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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 stérage 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 deterr;'lined 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 economie 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.



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 electrieity
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 ele’ctric 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 specifies 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,



(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, econventional,
hydro generating stations with sufficient storage capabilities to permit their
operation as peakers (if additional base-load plants ean be constructed).

For some regions, both the conventional alternatives and the nonconventional
peaking technologies could be added. Many of these alternatives are seén 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 contribufe 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
stéady rise in peak-load to base-load ratios, which was prevalent until the mid-



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 facilitiés, 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 aré 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



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
tionI  tionn®  Forecast’
Most Favorable Economies for Construetion
W/o Load Management
Utility announced retirement 250,000* 302,000 180,000
Generic retirement 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 150,000 223,000 60,000
Generic retirement 195,000 242,000 117,000
With Load Management
Utility announced retirement 47,000 94,000 17,000
Generic retirement 82,000 122,000 41,000

*Rounded to the Nearest 1000 MW
(1)1979 Industry Projection
(2)1979 National Laboratory Survey
(3)1981 Dames & Moore Forecