	5955. 	 0 	2066 	5955 	 O. 	2066. 	5955. 	 0 

	

, 1985 	2731: 	7589. 	 0 	2817 	7795 	 O. 	2531. 	7112 	 0 

	

1990 	4318 	9932 	 0. 	4475 	10315 	 0 	2862. 	0025 	 0 

	

1995 	10783 	15264. 	1129. 	13518 	17541 	3032 	3281 	0980. 	 0. 

	

1999 	19222 	18746. 	5914 	22559. 	21564 	9862. 	3644. 	9777 	 0. 

Pumped Storage Dispatched Last 
, 

1979 	 0 	 0 	 0 	 0 	 0 	 0. 	 0 	 O. 	 O. 

1995 	 0. 	 0 	 0 	 0 	 0 	 O. 	 O. 	 0 	 O. 

1990 	566 	2699. 	2891 	566 	2699 	2891 	 0. 	 0 	 O. 

1995 	1293 	6163 	5169. 	1870 	8554 	6747 	 0. 	 0 	 0 

1999 	2158 	8691. 	9651 	3240 	11994 	13060 	120, 	574 	 0 

Load Management - Load Shape 

Pumped Storage Dispatched After Coal Steam 

1979 	10145 	9220 	13707 	10145 	9220 	13707. 	10145 	9220 	13707. 

1985 	9303 	9696 	13203. 	10871 	10840 	14488. 	8169. 	8681 	10966 

1990 	9863. 	10450. 	14218 	11811 	11993 	16762 	7562 	8421 	9332 

1995 	11717 	11984. 	18927 	13874 	12989 	22361. 	7566 	8639 	10254 
1999 	12342. 	12688. 	24348 	14600 	13764 	28747. 	7604. 	8744 	12224 

Pumped Storage Dispatched After Oil Steam 

1979 	2066. 	5955 	 0 	2066 	5955 	 O. 	2066 	5955 	 0 

1985 	2343 	6730 	 0 	2438 	6956 	 O. 	2061 	6096 	 O. 

1990 	2466 	7220 	 0 	2644. 	7645 	 0 	1929. 	6004. 	 0. 

1995 	5449. 	9581 	556 	7995 	11712 	2427 	1844. 	5872 	 0 

1999 	10448 	11409 	5233 	13213. 	13764 	9117 	1764 	5748 	 0 

Pumped Storage Dispatched Last 

1979 	 0 	 0 	 0 	 0 	 0 	 0 	 0 	 0 	 0 

1985 	 0 	 0 	 0 	 0 	 0 	 0 	 0 	 0 	 0 

1990 	 0 	 0 	 C1 	 23 	108 	 0 	 0 	 0 	 0. 

1995 	 0 	 0 	 0 	427 	2034 	(578 	 0 	 0 	 0 

1999 	 0 	 0 	 n 	664 	2527 	3410 	 0 	 0 	 0 

Table 5-7 (cont'd) 



5.3.2 Detailed Analysis of Results  

The pumped storage, alternative peaking technology, and load management 

capacity development projections were calculated for each of the 17 NERC regions 

and subregions. To simplify the analysis, the projections of the 17 regions are 

aggregated into seven composite regions based on geographical location and major 
source of generating fuel: (1) New England, New York, Mid-Atlantic (NEPOOL-

NYPP-MAAC); (2) Florida; (3) Southern, Tennessee Valley, Virginia-Carolinas 
(Southern-TVA-VACAR); (4) East-Central, Mid-America, Mid-Continent (ECAR-
MAIN-MARCA); (5) Southwest, Electric Reliability Council of Texas (SPP-ERCOT); 

(6) Rocky Mountain, Northwest (RMPA-NWPP); and (7) Arizona-New Mexico, 

Southern California-Nevada, Northern California-Nevada (AZNM-SCNV-NCNV). 

The median projection of demand growth (Table 5-3) consistently estimated 

the largest potential for supportable pumped storage energy and maximum pumped 

storage capacity development, while the Dames & Moore demand growth projection 

forecast the lowest (the continental United States and regional results are shown in 

Table 5-7). The median projection was 1.8 percent above the Dames & Moore 

projection, but Dames & Moore has maintained that the high median projection is 
not supported by recent trends in the underlying rate of growth in demand. 

Consequently, the Dames & Moore forecast was chosen as the most probable 

demand projection. 

The greatest potential for pumped storage peaking capacity development (in 

MW) occurs in the ECAR-MAIN-MARCA region, while no potential for pumped 

storage development was found for the RMPA-NWPP region. (The RMPA-NWPP 
region relies heavily on hydro-generated energy, which can be used to meet any 
requirements for additional peaking capacity in the region.) This was true under all 
demand growth scenarios. The Southern-TVA-VACAR region shows the second 

largest potential for pumped storage peaking capacity development. In terms of 

supportable pumped storage energy development (in GWh), the ECAR-MAIN-

MARCA region is estimated to have the greatest potential. This result is 

consistent with the pumped storage peaking capacity development estimate. Once 

again, the RMPA-NWPP is estimated to have no supportable pumped storage 

energy development. The largest unsited base-capacity development (in - MW) is 

forecast for the ECAR-MAIN-MARCA region, followed by the SPP-ERCOT region 

under the after-coal dispatch scenario. The Southern-TVA-VACAR region shows a 

consistently large potential for unsited base development, regardless of dispatch 
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order. These regions also are forecast to have the largest rates of growth 

throughout the forecast horizon, and our results indicate the need for future 

capacity development in these regions if growth continues to meet load growth 

projections. 

On the supply side, Dames & Moore uses its own supply data base comprised 

of an inventory of all existing generating plants in the United States. The plant's 

name, location, owner, NERC region, summer and winter capacities, and the 

generating units within each plant are maintained for all electricity generating 

plants. The data base also contains scheduled additions and retirements as 

reported by NERC. 

For the purposes of this analysis, generating plants were grouped by fuel type 

in each region and dispatched on the basis of fuel type and characterization as a 

base or peaking plant. The various dispatching orders were determined by Dames 8c 

Moore on the basis of economic efficiency, i.e., less expensive generating methods 

are dispatched first. Expected outages for each generating unit were assumed in 

the Dames & Moore data base with outage percentages presented in Table 5-8. 

Coal steam was assumed to have the highest percentage of outages. Hydro forced 

outages were based on a dual regional hydro capacity factor; forced outages for 

pumped storage were estimated to be 5 percent. Assumed maintenance periods are 

also contained in the Dames & Moore data base (Table 5-8); however, pumped 

storage is assumed to have no significant maintenance period. 

Two retirement schedules were also included in the pumped storage analysis. 

Individual utilities must submit scheduled retirement dates to NERC, for generat-

ing units in their service area and these retirement dates are maintained in the 

Dames & Moore supply data base. The FORECAST/DISPATCH programs incor-

porate these retirements into the calculation of new capacity development needs. 

In the pumped storage analysis, retirements facilitate the development of new 

pumped storage capacity, and this retirement schedule was used in the develop-

ment of Table 5-7. In addition to the reported NERC retirements, Dames & Moore 

has produced a retirement schedule that includes not only those units reported by 

NERC, but in addition, retirements based strictly on the age of a generating unit 

since a generating unit of a particular fuel type is assumed to have a limited 

serviceable life span. For example, coal-fired generating units are retired in the 

algorithm after 45 years of service (Table 5-9). This retirement schedule also 

attempts to incorporate plant efficiency into the electricity dispatch. The 
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TABLE 5-8 

Hydroelectric Pumped Storage Analysis 

Forced Outage and Maintenance Rates 

Maximum 

	

' 	 Capacity 
Fuel/Unit Types 	Forced Outage 	Maintenance 	 Factor  

Hydro 	 * 	 * 	 * 

Nuclear 	 20% 	 12% 	 68% 

Coal steam 	 30 	 8 	 62 

Gas steam 	 10 	 4 	. 	 86 

Oil steam 	 10 	 6 	 84 

Combined-cycle 	 5 	 6 	. 	 89 

Combined-cycle 	 10 	 6 	 84 

Turbine . 	 5 	 6 	 89 

Turbine 	 10 	 6 	 84 

Other 	 5 	 2 	 93 

Pumped storage 	 5 	 0 	 40 

Unsited base 	 20 	 10 	 70 

Unsited peak 	 5 	 2 	 93 
, Purchases 	 0 	 0 	 100 

, 
*Hydro forced outage and maintenance are not considered individually but are 
combined and considered in the form (1-forced outage-maintenance), which is 
equal to the capacity factor for hydro. (In DISPATCH  1979, actual regional hydro 
capacity factors are used.) 
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TABLE 5-9 

HSidiOelectric Pumped Storage Analysis 
Generic Retirement of Older Units 

Fuel Type 	 Retirement Year 

Hydro 	 -- 

Unsited base 	 -- 

Nuclear 	 40 

Coal steam 	 45 

Gas steam 	 35 

Oil steam 	 35 

Pump storage 	 -- 

Gas combined cycle 	 30 

Oil combined cycle 	 30 

Gas turbine 	 30 

Oil turbine 	 30 

Other 
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potential for pumped storage development is greater under the Dames & Moore 

generic retirement schedule for all dispatching orders and growth scenarios. 

Retiring older units at a faster rate increases the likelihood of installing 

pumped storage as a means of meeting peak capacity needs. The Dames & Moore 

generic retirement schedule results are presented in Table 5-10. Based on 

potential plant retirements, the. ECAR-MAIN-MARCA region is estimated to have 

the largest potential for both pumped storage peaking capacity development and 

supportable pumped storage energy; the Southern-TVA-VACAR region has the 

second largest potential. The SPP-ERCOT region is second largest in the potential 

for unsited base development under the generic retirement schedule; no unsited 

base development potential is estimated for the Southern-TVA-VACAR region or 

the RMPA-NWPP region. . 

Although the years of service of a generating unit should be a major factor in 

a retirement decision, financial restraints may prove to be even more important. 

Utilities usually project retirements no more than 10 years into the future, and 

consequently, in this time of financial uncertainty, the utility-announced retire-

ment schedule may prove to be the best indicator of future plant retirements. 

Utilities will probably continue to use older generating units longer because the 

capital costs of replacing the unit may prove to be financially prohibitive in the 

short run. Once again, the ECAR-MAIN-MARCA region is estimated to have the 

largest potential for pumped storage peaking capacity development as was the case 

under the generic retirement schedule. No pumped storage capacity development 

seems likely in the RMPA-NWPP region. 

Several orders of dispatch were used in the pumped storage analysis to test 

the sensitivity of pumped storage peaking capacity development to changes in the 

relative economic efficiency of alternative fuel types. Pumped storage was 

dispatched after oil steam, coal steam, and other, _fuel types (all units dispatched 

before pumped storage are assumed to be more efficient and economical in 

generating electricity). The dispatching order for all other fuel types is listed 

below: 

Hydro 

Unsited base 

Nuclear 

Coal steam 
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Hydroelectric Pumped Storage Analysis 
Pumped Storage Forecast For - Continental U S A. - 

	

Generic Reti 	t Of Older Unit., 
Projection II 	 Median Projection 	 Dames le Moore Projection 

Pumped 	Pumped 	Unsited 	Pumped 	Pumped 	Unsited 	Pumped 	Pumped 	Unsited 
Storage Storage 	Base 	Storage Storage 	Base 	Storage Storage 	Base 
(GMH) 	(MW) 	(MW) 	(GWH) 	(MW) 	(MW) 	(GWH) 	(MW) 	(MW) 

Base Load Shape 

Pumped Storage Dispatched After Coal Steam 

1979 	96864. 	98744. 	86072. - 	96864. 	98744. 	86072. 	96864 	98744 	86072. 
1985 	122817 	126727. 	83079. 	145976 	144073 	97057. 	111034. 	116577. 	72434. 
1990 	146279. 	154362. 	80602. 	214168. 	190839 	113796. 	118348. 	134875. 	53128. 
1995 	227551. 	205522. 	132474 	331360. 	258214 	223534. 	158936. 	162286. 	75275. 
1999 	323483. 	254484. 	226695. 	392824 	301868 	340434. 	208038. 	188376. 	115886 

Pumped Storage Dispatched After Oil Steam 

	

1979 	35888. 	74180. 	 0. 	35888 	74180. 	 0. 	35888. 	74180. 	 0. 

	

. 1985 	48488 	96942. 	 O. 	59402 	107004. 	1524. 	43706. 	89067. 	 0. 

	

1990 	70463 	123117. 	194 	113865 	152299. 	7670. 	50046. 	102925 	 0. 

	

1995 	168488. 	180862 	38682 	297111. 	250026. 	108431. 	79065. 	129709 	1324. 

	

1999 	288413 	245545. 	130607 	385007. 	301868. 	242296. 	149791 	165484 	33892. 

Pumped Storage Dispatched Last 

1979 	1924 	7455. 	 0 	1924. 	7455. 	 O. 	1924 	7455 	 0 
1985 	6429. 	23367. 	 0 	11165 	37274. 	1561. 	4773. 	17914. 	 0. 
1990 	14632 	49608. 	8468. 	42531. 	88481 	25289. 	8196. 	27005. 	 0. 
1995 	58232. 	119162 	51112 	156671. 	192837. 	122598. 	20415. 	64517. 	8856 
1999 	158938 	195213. 	138563. 	232435. 	248575. 	250709. 	66370. 	116641. 	41061. 

Load Management Load Shape 

Pumped Storage Dispatched After Coal Steam 

1979 	96864. 	98744. 	86072 	96864. 	98744. 	86072. 	96864. 	98744. 	86072. 
1985 	99750 	105979. 	81948 	115338 	117365. 	95471. 	91925. 	100882. 	71174 
1990 	99404 	113191. 	77895 	143662 	138262 	108958 	82065. 	97478. 	47333. 
1995 	121530. 	127305. 	125294 	206008 	168255. 	214986. 	92902. 	103876. 	69258. 
1999 	171703 	146200. 	216299. 	221333 	178498. 	328861. 	109403. 	107499. 	107086. 

Pumped Storage Dispatched After Oil Steam 

1979 	35888 	74180. 	 0 	35888 	74180 	 0. 	35888. 	74180. 	 0. 
1985 	38918 	80806. 	 0 	45182. 	88496. 	1330 	36184. 	77290 	 0. 
1990 	44691 	89289 	 0. 	67455 	105555. 	6225. 	35834. 	75648 	 0. 
1995 	82848 	109064. 	34137 	176012 	157988 	100324. 	40105. 	80065. 	857. 
1999 	148246. 	138632. 	120993 	213105 	178498 	230753. 	76249. 	93796 	30580. 

Pumped Storage Dispatched Last 

1979 	1924 	7455. 	 0 	1924. 	7455 	 0 	1924. 	7455. 	 0. 
1985 	3102. 	13130. 	 0 	5715 	20289 	469. 	2669 	11987. 	 0 
1990 	4524 	17073. 	1933 	15728. 	37403 	5754. 	3417 	13463. 	 0 
1995 	13150 	43758 	25126 	71636 	96414 	84146. 	5358 	21361 	 0. 
1999 	52630 	81564 	106404 	98527 	122275 	232176. 	18964 	41370. 	19080 
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1979 
1985 
1990 
1995 
1999 

Pumped Storage 

1979 
1985 
1990 
1995 
1999 

1979 
1985 
1990 
1995 
1999 

0 
479. 

7572. 
22443. 
30076 

O. 
100 

1588. 
10159. 
18504. 

6534. 
10706. 
20751. 
46681. 
56471 

0 
396. 

2046 
10638 
19568. 

27459 	21106. 	25573 
23382 	20009. 	19411. 
16306 	13656 	9850. 
18112 	13823 	13523 
16831 	12955 	17171 

O. 
0 
6. 

1324 
5100 

O. 
O. 
0 

1084. 
3783. 

O. 
O. 

31. 
6312. 
10608 

21106. 	25573. 
23280 	29821 
23825 	32100. 
24838 	43857. 
25857. 	60224 

... 

HydrorlectrIc Pumped Storage Analifsis 
Pumped Storage Forecaqt For - NEPOOL - NYPP - MAAC - 

Generic Retirement Of Older Units 
Projection II 	 Median Projection 

Pumped 	Pumped 	Unsited 	Pumped 	Pumped 	United 
Storage 	Storage 	Base 	Storage 	Storage 	Base 
(GWH) 	(MW) 	(MW) 	(GWH) 	(MW) 	(MW) 

Base Load Shape 

-Pumped Storage Dispatched After Coal Steam 

Dames & Moore Projection 
Pumped 	Pmped 	Unsited 
Storage 	Storage 	Base 
(GWH) 	(MW) 	(MW) 

21106 
27372 
31619 
37537 
43440 

21106 	25573. 
26132. 	26817 
30663 	30586 
36792 	43376 
42464 	59589 

Dispatched After Oil Steam 

27459 
35623. 
41088. 
48782. 
56471. 

25573 
30157 
33312 
45599 
62493. 

27459 	21106 	25573 
30131. 	23272 	20136 
27268. 	24259. 	14525 
31708. 	26879. 	16750. 
33139. 	28137 	21346 

27459 
33937 
39741. 
47681. 
55032 

12410. 
17133. 
24167 
36808 
43440 

O. 
O. 

2626. 
19476. 
40828. 

6534. 
8121 
14824. 
45310 
55032  

12410. 	 0. 
15355 	 0 
21407 	 42 
35920. 	17254. 
42464. 	37925 

6534. 	12410 	 0 
7193 	13662 	 0 
6575. 	14706 	 0 
13093 	20184. 	755. 
22789 	23685. 	5585. 

0 
1889 
9755 

23105. 
31000 

.Pumped Storage Dispatched Last 

0 
O. 

2944. 
19571 
37100. 

O. 
1301. 
6861. 

21380. 
40062 

Load Management Load Shape 

Pumped Storage Dispatched After Coal Steam 

1979 	27459. 	21106. 	25573 
1985 	28531. 	22176 	26468 
1990 	26871 	23055 	29390. 
1995 	28025 	24306. 	41655 
1999 	28802. 	25225. 	57355. 

Pumped Storage Dispatched After Oil Steam 

27459 
30021. 
27947. 
28804. 
29719. 

1979 	6534. 	12410 
1985 	6784. 	13014. 
1990 	8214. 	15180 
1995 	25147 	22904. 
1999 	28802 	25225 

Pumped Storage Dispatched Last 

1979 	 0 	 0 
1985 	 0 	 ' 0 
1990 	365 	1739 
1995 	2789 	7957 
1999 	4566 	10441  

O 6534 	12410 	 O. 	6534 	12410. 	 0 

O 8000 	13942 	 0 	5155. 	11730 	 O. 

O 12990 	17232. 	2477 	3655. 	7451 	 0 

	

15381 	26558 	23771 	17583 	5396. 	8973 	562. 

	

35718 	29719 	25857. 	38587. 	'11214. 	10608 	5137 

O 0 	 0 	 O. 	 0 	 0 	 0 

O 38 	183 	 0 	 0 	 0 	 0 

	

1933 	462 	2201 	2105. 	 0 	 0 	 0 

	

7050 	2757 	7905 	6861 	216 	1030 	 O. 

	

22967 	4993 	11380 	28561 	824. 	3930 	3273 
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Hydroelectric Pumped Storage Analysis 
Pumped Storage Forecast For - Florida - 

Generic Retirement Of Older Units 
Projection II 	 Median Projection 	 Dames & Moore Projection 

Pumped 	Pumped 	Unsited 	Pumped 	Pumped 	Unsited 	Pumped 	Pumped 	Unsited 
Storage 	Storage 	Base 	Storage 	Storage 	Base 	Storage Storage 	Base 
(GWH) 	(MW) 	(MW) 	(GWH) 	(MW) 	(MW) 	(OWN) 	(MW) 	(MW) 

Base Load Shape 

Pumped Storage Dispatched After Coal Steam 

1979 	11300 	9196 	9973 	11300 	9196 	9973. 	11300. 	9196 	9973 

_1985 	17914 	14289 	11816 	17914 	14289 	11816. 	14160 	11525. 	9902 

1990 	22884 	18228 	13083 	22884. 	18228 	13083. 	16418 	13361. 	8543 

1995 	27982. 	22287 	19388 	27982. 	22287 	19388 	19035. 	15490 	12365. 

1999 	32867. 	26176 	25461 	32867 	26176. 	25461 	21427. 	17435 	15894. 

Pumped Storage Dispatched After Oil Steam 

	

1979 	2842. 	5419 	 0 	2842. 	5419. 	 0. 	2842. 	5419. 	 0 

	

- 1985 	4505 	8419. 	 O. 	4505 	8419 	 0. 	3561. 	6791. 	 O. 

	

1990 	7345 	11372. 	 O. 	7345. 	11372 	 O. 	4129. 	7872 	 0 

	

1995 	25647. 	21029. 	5586. 	25647 	21029 	5586 	6222. 	9660. 	 O. 

	

1999 	32867 	26176. 	13916. 	32867 	26176 	13916. 	18592. 	15909. 	4350. 

Pumped Storage Dispatched Last 

1979 	 0 	 O. 	 O. 	 O. 	 0 	 0. 	 0 	 O. 	 0. 

1985 	322. 	1561 	 0. 	322. 	1561. 	 0 	, 0 	 0 	 O. 

1990 	1863 	5817. 	1953 	1863. 	5817. 	1953. 	 O. 	 O. 	 0 

1995 	7291 	14210. 	8432. 	7291. 	14210 	8432 	884 	4286. 	79 

1999 	13820. 	19734. 	15558. 	13820 	19734 	15558 	4732 	10759. 	6341 

Load Management Load Shape 

Pumped Storage Dispatched After Coal Steam 

1979 	11300. 	9196 	9973 	11300. 	9196. 	9973. 	11300 	9196. 	9973 

1985 	13588 	11118 - 	11573. 	13588 	11118 	11573. 	12489. 	10219 	9816. 

1990 	15287. 	12628. 	12670 	15287. 	12628. 	12670. 	12883 	10643. 	8366 

1995 	16751 	13947 	18778. 	16751. 	13947 	18778 	13386 	11146 	12076 

1999 	17977 	15084. 	24652 	17977 	15084. 	24652 	13767. 	11553 	15498. 

Pumped Storage Dispatched After Oil Steam 

1979 	2842. 	5419 	 0 	2842. 	5419 	 O. 	2842. 	5419 	 0. 

1985 	3417. 	6552. 	 0 	3417 	6552 	 0 	3141 	6022. 	 0 

1990 	3883 	7490. 	 0 	3883 	7490 	 O. 	3273. 	6313 	 O. 

1995 	13745 	12198 	4976 	13745 	12198 	4976 	3400 	6612. 	 0 

1999 	17977 	15084 	13108 	17977 	15084 	13108 	10682 	9692 	3954 
I 

Pumped Storage Dispatched Last 

1979 	 0 	 0 	 0 	 0 	 0 	 0 	 0 	 0 	 0 

1985 	 0 	 0 	 0 	 0 	 0 	 0 	 0 	 0 	 0 

1990 	 0 	 0 	 0 	 0 	 0 	 0 	 0 	 0 	 0 

1995 	1550 	6514 	2312 	1550 	6514 	2312 	 0 	 0 	 0 

1999 	2904 	8504 	16231 	2904 	8504 	16231 	937 	4542 	1734 
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Hydroelectric Pumped Storage Analysis 
Pumped Storage Forecast For - Southern - TVA - VACAR 

Generic Retirement Of Older Units 
Projection II 	 Median Projection 	 Dames & Moore Projection 

Pumped 	Pumped 	Unsited 	Pumped 	Pumped 	Unsited 	Pumped 	Pumped 	Unsited 
Storage Storage 	Base 	Storage Storage 	Base 	Storage Storage 	Base 
(WM 	(MW) 	(MW) 	(GIGO 	(MW) 	(MW) 	(ORM) 	(MW) 	(MW) 

Base Load Shape 

Pumped Storage Dispatched After Coal Steam 

1979 	8779. 	13715. 	 O. 	8779. 	13715. 	 0. 	8779. 	13715. 	 0 
1985 	10127 	18083 	 0 	20674 	23173. 	2687. 	9158 	16875. 	 0. 
1990 	15400 	23055 	 0 	39493. 	32694. 	7055 	12172. 	19875. 	 0. 
1995 	31156 	32026. 	2352 	68559 	48350 	26552. 	15601. 	23111. 	 O. 
1999 	62458. 	44055 	21194 	85706. 	56969. 	48218. 	17125. 	24405. 	 0. 

Pumped Storage Dispatched After Oil Steam 

1979 	5934. 	13630. 	 0. 	5934. 	13630 	 0. 	5934. 	13630. 	 O. 
1985 	8285. 	18083. 	 0 	14099. 	21768. 	1524. 	7619. 	16875. 	 O. 
1990 	11694. 	22652. 	 0. 	31235 	30437. 	2827. 	9388. 	19875. 	 0. 
1995 	23871. 	29758. 	1272. 	67625. 	47847. 	23082. 	12332. 	22430. 	 0 
1999 	55031. 	42031. 	17659. 	85706. 	56969. 	45151. 	14270. 	24069. 	 0. 

co 	 Pumped Storage Dispatched Last 

1 
GO 	 1979 	938. 	2757. 	 0 	938 	2757 	 0. 	938. 	P757. 	 O. 
Cb 	 1985 	2436. 	7567. 	 O. 	4967. 	12656. 	260. 	1970. 	6358. 	 O. 

1990 	5155. 	13575. 	 O. 	20341 	24129. 	3222. 	3808. 	10396. . 	0. 
1995 	14077. 	23530. 	 24. 	51744 	43012 	20489. 	5789. 	14615. 	 O. 
1999 	43008 	38213. 	15688 	73475 	53677 	42766. 	7749 	16830 	 0 

Load Management Load Shape 

Pumped Storage Dispatched After Coal Steam 

1979 	8779 	13715. 	 0 	8779. 	13715. 	 O. 	8779. 	13715. 	 O. 

1985 	, 7289. 	15210. 	 0. 	14363. 	18394. 	2228. 	6928. 	14507. 	 O. 
1990 	8906. 	16669. 	 0 	28734 	24328 	6359. 	7644. 	15703. 	 O. 
1995 	12089. 	17676 	1090 	43243. 	31092 	24831. 	7546. 	15165. 	 O. 

1999 	30164 	23102. 	18957 	50528 	33370 	45826. 	7070. 	14640. 	 0 

Pumped Storage Dispatched After Oil Steam 

1979 	5934 	13630 	 0 	5934 	13630 	 0. 	5934. 	13630. 	 0 

1985 	6669 	15210 	 0 	9652 	18112 	1330 	6308. 	14507 	 0 

1990 	7455. 	16669 	 0 	19396 	21687 	- 2246. 	6686 	15203. 	 0. 
1995 	8927. 	17656 	796 	42346 	30589 	21361 	6705. 	15165. 	 0 

1999 	24865 	21078 	15504 	50528 	33370 	42758. 	6426. 	14640 	 0 

Pumped Storage Dispatched Last 

1979 	938 	2757 	 0 	938. 	2757 	 0 	938 	7757 	 0. 

1985 	1222 	4694 	 0 	2862. 	7877 	469 	987 	3991 	 0 

1990 	2341 	7190 	 0 	10204 	15093 	2792 	1750 	5722 	 0 

1995 	3586 	9180 	422 	28557 	25371 	18617. 	2165 	6669 	 0 

1999 	14569 	16850. 	13732 	38754. 	30269 	40182. 	2311. 	7062 	 0 

- 	 n 	 Al 



Hydroelectric Pumped Storage Analysis 
Pumped Storage Forecast For - ECAR - MAIN - MARCA - 

Generic Retirement Of Older Units 
Projection II 	 Median Projection 	 Dames & Moore Projection 

Pumped 	Pumped 	Onsited 	Pumped 	Pumped 	Unsited 	Pumped 	Pumped 	Unsited 

Storage 	Storage 	Base 	Storage Storage 	Base 	Storage Storage 	Base 

(GW14) 	(MW) 	(MW) 	(OWN) 	(MW) 	(MW) 	(OWN) 	(MW) 	(MW) 

Base Load Shape 

Pumped Storage Dispatched After Coal Steam 

1979 	13365. 	24491 	 0. 	13365 	24491. 	 0 	13365. 	24491. 	 O. 

1985 	16022. 	30033. 	 O. 	22406 	37442. 	 O. 	14689 	27831. 	 O. 

1990 	19752 	36054 	 O. 	47945. 	55291. 	6826 	19045. 	34385. 	 0 

1995 	58177. 	58312. 	12737 	107109. 	84723. 	51527. 	38256. 	46878. 	4438. 

1999 	96878 	77412. 	44695 	124774 	98434. 	93542. 	72237. 	63638. 	25253. 

Pumped Storage Dispatched After Oil Steam 

1979 	12219. 	23398. 	 0 	12219. 	23398. 	 O. 	12219. 	23398. 	 0 

1985 	16022 	30933 	 0 	17680. 	32961. 	 O. 	14689. 	27831. 	 0. 

1990 	18944. 	35284. 	 O. 	34568 	49956. 	1713. 	17538. 	32948. 	 O. 

1995 	44449. 	53465. 	6683 	106964. 	84640 	45297. 	30491 	44163. 	569. 

1999 	96683. 	77353. 	38484 	124774. 	98434 	87329. 	66208. 	61421 	18634. 

CR 	 Pumped Storage Dispatched Last 
I 
GO 
4 	 1979 	986. 	4698 	 O. 	986. 	4698. 	 O. 	986. 	4698. 	 O. 

1985 	3571. 	13760. 	 0 	5480. 	21168 	 O. 	2803 	11556. 	 O. 

1990 	5104. 	18247. 	 O. 	15912. 	37483 	2141. 	4382. 	16578. 	 O. 

1995 	22198 	41328. 	5814 	75412. 	75467 	37992. 	10444. 	29094. 	747. 

1999 	69442. 	69655. 	33488. 	100305 	91959. 	82162. 	42964. 	53099 	14974. 

Load Management Load Shape 

Pumped Storage Dispatched After Coal Steam 

1979 	13365. 	24491 	 0 	1,3365. 	24491. 	 O. 	13365. 	24491. 	 O. 

1985 	12801. 	24712 	 O. 	15614. 	28504. 	 O. 	12580. 	24271. 	 O. 

1990 	13335 	25952 	 0 	25216 	37058. 	5509. 	13145. 	25548. 	 O. 

1995 	26351. 	34027 	10938 	65686. 	54497. 	49095. 	20910. 	30644. 	3357. 

1999 	51250. 	44241. 	42042. 	68941. 	57723. 	90334. 	35404. 	35752. 	23158. 

Pumped Storage Dispatched After Oil Steam 

1979 	12219. 	23398 	 0 	12219. 	23398 	 O. 	12219 	23398. 	 0 

1985 	12801 	24712. 	 0 	14097 	27058 	 O. 	12580. 	24271. 	 0 

1990 	13335 	25952. 	 0 	17305 	31724. 	1129. 	13145. 	25548. 	 0 

1995 	17054 	29181. 	5611 	65563. 	54413 	42852. 	15448. 	28014 	295 

1999 	51080 	44182. 	35815 	68941. 	57723. 	84123 	33917. 	35460 	16800. 

Pumped Storage Dispatched Last 

1979 	986 	4698 	 0 	986. 	4698 	 O. 	986 	4698 	 O. 

1985 	1890 	8436 	 0 	2815 	12229 	 O. 	1682 	7996 	 0 

1990 	1810 	8144 	 0 	4882 	19250 	 0 	1667 	7741 	 0 

1995 	4582 	17043 	6323 	35827 	44991. 	35818 	2977 	13662. 	 0 

1999 	28382 	36154 	32008 	46179 	51216 	78752. 	14729 	23056. 	9049. 

Table 5-10 (cont'd) 



Hydroelectric Pumped Storage Analysis 
Pumped Storage Forecast For - SPP - ERCOT - 

Generic Retirement Of Older Units 
Projection II 	 Median Projection 	 Dames & Moore Projection 

Pumped 	Pumped 	Unsited 	Pumped 	Pumped 	Unsited 	Pumped 	Pumped 	Unsited 
Storage 	Storage 	Base 	Storage 	Storage 	Base 	Storage 	Storage 	Base 
(CWH) 	(MW) 	(MW) 	(CW11) 	(MW) 	(MW) 	(CWW) 	(MW) 	(MW) 

Base Load Shape 

Pumped Storage Dispatched After Coal Steam 

1979 	25816 	21016. 	36819 	25816 	21016. 	36819. 	25816. 	21016. 	36819. 
1985 	33529. 	27153. 	31015 	36566. 	29624. 	37702. 	32989 	26781 	31259 
1990 	34562. 	32756. 	22214 	46979 	37955 	36270 	32348 	31340. 	20342 
1995 	44035 	38626 	34703 	58189 	46898. 	57135. 	40929 	36251 	30511 
1999 	54690 	44034 	49994. 	68711 	55285 	80544. 	48691. 	39392 	39816 

Pumped Storage Dispatched After Oil Steam 

1979 	6293 	13368 	 0 	6293 	13368 	 0. 	6293 	13368. 	 0. 
1985 	8250 	17017. 	 0 	9021 	18482 	 0. 	8113. 	16796. 	 0. 
1990 	_10016. 	20339 	 0 	11664 	23421 	 0. 	9554. 	19499 	 0. 
1995 	12131. 	24037. 	 0 	30748. 	41283 	3508. 	11107. 	22411 	 0. 
1999 	27242. 	37178. 	5008 	60894 	55285 	33044. 	13371. 	25486. 	 0. 

en 	 Pumped Storage Dispatched Last 
I 
GO 
co 	 1979 	 O. 	 O. 	 0 	 O. 	 0 	 0. 	0. 	0 	 O. 

1985 	 0 	 0 	 O. 	 O. 	 0. 	 O. 	 0 	 O. 	 0 
1990 	 b 	 0. 	 O. 	1318 	6283. 	6645 	 0 	 0 	 O. 
1995 	1752 	8349. 	8256 	7633 	25092 	23019. 	974 	4645. 	5558. 
1999 	7321 	23273 	19921. 	16775. 	35895. 	49344. 	'3462. 	16504. 	11466. 

Load Management Load Shape 

Pumped Storage Dispatched After Coal Steam 

1979 	25816. 	21016. 	36819. 	25816 	21016. 	36819 	25816 	21016 	36819 
1985 	28227. 	23057 	30624 	30881. 	25229 	37282. 	28366 	23185 	30916. 
1990 	25103 	24399 	21417. 	34667. 	28430 	35363. 	24486 	23969. 	19640. 
1995 	26435. 	25280 	33431. 	37490 	30892 	55611. 	25248. 	24368. 	29379 
1999 	31168. 	25860. 	48262. 	39488. 	32700 	78394 	28516 	23743 	38325. 

Pumped Storage Dispatched After Oil Steam 

1979 	6293. 	13368 	 0 	6293. 	13368 	 0 	6293 	13368 	 0 

1985 	6904. 	14588 	 0 	7578 	15876 	 0 	6939 	14664 	 0 
1990 	7291 	15384 	 0 	8539 	17774 	 0 	7146. 	15129. 	 0. 
1995 	7518 	15906 	 0 	15055 	24028 	2588 	7220. 	15366 	 0 
1999 	13180 	20375 	3964 	31260 	32700 	30893. 	6978 	14995 	 0 

Pumped Storage Dispatched Last 

1979 	 0 	 0 	 0 	 0 	 0 	 O. 	 0 	 0 	 0 
1985 	 0 	 0 	 0 	 0 	 0 	 0 	 0 	 0 	- 0 
1990 	 0 	 0 	 0 	 0 	 0 	 0 	 0 	 0 	 0 

1995 	 0 	 0 	 0. 	1241 	5918 	8786 	 0 	 0 	 0 
1999 	594 	2834 	5529 	2805 	12166 	40660 	 74 	354 	5024 



Hydroelectric Pumped Stnrage Analysis 
Pumped Storage Forecast For — RMPA — NWPP — 

Generic Retirement Of Older Units 
Projection II 	 Median Projection 	 Dames & Moore Projection 

Pumped 	Pumped 	Unsited 	Pumped 	Pumped 	Unsited 	Pumped 	Pumped 	Unsited 
Storage 	Storage 	Base 	Storage 	Storage 	Base 	Storage 	Storage 	Base 
(GWH) 	(MW) 	(MW) 	(GWH) 	(MW) 	(MW) 	(GWH) 	(MW) 	(MW) 

Base Load Shape 

Pumped Storage Dispatched After Coal Steam 

1979 	 b. 	0. 	0. 	0 	 0 	 0. 	0. 	0 	 O. 
1985 	 0 	 O. 	0 	 O. 	0 	 0 	 O. 	0 	 0 
1990 	 O. 	0 	 0 	 0 	 0. 	0 	 0 	 0 	 O. 
1995 	 O. 	0 	 O. 	O. 	0 	 0 	 O. 	O. 	0 
1999 	 O. 	O. 	0 	 0 	 0 	 O. 	O. 	O. 	• 0 

Pumped Storage Dispatched After Oil Steam 

1979 	 O. 	 0 	 0 	 0 	 O. 	 O. 	 O. 	 0 	 O. 

1985 	 O. 	 0 	 0 	 O. 	 0 	 O. 	 O. 	 0 	 0 

1990 	 0 	 O. 	 0. 	 0 	 0 	 O. 	 O. 	 0 	 0 

1995 	 O. 	 O. 	 0 	 0 	 0 	 O. 	 O. 	 0 	 O. 

1999 	 0 	 0 	 0 	 0 	 O. 	 O. 	 0 	 O. 	 0 

Pumped Storage Dispatched Last 

1979 	 0 	 O. 	 O. 	 0 	 0 	 O. 	 0 	 O. 	 O. 

1985 	 O. 	 O. 	 0 	 0 	 O. 	 O. 	 0 	 O. 	 0. 

1990 	 0 	 O. 	 O. 	 0 	 O. 	 O. 	 0 	 O. 	 O. 

1995 	 0 	 0 	 0 	 0 	 0 	 O. 	 O. 	 O. 	 O. 

1999 	 O. 	 O. 	 0 	 0 	 O. 	 O. 	 0 	 O. 	 O. 

Load Management Load Shape 

Pumped Storage Dispatched After Coal Steam 

1979 	 O. 	 O. 	 0 	 0 	 0 	 O. 	 0 	 O. 	 O. 

1985 	 0 	 O. 	 0 	 O. 	 0 	 O. 	 O. 	 0 	 O. 

1990 	 0 	 0 	 0 	 0 	 O. 	 0. 	 O. 	 O. 	 0 

1995 	 O. 	 O. 	 O. 	 O. 	 0 	 O. 	 0 	 O. 	 O. 

1999 	 0 	 0 	 O. 	. 0 	 0 	 O. 	 0 	 0 	 0 

Pumped Storage Dispatched After Oil Steam 

1979 	 0 	 0 	 0 	 O. 	 0 	 O. 	 O. 	 0 	 O. 

1985 	 O. 	 0 	 0 	 0 	 0 	 O. 	 0 	 0 	 O. 

1990 	 0 	 0 	 0 	 0 	 O. 	 O. 	 0 	 0 	 O. 

1995 	 0 	 0 	 0 	 0 	 O. 	 O. 	 0 	 0 	 0 

1999 	 0 	 0 	 0 	 O. 	 0 	 O. 	 O. 	 0 	 0 
_ 

Pumped Storage Dispatched Last 	 . 

1979 	 0 	 0 	 0 	 0 	 0 	 0 	 O. 	 O. 	 0 

1985 	 0 	 0 	 0 	 0 	 O. 	 0 	 0 	 O. 	 0 

1990 	 0 	 0 	 O. 	 O. 	 0 	 O. 	 0 	 O. 	 0 

1995 	 0 	 0 	 0 	 O. 	 0 	 O. 	 0 	 0 	 O. 

1999 	 0 	 0 	 O. 	 O. 	 0 	 O. 	 0 	 0 	 0 

Table 5-10 (cont'd) 



ligdroelectric Pumped Storage Analysis 
Pumped Storage Forecast For - AZNM - SCNV - NCNV - 

Generic Retirement Of Older Units 
Projection II- 	 Median Projection 	 Dames 8, Moore Projection 

Pumped 	Pumped 	Unsited 	Pumped 	Pumped 	Unsited 	Pumped 	Plumped 	Unsited 
Storage 	Storage 	Base 	Storage 	Storage 	Base 	Storage 	Storage 	Base 
(01110 	(MW) 	(MW) 	WW1 	(MN) 	(MW) 	(GWH) 	(MN) 	(MN) ...... 

Base Load Shape 

Pumped Storage Dispatched After Coal Steam 

1979 	10145 	9220. 	13707 	10145. 	9220. 	13707. 	10145. 	9220. 	13707. 
1985 	11288. • 	11037. 	13431 	12793 	12173. 	14695. 	9907. 	10293. 	11137 
1990 	13940. 	13606 	14719 	15779. 	15052. 	17250. 	11097. 	11655 	9718 
1995 	18520 	17479. 	19918 	20739 	18419. 	23333. 	13407. 	13677. 	11211. 
1999 	21558. 	20343 	25762 	24295. 	21564. 	30176. 	15419. 	15369. 	13577. 

Pumped Storage Dispatched After Oil Steam 

1979 	2066. 	5955. 	 0 	2066 	5955 	 0. 	2066. 	5955. 	 0. 
1985 	3305. 	8035. 	 0 	3391 	19241 	 O. 	2531. 	7112. 	 O. 
1990 	7620 	12063. 	152. 	8302 	12946. 	504. 	2862. 	8025. 	 O. 
1995 	17080 	16653. 	7887 	19446 	18419 	11482. 	5820. 	10861. 	 O. 
1999. 	21558. 	20343. 	17615 	24295. 	21564. 	22028. 	14561 	14914. 	5323. 

cn 	 Pumped Storage Dispatched Last 
- 1 

Au 	 1979 	 0. 	 0. 	 0 	 0. 	 0 	 0. 	 0. 	 0. 	 0 
CD 	 1985 	 o. 	0. 	 0. 	 0. 	 0 	 0. 	 0. 	 0 	 0. 

1990 	922. 	4397. 	3571. 	1051. 	5014. 	4467. 	 0. 	 0. 	 0. 
1995 	2755 	9302 	9015 	3953. 	11951. 	11286. 	1000. 	4765 	1388. 
1999 	6843 	14262. 	16808. 	8492 	16310. 	20817. 	2363. 	8841. 	4497. 

Load Management Load Shape 

Pumped Storage Dispatched After Coal Steam 

1979 	10145 	9220. 	13707 	10145. 	9220. 	13707. 	10145. 	9220. 	13707. 
1985 	9314 	9706 	13283. 	10871 	10840 	14567. 	8180. 	8691 	11031. 
1990 	9902 	10488. 	14418. 	11811. 	11993 	16957. 	7601 	8459. 	9477. 
1995 	11879 	12069 	19402 	14034. 	12989. 	22814. 	7700. 	0730. 	10723. 
1999 	12342 	12688. 	25031. 	14680. 	13764. 	29431. 	7815. 	8856. 	12934. 

Pumped Storage Dispatched After Oil Steam 

1979 	2066. 	5955 	 O. 	2066. 	5955 	 O. 	2066 	5955 	 0 
1985 	2343 	6730 	 0 	2438. 	6956 	 O. 	2061. 	6096. 	 0 
1990 	4513 	8614. 	 O. 	5342 	9648 	373. 	1929. 	6004 	 0 
1995 	10457 	11219. 	7373 	12745. 	12989 	10964 	1936. 	5935. 	 0 

1999 	12342 	12688. 	16884 	14680 	13764. 	21284 	7032. 	8401 	4689 

C 

Pumped Storage Dispatched Last 

1979 	 0 	 0 	 0 	 0 	 O. 	 O. 	 0 	 0 	 O. 
1985 	 0 	 0 	 0 	 0 	 0 	 O. 	 O. 	 0 	 0 
1990 	 0 	 0 	 0 	180 	859 	857 	 0 	 0 	 O. 
1995 	643 	3064 	9019 	1704 	5715 	11752. 	 o 	0. 	 o 
1999 	1615 	6781 	15937 	2892 	8740 	19790. 	89 	426 	' 0 

Ma1-0 a c-in I rtnni- 



Gas steam 

Oil steam 

Gas combined-cycle 

Oil combined-cycle 

Gas turbine 

Oil turbine 

Other (all new technological innovations for meeting peaking capacity, e.g., 

solar, windpower, etc.) 

The Dames & Moore DISPATCH program assumes that any particular 

generating unit is in operation at least 5 percent of the year, ensuring that no 

generating unit is left idle in any year. Coal-burning units are used to pump the 

water under the after-coal-steam and after-all-other-fuels dispatches. Oil-burning 

units are used to pump the water under the after-oil-steam dispatch. 

The dispatching order of pumped storage has a significant effect on the 

estimated potential for pumped storage development. Dispatching pumped storage 

after coal steam produced the largest estimate of pumped storage development, 

while potential pumped storage development is lowest when it is dispatched after 

all other fuel types. By dispatching pumped storage after coal steam, a fuel high in 

the dispatch order, it is assumed that pumped storage is less expensive than all 

other fuel types below it on the list. Consequently, there will be more potential 

for pumped storage peaking capacity development since it is a less expensive fuel 

source. When pumped storage is dispatched after all other fuel types, the 

algorithm assumes it is the most expensive form of peaking capacity; hence, within 

the scenario there would be little reason to build pumped storage facilities. 

However, although pumped storage is one of the least expensive sources of 

generating peaking capacity in the long run, any type of major capital investment 

will be cost-prohibitive in the short run. Considering the current issues facing 

utilities in the financial markets, using existing units, although with much more 

expensive fuel sources than hydro, may prove less expensive at the present time. 

And the after-all-other-fuel-sources position is the most likely dispatch order for 

pumped storage under the present economic situation. 

The ECAR-MAIN-MARCA region consistently displayed the largest potential 

for pumped storage development, followed by the Southern-TVA-VACAR region. 

No potential pumped storage or unsited base capacity development is projected for 

the RMPA-NWPP region, regardless of dispatch order. The ECAR-MAIN-MARC A 
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region also showed the greatest potential for unsited base capacity development 

when pumped storage was dispatched after coal and oil steam. However, in the 

Southern-TVA-VACAR region, the unsited base development estimates are greater 

when pumped storage was dispatched after all other fuel types. 

The effect of load management in altering the future needs for pumped 

storage capacity development was examined in the pumped storage analysis. Load 

factors were developed from the initial pumped storage results, and the load factor 

was increased by .5 percent for each year during the forecast period. This 

technique resulted in a load management impact of 10 percentage points in the 

year 1999. (The estimate of the effects of load management on the need for 

pumped storage specifically was obtained from a recent DOE study on load 

management.) 

Load management reduces the potential for pumped storage capacity devel-

opment. If peak demand is reduced by load management techniques, the potential 

for pumped storage development--a peaking technology--will be lessened. To 

predict its effect, load management was implemented in the computer program on 

the same set of conditions described in our discussion thus far. The magnitude of 

the reduction in estimated pumped storage ranged from 71 percent (Dames & 

Moore load growth projection, generic retirement schedule, pumped storage 

dispatched last) to 41 percent in three of six dispatches under the median load 

growth projection (Tables 5-7 and 5-10). The potential for pumped storage 

capacity development remains the greatest in the ECAR-MAIN-MARCA region, 

followed by the Southern-TVA-VACAR region. 

Peaking capacity development and maximum supportable peaking energy 

were projected for each of the seven composite regions in the United States and 

are presented in Table 5-11 (utility-announced retirement schedule) and Table 5-12 

(generic retirement schedule). Peaking capacity development represents the 

capacity needed to meet future peak loads through new technological sources other 

than pumped storage. No attempt was made to incorporate physical or geograph-

ical limitations to peaking capacity development in the algorithm. Unsited base 

capacity development was calculated in accordance with alternative peaking 

capacity (unsited base represents the amount of additional capacity needed to meet 

the base load, in addition to that needed for peaking). 
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1979 
1985 
1990 
1995' 
1999 

700 
6155 
9803 
17452. 
29118. 

700 
4564. 
7998 
11575. 
15084. 

384. 
2994. 
5864. 
8827 
11867. 

18013. 
34554 
43895. 
63228. 
85738 

16951 
30547. 
38590. 
55496. 
76954. 

O. 	18013 
40646. 
56277. 
84592. 
111095. 

16951. 
36436 
50334. 
76958 
102119 

	

O. 	18013. 

	

5899. 	28525. 

	

27657. 	34892 

	

129123. 	42280 
250403 	•51332. 

16951. 
25197. 
30469. 
36678. 
44747. 

O. 
693 
693 

5191. 
22228. 

1979 
1985 
1990 
1995 
1999 

1890 
5316 

46806 
122978. 

1979 
1985 
1990 
1995 
1999 

384. 
1646. 
2531. 
5563. 
11212. 

700. 
2508. 
3613. 
7671. 
16975. 

700. 
2380. 
3828. 
5672 
9363. 

384. 
1552. 
2713. 
4074. 
6583. 

10038. 
21459. 
21459. 
27643. 

,42198. 

0 
561. 
561. 
854. 

10711. 

Hydroelectric Pumped Storage Analysis 
Peaking Capacity F 	t For - Continental U.S A. 

Utility Announced Reti 	ts Only 
Median Projection 	 Dames & Moore Projection 

Peaking 	Peaking 	Unsited 	Peaking 	Peaking 	Unsited 
Capacity Capacity 	Base 	Capacity Capacity 	Base 

(GM) 	(1110 	(MW) 	(GWH) 	(MW) 	(MW) 

Projection II 
Peaking 	Peaking 	Unsited 

	

Capacity Capacity 	Base 
(OWH) 	IMW/ 	(NW) 

Base Load Shape 

Pumped Storage Dispatched After Coal Steam 

384. 
4406 
7687. 
14152 
23972.  

10038. 
19840 
30366 
99561 
195652 

700. 
9476 
17248. 
35361. 
49417  

• 384. 
7474 
13620 
29382. 
42012 

10038. 
30950. 
69618. 

203342. 
339742.  

10038. 
13894. 
18339. 
30185 
56681. 

Pumped Storage Dispatched After Oil Steam 

Pumped Storage Dispatched Last 

8810 
13060. 
19901. 
82053 
174243. 

700. 
4008. 
6955. 

28003. 
39841. 

384. 
2696 
4026 
16602 
25717. 

8810. 
22612. 
62301. 

177554. 
312865. 

8810. 
9362 
13807. 
25838. 
48476. 

Load Management Load Shape 

Pumped Storage Dispatched After Coal Steam 

1979 	700. 	384. 	10038. 	700. 	384. 	10038. 	700 	384 

1985 	1414 	970. 	14509 	4177. 	2830. 	19793. 	1614 	1054 

1990 	2038. 	1398. 	25412. 	5695 	4129. 	41711. 	2217 	1501. 

1995 	2393. 	1703 	51244 	9963. 	5576 	134111 	2455. 	1686 

1999 	7682. 	2923 	113291 	14914. 	6625 	241709 	4910. 	1834. 

Pumped Storage Dispatched After Oil Steam 	 . 

1979 	18013 	16951. 	 0 	18013. 	16951 	 O. 	18013 	16951 

1985 	21773. 	19260 	1464. 	26769. 	23766 	4558. 	21290. 	19018 

1990 	23564. 	20599 	3398 	30482 	26666 	13888. 	21801. 	19479 

1995 	26940 	21686. 	20453 	54932 	33003 	80265. 	22505. 	19936 

1999 	40857. 	24958 	65111 	67614 	37317 	175909 	25140 	20324. 

Pumped Storage Dispatched Last 

1979 	700 	384. 	8810 	700 	384 	8810. 	700 	384 

1985 	1136 	660 	10488 	1896. 	1192 	14261. 	1496 	906 

1990 	1506 	920 	21162. 	2730 	1840 	34871 	2099 	1353 

1995 	• 1741 	1091 	42441 	4748 	2998 	121941 	2337 	1538 

1999 	3356 	1538 	98737 	11084 	3867 	229388 	4792 	1686 

8810 
17/30 
17730 
20517 
31604 

Table 5-11 



Hydroelectric Pumped Storage Analysis 
Peaking Capdcity Forecast For - NEPOOL - NYPP - MAAC - 

Utility Announced Retirements Unly 
Projection II 	 Median Projection 	 Dames & Moore Projection 

Peaking 	Peaking 	Unsited 	Peaking 	Peaking 	Unsited 	Peaking 	Peaking 	Unsited 
Capacity Capacity 	Base 	Capacity Capacity 	Base 	Capacity Capacity 	Ba..e 

(0014) 	(MW) 	(MW) 	(CWH) 	(MW) 	(MW) 	(OWN) 	(MW) 	(MW) 

Base Load Shape 

Pumped Storage Dispatched After Coal Steam 

1979 	 0. 	 0. 	 0. 	 0. 	 0 	 0 	 0. 	 0. 	 0. 
1985 	 0. 	 0. 	 0. 	 0. 	 0. 	823 	 0. 	 0. 	 0. 
1990 	 0 	 0 	2344. 	 0 	 0 	5378. 	 0. 	 0. 	4445. 
1995 	 0. 	 0. 	18172. 	 0. 	 0. 	20877. 	 0. 	 0. 	5315 
1999 	 0. 	 0. 	36311. 	 0. 	 0 	39788. 	 0. 	 0. 	7412 

Pumped Storage Dispatched After Oil Steam 

1979 	 0 	 0. 	 0. 	 0. 	 0. 	 0. 	 0. 	 0. 	 0. 
1985 	 0. 	 0 	 0 	 0. 	 0 	 0. 	 0. 	 0. 	 0 
1990 	 0 	 0. 	 0. 	 0 	 0. 	529. 	 0. 	 0 	 0 
1995 	2005 	1215 	10013 	1841. 	1120. 	12428. 	 0. 	 0 	 0. 
1999 	6417 	4737 	24056. 	6354. 	4686. 	27385. 	 0. 	 0. 	799: 

CM 	 Pumped Storage Dispatched Last 
1 
AU 	 1979 	 0 	 0. 	 0. 	 0 	 0. 	 0. 	 0. 	 0. 	 0 
IP 

1985 	 0 	 0. 	 0. 	 0. 	 0 	817. 	 0 	 0. 	 0. 
1990 	 0. 	 0 	 0 	 0. 	 0. 	2378. 	 0. 	 0. 	4445 
1995 	 0 	 0. 	9881. 	 0 	 0. 	11737. 	 0 	 0. 	4445. 
1999 	 0 	 0 	25074 	 0 	 0. 	27547. 	 0. 	 0. 	4445. 

Load Management Load Shape 

Pumped Storage Dispatched After Coal Steam 

1979 	 0. 	 0. 	 0 	 0. 	 0 	 0. 	 0 	 0. 	 0 
1985 	 0 	 0. 	 0 	 0 	 0. 	 0. 	 0 	 0 	8678. 
1990 	 0 	 0. 	9363 	 0 	 0. 	9916. 	 0. 	 0. 	8678. 
1995 	 0 	 0 	16740 	 0 	 0 	19237. 	 0. 	 0 	11903. 
1999 	 0 	 0 	29751 	 0 	 0 	•32947 	 0 	 0. 	15287 

Pumped Storage Dispatched After Oil Steam 

1979 	 0 	 0. 	 0 	 0 	 0 	 0. 	 0. 	 0. 	 Cl. 

1985 	 0 	 0. 	 0 	 0 	 0 	 0 	 0. 	 0 	 0. 
1990 	 0 	 0. 	 0 	 0 	 0 	 0 	 0. 	 0. 	 0 
1995 	 0 	 0. 	3877 	 0 	 0 	4910 	 0. 	 0 	 0. 
1999 	 0 	 0 	12309 	 0 	 0 	15583 	 0 	 0. 	 0 

Pumped Storage Dispatched Last 

1979 	 0 	 0 	 0 	 0 	 0 	 0 	 0 	 0 	 0 
19R5 	 0 	 0 	 0 	 0 	 0 	 0 	 0 	 0 	847H 
1990 	 0 	 0 	9134 	 0 	 0 	9687 	 0 	 0 	86/H 
1995 	 0 	 0 	13771 	 0 	 0 	16210 	 0 	 0 	86/0 
2999 	. 0 	 0 	26933 	 0 	 0. 	29921 	 0 	 0 	86/8 



Hydroelectric Pumlind Storage Analtisis 
Peaking Capacity Forecast roy - rloride - 

Utility Announced Retirements Only 
Projection II 	 Median Projection 	 Dames & Moore Projection 

Peaking 	Peaking 	Unsited 	Peaking 	Peaking 	Unsited 	Peaking 	Peaking 	Unsited 
Capacity Capacity 	Base 	Capacity Capacitu 	Base 	Capacity Capacity 	Bane 

(CWH) 	(MW) 	(MW) 	(CHM 	(MW) 	(MW) 	(GWH) 	(11N) 	(MB) 

Base Load Shape 

Pumped Storage Dispatched After Coal Steam 

1979 	 o 	o 	o 	o 	o. 	o. 	o. 	0. 	 0. 
1985 	 0 	 0 	1664 ' 	0 	 0 	1664. 	 0. 	 0. 	 0. 
1990 	 0 	 0 	5271 	 O. 	 0 	5271. 	 O. 	 O. 	 0 
1995 	 0. 	 o 	14839. 	 0 	 O. 	14839 	 0. 	 0. 	1337. 
1999 	 0 	 0 	24005. 	 O. 	 0 	24005. 	 0. 	 0. 	6239. 

Pumped Storage Dispatched After Oil Steam 

1979 	378 	402. 	 0 	378. 	402. 	 O. 	378. 	402. 	 0. 
1985 	3650 	2591. 	 O. 	3650. 	2591. 	 0. 	1662. 	963. 	 O. 
1990 	6248 	4801. 	 O. 	6248 	4001. 	 0 	2911. 	1935. 	 0. 
1995 	9615 	7192 	6299. 	9615 	7192 	6299. 	4450. 	3109. 	 O. 
1999 	12120 	9482. 	12745. 	12120. 	9482. 	12745. 	6305. 	4334. 	1092 

Pumped Storage Dispatched Last 

1979 	 o 	o. 	o. 	o 	o. 	o. 	o 	o. 	o. 
1985 	 o 	o. 	1664 	 O. 	 O. 	1664. 	 o. 	o. 	0. 
1990 	 0 	 0 	5271. 	 0 	 O. 	5271. 	 O. 	 O. 	 O. 
1995 	 o 	o. 	14839 	 0 	 O. 	14839. 	 O. 	 O. 	1337. 
1999 	 o 	o. 	24005 	 o. 	o 	24005. 	 o. 	o. 	6239. 

Load Management Load Shape 

Pumped Storage Dispatched After Coal Steam 

1979 	 o. 	o 	o. 	o. 	o. 	o. 	o. 	o. 	o. 
1985 	 o 	o 	o. 	o. 	o. 	o. 	o. 	o. 	o. 
1990 	 o 	0 	 o. 	o. 	o. 	o. 	o. 	o. 	o. 
1995 	 0 	 0 	4352 	 0 	 0 	4352 	 o 	 0. 	 0. 
1999 	 o. 	o 	10028 	 0 	 0 	10028 	 o. 	o 	o. 

Pumped Storage Dispatched After Oil Steam 

1979 	378 	402. 	 O. 	378. 	402 	 0 	378. 	402. 	 O. 
1985 	1277 	724. 	 0 	1277 	724 	 0. 	 755. 	402. 	 0 
1990 	2406 	1552 	 0 	2406. 	1552. 	 0 	757. 	402. 	 O. 
1995 	4551. 	2334 	1580 	4551 	2334. 	1580. 	1173. 	674 	 O. 
1999 	5832. 	3008 	6455 	5832 	3008. 	6455. 	1558. 	915. 	 0. 

Pumped Storage Dispatched Last 

1979 	 0 	 0 	 O. 	 0 	 0 	 0 	 0 	 0 	 0 
1995 	 0 	 0 	 o 	0 	 0. 	. 0 	 0 	 o. 	o 
1990 	 o 	o 	0 	 o. 	0 	 0 	 0. 	 0. 	 0 
1995 	 0 	 0 	4352. 	 0 	 0 	4352. 	 0 	 O. 	 0. 
1999 	 0 	 0 	10028 	 0 	 0 	10028 	 O. 	 0 	 0 

Table 5-11 (cont'd) 



Hydroelectric Pumped Storage Analysis 
Peaking Capacity Forecast For - Southern - IVA - VACAR - 

Utility Announced Retirements Only 
Projection II 	 Median Projection 	 Dames & Moore Projection 

Peaking 	Peaking 	Unsited 	Peaking 	Peaking 	(incited 	Peaking 	Peaking 	Unsited 

	

Capacity Capacity 	Base 	Capacity Capacitg 	Base 	Capacity Capacity 	Base 
(WM) 	(MW) 	(MW) 	(OWN) 	(MW) 	(MW) 	(0WH) 	(MW) 	(MW) 

Base Load Shape 

Pumped Storage Dispatched After Coal Steam 

1979 	 0 	 O. 	 0 	 O. 	 0 	 O. 	 0 	 O. 	 O. 
1985 	1221. 	1241. 	2401. 	2615. 	2807. 	6542. 	492. 	439 	2063. 
1990 	3156. 	3255. 	3621 	4447. 	4506. 	16767 	1504. 	1515. 	2063. 
1995 	4872. 	5289. 	11688 	11331. 	10639. 	36398. 	2133. 	P177. 	3477. 
1999 	9812. 	9470 	25982. 	17183 	- 15899. 	55061. 	2453. 	2493 	3477 

Pumped Storage Dispatched After Oil Steam 

1979 	2108. 	2760. 	 0. 	2108. 	2760. 	 O. 	2108. 	2760. 	 0. 
1985 	5223 	5033. 	771 	6630. 	6529. 	2136 	4358. 	4059. 	540. 
1990 	7198 	6969 	771. 	9444. 	8993. 	11377. 	5291. 	5058. 	540. 
1995 	10002 	9843. 	6266. 	15938. 	15592 	30516. 	6139. 	5720. 	540. 
1999 	14663 	14422. 	20100. 	21400. 	20852. 	49180. 	7122. 	6667. 	540. 

en 	 Pumped Storage Dispatched Last 
I 	 1 
IP 
0* 	 1979 	 0 	 O. 	 O. 	 O. 	 O. 	 O. 	 0. 	 0 	 O. 

1985 	 0 	 0 	 O. 	108 	111 	1929 	 O. 	 O. 	 O. 
1990 	 0. 	 O. 	 0 	607 	.389. 	16911. 	 0. 	 O. . 	O. 
1995 	1829. 	1484 	8539. 	9256. 	5191 	32000. 	 0 	 0 	 O. 
1999 	5255 	3507 	24700. 	13652 	8781 	52965. 	 O. 	 0 	 0 

Load Management Load Shape 

Pumped Storage Dispatched After Coal Steam 

1979 	 0. 	 0. 	 0 	 0 	 0 	 0 	 0. 	 0. 	 0. 
1985 	278. 	310 	1855 . 	1121. 	984 	3095. 	118. 	148 	1656. 
1990 	532 	478. 	1855 	1664 	1576. 	9338 	118. 	148. 	1656. 
1995 	652. 	612. 	1855 	5010. 	2600 	24782. 	118. 	148. 	1656 
1999 	5763 	1697. 	10736. 	6961 	2658 	40756. 	118. 	148. 	1656. 

Pumped Storage Dispatched After Oil Steam 

1979 	2108 	2760. 	 0 	2108 	2760 	 0 	2108. 	P760. 	 O. 
1985 	3702 	3445 	656 	4837. 	4559 	1097. 	3513. 	3307. 	457 
1990 	3651 	3536 	656 	5369 	5074 	4839. 	3263. 	• 3307. 	457 
1995 	3842 	3670 	656 	8863 	6101 	19963. 	3261. 	3307 	457. 
1999 	9055 	4755. 	6580 	12095 	7415 	34823 	3238. 	3307 	457 

Pumped Storage Dispatched Last 

1979 	 0 	 0 	 0 	 0 	 0 	 0 	 0 	 0 	 Cl 
1985 	 0 	 0 	 0 	 0 	 0 	 0 	 0 	 0. 	 0 
1990 	 0 	 0 	 0 	 0 	 0 	4735 	 0 	 0. 	 0 
1995 	 0 	 0 	 0 	1001 	735 	21544 	 0 	 0 	 0 
1999 	1437 	312 	6992 	5476 	1288 	38780 	 0 	 0. 	 0 

m=1,1. R-11 f^^,-.4-1.41 



Hydroelectric Pumped Storage Analysis 
Peaking Capacity Forecast For - FCAR - MAIN - MARCA - 

Utility Announced Retirements Only 
Projection II 	 Median Projection 	 Dames & Moore Projection • 

Peaking 	Peaking 	Unsited 	Peaking 	Peaking 	Unsited 	Peaking 	Peaking 	Unsited 
Capacity Capacity 	Base 	Capacity Capacity 	Base 	Capacity Capacity 	Base 

(GM) 	(MW) 	(MW) 	(CWH) 	(MW) 	(MW) 	(GWH) 	(MW) 	(MW) 

Base Load Shape 

Pumped Storage Dispatched After Coal Steam 

1979 	700. 	384 	1228. 	700. 41, 	384. 	1228. 	700. 	384. 	1228. 
1985 	4934 	3165 	2737 	6861. 	4667 	5763. 	4072. 	2555 	2469. 
J990 	6647 	4432. 	2737 	'12801 	9114 	16305 	6494. 	4349 	2469 
1995 	12580 	-8863 	17291 	24030 	18743 	56418. 	9442. 	6650. 	10180 
1999 	19306. 	14502 	41288 	32234. 	26113 	91832. 	12631. 	9374. 	20912. 

Pumped Storage Dispatched After Oil Steam 

1979 	6119. 	5018. 	 o 	6119. 	5018 	 0. 	6119. 	501e. 	0. 
1985 	12899 	10707. 	 0. 	16158 	13635 	 o 	10304. 	8504 	 0. 
1990 	14510 	11888 	 0. 	21649 	18525 	4899 	12520. 	10213. 	 0. 
1995 	21428. 	18132. 	5854 	32201 	29001. 	44237. 	15249. 	12521. 	4346. 
1999 	28086 	24760 	29107 	39769 	36370 	79650. 	19643. 	16636 	15078. 

Pumped Storage Dispatched Last 

1979 	700. 	384 	 o 	700 	384 	 0. 	700 	384. 	 0. 
1985 	2508 	1646. 	 o 	3900 	2585. 	3686. 	2380 	1552 	 0. 
1990 	3613 	2531 	 o 	6348 	4437 	14860. 	3828 	2713 	 o 
1995 	5842 	4079. 	14789 	18747 	11411 	50760. 	5672 	4074 	10180. 
1999 	11720. 	7705 	38333. 	26189 	16936 	86734. 	9363 	.6583 	20912. 

Load Management Load Shape 

Pumped Storage Dispatched After Coal Steam 

1979 	700 	384 	1228 	700. 	384 	1228 	700 	384 	1228. 

1985 	1136. 	660 	2119 	3056. 	1846 	3083 	1496 	906. 	2073. 

1990 	1506 	920 	. 2119 	4031. 	2553 	3641 	2099. 	1353. 	2073. 

1995 	1741 	1091 	3164 	4953 	2976 	38664. 	2337 	1538 	4298. 

1999 	1919 	1226 	19806 	7953. 	3967 	67924. 	4792. 	1686 	11738 

Pumped Storage Dispatched After Oil Steam 

1979 	6119 	5018 	 0. 	6119. 	5018 	 0. 	6119 	5018 	 o 
1985 	6755 	5567 	 o 	9396, 	7731 	 0. 	7046. 	5770 	 o 
1990 	7075 	5742 	 o 	10238. 	8353 	 o 	7647 	6132 	 o 
1995 	7352 	5913 	 o 	27612 	12309 	26964 	7909 	6317 	 o 
1999 	13921 	7411 	10648 	33945 	13454 	56208 	10359 	6464 	6047 

Pumped Storage Dispatched Last 

1979 	700 	384 	 o ' 	700 	384 	 o 	700 	384 	 0 

1985 	1136 	660 	 0 	1896 	1192 	693 	1496 	906 	 0 
1990 	1506 	920 	 0 	2730 	1840 	1687 	2099 	1:453. 	 0 
1993 	1741 	1091 	 99 	3667 	2263 	35027 	2337 	1538 	2133 
1999 	1919 	1226 	12985 	56!/8 	2579 	63109 	4792 	1606 	9409. 

Table 5-11 (cont'd) 



Hydroelectric Pumped Storage Analysis 
Peaking Capacity Forecast For - SPP - ERCOT - 

Utility Announced Retirements Only 
Projection II 	 Median Projection 	 Dames & Moore Projection 

Peaking 	Peaking 	Unsited 	Peaking 	Peaking 	Unsited 	Peaking 	Peaking 	Unsited 

	

Capacity Capacity 	Base 	Capacity Capacity 	Base 	Capacity Capacity 	Base 
(GWH) 	(MW) 	(MW) 	(014H) 	(MW) 	(MW) 	(WM) 	(MW) 	(MW) 

Base Load Shape 

Pumped Storage Dispatched After Coal Steam 

1979 	 0 	 0. 	 0 	 0 	 0 	 0. 	 0. 	 0. 	 0. 
1985 	 0. 	 0. 	 0 	 0 	 0 	 0 	 0 	 0. 	 0. 
1990 	 0. 	 0. 	 0 	 0. 	 0 	2649. 	 0. 	 0. 	 0. 
1995 	 0. 	 0. 	5586. 	 0 	 0 	29211. 	 0. 	 0. 	. 0. 
1999 	 0. 	 0. 	19053. 	 0 	 0 	59175. 	 0. 	 0. 	4586 

Pumped Storage Dispatched After Oil Steam 

1979 	9112. 	8380 	 O. 	9112. 	8380 	 O. 	9112. 	8380. 	 0 
1985 	12154 	11501 	 O. 	13580. 	12966 	 0. 	11940. 	11280. 	 0. 
1990 	14611. 	13534 	 0. 	17608. 	16617. 	 O. 	13883. 	12872. 	 0. 
1995 	17527. 	16265 	 0 	22292 	21170 	4310. 	16145. 	14857. 	 0. 
1999 	20652. 	19470. 	2913 	27223. 	26348. 	27541. 	17960. 	16719. 	 0. 

CM 	 Pumped Storage Dispatched Lait 
1 
A6 	 1979 	 0 	 O. 	 0. 	 0. 	 0 	 0. 	 O. 	 O. 	 0. 
00 

1985 	 0. 	 0. 	 0 	 0 	 0. 	 0. 	 0. 	 0. 	 0. 
1990 	 0 	 O. 	 0 	 O. 	 O. 	1396. 	 O. 	 0 	 0 
1995 	 0. 	 0 	5586. 	 0 	 O. 	27239. 	 0. 	 0. 	 O. 
1999 	 0 	 0 	17624. 	 0 	 O. 	97214. 	 0 	- O. 	3104. 

Load Management Load Shape 

Pumped Storage Dispatched After Coal Steam 

1979 	 0 	 0 	 0 	 O. 	 0. 	 0. 	 0. 	 0. 	 0 
1985 	 0 	 O. 	 0 	 O. 	 0 	 0 	 O. 	 O. 	 0 
1990 	 0 	 0. 	 0. 	 0. 	 0 	 0. 	 0 	 0. 	 0. 
1995 	 0 	 0 	 0 	 0. 	 0. 	8805. 	 O. 	 0 	 0 
1999 	 0 	 O. 	3004 	 0 0 	0 	30393. 	 0 	 0 	 0 

Pumped Storage Dispatched After Oil Steam 

1979 	9112 	8380 	 0. 	9112. 	8380 	 0. 	9112. 	8380 	 0 

1985 	9779. 	9133 	 0 	10999. 	10361 	 0 	9813. 	9148. 	 O. 

1990 	10148 	9378 	 0 	12185. 	11296 	 0 	9971. 	9247 	 O. 
1995 	10282 	9378 	 0 	12993 	11868 	 0 	9999. 	9247. 	 0 

1999 	10349 	9378 	 0 	14042 	13034 	14533 	9822 	9247. 	 O. 

Pumped Storage Dispatched Last 

1979 	 0 	 0 	 0 	 0 	 0 	 0 	 0 	 0 	 0 
1985 	 0 	 0 	 0 	 0 	 0 	 0 	 0 	 0 	 0 
1990 	 0 	 0 	 0 	 0 	 0 	 0 	 0 	 0 	 0. 
1995 	 0 	 0 	 0 	 0. 	 0 	0264 	 0 	 0 	 0 
1999 	 0 	 0 	3004. 	 0 	 0. 	29880 	 0 	 0 	 0 



Mudroelectric Pumped Storage Analusis 
Peaking Capacity Forecast rur - UMPA - NWPP - 

Utility Announced Retirements Only 
Projection It 	 Median Projection 	 Dames & Moore Projection 

Peaking 	Peaking 	Unsited 	Peaking 	Peaking 	Unsited 	Peaking 	Peaking 	Unsited 
Capacity Capacity 	Base 	Capacity Capacity 	Base 	Capacity Capacity 	Base 

(WW) 	(14W) 	(MW) 	(OWN) 	(MW) 	(MW) 	(0)414) 	(MW) 	(MW) 

Base Load Shape 

Pumped Storage Dispatched After Coal Steam 

1979 	 0 	 0 	 0 	 0 	 0. 	 0. 	 0. 	 0 	 0. 

1985 	 0. 	 0 	 54 	 0 	 0 	3174. 	 0. 	 0 	 0. 
1990 	 0 	 0. 	 54 	 0. 	 0. 	6909 	 0. 	 0. 	 0. 

1995 	 0 	 0. 	6589 	 0 	 0. 	17581. 	 0. 	 0 	514. 

1999 	 0 	 0. 	13336 	 0 	 0 	28949 	 O. 	 0 	4294. 

Pumped Storage Dispatched After Oil Steam 	 . 

1979 	 O. 	 0 	 O. 	 O. 	 O. 	 O. 	 O. 	 O. 	 O. 

1985 	 0. 	 0. 	 O. 	 0. 	 0 	2644. 	 O. 	 O. 	 O. 

1990 	 O. 	 0 	 O. 	 0 	 0 	6307. 	 O. 	 0 	 O. 

1995 	 D. 	 O. 	6228 	 O. 	 O. 	16947. 	 0 	 O. 	152. 

1999 	 0 	 O. 	12974 	 0 	 O. 	28466. 	 O. 	 O. 	3933. 

, 
Pumped Storage Dispatched Last 

1979 	 0. 	 0 	 0 	 0. 	 0 	 0. 	 0. 	 0. 	 0. 

1985 	 0. 	 0 	 54 	 0 	 O. 	3174. 	 0. 	 0 	 0. 

1990 	 0. 	 0 	 54 	 0 	 0. 	6909. 	 O. 	 0 	 0 

1995 	 0 	 O. 	6589. 	 0. 	 0. 	17575. 	 O. 	 0 	514. 

1999 	 O. 	 O. 	13336. 	 O. 	 0 	28905 	 O. 	 0 	4294. 

Load Management Load Shape 

Pumped Storage Dispatched After Coal Steam 

1979 	 0 	 O. 	 0 	 0. 	 0 	 O. 	 0 	 0 	 O. 

1985 	 0 	 O. 	103. 	 0 	 0 	3183. 	 O. 	' 	0. 	 0. 

1990 	 O. 	 O. 	103 	 0 	 0 	6844. 	 O. 	 O. 	 0. 

- 	1995 	 O. 	 0 	6671. 	 O. 	 0 	17579 	 O. 	 O. 	654. 

1999 	. O. 	 O. 	13431 	 O. 	 O. 	28935. 	 O. 	 0. 	4465. 

Pumped Storage Dispatched After Oil Steam 

1979 	 0 	 0. 	 0. 	 0 	 O. 	 0 	 0 	 0 	 0 

1985 	 O. 	 O. 	 0 	 0 	 0 	2653 	 O. 	 O. 	 0 

1990 	 0 	 O. 	 0 	 0 	 0 	6307. 	 O. 	. O. 	 O. 

1995 	 O. 	 0. 	6309 	 O. 	 0 	16946 	 0 	 0 	293. 

1999 	 O. 	 0 	13070 	 0 	 0 	20452 	 O. 	 O. 	4103 

Pumped Storage Dispatched Last 

1979 	 0 	 0 	 0 	 0 	 0 	 O. 	 0 	 0 	 0 

1985 	 0 	 0 	103 	 0 	 0 	3183 	 0 	 0 	 0 

1990 	 0 	 0 	103 	 0 	 0 	6837 	 0 	 0 	 0 

1995 	 0 	 0 	6671 	 0 ' 	0 	17579 	 0 	 0. 	654 

1999 	 0 	 0 	13431 	 0 	 0 	20935. 	 0 	 0 	4465 

Table 5-11 (cont 'd) 



Hydroelectric Pumped Storage Analysis 
Peaking Capacity Forecast For - AZNM - SCNV - NCNV - 

Utility Announced  Retirements Only 
Projection II 	 Median Projection 	 Dames & Moore Projection 

Peaking 	Peaking 	Unsited 	Peaking 	Peaking 	Unsited 	Peaking 	Peaking 	Unsited 
Capacity Capacity 	Base 	Capacity Capacity 	Base 	Capacity Capacity 	Base 

(OWN) 	(MW) 	(MW) 	(OWN) 	(MW) 	(MW) 	(01414) 	(MW) 	(MW) 

Base Load Shape 

Pumped St 	. Dispatched After Coal Steam 

1979 	 O. 	 0 	8810 	 0 	 0 	8810. 	 0. 	0. 	8810. 
1985 	 O. 	 0 	12984 	 0. 	o 	12984. 	 0 	 O. 	9362. 
1990 	 O. 	 0 	16339 	 0. 	o 	16339 	 0 	 0 	9362 
1995 	 O. 	 O. 	25396. 	 o. 	o 	28018 	 O. 	 0 	9362. 
1999 	 0 	 0 	35677 	 0. 	o 	40932 	 0. 	0. 	9761 

Pumped Storage Dispatched After Oil Steam 

1979 	296. 	391 	 0 	296. 	391 	 - O. 	296. 	391. 	 0. 
1985 	628. 	715 	1119 	628. 	715. 	1119. 	261. 	391. 	153. 
1990 	1328. 	1398 	4545 	1328 	1398. 	4545 	287. 	391. 	153 
1995 	2651. 	2849. 	12146. 	2705. 	2883. 	14386 	297 	391. 	153. 
1999 	3800 	4083. 	21083 	4229. 	4381 	25436. 	302 	391 	786. 

Pumped Storage Dispatched Last 

1979 	 O. 	 O. 	8810. 	 0 	 0 	8810. 	 O. 	 0 	8810. 
1985 	 O. 	 0 	11342. 	 o 	0. 	11342 	 0 	 O. -- 9362 
1990 	 O. 	 0 	14576 	 o 	0. 	14576. 	 o 	0. 	9362. 
1995 	 O. 	 0 	21830 	 o. 	o. 	23404. 	 o 	o. 	9362. 
1999 	 O. 	 0 	31171. 	 0. 	0. 	35495. 	 0 	 0 	9482. 

Load Management Load Shape 

Pumped Storage Dispatched After Coal Steam 

1979 	 o. 	o 	8810. 	 o. 	o 	8810 	 O. 	 0 	8810. 
1985 	 o. 	o 	10432 	 o. 	o 	10432 	 o 	o. 	9052. 
1990 	 0 	 O. 	11972 	 0. 	o 	11972 	 0 	 O. 	9052. 
1995 	 0. 	o 	18462 	 0. 	o 	20692 	 o 	0. 	9052 
1999 	 0 	 0 	26535 	 0. 	o 	30726 	 0. 	0. 	9052. 

Pumped Storage Dispatched After Oil Steam 

1979 	296. 	391 	 0 	296. 	391. 	 0 	296 	391. 	 0. 
1985 	260. 	391. 	808 	260. 	391 	808 	163 	391. 	104. 

1990 	284 	391 	2742 	284 	391 	2742 	163. 	391 	104 

1995 	913 	391 	8031 	913 	391 	9902 	163. 	391. 	104 

1999 	1700 	406 	16049 	1700. 	406 	19855. 	163 	. 391. 	104 

Pumped Storage Dispatched Last 

1979 	 0 	 0 	eelo 	0 	 0 	8810 	 0 	 0 	8810 

1985 	 O. 	 0 	10385 	 0 	 0 	10385 	 0 	 0 	9052 

1990 	 0 	 0 	11925 	 0 	 0 	11925 	 0 	 0 	9052 

1995 	 0 	 0 	17548 	 0 . 	0 	18965 	 0 	 n 	9052 

1999 	 0. 	0 	25364 	 0 	 0 	28735 	 0 	 0 	9052 

Table 5-11 (cont'd) 



Hydroelectric Pumped Storage Analysis 
Peaking Capacity Forecast For - Continental U S A. - 

	

Generic Reti 	t Of Older Units 
Projection II 	 Median Projection 	 Dames & Moore Projection 

Peaking 	Peaking 	Unsited 	Peaking 	Peaking 	Unsited 	Peaking 	Plaking 	Unsited 

	

Capacity Capacity 	Base 	Capacity Capacity 	Base 	Capacity Capacity 	Base 
(GWH) 	(MW) 	(MW) 	(G104) 	(MW) 	(MW) 	(GWH) 	(MW) 	(MW) 

Base Load Shape 

Pumped Storage Dispatched After Coal Steen' 

1979 	700 	384 	10038 	700. 	384. 	10038. 	700. 	384. 	10038 

1985 	8329 	6299. 	21585 	12567. 	10021. 	35896. 	6863 	4887. 	14832. 

1990 	12536. 	10223. 	43139. 	22945 	19060 	89048 	10771. 	8401. 	19929. 

1995 	26253 	22459 	135849. 	43150 	38182 	247305. 	14483 	11768. 	52250. 

1999 	41799 	38046 	267398 	60292 	55814. 	411655. 	26230. 	22812. 	115157. 

Pumped Storage Dispatched After Oil Steam 

1979 	18013 	16951. 	 O. 	18013. 	16951. 	 O. 	18013. 	16951. 	 O. 

1985 	35791 	32049. 	3365. 	41840. 	37922. 	8361. 	29122. 	25872. 	894. 

1990 	45253 	39710 	14622. 	58473 	52522 	47639. 	35582. 	31272. 	2110. 

1995 	69763. 	62286. 	85543 	90289. 	82948. 	182315. 	44134 	38422. 	21792. 

1999 	94093 	87675. 	200175 	119312. 	113000. 	335805. 	60361 	55049. 	65465 

Pumped Storage Dispatched Last 

1979 	700. 	384. 	8810 	700 	384. 	8810. 	700 	384. 	8810. 

1985 	' 3113 	2204 	15261 	6748 	4623. 	25227 	2989. 	2110 	9617. 

1990 	- 5343. 	3834. 	26938. 	12022 	8078. 	73428 	5358. 	3928 	16146. 

1995 	18539. 	11655. 	114279 	35594. 	25115 	226137. 	9268. 	6783 	40771 

1999 	41279 	26349 	239505. 	54879. 	41911. 	392937. 	19766. 	14529. 	98973 

Load Management Load Shape 

Pumped Storage Dispatched After Coal Steam 

1979 	700 	384. 	10038 	700. 	384 	10038 	700. 	384 	10038 

1985 	3944 	2659 	16378. 	6570 	4723. 	22105 	3924. 	2620 	22466. 

1990 	4994. 	3531. 	30632 	8746 	6647. 	55170. 	4985. 	3493. 	22466 

1995 	5563 	4060 	78649. 	27481. 	11756. 	176022 	5425 	3904 	32891. 

1999 	21532 	8497. 	182055 	43487. 	18824 	314510. 	9656 	5606.. 60122. 

Pumped Storage Dispatched After Oil Steam 

1979 	18013. 	16951 	 0 	18013 	16951 	 O. 	18013 	16951 	 O. 

. 	1985 	22322 	19826. 	2239 	27402 	24440 	5564. 	21846. 	19630 	763 

1990 	24369. 	21275. 	7600 	33276. 	27466. 	22440. 	22762. 	20186 	1529 

1995 	29058 	22766 	45011 	59858 	35829 	127878. 	24545. 	20978. 	5650. 

1999 	59010 	31167 	139966 	84013 	45540. 	264404 	29265. 	22904 	33023 

' 	 • Pumped Storage Dispatched Last 

1979 	700 	384. 	8810 	700 	384 	8810 	700 	384. 	8810. 

1985 	1858 	1217 	10892 	2536 	1750 	16327. 	2175 	1463 	18028. 

1990 	2451 	1733 	23419 	3570 	2665. 	43744 	2975 	2165 	18028 

1995 	2874 	2128 	64168 	12707 	5085. 	158740. 	3400 	2576 	23265. 

1999 	12384 	5182 	168240 	30527 	11509. 	296255 	7085 	3532 	51011 

Table 5-12 



Hydroelectric Pumped Storage Analysis 
Peaking Capacity Forecast ror - NEPOOL - NYPP - MAAC - 

generic Retirement Of Older Unitc 
Projection II 	 Median Projection 	 Dames & Moore Projection 

Peaking 	Peaking 	Unsited 	Peaking 	Peaking 	Unsited 	Peaking 	Peaking 	Unsited 
Capacity Capacity 	Base 	Capacity Capacity 	Base 	Capacity Capacity 	Bane 

(OW) 	(M) 	(MW) 	(OWN) 	IMO 	(P1U) 	(OW) 	(MR) 	(MW) 

Base Load Shape 

Pumped Storage Dispatched After Coal Steam 

1979 	 0 	 0 	 0. 	 0. 	 0 	 0. 	 0. 	 0. 	 0. 
1985 	 0 	 0 	 0. 	 O. 	 0 	3111. 	 0. 	 0. 	 0. 
1990 	 0 	 0. 	9915 	 0 	 O. 	13218. 	 0. 	 0 	4590. 
1995 	 0. 	 0. 	33187 	 0 	 0 	35777. 	 O. 	 0 	10528 
1999 	 0 	' 0. 	56063 	 0. 	 O. 	59501. 	 0. 	 0. 	16008. 

Pumped Storage Dispatched After Oil Steam 

1979 	 0 	 0 	 0 	 0. 	 O. 	 0. 	 0. 	 O. 	 0. 
1985 	 0. 	 O. 	 0 	' 	0. 	 O. 	 O. 	 0. 	 0. 	 O. 
1990 	 0 	 0 	3013. 	 0. 	 O. 	6253. 	 0. 	 0. 	 0. 
1995 	4935. 	3785. 	22907 	4813. 	3688. 	25509. 	 0. 	 0. 	4354. 
1999 	9008. 	7336. 	43220. 	'9291. 	7711. 	46240. 	266. 	141. 	8579. 

CM 	 Pumped Storage Dispatched Last 
I 
CM 	 1979 	 0. 	 0 	 0. 	 0. 	 0 	 O. 	 0, 	 0. 	 0. b3 

1985 	 0 	 0. 	 0 	 0. 	 O. 	1570. 	 0. 	 0. 	 O. 
1990 	 0. 	 O. 	2703 	 0. 	 0 	5939. 	 0. 	 0. 	4590. 
1995 	 O. 	 0. 	23762 	 0 	 0. 	25861. 	 O. 	 O. 	6886. 
1999 	 0 	 O. 	45304 	 0 	 O. 	50468. 	 O. 	 0. 	10229. 

Load Management Load. Shape 

Pumped Storage Dispatched After Coal Steam 

1979 	 0. 	 0. 	 0. 	 0. 	 0 	 0. 	 0. 	 0. 	 0. 
1985 	 0. 	 0. 	 0. 	 0. 	 0 	635. 	 0. 	 0. 	8748. 
1990 	 0. 	 0. 	11494 	 0. 	 0 	14770. 	 0. 	 0. 	8748. 
1995 	 0. 	 0. 	27185. 	 O. 	 0 	29641. 	 O. 	 O. 	15353. 
1999 	 0. 	 0. 	45519 	 0. 	 0 	48660. 	 0 	 O. 	15353. 

	

Pumped St 	. Dispatched After Oil Steam 
- 

	

1979 	 0. 	 0. 	 0 	 0. 	 O. 	 O. 	 O. 	 0. 	 O. 

	

1985 	 0. 	 O. 	 0 	 0 	 O. 	 O. 	 0. 	 O. 	 0. 

	

1990 	 0. 	 0 	 0. 	 0. 	 0 	1683. 	 O. 	 O. 	 O. 

	

1995 	 0 	 O. 	14383. 	 0. 	 0. 	16678. 	 0. 	 0. 	 0 

	

1999 	2333. 	423. 	34035 	2333 	423 	37028. 	 O. 	 O. 	2551. 

Pumped Storage Dispatched Last 

1979 	 0 	 0 	 0 	 O. 	 0 	 0. 	 0 	 0 	 0 
1985 	 0 	 0 	 0 	 0 	 0. 	635. 	 O. 	 O. 	8748. 
1990 	 0 	 0 	9989 	 0. 	 0 	12664. 	 0 	 0 	8748. 
1995 	 0. 	 0 	20555 	 0 	 0 	25248. 	 0. 	 0. 	8/48. 
1999 	 0 	 0 	41116 	 0 	 0. 	44110. 	 0 	 0 	9555. 



Hydroelectric Pumped Storage Analgnis 
Peaking Capacity Forecast rOT - Florida - 

Generic Retirement Of Older Units 
Projection II 	 Median Projection 	 Dames & Moore Projection 

Peaking 	Peaking 	Unsited 	Peaking 	Peaking 	Unsited 	Peaking 	Peaking 	Unsited 
Capacity Capacity 	Base 	Capacity Capacity 	Base 	Capacity Capacity 	Bane 

(GWM) 	(MW) 	(MW) 	(CWN) 	(MW) 	(MW) 	(GM) 	(MW) 	(MW) 

Base Load Shape 

Pumped Storage Dispatched After Coal Steam 

1979 	 O. 	 0 	 0 	 0 	 0 	 O. 	 O. 	 0 	 O. 
1985 	 0. 	 0. 	1854 	 0 	 0 	1854. 	 O. 	 O. 	 O. 
1990 	 0. 	 0 	6907. 	 0 	 0 	6907 	 o. 	o. 	o. 
1995 	 0 	 0. 	18590 	 0. 	 0. 	18590. 	 O. 	 O. 	5089. 
1999 	576. 	598. 	29832 	576 	598 	29832. 	 O. 	 O. 	12776 

Pumped Storage Dispatched After .011 Steam 

1979 	378. 	402. 	 0 	378. 	402 	 0 	378. 	402. 	 0. 
1985 	3665 	2605 	 0. 	3665. 	2605 	 0 	1681. 	977. 	 0. 
1990 	6748 	4891. 	1100. 	6748. 	4891 	1100 	2997. 	2024. 	 0. 
1995 	10017 	7472 	9717 	10017. 	7472. 	9717. 	5139. 	3469. 	970. . 
1999 	12748. 	9999. 	18669 	12748 	9999 	18669. 	6998. 	4851. 	7016. 

Pumped Storage Dispatched Last 

1979 	 0 	 0. 	 0. 	 0. 	 0. 	 0 	 0. 	 0. 	 0. 
1985 	 0. 	 0. 	1854. 	 O. 	 O. 	1854. 	 0. 	 0. 	 0. 
1990 	 0. 	 0. 	6907 	 0 	 O. 	6907 	 O. 	 O. 	 O. 
1995 	 0. 	 0 	18590. 	 O. 	 0 	18590. 	 0. 	 0. 	5089. 
1999 	576. 	598. 	29832. 	576. 	598. 	29832. 	 O. 	 O. 	12776. 

Load Management Load Shape 

Pumped Storage Dispatched After Coal Steam 

1979 	 0. 	 0. 	 0 	 0. 	 0 	 0. 	 0 	 0. 	 0. 
1985 	 0. 	 0. 	 0 	 0. 	 0 	 0 	 0. 	 0 	 0. 
1990 	 0. 	 0 	 0. 	 0. 	 0 	 0. 	 0. 	 0 	 0. 
1995 	 0. 	 0 	8103 	 0. 	 0 	8103. 	 O. 	 O. 	 O. 
1999 	 0. 	 0. 	16565 	 O. 	 0 	16565. 	 O. 	 O. 	5394. 

Pumped Storage Dispatched After Oil Steam 

1979 	378. 	402 	 0 	378 	402 	 0 	378. 	402. 	 0. 
1985 	1298 	738. 	 0 	1298 	738 	 O. 	755. 	402. 	 O. 
1990 	24911 	1642 	 0 	2498 	1642 	 0 	813. 	465. 	 0. 
1995 	4951. 	2615 	4998. 	4951 	2615 	4998. 	1573. 	954 	 0 
1999 	6345. 	3525 	12379 	6345 	3525 	12379. 	2841. 	1432. 	3694 

Pumped Storage Dispatched Last 

1979 	 0 	 0 	 0 	 0 	 0 	 0 	 0. 	 0 	 0. 
1985 	 0 	 0 	 0 	 0 	 0 	 0 	 0 	 O. 	 0 
1990 	 0 	 0 	 0 	 0 	 0 	 0 	 0. 	 0 	 0 
1995 	 0 	 0 	8103 	 0 	 0 	8103 	 0 	 0 	 0 
1999 	 0 	 0 	16565 	 0. 	 0 	16565 	 0 	 0 	5394. 

Table 5-12 (cont'd) 



Hydroelectric Pumped Storage Analysis 
Peaking Capacity Forecast For - t-CAR - MAIN - MARCA - 

Generic Retirement Of Older Units 
Projection II 	 Median Projection 	 Dames & Moore Projection 

Peaking 	Peaking 	Unsited 	Peaking 	Peaking 	Unsited 	Peaking 	Peaking 	Unsited 
Capacity Capacity 	Base 	Capacity Capacity 	Base 	Capacity Capacity 	Base 

(WM) 	(MW) 	(MW) 	((W14) 	(MW) 	(MW) 	(OWN) 	(MW) 	(MW) 

Base Load Shape 

Pumped Storage Dispatched After Coal Steam 

1979 	700. 	304 	1228 	700 	384 	1228. 	700. 	384 	1228. 
1985 	6897 	4900. 	2907. 	9774 	7057 	6540. 	6144. 	4290 	2795 • 
1990 	9124. 	6730 	2907 	, 17780. 	14008 	17595. 	9007. 	6647. 	2795 
1995 	19192 	15459. 	20956 	29442. 	25134. 	60869. 	12083. 	9352. 	11778. 
1999 	27834. 	24324 	52589 	39381 	35711. 	103132. 	21682. 	18552 	32370 

Pumped Storage Dispatched After Oil Steam 

1979 	6119. 	5018 	 0 	6119. 	5018 	 O. 	6119. 	5018 	 0 
1985 	13350. 	11200 	 0 	16584. 	14129 	 -0. 	10762. 	8999 	 0 
1990 	14977. 	12423. 	 O. 	22814. 	19966 	10766. 	12986 	10747 	 0. 
1995 	23482. 	20672 	14899 	33113. 	30340 	54707. 	15959 	13350 	8386. 
1999 	31266. 	29487 	46457 	42507 	40875 	97000 	25459. 	23716. 	26238. 

Pumped Storage Dispatched Last 

1979 	700. 	384. 	 0 	700. 	384 	 0 	700 	384. 	 0. 
1985 	3113. 	2204. 	454 	6640. 	4512. 	3785. 	2989 	2110. 	 67. 
1990 	5343 	3834 	454 	11385. 	7741. 	14229. 	5358 	3928. 	2006. 
1995 	14803 	9219 	16455 	26208. 	18815. 	60869. 	9268 	6783 	11778. 
1999 	25477 	16461 	47275. 	38277. 	30171 	103132 	19766. 	14529 	32370 

Load Management  Load.Slinpe 
1 

Pumped Storage Dispatched After Coal Steam 

, 	.1979. , 	- 700 	384. 	1228 	700. 	384. 	1228 	700 	384 	1228. 
1985 	3442 	2192. 	2590 	5250. 	3581. 	3350. 	3806 	2472. 	2544 
1990 	4197. 	2815 	2590 	6832 	4833. 	8152 	4867 	3345. 	2544 
1995 	4641. 	3210 	7816 	21639 	8497. 	43689. 	5307. 	3756. 	5627 
1999 	15283. 	6254 	33729. 	33038 	12944 	79689. 	9538 	5458. 	16415. 

Pumped Storage Dispatched After Oil Steam 

1979 	6119 	5018. 	 0 	6119 	5018 	 O. 	6119 	5018. 	 0 
1985 	7200 	6013 	 0 	9868. 	8225 	 0 	7478 	6216 	 0 
1990 	7531 	6207 	 0 	12617 	8882 	595. 	8084. 	6595 	 0 
1995 	8163 	6494 	830 	30477 	13747 	37498 	8550 	6898. 	2044 
1999 	28286 	11420. 	27597 	45526 	18107 	73558 	11921. 	8238 	13053 

Pumped Storage Dispatched Last 

1979 	700 	384 	 0. 	700 	384 	. 0 	700. 	334 	 0 
1985 	1858 	1217. 	 0 	2536 	1750 	1704. 	2175 	1463 	 0 
1990 	2451 	1733. 	 0 	3570 	2665. 	4324. 	2975 	2165 	 0 
1995 	2874 	2128 	3301 	11079 	4133 	39107 	3400 	2576 	4500. 
1999 	6565 	3048 	33584 	19644 	7996 	79729 	7085 	3582 	16415 

Table 5-12 (cont'd) 



Hydroelectric Pumped Storage Analysis 
Peaking Capacity F 	t For - SPP - ERCOT - 

Generic Retirement Of Older Units 
Projection II 	 Median Projection 	 Dames & Moore Projection 

Peaking 	Peaking 	Unsited 	Peaking 	Peaking 	Unsited 	Peaking 	Peaking 	Unsited 

	

Capacity Capacity 	Base 	Capacity Capacity 	Base 	Capacity Capacity 	Base 
(GU)1) 	(MW) 	(MW) 	(GWH) 	(MW) 	(MW) 	(GWH) 	(MW) 	(MW) 

Base Load Shape 

Pumped Storage Dispatched-After Coal Steam 

1979 	 0 	 O. 	 o. 	o. 	o 	o. 	o. 	0. 	 O. 
1985 	 0 	 O. 	 O. 	 O. 	 o. 	o. 	o. 	o. 	O. 
1990 	 0. 	 O. 	 O. 	 O. 	 o 	7388. 	 0. 	 0. 	 0 
1995 	 O. 	 O. 	12144 	 0 	 o 	41613. 	 O. 	 o. 	5626. 
1999 	 O. 	 O. 	37368. 	 O. 	 o. 	77460. 	 0. 	 0. 	22897. 

Pumped Storage Dispatched After Oil Steam 

	

19750 	, 9112 	-.8380. 	 0. 	9112. 	8380. 	 0. 	9112. 	8380. 	 0. 

	

1985 	12208 	11587. 	 0. 	13632. 	13052. • 	o 	11993. 	11367. 	 0. 

	

.-1990 	14675 , 	13639. 	 0. 	17671 	16722. 	 0. 	13945. 	12973. 	 0. 

	

1995 	17843 	16771. 	374 	22721 	21893. 	15295. 	16459 	15363. 	 0. 

	

1999 	21283. 	20536. 	12650. 	27714 	27232. 	44927. 	18473. 	17577. 	1545. 

Pumped Storage Dispatched Last 

1979 	 0. 	 0. 	 0 	 0 	 0 	 0. 	 0. 	 0. 	 0 
1985 	 0 	 0. 	 0 	 0. 	 0. 	 0. 	 0. 	 0. 	 0. 
1990 	 o 	o. 	o 	o 	o 	6174. 	 0. 	 0. 	 0. 
1995 	 0. 	 0. 	10888 	 o 	o 	39531. 	 o 	0. 	3498. 
1999 	 0 	 0. 	35458 	 o 	 0. 	75237. 	 0. 	 0 	20583. 

Load Management Load Shape 

Pumped Storage Dispatched After Coal Steam 

1979 	 0. 	 0 	 0 	 0. 	 0. 	 0. 	. 0. 	 0 	 0 
1985 	 0. 	 0. 	 0. 	 0. 	 0 	 0. 	 0. 	 0. 	 0. 
1990 	 .0. 	 o 	o 	o. 	o. 	o. 	o. 	o 	o. 
1995 	 o 	o 	1755 	 o 	o. 	21232 	 o 	o. 	o 
1999 	 0. 	 0 	14241. 	 o 	o 	48733. 	 0. 	 0 	3005. 

Pumped Storage Dispatched After Oil Steam 
• 

1979 	9112 	8380 	 O. 	9112 	8380 	 O. 	9112 	8380. 	 0 
1985 	9795 	9159. 	 0 	11054 	10447. 	 O. 	9869. 	9235 	 0 
1990 	10172. 	9419 	 0 	12248 	11397 	 O. 	10035 	9349 	 0 
1995 	10306 	9419. 	 0. 	13328 	12386. 	6075 	10064 	9349 	 0 
1999 	10486 	9610. 	5002 	14592 	13923 	31917 	9886. 	9349 	 0 

Pumped Storage Dispatched Last 

1979 	 0 	 o 	o 	o 	o 	o 	o 	o. 	0 
1985 	 0 	 0 	 0 	 0 	 0 	 0 	 0 	 0 	 0 
1990 	 0 	 0 	 0 	 0 ' 	0 	 0 	 0 	 0 	 0 
1995 	 0 	 0 	1755 	 0 	 0 	20119 	 0 	 0 	 '0 
1999 	 0 	 0 	13834 	 0 	 0 	47560 	 0 	 0. 	2615 

Table 5-12 (cont'd) 



Hddroplectric Pumped Gtorage Analysis 
Peaking Capacity Forecast For - ()WA - WIPP - 

Generic Retirement OF Older Units 
Projection 11 	 Median Projection 	 Dames & Moore Projection 

Peaking 	Peaking 	Unsited 	Peaking 	Peaking 	Unsited 	Peaking 	Peaking 	Unsited 
Capacity Capacity 	Base 	Capacity Capacity 	Base 	Capacity Capacity 	Base 

(GW)1) 	(MW) 	(MW) 	(CW1-1) 	(MW) 	(MW) 	(WO 	(MW) ' 	(11W) 

Base Load Shape 

Pumped Storage Dispatched After Coal Steam 

1979 	 0 	. 	o. 	o. 	o 	o 	o. 	0. 	 o. 	o. 
1985 . 	 0 	 0. 	82 	 0. 	 o 	3218. 	 0. 	 0. 	 0. 
1990 	 0 	 0. 	82 	 o 	o 	6955 	 0. 	 0 	 0. 
1995 	 o 	o 	6673 	 o 	o 	17826. 	 0 	 0. 	597. 
1999 	 o 	o 	13544 	 o 	o. 	29697. 	 o. 	o 	4503. 

Pumped Storage Dispatched After Oil Steam 

1979, 	 0. 	 0. 	 0 	 0 	 0. 	 0. 	 0. 	 0. 	 0. 
1985 	 0. 	 0. 	 0. 	 0. 	 0. 	2875. 	 0 	 0, 	 0 
1990 	 0 	 0. 	 0 	_ 	o. 	o 	6807. 	 o. 	o 	o 
1995 	 0. 	 0 	6655 	 o 	0. 	17794. 	 0. 	 o 	579 
1999 	 0. 	 0. 	13527 	 0. 	 o 	29665. 	 0. 	 0. 	4485. 

Pumped Storage DispatchedLast 

1979 	 0 	 0. 	 0. 	 0. 	 0 	 0. 	 0. 	 0. 	 0. 
1985 	 0. 	 0 	 82 	 0 	 o 	3218. 	 0 	 0. 	 0. 
1990 	 0 	 0. 	82 	 0. 	 0. 	6955. 	 o 	o 	o. 
1995 	 0 	 0. 	6673 	 o 	o 	17821. 	 o 	0. 	597. 
1999 	 0. 	 0. 	13544. 	 o 	o 	29653 	 0. 	 0. 	4503. 

Load Management Load Shape 
1 	 . 

Pumped Storage Dispatched After Coal Steam 	 ' 
 

1979 	 O. 	
_ 0 
	 0 	 0 	 O. 	 O. 	 o 	o 	o. 

1985.. , 	o. 	0._ 	131. 	 0 	 O. 	3227 	 o 	o. 	O. 
1990 	 0 	 O. 	131. 	 O. 	 0. 	6900 	 0 	 O. 	 0. . 	
1995 	 O. 	- 	O. 	6754 	 0. 	 O. . 	17825. 	 0 	 0 	737 
1999 	 O. . 	0 	13640. 	 o 	 0 	29683 	 0 	 0 	4673. 

Pumped Storage Dispatched After Oil Steam 

1979 	 0. 	 0 	 O. 	 0. 	 o 	o 	o. 	o 	O. 
1985 	 O. 	 0 	 0 	 0 	 o 	2884. 	 O. 	 0 	 O. 
1990 	 O. 	 0 	 0 	 O. 	 0 	6748. 	 O. 	 0. 	 0 
1995 	 o 	0 	6737 	 o 	0 	17792 	 O. 	 o 	720. 
1999 	 0 	 0 	13622 	 0. 	 0. 	29651. 	 O. 	 0 	4656 

Pumped Storage Dispatched Last 

1979 	 0. 	 0 	 0 	 0 	 0 	 0. 	 0 	 0 	 o 
1985 	 o 	o 	131 	 0 	 0 	3227 	 0 	 0 	 0 
1990 	 0 	 0. 	131 	 0 	 0 	6891 	 o 	 0 	 0. 
1995 	 0 	 0 	6754 	 0 	 0 	17825 	 0 	 0 	737 
1999 	 0 	 0 	13640 	 0 	 0 	29683 	 0 	 0 	4673 
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Hydroelectric 
Peaking Capacity Fa 

Peaking 
Capacity 

(GWH) 

Generic Ret 
Projection II 

Peaking 	Unsited 
Capacity 	Base 

(MW) 	(MW) 

Base.Load-Shape 

O. 
719 
1764 
2400 
4548. 

O. 
597 
1754 
2416 
4260 

0 
2300 
2007 
4676 
5860 

2108. 
4425. 
5367. 
6221: 
7762 

2760 
4138 
5137. 
5799. 
7337. 

O. 
540. 
540 
1968 
3330. 

0. o. o. 
o. 
o. 
o. 

o. o. 
o. 

0 

337. 
6300 
11142 

2436 
9290. 

O. 
108. 
637. 

9386 
16026 

0 
0 
O. 

11590 
27343 

2086 
2086. 0 

Pumped Storage Dispatched Last 

1979 	 0. 
1985 	 0 
1990 	 O. 
1995 	3736 
1999 	15226. 

O. 
1929. 

16432. 
33413 
58513. 

O 0 	 0 
1320. 	1142 	3329. 
1914. 	1814 	10225 
5842. 	3259. 	27067 
10449 	5880. 	46472 

O. 
118 
118 
118. 
118 

0 
1894. 
1894 
1094 
1094. 

0 
148. 
148 
148 
148. 

0 	, 
656 
656 
656 

15714 

2108. 	2760. 
4922 	4639 
5468 	5154 
9304 	' 6542 
12851 	8459 

O. 
1097. 
6108. 

23422. 
43434. 

1979 
1985 
1990 
1995 
1999 

2760. 
3525 
3616 
3798 
5252 

2108 
3769 
3723. 
3991. 
9440 

2108. 
3581. 
3334. 
3333. 
3337 

O. 
457. 
457. 
457 
457 

2760 
3386 
3386 
3386. 
3444. 

0 	 o. 
0 

0 

o. 

Pumped Storage Analysis 
ecast For - Southern - TVA - VACAR - 

	t Of Older Units 
Median Projection 	 Dames & Moore Projection 

Peaking 	Peaking 	Unsited 	Peaking 	Peaking 	Unsited 
Capacity Capacity 	Base 	Capacity Capacity 	Base 

(GW14) 	(MW) 	(MW) 	(GW14) 	(MW) 	(MW) 

Pumped Storage Dispatched After Coal Steam 

0 
2638 
4571 
13067 
31589 

1979 
1985 
1990 
1995 

• 1999 

O. 	 0 
1432 	1399. 
3412. 	3493. 
7061 	7000. 
13389 	13124. 

O O. 	 0 
2793 	2964. 	7069 
5165. 	5052 	17689. 
13708 	13048. 	37317 
20142 	19379 	60669. 

Pumped Storage Dispatched After Oil Steam 

	

1979 	2108. 	2760 

	

, , •:•1985 	5294 	5112. 

	

1990 	7291 	7048. 

	

,1995 	10710 	10560 

	

1999 	15616 	15682 

0 
771. 
771 

9629. 
28550. 

2108 	2760 	 0 
6682. 	6591 	2892. 
9678. 	9234 	12974 
16463. 	16251 	33879. 
22167 	21998. 	57630. 

Load Management Load Shape 

Pumped Storage Dispatched After Coal Steam 

1979 	 0. 	 0. 	 (/ 
1985 	502. 	467. 	2093 
1990 	797 	716 	2093 
1995 	922 	850 	2662 
1999 	6249 	2243 	18665 

Pumped Storage Dispatched After Oil Steam 

Pumped Storage Dispatched Last 

1979 	 0 
1985 	 0 
1990 	 0 
1995 	 0 
1999 	6319  

o o 	o 	0 	 O. 
O (3 	 0 	 () 	 0 
O 0 	 0 	 0 	6566 
O. 	 0 	1628 	952 	23296 

2134. 	17028 	10883 	3523 	40748 
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Hydroelectric Pumped Storage Analysis 
Peaking Capacity Forecast For - AZNM - SCNV - NCNV - 

Generic Retirement Of Older Units 
Projection II 	 Median Projection 	 Dames & Moore Projection 

Peaking 	Peaking 	Unsited 	Peaking 	Peaking 	Unsited 	Peaking 	Peaking 	Unsited 
Capacity Capacity 	Base 	Capacity Capacity 	Base 	Capacity Capacity 	Base 

(GWM) 	(MW) 	(MW) 	(GWH) 	(MW) 	(MW) 	(OWN) 	(MW) 	(MW) 

Base Load Shape 

Pumped Storage Dispatched After Coal Steam 

1979 	 o. 	o 	8810 	 o 	o. 	8810. 	 o 	o 	8810. 
1985 	 o 	o 	14104 	 o. 	o 	14104. 	 o. 	o 	9737. 
1990 	 o 	o. 	18757. 	 o 	o 	19296. 	 o. 	o. 	9737 
1995 	 o 	o. 	31232 	 o. 	- o 	35313. 	 o 	o. 	13956. 
1999 	 o 	0. 	46413 	193. 	126 	51364. 	 0. 	0. 	20743. 

Pumped Storage Dispatched After Oil Steam 

1979 	296. 	391. 	 0. 	296. 	391. 	 0. 	296. 	391. 	 0. 
1985 	1277 	1545. 	2594. 	1277. 	1545 	2594. 	261. 	391. 	354. 
1990 	1562 	1709. 	9738. 	1562. 	1709 	9739. 	287. 	391. 	1570. 
1995 	2776. 	3026 	21362. 	3162. 	3304. 	25414. 	356. 	441. 	5535. 
1999 	4172 	4635. 	37102 	4885 	5185. 	41674. 	1403. 	1427. 	14272. 

Pumped Storage Dispatched Last 

1979 	 o. 	o 	8810 	 o. 	o 	8810. 	 o 	o. 	0810. 

1985 	 o. 	o. 	12871. 	 o. 	o. 	12871. 	 o. 	o. 	9550. 
1990 	 o. 	o. 	16792. 	 o 	o 	16792. 	 o. 	o. 	9550. 
1995 	. 	o. 	o. 	26321 	 o. 	o. 	30052. 	 o. 	o. 	10837. 

1999 	 o. 	o. 	40749 	 o. 	o. 	46102. 	 o. 	o. 	16426. 

	

Load Management Load Shape 	 - 
, 

. 	 • 
Pumped Storage Dispatched After Coal Steais 

. 	 . 
11979 	. o.. 	0: 	eelo 	0 	• 	0 	8810. 	 o. 	O. 	8810. 

- 	 1985 	 O. 	 0 	11564 	 O. 	 0 	11564. 	 0 	 0 	9280. 

1990 	 o 	0 	14324 	 O. 	 0 	15123. 	 O. 	 O. 	9280. 

1995 	 0 	 O. 	24374. 	 0 	 0 	28465. 	 O. 	 O. 	9280. 

1999 	. 0 • 	 o 	39696 	 O. 	 0 	44708. 	 O. 	 0 	13388 
- 

. Pumped Storage Dispatched After Oil Steam 
- 

1979 	296. 	. 391. 	 O. 	296. 	391 	 O. 	296. 	391 	 0 
1985 	260 	391 	1583 	260 	391 	1583. 	163. 	391 	' 306. 

1990 	445.- 	391. 	6944 	445. 	• 391 	7306 	496. 	391. 	1072 

1995 	1647: 	440 	'17407. 	1798 	539 	21415. 	1025 	391. 	2429. 

1999 	2120. 	937 	31617. 	2366. 	1103. 	36437 	1280 	391. 	8612. 

	

Pumped Storage Dispatched Last 	 -  

1979 	 0 ' 	o. 	8810. 	 O. 	 o. 	8810. 	 o 	0 	8810 

1985 	 0. 	0 	10761 	 0. 	0 	10761. 	 0 	 0 	9080 

1990 	 0 	 0 	13299. 	 0 	 0 	13299 	 0 	 0 	' 9080 

1995 	 0. 	 0 	21700 	 0 	 0 	25042 	 0 	 0 	' 92n0 
1999 	 0 	 0 	32473 	 0 	 0 	37860. 	 0 	 0 	12359 
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.s. 

Alternative peaking capacity development was projected and dispatched for 

the seven composite regions (new peaking was , always dispatched after existing 

pumped storage in the algorithm). The potential for peaking capacity is greater in 

the median projection of load growth while the Dames & Moore projection 

produced the lowest peaking capacity. The results were as expected: Higher 

growth in demand requires increases in capacity development. On examination of 

the impact of the order of dispatch, the greatest potential for peaking capacity 

occurs when pumped storage is dispatched after oil steam. When pumped storage is 

dispatched after coal steam and after all other fuel types, coal is used to drive the 

peak and oil is then available for peaking capacity. The algorithm uses oil to drive 

the peak when pumped storage is dispatched after oil steam. This method means 

oil is now in the base and additional capacity is required to meet the peak; hence, 

there will be a greater potential for new peaking capacity development. 

Pumped storage dispatched after coal steam produced the lowest estimates 

of potential peaking capacity. The ECAR-MAIN-MARCA region has the greatest 

potential for peaking capacity development. The Southern-TVA-VACAR and 

ECAR-MAIN-MARCA regions are the only regions to indicate a potential for 
1 

peaking capacity development when pumped storage is dispatched after coal steam. 

The RMPA-NWPP region showed no potential for peaking capacity development 

under any order of dispatch. All regions are estimated to have a potential for 

unsited base capacity development, although less than the potential development in 

the pumped storage capacity development algorithm. 

The impact of load management on the need for siting new alternative 

peaking capacity produces lower estimates than under the base-load shape 

scenario. Since load management techniques attempt to reduce the peak demand, 

the need for additional peaking capacity is also reduced. Only the Southern-TVA-

VACAR and ECAR-MAIN-MARCA regions show a potential for peaking capacity 

when pumped storage is dispatched after 'coal steam. An interesting result from

•the analysis shows that the potential for unsited base capacity under load 

management is greater than unsited base capacity, excluding load management in 

the RMPA-NWPP region. (The RMPA-NWPP region is heavily based with hydro 

generation, and hydro is used not only for base-load but also to meet peak demand.) 

A lowering of the load duration curve for the region results in an increase in the 

need for base-load capacity; this result implies that load management would not be 

an advantageous pursuit in the RMPA-NWPP region. 
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Economically, investment in pumped storage should be limited to those 

regions where the actual total cost of building pumped storage is the lowest 

expansion alternative. Pumped storage facilities constructed to displace oil in the 

generating mix implies that oil is priced higher than oil's marginal cost, considering 

the risk of extracting more oil out of the ground versus the risk of purchasing oil 

abroad. We believe that load management to share peaks is less expensive than 

constructing pumped storage in most regions where oil is the displaced generating 

fuel (these regions include the Northeast and the Pacific Southwest). In the 

Southeast and ERCOT regions,. pumped storage would displace gas instead of oil as 

the generating fuel. 

In summary, the potential for pumped storage development is greatest in the 

ECAR-MAIN-MARCA and the Southern-TVA-VACAR regions. Estimates vary 

significantly, depending on the rate of demand growth projected for a particular 

region, and less significantly with varying retirement and dispatching schedules. 

As can be seen, the impact of load management has a substantial impact on the 

projected pumped storage development potential of a region. 

5-60 



5.4 METHODOLOGY  

The regional forecasts of the need for pumped storage as developed in the 

preceding section were computed using a regional "stacking dispatch" production 

costs model that was specifically written for this application. 

In the model, regional electric energy forecasts are equilibrated with the 

scheduled regional availability of generating capacity. Then, based on the assump-

tion of pumped storage power supply and peaker dispatch order, the additional 

capacity required to meet energy needs is computed. This may be either pumped 

storage or alternative (nonstorage) type peaking capacity. The purpose of the 

calculation is to determine, year by year, the amount required. 

5.4.1 Description of Stacking Dispatch  

To do this calculations are performed that produce estimates of the addi-

tional generation capacity required in each region to meet predicted energy 

requirements. These additions are in the categories of: 

• Base-load generating plants 

• Pumped-storage plants or other peak-load generating plants. 

The method used is a variation of the stacking dispatch method for determining the 

energy generated by each plant in a system. In stacking dispatch, illustrated in 

Figure 5-1, the system loads are rearranged in descending order to form a load 

duration curve. The generating units are arranged in order of operating cost 

(Unit 1 being the least expensive), and represented by areas below the load duration 

curve, in order, with Unit 1 at the bottom. The height of each area is the effective 

capacity of the unit, and the energy generated by each unit is proportional to the 

area representing the unit. If the ordinates are loads in megawatts and the 

abscissae are hours, then the areas give energy in megawatt-hours. Variations on 

the method are explained below. 

The effective capacity referred to above is the 'product of the rated capacity 

and the availability of the unit when not in scheduled maintenance. This is 

equivalent to the product of the rated capacity times (1-forced outage rate). -  The 

reserve capacity of the system is the difference between the sum of the rated 

capacities of the units and the peak load. In our application the peak load equals 

the sum of the effective capacities so the reserve capacity equals the total 

expected forced outages. Since actual forced outages will sometimes exceed the 

5-61 



UNIT 3 

UNIT 2 

UNIT 1 

S
Y

S
T

E
M

 L
O

A
D

 

LOAD DURATION CURVE 

HOURS 

FIGURE 5-1 

REPRESENTATION OF UNIT LOADING ORDER AND 
ENERGY GENERATION REQUIREMENTS IN TERMS OF THE 

LOAD DURATION CURVE 

IDAMMIES IS MOORS 
. 	1 

5-62 



expected (i.e., average) value, our stacking • dispatch model underestimates 

unserved energy and energy required from peaking units when other units are on 

forced outage. However, stacking dispatch has been used here, rather than 

probabilistic dispatch (which treats forced outages more rigorously) for three 

reasons. First, it is far simpler and more economical in computer 'time. Second, 

our objective is to obtain estimates of supportable capacity, and this method will 

give conservative estimates. Thirdly, our calculations are for Electric Regions 

containing many generating units (typically 100 or more), and for such large 

systems the probability of outages exceeding the expected value by a sizeable 

percentage is quite small. Otherwise stated, stacking dispatch becomes a better 

representation .  of the system as a whole as the number of units increases. A 

detailed description of the model can be found in Appendix C. 

5.4.2 Analytical Procedure  

The steps in the procedure are as follows: 

1) An inventory of existing generating units, planned new units, and 

planned unit retirements has been made. This includes data on 

capacities, fuel types, service dates, locations, etc. 

2) Three forecasts of electric loads for each region have been obtained, 

two from previous studies for the Corps of Engineers, and one by 

Dames & Moore. The corresponding load duration curves are generated 

from these forecasts. 

3) The generating units are grouped into categories according to fuel and 

operation type. The stacking dispatch is done in terms of these 

categories rather than by individual generating units; however, there is 

no change in the principles involved. Certain categories are designated 

as base-load, intermediate load, and peaking plants; categories are also 

designated as less or more expensive than pumped storage; and as 

inexpensive enoughi to provide power for pumped storage or as too 

expensive to use. A capacity factor of 20 percent (i.e., operation 20 

percent of the time) is assumed as the upper limit for new peakers. 

4) The method for calculating additional conventional capacity to be 

added is to add base capacity until the capacity factor of the highest 

intermediate plant is 20 percent, and to add peaking capacity to meet 

any other capacity needed. To illustrate, suppose that with existing 
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I 

capacity and load growth the dispatch diagram was as in Figure 5-2A. 

Additional capacity is added as shown in Figure 5-2B--the new (unsited) 

base capacity is assumed to be the most economical plant and is added 

at the bottom. Its capacity is chosen to move the top of Unit 9 (the 

last intermediate plant) up to a 20-percent capacity factor. Additional 

peaking capacity is added above Unit 9, and below Unit 10 that is 

sufficient to move the top of Unit 10 to the peak of the load duration 

curve. 

5) The method for determining additional pumped storage to be added is 

somewhat similar. In this case both unsited base capacity and addi-

tional pumped storage capacity have to be added. These additions will 

replace all peakers more expensive to run than pumped storage and will 

effectively retire them. The two conditions to be met are: 

• ' Total effective capacity must equal peak load 

• The energy available for economical pumping must equal the 

energy generated by the pumped storage plus its pumping 

and generating losses. 

Expressing these relations mathematically gives equations from which 

the pumped storage capacity can be calculated. The resulting dispatch 

. diagram is Figure 5-2C, in which the hatched area (upper right) is the 

additional load due to pumping and in which it is assumed that Unit 9 is 

less expensive to operate than pumped storage, but not economical 

enough to furnish pumping energy when the round trip efficiency (about 

72 percent) is considered. The generating capacity is here assumed to 

be equal to the pumping capacity. 

6) 	Calculations implementing the procedures of (4) and (5) above are 

performed for summer and winter of each year for each electricity 

region to determine .the amounts of base and peak or pumped storage 

needed over and above planned expansion. 
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5.5 FINANCIAL AND CONSUMER COST IMPACTS  

5.5.1 Causes and Impacts 

The purpose of this analysis is to quantify reasons why, in the current 

economic climate, the new construction of generating equipment (including pumped 

storage) is proceeding at such a slow pace. From all evidence, the principal 

difficulty seems to be project financing. This is because, at present, investor 

owned utility companies are paying record interest on their new debt and because 

their stocks are selling (in general) below book value. Under these circumstances, 

utilities are driven to discourage expenditures. Their hope is to defer construction 

until financing is easier. Their objective is control of their long-run cost structure, 

even though construction of new coal-fired, nuclear base-load, or pumped storage 

facilities would result in long-term savings of both money and oil. Specifically 

there are two reasons to postpone as much construction as possible. First is the 

increase in the cost of the plant due to the current, unusually high interest rates on 

money borrowed for construction. This raises costs over the long run. The second 

is the increase in the cost of electricity produced by the system because 

construction is being concurrently pursued with operations. This causes both short-

and long-run problems, which will be illustrated in this analysis. 

In the case of a new, just begun construction project, if these costs are 

passed along to customers as the costs of construction work in progress (CWIP) and 

figured into the rate base prior to plant startup, then electric rates will increase 

over the short run and the public is sure to complain. If the costs are carried by 

the owners, many companies, because of their current weak financial position will 

operate below a minimum acceptable return on investment. Under these conditions 

investors are unlikely to subscribe to any of their new debt or additional stock 

issues, and the company will eventually find it extremely difficult to raise capital. 

5.5.2 New Coal Construction vs. Utilization of Existing Oil Capacity for Pumped  
Storage Energy Supply  

5.5.2.1 Cost Comparison  

To illustrate these effects, consider the case of the Hypothetical Electric 

Power Company. (For the purposes of these calculations no inflation has been 

assumed; thus the following analysis will understate the adverse impacts of new 

construction.) The company that is typical of generating companies in the 

Northeast has the following generation mix and physical plant costs: 
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• 	., 

MW 	 Ms 	 Original Costs (mega$) 

	

500 	 Hydro 	 100 

	

1,000 	 Nuclear 	 830 

	

1,800 	 Oil 	 720 

Transmission, distribution, etc. 

2,200 

As is typical of the industry, the equipment for this generating system was 

purchased some time ago. The current capital carrying charges are 6 percent a 

year, or 132 mega$/year, far less than the amount of their replacement carrying 

charges. 

For the purpose of this analysis, let us assume that the Hypothetical Power 

Company is now purchasing oil at $40 a barrel, equivalent to $68/MWh. Were it 

operating a coal plant, it could purchase coal at $50 a ton; this is equivalent to 

$21/MWh. The Company is now generating 17,000 GWh a year, an average load of 

1,941 MW, and thus has a sizeable reserve capacity in oil-burning units. We shall 

assume that hydro runs at a 40-percent capacity factor, and that nuclear plants 

have operating costs of $10/MWh and a capacity factor of 70 percent. We shall 

assume also that the maintenance costs on existing plants are $30 million a year; 

all other operating costs net out to $150 million a year and increase $10 x 10 6/ 

year; and the company has been making net earnings of 7 percent on investment, or 

154 mega$/year. As noted, we shall assume no inflation (alternatively, we could be 

saying that cost changes are superimposed on the general inflation). The load is 

assumed to grow at a 3-percent annual growth rate, or at 500 GWh per year. . 

To accommodate this growth, we will consider two possibilities: (1) construc-

tion of a 1,000-MW, coal-fired plant costing $1,600/kw during a 7-year period; and 

(2) meeting increased demand during the next decade solely by the utilization of 

existing, unused oil-fired generating capacity. As must be patently obvious, the 

economic advantage of (1) over the long term is Overwhelming (if it can be 

financed). The thrust of the following analysis lies in the short-term cost to the 

consumer since, it is this cost that receives the most scrutiny from the various 

state public utility commissions. For the construction we assume expenditures in 

years 1-7 of $100, $200, $300, $400, $300, $200, and $100 million, respectively, and 

we assume an annual carrying charge of 12 percent. 

550 
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The generation cost can be computed as follows: 

Hydro 	10-6 x $0 x .4 x 8,760 x 500 = 3.066 x 0 = 	 0 
-6 

	

Nuclear 10 x $10 x .7 x 8,760 x 1,000 = 6.132 x 10 = 	61.320 

Oil 	(49.47 percent capacity factor) 7.802 x 68 = 	530.536  

591.856 

Carrying 	 132. 

	

Maintenance 	30. 

Operating 	 150.  

903. 856 

Additional cost of 1,000 GWh from oil is $68 x 10 6 . 

Savings for 6,132 GWh from coal is 6.132 (68-21) x 10 6  = 288.2 x 10 6 $. 

Results for the two alternatives over 10 years are given in Table 5-13. 

A look at these figures leads to the following conclusions: 

(1) The cost to consumers for electricity rises at about 2 percent (in a no-

inflation case), because all the growth in the system is taken by 

electricity and no new coal capacity is added. 

(2) Alternatively, until the construction work is completed, if the cost of 

building the coal plant is passed on to the customers as CWIP in the 

rate base (which is the way that provides for the minimum financial 

pressure on the utility), the cost of electricity will rise about 4 percent 

a year above inflation. When the coal plant is placed in service, the 

cost of electricity will fall sharply, back to the point at which the price 

rises started, then resume its rise as oil is again burned to meet growth 

(as in (1) above). 

(3) If the cost of building the coal plant is not in the rate base, and rate 

increases merely balance increased fuel costs, then during the last 3 

years of construction the carrying charge on CWIP will reduce net 

earnings to zero, or below. If, on the other hand, interest charges (and 

therefore carrying charges) were more nearly at their historical values, 

and if rates were such that the company could operate at its authorized 

rate of return, then the company could afford to finance the coal plant 

and will prosper, the customers would save money in the long run, and 

the use of imported oil .  would be reduced. 
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TABLE 5-13 

Comparative Costs of Existing Oil or 
New Coal Base Generation 

i 	Add 	 Cost of Sales 
Coal 

GWH Carrying 
• $ 

	

Year 	10 3 x 	10 6 $ 	Oil 106$ 	011 /MWH 	Coal 10 6$ CoalS /MWH  

	

 

1 	17 	12 	904 	53.18 	916 	53.88 

	

2 	17.5 	36 	943 	53.89 	979 	55.94 

	

3 	18 	72 	982 	54.56 	1,054 	58.56 

	

4 	18.5 	120 	1,021 	55.19 	1,141 	61.68 

	

5 	19 	1 	156 	1,060 	55.79 	1,216 	64.00 

	

6 	19.5 	180 	1,099 	56.36 	1,279 	65.59 

	

7 	20. 	192 	1,138 	56.90 	1,330 	66.50 

	

8 	20.5 	192 	1,177 	57.41 	1,081 	52.73 

	

9 	21 	192 	1,216 	57.90 	1,120 	53.33 

	

10 	21.5 	192 	1,255 	58.37 	1,159 	53.91 

i 
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5.5.2.2 Minimum Revenue Requirements (MRR) 

For another point of view on the factors affecting the implementation of 

pumped storage, we have considered a region using large amounts of oil to generate 

electricity (e.g., New England, Florida) and having ample reserve capacity. We 

have calculated the MRR for two scenarios. The first consists of operating 

existing oil-burning plants using oil costing $40/barrel. The price of oil was 

assumed to escalate at 1 percent above general inflation. The second consists of 

constructing a new coal plant with supplemental pumped storage; it would burn 

coal costing $50/ton and the capital cost would be $1,500/kw. Both the oil and coal 

plants were assumed to have a capacity of 1,000 MW and 70-percent capacity 

factors. We assumed inflation of 10 percent in the first year, falling linearly to 0 

percent in the tenth year; debt interest at 12 percent per -year; and return on 

equity of 10 percent per year in the first year, falling linearly to 5 percent per year 

in the tenth year. A plant life of 35 years with Iowa Curve dispersion type R1 was 

assumed. The results of these calculations are shown in Tables 5-14 and 5-15, 

which present, respectively, the levelized lifetime revenue requirements and the 

annual minimum revenue requirements for the two scenarios. 

5.5.2.3 Conclusions  

These results show the overwhelming long-run superiority of using coal 

supplemented by pumped storage rather than using oil. If the price of oil did not 

escalate at all, the MRR for oil would be $531 million/year, as shown in the first 

line of Table 5-15, and this would exceed any MRR for the coal scenario (the last 

column of the same table). Thus, it is clearly economical to replace oil by coal if 

financing to build the latter can be arranged. 

5.5.3 Pumped Storage in an Existing System with Excess Coal Base Generating 
Capacity  

5.5.3.1 Cost Comparisons  

Now consider a utility with a large amount of existing coal-burning generat-

ing capacity that has adequate peaking capacity, a common situation in the 

Midwest. As the system load increases, the utility must add peaking capacity, 

either pumped storage, combustion turbine, or some other. Let us compare two 

scenarios: (1) the addition of 500 MW of pumped storage having 70 percent 

efficiency, a 15-percent capacity factor, and costing $300/kw; and (2) the addition 
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TABLE 5-14 

Summary of Lifetime Revenue Requirements (Levelized) 

(millions of dollars per year) 

Oil Only 	Coal + P.S. 

Return on net investment 	 0 	 114 

Economic depreciation 	 0 	 43 

Income tax 	 0 	 15 

Fuel, operation, maintenance 	 890 	 310 
890 	 481 

TABLE 51.5 

Annual Minimum Revenue Requirements 

(millions of dollars) 

Year 	 Oil Only 	 - 	Coal + P.S. 

	

1 	 531 	 386 

	

2 	 580 	 448 

	

5 	 710 	 460 

	

15 	 864 	 429 

	

25 	 955 	 399 

	

35 	 1,054 	 366 
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of 500 MW of combined-cycle capacity costing $200/kw, having a heat rate of 

9,000 BTU/kWh and a 15-percent capacity factor. Suppose the system consists of: 

MW 	RE 	 Original cost 	(106$)  

	

3,800 	Coal 	 1,000 

	

300 	Peakers (old) 	 30 

Transmission and distribution 	270 

.:. 	 1,300 	. 

The existing plant was purchased some time ago and the carrying charges are 6 

percent/year or $78 x 10 6/year. Again we assume the company is now generating 

17,000 GWh a year, increasing by 500 GWh a year. For the pumped storage 

construction we assume expenditures in years 1-7 of $10, $20, $30, $30, $30, $20, 

and $10 million, respectively, and an annual carrying charge of 12 percent. The 

combined-cycle plant construction is assumed to take a year and, will come on-line 

at, the same time as the pumped storage plant. . 

The calculated generating cost for the first year is: 

Peakers 	300 x .15 x 8,760 x 61.72 = 	 24.33 x 10 
Coal 	(17,000- 394) x 1,000 x 22.80 = 	 378.62 

Carrying 	 78. , 	. 	. 
Operation and maintenance 	180. .  

660.95 

This rises by 500 x 100 x 22.8 = $11.4 x 106/year for fuel and $5 x 10 6/year 
for operation and maintenance until a new peaker comes on line. At this time the 

load on coal is 20,500 - 394 = 20,106 GWh, representing a capacity factor of 60.4 

percent. 

In this case the plant added to the system, whether pumped storage or 

combined cycle, is relatively inexpensive, so the carrying charges are not great. 

Although the cost of carrying the construction of the pumped storage increases the 

cost of generating electricity by as much as $0.76/MWh, this is a relatively small 

percentage increase. Again, in the long term the pumped storage will pay for 

itself, provided coal remains less expensive than oil, as we have assumed. 
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The comparative costs for meeting new requirements by adding pumped 

storage capacity and by adding new combined cycle peaking capacity are shown in 

Table 5-16. 

5.5.3.2 Minimum Revenue Requirements (MRR) 

Using the same assumptions on falling inflation and fuel prices as in 

Section 5.5.2, we have calculated the revenue requirements for: (a) 500 MW added 

pumped storage using existing coal plants, and (b) 500 MW additional combined-

cycle peaking plants. The assumptions regarding inflation were similar to those 

used before. The results are given in Tables 5-17 and 5-18, which show, 

respectively, the levelized lifetime requirements and the annual minimum revenue 

requirements for the two scenarios. 

5.5.3.3 Conclusions  

These results show the expected, overwhelming long-run superiority of using 

coal supplemented by pumped storage rather than using oil in a combined-cycle 

plant. If the price of oil did not escalate at all, the MRR for oil would be $52 

million/year as shown in the first line of Table 5-18, and this would exceed any 

MRR for the coal scenario (in the , first column of the same table). Thus it is 

clearly more economical to provide 'peaking energy by the use of pumped storage 

rather than by adding oil-burning, combined-cycle plants, if financing and author-

ization (permits, licenses, approvals, etc.) of the pumped storage facility can be 

arranged. 

5-75 



TABLE 5-16 

COmparative Costs of Adding Pumped Storage or Combined Cycle 

Operation 
Pumped 	and 	Coal for 	Combined Combined 

Clinic 	Storage Maintenance 	Pumped 	Cycle 	()mile 	Pumped Storage 	 Combined Cycle 

	

Year 	10° 	Carrying 	Coal 	Storage 	Fuel 	Carrying 	$ 	3/MitH 	$ 	$/MWH  

	

1 	17. 	1.2 	661.0 	 666.2 	38.95 	661.0 	38.88 

	

2 	17.5 	3.6 	677.4 	 681.0 	38.91 	677.4 	38.71 

	

3 	18. 	7.2 	693.8 	 701.0 	38.94- 	693.8 	38.54 

	

4 	18.5 	10.8 	710.2 	 721.0 	38.97 	718.2 	38.39 

	

5 	19. 	14.4 	726.6 	 741.0 	39.00 	726.6 	38.24 

	

6 	19.5 	16.8 	743.0 	 759.8 	38.96 	743.0 	38.10 

	

7 	20. 	18.0 	759.4 	 12. 	777.4 	38.87 	771.4 	38.57 
cn 
1 	 8 	20.5 	18.0 	764.4 	20.8 	40.5 	12. 	803.2 	39.18 	821.9 	36.85 

-a 
cn 	 9 	21. 	18.0 	769.4 	20.8 	40.5 	12. 	808.2 	38.49 	821.9 	39.14 

	

10 	21.5 	18.0 	774.4 	20.8 	40.5 	12. 	813.2 	37.82 	826.9 	38.46 



TABLE 5-17 

Summary of Lifetime Revenue Requirements (Levelized) 

(millions of dollars per year) 

Pumped Storage 	Combined Cycle 

Return on net investment 	 11 	 8 

Economic depreciation 	 4 	 3 

Income tax 	 1 	 1 

Fuel, operation, maintenance 	 32 	 61 
48 	 73 

TABLE 5-18 

Annual Minimum Revenue Requirements 

(millions of dollars) 

	

Year 	 Pumped Storage 	 Combined Cycle 

	

1 	, 	 39 	 52 

	

2 	 46 	 59 

	

5 	 47 	 66 

	

15 	 44 	 67 

	

25 	: 	 40 	 65 

	

35 	 37 	 63 
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Appendix A 

INVENTORY OF PUMPED STORAGE 
FACILITIES IN THE UNITED STATES 

A.1 PROJECTS  

Following is an inventory of pumped storage facilities (either licensed, in 

construction, or already built) in the United States arranged in alphabetical order; 

Table A-1, Project Inventory Index, lists the projects in chronological order. The 

inventory was prepared from a number of sources of available information 

including: 

• Form No. 1: Annual reports to the Federal Energy Regulatory 

Commission (FERC) 

• Form No. 12: Power system statements to the FERC 

• Personal communication with facility owners 

• Various inventories provided in publications listed in the bibliography. 

Table A-2 presents an explanation of notes and abbreviations used. 

Section A.2 describes other pumped storage projects that have been 

discontinued. 
, 
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„ 
' -TABLE A4 

•. 
Project Inventory-Index 	 , ' 	. 

in'Chronological Order by Date of Initial Operation 

7 	- 	 . 	.•• , . 	. 	.. 
. 	, 

Project Page 

	

,,. 	.. 
Number 	 Project Name 	.- 	Number 

	

''l 	Rocky River . 

	

'•,- 	A-67 •.•. 	, 

	

..2 	Buchanan 	A716 ., 	., 	. 	., 	. 

	

-3. 	Flatiron 	' 	 , 	Ar32 . 	. 	,. 
• 4" 	Hiwassee 	 A-40 

	

5 	Lewiston 	 A-46 

	

6 	Taum Sauk 	 A-77 

	

7 	Yards Creek 	 A-84 

	

8 	Smith Mountain 	 A-75 

	

9 	Cabin Creek 	 A-17 

	

10 	Senator Wash 	 A-74 

	

11 	Muddy Run 	 A-55 

	

12 	O'Neill 	 A-60 

	

13 	Thermalito 	 A-78 

	

14 	Edward G. Hyatt 	 A-28 

	

15 	Salina 	 A-68 

	

16 	San Luis 	 A-70 

	

17 	Kinzua 	• 	 A-44 

	

18 	DeGray 	 A-26 

	

19 	Mormon Flat 	 A-50 

	

20 	Horse Mesa 	 A-41 

	

21 	Northfield Mountain 	 A-57 

	

22 	Ludington 	 A-47 

	

23 	Blenheim-Gilboa 	 A-13 

	

24 	Castaic 	 A-20 

	

25 	Grand Coulee , 	 A-33 

	

26 	Jocas see 	 A-42 

	

27 	Bear Swamp 	 A-11 

	

28 	Carters 	 A-18 

	

29 	Raccoon Mountain 	 A-63 

	

30 	Fairfield 	 A-30 

	

31 	Wallace 	 A-82 

	

32 	Harry S. Truman 	 A-37 

	

33 	Clarence Cannon 	 A-21 

	

34 	Helms 	 A-39 

	

35 	Bath County 	 A-9 

	

36 	Rocky Mountain 	 A-65 

	

37 	Bad Creek 	 A-7 

	

38 	Montezuma 	 A-48 

	

39 	Davis 	 A-25 

	

40 	Seboyeta 	 A-72 

	

41 	Mt. Elbert 	 A-51 
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Project Name 
Project 
Number 

Page 
Number 

TABLE A-1 (cont'd) 

42 	Cornwall 	 A-23 
43 	Village Bend 	 • A-80 
44 	Azure 	 A-5 , 

' 45 	Oak Creek 	 A-58 
46 	Prattsville 	 A-62 
47 - 	Brumley Gap 	 A-14 
48 	Gregory County 	 A-35 
49 	Mud Pond 	 A-53 
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TABLE A-2 

Explanation of Notes and Abbreviations 

General  

N.A. = 	Not Applicable 

N.D. = 	Not Determined 

U.A. = 	Unavailable 

Type of Reservoir System  
• 

Pure developments produce power only from water that has been previously 
pumped to an upper reservoir. 

Combined  developments utilize both pumped water and natural streamf low 
to produce power. 

Number & Type of Units  

Revs. - 	Reversible pump-turbine 

Cony. - 	Conventional hydroelectric turbine 

Manufacturers  
1 

A.C. = Allis Chalmers, BLH = Baldwin-Lima-Hamilton, N.N. = Newport 
News Shipbuilding and Drydock, W. = Westinghouse, G.E. = General Electric, 
Nochab = A.B. Hydquist and Holm Aktiebolay, FM = Fairbanks Morse. 

Unit capacity is nameplate or estimated naKeplate 

Output (cfs) is estimated average output using 80% pumping efficiency 
at average head and average pumping capacity. • , 

Pump Mode Starting Method is as defined by ogier. 

Number of future units is the number provided for in the present plant. 

Storage is based on installed capacity. 

Annual Output (MWH) and Annual Pumping Energy (MWH) are given for the 
most recent year in which these data were available. 
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FACILITY NAME: Azure 	 FERC Project Number: 2779 

OWNER: Colorado River Water Conservation District 

LOCATION: State: 	Colorado 	 Status: Preliminary permit . 	 application pending 
County: U.A. 
River: 	Colorado 

TYPE OF RESERVOIR SYSTEM 	Pure' 

CAPITAL COST ($/KW) 	 U.A. 

STORAGE (Hours) 	 U.A. 

NUMBER AND TYPE OF UNITS 2-Revs. 

GENERATING: 

Effective Head (ft) 	 1180 

Speed (RPM) 	 U.A. 

Total Capacity (MW) 	 240 

Unit Capacity (MW) 	 120 

Annual Output (MWH) 	 U.A. 

Manufacturer 
(Turbine/Generator) 	 U.A. 

PUMPING: 

Gross Static Head (ft) 	U.A. 

Capacity (MW) 	. 	 240 

Output (cfs) 	 U.A. 

Annual Pumping Energy, (MWH) 	U.A. 

PUMP MODE STARTING METHOD 	 U.A. 

DATE OF INITIAL OPERATION.: 	 U.A. 
(pumped storage only) 

NUMBER OF FUTURE UNITS ' 	 None 

ULTIMATE GENERATING CAPACITY (MW) 	240 
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ADDITIONAL 
DESCRIPTION: The Colorado River Water Conservation District, on August 

6, 1976, filed an application with the FERC for a prelim-

inary permit for the proposed two-unit 240-MW Azure pumped 

storage development on the Colorado River nine miles 

west of Kremmling, Colorado. The project would include 

an upper reservoir with a storage capacity of 4,150 acre-

feet and an underground powerhouse, and would develop 

a head of 1,180 feet. The preliminary permit application 

is still pending. 

, ...„- 
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FACILITY NAME: Bad Creek 	 FERC Project Number: 2740 

OWNER: •Duke Power Company 	 . 

LOCATION: State: 	South Carolina 	Status: Licensed 
County: Oconee 
River: 	Bad Creek & West Bad Creek 

TYPE OF RESERVOIR SYSTEM 	Pure " 

CAPITAL COST ($/KW) 	 U.A. 

STORAGE (Hours) 	 32 

NUMBER AND TYPE OF UNITS 	 4-Revs. 

GENERATING: 

Effective Head (ft) 	 1200 

Speed (RPM) 	 U.A. 

Total Capacity (MW) 	‘ 1000 

Unit Capacity (MW) 	 250 

Annual Output (MWH) 	 N.D. 

Manufacturer 
(Turbine/Generator) 	 U.A. 

PUMPING: 

Gross Static Head (ft) 	U.A. 

Capacity (MW) 	 1000 

Output (cfs) 	 10,880 

Annual Pumping Energy (MWH) 	N.D. 

PUMP MODE STARTING METHOD 	 U.A. 

DATE OF INITIAL OPERATION 	 1991 
(pumped storage only) 

NUMBER OF FUTURE UNITS 	 None 

ULTIMATE GENERATING CAPACITY (MW) 	1000 
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ADDITIONAL 
DESCRIPTION: Duke Power Company, on August 1, 1977, received a license 

from the Federal Power Commission to construct the four-

unit 1,000-MW Bad Creek pumped storage project. It will 

be located on Bad Creek and West Bad Creek in Oconee 

. County, South Carolina. Dams across these creeks and 

a saddle dike across a - natural depression will create 

an upper reservoir with a storage capacity of 33,323 

acre-feet, of which 30,228 acre-feet will be usable in a 

drawdown of 160 feet. Lake Jocassee, the upper reservoir 

of the Jocassee pumped storage development, described 

in Section 2.2 will be used as the lower reservoir for 

the Bad Creek Project. The four 250-MW reversible units 

will be located in an underground powerplant and will 

operate under a maximum head of about 1,200 feet. The 

project is not yet under construction but is expected 

to be operating by January 1991. 

S. 

...... 

\ 
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FACILITY NAME: Bath County 

OWNER: Virginia Electric and Power Co. 

	

LOCATION: State: 	Virginia 
County: Bath 

	

River: 	Back Creek 

FERC Project Number: 2716 

Status: Under Construction 

TYPE OF RESERVOIR SYSTEM 	Pure 

CAPITAL COST ($/KW) 	U.A. 

STORAGE (Hours) 	 U.A. 

NUMBER AND TYPE OF UNITS 	6-Revs. 

GENERATING: 
Effective Head (ft) 	 U.A. 

Speed (RPM) 	 U:A. 
Total Capacity (MW) 	 2100 

Unit Capacity (MW) 	 350 
Annual Output (MWH) 	 N.D. . 

Manufacturer 
(Turbine/Generator) 	U.A. 

PUMPING: 

Gross Static Head (ft) 	1050 

Capacity (MW) 	 1500 

Output (cfs) 	 18,000 

Annual Pumping Energy (MWH) 	U.A. 

PUMP MODE STARTING METHOD 	U.A. 

DATE OF INITIAL OPERATION 	 1985 
(pumped storage only) 

NUMBER OF FUTURE UNITS 	 None 

ULTIMATE GENERATING CAPACITY (MW) 	2100 
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ADDITIONAL 	, 
DESCRIPTION: When completed the Bath County Project will be the world's 

largest pumped storage facility. , The upper reservoir 

is being constructed on Little Back Creek and the lower 

reservoir on Back Creek, tributaries of the Jackson River. 

The upper reservoir will be created by a 2,200-foot-long 

zoned rock and earthf ill embankment 460 feet high. It ' 

will have a surface area of 265 acres and a storage capac-
ity of 35,500 acre-feet. The lower dam will be 135 feet 

high and 2,400 feet long, constructed of earth and rock 

fill with an impervious clay core. It willhave a surface 
, 

area of 555 acres and impound 28,000 acre-feet of water, 

of which 22,500 acre-feet will be usable power storage. 

The six reversible units will operate under a static 

head of approximately 1,200 feet. 	 . 
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FACILITY NAME: Bear Swamp 

OWNER: New England Power Co. 

LOCATION: State: 	Massachusetts 	Status: Operating 
County: Berkshire & Franklin 	Completion Date: N.A. 
River: 	Deerfield 

FERC Project Number: 2669 

TYPE OF RESERVOIR SYSTEM 	Pure 

CAPITAL COST (S/KW) 	 176 

STORAGE (Hours) 	 N.D. 

NUMBER AND TYPE OF UNITS 2-Revs.' 

GENERATING: 

Effective Head (ft) 	 750-660 

Speed (RPM) 	 225 

Total Capacity (MW) 	 600 

Unit Capacity (MW) 	 300 

Annual Output (MWH) 	 332,712 

Manufacturer 
(Turbine/Generator) 	Hitachi/Hitachi 

PUMPING: 

Gross Static Head (ft) 	770-680 

Capacity (MW) 	 660 

Output (cfs) 	 7,800 

Annual Pumping Energy (MWH) 	477,190 

PUMP MODE STARTING METHOD: Auxiliary starting motors 

DATE OF INITIAL OPERATION 	 1974 
(pumped storage only) 

NUMBER OF FUTURE UNITS 	 None 

ULTIMATE GENERATING CAPACITY (MW) 	600 
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ADDITIONAL 
DESCRIPTION: New England Power Company's Bear Swamp development includes 

two 300-MW reversible units. It is located on the Deer-

field River in northwestern Massachusetts. The 4,900 

acre-foot upper reservoir was created by rockf ill dikes 

constructed around a natural depression near the crest 

of a hill along the east bank of the Deerfield River. 

The lower reservoir was formed by a dam on the Deerfield 

River at Fife Brook. It has a usable storage capacity 

of 4,900 acre-feet in a drawdown of 40 feet. 

I 
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FACILITY NAME: Blenheim - Gilboa 	FERC Project Number: ,2685 

OWNER: Power Authority of the State of New York 

LOCATION: State: 	New York 	 Status: Operating 
County: Schoharie 
River: 	Schoharie 

TYPE OF RESERVOIR SYSTEM 	' Pure 

CAPITAL COST ($/KW) 	 U.A. 

STORAGE (Hours) 	 12 

NUMBER AND TYPE OF UNITS 4-Revs. 

GENERATING: 

Effective Head (ft) 	 1088-1001 

Speed (RPM) 	 257 

Total Capacity (MW) 	 1000 

Unit Capacity (MW) 	 250 

Annual Output (MWH) 	 1,587,655 

Manufacturer 
(Turbine/Generator) 	Hitachi/Hitachi 

PUMPING: 

Gross Static Head (ft) 	1143-1055 

Capacity (MW) 	 1200 

Output (cfs) 	 10,300 

Annual Pumping Energy (MWH) 	2,379,316 

PUMP MODE STARTING METHOD: Auxiliary starting motors 

DATE OF INITIAL OPERATION 	 1973 
(pumped storage only) 

NUMBER OF FUTURE UNITS 	 None 

ULTIMATE GENERATING CAPACITY (MW) 	1,000 

ADDITIONAL 
DESCRIPTION: See Section 2.3.5. 
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FERC Project Number: 2812 FACILITY NAME: Brumley Gap 

OWNER: Appalachian Power Co. 

	

LOCATION: State: 	Virginia 

County: Washington 

	

River: 	Brumley Creek 

Status: Application for 
preliminary permit pending 

TYPE OF RESERVOIR SYSTEM 	Pure 

CAPITAL COST ($/KW) 	U.A. 

STORAGE (Hours) 	 U.A. 

NUMBER AND TYPE OF UNITS 

GENERATING: 

Effective Head (ft) 
Speed (RPM) 
Total Capacity (MW) 
Unit Capacity (MW) 
Annual Output (MWH) 

Manufacturer 
(Turbine/Generator) 

PUMPING: 
Gross Static Head (ft) 
Capacity (MW) 
Output (cfs) 

\ Annual Pumping Energy (MWH) 

PUMP MODE STARTING METHOD 

DATE OF INITIAL OPERATION 
(pumped storage only) 

NUMBER OF FUTURE UNITS 

ULTIMATE GENERATING CAPACITY (MW) 

Revs. 

U.A. 
U. A. 
3000 
U.A. 
U.A. 

U. A. 

U.A. 
3000 
U.A. 
U. A. 

U. A. 

U.A. 

U.A. 

U. A. 
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• ADDITIONAL 
DESCRIPTION: On August 30, 1977, the Appalachian Power Company filed 

an application for preliminary permit with the FERC for 

its proposed Brumley Gap Project that would be located on 

Brumley Creek at Brumley Gap, Virginia. This pure pumped 

storage development would have an upper dam impounding a 

reservoir with a surface area of 620 acres at full pool • 

 elevation of 3,720 feet, a lower dam and saddle dike • 

impounding a reservoir with a surface area of 1,335 acres 

at full pool elevation of 1,880 feet, and an underground 

powerhouse with a capacity up to 3,000 MW. The estimated 

average annual generation is seven billion kilowatt-hours. 

The FERC has received many letters opposing construction 

of the project and nine petitions to intervene. The staff 

of the FERC prepared an Environmental Assessment on the 

application and made a finding that activities to be 

conducted under 'a preliminary permit would not constitute 

a major Federal action significantly affecting the quality 

of the human environment. Action on the application is 

still pending. 
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U.A. 

1950 

U.A. 

U.A. 

; 
FACILITY NAME: Buchanan 	 FERC Project Number: N.A. 

OWNER: Lower Colorado River Authority 

LOCATION: State: Texas 
County: Llano & Burnet 
River: 	Colorado 

Status: Operating 

TYPE OF RESERVOIR SYSTEM 	Combined 

CAPITAL COST ($/KW) 	 U.A. 

STORAGE (Hours) 	 U.A. 

NUMBER AND TYPE OF UNITS 	Revs. 	Cony. 

GENERATING: 
Effective Head (ft) 	 U.A. 	U.A. 
Speed (RPM) 	 U.A. 	U.A. 
Total Capacity (MW) 	 11 	 23 
Unit Capacity (MW) 	 U.A. 	U.A. 
Annual Output (MWH) 	 U.A. 	U.A. 

Manufacturer 
(Turbine/Generator) 	U.A. 	U.A. 

PUMPING: 
Gross Static Head (ft) 	. 	U.A. 
Capacity (MW) 	 U.A. 

Output (cfs) 	 U.A. 
Annual Pumping Energy (MWH) 	U.A. 

PUMP MODE STARTING METHOD 

DATE OF INITIAL OPERATION 
(pumped storage only) 

NUMBER OF FUTURE UNITS 

ULTIMATE GENERATING CAPACITY (MW) 
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FACILITY NAME: Cabin Creek FERC Project Number: 2331 

OWNER: Public Service Co. of Colorado 

	

LOCATION: State: 	Colorado 
County: Clear Creek 

	

River: 	Clear Creek 

Status: Operating 

TYPE OF RESERVOIR SYSTEM 	Pure 

CAPITAL COST ($/KW) 	113 

STORAGE (Hours) 	 5 

NUMBER AND TYPE OF UNITS 2-Revs. 

GENERATING: 

Effective Head (ft) 	 1190-975 

Speed (RPM) 	 360 

Total Capacity (MW) 	 300 

Unit Capacity (MW) 	 150 

Annual Output (MWH) 	 208,854 

Manufacturer 
(Turbine/Generator) 	A.C./G.E. 

PUMPING: 

Gross Static Head (ft) 	1226-1170 

Capacity (MW) 	 300 

Output (cfs) 	 . 2,500 

Annual Pumping Energy (MWH) 	401,866 	. 

PUMP MODE STARTING METHOD: Auxiliary starting motors 

DATE OF INITIAL OPERATION 	 1966 
(pumped storage only) 

NUMBER OF FUTURE UNITS 	 None 

ULTIMATE GENERATING CAPACITY •(MW) 	300 	.. 
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FACILITY NAME: Carters 

OWNER: Corps of Engineers 

	

LOCATION: State: 	Georgia 
County: Murray 

	

River: 	Coosawatte 

FERC Project Number: N.A. 

Status: Operating 

• I 

TYPE OF RESERVOIR SYSTEM 	Combined 

CAPITAL COST ($/KW) 	210 

, 
STORAGE (Hours) 	 44 

NUMBER AND TYPE OF UNITS 	 2-Revs. 	2-Cony. 

GENERATING: 

Effective Head (ft) 	 388-346 	427-320 

Speed (RPM) 	 150 	163.6 

Total Capacity (MW) 	 250 	 250 

Unit Capacity (MW) 	 125 	 125 

Annual Output (MWH) 	 516,288 	N.A. 

Manufacturer 
(Turbine/Generator) 	A.C./G.E. 	N.N./A.C. 

PUMPING: 

Gross Static Head (ft) 	392-352 

Capacity (Mw) 	 276 

Output (cfs) 	 8,860 

Annual Pumping Energy (MWH) 	335,436 

PUMP MODE STARTING METHOD: Reduced frequency 

DATE OF INITIAL OPERATION 	 1975 
(pumped storage only) 

NUMBER OF FUTURE UNITS 	 None 

ULTIMATE GENERATING CAPACITY (MW) 	500 

Ca 
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ADDITIONAL 
DESCRIPTION: Carters Reservoir was created by a rockf ill dam 485 feet 

high. The powerhouse contains two 125-MW conventional 

units and two 125-MW reversible units. The lower reservoir 

Is formed by a reregulation dam approximately 1.8 miles 

downstream from the main dam. It comprises a concrete 

gated spillway and Composite rock-and-earth dikes. 
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FACILITY NAME: Castaic 	 FERC Project Number: 2426 

OWNER: . Los Angeles City & State of California 

LOCATION: State: 	California 	 Status: Operating 
County: Los Angeles 
River: 	California Aqueduct , 	 N.. 

TYPE OF RESERVOIR SYSTEM 	Combined 

CAPITAL COST ($/KW) 	 236 

STORAGE (Hours) 	 14.64 

NUMBER AND TYPE OF UNITS 	 6-Revs. 	1-Cony. 

GENERATING: 

Effective Head (ft) 	 957-891 	957-891 

Speed (RPM) 	 257 	 225 	- 

Total Capacity (MW) 	 175 	 56 

Unit Capacity (MW) 	 212.5 	 56 

Annual Output (MWH) 	 656,316 	N.A. 

Manufacturer 
(Turbine/Generator) 	Hitachi/ASEA Kacher Wyss/ 

Toshiba 

PUMPING: 

Gross Static Head (ft) 	1088-1022 

Capacity (MW) 	 1,250 

Output (cfs) 	 11,300 

Annual Pumping Energy (MWH) 	495,948 

PUMP MODE STARTING METHOD: Reduced frequency 

DATE OF INITIAL OPERATION 
(pumped storage only) 

NUMBER OF FUTURE IUNITS 	 None 

ULTIMATE GENERATING CAPACITY (MW) 	1331 

*1 unit 1973, 1 unit 1974, 1 unit 1976, 1 unit 1977, 2 units 1978. 

1973* 
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FACILITY NAME: Clarence Cannon , 	FERC Project Number: N.A. 

OWNER: Corps of Engineers 

	

LOCATION: State: 	Missouri 
County: Lewis 

	

River: 	Salt River 
I  

Status: Under construction 

TYPE OF RESERVOIR SYSTEM 	Combined 

CAPITAL COST ($/KW) 	 N.D. 

STORAGE (Hours) 	 8 

NUMBER AND TYPE OF UNITS 	 Revs. 	Cony. 

GENERATING: 
'Effective Head (ft) 	 U.A. 	U.A. 
Speed (RPM) 	 75 	U.A. 
Total Capacity (MW) 	 31 	 27 
Unit Capacity (MW) 	 U.A. 	U.A. 

Annual Output (MWH) 	 N.A. 	N.A. 

Manufacturer 
(Turbine/Generator) 	A.C./G.E. 

PUMPING: 
Gross Static Head (ft) 	107-59 

Capacity (MW) 	 31 
Output (cfs) 	 12,000 
Annual Pumping Energy (MWH) 	N.A. 

PUMP MODE STARTING METHOD 	Synchronous start 
from another unit 

DATE OF INITIAL OPERATION 	 1983 
(pumped storage only) 

NUMBER OF FUTURE UNITS 	 None 

ULTIMATE GENERATING CAPACITY (MW) 	58 
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ADDITIONAL 
DESCRIPTION: The Clarence Cannon Dam and Reservoir is being constructed 

on the Salt River, a tributary of the Mississippi River. 

This multipurpose pumped storage project is about 125 

miles northwest of St. Louis. The dam rises 138 feet 

above streambed and creates an 18,600-acre lake. A rereg-

ulation dam, 9.5 miles downstream, creates the lower 

reservoir for pumped storage operations. The powerplant, 

to house one 27-MW conventional unit and one 31-MW revers-

ible unit, is expected to be operational in 1983. 

i* 
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FACILITY NAME: Cornwall 	 FERC Project Number: 2338 

OWNER: Consolidated Edison Co. of New York, Inc. 

LOCATION: State: 	New York 	 Status: Under litigation 
County: Orange 
River: 	Hudson 

, 

TYPE OF RESERVOIR SYSTEM 	Pure 

CAPITAL COST ($/KW) 	 U.A. 

STORAGE (Hours) 	 U.A. 

NUMBER AND TYPE OF UNITS 8-Revs. 

GENERATING: 

Effective Head (ft) 	 U.A. 

Speed (RPM) 	 257 

Total Capacity (MW) 	 2,000 

Unit Capacity (MW) 	 250 

Annual Output (MWH) 	 N.D. 

Manufacturer 
(Turbine/Generator) 	U.A./U.A. 

' PUMPING: 

Gross Static Head (ft) 	1160-1000 

Capacity (MW) 	 2,000 

Output (cfs) 	 18,000 

Annual Pumping Energy (MWH) 	N.D. 

PUMP MODE STARTING METHOD: cAuxiliary starting motors 

DATE OF INITIAL OPERATION 	 1991* 
(pumped storage only) 

NUMBER OF FUTURE UNITS 	 4 

ULTIMATE GENERATING CAPACITY (MW) 	3000 

*Estimated 
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• ADDITIONAL 
DESCRIPTION: The Cornwall Project was designed to have an initial in- - 

stallation of 2,000 MW (eight 250-MW units) with minimum 

facilities being included to include possible future 

ex
,
pansion to 3,000 MW. The upper reservoir was to be 

located behind Storm King Mountain and have a usable 

storage capacity of about 25,000 acre-feet in 160 feet 

of drawdown. The lower reservoir was to be the Hudson 

River which, at Cornwall, is essentially an estuary of 

the Atlantic Ocean with small, semi-diurnal tides, and 

water of low saline content. The river's width is in , 

excess of one mile so the lower reservoir would provide 

unlimited storage capacity. The gross static head would 

be 1,160 feet. 
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U.A. 

1988* 

FACILITY NAME: Davis 	 FERC Project Number: 2709 ' 

OWNER: Monongahela Power, Potomac Edison, West Penn Power 

LOCATION: State: 	West Virginia 	'Status: Licensed 
County: Tucker 
River: 	Blackwater 

TYPE OF RESERVOIR SYSTEM . 	Pure 

CAPITAL COST ($/KW) 	U.A. 

STORAGE (Hours) 	 U.A. 

NUMBER AND TYPE OF UNITS 4-Revs. 

GENERATING: 

Effective Head (ft) 	 U.A. 

Speed (RPM) 	 U.A. 

Total Capacity (MW) 	 1025 

Unit Capacity (MW) 	 U.A. 

Annual Output (MWH) 	 N.D. 

Manufacturer 
(Turbine/Generator) 	U.A./U.A. 

PUMPING: 

Gross Static Head (ft) 	864-803 

Capacity (MW) 	 1000 

Output (cfs) 	 U.A. 

Annual Pumping .Energy (MWH) 	N.D. 

PUMP MODE STARTING METHOD 

DATE OF INITIAL OPERATION 
(pumped storage only) 

NUMBER OF FUTURE UNITS 	 None 

ULTIMATE GENERATING CAPACITY (MW) 	1025 

*Estimated 
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FACILITY NAME: DeGray 

OWNER: 'Corps of Engineers 

	

LOCATION: State: 	Arkansas 
County: Clark 

	

. River: 	Caddo 

FERC Project Number: N.A. 

.16 
Status: Operating 

TYPE OF RESERVOIR SYSTEM ' 	Combined 

CAPITAL COST ($/KW) 	 N.D. 

STORAGE (Hours) ,' 	 N.D. 

NUMBER AND TYPE OF UNITS 	 1-Revs. 	1-Cony. 

GENERATING: 	 . 
Effective Head (ft) 	 U.A. 	 U.A. 

Speed (RPM) 	 128.5 	 150 

Total Capacity (MW) 	 28 	 40 

Unit Capacity (MW) 	 28 	 40 

Annual Output (MWH) 	 U.A. 

Manufacturer 
(Turbine/Generator) 	N.N./A.C. 	U.A. 

PUMPING: 

Gross Static Head (ft) 	188-144 

Capacity (MW) 	 U.A. 

Output (cfs) 	 600 

Annual Pumping Energy (MWH) 	N.A.
*  

PUMP MODE STARTING METHOD: Synchronous start from another unit, variable 
frequency and voltage 

DATE OF INITIAL OPERATION 	 1971 
(pumped storage only) 	. 

NUMBER OF FUTURE UNITS 	 1 

ULTIMATE GENERATING CAPACITY (MW) 	96 

*Not used for pump storage, used as spinning reserve. 
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ADDITIONAL 
DESCRIPTION: The DeGray Plant is on the Caddo River near Arkadelphia, 

Arkansas, and is operated remotely from a control center 

In Blakely Mountain Dam about 50 miles to the north. 

It consists of a 40-MW conventional unit and a 28-MW 

reversible unit. The two units are designed so that 

the conventional unit can be used to start the pump unit. 

The procedure involves using the energy of the conventional 

unit to bring the pump unit to speed in air after which 

the air is released, priming the pump, the gates are 

opened, and the pump/turbine unit synchronized to the 

line. 
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FACILITY NAME: Edward G. Hyatt 	FERC Project Number: 2100 
-,•, 	.. 	.. 	: 	. 

OWNER: California Department of Water Resources 

LOCATION: State: 	California 	 Status: Operating 
County: Butte 
River: 	Feather 

TYPE OF RESERVOIR SYSTEM 	Combined 

CAPITAL COST ($/KW) 	U.A. 

STORAGE (Hours) 	 N.A. 

NUMBER AND TYPE OF UNITS 	 3-Revs. 	3-Cony. 

GENERATING: 

Effective Head (ft) 	 663-502 	675-500 

Speed (RPM) 	 189 	 200 

Total Capacity (MW) 	 293 	 351 

Unit Capacity (MW) 	 97.8 	 117 

Annual Output (MWH) 	2,041,095 	N.A. 

Manufacturer 
(Turbine/Generator) 	A.C./W. 	A.C./W. 

PUMPING: 

Gross Static Head (ft) 	670-508 

Capacity (MW) 	 387 

Output (cfs) 	 6,240 ' 

Annual Pumping Energy (MWH) 	102,195 

PUMP MODE STARTING METHOD: Reduced frequency 

DATE OF INITIAL OPERATION 	 1968 
(pumped storage only) 

NUMBER OF FUTURE UNITS 	 None 

ULTIMATE GENERATING CAPACITY (MW) 	293 
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ADDITIONAL 
DESCRIPTION: Both the Edward G. Hyatt and Thermalito Powerplants are 

,part of the California Water Proj gect constructed and 

operated by.the California Department of Water Resources. 

The primary purpose of the project is to convey surplus 

water from northern California to areas of need in central 

and southern California. The key construction feature is 

770-foot-high Oroville Dam on the Feather River which 

creates a reservoir with a storage capacity of 3,484,000 

acre-feet. The 644-MW Edward G. Hyatt underground power-

plant located at Oroville Dam contains three 117-MW con-

ventional and three 97.8-MW reversible units. Downstream 

from the Oroville Dam is the Thermalito Diversion Dam that 

serves the dual function of creating the lower reservoir 

for the Edward G. Hyatt reversible units and diverting the 

Feather River into the Thermalito Canal. Water discharged 

from Oroville Reservoir is used for power generation in 

both the Edward G. Hyatt and Thermalito powerplants and 

is returned from the Thermalito Afterbay to Oroville 

Reservoir by pumping, using the reversible turbines in 

the two plants. 
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FACILITY NAME: Fairfield 	 FERC Project Number: 1894 
..), 

OWNER: South Carolina Electric & Gas Co. 

Status: Operating 

	

LOCATION: State: 	South Carolina 
County: Fairfield 

	

River: 	Broad 

TYPE OF RESERVOIR SYSTEM 	Pure 

CAPITAL COST ($/KW) 	 390 

STORAGE (Hours) 	 8 

NUMBER AND TYPE OF UNITS 8-Revs. 

GENERATING: 

Effective Head (ft) 	 U.A. 

Speed (RPM) 	 150 

Total Capacity (MW) 	 511.2 

Unit Capacity (MW) 	 63.9 

Annual Output (MWH) 	 447,709 

Manufacturer 
(Turbine/Generator) 	A.C./A.C. 

PUMPING: 

Gross Static Head (ft) 	169-155 

Capacity (MW) 	 480 

Output (cfs) 	 U.A. 

Annual Pumping Energy (MWH) 	628,698 

PUMP MODE STARTING METHOD: Reduced voltage 

DATE OF INITIAL OPERATION 	 1979 
(pumped storage only) 

NUMBER OF FUTURE UNITS 	 None 

ULTIMATE GENERATING CAPACITY (MW) 	511.2 
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ADDITIONAL 	 • 
DESCRIPTION: South Carolina Electric and Gas Company's Fairfield pumped 

storage plant contains eight 63.9 Wunits that utilize 

an averagerfiead of 155 feet. The project is on the Broad 

River in Newberry and Fairfield Counties, South Carolina. 

The lower reservoir was created by increasing the height 

of the company's Parr Dam on the Broad River by 10 feet. 

Monticello, the upper reservoir, was created by an earth-

fill dam 'about 180 feet high across Frees Creek and three 

smaller saddle dams. It has a gross storage capacity of 

400,000 acre-feet, and provides cooling water for the 

company's V.C..Summer nuclear powerplant. 	 - 

•• 
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FACILITY NAME: Flatiron* 	 FERC Project Number: N.A. 

OWNER: Water and Power Resources Service 

	

LOCATION: State: 	Colorado 
County: Larimer 

	

River: 	Carter Lake 

Status: Operating 

TYPE OF RESERVOIR SYSTEM 	Combined 

CAPITAL COST ($/KW) 	485 

STORAGE (Hours) 	 4000 

NUMBER AND TYPE OF UNITS 	 8-Revs. 	2-Cony. 

GENERATING: 

• Effective Head (ft) 	 U.A. 	 U.A. 

Speed (RPM) 	 U.A. 	 U.A. 

Total Capacity (MW) 	 480 	 63 

Unit Capacity (MW) 	 60 	 31.5 

Annual Output (MWH) 	 U.A. 	 U.A. 

Manufacturer 
(Turbine/Generator) 	A.C./A.C. 	U.A. 

PUMPING: 

Gross Static Head (ft) 	290-140 

Capacity (MW) 	 • 	U.A. 

Output (cfs) 	 370 

Annual Pumping Energy (MWH) 	U.A. 

PUMP MODE STARTING METHOD Across the line, full voltage 

DATE OF INITIAL OPERATION 	 1954 
(pumped storage only) 

NUMBER OF FUTURE UNITS 	 U.A. 

ULTIMATE GENERATING CAPACITY (MW) 	U.A. 

*Flatiron is a pumped storage unit but is not used strictly for this 
purpose but for distribution of irrigation water. 
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FACILITY NAME: 	Grand Coulee 	 FERC Project Number: N.A. 

OWNER: Water and Power Resources Service 
t 

	

LOCATION: State: 	Washington 
County: Grant & Okanogan 

	

River: 	Columbia 

Status: Operating 

TYPE OF RESERVOIR SYSTEM 	Pure 

CAPITAL COST ($/kW) 	 U.A. 

STORAGE (Hours) 	 572 

NUMBER AND TYPE OF UNITS 6-Revs. 

GENERATING: 
' 

Effective Head (ft) 	 358-262 

Speed (RPM) 	 200 

Total Capacity (MW) 	 314 

Unit Capacity (MW) 	 53.5/50* 

Annual Output (MWH) 	 U.A. 

Manufacturer 
(Turbine/Generator) 	Nohab/W. 

PUMPING: 

Gross Static Head (ft) 	362-266 

Capacity (MW) 	 100 

Output (cfs) 	 2,500 

Annual Pumping Energy (MWH) 	U.A. 
• 

PUMP MODE STARTING METHOD: Across the line 

DATE OF INITIAL OPERATION 	 1973 
(pumped storage only) 

NUMBER OF FUTURE UNITS 	 6 

ULTIMATE GENERATING CAPACITY (MW) 	535 

*2 units at 50 and 4 units at 53.5. 
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ADDITIONAL 
DESCRIPTION: Six 65,000-horsepower pumps had been installed on the . 

-.Grand Coulee site by 1951 to serve g initial irrigation 

development on the Columbia Bastn , Project; the ultimate 

installation will comprise 12 units having a total pumping 

capacity of 16,200 cfs under a dynamic head of 310 feet. _ 

Water is pumped from the Columbia River to Banks Lake,. . 

a 27-mile-long reservoir with an active storage capacity 

of 761,800 acre-feet. The first two generating units, 

rated at 50 MW each, were installed in 1973. Four units 

rated at 53.3 MW each are scheduled for completion by 

1980. 

0 

.1 
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U.A. 
U.A. 

1179.9 
393.3 
U. A. 

U.A. 

FACILITY NAME: Gregory County 

	

OWNER: Corps of Engineers

LOCATION: State: 	SouiCDakota 
County: Gregory . 

	

River: 	Missouri 

FERC Project Number: N.A. 

Status: Under study 

TYPE OF RESERVOIR SYSTEM 	Pure 

CAPITAL COST ($/KW) 	U.A. 

STORAGE (Hours) 	 U.A. 

NUMBER AND TYPE OF UNITS 	' 

GENERATING: 
Effective Head (ft) 
Speed (RPM) 

Total Capacity (MW) 
Unit Capacity (MW) 
Annual Output (MWH) 
Manufacturer 

(Turbine/Generator) 

3-Revs. , 

PUMPING: 

Gross Static Head (ft) 	711 
Capacity (MW) 	 U.A. 
Output (cfs) 	 16,500 

Annual Pumping Energy (MWH) 	U.A. 

PUMP MODE STARTING METHOD 	U.A. 

DATE OF INITIAL OPERATION 	 U.A. 
(pumped storage only) 

NUMBER OF FUTURE UNITS 	 U.A. 

ULTIMATE GENERATING CAPACITY (MW) 	U.A. 
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ADDITIONAL 
DESCRIPTION: In 1977, the Missouri River Division of the Corps of 

Engineers completed a report entitled "Missouri River, 

. 	South Dakota, Nebraska, North Dakbta., Montana Review 

Report for Water Resources Development." One of the 

recommendations in the report was that the Corps of 

Engineers be authorized to conduct the first phase of 

advanced engineering and design studies of a pumped 

storage facility in Gregory County, South Dakota. The 

1977 report was returned by the Secretary of the Army 

for additional studies of the potential Gregory County 

pumped storage project. Those studies have been ini-

tiated by the Corps' Omaha District and an interim 

report is expected to be completed in fiscal year 1981. 

The project would be located adjacent to the west side 

of the existing Lake Francis Case, created by the Fort 

Randall Dam, about three miles south of the Plotte-

Winner Bridge in Gregory County, South Dakota. The 

three-unit powerplant would have a total capacity of 

1,180 MW and the gross head of the project would aver-

age 711 feet. The upper reservoir would have a surface 

area of 1,155 acres, a gross storage capacity of 47,100 

acre-feet, and an active storage capacity of 46,800 

acre-feet. The project would operate on a weekly cycle 

and would generate about nine hours each day Monday 

through Friday, with no generation on weekends. Pump-

back would occur 8.3 hours per day on weekdays and 13 

hours per day on weekends. The planned weekly cycle 

of operation would affect the elevation of Lake Francis 

Case a maximum of only 5.4 inches. 
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FACILITY NAME: Harry S. Truman 

OWNER: Corps of Engineers .  

	

LOCATION: State: 	Missouri 
County: Miller 

	

River: 	Osage 

FERC Project Number: N.A. 

. 	Status: Under Construction 

TYPE OF RESERVOIR SYSTEM 	Pure 

CAPITAL COST ($/KW) 	U.A. 

STORAGE (Hours) 	 U.A. 

NUMBER AND TYPE OF UNITS 6-Revs. 

GENERATING: 	 . 

Effective Head (ft) 	 79-41 
Speed (RPM) 	 100 

Total Capacity (MW) 	, 	160 

Unit Capacity (MW) 	 26.7 

Annual Output (MWH) 	 N.D. 

Manufacturer 
(Turbine/Generator) 	BLH/U.D. 

PUMPING: 
Gross Static Head (ft) 	U.A. 

Capacity (MW) 	 163 

Output (cfs) 	 22M0 
Annual Pumping Energy (MWH) 	N. D. 

PUMP MODE STARTING METHOD: Across the line synchronous starting with only five 
units pumping 

DATE OF INITIAL OPERATION 	 1981 
(pumped storage only) 

NUMBER OF FUTURE UNITS 	 None 

ULTIMATE GENERATING CAPACITY (MW) 	160 

A-37 



ADDITIONAL 
DESCRIPTION: The Harry S. Truman Dam is on.'the Osage River at the head- 

waters of the Lake of the Ozarks, a reservoir created by the 

Union Electric Company's Bagnell . Dam. The Truman Reservoir 

has a normal operating area of 55,600 acres, but an area 

of 209,300 acres at full flood control pool. The six-

unit 160-MW pumped storage plant will utilize the Lake 

of the Ozarks as an afterbay. Reversible tube-type pump/ 

turbines have been installed because the net operating 

head will be relatively low, ranging from 41 to 74.2 

feet. The units were undergoing tests in 1980 but were 

not expected to be in commercial operation prior to 1981. 
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FACILITY NAME: Helms 	 FERC Project Number: 2733 

OWNER: Pacific Gas and Electric Company 

	

' LOCATION: State: 	California• 	Status: Under Construction 
County: Tulare: 

	

River: 	W. Fork Kings River and Helms Creek 	- 

TYPE OF RESERVOIR SYSTEM 	Pure• - 

CAPITAL COST ($/KW) 	' - 571* 

STORAGE (Hours) 	- -, 	U.A. 

NUMBER AND TYPE OF UNITS 	3-Revs. 

GENERATING: 
Effective Head (ft) 	 U.A. 

Speed (RPM) 	 360 
Total Capacity (MW) 	 1050 
Unit Capacity (MW) 	 350 
Annual Output (MWH) 	, N.D. 

Manufacturer 
(Turbine/Generator) 	Hitachi/Westinghouse 

PUMPING: 
Gross Static Head (ft) 	1560 
Capacity (MW) 	 1,035 

Output (cfs) 	 7,200 

Annual Pumping Energy (MWH) 	N.D. 

PUMP MODE STARTING METHOD 	 U.A. 

DATE OF INITIAL OPERATION 	 1983 
(pumped storage only) 

NUMBER OF FUTURE UNITS 	 None 

ULTIMATE GENERATING CAPACITY (MW) 	1050 

ADDITIONAL 
DESCRIPTION: See Section 2.3.4. 

*Estimated 
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FACILITY NAME: Hiwassee 	 . FERC Project Number: N.A. 

OWNER: Tennessee Valley Authority 

	

LOCATION: State: 	North Carolina 
County: Cherokee 

	

River: 	Hiwassee 

Status: 	Operating 

TYPE OF RESERVOIR SYSTEM 	Combined 

CAPITAL COST ($/KW) 	77 

STORAGE (Hours) 	 U.A. 

NUMBER AND TYPE OF UNITS 	 1-Revs. 	1-Cony. 

GENERATING: 

• Effective Head (ft) 	 U.A. 	 U.A. 

Speed (RPM) 	 105.9 	 120 

Total Capacity (MW) 	 60 	 57 

Unit Capacity (MW) 	 60 	 57 

Annual 'Output (MWH) 	 U.A. 	 U.A. 

Manufacturer 
(Turbine/Generator) 	A.C./A.C. 	N.N./W. 

PUMPING: 

Gross Static Head (ft) 	• 243-134 

Capacity (MW) 	 76 

Output (cfs) 	 3,800 

Annual Pumping Energy (MWH) 	U.A. 

PUMP MODE STARTING METHOD 

DATE OF INITIAL OPERATION 
(pumped storage only) 

NUMBER OF FUTURE UNITS 

ULTIMATE GENERATING CAPACITY (MW) 

Across the line-reduced voltage 

1956 

U.A. 

U.A. 
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FACILITY NAME: Horse Mesa 	 FERC Project Number: N.A. 

OWNER: Salt River Project Power District 

LOCATION: State: 	Arizona 	 Status': Operating 
County: Maricopa 
River: 	Salt 

TYPE OF RESERVOIR SYSTEM • 	Combined 

CAPITAL COST ($/KW) 	 169 

STORAGE (Hours) 	 8 

NUMBER AND TYPE OF UNITS 	 1-Revs. 	3-Cony. 

GENERATING: 

Effective Head (ft) 	 259-151 	259-151 

Speed (RPM) 	 150 	 300 

Total Capacity (MW) 	 100 	 30 

Unit Capacity (MW) 	 100 	 10 

Annual Output (MWH) 	 243,847 

Manufacturer 
(Turbine/Generator) 	BLH/W. 	U.A./U.A. 

PUMPING: 

Gross Static Head (ft) 	295-151 

Capacity (MW) 	 85 

Output (cfs) 	 4,100 

Annual Pumping Energy (MWH) 	58,320 

PUMP MODE STARTING METHOD: Auxiliary starting motors 

DATE OF INITIAL OPERATION 	 1972 
(pumped storage only) 

NUMBER OF FUTURE UNITS 	 U.A. 

ULTIMATE GENERATING CAPACITY (MW) 	U.A. 
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FACILITY NAME: Jocassee 	 FERC Project Number: 2501 

OWNER: Duke Power Co. 

LOCATION: State: 	South Carolina & 	Status: Operating 
North Carolina 

County: Pickens & Transylvania 
River: . Keowee 

TYPE OF RESERVOIR SYSTEM 	Combined 

CAPITAL COST ($/KW) 	 170 

STORAGE (Hours) 	 192 

NUMBER AND TYPE OF UNITS 	 4-Revs. 

GENERATING: 

Effective Head (ft) 	 331-276 

Speed (RPM) 	 120 

Total Capacity (MW) 	 610 

Unit Capacity (MW) 	 152.5 

Annual Output (MWH) 	 587,846 

Manufacturer 
(Turbine/Generator) 	A.C./W. 

PUMPING: 

Gross Static Head (ft) 	335-280 

Capacity (MW) 	 610 

Output (cfs) 	 19,100 

Annual Pumping Energy (MWH) 	596,931 

PUMP MODE STARTING METHOD: 3 units reduced frequency, 1 unit reduced frequency 

DATE OF INITIAL OPERATION 	 1974 
(pumped storage only) 

NUMBER OF FUTURE UNITS 	 None 

ULTIMATE GENERATING CAPACITY (MW) 	610 
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ADDITIONAL 
DESCRIPTION: The four-unit plant has a total capacity of 610 MW. 

The Jocassee Reservoir has a gross storage capacity of 

1,143,000 acre-feet and a usable storage capacity of 

214,000 acre-feet in 30 feet of drawdown. Lake Keowee 

provides the lower reservoir. It was created by two 

earthfill dams and five saddle dikes, and has a total 

storage capacity of 911,000 acre-feet. Lake Keowee 

provides cooling water for the three-unit Oconee 

Nuclear Station and is the source of water for the 

140-MW conventional Keowee hydroelectric plant. 
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FACILITY NAME: Kinzua 0 	 FERC Project Number: 2280 

OWNERS: Cleveland Electric Illuminating Co. 
Pennslyvania Electric Co. 

	

LOCATION: State: 	Pennsylvania 
County: Warren 

• 	River: 	Allegheny 

TYPE OF RESERVOIR SYSTEM 	Pure* 

CAPITAL COST ($/KW) 	 155 

STORAGE (Hours) 	 10.3 

NUMBER AND TYPE OF UNITS 	 2-Revs. 	1 cony. 

GENERATING: 

Effective Head (ft) 	 791-642 	U.A. 

Speed (RPM) 	 225 	 514 

Total Capacity (MW) 	 396 	 26 

Unit Capacity (MW) 	 198 	 26 

Annual Output (MWH) 	 538,904 	U.S. 

Manufacturer 
(Turbine/Generator) 	N.N./W. 	BLH 

PUMPING: 

Gross Static Head (ft) 	813-668 	N.A. 

Capacity (MW) 	 396 	 N.A. 

Output (cfs) 	 4,970 	N.A. 

Annual Pumping Energy (MWH) 	742,241 	N.A. 

PUMP MODE STARTING METHOD: Reduced frequency 

DATE OF INITIAL OPERATION 	, .1970 
(pumped storage only) 

NUMBER OF FUTURE UNITS 	 None 

ULTIMATE GENERATING CAPACITY (MW) 	422 

Status: Operating 

A-44 



, ADDITIONAL 	 , 
DESCRIPTION: The Kinzua pumped storage project utilizes the Corps of 

Engineers' Allegheny Reservoir on the Allegheny River in 

western Pennsylvania as the lower reservoir while a 106- 

acre off stream reservoir above the left abutment of the 

Corps' dam serves as the upper. The upper reservoir was 

created by the construction of a dike formed from sand- 
. 	 . 

stone excavated from the floor of the reservoir. The 

dike has a maximum height of about 112 feet and its 
, 	 inside face and the entire floor of the reservoir are 

covered with an impervious asphaltic membrane. A concrete 

and steel lined tunnel, 19 feet in diameter, extends from 

a bellmouth intake in the floor of the upper reservoir a 

distance of about 2,400 feet to two bifurcations and three 

short penstocks leading to three generating units. Two 

units have reversible pump/turbines . and have a total rated 

generating capacity of 396 MW. One of the reversible 
i 

units has a divided draft tube so that it may discharge 

either into the Allegheny Reservoir or into the Allegheny 

River below the dam. The other reversible unit discharges 

only into the reservoir. A 26-MW conventional unit dis-

charges directly into the Allegheny River downstream from 

the dam. 
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U.A. 

112.5 

240 

20 

361,043 

A.C./A.C. 

I 

FACILITY NAME: Lewiston 	 FERC Project Number: 2216 

OWNER: Power Authority of the State of New York 

	

LOCATION: State: 	New York 	 Status: Operating 
County: Niagara 

	

River: 	Niagara 

TYPE OF RESERVOIR SYSTEM 	Pure  

CAPITAL COST ($/KW) 	203 

STORAGE (Hours) 	 U.A. 	• 

NUMBER AND TYPE OF UNITS 	 12-Revs. 

GENERATING: 

Effective Head (ft) 

Speed (RPM) 

Total Capacity (MW) 

Unit Capacity (MW) 

Annual Output (MWH) 

Manufacturer 
(Turbine/Generator) 

PUMPING: 

Gross Static Head (ft) 	100-65 

Capacity (MW) 	 336 

Output (cfs) 	 38,000 

Annual Pumping Energy (MWH) 	609,867 

PUMP MODE STARTING METHOD Across the line 

DATE OF INITIAL OPERATION 	 1962 
(pumped storage only) 

NUMBER OF FUTURE UNITS 	 None 

ULTIMATE GENERATING CAPACITY (MW) 	240 
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FACILITY NAME: Ludington 	 FERC Project Number: 2680 

OWNER: Consumers Power Co., Detroit Edtson Co. 

	

LOCATION: State: 	Michigan 
County: Mason 

	

. River: 	Lake Michigan 

Status: Operating 

TYPE OF RESERVOIR SYSTEM 	Pure 

CAPITAL COST ($/KW) 	 156 

STORAGE (Hours) 	 8.7 

NUMBER AND TYPE OF UNITS 6-Revs. 

GENERATING: 

Effective Head (ft) 	 U.A. 

Speed (RPM) 	 112.5 

Total Capacity (MW) 	 1978.8 

Unit Capacity (MW) 	 329.8 

Annual Output (MWH) 	 2,325,690 

Manufacturer 
(Turbine/Generator) 	Hitachi/Hitachi 

PUMPING: 	 . 
Gross Static Head (ft) 	, 	362.5-295.5 

Capacity (MW) 	 1920 

Output (cfs) 	 58,200 

Annual Pumping Energy (MWH) 	3,261,234 

PUMP MODE STARTING METHOD: 4 - units reduced frequency, 2 units reduced voltage 

DATE OF INITIAL OPERATION 	 1973 
(pumped storage only) 

• NUMBER OF FUTURE UNITS 	 None 
, 

ULTIMATE GENERATING CAPACITY (MW) 	1,978.8 

ADDITIONAL 
DESCRIPTION: See Section 2.3.3. 
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FACILITY NAME: Montezuma 	 FERC Project Number: 2573 

OWNER: Arizona Power Authority 

LOCATION: State: 	Arizona 	 Status: Under construction 
County: Maricopa & Pinal 
River: 	N.A. 	 • 

TYPE OF RESERVOIR SYSTEM 	Pure 

CAPITAL COST ($/KW) 	N.D. 

STORAGE (Hours) 	 U.A. 

NUMBER AND TYPE OF UNITS 4-Revs. 

GENERATING: 

Effective Head (ft) 	 U.A. 

Speed (RPM) 	 600 

Total Capacity (MW) 	 505.4 

Unit Capacity (MW) 	 126.4 

Annual Output (MWH) 	 N.D. 

Manufacturer 
(Turbine/Generator) 	U.A./U.A. 

PUMPING: 	 . 
Gross Static Head (ft) 	1690-1620 

Capacity (MW) 	 500 

Output (cfs) 	 3,000 

Annual Pumping Energy (MWH) 	N.D. 

PUMP MODE STARTING METHOD: Auxiliary starting motors 

DATE OF INITIAL OPERATION 	 1988* 
(pumped storage only) 

NUMBER OF FUTURE UNITS 	 None 

ULTIMATE GENERATING CAPACITY (MW) 	505.4 

*Estimated 

A-48 



ADDITIONAL 
DESCRIPTION: The Montezuma project would be located on lands of the 

Gila River Indian Reservation about 20 miles southwest 

of Phoenix and adjacent to the Sierra Estrella Mountains 

In Maricopa and Pinal counties, Arizona. The project 

would neither be located upon nor utilize any permanent 

stream. Water needed by the project would be obtained 

by pumping from wells. The project would be the highest 

head reversible pumped storage development in the United 

States, having a maximum static head of 1,690 feet. 

The upper reservoir would be created by a dam across a 

horeshoe-shaped valley in the Sierra Estrella Mountains. 

The lower reservoir would be created by a rockf ill dam. 

No spillway would be required because the natural drainage 

area would be negligible. However, the entire reservoir 

would require lining to prevent leakage. 
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FACILITY NAME: Mormon Flat 	 FERC Project Number: N.A. 

OWNER: Salt River Project Power District 

	

LOCATION: State: 	Arizona 
County: Maricopa 

	

River: 	Salt 

Status Operating 

TYPE OF RESERVOIR SYSTEM 	Combined • 

CAPITAL COST ($/KW) 	276 	' 

STORAGE (Hours) 	 11 

NUMBER AND TYPE OF UNITS 	 1-Revs. 	1-Cony. 

• GENERATING: 

• Effective Head (ft) 	 N.A. 	 N.A. 

Speed (RPM) 	 138.5 	225 

Total Capacity (MW) 	 49 	 9 
, Unit Capacity (MW) 	 49 	 9 

Annual Output (MWH) 	• 	84,330 	N.A. 

Manufacturer 
(Turbine/Generator) 	A.C./A.C. 	U.A. 

PUMPING: 

Gross Static Head (ft) 	 132 

Capacity (MW) 	 50 

Output (cfs) 	 4,000 
i 

Annual Pumping Energy (MWH) 	59,625 	' 

PUMP MODE STARTING METHOD: Across the line-reduced voltage 

DATE OF INITIAL OPERATION 	 1971 
(pumped storage only) 

NUMBER OF FUTURE UNITS 	 None 

ULTIMATE GENERATING CAPACITY (MW) 	49 
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FACILITY NAME: Mt. Elbert 	 FERC Project Number: N.A. 

OWNER: Water and Power Resources Service 

	

LOCATION: State: 	Colorado 
County: Lake 

	

River: 	Mt. Elbert Canal 

Status: Under Construction 

TYPE OF RESERVOIR SYSTEM 	Pure 

CAPITAL COST ($/KW) 	 N.D. 

STORAGE (Hours) 	 U.A. 

NUMBER AND TYPE OF UNITS 	 2-Revs. 

GENERATING: 

Effective Head (ft) 	 475-400 

Speed (RPM) 	 180 

Total Capacity (MW) 	 200 

Unit Capacity (MW) 	 100 

Annual Output (MWH) 	: 	N.D. 

Manufacturer 
(Turbine/Generator) 	A.C.M. 

PUMPING: 

Gross Static Head (ft) 	485-430 

Capacity (MW) 	 100 

Output (cfs) 	 2,875 

Annual Pumping Energy (M) 	N.D. 

PUMP MODE STARTING METHOD: Auxiliary starting motors 

DATE OF INITIAL OPERATION 	 1985 
(pumped storage only) 

NUMBER OF FUTURE UNITS 

ULTIMATE GENERATING CAPACITY (MW) 

U.A. 

U. A. 
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ADDITIONAL 
DESCRIPTION: The Water and Power Resources Service's Mt. Elbert pumped 

storage project is part of its Fryingpan-Arkansas Project 

that has been constructed to divert water from the western 

slope of the Continental Divide to the eastern slope where 

it is to be used for an expanding population. Mt. Elbert 

Dam is about 80 miles southwest of Denver and about 12 

miles southwest of Leadville, Colorado. Water from Mt. 

Elbert Forebay discharges through the turbines into Twin 

Lakes Reservoir. Two 100-MW reversible units will , operate 

with heads ranging from 400 to 475 feet. The units are 

not yet in commercial operation. 
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FACILITY NAME: Mud Pond 	 FERC Project Number: 2825 

OWNER: International Generation & Transmission Co., Inc. 

	

LOCATION: State: 	New Hampshire 
County: Coos 

	

River: 	Ammonoosu  

Status: Preliminary report 

TYPE OF RESERVOIR SYSTEM 	Pure 

CAPITAL COST ($/KW) 	 U.A. 

STORAGE (Hours) 	 U.A. 

NUMBER AND TYPE OF UNITS Revs. 

GENERATING: 

Effective Head (ft) 	 U.A. 

Speed (RPM) 	 U.A. 

Total Capacity (MW) 	 400 

Unit Capacity (MW) 	 100 

Annual Output (MWH) 	 U.A. 

Manufacturer 
(Turbine/Generator) 	 U.A. 

PUMPING: 

Gross Static Head (ft) 	 220 

Capacity (MW) 	 400 

Output (cfs) 	 U.A. 

Annual Pumping Energy (MWH) 	U.A. 

Manufacturer 	 U.A. 

PUMP MODE STARTING METHOD 

DATE OF INITIAL OPERATION 
(pumped storage only) 

NUMBER OF FUTURE UNITS 	 None 

ULTIMATE GENERATING CAPACITY (MW) 	400 

U.A. 

U.A. 
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ADDITIONAL 
DESCRIPTION: The International Generation and Transmission Company, 

Inc., on November 9, 1977, applied to the FERC for a 

preliminary permit for its proposed Mud Pond pumped storage 

project that would be located on the Upper Ammonoosuc 

River and its North Branch in Coos County, New Hampshire. 

The FERC issued the applicant a three-year preliminary 

permit on April 13, 1979. Kilkenny Dam and Reservoir 

on the Upper Ammonoosuc River, with a surface area of 

2,300 acres and a storage capacity of 168,000 acre-feet, 

would serve as the upper reservoir. West Milan Dam and 

Reservoir on the North Branch, with a surface area of 

800 acres and a storage capacity of 26,670 acre-feet, 

would serve as the lower reservoir and would also be 

used as the cooling pond for a planned nuclear generating 

plant. The four-unit 400-MW pumped storage plant would 

operate under an average head of 220 feet. 
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Status: Operating 

a , t 

FACILITY NAME: Muddy Run 	 . 	FERC Project Number: 2355 

OWNER: 
.
Philadelphia Electric Co. 

	

LOCATION: State: 	Pennsylvania 

County: Lancaster 

	

River: 	Susquehanna 

TYPE OF RESERVOIR SYSTEM 	Pure 

CAPITAL COST (S/KW) 	 102 

STORAGE (Hours) 	. 	13.5 

NUMBER AND TYPE OF UNITS 8-Revs. 

GENERATING: 

Effective Head (ft) 	 401-346 

Speed (RPM) 	 180 

Total Capacity (MW) 	 800 

Unit Capacity (MW) ` 	 100 

Annual Output (MWH) 	 1,118,361 

Manufacturer 
(Turbine/Generator) 	BLH/W. 

PUMPING: 

Gross Static Head (ft) 	411-361 

Capacity (MW) 	 800 

Output (cfs) 	 19,600 

Annual Pumping Energy (MWH) 	1,615,129 

PUMP MODE STARTING METHOD: Across the line-reduced voltage 

DATE OF INITIAL OPERATION 	 1967 
(pumped storage only) 

NUMBER OF FUTURE UNITS 	 None 

ULTIMATE GENERATING CAPACITY (MW) 	800 
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ADDITIONAL 
DESCRIPTION: The upper reservoir of the Muddy Run Plant can impound 

60,500 acre-feet of water, of which 35,500 acre-feet are 

in the upper 50 feet and usable for power. The usable 

storage is equivalent to about four feet in the lower 

reservoir and is adequate to provide about 14 hours of 

operation at full load. The gross static head is 411 

feet. Operation of the Muddy Run plant causes frequent 

and rapid changes in the level of the upper reservoir, 

making it unsatisfactory for recreational use. However, 

a dam has been constructed across one of the remote 

fingers of the reservoir, providing a 98-acre, constant-

level recreational lake suitable for boating. A recrea-

tion park at the lake, equipped with camping and other 

facilities, receives extensive use. 
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None 

1,000 

FACILITY NAME: Northfield Mountain 	FERC Project Number: 2485 

OWNER: Connecticut Light and Power Co., 
Hartford Electric & Light Co., 
Western Massachusetts Electric Co. 

	

LOCATION: State: 	Massachusetts 
County: Franklin 

	

River: 	Connecticut 

Status: Operating 

TYPE OF RESERVOIR SYSTEM 	Pure 

CAPITAL COST ($/KW) 	 144 

STORAGE (Hours) 	 8.5 

NUMBER AND TYPE OF UNITS 	 4-Revs. 

GENERATING: 

Effective Head (ft) 	 815-700 

Speed (RPM) 	 257 

Total Capacity (MW) 	 1000 

Unit Capacity (MW) 	 250 

Annual Output (MWH) 	 321,346 

Manufacturer 
(Turbine/Generator) 	BLH/G.E. 

PUMPING: 

Gross Static Head (ft) 	825-720 

Capacity (MW) 	 1000 

Output (cfs) 	 12,000 

Annual Pumping Energy (MWH) 	450,367 

PUMP MODE STARTING METHOD: Auxiliary starting motors 

DATE OF INITIAL OPERATION 	 1972 
(pumped storage only) 

NUMBER OF FUTURE UNITS 

ULTIMATE GENERATING CAPACITY (MW) 

ADDITIONAL' 
DESCRIPTION: See Section 2.3.2. 
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FACILITY NAME: Oak Creek 	 FERC Project Number:, 2773 

OWNER: ,Oak Creek Power Company 

LOCATION: State: 	Colorado 	 Status:Preliminary permit 
application pending 

County: Routt 
River: 	Green Creek & Vamp River . . 

TYPE OF RESERVOIR SYSTEM 	Pure 

CAPITAL COST ($/KW) 	U.A. 

STORAGE (Hours) 	 U.A. 

NUMBER AND TYPE OF UNITS 9-Revs. 

GENERATING: 

Effective Head (ft) 	 2150 

Speed (RPM) 	 U.A. 

Total Capacity (MW) 	 3600 

Unit Capacity (MW) 	 400 

Annual Output (MWH) 	 U.A. 

Manufacturer 
(Turbine/Generator) 	 U.A. 

• 	PUMPING: 	• 

Gross Static Head (ft) 	U.A. 

Capacity (MW) 	 3600 

Output (cfs) 	 U.A. 

Annual Pumping Energy (MWH) 	U.A. 

PUMP MODE STARTING METHOD 

DATE OF INITIAL OPERATION 
(pumped storage only) 

NUMBER OF FUTURE UNITS 	 None 

ULTIMATE GENERATING CAPACITY (MW) 	3600 
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ADDITIONAL 
DESCRIPTION: The Oak Creek Power Company, on June 1, 1976, filed an 

application for a preliminary permit with the FERC for 

its proposed nine-unit 3,600-MW Oak Creek pumped storage 

project that would be located in Routt County, Colorado. 

The upper reservoir would be the Lower Green River Res- . 
ervoir on Green Creek. The Blacktail Reservoir on the 

Vamp River would be the lower reservoir. The generating 

units would be in an underground powerhouse at the lower 

reservoir and would operate under a maximum gross static 

head of 2,150 feet. The preliminary permit application 1 

 is still pending. 
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FACILITY NAME: O'Neill 	 FERC Project Number: N.A. 

OWNER: Water and Power Resources Service 

LOCATION: State: 	California 	 Status: Operating 
County: Butte 
River: 	San Luis Creek 

TYPE OF RESERVOIR SYSTEM 	Pure 

CAPITAL COST ($/KW) 	U.A. 

STORAGE (Hours) 	 U.A. 

NUMBER AND TYPE OF UNITS 	6-Revs. 

GENERATING: 
Effective Head (ft) 	 U.A. 
Speed (RPM) 	 200 
Total Capacity (MW) 	 25.2 
Unit Capacity (MW) 	 4.2 

Annual Output (MWH) 	 U.A. 

Manufacturer 
(Turbine/Generator) 	F.M./G.E. 

PUMPING: 
Gross Static Head (ft) 	56-44 
Capacity (MW) 	 U.A. 
Output (cfs)1 	 700 
Annual Pumping Energy (MWH) 	U.A. 

PUMP MODE STARTING METHOD: Across the line 

DATE OF INITIAL OPERATION 	 1967 
(pumped storage only) 

NUMBER OF FUTURE UNITS 	 U.A. 

ULTIMATE GENERATING CAPACITY (MW) 	U.A. 

I. 
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ADDITIONAL 
DESCRIPTION: The O'Neill Project of the Water and Resources Service . 

is on San Luis Creek near Los Banos, California. It is 

a part of the San Luis Unit of the Central Valley Project. 

The six-unit pumping-generating plant his a total capacity 

of 25.2 MW and operates with heads ranging from 44 to 56 

feet. O'Neill Forebay, formed by the construction of 

O'Neill Dam, serves both as the upper reservoir of the 

O'Neill Plant and the lower reservoir of the San Luis 

pumped storage plant. O'Neill Forebay also serves as a 

link in the canal system between the North San Joaquin 	, 

Division of the California Aqueduct and the San Luis 

Canal. 
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FACILITY NAME: 'Prattsville 	 FERC Project Number: 2729 

OWNER: Power Authority of the State of New York 

LOCATION: State: 	New York 	 Status: License application 
' 	 pending 

Counties: Greene, Delaware, 
Schoharie 

River: 	Schoharie Creek 

TYPE OF RESERVOIR SYSTEM 	Pure 

CAPITAL COST ($/KW) 	U.A. 

STORAGE (Hours) 	 U.A. 

NUMBER AND TYPE OF UNITS 4-Revs. 

GENERATING: 

Effective Head (ft) 	 U.A. 

Speed (RPM) 	 U.A. 

Total Capacity (MW) 	 1000 

Unit Capacity (MW) 	 250 

Annual Output (MWH) 	 U.A. 

Manufacturer 
(Turbine/Generator) 	 U.A. 

PUMPING: 

Gross Static Head (ft) 

Capacity (MW) 

Output (cfs) 

Annual Pumping Energy (MWH) 

PUMP MODE STARTING METHOD 	 U.A. 

DATE OF INITIAL OPERATION 	 U.A. 
(pumped storage only) 

NUMBER OF FUTURE UNITS 	 None 

ULTIMATE GENERATING CAPACITY (MW) 	400 

ADDITIONAL 
DESCRIPTION: See Section 2.3.6. 

U.A. 

U.A. 

U. A. 
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LOCATION: State: 	Tennessee 
County: Marion 

	

River: 	Tennessee 

Status: Operating 

FACILITY NAME: Raccoon Mountain 	FERC Project Number: N.A. 

OWNER: Tennessee Valley Authority 

TYPE OF RESERVOIR SYSTEM 	Pure 

CAPITAL COST ($/KW) 	 178 

STORAGE (Hours) 	 20 

NUMBER AND TYPE OF UNITS 4-Revs. 

GENERATING: 

Effective Head (ft) 	 1017-870 

Speed (RPM) 	. 	 300 

Total Capacity (MW) 	 1530 

Unit Capacity (MW) 	 382.5 

Annual Output (MWH) 	 27,714 

Manufacturer 
(Turbine/Generator) 	A.C./A:C. 

PUMPING: 

Gross Static Head (ft) 	1040-890 

Capacity (MW) 	 ' 	1530 

Output (cfs) 	 12,700 

Annual Pumping Energy (MWH) 	51,142 

PUMP MODE STARTING METHOD: Converter-inverter 

DATE OF INITIAL OPERATION 	. 	1979 
(pumped storage only) 

NUMBER OF FUTURE UNITS 	 None 

ULTIMATE GENERATING CAPACITY (MW) 	1530 
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ADDITIONAL 
DESCRIPTION: Tennessee Valley Authority's four-unit 1530-MW Raccoon 

Mountain Project contains the largest reversible units 

in operation in the United States. The 528-acre upper 

reservoir is on the top of a mountain. It was created 

by constructing a rockfill dam along two sides of the 

curving mountain top with confinement on the other two 

sides provided by natural ridges. It has a usable stor-

age capacity of 35,900 acre-feet. The lower reservoir 

is provided by the Nickajack Reservoir on the Tennessee 

River, about 6.5 miles west of Chattanooga, Tennessee. 

A circular concrete-lined intake tunnel 35 feet in diam-

eter connects the upper reservoir and the underground 

powerplant. The tunnel drops vertically 900 feet from 

the floor of the upper reservoir, continues on a three 

percent grade down to a point 400 feet upstream from the 

powerplant chamber where it divides into two concrete-

lined tunnels 24.5 feet in diameter, and then divides 

into four tunnels 17.5 feet in diameter. The powerhouse 

chamber is 72 feet wide by 165 feet high by 490 feet long. 

\ 
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FACILITY NAME: Rocky Mountain 

OWNER: Georgia Power Co. 	. 

LOCATION: State: 	Georgia 
County: ,Floyd 
River: 	Heath Creek 

FERC Project Number: 2725 

Status: Under Construction 

'TYPE OF RESERVOIR SYSTEM 	Pure 

CAPITAL COST ($/KW) 	U.A. 

STORAGE (Hours) 	 8 

NUMBER AND TYPE OF UNITS 	3-Revs. 
GENERATING: 

Effective Head (ft) 	 U.A 
Speed (RPM) 	 225 
Total Capacity (MW) 	 675 
Unit Capacity (MW) 	 225 

Annual Output (MWH) 	 N.D. 

Manufacturer 
(Turbine/Generator) 	U.A. 

PUMPING: 

Gross Static Head (ft) 	652 

Capacity (MW) 	 U.A. 

Output (cfs) 	 12,200 
Annual Pumping Energy (MWH) 	N.D. 

PUMP MODE STARTING METHOD 	• 	U.A. 

DATE OF INITIAL OPERATION 	 1986 
(pumped storage only) 

NUMBER OF FUTURE UNITS 	 None 

ULTIMATE GENERATING CAPACITY (MW) 	675 
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ADDITIONAL 	• 
DESCRIPTION: The three-unit 675-MW Rocky Mountain Project is being 

constructed by Georgia Power Company in Floyd County 

approximately 10 miles northwest of Rome, Georgia. The 

lower reservoir will be on Heath Creek, a headwater trib-

utary of the Coosa River. The upper reservoir is being 

constructed in a natural depression atop Rocky Mountain 

by a continuous earth and rockf ill dike approximately 

13,500 feet long, with an average height of 50 feet. The 

reservoir will have a surface area of 221 acres and a 

, 	usable storage capacity of about 9,300 acre-feet in a . 

 drawdown of 45.5 feet. The project is scheduled for 

initial operation in 1983. Following issuanee of the 

license; the company requested permission to locate the:. 

lower dam approximately one mile ( downstream to take advan-

tage of better geologic conditions. This change would 

not alter the elevation of the lower reservoir nor the 

location of the powerplant. 

.:f . 
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FACILITY NAME: Rocky River 

OWNER: Connecticut Light and Power Co. 

LOCATION: State: 	Connecticut 

FERC Project Number: 2632 

Status: 	Operating 
County: Litchfield 
River: 	Lake Candlewood & Housatonic River 

TYPE OF RESERVOIR SYSTEM Combined 

CAPITAL COST ($/KW) 	 216 

STORAGE (Hours) 	 830 

NUMBER AND TYPE OF UNITS 	 2-Revs. • 	1-Cony. 

GENERATING: 	 - 

Effective Head (ft) 	 219-190 	219-190 

Speed (RPM) 	 327 	 200 

' Total Capacity (MW) 	 7 	 24 

Unit Capacity (MW) 	 3.5 	 21 
• Annual Output (MWH) 	 19,964 	N.A. 

Manufacturer 

	

(Turbine/Generator) 	Worthington/G.E. 	S.M. Smith/G.E. 

PUMPING: 
, 

Gross Static Head (ft) 	230-200 

• Capacity (MW) . 	 : 327 

Output (cfs) 	 U.A. 

Annual Pumping Energy (MWH) 	5,311 

PUMP MODE STARTING METHOD Manually at reduced voltage 

DATE OF INITIAL OPERATION 	 1929* 
(pumped storage only) 

NUMBER OF FUTURE UNITS 	 None 

ULTIMATE GENERATING CAPACITY (MW) 	31 

*2 pumping units were rewired in 1952 so that they can also be used 
as generating units. 
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LOCATION: State: 	Oklahoma 
County: Moyes 

	

River: 	Grand 

Status: Operating 

FACILITY NAME: Salina 	 FERC Project Number: 2524 

OWNER: Grand River Dam Authority 

TYPE OF ,RESERVOIR SYSTEM 	Pure 

CAPITAL COST ($/KW) 	 115 

STORAGE (Hours) 	 19 

NUMBER AND TYPE OF UNITS 6-Revs. 

GENERATING: 

Effective Head (ft) 	 243-223 

Speed (RPM) 	 171.5 

Total Capacity (MW) 	 260 

Unit Capacity (MW) 	 43.2 

Annual Output (MWH) 	 232,650 

Manufacturer 
(Turbine/Generator) 	A.C./W. 

PUMPING: 

• Gross Static Head (ft) 	246-228 

Capacity (MW) 	 286 

Output (cfs) 	 10,000 

Annual Pumping Energy (MWH) 	386,703 

PUMP MODE STARTING METHOD: Across the line 

DATE OF INITIAL OPERATION 	 1968 
(pumped storage only) 

NUMBER OF FUTURE UNITS 	 6 

ULTIMATE GENERATING CAPACITY (MW) 	520 
1 
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ADDITIONAL 
DESCRIPTION: Grand River Dam Authority's Salina Project is located on 

' Chimney Rock Hollow and Little Salina Creek, tributaries 

Of the Grand River in Oklahoma. The ultimate development 

was planned for 12 generating units, to be built in four 

stages of 130 MW each. It was to have two interconnected 

upper reservoirs, Chimney Rock and Upper Salina, with the 

latter to be built as a part of the third stage. The 

reservoir of the conventional Markham Ferry Project 

serves as the lower reservoir of the pumped storage devel-

opment. Stages one and two were constructed and placed 

in operation in 1968. Construction has not begun on 

stages three and four. 
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Pure 

U. A. 

N.A. 

316-114* 

120/150** 

424 

53 

U.A. 

Hitachi/G.E. 

FACILITY NAME: San Luis 	 FERC Project Number: N.A. 

OWNER: Water & Power Resources Service 

	

LOCATION: State: 	California 
County: Merced 

	

River: 	San Luis Creek 

Status: Operating 

TYPE OF RESERVOIR SYSTEM 

CAPITAL COST . ($/KW) 

STORAGE (Hours) 

NUMBER AND TYPE OF UNITS 

GENERATING: 

Effective Head (ft) 

Speed (RPM) 

Total Capacity (MW) 

Unit Capacity (MW) 

Annual Output (MWH) 

Manufacturer 
(Turbine/Generator) 

PUMPING: 

Gross Static Head (ft) 

Capacity (MW) 

Output (cfs) 

Annual Pumping Energy (MWH) 

8-Revs. 

327-101 

424 

14,900 

U. A. 

PUMP MODE STARTING METHOD: Across the line-reduced voltage 

DATE OF INITIAL OPERATION 	 1968 
(pumped storage only) 

NUMBER OF FUTURE UNITS 	 None 

ULTIMATE GENERATING CAPACITY (MW) 	424 

*Generating capability ceases when the net head is below 177 and 114 
feet for the 150 and 120 apm units, respectively. 

**Two generators on same shaft. 
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ADDITIONAL 	 • 
DESCRIPTION: The San Luis Dam is an earthf ill dam 31/4 miles long and is 

on San Luis Creek near Los Banos California. It creates 

an offstream reservoir with a storage capacity of more 

than 2,000,000 acre-feet. The principal purpose of the 

reservoir is to store water for irrigation and urban and 

industrial uses. Water from the Sacramento-San Joaquin 

Delta, some 100 miles to the north, is transported to 

the San Luis project by the California Aqueduct and the 

Delta-Mendota Canal. Water from the canal is diverted 

into a channel from which the O'Neill pumping plant pumps 

the water through a head of about 50 feet into the O'Neill 

Forebay. O'Neill Forebay has an active storage capacity 

of 20,800 acre-feet and serves as the lower reservoir of 

the San Luis pumped storage plant. 



FACILITY NAME: Seboyeta 	 FERC Project Number: EL 79-18 

OWNER: Public Service Co. of New Mexico 

LOCATION: State: 	New Mexico 
County: Valencia 
River: 	Water pumped from mine 

Status: Awaiting construction 

TYPE OF RESERVOIR SYSTEM 	Pure 

CAPITAL COST (S/KW) 	U.A. 

STORAGE (Hours) 	 U.A. 

NUMBER AND TYPE OF UNITS 4-Revs. 

GENERATING: 

Effective Head (ft) 	 U.A. 

Speed (RPM) 	 U.A. 

Total Capacity (MW) 	 600 

Unit Capacity (MW) 	 150 

Annual Output (MWH) , 	 U.A. 

. Manufacturer 
(Turbine/Generator) 	U.A. 

PUMPING: 

Gross Static Head (ft) 

Capacity (MW) 
Output (cfs) 

Annual Pumping Energy (MWH) 

U.A. 
• U.A. 

U.A. 

U. A. 

PUMP MODE STARTING METHOD 	 U.A. 

DATE OF INITIAL OPERATION 	1991* 
(pumped storage only) 	. 

NUMBER OF FUTURE UNITS 	 U.A. 

ULTIMATE GENERATING CAPACITY (MW) 	U.A. 

*Estimated 
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ADDITIONAL 
DESCRIPTION: On May 15, 1979, the Public Service Company of New Mexico 

filed a petition for a declaratory order requesting that 

the Federal Energy Regulatory Commission determine that 

a license under Part I of the Federal Power Act is not 

required for its proposed Seboyeta pumped storage project. 

The project would be located in Valencia County, New 

Mexico, about 45 miles west of Albuquerque. It would 

contain upper and lower reservoirs formed by rockfill 

dams and a powerhouse with four 150-MW reversible units. 

The project's lower reservoir would be located on what 

has been characterized variously as an arroyo, a dry wash, 

or an unnamed intermittent stream. The water supply for 

the lower reservoir would be obtained chiefly by pumping 

groundwater from the Bokum Resources Marquez Mine through 

a 10-mile-long conduit. On March 21, 1980, the Commis-

sion, in Docket No. EL 79-18, issued a declaratory order 

finding that the project, as proposed, is not required 

to be licensed under Part I of the Federal Power Act. 

Although the company is now permitted to proceed with the 

project, actual construction may not begin for several 

years, consistent with the company's long-range projec-

tion of capacity needs. 
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FACILITY NAME: Senator Wash 	 FERC Project Number: N.A. 

OWNER: Water and Power Resources Service 

	

LOCATION: State: 	California 
County: Yuma 

	

River: 	Colorado 

Status: Operating 

TYPE OF RESERVOIR SYSTEM 	Pure 

CAPITAL COST ($/KW) 	U.A. 

STORAGE (Hours) 	 U.A. 

NUMBER AND TYPE OF UNITS 6-Revs. 

GENERATING: 

Effective Head (ft) 	 U.A. 
Speed (RPM) 	 U.A. 
Total Capacity (MW) 	 7 
Unit Capacity (MW) 	 1.2 
Annual Output (MWH) 	 U.A. 
Manufacturer 

(Turbine/Generator) 	U.A. 

PUMPING: .  
Gross Static Head (ft) 	74 
Capacity (MW) 	 U.A. 

Output (cfs) 	 160 
Annual Pumping Energy (MWH) 	U.A. 

PUMP MODE STARTING METHOD 	U.A. 

DATE OF INITIAL OPERATION 	 1966 
(pumped storage only) 

NUMBER OF FUTURE UNITS 

ULTIMATE GENERATING CAPACITY (MW) 
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' FACILITY NAME: Smith Mountain 	 FERC Project Number: 2210 

OWNER: Appalachian Power Co. 

	

LOCATION: State: 	Virginia 	 Status: Operating 
County: Franklin 

	

River: 	Roanoke 

TYPE OF RESERVOIR SYSTEM 	Combined 

CAPITAL COST ($/KW) 	 119 

STORAGE (Hours) 	 5 

NUMBER AND TYPE OF UNITS 	 3-Revs. 	2-Cony. 

GENERATING: 

Effective Head (ft) 	 U.A. 	 U.A. 

Speed (RPM) 	 105.9 	100 

Total Capacity (MW) 	 236 	 300 

Unit Capacity (MW) 	 104/66* 	150 

Annual Output (MWH) 	 634,696 	N.A. 

Manufacturer 
(Turbine/Generator) 	A.C./A.C. 	BLH/G.E. 

PUMPING: 

Gross Static Head (ft) 	195-174 

Capacity (MW) 	 150 

Output (cfs) 	 8,200 

Annual Pumping Energy (MWH) 	677,936 

PUMP MODE STARTING METHOD: Across the line-reduced voltage 

DATE OF INITIAL OPERATION 	 1965 
(pumped storage only) 

NUMBER OF FUTURE UNITS 	 None 

ULTIMATE GENERATING CAPACITY (MW) 	536 

*2 units at 66 and one unit at 104. 

-.... 
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ADDITIONAL 
DESCRIPTION: Appalachian Power Company's Smith Mountain Project is 

a combined development on the Roanoke River in Virginia. 

The installation consists of three reversible units, two 

of 66 MW each and one of 104 MW, and two conventional 

. 	units of 150 MW each. The upper reservoir, with a capac- 

ity of about 1.1 million acre-feet, was created by the 

construction of an arch dam, about 235 feet high and 

approximately 815 feet long at the crest. The lower 

reservoir, with a capacity of about 112,500 acre-feet, 

was impounded by the Leesville concrete gravity dam 17 

miles downstream from the Smith Mountain Dam. Leesville 

Dam is about 94 feet high and 980 feet long at the crest. 

A powerplant at the Leesville Dam contains two conven-

tional units, each rated 20 MW. At one time the Smith 

Mountain site was considered for development with only a 

35-MW installation. 
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FACILITY NAME: Taum Sauk 	 FERC Project Number: 2277 

OWNER: Union Electric Co. 

	

LOCATION: State: 	Missouri 
County: Reynolds 

	

River: 	Black 

Status: Operating 

TYPE OF RESERVOIR SYSTEM 	Pure 

CAPITAL COST ($/KW) 	 112 

STORAGE (Hours) 	 7.7 

NUMBER AND TYPE OF UNITS 	 2-Revs 

GENERATING: 

Effective Head (ft) 	 829-714 

Speed (RPM) 	 200 

Total Capacity (MW) 	 408 

Unit Capacity (MW) 	 . 204 

Annual Output (MWH) 	 20,890 

Manufacturer 
(Turbine/Generator) 	A.C./G.E. 

PUMPING: 

Gross Static Head (ft) 	863-755 

Capacity (MW) 	 358 

Output (cfs) 	 4,400 

Annual Pumping Energy (MWH) 	52,962.9 

PUMP MODE STARTING METHOD: Auxiliary starting motors 

DATE OF INITIAL OPERATION 	 1963 
(pumped storage only) 

NUMBER OF FUTURE UNITS 	 None 

ULTIMATE GENERATING CAPACITY (MW) 	408 

ADDITIONAL 
DESCRIPTION: See Section 2.3.1. 
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FACILITY NAME: Thermalito 	 FERC Project Number: 2100 

OWNER: California Department of Water Resources 

	

LOCATION: State: 	California 
County: Butte 

	

River: 	Feather 

Status: Operating 

TYPE OF RESERVOIR SYSTEM 	Combined 

CAPITAL COST ($/KW) 	U.A. 

STORAGE (Hours) 	 N.A. 

NUMBER AND TYPE OF UNITS 	 3-Revs. 	1-Cony. 

GENERATING: 

Effective Head (ft) 	 101-85 	103-81 

Speed (RPM) 	 112.5 	138.5 

Total Capacity (MW) 	 82.5 	32.5 

Unit Capacity (MW) 	 27.5 	32.5 

Annual Output (MWH) 	 U.A. 	 N.A. 

Manufacturer 
(Turbine/Generator) 	A.C./W. 	A.C./W. 

PUMPING: 

Gross Static Head (ft) 	102-86 

Capacity (MW) 	 90 

Output (cfs) 	 9,000 

Annual Pumping Energy (MWH) 	U.A. 

PUMP MODE STARTING METHOD: Across the line 

DATE OF INITIAL OPERATION 	 1968 
(pumped storage only) 

NUMBER OF FUTURE UNITS 

ULTIMATE GENERATING CAPACITY (MW) 	82.5 

None 
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ADDITIONAL 
DESCRIPTION: The Edward G. Hyatt and Thermalito Powerplants are parts 

of the California Water Project constructed and operated 

by the California Department of Water Resources. The 

primary purpose of the project is to convey surplus water 

from northern California to areas of need in central and 

southern
i California. The key construction feature ts 

770-foot-high Oroville Dam on the Feather River which 

creates a reservoir with a storage capacity of 3,484,000 

acre-feet. Downstream from the Oroville Dam is the 

Thermalito Diversion Dam that serves the dual function 

of creating the lower reservoir for the Edward G. Hyatt 

, reversible units and diverting the Feather River into the 

Thermalito Canal. Water from the canal discharges into 

Thermalito Forebay which is the upper reservoir for the 

Thermalito pumping-generating plant. The Thermalito Plant 

houses three 27.5-MW reversible units and one 32.5-MW 

conventional unit. This power complex is unique because 

it includes two stages of both pumping and generation. 

Water discharged from Oroville Reservoir is used for 

power generation in both the Edward G. Hyatt and Therma-

lito powerplants and is returned from the Thermalito 

Afterbay to Oroville Reservoir by pumping ;  using the 

reversible turbines in the two plants. 
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FACILITY NAME: Village Bend 	 FERC Project Number: 2733' 

OWNER: Brazos Electric 

	

LOCATION: State: 	Texas 
County: U.A. 

	

River: 	Brazos 

Status: Submitted license applicatio 

TYPE OF RESERVOIR SYSTEM 	Pure 

CAPITAL COST ($/KW) 	 U.A. 

STORAGE (Hours) 	 U.A. 

NUMBER AND TYPE OF UNITS 4-Revs. 

GENERATING: 

Effective Head (ft) 	 U.A. 

Speed (RPM) 	 U.A. 

Total Capacity (MW) 	 730 

Unit Capacity (MW) 	 U.A. 

. Annual Output (MWH) 	 U.A. 

Manufacturer 
(Turbine/Generator) 	 U.A. 

PUMPING: 

Gross Static Head (ft) 	400 

Capacity (MW) 	 730 

Output (cfs) 	 U.A. 

Annual Pumping Energy (MWH) 	U.A. 

PUMP MODE STARTING METHOD 	 U.A. 

DATE OF INITIAL OPERATION 	 N.D. 
(pumped storage only) 

NUMBER OF FUTURE UNITS 	 U.A. 

ULTIMATE GENERATING CAPACITY (MW) 	U.A. 
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ADDITIONAL 
DESCRIPTION: The Village Bend pumped storage project would be built 

on the Brazos River about 57 miles downstream from the 

Brazos River Authority's Morris Sheppard Dam. It would 

consist of an upper reservoir impounded by a 300-foot-

high dam on a tributary stream, a powerhouse having a 

capacity. of 730 MW, and a 41-mile-long lower reservoir 

impounded by a concrete dam on the Brazos River. An 

application for preliminary permit was filed July 2, 

1973, and the Federal Power Commission issued a permit 

on February 10, 1975. The permit expired in 1978 without 

the filing of an application for license. The Brazos 

Cooperative does, however, plan to proceed with the 

project, because on August 5, 1980, it submitted to the 

Federal Energy Regulatory Commission for preliminary 

review, copies of a draft application for license. 
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FACILITY NAME: Wallace 	 FERC Project Number: 2413 . 

OWNER: Georgia Power Co. 

LOCATION: State: 	Georgia 	 Status: Operating 
County: Hancock & Putnam 
River: 	Oconee 

TYPE OF RESERVOIR SYSTEM 	Combined 

CAPITAL COST ($/KW) 	 2,714 

STORAGE (Hours) 	 42.9 

NUMBER AND TYPE OF UNITS 	 4-Revs. 2-Cony. 

GENERATING: 

Effective Head (ft) 	 U.A. 	 U.A. 

Speed (RPM) 	 86 	 86 

Total Capacity (MW) 	 216 	 108 	. 

Unit Capacity (MW) 	 54 	 54 

Annual Output (MWH) 	 N.D. 	 N.D. 

Manufacturer 
(Turbine/Generator) 	A.C./G.E. 

PUMPING: 

Gross Static Head (ft) 	97-94 

Capacity (MW) 	 248 

Output (cfs) 	 24,000 

Annual Pumping Energy (MWH) 	N.D. 

PUMP MODE STARTING METHOD: Across the line 

DATE OF INITIAL OPERATION 	 1980 
(pumped storage only) 

NUMBER OF FUTURE UNITS 	 None 

ULTIMATE GENERATING CAPACITY (MW) 	324 
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ADDITIONAL 	. 
DESCRIPTION: Georgia Power Company's 324-MW Wallace Project is a combined 

development that contains six 54-MW units, two are conven-

tional and four reversible. It is located at about river 

mile 173 on the Oconee River in Georgia. The Wallace 

Reservoir has a surface area of about 21,000 acres and a 

gross storage capacity of 470,000 acre-feet. Lake Sinclair 

of the company's conventional Furman Schools hydroelectric 

development serves as the lower reservoir. The gross 

static head at the project is about 95 feet. 

%. 
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FACILITY NAME: Yards Creek 	 FERC Project Number: 2309 

OWNER: Public Service Electric & Gas Co. 
Jersey Central Power & Light Co. 

LOCATION: State: 	New Jersey 	" 	Status: Operating 
County: Warren 
River: 	Yards Creek 

TYPE OF RESERVOIR SYSTEM 	Pure 

CAPITAL COST ($/KW) 	82 

STORAGE (Hours) 	 8.77 

NUMBER AND TYPE OF UNITS 3-Revs. 

GENERATING: 

Effective Head (ft) 	 735-651 

Speed (RPM) 	 240 

Total Capacity (MW) 	 387 

Unit Capacity (MW) 	 137/112.9* 

Annual Output (MWH) 	 261,833 

Manufacturer 
(Turbine/Generator) 	BLH/G.E. 

PUMPING: 

Gross Static Head (ft) 	760-688 

Capacity (MW) 	 338 

Output (cfs) 	 5,440 

Annual Pumping Energy (MWH) 	403,513 

PUMP MODE STARTING METHOD: Across the line-reduced voltage 

DATE OF INITIAL OPERATION 	 1965 
(pumped storage only) 

NUMBER OF FUTURE UNITS 	 None 

ULTIMATE GENERATING CAPACITY (MW) 	387 

*Two units at 137 and one unit at 112.9. 
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ADDITIONAL 
DESCRIPTION: In 1965 the Yards Creek pumped storage project in New 

Jersey, jointly owned by Jersey Central Power & Light 

Company and Public Service Electric and Gas Company, 

went on-line with three units of 112.5 MW each. The 

upper reservoir is located in a natural depression on 

the easterly slope of Kittatinny Mountain, adjacent to 

the Delaware River near the Delaware Water Gap. The 

lower reservoir is on Yards Creek and is connected to 

a small auxiliary reservoir which is used to provide 

make-up water and seasonal storage for low flow augmen-

tation in Yards Creek. Gross static head is 760 feet. 

The upper reservoir can store 4,650 acre-feet of water, 

. which is enough to operate the plant at full load for 

about nine hours. 

1 
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A.2 OTHER PUMPED STORAGE PROJECTS 

Table .  A-3 lists projects having a prelicense status and one project being 

considered for Federal authorization (statistical data and further descriptive 

material by plant can be found in the preceding inventory). Six of the seven are 

involved in various stages of licensing. Part I of the Federal Power Act authorizes 

the Federal Energy Regulatory Commission (FERC) to issue preliminary permits 

for a period of 3 years. A preliminary permit is for the sole purpose of maintaining 

priority of application for license. It does not authorize the construction of any 

project facilities. The priority ceases when the preliminary permit expires unless 

an application for license has been filed. A license authorizes construction and 

operation, under conditions specified in the license, and may be issued for a term 

of not more than 50 years. 

Over the last 20 years a large number of potential pumped storage projects 

have been studied by a wide range of public and private entities and Federal 

agencies. Of these the projects that have had licensing status with FERC but were 

never constructed are listed in Table A-4 and described below. It is informative to 
note the wide variety of circumstances that led to the discontinuation of the 

projects. 

On June 25, 1964, the Monongahela Power Company applied for a preliminary 

permit from the Federal Power Commission to study the proposed Rowlesburg 

pumped storage development. The FPC issued a preliminary permit on August 17, 

1965. The project was to be located at the authorized Federal Rowlesburg 

Reservoir on the Cheat River in Preston County, West Virginia. The Federal 

authorizing legislation provided that the power features at Rowlesburg were not to 

be undertaken by the Corps of Engineers until such time as the FPC had completed 

its /lotions on any pumped storage applications for private development. The 

proposed Federal Rowlesburg Reservoir would serve as the lower reservoir. The 

upper reservoir, with a capacity of 6,000 acre-feet, was to be constructed on high 

land west of the Rowlesburg Reservoir. Preliminary studies by the company 

pointed to an underground powerhouse with a two- or three-unit installation having 

a total capacity up to 525 MW. The pumping head would be approximately 750 feet 

and, by discharging into the river below Rowlesburg dam, the head for generating 

would be about 900 feet. The company decided not to apply for a license, advising 

the FPC on July 23, 1968, that the "water flows required for the proposed project 
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TABLE A-3 

Pumped Storage Projects Having Federal 
or Licensing Status as of November 1, 1980 

(not licensed or in operation) 

Project or 	 Year of Initial 	Reversible 
- 	Plant name 	 State 	 Owner or Developer 	 Study 	Capacity-MW 

Village Bend 	. 	Texas 	 Brazos Electric 	 1973 	 730 

Azure 	 Colorado 	 Colo. R. Water Cons. Dist. 	1976 	 240 

Oak Creek 	 Colorado 	 Oak Creek Power Co. . 	1976 	 3,600 

> 	Prattsville 	 New York 	 Power Auth. of the State 	1976 	 1,000 
' 	 of N.Y. a, 

-a 

Brumley Gap 	 Virginia 	 Appalachian Power Co. 	 1977 	 3, 000 

Gregory County 	South Dakota 	 Corps of Engineers 	 1977 	 1,180 

Mud Pond 	 New Hampshire 	 International Gen. and 
Trans. Co. 	 1977 	 400 

Total 	 10,150 



TABLE A-4 

Other Pumped Storage Projects that have had 
Federal or Licensing Status 

Project or 	 Reversible 
Plant name 	 State 	 Owner or Developer 	 Period Studied 	Capacity-MW 

Rowlesburg 	 West Virginia 	Monongahela Power Co. 	 1964-68 	 525 

Dirty Face Mtn. 	Washington 	 P.U.D. No. 1 of Chelan County 	1965-71 	 45 

. Longwood Valley 	New Jersey 	 Jersey Central P. & L Co. 	 1966-70 	 122 

Blair Mountain 	 Colorado 	 Colo. River Water Cons. Dist 	1967-75 	 525 

Blue Ridge 	 Virginia 	 Appalachian Power Co. 	 1967-76 	- 1,600 

IX/ 
*3 	Merrill Lake 	 Washington 	 P.U.D. No. 1 of Cowlitz County 	1967-71 	 500 

Havasu 	 Arizona 	 Arizona Power Authority 	 1969-74 	1,000 

Canaan Mtn. 	 Conn. 	 Conn. Lt. & Pwr. Co.' 	 1970-74 	 1,500 

Shenob Brook 	 Mass.-Conn. 	Conn. Lt. oc Pwr. Co.1 	 1970-71 	 1,500 

Green River 	 North Carolina 	EPIC, Inc. 	 1970-74 	 2,000 

Marble Valley 	 Virginia 	 Virginia Electric and Pwr. Co. 	1970-71 	 1,500 

Antilon Lake 	 Washington 	 P.U.D. No.1 of Chelan County 	1971-75 	 2,000 

Poor Mtn. 	 Virginia 	 Virginia Electric and Power Co. 	1971-75 	 1,500 

1joint project of Connecticut Light and Power Company, Western Massachusetts Electric Company, and Hartford 
Electric Light Company. 



TABLE A-4 (cont'd) 

Other Pumped Storage Projects that have had 
Federal or Licensing Status 

Project or 	 Reversible 
Plant name 	 State 	 Owner or developer 	 Period Studied 	Capacity-MW 

Stony Creek 	 Pennsylvania 	Pennsylvania Power and Lt. 	 1971-75 	1,500 

Co. 2 

Brown's Canyon 	Washington 	 P.U.D. No. 1 of Douglas County 	- 1972-76 	2,000 
• 

Black Star 	 California 	• 	Southern California Edison Co. 	1973-76 	1,235 

Breakabeen 	 New York 	 Power Authority of the State 	1973-76 	1,000 
of N.Y. 

co co 
Jackson County 	North Carolina 	Carolina Pwr. and Lt. Co. 	 1973-75 	1,000 

Madison County 	North Carolina 	Carolina Pwr. and Lt. Co. 	 1973-76 	2,000 

Randolph 	 Virginia 	 Southside Electric Cooperative 	1974-78 	4,090 

Boyd County. 	 Nebraska 	 Nebraska Public Power 	 1974-80 	1,336 
Dist. 

Mt. Hope 	 New Jersey 	 Jersey Central Pwr. and 	 1975-77 	1,000 
Lt. Co. 

Powell Mtn. 	 Virginia 	 Appalachian Power Co. 	 1977-79 	3,000 

Total 	 32,478 

2 Joint project of Pennsylvania Power and Light Company and Metropolitan Edison Company. 



• could not be •made compatible with governmental requirements for recreation 

development in the area." 

The Public Utility District of Chelan County, Washington, applied on May 10, 

1965, for a license to construct the Chiwawa hydroelectric development in Chelan 

County, Washington. It was to include the Dirty Face Mountain powerhouse with 

one 180-MW conventional unit and pumped storage units of 20 and 45 MW. A dam 

on the Chiwawa River was to create a reservoir with a storage capacity of 400,000 

acre-feet. A 30,000-foot tunnel from the reservoir to the powerhouse would 

permit the development of a gross head of 672 feet. The application was held in 

abeyance for a number oeyears, but a license was never issued. 

The Jersey Central Power and Light Company, on December 30, 1966, applied 

for a license for the proposed - three-unit 121.5-MW Longwood Valley pumped 

storage project that would be adjacent to the Rockaway .  River in Morris County, 

New Jersey. The upper and lower reservoirs were to be built by Jersey City as 

additions to the city's water supply system. The company, in 1970, concluded that 

it was not economically feasible to proceed with the project, and the FPC on 

January 7, 1974, dismissed the application for license. 

On May 29, 1967, the Colorado River Water Conservation District applied for 

a preliminary permit for two conventional hydroelectric projects and the Blair 

Mountain pumped storage development to be located on the South Fork of the 

White River in Garfield and Rio Blanco counties. It was proposed to enlarge the 

natural Crater Lake to create a forebay with about 2,000 acre -feet. The lower 

reservoir was to be created by a dam on the South Fork of the White River where a 

powerplant would be constructed to utilize a gross head of 2,200 feet. The plant 

was planned to have an initial capacity of 175 MW and an ultimate capacity of 

525 MW. A preliminary permit issued on December 11, 1972, was allowed to 

expire, probably because the project would be in the Flat Top Wilderness Area. 

When the Appalachian Power Company applied for a license in 1967 to 

construct its proposed Blue Ridge Project on the New River in Virginia, the 

development was to have six 150-MW reversible units at a main dam and two 

40-MW conventional units at a downstream reregulating dam. During a hearing 

proceeding on the application the company amended its application to provide an 

eight-unit 1,600-MW pumped storage development and a two-unit 200-MW conven-

tional plant at the reregulating dam. The FPC, on June 14, 1974, issued a license 
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effective January 2, 1975, to the company authorizing construction of the project. 
The period from June 14 to January 2 was provided to cover the possibility that the 

Congress might enact legislation during that period "that would delay or foreclose 
the Blue Ridge Project." The Congress did not enact such legislation during that 
period but, about one year later, enacted legislation that made a headwater stream 

of the New River in North Carolina a component of the national wild and scenic 
rivers system. That action precluded the development of the Blue Ridge Project 
and the license became void. 

Public Utility District No. 1 of Cowlitz County, Washington, on August 17, 

1967, applied for a preliminary Permit for the Merrill Lake pumped storage project 

in Washington. As proposed, the upper reservoir would be created by constructing 

a dam at the outlet of Merrill Lake, a natural lake, to raise the lake's elevation 

about 60 feet. The existing Yale Lake created by Yale Dam on the Cowlitz River 
would serve as the lower reservoir. An underground powerhouse with a total 

capacity of 500 MW was proposed. A preliminary permit issued by the FPC on June 
18, 1968, expired without an application for license having been filed. 

On August 14, 1969, the Arizona Power Authority applied for a preliminary 
permit for the four-unit 1,000-MW pumped storage project that would be on the 

Bill Williams Arm of Lake Havasu in Arizona. Lake Havasu was created by the 
Federal Parker Dam. The FPC issued a preliminary permit on November 18, 1970, 

but modified it on December 6, 1972, for a term of 36 months to be effective 

January 1, 1973. On January 10, 1974, the Authority applied to surrender its 

permit because of the indefinite status of the development plans of the U.S. 
Bureau of Reclamation's Central Arizona Project as they affect the possible 
construction, economics, and financing of the proposed pumped storage project. By 
order issued May 22, 1974, the FPC accepted surrender of the permit without 

prejudice. . 

On February 25, 1970, the Connecticut Light and Power Company, Western 

Massachusetts Electric Company, and Hartford Electric Company jointly filed two 

applications for preliminary permits. One was for the Canaan Mountain pumped 

storage project that would be located on Wangum Lake Brook in Litchfield County, 
Connecticut. It would consist of an upper reservoir with storage capacity of about 

41,000 acre-feet on Canaan Mountain, an underground powerhouse with capacity of 

1,00.0 to 2,000 MW, and a lower reservoir on Wangum Lake Brook. A head of about 

900 feet would be developed. The second project, Shenob Brook, was to be on 
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Shenob Brook about 27 miles southwest of Pittsfield, Massachusetts, in Berkshire 

County, Massachusetts, and Litchfield County, Connecticut. The upper reservoir 

would occupy the area at which Plantain Pond is now located, with the lower 
reservoir being about one mile to the east. Thii project would also have a 

capacity in the range of 1,000 to 2,000 MW. The company's plans were to study 

both projects to determine which would best satisfy the standards for comprehen-

sive development, including comprehensive environmental considerations involving 

close cooperation with public agencies at the local, state, and Federal levels and 

with various citizen groups. On June 18, 1971, the applicants applied to withdraw 

their application for Shenob Brook, stating that a pumped storage project at that 

site was not feasible at that time. On July 26, 1971, the FPC issued an order 

granting permission to withdraw that application. On the same date it issued a 

preliminary permit for the Canaan Valley project. The companies also encountered 

considerable opposition to construction of that project, and the preliminary permit 

expired on July 1, 1974, without the filing of an application for license. 

EPIC, Inc., a nonprofit corporation which provides power to some municipal-

ities and cooperatives, applied for a preliminary permit on November 19, 1970, for 

the Green River pumped storage project that would be located on the Green River 

in Polk County, North Carolina. The project was planned for development in 

stages, with the initial stage to include two 250-MW units, with eight units in the 

ultimate development. The upper and lower reservoirs were each to have a storage 

capacity of 25,000 acre-feet. On January 31, 1972, a preliminary permit was 

issued to study a two-unit development. On December 27, 1974, EPIC, Inc., sought 

. to withdraw and abandon its preliminary permit and to apply for a new one for the 

same project because it had not been able to complete studies required by the 

permit. By order issued June 18, 1975, the FPC denied the request and found that 

the permit had expired on January 1, 1975. . 

In 1971, Virginia Electric and Power Company (VEPCO) applied to the FPC 

for a license to construct the 1,500-MW Marble Valley pumped storage project on a 

tributary of the James River, a few miles west of Staunton, Virginia. In 1971, 

VEPCO petitioned to withdraw its application, stating that geological explorations 

had established that active sink holes and permeable sand zones were present in the 

planned upper reservoir floor, and zones of badly weathered rock along tunnel lines 

were far more extensive than originally believed. . . 
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On August 23, 1971, the Public Utility District No. 1 of Chelan County, 

Washington, applied for a. preliminary permit to study the AntiIon Lake pumped 

storage project. The applicant's existing Lake Chelan would provide the lower 
reservoir, while two earth. and rock dams would raise the level of the existing 

Antilon Lake about 120 feet to form an upper reservoir with a surface area of some 

320 acres. A four-unit 1,000-MW installation was planned to operate with a normal 

head of approximately 1,350 feet. A preliminary permit, issued on December 12, 

1972, expired without an application for license having been filed. 

On April 21, 1971, VEPCO applied for a preliminary permit for the Poor 

Mountain pumped storage project that would be located on Goose Creek and 

Bottom Creek, tributaries of the South Fork of the Roanoke River in Virginia. An 

underground powerhouse would house reversible units having a total capacity of 

1,500 MW. They would operate under a maximum head of about 890 feet. On the 

same date, VEPCO had also applied for a preliminary permit for the Bath County 

project which is now under construction. A preliminary permit for Poor Mountain 

was issued on February 1, 1972. It expired on January 31, 1975, without an 

application for license having been filed. 

Pennsylvania Power and Light Company and Metropolitan Edison Company 
.. 	• 

jointly applied for a preliminary permit on September 2, 1971, for the Stony Creek 

pumped storage 'development in Dauphin County, Pennsylvania, a few miles 

northeast of Harrisburg. The lower reservoir was to be on Stony Creek, a tributary 

of the Susquehanna River, and the upper reservoir was to be at the surnmit of Third 

Mountain. The project would operate with a head of about 1,000 feet and have a 

capacity of approximately 1,500 MW. A preliminary permit, issued December 6, 

1972, was allowed to expire on December 1, 1975, without an application for 

license being filed. The proposed project encountered strong opposition on 

environmental grounds while it was being studied under the preliminary permit. 
„ 

On June 29, 1972, the Public Utility District of Douglas County, Washington, 

applied for. a preliminary permit for a four-unit 1,000-MW pumped storage 

development to be known as Brown's Canyon. Lake Entiat, created by Rocky 

Reach Dam on the Columbia River, would serve as the lower reservoir. The upper 

reservoir would be created by diking on 'a plateau 2,388 feet above the Columbia 

River. Following receipt of a preliminary permit issued by the FPC on December 

27, 1973, the permittee studied .  a Project that would include an underground 

powerhouse that would house six units having a total capacity of 2,000 MW. The 
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preliminary permit expired December 1, 1976, without an application for license 

having been filed. . 	 . 
On April 27, 1973, the Southern California Edison Company applied for a 

preliminary permit to study the four-unit 1,235-MW Black Star pumped storage 

project. The project would be in Orange County, California, with the upper 

reservoir being formed by an earthfill dam 246 feet high in Black Star Canyon. The 

lower reservoir would be created by a similar dam in Fremont Canyon. The 

capacity of each reservoir would be about 20,000 acre-feet, and the gross static 

head would be 996 feet. A preliminary permit was issued on June 15, 1976.. The 

FPC, however, by order issued September 9, 1976, vacated its June 15, 1976 order 

at the request of the permittee. That request was made because of a dramatic 

change in the estimated cost of construction and operation of the project, with the 

result that the project was no longer being included in the Company's future 

generation resource program. . 

. 	Carolina Power and Light Company, on June 19, 1973, filed an application for 

preliminary permit for the four-unit 1,000-MW Jackson County pumped storage 

development. The project would be in Jackson County, North Carolina, on Caney 

Fork, a tributary of the Tuckasegee River, and on Frady Creek, a branch of 

Chastine Creek which is a tributary of Caney Fork. The upper reservoir would be 

formed by a rockfill dam 420 feet high on Frady Creek, and the lower reservoir 

would be formed by a rockfill dam 255 feet high on Caney Fork. The generating 

=its would operateunder heads ranging from 1,275 feet to 1,398 feet. On May 15, 

1975, the company applied for surrender of the Preliminary permit that had been 

issued on June 18, 1974, stating that its planned Madison County project was better 

adapted to development as a pumped storage facility. The company stated, also, 

that changes in its generation plan and deferral 'of several base-load generating 

units made it unnecessary to pursue more than one -pumped storage site. By order 

'issued December 1,1975, the FPC accepted surrender of the preliminary permit. 

On August 16, 1973, Carolina Power and Light Company applied for a 

preliminary permit to study the Madison County pumped storage project that would 

be located on tributaries of the French Broad River in Madison County, North 

• Carolina. The project was proposed to operate withan average head df about' 1,175 

feet and to have an initial capacity of at least 1,000 MW with an ultimate capacity 
, 

of 2,000 MW. A preliminary permit was issued on December 12, 1974, but, on 

September 3, 1976, the company applied to surrender the permit, stating that it is 
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no longer feasible to add this pumped storage generation facility to its system in 

the foreseeable future. The FPC, by order issued February 22, 1977, accepted 

surrender of the preliminary permit. 
,.- 

The Southside Electric Cooperative of Crewe, Virginia, on December 12, 

1974, applied for a preliminary permit to study a complex of hydroelectric 

developments on the Roanoke River and tributaries upstream from the Corps of 

Engineers' John H. Kerr Dam and Reservoir. This so-called Randolph Project would 

include five developments, namely, Randolph-Hunting (1,260 MW), Turnip-Falling 

(830 MW), Roanoke-Wallace (780 MW), ,  Cub Creek (800 MW), and Mollys-Seneca 

Creek (420 MW), a total of 4,090 MW. All units would be reversible although 

natural streamflow would provide a significant amount of the projected generation. 

The FPC issued a preliminary permit on April 8, 1976, but the FERC, on December 

28, 1978, cancelled the permit for failure of the permittee to conduct diligently 

the investigations, examinations, and surveys required by the permit. 

The Nebraska Public Power District , conducted studies of its proposed Boyd 

County pumped storage project under a preliminary permit issued March 10, 1975. 

The permit was for study of a 1,000-MW project, but the application for license 

filed on February 28, 1978, was for a project having a capacity of 1,336 MW. The 

project would be located in Boyd County, Nebraska, adjacent to the Missouri River. 

The lower reservoir would be formed by dikes 40 to 50 feet high located along the 

Missouri River and adjacent bluffs of the river. An upper reservoir would be 

formed by an earthfill dam across a natural drainage ravine, providing a head of 

approximately 410 feet.. The FERC, by order issued March 21, 1980, dismissed the 

application for license without prejudice after the applicant, on October 22, 1979, _ 
requested that the application be held in abeyance for a period up to three years. 

That request was made because of a reduction in the district's future load 

estimates and the loss of its planned source of pumping power for the project. 

On May 2, 1975, the Jersey Central Power and Light Company filed an 

application for license for the proposed Mount Hope pumped storage project that 

would be located in northern New Jersey three miles north of the city of Dover on 

a tributary of the Rockaway River. The project was unique because the lower 

reservoir was to be underground. The upper reservoir was to be formed by 

enlarging and raising the level of the existing Mount Hope Lake. The lower 

reservoir was, to be created by excavating a cavern consisting of a grid of tunnels _ 	. 	, 
about 2,500 feet beneath the upper reservoir.. An existing shaft of an abandoned 

A-95 



iron mine was to be used for construction access and another shaft was to be 
excavated to facilitate construction. The powerhouse was to be in a cavern 

adjacent to the lower reservoir and was to contain four 250-MW units. It was 
planned to use single-stage verticle-shaft Francis-type adjustable gate pump/turbi-

nes. On June 28, 1977, the company submitted an application to withdraw its 

application, stating that it had ceased to be the owner of the Mount Hope site. The 

FERC, by order issued December 28, 1977, approved the withdrawal of the license 

application. .. 

The Appalachian Power Company, on August 30, 1977, applied for a prelim-

inary permit to study the Powell Mountain pumped storage project. The project 

would be located on the South Fork of the Powell River and Stony Creek in Scott 

and Wise Counties, Virginia, in the vicinity of Norton and Big Stone Gap, Virginia. 

The upper reservoir was to be on the South Fork of the Powell River and was to 

have a surface area of 790 acres at full pool elevation of 3,200 feet. A dam on 

Stony Creek was to be constructed to create a lower reservoir with a surface area 
of 485 acres at full pool elevation of 1,790 feet. An underground powerhouse was 

to have a capacity up to 3,000. MW. The company withdrew its application on 
March 12, 1979, by notice to the FERC. The withdrawal notice noted that studies 

by the U.S. Forest Service showed that part of the area needed for the pumped 

storage project might ultimately be designated as wilderness and that such 

designation would effectively preclude development of the project. 
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APPENDIX B 

ADDITIONAL INFORMATION—PUMPED STORAGE ALTERNATIVES 

B.1 UTILITY THERMAL ENERGY STORAGE (TES)  

There are two basic ways to integrate thermal energy storage (TES) into a 

central baseloading powerplant. One method involves adding a separate peaking 

turbine to an existing powerplant, and the other method uses the stored heat to 

heat the feedwater and requires a modified turbine design to allow for large 

variations in the extraction steam flow. (These two systems are shown schemat-

ically in Figures B-1 and B-2.) Thermal energy can be started in many different 

materials; including aquifers, oil, water/steam, and molten salt. All systems used 

with power generation must operate near or above 250 °C, and the average lifetime 

for such systems must be between 25 and 30 years. 

In a series of Electric Power Research Institute (EPRI) reports (1, 2), 12 

systems were found to be the most promising TES concepts in terms of near-term 

availability and potential for economic feasibility. These systems are outlined in 

Table B-1. Table B-1 summarizes the energy-related and power-related costs of 

each system reviewed. Since all cases were for 6 hours discharge, the energy-

related costs in dollars per kilowatt-hour ($/kWh) can be found by dividing the 

energy-related costs by six. TES systems are also ranked in near-term avail-

ability*. A scale of 1 to 10 is used, with 1 representing the best possibility of 

availability and 10 representing the poorest. The systems by storage medium are 

discussed in more detail below. 

• Water. Of the concepts considered, the report found that the TES 

powerplant with the lowest capital cost and highest overall efficiency 

• used underground cavern storage of high temperature water. The 

underground cavity systems examined used three means of stress 

transfer: either concrete (noted in Table B-1 as UG-C-VARP), 

compressed air (UG-A-FWS), or evaporators (UG-A-EVAP). A dis-

advantage associated with the underground cavern storage is the 

geological limitations in site selection. 

The definition of near-term availability used in the ranking judgment is that the 
technical uncertainties have either been.or could be resolved by demonstration in 
the near future, so that an electric utility customer could order a TES system with 
reasonable confidence by 1985 for delivery and operation during the period 1985 to 
2000. 
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Figure B-1 	Thermal Storage Unit With Separate Peaking 
Turbine 

Figure 8-2 Thermal Storage Unit in Feedwater Storage 
Mode 

Source: "Exotic Power and Energy Storage," Power Engineering, 
Vol. 81 (December 1977). 
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TABLE B-1 

Economic and Near-Term Availability Ranking for 
Thermal Energy Storage Systems 

Near-Term 
Selection 	 Energy 	Power TOTAL 	Economic 	Availability 
Number 	 System 	($/kW) 	($/kW) ($/kW) 	Rank 	Rank  

1 	Prestressed cast iron vessels-feedwater 
(PCIV-FWS) 	 461 	462 	923 	6 	 4 

2 	Prestressed concrete pressure vessels- 	. 
feedwater (PCPV-FWS) 	 524 	495 	1,019 	9 	 4 

3 	Steel vessel-feedwater (STEEL-FWS) 	 1,129 	495 	1,624 	12 	 1 

4 	Underground-concrete-variable pressure 
(UG-C-VARP) 	 172 	477 	649 	1 	 3 

to 	 5 	Underground-compressed air-feedwater 
1 03 	 (UG-A-FWS) 	 108 	667 	775 	5 	 6 

6 	Underground-evaporators (UG-A-EVAP) 	 180 	487 	667 	2 	 4 

7 	AQUIFER 	 75 	855 	930 	8 	 6 

8 	Oil-feedwater (OIL-FWS) 	 132 	538 	670 	3 	 5 

9 	Oil and packed bed/thermocline (OIL/ROCK) 	188 	541 	729 	4 	 3 

10 	OIL/SALT 	 --- 	--- 	1,400 • 	10 	 2 

11 	SALT/ROCK 	 426 	501 	927 	7 	 4 

12 	Phase change material (PCM) 	 1,000 	--- 	1,500 	11 	 8 

Note: 	Based on 6-hour discharge. Costs are in 1976 dollars. 

Source: General Electric Company. Conceptual Design of Thermal Energy Storage Systems for Near-Term Electric 
Utility Applications,  Vols. 1 and 2, EPRI EM-1037, Project 1082-1 (Electric Power Research Institute 
(EPRI), April 1979). 



An advantage of high temperature water is the ability to use it 

directly in the boiler/turbo generator cycle without such interface 

equipment as heat exchangers. The major difficulty with water is its 

relatively high vapor pressure at the storage temperatures of interest, 

which leads to rather expensive storage vessels. In Table B-1, the cost 

of systems utilizing prestressed cast iron vessels (PCIV-FWS), pre-

stressed concrete pressure vessels (PCPY-FWS), or steel vessels (Steel-

FWS) explain their lower feasibility and availability ranking. While no 

serious technological obstacles exist, no appropriately-sized demon-

stration models have been built or tested to date. 

• Oil. The EPRI studies examined three types of systems in the oil 

storage category: oil in feedwater heat (Oil-FWS), oil and packed 

bed/thermorline (Oil/Rock), and oil and salt (Oil/Salt). All of these 

systems require heat exchangers that can transfer heat from condensing 

steam to the oil directly, or an intermediate heat exchanger that can 

produce high temperature water to be used in a heat exchanger to heat 

the oil. The latter course provides some added security against oil 

entering the feedwaterloop but imposes added capital costs. The major 

advantage to this approach is that atmospheric pressure containment is 

estimated at $35/m 3  (in 1976 dollars) compared to the range (from $250 

to $4,000/m 3) for pressure containment. In addition to the concern 

regarding the flammability of oil is the fact that oil is more expensive 

than water. It takes about twice as many cubic meters of oil as water 

to store the same energy over the same temperature range (1). 

Problems still exist in the area of heat exchanger operation, but 

pilot-size demonstrations of the oil/rock system have been giving some 

confidence in the near-term availability of this concept for peak-load 

use (2). 

• Molten Salt.  Molten salt, particularly HITEC (a Dupont trademark), can 

be used as a storage medium when three storage tanks are used with 

salt temperatures at 238 °C, 294°C, and 482°C. The lower temperature 

tanks are larger and use a small temperature drop for effective heat 

exchange between a sensible heat medium and a condenser or boiler. A 

fraction of the salt from the middle tank is further heated in the 

' desuperheater, and is later used to provide superheat (2). 
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Molten salts are available in the near term, but they do have 

certain disadvantages, not least of which is their high price (consider-

ably more per unit of energy stored than oil). The compatibility of rock 
and molten salts has not yet been adequately demonstrated. In 

addition, molten salts have a high melting point, making it necessary to 

design a method for re-establishing a flow path in case of a shutdown 

(2). 

A molten salt storage concept, advocated by the Martin Marietta 

Corporation (3), is currently planned for use in solar thermal power 

system technology. 

• 	Aquifer Storage.  Storage of high-temperature water in aquifers (porous 

layers of water-saturated gravel, sand, or sandstone confined between 

impermeable layers of the earth) has the potential for an extremely low 

energy-related cost. Aquifers are available over a wide range of 

sedimentary geologic areas without excavation or modification. How-

ever, the power-related costs for this method of storage are significant 

since they include the cost of drilling and casing the wells, the cost of 

pumps and pumping energy, and the cost of heat exchangers. A doublet 

well concept permits the recycling of hot and cold (or warm) water to 

and from the same aquifer to minimize resource usage. The tempera-

ture rate over which aquifer storage can be effective is unknown; 

experiments or demonstrations have not been made except at nearly 

ambient temperatures (2). Aquifers have only a small capacity for daily 

cycles, and this limits their ability as fast-peaking options. Thus, they 

are basically suited to longer term storage and limited load-following 

rather than to peak-load use. 

Aquifer storage technology currently is not available. Another 

disadvantage is that useability will be site specific as some areas are 

not geologically suitable. Also, there will be constraints against using 

or endangering aquifers containing potable water. Geochemistry 

effects versus temperature are not understood nor have they been fully 

explored; therefore, no near-term tests or demonstrations of significant 

size and of useful temperatures have been made (2). 
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B.2 COMPRESSED AIR STORAGE  

Some uncertainties with CAS technology currently are being resolved in 

Huntorf, West Germany, where the first commercial CAS plant--a 290-MW 

unit--is in operation. A schematic of the facility is provided in Figure B-3 (4). 

The facility began operation in December 1978 and uses the combined storage 

capacity of two salt caverns (about 300,000 cubic meters) for peak-load purposes. 

During periods of peak demand the air is expanded, heated by the burning of 

natural gas, and fed through high- and low-pressure turbines that can generate 

290,000 kW for up to 4 hours. The cost of the Huntorf facility is given at about 125 

million D.M. or $70 million. Table B-2 summarizes the Huntorf and several other 

current CAS schemes, including costs. 

According to a recent article (4), each kilowatt-hour of output at the Huntorf 

plant requires an electric-energy input of .8 kilowatt-hours for air compression, 

and a fuel-energy input of 5,300 British thermal units (Btu) for air reheating. Since 

the start of commercial operations the system has been charged and discharged 

several hundred times, generating power somewhat in sexcess of its design rating. 

All the major technical objectives of this first-of-a-kind installation have been 

met. Although the economic performance of the Huntorf installation can be 

established only in actual service over a period of years, a storage facility of this 

size and construction time (less than 5 years) offers the potential advantage of a 

smaller investment burden risk to a utility than even the smallest, economically 

feasible pumped-hydroelectric facility. 

An EPRI-sponsored study by General Electric in 1977 (5) developed a 

conceptual design for a CAS plant sited on the McIntosh salt dome in southwestern 

Alabama. The plant design has a peak turbine inlet pressure of 40 atmospheres 

(atm), with the peak air storage pressure ranging from 44 atm (constant pressure 

storage) to 86 atm (variable pressure storage). A weekly storage cycle was used, 

and power was 800 MW for 2,000 hours per year. The capital cost of these plants 

ranged from $196 to $200/kW (mid-1976). The fuel heat rate ranged from lower 

heating valves (LHV) of 4,140 to 4,330 Btu/kWh. Depending on the storage 

reservoir design, the system delivered between 1.15 and 1.39 kWh for each 

1.00 kWh of charging energy. A modification of these designs was developed for 

500 hours annual duty (peaking application). It required a capital investment of 

about $140/kW, with the same heat rates and charging energy ratios as the 2,000- 

hour designs. The study concluded that for a substantial range of costs of charging 

B-6 



1 111 11 1 
INTERCOOLER 

(HIGH-PRESSURE IGH-PRESSURE 
STAGE) 

ijII 
COMPRESSOR 

(LOW-PRESSURE 
STAGE) 

GEAR BOX 

111111111  INTERCOOLER 

AFTERCOOLER 

HIGH-PRESSURE 
TURBINE 

LOW-PRESSURE 
TURBINE 

VALVE e  
I AIR 1 

CAVITY 

—03>- 
 VALVE 

— 
MOTOR/GENERATOR 

HIGH-PRESSURE 
COMBUSTION 

CHAMBER 
LOW-PRESSURE 

COMBUSTION 
CHAMBER 

VALVE 

Figure B-3 	Schematic of CAS Facility, Huntorf, West Germany 
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COMPRESSED-AIR ENERGY-STORAGE PLANT, the first of 
Its kind, is now operating at Huntorf, near Bremen in West Germany. 
In periods of low demand (typically over an eight-hour night period) 
air is compressed and stored at a pressure of about 70 atmospheres in 
two caverns leached out of a salt dome that have a combined capacity 

of about 300,000 cubic meters. At times of peak power demand the 
air is expanded through turbines that can generate 290,000 kilowatts 
of power for two hours. Coolers remove the heat generated during 
the compression cycle to keep   walls from overheating. Heat 
so removed is replaced by burning some fuel when air Ls expanded. 

Source: Reference (4), 



7129/kW(3)  
$225/kW 

tA29/kW(5) 
 $225/kW 

y182/kW(5)'  
$317 /kW 

Brown Boveri 

290/220(1)  

Second Generation CAS(9)  
G.E. 

"McIntosh"  

200 (x 4) 

8 	 8 

1.2 	 1.156 

4,300 	4,850 

- 	$158 x 10 6(4) 

UTRC 

252 

6 

1.272 

4,617 

$71.6 x 106(6) 

TABLE B-2 

Summary of Current Conventional CAS Schemes 

4-, 

Rating (MW/unit) 

Generation (hours) 

CEF (7) 

FHR (kJ/kWh HHV)(8) 

Cost 

March 1978 Cost 

First 
Generation 

Huntorf 

290 

2 

1.2 

5,700 

DM 100 x 10 6  

x 1.5 =.(2) 
 X129/kW 

$225/kW 

Note: 	(1) 290 MW for 50 Hz operation, 220. MW for 60 Hz operation. 

(2) 1.5 factor quoted by BBC to give a 1977/78 price (Currency conversions 
taken as DM 4 = $1.74 = X1.0) 

(3) Estimate based on a verbal quotation for the surface plant installed in 
the US and GE costs on the balance--see text. 

(4) Cost refers to four units in 1976 dollars. 	 . 

(5) Unit costs escalated to March 1978 at 6%. 

(6) Cost for a single unit in 1976 dollars. A 20% reduction for a three unit 
installation is quoted by Girannonti (5). 

- 
(7) Charge Energy Factor (CEF) - 

	

	Electrical energy returned to the grid  
Electrical energy consumed during charging 

(8) Fuel Heat Rate 	(FHR) - Combustion energy (HHW)  kJ kWh Electrical energy delivered 
Higher Heating Valve (HHV) 

(9) United Technologies Research Centre 

Source: Reference (8). 
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power and premium fuel, CAS systems appeared to be economically favored over 

gas turbines and other utility storage systems. - 

In another instance, a preliminary assessment by the Potomac Electric Power 

Company (PEPCO) (6) indicated that the PEPCO system could support 1,000 MW of 

compressed air energy storage through the year 2005. The projected installation 

would consist of two 500-MW modules, the first installed soon after 1985 and the 

second after 1995. By way of example, some 1978 PEPCO estimates of break-even 

capital costs for CAS on their system (10 hours generation, 1.2 CEF, 4300 FHR are 

as follows: 1985 commissioning--$335/kW; 1995 commissioning--$578/kW; and 

2005 commissioning--$712/kW. The total operating cost of the system was 

compared with the total cost (capital and operating) of a conventional simple cycle 

combustion turbine to determine the "break-even" installed cost for the target in-

service years. 

B.3 BATTERIES 

Detailed assessments of the technical and economic prospects of the more 

promising advanced battery prototypes are to be made at the Battery Energy 

Storage Test (BEST) facility, jointly funded by DOE and EPRI. The facility, 

cosponsored and constructed by the Public Service Electric and Gas Company of 

New Jersey, is to be a national test center for advanced batteries. According to a 

recent EPRI Journal  article, the center "will evaluate battery prototypes with a 

storage capacity of 5-10 MWh in a utility environment. The first prototype to be 

tested will probably be the 5-MWh zinc-chlorine battery now being built by Energy 

Development Associates, a subsidiary of Gulf and Western Industries, Inc. This 

battery will consist of up to 100 modules, each capable of discharging for five 

hours at 10 kW. Another prototype, a 5-MWh sodium-sulfur battery, could be ready 

for testing by 1985" (7). 

Despite progress in research, however, these systems will not find significant 

utility application in this century unless their cost can be reduced to a level 

competitive with other bulk energy storage and peak-generating methods. Interim 

cost estimates were calculated by Arthur D. Little (ADL) for EPRI in 1978 for the 

sodium-sulfur, sodium-antimony trichloride, lithium-iron sulfide, and zinc-chlorine 

battery systems, using an ADL-developed standard costing methodology (8). Table 

B-3 lists the estimated costs (all falling within a $34 to $40/kWh range), including 

principal cost elements for individual battery systems. These costs carry the 
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Table B-3 	Interim Cost Estimates for Advanced Battery Systems 
(Based on annual output of 25 approximately 100-MWH batteries) 

Sodium-Antimony 	Lithium-Iron l  
System: 	Sodium-Sulfur 	 Chloride 	 gulfide 	Zinc-Chlorine?  

Contractor: 	GE 	 ESB 	 AI   . EDA 

35.98 	 39.60 	 34.27 	 34.87 Price ($/kWh) 3 

 Labor
4 

Materials 
Components 4  

Other5 

Factory Cost ($/kWh) 

Investment ($MM) 

Working Capital 

Equipment6  

4.54 	 12.99 

	

25.79 	 21.07 

	

5.65 	 5.54 

	

31.23 	 34.74 

	

41.9 	 40.5 

	

24.7 	 26.1 

	

17.2 	 14.4  

2.93 	 2.98 

	

26.66 	 26.41 

	

4.86 	 5.48 

	

30.29 	 30.29 

	

33.2 	 39.9 

	

22.7 	 23.7 

	

10.5 	 16.2 

Direct Labor 	 333 	 902 	 203 	 216 
(man yrs/yr) 7  

Man hours/kWh 	 0.242 	 0.693 	 0.156 	 0.159 

Floor space (ft2 ) 	 169,000 	 75,000 	 184,000 	 198,000 

Battery size (MWh) 	 105.6 	 101.2 	 97.5 	 104.4 

Price/Battery ($MM) 	 3.80 	 4.05 	 3.34 	 3.64 

Annual Sales ($MM) 	 95.0 	 101.3 	 83.5 	 91.0 

Notes 
1. Cost estimates for the lithium-iron sulfide system are for ...cells only, not batteries. 
2. Cost estimates for the zinc-chlorine system include some labor for on-site assembly. 
3. MWh- and kWh-ratings are based on the capacity of the smallest component unit and do 

-not allow for internal battery power losses. 
4. Includes contributions to overhead. 
5. Rent, depreciation, return on investment, and taxes. 

- 6. Includes 25% installation charge. 
7. Based on an assumed 1920 working hours per year. 

Source: Reference (8). 



assumption that rated performance capabilities, including adequate service life-

times, will be achieved. If these developer cost projections can be met, "...a five-

hour battery system with power-conditioning equipment ($80/kW) will cost just 

under $300/kW—EPR1's goal for the battery selling price" (8). 

In technological terms, the lead-acid battery system could be listed as a 

near-term candidate; because of its costs, however, significant commercial•

application by electric utilities is not expected. A design and cost study performed 

by ESB, Inc., for EPRI (9) analyzed state-of-the-art tubular positive lead-acid 

battery technology to estimate the selling prices for one 2,500-cycle, 10-MW, 

100-mWh load-leveling battery and two 2,000-cycle, 20-MW peaking batteries 

delivering 60 and 100 mWh. Accessories for the batteries that were necessary to 

meet the EPRI performance and life requirements, including transportation (500 

miles) and installation, were priced respectively at $62 (10-hr. rated), $65 (5-hr. 

rated), and $73 (3-hr. rated) per kilowatt-hour for the first battery purchased. The 

report also estimates much lower second battery costs assuming various salvage-

reuse credits. Amortized in the price was a battery manufacturing plant 

investment of $14.4 million for a three-shift operation producing, 1,000 mWhiyr. 

Of several advanced battery systems proposed, the two that appear to be the 

most promising for utility application before the year 2000 are the high-

temperature sodium-sulfur battery and the low-temperature Redox battery. The 

sodium-sulfur battery has molten sodium at the negative electrode and a molten 

mixture of sulfur and polysulfide at the positive electrode. The electrolyte 

(electric conductor) is a solid ceramic made of a special form of aluminum oxide 

known as "beta alumina." Beta alumina conducts sodium ions at high temperatures, 

and this type of battery would operate at temperatures of 260-315 0C (500-6000F). 

General Electric hopes to have a prototype battery of 5,000 kWh ready for testing 

at the BEST facility by 1985. 

Essentially, the Redox system is a combination or stack of flow cells where 

chemical energy is converted into electrical energy when two reactant fluids, 

chromium chloride and iron chloride, are discharged through the stack. In each 

flow cell a peparating membrane keeps the fluids apart but allows for charge 

transfer. As the fluids circulate through the stack, electrical energy is withdrawn, 

but the larger ions of iron and chromium are kept separate by the membrane 

surface (a special cross-linked ' polymer with a distributed charge, similar to 

membranes used in dialysis). The process is reversed on recharge. The repulsion 
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caused by the distributed membrane charge is the key to the membrane's ability to 

avoid clogging and extend its useful life, estimated at about 20 years. Because the 

reactants can be used indefinitely, only 1 percent of the system's energy is 

consumed by the circulation pumps, and the process is about 75 percent efficient 

overall, which is comparable to conventional batteries. Table B-4 (5) provides 

additional data on the Redox system, including estimated power-related and 

Storage-related costs ($163/kW and $20/kWh, respectively). 

Recent EPRI work reported in Energy Technology VII  (10) gives costs for 

5-hour advanced batteries (72 percent efficient) for a 1992 first commercial 

service date as: total capital = $630/kW; fixed O&M = $0.3/kW-yr.; and variable 

O&M = 2.0 mills/kWh (1978 dollars). By way of comparison, the figures given for 

underground pumped storage (1991 commercial service, 10-hour, 72 percent 

efficient) were, respectively, $575/kW, $1.5/kW-yr., and zero for variable O&M. 

Generally, it can be concluded that advanced batteries have the potential to be 

commercially available for utility storage and peaking purposes in the early 1990's, 

provided development programs can keep to schedule and costs can be substantially 

reduced. The facility, cosponsored and constructed by the Public Service Electric 

and Gas Company of New Jersey, is to be a national test center for advanced 

batteries. According to a recent EPRI Journal article, the center "will evaluate 

battery prototypes with a storage capacity of 5-10 MWh in a utility environment. 

The first prototype to be tested will probably be the 5-MWh zinc-chlorine battery 

now being built by Energy Development Associates, a subsidiary of Gulf and 

Western Industries, Inc. This battery will consist of up to 100 modules, each 

capable of discharging for five hours at 10 Kw. Another prototype, a 5-MWh 

sodium-sulfur battery, could be ready for testing by 1985" (7). 

B.4 DIESELS AND COMBUSTION TURBINES  

Beyond 1990 it is possible that synthetic liquids and gases may be used in 

diesels and combustion turbines for peak loading. The basic technology for 
gasification and liquefaction is almost two centuries old, but so far plans are not 

being made for using synthetic fuels for peak loads in diesels and turbines, in part 

because of the high capital investment required. Figures B-4, B-5; and B-6 show 

estimates prepared by EPRI comparing conventional oil costs to the projected costs 

of several synthetic fuel products under different financing assumptions (11). 
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TABLE B-4 

Redox Battery System Data 

REDOX FLOW CELL ENERGY STORAGE SYSTEM DATA (R&D DATA, AUG. 
1979) 

FOOTPRINT: 1MW-10 Hrs. = 10 MEGAWATT-HOURS OF STORAGE 

SOLUTION TANKS (ONE MOLAR SOLUTION CONCENTRATION): 

2 TANKS REQD., HEIGHT = 20 ft., TOTAL FOOTPRINT = 2340 sq. ft. 

POWER CONVERSION UNIT: 

4 ft. high x 10 ft. x 9 ft. 

PUMPING UNITS: 

2 PUMPS REQD., EACH 3 ft. high x 2 ft. x 4 ft. 

POWER CONDITIONING AND CONTROLS (INVERTER, TRANSFORMER, ETC.): 

6 ft. high x 10 ft. x 8 ft. 

TOTAL AREA IN PLAN VIEW: 

Area = 2526 sq. ft., Footprint = 4.0 kWh/sq. ft. 

Note: It is expected that eventually it will be possible to use two molar solution 
concentrations. The resulting footprint would then be 7.4 kWh/sq. ft. Using square 
tanks and two molar solutions, it is believed that the EPRI footprint goal of 8.5 
kWh/sq. ft. can be met. 

ESTIMATED COSTS: 

Power-related cost = $163 per kilowatt 
Storage-related costs = $20 per kilowatt-hour 

LIFE EXPECTANCY: 

The R&D group responsible for this project anticipates a life of 20 years for 
the Redox system 

ACKNOWLEDGEMENT: 

The above data were supplied by Dr. J. Stuart Fordyce, Chief, Electro-
chemistry Branch, Solar and Electrochemistry Division, NASA Research Center, 
Cleveland, Ohio 44135--by letter dated August 14, 1979. The author expresses his 
appreciation. 

Source: Reference (5). 
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Coal gasification consists of making coal react chemically with oxygen and 

hydrogen; the coal basically provides carbon fuel in these reactions. In the 

simplest processes, the oxygen is provided by air, and the hydrogen by steam; in 

more sophisticated processes, pure oxygen and hydrogen gases may be used. 

Depending on the type of gasification process used, the gases produced are carbon 

monoxide (CO), hydrogen (H 2 ), and/or methane (C H 4), the main component of 

natural gas. (Carbon monoxide and hydrogen have only about one-third the heat 

value or energy content of methane.) By-product gases such as hydrogen sulfide 

are also produced and must be removed to eliminate the release of sulfur to the 

atmosphere when the coal gas is burned. The use of air for oxygen introduces 

nitrogen into the gas, lowering the energy content; the use of pure oxygen gas 

keeps the energy content higher. Generally speaking, the use of steam for 

hydrogen produces carbon monoxide and hydrogen, while the use of pure hydrogen 

gas produces methane. However, carbon monoxide can be upgraded to methane 

using steam. . 

Coal gasification processes are classified as low-Btu, intermediate-Btu, or 

high-Btu, according to the energy content of the gas produced. High-Btu gas is 

compatible with natural gas in that it can be mixed with or substituted for natural 

gas in existing pipeline systems. It has a heat value of approximately 920 to 1000 

Btu/cubic foot and is more expensive to produce than intermediate-Btu gas. 

Intermediate-Btu gas is suitable for transportation by pipeline but because of its 

reduced heat value (between 300 and 700 Btu/cubic foot) it is not economical for 

transport over distances of more than 100 miles. Low-Btu gas is a low-quality (less 

than 300 Btu/cubic foot) utility fuel intended to be used on site rather than 

transported (12). 

Coal gasification processes face similar environmental problems to those 

confronting other coal combustion and conversion technologies. These include 

hydrogen sulfide production, cooling tower blowdown, and runoff from coal storage 

and solid wastes. In general, these problems can be dealt with by the existing 

commercial pollution control technologies. 

The Lurgi gasifier is the oldest system for coal gasification; the first Lurgi 

gasifier was built in Germany in 1936 and since then 18 plants have been built. The 

Koppers-Totzek process is another that has been operating commercially outside of 

the United States since 1952. Several other processes for converting coal to gas 

are in various stages of development; among these are the Texaco process, the 

I 
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Shell-Koppers process, the British Gas Corporation Lurgi Slagging Gasifier, and the 

HYGAS process. It is not expected, however, that plants will be available on a 

commercial scale in the United States before 1990 (13). 

One factor slowing down application proceedings is that these plants require 

large capital investments. For instance,. the Great Plains Gasification Project in 

Beulah, North Dakota, is estimated to a $2 billion effort using the Lurgi method 

and scheduled to begin production in 1984. It will consume 4.7 million tons a year 

of strip-mined coal, transforming it into 125 million cubic feet of gas per day (the 

equivalent of 20,000 barrels of oil a day). American Natural Gas, the company 

building the plant, puts the price of the first gas that is produced there at $6.75 per 

1,000 cubic feet--roughly triple today's price for conventional domestic natural gas 

(14). . 

B.5 PHOSPHORIC ACID FUEL CELLS 

A single fuel cell consists of two electrodes separated by an electrolyte. 

Fuel is supplied to one electrode and air (oxygen) to the other. An electric 

potential is established and a current can be drawn as long as fuel and air are 

supplied. The fuels--either hydrogen or hydrocarbon or coal-derived--react with 

oxygen only when the external circuit is complete. Single fuel cells connected in 

series can be used to generate any desired voltage. Connecting them in parallel 

allows large currents and power outputs. 

The first-generation fuel cells being developed for electric utility use rely on 

phosphoric acid electrolyte and are low-temperature systems, operating at about 

350°F. Small fuel cells in the 10-kilowatt (kW) to 1-megawatt (MW) range have 

been built and tested in commercial settings. 

First-generation (phosphoric acid electrolyte) fuel cells require clean, low= 

sulfur fuels. The fuel processor for the FCG-1 system being adopted for utility use 

requires a hydrodesulfurization technique to remove excess sulfur. (The prototype 

for the FCG-1 system is the 4.8-MW powerplant currently being installed on the 

Consolidated Edison grid in Lower Manhattan, a $49-million effort (15, 16)). This 

fuel processor uses an expensive platinum catalyst for the chemical transformation 

to hydrogen, a process that must substitute a nickel catalyst in the future to 

become economically feasible (17). 

First-generation fuel cell plants have an efficiency of between 37 and 40 

percent (heat rate range: from 9,300 to 8,500 (Btu's per kilowatt-hour (kWh)) and 
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the efficiency remains approximately constant over the full load range. Fuel cell 

development performance goals are: annual replacement of filters and other 

absorbent materials, overhauls with major parts replacement every 5 years, and a 

powerplant life of 20 years (18). The initial units are expected to have shorter 

lifetimes. 

Fuel cell powerplants are clean; quiet, and vibration free. The principal 

environmental consideration is emission-related, but because it is virtually a 

closed-loop system, the system's operational requirements result in emissions that 

contain less than one-tenth the pollutants per unit of energy delivered than the 

Federal standards under the Clean Air Act of 1970 (18). 

Commercial feasibility units resulting from the first prototypes are expected 

to be produced by the mid-1980's at a cost ranging from $400 to $700/kW 

(1978 dollars). While costs of components have been declining as a result of 

research and development efforts, the cost of initial units will be dependent on the 

size of the production facility, the number of units ordered, and the amount of 

government assistance. 

According to data derived from the 1975 Brookhaven National Lab Study (19) 

and the Public Service Electric and Gas Company study (20), estimated break-even 

capital cost in the peaking market ranges from $400/kW to over $500/kW as fuel 

cost increases. EPRI estimates a capital cost of $445/kW (in late-1978 dollars) for 

a first-generation fuel cell plant that could be in commercial operation as early as 

1986, and $475/kW for a more advanced design of higher efficiency (around 

45 percent) that could be in commercial operation by 1992 (10). 

B.6 HYDROELECTRIC POWER 

Subsequent work in the U.S. Army Corps of Engineers' National Hydropower 

Study has refined the estimated potential first presented in the Corps' initial work 

(21). Table B-5 and Figures B-7 and B-8 summarize the results of the Preliminary 

Inventory of Hydropower Resources (22). While the overall estimates of incre-

mental potential have increased, the most striking result is the estimate of the 

large undeveloped potential (not included in the prior report). Although this study 

involved a considerably more detailed and comprehensive analysis, the estimates it 

provides are still essentially upper limits on potential, inasmuch as "Detailed 

consideration of the social, economic, institutional and environmental constraints 

associated with hydropower development were not specifically included in the 
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- EXISTING, 1  POTENTIAL INCRP.HENTAL2 AND UNDEVELOPED3 CAPACITY RANGES REGION TOTAL 

Small-Scale (.05-15 MW) 
Exist 	Incre 	Undev 	Total 

Intermediate (15-25 NW) 
Exist 	Incre 	Undev 	Total 

Large-Scale (Greater Than 25 NW) 
Exist 	Incre 	Undev 	Total 

(All Sine.) 
Exist 	Incre 	Unde, 	Total 

Vol. 3 
Hid-Continent 
No. of Sites 
Cap. (NW) 
Ener (GUN) 

Vol. 4 
Lake Central 
No. of Sites 
Cap. (KU) 
Ener (GNI° 

Vol. 5 
Southeast 
No. of Sites 
Cap. NW) 
Ener (GUN) 

Val. 6 4 
 Northeast 

No. of Site 
Cap. (MU) 
Ener (GWH) 

NmoNAL 
rorAL 
No. of Site 
Cap. (NW) 
Ener (GUN) 

	

43 	110 	222 

	

5,109 	16,043 	30,499 

	

8,729 	31,877 	77,917 

	

44 	• 59 	234 	337 

	

6,087 	6,589 	27,376 	40,052 

	

22,403 	12,481 	64,274 	99,158 

	

17 	88 	59 	164 

	

1,689 	14,038 	6,552 	22,279 

	

5,475 	39.514 	17,380 	62,369 

	

98 	87 	146 	' 331 

	

11,182 	11,758 	20,969 	43.909 

	

36,409 	21,466 	67,460 	125,335 

	

27 	85 	58 	170 

	

4,784 	16,446 	7.568 	28,798 

	

26,276 	81,898 	28.610 	136,784 

	

328 	445 	1,503 	2.276 

	

59,230 	85,859 338,217 483,306 
258,239 198,087 883.5191,339,845 

	

179 	401 	1,849 	2,429 

	

26,804 	33,262 267,480 327,546 

	

134,022 	38,175 705,045 877,242 

	

189 	414 	408 	1,011 

	

9.928 	6.028 	17,184 	33,140 

	

40,325 	10.849 	14.577 	85,751 

	

109 	853 	963 	1,925 

	

6,488 	7,758 	29,868 	44,114 

	

24,781 	15.144 	70,491 	110,416 

	

231 	732 	626 	1,589 

	

2,602 	15,830 	7,799 	26,231 

	

9,854 	44,766 	21,004 	75,624 

	

227 	682 	465 	1,374 

	

11,827 	13,021 	23,160 	48,008 

	

38,514 	2404n 	71, 4 72 	137,026 

	

316 	2,342 	221 	2,879 

	

6,053 	18,737 	8,457 	33,247 

	

32,508 	89,440 	31,078 	153.026 

1.251 	5,424 	4,532 	11,207 
63.702 	94,636 353,948 512.286 
280.004 223,214 935,8671,439.085 

Vol. 1 
Pacific N. West 
No. of Siten 	93 	282 	745 	1,120 	13 	36 	208 	257 
Cap. (NW) 	430 	642 	3.702 	4,774 	234 	700 	4,069 	5,003 
Ener (GUN) 	2,4i1 	2,234 	16,390 	21,065 	1,216 	1,943 	14,738 	17,897 

	

73 	83 	896 	1,052 

	

26,141 	31,919 259,709 317,769 

	

130,365 	33,999 673,918 838,282 

1. 2 
stifle S. We t 

Vol. 2 
Pacific S. Webt 
No. of Sites 	III 	354 	272 	737 	9 	17 	26 	52 	69 
Cap. (NW) 	410 	574 	632 	1,616 	171 	345 	509 	1,025 	9,347 
Ener (GUM) 	2,176 	1,569 	1,640 	5,385 	837 	550 	1,059 	2,446 	37,311 

	

54 	779 	666 	1,499 	11 	15 	63 	. 89 

	

184 	850 	1,182 	2,216 	218 	317 	1,311 	1,846 

	

1.372 	2,138 	3,074 	6,584 	1,006 	524 	3,142 	4,672 

	

204 	601 	551 	1,356 	10 	43 	16 	69 

	

734 	914 	926 	2,574 	180 	875 	319 	1,374 

	

3.439 	3,128 	2,859 	9,426 	940 	2,124 	763 	3,827 

	

110 	566 	265 	941 	19 	29 	54 	102 

	

285 	704 	1,077 	2,066 	360 	559 	1,114 	2,033 

	

1,000 	2,189 	3,349 	6,538 	1,105 	1,185 	2,863 	5,153 

	

270 	2,231 	143 	2,644 	19 	26 	20 	65 

	

914 	1,771 	491 	3,176 	354 	524 	400 	1,278 

	

4,620 	6,009 	1,531 	12,160 	1,613 	1,533 	938 	4,084 

	

842 	4,813 	2,642 	8,297 

	

2,957 	5,455 	8,010 	16,422 

	

15,048 	17,267 	28,843 	61,158 

	

81 	166 	387 	634 

	

1,517 	3,320 	7,722 	12,559 

	

6,717 	7,859 	23,503 	38,079 

Table B-5 Preliminary Inventory of Hydroelectric Power Resources 

Existing hydroelectric power facilities currently generating power. 	. 

2 1x1xtIng dams and/or other water resource projects with the potential for new and/or additional hydroelectric capacity. 

3 Undeveloped sites where no dam or other engineering structure pr 	ly exists. 

Data on undeveloped sites in the Nev England states are not available (NA). 

Source: Reference (22). 
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analysis" (22). These issues have been addressed in subsequent stages of the 
National Hydropower Study. 

These estimates of capacity and energy potential, summarized by region in 
Table B-5, are listed, site by site, in the Preliminary Inventory. This provides a 

data base from which the operational mode and/or capacity factor of potential new 

hydro capacity additions can be assessed. In addition, the Federal Energy 

Regulatory Commission (FERC) maintains a list of hydropower potential based on 
license applications, feasibility reports, and other data (23). Obviously not all 

developable sites will be suitable for peak-load power generation. Some will be 

constrained by seasonal flow variations or impoundment limitations; others will be 

better suited to intermediate- or base-load development. 

Environmental impacts produced by installing hydroelectric generating facil-

ities are highly site specific. For instance, development of a store-and-release 

hydroelectric capacity at an existing dam could produce water fluctuations possibly 

resulting in additional impacts such as: 

...decreased spawning and food production and degradation of wetland 
habitats above the dam; with bank erosion, bottom scouring, loss of 
cover and food, and flow regulation with periodic flow shortages 
dominating the potential downstream fisheries impacts....Impacts 
typically associated with newly-constructed hydroelectric dams include 
those mentioned above, plus creation of a reservoir habitat with 
changes in water quality and species composition of aquatic organisms, 
and loss of stream and terrestrial habitats and spawning sites above the 
dam; upstream and downstream migration blockage and (occasionally) 
embolism in fish below the dam. More detailed treatments of hydro-
power impacts on fish and wildlife resources are given in the (U.S. Fish 
and Wildlife) Service's Hydroelectric Power Project Review Manual and . 
other reference sources cited therein (23). 

With regard to the impact on hydropower development as a result of public 
laws designed to preserve and protect scenic and free-flowing conditions on 

selected U.S. rivers, a recent Government Accounting Office (GAO) report stated: 
"As of February 1979, 28 rivers had been designated as wild and scenic (for 
example, under the Wild and Scenic Rivers Act). FERC estimates these designa-

tions preclude the development of 12,750 MW of hydroelectric capacity and 

41.5 billion kWh of energy. Fifty-nine river segments are currently under study by 

the Departments of the Interior and Agriculture. FERC estimates these rivers 

preclude the hydroelectric development of 9,500 MW of capacity and 29.4 billion 

kWh in energy (24)." 
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Streamflow characteristics in general, and the wide range of potential 

capacity factors in particular, combine with capital investment to yield an even 

larger range of potential power costs. To illustrate this range, several examples 

are considered. Table B-6 summarizes cost estimates for new large (greater than 

25 MW) projects in New England—estimates made as part of a regional hydropower 

assessment (25). The table lists only those potential developments that were 

estimated by the work group to have a benefit/cost ratio greater than 0.8. Note 

the wide range in dollars-per-kilowatt capital costs (which are in late-1975 dollars). 

As to capital costs for small- and intermediate-scale developments at 

existing unpowered dams, Acres American, Inc:, estimates the cost of new hydro 

currently to be in the general range of $700 to $1,500 per kilowatt (1976 dollars) 

and notes: "For the addition of power facilities alone at existing sites, estimated 

costs would currently range from about $400 per kW for 10,000 kW units at 

120 feet head to $1,800 per kW for 500 kW units at 20 feet head." Tibbets-Abbett-

McCarthy-Stratton estimates a similar though somewhat lower cost range (e.g., 

$400/kW for a 10-MW unit at 43 feet head, $1,800/kW for a 500-kW unit at 12-1/2 

feet head) for projects requiring "minimal civil works" (26). . 

B.7 SOLAR PHOTOVOLTAIC ENERGY  

Solar photovoltaic cells are discs of transistor-like materials that generate 

DC electricity at low voltage when exposed to sunlight. The output of such cells, 

which are grouped and wired into flat plate or concentrator collector panels, 

arrays, and modules, must be converted to AC and the available voltage stepped up 

before it can be transmitted and/or used for utility applications. Manufacturing 

methods under investigation include ribbon or single-crystal growth, spray, and 

thin-film or vapor deposit. New manufacturing methods, such as the continuous 

ribbon process, have great potential to simplify production and reduce crystal loss 

during manufacturing. Theoretical efficiencies for the various kinds of cells range 

from 8 percent for some of the cadmium sulfide/copper sulfide devices to 28 

percent for the gallium arsenide thin-film cells. However, to date, laboratory tests 

have only achieved efficiencies from 5 percent to 22 percent for cells for use in 

concentrated sunlight. Commercial versions of silicon and thin-film cells currently 

perform with efficiencies up to about 10 percent. 

The solar radiation resource is greatest in the Southwest and least in the 

Pacific Northwest. Table B-7 shows annual average total and direct radiation at 1 
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TABLE B-6 

Estimated Capital Costs for New Hydroelectric Developments 
in New England (1975 Dollars) 

. 
Average 

- 	 Annual 	 Initial 	 Initial 
Installed 	-- 	Capacity 	Output 	 Cost 	 Cost 

River 	 Project 	 Cap. kW 	Factor 	(1,000 kWh) 	($1,000) 	($/kW) 

St. John 	 Dickey - 	 760,000(8) 	.11 . 	849,000 	$463,000 	 558 

St. John 	 ' Lincoln School 	 70,000(2) 	.37 	305,000 

W. Branch 	 Arches 	 . 	50,000 	 .21 	 94,250 	634,207 	.. 684 

Penobscot -. 	 Basin Mills 	 50,000 	' .21 . 	93,150 	$ 46,993 	'.- 	-0.940 

Kennebec- 	 Madison (High Dam) 	80,000 	 .21 	146,800 	$ 48,871 	 611 

Magalleway 	 Aziscokos 	 25,000 	 .22 	 49,080 	$ 11,875 	 475 

Androscoggin 	 Pontook 	 50,000 	.20 	 88,410 	$ 40,580 	 811 

Androscoggin 	 Pulsifer Rips 	 25,000 	 .19 	 42,460 	$ 24,799 	 992 

Merrimack 	 Moores Falls 	 50,000 	.20 	101,000 	$ 56,239 	1,125 

Connecticut 	 Enfield 	 60,000 	.50 	261,900 	$ 94,367 	1,573 

West Branch 	 Sourdnahunk 	 50,000 	 .23 	109,450 	$ 54,588 	1,092 

Penobscot 	 Winn 	 50,000 	.20 	 89,170 	$ 54,749 	1,095 

Kennebec 	 Cold Steam 	 120,000 	.25 	259,350 	$125,597 	1,047 

Pierce Pond Str 	Pierce Pond 	 220,000 	.23 	459,000 	$217,154 	 987 

Saco 	 Steep Falls 	 30,000 	.18 	 47,690 	$ 32,652 	1,088 

Pemigewasset 	 Livermore Falls 	 35,000 	 .23 	 69,800 	$ 44,295 	1,268 

Winnipesaukee 	Tilton 	 20,000 	.17 	 29,600 	$ 15,969 	 798 

Contooeook 	 River Hill 	 30,000 	 .24 	 63,700 	$ 39,501 	1,317 

Deerfield 	 Meadows 	 30,000 	.16 	 41,800 	$ 29,310 	 977 

CI. 

" Source: New England Federal Regional Council. A Report on New England Hydroelectric Development Potential  (June 
1976). 



TABLE B-7 

Average Annual Total and Direct Solar Radiation for Various Collector Geometries, kW/m 2 

Phoenix, AZ 	Albuquerque, 	NM Fort 	Worth, TX  
----------- 	

Omaha NB 	Nashville TNBlue Hill :  MA 
Geometry 

Total Direct 	Total Direct 	Total Direct 	Total Direct 	Total Direct 	Total Direct 

Fixed 
horizontal 	0.245 	0.177 	0.240 	0.175 	0.194 	0.118 	0.172 	0.103 	0.167 	0.092 	0.146 	0.076 

Fixed, 
L-5°  tilt 	0.268 	0.204 	0.266 	0.204 	0.208 	0.136 	0.191 	0.124 	0.180 	0.107 	0.159 	0.094 

Tracking, 
E-W axis 	0.285 	0.221 	0.288 	0.233 	0.211 	0.149 	0.203 	0.136 	0.187 	0.117 	0.169 	0.104 

Tracking, 
to 	polar axis 	0.339 	0.275 	0.343 	0.283 	0.258 	0.188 	0.241 	0.178 	0.213 	0.145 	0.193 	0.136 

1 t., 
Tracking, 
two axes 	0.349 	0.287 	0.352 	0.295 	0.264 	0.196 	0.248 	0.186 	0.218 	0.150 	0.199 	0.136 

, 

Source: Reference (27). 



six locations for various collector geometries (27). Since the peak rating of a 

photovoltaic array is generally given in terms of its output in insolation of 1 
kilowatt per square meter (kW/m 2), these data can also be interpreted as array 

capacity factors. Thus, a two-axes tracking concentrator system in Blue Hills, 

Massachusetts, would have a capacity factor of 0.136, while a fixed (latitude minus 

5 degrees) flat array system in Phoenix, Arizona, would have a capacity factor of 

0.268. In practice, output would be further reduced by DC/AC inversion (typically, 

about 90 percent efficient), and by the use of storage (e.g., batteries), if any. 

A study by General Electric Company for EPRI (28) estimated the capacity 

displacement potential of several types of photovoltaic systems in three electric 

utility areas: New England Electric system, Florida Power & Light Company, and a 

combination of the Arizona Public Service Company and the Salt River Project. At 

a 5-percent penetration level of photovoltaics into the system, the estimated 

effective capability ranged from below 20 percent of rated capacity for a 

residential flat array in Florida to nearly 60 percent of rated capacity for a 

parabolic trough concentrator system in Arizona. (The average estimated effec-

tive capability is about 35 percent.) However, as noted above, the capacity 

displacement includes not only peak-load but intermediate- and even base-load 

capacity as well. 

The integration of photovoltaic systems into &utility grid is being addressed 

in several (50 to 200 kW) experiments. For example, Pacific Gas and Electric 

Company has announced plans for a 50-kW experimental photovoltaic peaking 

facility in San Ramon, California. The capital cost of the plant, scheduled for 

completion in the early 1980's, was reported to be about $20,000 per kilowatt, 

although it is expected that this will be revised upward. Arizona Public Service 

Company is installing a 200-kW AC (225-kW DC) photovoltaic system at Sky 

Harbor International Airport in Phoenix. The estimated cost of the unit, due to be 

completed shortly, is $5.8 million or about $29,000 per kilowatt. Future photo-

voltaic plant costs should be substantially lower. 

Current DOE planning envisions four central station system application tests 

during the 1983-1986 period, each expected to be 2-MW in size. The objectives of 

these experiments will include technical verification as well as obtaining operating 

experience in a utility environment (29). 
; 

4 
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Figure B-9 shows the DOE price targets for photovoltaic collectors and 

systems (in 1980 constant dollars), as well as the flat plate collector purchase price-
history (29). As these goals apply to 'both flat plate and concentrator technologies, 
direct comparisons require some normalization; flat plate collector price goals do 
not include supporting structures, an integral part of concentrator collectors. The 

DOE commercial readiness price goals for complete systems (in 1980 dollars per 

peak kilowatt of system output) are: 

• $1,600-$2,200/kW for residential applications by 1986 

• $1,600-$2,600/kW for intermediate-load centers by 1986 
• $1,100-$1,800/kW for central stations by 1990. 

This large difference between the photovoltaic array cost and the total 

system cost results from: supporting and installing the arrays, power conditioning, 
such as DC/AC inversion; and energy storage. As a rough example, let us assume 

that a photovoltaic array price of $600 per peak kilowatt (1979 dollars) is achieved 

by the mid- to 1ate-1980's: The cost of mounting and installation is reported as 

being $45 to $60/m 2  currently (in 1977 dollars), and is estimated at $30/m 2  to 
$50/m 2  in the future. This would add about $400 to $700/kW to the cost. If used, 
limited storage would cost $100 to $200/kW (e.g., 2.5 to 4.0 kilowatt-hours of 

storage batteries per peak kilowatt at $40 to $50/kWh). The DC/AC invertor and 

other electrical equipment would cost about $200 to $300/kW. Accounting for 

invertor losses, such a system would have a total base capital cost of about $1,200 
to $1,800 per peak kilowatt. (At $1,200/kW for the photovoltaic arrays and higher 

range costs for other items, the system base capital cost would be about $2,400 per 
peak kilowatt.) This does not include the cost of backup capacity for cloudy days. 

In 1975, module prices ranged from $25,000 to $90,000 per peak kilowatt. 
Today, an array with similar performance, and far better reliability, sells for about 

$10,000 per kilowatt. Because array costs are dropping, the worldwide market for 

photovoltaics is beginning to expand. By 1982, DOE anticipates the market will 

become large enough to justify significant automated mass production of photo-

voltaic systems. This will, DOE believes, open up new markets, accelerate sales, 

and, with experience and production scale-up, realize their price goals and large-
scale commercial deployment of systems (29). However, in a study funded in part 

by DOE, an 11-man study group of the American Physical Society (whose members 

are responsible for much of the research work in this field) estimated that 
i 

photovoltaic systems would produce 1 percent or less of the U.S. electric energy 
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needs by the year 2000 (30). A report by General Electricfor EPRI (28) estimated a 
similar level of about 0.4 percent in 2000 and about' 1.4 in 2010. 

B.8 OIL PLANT CONVERSION  

Conversion to coal can significantly reduce operating costs; however, the 

cost of conversion to coal is sensitive to a number of factors, including: 
transportation and coal storage systems, plant layout considerations, the size and 
age of the plant, whether or not it has operable coal-handling equipment and 

boilers, and the additional emissions control equipment needed. For example, 

plants that were originally designed to use coal will have to conform to air quality 

standards and may require the addition of scrubbers and other pollution control 

systems. Plants designed only for oil would require major redesign of the boiler 

and fuel facilities. An Engineering Societies Commission on Energy report 
describes an investigation of powerplant coal conversion and the opportunities and 

constraints of various types of utility coal conversion in New England (31). 

Coal/oil mixture (COM) combustion in a utility boiler involves the prepara-
tion of a slurry containing oil and pulverized coal, which can be pumped and burned 
in much the same way as heavy residual oil. One technical problem related to 

COM involves the proportion of coal to oil in the mixture. A limit of 50-percent 

coal is necessary; a higher coal percentage results in high-viscosity problems and 
creates the potential for increased erosion effects. Florida Power Corporation is 

currently burning COM in its 380-MW Crystal River Unit 1, using coal comprising 
45 percent of the coal/oil mixture by weight (32). 

Another problem involves the type of boiler being used. Boilers originally 

designed for coal are the best candidates for COM fueling, especially if the boiler 

and its auxiliary equipment have been maintained since conversion from coal to oil. 
Testing for DOE being done by Davy McKee Corporation's Coal Combustion 

Department indicates that heat release rates and the temperatures of heat transfer 

surfaces might lead to oil unit derating of from 5 to 20 percent. In 1979, Davy 

McKee Corporation estimated that the cost of converting a 100-MW unit designed 

for coal would vary from $350,000 to $1.1 million (32). 

So far, the majority of COM work has been combining coal and No. 6 fuel oil, 
although No. 4 fuel oil has also been used. These heavy oils are suited primarily ..to 

intermediate- to base-load generation and not to peak loading. COM  work also 
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involves the use of up to 0.1 percent of an additive to enhance the stability of the 

coal in the oil. 

Another alternative for reducing the usage of coal and gas in utility boilers is 

the supplementing of conventional fuels with refuse-derived fuel (RDF). In a 

refuse-derived solid fuel manufacturing plant, the raw waste is processed into a 

solid fuel that can be burned. Raw solid wastes are dried and shredded or milled to 

reduce the size of particles. The waste is then air classified into two fractions; the 

light portion, made up primarily of dry combustive organics, is known as RDF. 

RDF can replace between 10 to 50 percent by weight of coal or oil fuel, but it may 

also reduce the efficiency of some boiler types (17). While several utilities are 

experimenting with RDF, substantial cost savings over the use of conventional 

fuels are not expected in the study time-frame (33). 

Producing liquid fuels from coal can be accomplished in a process where coal 

is liquefied by dissolving it in a solvent under heat and pressure; hydrogen is then 

added, and ash and sulfur are separated from the resulting hot liquid. The SRC-I 

process involves cooling the liquid to turn it into a relatively ashless, low-sulfur 

solid that can then be used to fire powerplants as either an SRC/oil slurry or as a 

100-percent SAC fuel. 

Bechtel, in a study prepared for EPRI in 1979 (34), estimated the capital 

costs associated with retrofitting a 500-MW, oil-fired plant to fire solid SRC to be 

$175/kW and $73/kW for SRC/oil slurry firing. As SRC-I is more expensive than 

conventional coal as a fuel, its use will probably be limited to base-load or 

intermediate-load operation. . 

Another product of the SRC process is SRC-II, a liquid produced by adding 

more hydrogen to the initial SRC liquid. Recently updated estimates by DOE place 

the cost of the Gulf Oil's planned Morgantown, West Virginia, SRC-II plant at $1.6 

billion, double the previous 1977 estimate (35). According to DOE, the doubled 

cost estimates result because the 1977 estimates referenced a generic plant. 

Those estimates were subsequently revised for a specific plant. While it is 

conceivable that such plants will be in commercial operation before 2000, SRC-II is 

a heavy fuel oil that would most likely be used essentially for intermediate- to 

base-load generation and not for peak loading. 

Figure B-4 shows estimates of costs for coal-derived liquids under various 

incentive scenarios (11). The EPRI chart indicates that these liquids could become 
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economically competitive after 1990. Overall, their price in the 1990's is unlikely 

to be substantially below that of conventional oil. 	 . 
, 

Synthetic liquids can also be derived from shale and tar sands. After 

processing, both substances can be upgraded and refined into useable fuels. Shale 

oil development will be complicated (for technological and environmental reasons) 

and expensive, and tar sand recovery will be more difficult. Figure B-10 shows the 

effects of various incentive scenarios on oil shale prices as forecast by EPRI (11). 

B.9 COAL GASIFICATION/COMBINED-CYCLE (CGCC) PLANTS  

Currently, General Electric, Bechtel, Texaco, Southern California Edison, and 

EPRI have committed themselves to the Cool Water Project, a $300-million, 

100-MW venture to be built on the Southern California Edison system with a , 
startup targeted for late 1983. The unit will employ a 1,000-ton-per-day Texaco 

gasifier and will be the only extant demonstration of integrated CGCC power 

generation in the United States (36, 37). It will be fueled by low-Btu gas and is 

expected to operate in a load-following mode. Generally, it is thought that CGCC 

systems will operate most efficiently in either a base- or intermediate-load 

situation (38). In addition, a number of utilities are conducting studies related to 

ordering CGCC units or retrofitting gasifiers to existing units. 

EPRI estimates that a plant similar to the proposed Cool Water Project could 

have a thermal efficiency ranging from 37 percent for early commercial units to 42 

percent for advanced designs, as compared to the 34 to 36 percent achievable with 

a conventional coal-fired plant with stackgas scrubbers (39). A combustion-

engineering study provided similar estimates (see Table B-8). Capital costs of 

early demonstration plants, however, will be significantly higher than those for 

•conventional coal-fired plants. Commercial CGCC units using a Texaco (or 

similar) gasifier system are expected to have a capital cost around 10 percent 

higher than a conventional coal unit with scrubbers (Table B-8) (10), although such 

units may see first commercial service as early as 1990. It might be possible to 

reduce capital costs by around 20 percent in advanced designs using improved 

gasifier technology, but such units are not expected to be commercially available 

before 2000 (10). 

B.10 FLUIDIZED BED COMBUSTION  

The largest atmospheric fluidized bed combustion (AFBC) unit built to date is 

DOE's 30-MW Rivesville plant in West Virginia. Operation so far has been limited, 
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Source: "Coal Gasification Process for Clean Fuel Gas," Energy Technology VII Energy Technology VII,  Proceedings of the 7th Energy 

TABLE B-8 

Operating Cost Data for Nominal 600 MW Plants 

Plant 	 , _ 

Heat rate, Btu/kWh 

Efficiency, % 

Net MW 

Plant cost, $/kW 

Annual Costs, Mills/kWh 

Fixed charges at 18% 

Labor and materialsa  

Coal @ "average" $3.00/10 6  Btub 

 Levelized cost of electricity, mills/kWh 

Coal/Scrubbers 

9,456 

36.1 

554.6 

793 

20.4 

8.1 

28.3 

56.8 

Gasifier/Steam  

9,666 

• 	35.3 

561.7 

833 

21.4 

4.4 

29.0 

54.8 

Gasifier/Combined 
22000F Gas Turbines 

8,223 

41.5 

578.1 

881 

22.7 

4.0 

24.7 

51.4 

aConstant 1979 dollars. 

bCoal, labor, and material costs escalated and levelized for 30-year plant life 
after 15 years, in each case. 

with declining load factor 

Technology Conference, Washington, D.C. (June 1980). 



due to problems experienced with startup, coal feeding, support plate thermal 
stress cracking, and an air preheater fire. Recently, a 100,000-pound -per-hour (the 
equivalent of about 10 MW). AFBC unit went into operation at Georgetown 
University. This demonstration project, funded largely by DOE's fluidized bed 

combustion program, is used to produce steam to heat university buildings (41). 

In addition, a 20-MW pilot AFBC powerplant ordered by the Tennessee Valley 

Authority (TVA) is scheduled to go into operation in 1983, and conceptual design 

work has been completed for a 200-MW demonstration plant' planned by TVA for 

the mid- to late-1980's. Additional research, development, and demonstration 

work on AFBC systems also is continuing at a number of facilities both here and 
abroad. 

For a large (about 800 MW) atmospheric fluidized bed powerplant, detailed 
estimates of the base capital cost are equivalent to between $445 and $490/kW in 
1979 dollars (42, 43). EPRI estimates'a complete  capital cost of about $700/kW for 
a 500-MW AFBC plant, or about 87.5 percent of that for a conventional 500-MW 
coal plant (44). Overall, conceptual design studies generally estimate a mature 

capital cost between 80 and 93 percent of that for a conventional coal plant with 

scrubbers. The cost of early demonstration units will be significantly higher. The 

heat rate of AFBC plants is estimated at between, 9,500 and 9,900 Btu/kWh. 

B.11 COGENERATION  . 

The term cogeneration applies to the production of both electricity and 

useful steam or heat from the same fuel. By far the most common method is so-

called "topping-cycle" cogeneration in which high-temperature steam or gas is 
expanded through a turbine to generate electricity and useful thermal energy is 

recovered from the exhaust steam or gas. Currently, cogeneration systems use 
steam turbines, combustion turbines, or diesels for power generation; oil and gas 

are the most common fuels, though some facilities use coal. Basic parameters are 
summarized in Table B-9 (40). 

When industries began to use electricity about 80 years ago, many cogenerat-

ed their own heat and electricity. As recently as 1950, industrial self-generation 

provided 15 percent of the nation's electricity. By 1977 this rate had fallen to 4 

percent because utility generation grew rapidly while industrial generation stagnat-

ed, in large part due to decreasing utility costs (45). 
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Size 
Cycle 	MWe 	Fuel 

Gas turbine 	 Gas 
& waste heat 0 5 . 75 #2 oil 
boiler 	 Treated residual 

SNG (low Btu) 

Process Total plant 
steam 	installed 
press 	cost 4 
(utig) 	($/kW) 	Pollution Controls 

Water or 
200 	5500 	150-600 $350400 	NOx  steam 

inject ion 

General system 
notes  
1000 F exhaust 
can be used as 
clean hot gas 

Elect 
Steam 	. FCP 
1kW/106  Btu) (Btu/kWh) 

Diesel engine 	Gas 
& waste heat 0 5 • 25 #2 oil 
boiler 	 Treated residual 

NOx  
400 	6500 	15-150 $350-500 	Partic- 

ulates 

Tuning 
Steam 
injection 
Baghouse 

Efficient  at part 
load and in 
srrall sizes 
High power/ 
steam ratio 

Steam boiler 
& turbine 

SO2 
45.75 5000 15-600 $500-600 Partic-

ulates 
NO x  

Low S fuel, Efficient at 
scrubber 	part load 
Precipitator 

Combined 	 Gas 
cycle & 	1.150 #2 oil 	 150 
waste heat 	 SNG 
boiler 

Water or 
5000 	15-900 $350-450 	NO 	steam 

injection 

Variable power/ 
steam ratio 
Back-pressure 
steam turbine 

Steam 
bottoming 	0 5 . 10 Waste heat 	 N.A 
Organic 
bottoming 	0 6 • 1 Waste heat 	 NA 

0 	NA $400-600 	N.A NA 

0 	N.A $400-700 	N.A 	NA 

Efficient at 
part load  
Efficient  at 
part load 
Uses exhaust 
Prototypes 
available 
Requires cooling 
water 

Nuclear 
Any oil 
Coal 
Wastes 

> 1 

TABLE B-9 

Cogeneration Cycle Configurations 

*late 1976 dollars 

Source: Reference (40). 
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One operating arrangement for cogeneration facilities is electric utility-

owned plants selling process steam or heat to adjacent or nearby industry. 

However, it is Often difficult to find sites that are both environmentally acceptable 

(usually rural) and that have an adequately large industrial steam market. (An 

example of such an arrangement is Consumers Power Company's Midland nuclear 

plants, under construction in Michigan, where steam is to be sold to Dow 

Chemical.) The primary potential, however, is believed to lie in the development of 

cogeneration facilities at industrial plants with utilities buying excess electricity 

or steam for power generation. In this sense, the impact of cogeneration (and 

other user self-generation) on utilities will be largely in terms of its potential for 

reducing demand and providing some additional electricity. • 

A number of factors limit the feasibility of developing the potential for 

cogeneration (siting restrictions and regulatory requirements, size of the facility, 

type of fuel to -be used, whether the facility will yield an attractive return on 

investment, etc.). An analysis the impact of these factors and of possible 

government actions (higher investment tax credits, faster depreciation, regulatory 

and fuel tax exemptions, eased environmental standards, etc.) has been performed 

by Resource Planning Associates (RPA) (46). Of a technically suitable cogenera-

tion potential of 50,000 to 100,000 MW in the United States, RPA estimated that 

6,000 MW of cogeneration capacity (beyond that already installed) would be 

economically feasible to develop by 1985 without government action. Government 

action was estimated to be capable of increasing this figure by 2,000 to 6,000 MW. 

These figures assume a capacity factor of approximately 80 percent. 

Removal of institutional barriers (47) is a principal focus of the Public 

Utilities Regulatory Policies Act (PURPA) of 1978. Pursuant to PURPA, the 

Federal Energy Regulatory Commission (FERC) has issued rules (48) exempting 

cogenerators and small producers from state and Federal regulations that apply to 

utilities. The rules also require utilities to buy their excess power at rates equal to 

what it would cost to generate the electricity themselves or to buy it elsewhere, 

and to provide backup power on a nondiscriminatory basis. A significant factor will 

be whether cogeneration facilities will be planned and operated so as to displace 

capacity needs of utilities, i.e., whether rates paid by utilities can or will include 

capacity value as well as energy value. 
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B.12 SOLAR THERMAL POWER  

A solar thermal electric powerplant is similar to a conventional powerplant, 

but the steam driving the turbine is generated by heat focused by the sun's rays 

rather than by burning fuel. For utility applications, development efforts are 

concentrated on the central receiver system (power tower) rather than the 

distributed collector system (e.g., parabolic troughs) because of the potential for 

higher efficiency and lower costs. The central receiver system uses a field of 

tracking mirrors (two-axis) to focus sunlight at a central point atop a receiver 

tower. Working fluid contained in the receiver boiler is heated to a temperature of 

around 1,000°F and then pumped into a turbogenerator unit in a plant beside the 

tower. Incorporating a thermal storage unit would permit fairly constant power 

output from a few hours after sunrise until shortly after sunset. 

Construction has begun on a 10-MW (electric) central receiver pilot plant in 

Barstow, California, funded primarily by DOE and projected to cost about $123 

million, or about $12,300/kW (this would correspond to a power cost of around 

504/kW). Arizona Public Service Company, in conjunction with DOE, is planning a 

60-MW central receiver solar thermal power system on Unit 1 (115 MW) of its oil-

fired Saguaro Powerplant, 75 miles southeast of Phoenix. Completion is currently 

targeted for 1985. 

The available solar radiation resource in the United States was discussed 

above. Because they involve the use of a field of tracking mirrors to concentrate 

solar radiation on a boiler, solar thermal electric plants utilize only direct solar 

radiation. Table B-7 shows typical capacity factors for tracking systems using 

direct radiation that would apply to systems with no storage; higher capacity 

factors can be obtained by lowering the rated capacity and incorporating thermal 

storage (i.e., storing some excess energy in the middle of the day to use later to 

generate power). Because of the much higher levels of direct solar radiation 

available there, deployment of solar thermal energy plants will be limited at least 

initially to the Southwest. . 

Table B-10 shows estimates of potential future (mature) costs for a 100-MW, 

commercial-size, central receiver solar thermal electric plant „located in the 

southwestern United States (49). ' The average of the base capital cost estimates is 

about $1,525/kW in 1976 dollars. (Estimated costs for a 100-MW distributed 

collector plant are about 50 to 70 percent higher.) Figure B-11 shows estimates by 
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/ 	 TABLE B-10 

Potential Future Capital Costs for a 100 MW 
Central Receiver Plant a  

. Contractor Martin 	McDonnell Honeywellb 	JPL 	Metrik 

Type Plant 	 Cycling 	Cycling 	Cycling 	Cycling 	Cycling 

Region 	 Southwest Southwest Southwest Southwest Southwest 

Modules: 

Collector 	 759 	585 	582 	935 	675 

Receiver 	 182 	53 	 62 

	

93 	230 
Tower 	 180 	71 	 136 

Storage (420 mWh) 	305 	100 	416 	122 	239 

Cooling Water 	 61 	46 	60 	 60 

Turbogenerator 	 83 	87 	128 	 130 250 

Control 	 5 5 

Electric Plant 	 115 	21 	305 

Balance of Plant 	 91 	 386 	125  

Backup 	 -- 	-- 	-- 	-- 	.__ 

TOTAL 1,685 	1,059 	1,584 	1,923 	1,432 

Indicated Capacity 
Factor 	 0.570 	0.443 	0.459 	0.540 	0.500 

Indicated Avail- 

	

ability (%) 	 90 	90 	90 	90 	90 

Land Use (mi 2) 	 2.4 	1.2 	1.4 	- 1.3 	1.2 

	

- 	. Collector Area (m1 2) 	0.334 	0.348 	0.364 	0.39 	0.267 

Date of Estimate 1/76 	12/75 	1/76 	3/76 	8/76 

aAll Costs in 1976 $/kW (Rated) 
bNormalized for dry cooling tower 

Source:• Reference (49). 
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Arthur D. Little, Inc. (50), of potential base capital costs for solar thermal plants 

with no storage. EPRI estimates a complete capital cost of about $2,400 to 

$2,900/kW (in 1a1e-1977 dollars) for a 100-MW, central receiver plant with 6-hour 

thermal storage and a capacity factor of 46 percent in the Southwest (51). A 

50-MW hybrid solar thermal plant incorporating a conventional combustion turbine 

but no storage (2,500 hours/year operation on solar energy, the rest from oil or gas) 

is estimated by EPRI to have a complete capital cost of $1,400 to $1,700/kW. First 

commercial service for both systems is estimated to be 1997. These costs have not 

yet been demonstrated and are still high compared to other sources of inter-

mediate-load power generation. 

B.13 WIND ENERGY  

•The DOE/NASA wind program centers on development and demonstration of 

a wide range of wind turbine designs (52); current field demonstrations include: 

• Mod 0, a 100-kW prototype in operation at NASA's Plum Brook Station 

in Sandusky, Ohio. 	 . 

Mod OA,  a slightly redesigned version of the Mod 0, with a blade 

diameter of 125 feet and rated output of 200 kW. Four of these are 

currently in operation. 

Mod 1, a 210-foot diameter turbine with a rated output of 2,000 kW in 

winds of around 33 mph; the first was constructed at Boone, North 

Carolina. 

Mod 2, a 300-foot diameter turbine with a rated output of 2,500 kW in 

winds of about 28 mph (at hub height). Three of these machines are to 
be in operation at a site in the Goodnoe Hills in Washington by mid-

1981. 

In addition, a number of manufacturers have constructed wind units for 

utility demonstration: 

• WTG Energy Systems has constructed a prototype of its 80-foot 

diameter, 200-kW machine (28 to 30 mph winds) on Cuttyhunk Island, 

Maine, and recently sold a second machine to Nova Scotia. 

• Dominion Aluminum Fabricating built a prototype, 80-by-120-foot 

vertical-axis Darrieus machine rated at 200 kW (30 mph winds) for the 

National Research Council of Canada's program. Alcoa is offering 
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substantially the same design with a 500-kW rating (40 mph winds), the 

first of which is to be operated shortly by Southern California Edison. 

• Wind Power Products/Bendix has sold a prototype of its 165-foot 

diameter, 3,000-kW (40 to 45 mph winds) turbine to Southern California 

Edison; it will be operational in the near future. 

• Hamilton Standard is manufacturing a 255-foot diameter machine rated .• 
at 3,000 or 4,000 kW (the latter in . 35 mph winds). One of these will be 

installed for a Department of the Interior/Water and Power Resources 

Service project at Medicine Bow, Wyoming. 

The output potential of a wind turbine is proportional to the cube of the wind 

speed. A wind turbine is designed to start generating power at a "cut-in" wind 

speed—generally about 8 to 14 mph. Power output increases with wind speed up to 

a maximum or rated wind speed that is typically between 20 and 40 mph. A turbine 

with a rated wind speed of 30 mph would have a rated power output about twice as 

high as a turbine having the same blade diameter but a rated wind speed of 24 mph. 

The capacity factor depends upon the average wind speed at a given site and the 

variation about the average, and upon the rated wind speed (17, 53, 54). 

In general terms, utility wind turbines will probably be planned to operate at 

capacity factors in the range of 20 to 45 percent, depending on the wind 

characteristics of specific sites and design choices as to rated wind speeds. 

' Because of the sensitivity of turbine output to available wind speeds, it is likely 

that commercial deployment will be limited (at least initially) to sites with average 

annual wind speeds of 1.5 mph and over (55). 

Justus (56) has estimated that a large array of 1,500-kW turbines (29.3 mph 

rated wind speed at hub height) spread across the central United States (Nebraska, 

Kansas, Missouri, Oklahoma, and Texas) could provide at least a 100-kW output per 

unit on the average about 81 percent of the time. This corresponds to an effective 

capacity displacement of roughly 100/1500, or 6.7 percent. The effective capacity 

displacement was higher for units with lower rated wind speed (e.g., same blade 

diameter but smaller generator rating), but lower for a smaller New England array 

and near zero for single units. 1 

A study by General Electric Company for EPRI (69) estimated the capacity 

displacement of essentially the same turbine design (but with a rated wind speed of 

23 to 26 mph) in three utility areas: Niagara Mohawk Power Corporation (northern 
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New York); Kansas Gas & Electric Company (KG&E); and the West Group of the 

Northwest Power Pool (NWPP). The projected capacity factors for all the sites 
_ 

were fairly similar--in the neighborhood of 40 percent. However, at a 5-percent 

penetration level of wind turbines into the system (representing between approx-

imately 110 turbines for KG&E to approximately 2,310 for the NWPP), the 

estimated effective capability ranged from 5 to 45 percent of rated capacity. 

The wind energy resources of the United States have been characterized 

quite well in terms of their general geographic distribution. Figures B-12 and B-13 

show two. estimates of the distribution of available wind energy across the country 

(54). Also, a more detailed wind energy resource atlas has recently been published 

(57). 

For wind turbines with a rated wind speed of about 30 mph, the installed 

costs of machines currently ordered or under construction is around $2,000/kW or 

greater. For example: 

• The installed cost of the first three DOE/NASA Mod 2 machines is 

estimated at about $1,840/kW (58) 

• The National Research Council of Canada's first 200-kW vertical-axis 

machine cost about $293,000 or $1,465/kW, FOB factory, plus about the 

same again for installation and testing (a similar additional sum was 

recently required to replace the rotor after it collapsed) (59). 
, 

Lower specific dollars-per-kilowatt costs have been quoted for machines with 

higher rated wind speeds, but they are nevertheless roughly equivalent in terms of 

actual energy costs (since they would operate at lower capacity factors in equal 

wind conditions). For example, the Hamilton Standard unit to be installed at 

Medicine Bow is estimated to cost $1,500/kW, but its rated wind speed is about 

35 mph (60). 

Capital costs are expected to be lower in the future if current designs are 

brought into mass production. For example: 

• General Electric estimates an installed base capital cost of $590/kW in 

1976 dollars for the 100th unit of its 1,500-kW design (61) 

• Boeing estimates an installed cost a about $800/kW for the Mod 2 

machine in mass production (58) 

, 
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• 	Mass production estimates for the 200-kW Canadian NRC/DAL ver- 
tical-axis and WTG Energy Systems, Inc., horizontal-axis machines fall 
in a similar range of about $800 to $1,200/kW installed (17). 

Lower costs eventually may be possible with advanced designs and/or larger 
production runs. 

B.14 TIDAL POWER 

The only large tidal plant constructed to date is the 240-MW Rance Station 

located in the Rance estuary upstream of St. Malo, France. It is a single-pool, 

double-effect development that includes direct and reverse pimping to maximize 

the energy output. The mean tide range there is 28 feet, with a maximum of 44.5 

and a minimum of 11.5 feet. The Rance Station can operate in four different 

modes, including single- and double-effect operation with or without pumping 

(depending on the tide) to maximize power output. Even with the flexibility 
obtained by the various methods of operation, the plant is still not able to provide 
and adequate amount of power consistently during peak-demand hours. There is 

also a large difference between the power output during spring tides (122.5 MW on 

the average) and that during the neap tides (30.8 MW). Without using the 

sophisticated operating modes named above, including pumping, the mean annual 

output at the Rance Station would be 45 MW. However, by using the various modes 

of operational pumping described, an average output of 65 MW is obtained. The 

Rance Project was begun in 1959 and completed in 1967 at a final cost of 570 

million francs (about $100 million). 

The only potentially developable tidal power sites in the United States are 
the Passamaquoddy Bay Region (including Cobscook Bay) in Maine and the Cook 

Inlet Region (near Anchorage) in Alaska. The mean tides are 18.2 and 25.1 feet, 

respectively. Potential tidal power projects in these regions were identified by 
Stone and Webster for the Energy Research and Development Administration 
(ERDA) (62), and the economic analyses for 7 of the 11 possible projects are 

summarized in Table B-11. The estimated construction costs in 1976 dollars for 

the Alaska projects range from $1.5 billion for the Knik Arm project (750 MW, 0.44 

annual capacity factor) to $6 billion for the combined Turnagain Arm and Knik Arm 

projects (2,600 MW, 0.48 annual capacity factor). The estimated construction costs 
for the Maine projects range from $362 million for the Cooper Island project in 

Cobscook Bay (180 MW, 0.37 annual capacity factor) to $2 billion for a joint U.S.- 
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TABLE B-11 

Estimated Capital Costs of Potential Tidal Power Projects 

(1976 Dollars) 

State of Alaska  

Knik Arm 	Turnagain 	Arm 	K. and T. 	Arms 

Total Installed Capacity, MW 	 750 	 2,600 	 2,600 

Total Dependable Capacity, MW 	None 	 None 	 960 

Annual Capacity Factor 	 0.44 	 0.40 	 0.48 

Total Construction Period, Years 	7 	 8 	 10 

Construction Cost (million $) 	1,572 	 4,657 	 6,070 

Total Investment (million $) 	 1,957 	 5,960 	 8,195 

State of Maine  

	

Int'l (1) 	Inn (2) 	Treat Island 	Cooper Island 

Total Installed Capacity, MW 	500 	1,000 	180 	 180 

Total Dependable Capacity, MW 	500 	500 	' 	None 	 None 

Annual Capacity Factor 	0.44 	0.24 	0.43 	 0.37 

Total Construction Period, 	7.5 	7.5 	 4 	 4 
Years 

Construction Cost (million $) 	1,400 	2,174 	407 	 362 

Total Investment (million $) 	1,790 	2,888 	' 	492 	 441 

Source: Reference (62). 
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Canadian Passamaquoddy Bay project (1,000 MW, 0.27 annual capacity factor). The 
total combined developable power in these two regions is on the order of 4,500 MW 
with an annual output of 18.3 billion kWh. 

B.15 WOOD AND OTHER BIOMASS  

The biomass resource potential in the United States, other than from 

biomass farms, is equivalent to about 54,000 MW (assuming a typical heat rate of 

about 14,500 Btu/kWh (63) and a capacity factor of 100 percent). Figure B-14 

shows the geographic distribution of this potential. The realizable biomass-fueled 

electrical capacity would be substantially lower--probably less than half of this. 

Some of the potential would be economically infeasible to collect, and some is on 

private and publicly-owned land that would not be available for collection. 
Furthermore, there will be competing demands on biomass as a fuel, such as for 

industrial boilers, residential stoves, and gasohol. 

For the near term, the most likely technology for the production of 
electricity from biomass will be the direct combustion of wood chips and wood and 

agricultural wastes in a steam boiler. There are several types of wood-fired boilers 
presently in use, and there appear to be no major technical problems in using the 

direct combustion of wood for the production of electricity. The present outlook 
for biomass-fired capacity in the United States is on the order of several hundred 

megawatts. Although units currently planned are being considered for base-load 

applications, wood-fired plants could be run on an intermediate-load basis as well. 

Biomass or wood must be used close to where it is grown or harvested because 
hauling it more than around 20 or 30 miles is expensive. Most bio-energy plants 

will probably be in the range of 10 to 50 MW (64). 

The Pacific Gas and Electric Company has recently scheduled a $100 million, 

50-MW biomass-fueled powerplant to start in 1982. The proposed facility is to be 
fueled with dense pellets of agricultural wastes (such as grape clippings, sawdust, 
and cotton waste). The plant will also use its steam generator to raise steam for 

drying the pelletized fuel. The Burlington, Vermont, Electric Department is 

currently operating two 7-MW wood-fired plants and is planning the construction of 

a 50-MW (46-MW net) wood-burning powerplant. 

For the direct combustion of green wood chips, MITRE estimates a base 

capital cost of $945/kW in 1975 dollars for a 45-MW plant (65). For the proposed 

50-MW Burlington, Vermont, plant, a preliminary study by Henningson, Durham, 
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(See text for 
assumptions) 

Figure B-14 	Estimated Potential of Selected Biomass Fuels in Megawatts 
by U.S. Census Regions (Not including Biomass Farms) 
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and Richardson estimated a base capital cost of $41,278,000, which is $826 per 
gross kilowatt or $897 per net kilowatt, in 1977 dollars (63). A more recent 
estimate suggests this may be low by 10 to 15 percent. Rocket Research (66) 
estimates a base cost of $900/kW gross or $1,000/kW net for a 25-MW plant. 

Overall, base capital cost is about $1,000 to $1,200/kW in 1979 dollars for a 50-MW 

plant. Total capital investment would be roughly 30 percent higher. 

Estimates of plant heat rate vary from 13,000 to 18,000 Btu/kWh; a value of 

14,500 Btu/kWh net is typical. Estimates of operation and maintenance costs range 

from 0.413t/kWh (Burlington, 1977 dollars) to 1.19e/kWh (MITRE, 1976 dollars). 

MITRE Corporation estimates the cost of harvesting green wood chips at $12 

to $15 per ton, and trucking costs at $1.75 per ton for loads up to 20 tons and 

distances up to 20 miles (1976 dollars). Henningson, Durham, and Richardson (63) 

estimate the cost of wood chips delivered to Burlington at $12 per ton (107 

dollars), although this is low compared to the average 1979 cost of about $15 per 
ton at the Burlington Electric Department's 7-MW Moran units. Overall, the cost 

of green wood chips delivered up to 20 miles is about $14 to $18 per ton in 1979 
dollars. The average heating value of green wood chips is about 9 million Btu per 

ton. 

Table B-12 gives the component costs and total bus-bar power costs for a 

50-MW, base-loaded, wood-burning powerplant in New England, assuming a fixed 

charge rate of 12 percent and a capacity factor of 70 percent (67). The estimated 

power cost is high compared to that for conventional base-load central generating 

stations. 

B.16 ASSESSMENT OF CATEGORY C SUPPLY ALTERNATIVES  

Geothermal energy resources in the United States are large, though limited 
primarily to the West and the Gulf Coasts. Estimates of U.S. installed capacity 

possible by the year 2000 range from 2,000 MW to 60,000 MW and higher (68, 69). 

These resources include: dry steam (currently in use); hydrothermal; geopressured; 

dry hot rock; and magma. Generation of electricity from geothermal energy is 

presently limited to the Geysers region of California where installed capacity is 

about 665. MW and a further 583 MW is under construction or currently planned. 

Geothermal powerplants are best suited to base-load operation, though limited 

load-following (within 15 percent) appears practical (70). At Pacific Gas dc 

, 
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TABLE B-12 

Estimated Costs for a Wood-Burning Powerplant in New England 

(1979 Dollars) 

Plant Capacity, MW 	 50 

Base Capital Cost, $/kW 	 1000 - 1200 

Heat Rate, Btu/kWh 	 14500 

Capacity Factor, % 	 70 

Wood Cost Delivered, $/ton 	 14.00 - 18.00 

Wood Heat Content, MBtu/ton 	 9.5 

Power Cost, t/kWh 

Capital 	 1.96 - 2.35 
Fuel 	 2.14 - 2.75 

O&M 	 0.50 - 1.25 . 

TOTAL 	 4.60 - 6.35  

Source: Reference (48). 
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Electric Company's Geysers units, steam is vented to prevent blockage of wells and 

loss of steam flow when generating units are off-line. 

Solid waste-fired power generation using waterwall incinerators or similar 

mass-fired boiler technology is currently practical (71), and several such plants are 

in operation, although the resource is a limited one. Given a typical generation 

rate for municipal solid waste (MSW) of 4 pounds/person/day and an energy 

production of 500 kWh per ton, the national potential is theoretically on the order 

of 10,000 MW at current population levels. In practice, the realizable capacity 

potential is substantially less for two reasons. First, the fraction that can feasibly 

be collected for use in plants with a typical capacity of 1,000 to 1,500 tons per day 

(about 20 to 30 MW) is significantly lower. Second, not all the readily collectible 

MSW will be used for new electric power generation; some will be used for 

industrial steam production only, and some will be converted to refuse-derived fuel 

(RDF) for co-firing in existing facilities (see Category B technologies). It is 

expected that MSW-fired powerplants will be developed primarily by state and 

local government authorities and/or private companies, and the output sold to 

utility companies at a price related to the utilities' marginal costs. For several 

reasons, including the relatively high capital investment and the desire for 

continuous waste throughout, MSW mass-fired powerplants will be designed pre-

dominantly for base-load operation. 

Advanced nuclear converter reactors and breeder reactors, which can make 

much more efficient use of uranium resources, are being developed in a number of 

countries. Currently, the French program is the most advanced, with its first 

commercial-size (1,200 MW) sodium-cooled breeder under construction at Creys-

Malville. To the extent that breeder reactors or advanced converter reactors are 

deployed in the United States before the turn of the century, they will be used for 

base-load power generation. 

It is quite possible that solvent-refined coal in solid (SRC-I) or liquid (SRC-II) 

form will be used in new commercial generating plants before the year 2000. 

Because the capital cost is relatively high and the fuel more expensive than 

conventional coal, new SRC-fired powerplants are most likely to be used for base-

load generation. It has been estimated (34, 44) that the capital cost of a new 

powerplant fired with SRC-I would be about 20 percent less than that of a 

conventional coal plant with flue gas desulfurization (FGD); most of this difference 

results from elimination of the need for the FGD unit. 
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Molten carbonate fuel cells operate on principles similar to phosphoric acid 

fuel cells (see Category A technologies). However, their higher operating 

temperatures offer the potential for higher conversion efficiencies. Current 

research is aimed toward developing molten carbonate fuel cells and advanced coal 

gasification technology into an integrated plant for clean base-load power genera-

tion from coal with good efficiency. However, both components—cell and 

advanced gasifier--require a significant amount of additional research and devel-

opment, and commercial units are not expected before the mid- to 1ate-1990's (42, 

72). 

Ocean thermal energy conversion (OTEC) involves the generation of power 

using the temperature difference of 35 °F and over between warm surface waters 

and colder deep waters available in tropical oceans. Potential sites of principal 

interest are near Hawaii and Puerto Rico and parts of the Gulf of Mexico, although 

the south coast of California and the east coast of Florida have been discussed. An 

experimental 50 kW "mini-OTEC" is currently in operation off Hawaii. DOE-

sponsored programs, scheduled to begin pilot facility operation in the near future 

and module testing around 1983, are projected to lead to first commercial 

operations in the 1990's (70, 73). Because of the continuous availability of the 

thermal gradient heat source (in practical locations) and the relatively high capital 

investment, OTEC plants will be designed for base-load power generation. 

• Fusion involves the production of energy from the fusing of light atoms at 

ultra-high temperatures. The primary fuels would be two isotopes of hydrogen: 

deuterium, which can be extracted from water, and tritium, which can be bred 

from lithium. Fusion power research is closing in on achieving "break-even," 

defined as the situation where the energy released by a fusion device just equals 

the energy required to run it. Once this basic feasibility stage has been achieved, 

significant scientific and engineering development will be required. Current DOE 

plans call for a demonstration fusion reactor by about 2000, though estimates of 

first commercial operation extend to around 2015 (70, 74). 

Magnetohydrodynamics (MHD), organic bottoming cycles, and thermionic 

conversion are technologies designed to improve the efficiency of thermal electric 

powerplants. None are likely to see significant deployment for utility power 

generation before the year 2000. Active MHD research and development programs 

have been under way for some time in this country and in the USSR. However, 
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first commercial operation of coal-fired MHD powerplants, which are designed for 

base-load operation, is keifeittlljr estimated to be after the year 2000 (44, 42). 

Several advanced solar-derived energy sources are also unlikely to be in 

commercial operation before 2000. These include the microwave solar satellite 

system and energy from ocean waves and currents. Wave energy was an important 

and promising technology in the U.K. research program (75) but recently suffered a 

serious setback when a detailed engineering study found that previous cost 

estimates were about 10 times too low (76). 

In addition to the storage technologies discussed in detail under Category A, 

a number of other advanced concepts are being explored. These include capacitors, 

flywheels, superconducting magnets, and hydrogen and thermochemical pipelines. 

However, none of these are expected to see commercial deployment for electric 

utility use before the year 2000 (7). 
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APPENDIX C 

A REGIONAL GENERATION (STACKING) DISPATCH MODEL 

C.1 INTRODUCTION AND GENERAL METHODOLOGY 

Several techniques have been used in the industry to analyze the most 

economical mix of generation in response to the demand for electricity. The 

stacking dispatch is one of the most utilized methods in long-range system 

simulations. The dispatch simulation determines the most appropriate operational 

and/or economical type of unit needed, given a forecasted change in demand on the 

system. 

The demand on the system is represented by a load duration curve. The curve 

shows the total hours the demand is likely to exceed a certain level and is obtained 

by arranging the system's loads (hours) in a decreasing order of magnitude. The 

abscissae represent units of time and the ordinates are demand or capacity in units 

of power (megawatts). The area under the curve is the total energy demand for a 

unit of time (usually a year). The demand on the system is met by the supply of 

electric energy from the generating units. 

The physical operational characteristics of the units (type of generating unit) 

dictate when and how long these units are turned on in the system; they are 

classified into the categories of base-load, intermediate, and peaking units. The 

economic order considers only the cost of the generation from each unit and 

matches the operational order (although the categorical distinction is not as well 

defined). Economically, a base-load unit is one whose fuel cost of generation is 

among the lowest of those making up the whole system. Thus, the base -load unit 

will be operated as much as possible (near its rated output), and its capacity factor 

will approach the unit's availability. Economically, the peaking units are those 

high-priced fuel users that are operated only when the 'demand load is high. 

However, these units could be older oil-fired boilers that are considered 

operationally as intermediate units. The Dames & Moore computer model is an 

economic dispatch model, although some physical constraints are applied to it. 

The units are arranged in ascending order of generating cost in the economic 

dispatch. The least expensive units are turned on first. The contribution of one 

unit to the total system generation is represented by the area below the load 

duration curve (LDC) in Figure C-1, the height of the area is the effective 
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capacity of thp unit, and the abscissa is the length of time the unit is turned on. 

By changing the load duration curve and the characteristics of the units (new 

construction, retirements, etc.), the model can simulate the evolution of the 

system and can be used to determine the best expansion plan to meet future 

demand growth. 

C.2 DAMES (5c MOORE APPROACH  

Dames & Moore's purpose in using a dispatch model is to analyze the supply 

of electricity for an entire region or a NERC pool. The assumptions behind the 

analysis are: (1) that the shape of the demand curve remains stable even when the 

system grows, and (2) the unit dispatching order is known. 

The region under study usually is a large aggregate with strongly typed demo-

graphic, geographic, and economic characteristics. These characteristics are not 

likely to shift suddenly; therefore, the first assumption will hold true. The exact 

dispatch order of every unit is not known. In this model the units are aggregated 

into fuel types according to the prime mover or method of conversion, i.e., oil-

steam (these categories of fuel types will be detailed later). Each category has a 

definite place under the LDC, and the dispatch order of these fuel types is known. 

The only assumption needed, then, is the ranking of fuel types rather than the cost 

of operating the units or the cost of the fuel. The concepts behind the dispatch 

model are simple, but the detailed implementation is far more complex since a 

number of features of a real world system must be introduced to make the 

simulation operable. 

C.3 BASIC ELEMENTS  

The basic elements of this complex model will be presented in detail, as well 

as the precise method in which the Dames and Moore Electrical Supply (DAMES) 

DISPATCH model uses those elements. The mechanisms of the model will be 

described also. 

C.3.1 Supply  

The information about the supply of generating capacity is based on an 

exhaustive list of generating units and their characteristics. The complete list of 

all existing and future units is used to compute a summary of available capacity by 

fuel type and by region. (The net dependable .  capacity is used, rather than the 

name-plate rating.) Retirements, re-rating, construction of new units, and fuel 
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conversions are taken into account when the capacities are summarized. This 

computation is done by a separate computer program that allows for several supply 

scenarios, and the net input or result is a table of capacity by region and fuel type 

for the next 20 years. , 

C.3.2 Demand  , 

The information about demand for electric power is represented by a series 

of load duration curves (LDC's). The LDC is approximated by 11 data points or 10 

data segments. The basic or generic LDC is fixed and contained in the model. For 

each season, year, and region under study, the forecasted peak demand and energy 

demanded is entered. These data are then used to compute a load factor (the total 

energy demanded divided by the peak demand for power) for each region by season, 

which is normalized by the number of hours in the time period. The generic 

normalized LDC is then adjusted by the load factor. Figure C-2 shows a series of 

these LDCs and their respective load factors (the model does not allow a load on 

the system to fall below 10 percent of the peak demand). This mechanism of 

adjusting the LDC creates a different profile for each season, year, and region 

under study and therefore represents the variation in peak demand' and total 

demand for energy. The data for demand are generated by the same program that 

summarizes the capacities per fuel type and region. 

C.3.3 Forced Outage 

The forced outage rate is the percent of time a unit is out of service for 

reasons other than 'scheduled maintenance. In this model the forced Outage rates 

are treated as a reduction of the effective capacity of the units. This approach has 

been preferred to a more rigorous probabilistic treatment since we are considering 

a whole region with numerous units and therefore the probability of the outage 

tends toward the average value. (Reliability of the generation--a prime considera-

tion at the single-system level--is only of secondary importance in the analysis of 

the whole region.) Stacking dispatch rather, than probabilistic dispatch has been 

chosen because one of the objectives of the model is to evaluate the additional 

capacities needed in a system. The stacking dispatch method underestimates 

unserved energy and energy required from peaking units when other units are on 

forced outage and should, therefore, give a conservative estimate of the additional 

generating capacity needed. The approximation becomes a good representation of 
a system as the number of units involved increases. 
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C.3.4 Maintenance 	 . 

Besides unexpected breakdowns, a generating unit is taken off-line for 

preventative maintenance, which represents between 2 percent and 15 percent of 

the total time period. In most models maintenance is taken into account by 

reducing the available generating capacity by a maintenance factor. Since one of 

the purposes of the DAMES DISPATCH model is to study the need for additional 

capacity, the method of reducing the available generating capacity would introduce 

an unacceptable bias toward additional capacity. In the real world, maintenance is 

scheduled for off-peak periods, so rather than reducing available generating 

Capacity, the model will reduce the amount of time a unit can be run, thus 

scheduling maintenance • for the off-peak periods. Table 5-7 summarizes the 

proportion of time in which a unit is unavailable because of maintenance. Since 

units cannot run 100 percent of the time, units which are not fully utilized must 

produce the energy for those that are down for maintenance. The situation is 

illustrated in Figure C-3. In that figure the lower hatched area represents energy 

required when unit tylies 1 and 2 are in maintenance. The upper hatched area 

represents energy from unit types 2, 3, and 4 to meet this requirement. The 

hatched areas represent energy quantities calculated by the programs; their 

location on the figure does not represent the actual time when the energy is 

produced. The right edge of the upper hatched area has an abscissa equal to the 

time when the unit is not scheduled for maintenance. 

C.3.5 Minimum Running Time  

In the simulation of a system, the most economical units are dispatched first. 

If the generating capacity of those units when running is sufficient to meet the 

peak demand, the other units are never turned on. In the ,real world, however, 

unless a unit is deactivated or mothballed, it must be turned on from time to time 

if only to be maintained in operational condition. The deactivated units are known, 

and the supply algorithms take their status into account. A minimum running time 

is set by the model to force all units to be used. This minimum running time is a 

percentage input specified by the user of the model (usually 5 to 10 percent), which 

forces all units to be used. 

C.3.6 Dispatch Order  

One of the most critical assumptions of the model is the order in which 

generating units are placed in service. The fuel types and dispatch order are 
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sunimarized in Table C-1, which represents the initial loading order without 

pumped storage. The dispatch order of fuel types is determined on the grounds of 

economic efficiency; the most economically efficient fuels will be dispatched first. 

The model, however, has several options or running modes that can introduce 

different categories of units and therefore modify the dispatch order. The model 

can be used to estimate the capacity needed to satisfy the demand for electricity 

according to different conditions. In some of these conditions, future capacity 

expansion (as known at this time) might not be enough to satisfy the demand. The 

model then will introduce new unsited capacity, both base loaded and peaking. 

These are two fuel types introduced by the model. Their loading order is shown in 

Table C-2 (these new generators will be the most efficient units possible, hence 

their position in the dispatch order). 

C.3.7 The Special Case of Hydroelectricity 

Hydroelectric is probably the most difficult generation to simulate since 

there are three types of generation. 

The first type is run-of-the-river hydro. The run of the 'river is the percent 

of generation produced by water flowing through the dam at a level that will 

accommodate minimum flow requirements. Often, a specific minimum amount of 

water goes through the dam to satisfy government regulations, to be available for 

irrigation, to maintain fisheries, etc. Since this generation is always available and 

the fuel is free, it is considered a base-loaded type of generation and first in the 

dispatch order. 

The two other types of hydro generation are considered peaking generation. 

Since water can be stored behind a dam and its potential energy can be liberated on 

relatively short notice, the hydro generation is used in peak periods. The water can 

be accumulated behind the dam by the normal flow of the river or by pumping the 

water from a lower level, and unlike most other types of generation, the efficiency 

of the water turbine does not depend on a narrow operating range. Hydro dispatch 

is therefore used to stabilize the load on other base or intermediate units. This 

dispatch is called load leveling dispatch. 

The generation of electricity from water that has been pumped from a lower 

level is called pumped storage. The economics are quite simple: Very often it is 

relatively inexpensive to run a base-loaded unit during off-peak hours to generate 

the electricity to activate the pumps. Instead of turning on units that burn an 
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TABLE C-1 

DAMES DISPATCH Initial Dispatching Order 

Order 	 Fuel Type 

	

1 	 Hydro 

	

2 	 Nuclear 

	

3 	 Coal steam 

	

4 	 Gas steam 

	

5 	 Oil steam 

	

6 	 Gas combined cycle 

	

7 	 Oil combined cycle 

	

8 	 Gas combustion turbines 

	

9 	 Oil combustion turbines 

	

10 	 Other 
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TABLE C-2 

Running Mode - Base/Peak, 
Last Base Fuel/Unit Type - Coal Steam, 

Last Fuel/Unit Type Cheaper than Pumped Storage - Gas Steam 

Dispatch Order 

1 Hydro 

Base Type Units 

2 Unsited base units 

3 Nuclear 

4 Coal steam 

Peaking Type Units  

5 Unsited peaking units 

6 Gas steam 
7 Pumped storage 

8 Oil steam 

9 Gas combined cycle 

10 Oil combined cycle 
11 Gas combustion turbines 

12 Oil combustion turbines 

13 Other 
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expensive fuel like gas or oil to generate electricity, the pumped energy is then 

liberated in a peak period. To implement the concept in the model, some 

additional information is needed. The user of the model has to choose which type 

of generation in the dispatch order is inexpensive enough to • fuel the pumping 

portion of the operation, and also which fuels are cheaper or more expensive to use 

than pumped storage. In other words, the user can determine where pumped 

storage is placed in the dispatch order. The model assumes a round-trip efficiency 

of 72.25 percent for pumped storage generation; that is, the base-load unit has to 

generate 27.75 percent more electricity (to pump the water uphill) than can be 

retrieved later on (by letting the water run through the turbines). The mechanisms 

for pumped storage are shown in Figure C-4. 

The amount of energy available through hydroelectric generation depends, of 

course, on the amount of water available. To simulate the different conditions of 

drought or abundant rainfall, a hydro adversity factor is used as an option in the 

model. This factor is supplied by the user and then used to change a set of normal 

or base water conditions from abundant to adverse, depending on the numeric value 

of the factor. The normal conditions are the 1979 regional values for the water 

supply; these 1979 conditions have been translated into capacity factors, which the 

hydro adversity factor then modifies. 

C.4 THE DISPATCH PROGRAM  

The DISPATCH program can be used with two different running modes: 

BASE/PEAK and PURCHASE/SALE. The first option forces the program to 

compute new, unsite.  d capacity. The second option only tallies the energies by 

assuming that the needs can be covered by purchases and that any excess base 

generation can be sold. The second option was not necessary in the present study. 

The program starts by the necessary data acquisition, prompting the user for 

file names and options as follows: 
• 

• One file containing supply and demand information by season, year, 

region, and fuel type. This file also contains titles, reference year, and 

the conditions or scenarios that created the supply and demand 

information. 

• One file containing the base or normal hydro conditions by region. The 

file also contains the hydro capacities and the run of the river 

generation. 
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The other inputs are: 

• The running mode option 	 . 
• The last fuel type used as a base loaded type 
• The last fuel cheaper than the pumped storage 

• The hydro adversity factor 

• The minimum running time for all fuel types. 

After these inputs are read by the program, the loading order of the fuels is 

adjusted accordingly. The hydro energy and capacities are summed up for the 

region studied, and the energy from the run-of-the-river hydro is calculated. The 

actual dispatch is then performed for each season. 

For any particular season, the generating capacity available from each fuel, 

the demand, and the available energy are read from the file. If the fuel type, 

"OTHER," has a negative capacity (from untyped retirements), then that capacity 

is deducted from the capacity available from the fuel type, "OIL." The generic 

load duration curve is adjusted and normalized (Section C.3.2). A check is made 

after the adjustment to find out if the LDC has a reasonable shape and has not 

been distorted by incorrect data. 

The first fuel dispatched is base-loaded run-of-the-river hydro. If any hydro 

energy is still available, it is used as peaking hydro and dispatched starting from 

the top of the LDC. (The effect of this load-leveling dispatch is illustrated in 

Figures C-5 and C-6.) At this point, the LDC is redrawn. It should be noted that 

the leveling effect of the hydro dispatch may be limited by either available energy 

or available capacity as shown in the figures cited. 

The model then determines if there is sufficient generating capacity to meet 

the remaining demand. This is done by summing the effective capacity of all non-

hydro units (including any unsited capacity that the model has previously put into 

service), and adjusting the pumped storage capacity so that no more is included 

than the current system can support. If there is insufficient generating capacity, 

DISPATCH is used as a simplified generating system expansion planning model that 

adds what is needed in the form of unsited base and unsited peak capacity. 

In this study two different expansion plans were used: in the first, peaking 

was furnished by pumped storage and in the second, peaking was furnished by 

fossil-fueled units. The calculations for the required additional base and peaker 

capacities are different for the two expansion plans, and are described separately. 
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C.4.1 Added Pumped Storage 

In this case either unsited base capacity or additional pumped storage 

capacity or both may have to be added. These additions will replace all peaking 

units more expensive to operate than pumped storage, and will effectively retire 

these units. The amounts of base and pumped storage capacity to be added are 

calculated in the program by an algorithm based on two conditions: 

• Total effective capacity must equal peak load 

• Energy available for economical pumping must equal energy generated 

by the pumped storage plus its pumping and generating losses. 

Expressions for the pumping and generating areas on Figure C-7 were used to 

develop equations, expressing these two conditions. The equations were solved 

simultaneously to obtain the amounts of added base capacity or added pumped 

storage capacity to be used in the dispatch. 

C.4.2 Added Fossil Peakers 

Unsited base capacity is added to the system in an amount equal to the 

amount of additional capacity needed by the system. However, to avoid running 

base-loaded units inefficiently, the model requires that these units run for at least 

20 percent of the time period. (Thus, the amount of additional unsited base 

capacity added is not permitted to cause any existing base-loaded unit to run less 

than 20 percent of the time period.) After the additional unsited base has been 

determined, any additional capacity needed is added as unsited peak units. 

Pumped storage is then dispatched from the top down, much as peaking hydro 

is dispatched, except than when the LDC is redrawn, area is also added under the 

LDC to provide pumping energy (Figure C-7). The program then uses a normal 

stacking dispatch for the remainder of the units under the redrawn LDC, after each 

of these units have been switched on for the minimum running time specified by 

the' user. . 

In the last step, the dispatch is adjusted to account for maintenance (Section 

C.3.4) by shortening the running time of base-loaded units to allow for . their 

maintenance. The intermediate units then run a little longer to generate the 

missing energy. Since the model will not allow peakers to be used as base units, 

maintenance-induced energy deficits that intermediate units ,  cannot satisfy must 

be supplied by additional new unsited capacity. 
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At this point, the dispatch is complete. The computer program will compute 

capacity factors for all fuel types and store the generation and capacity factors in 

two separate files. 
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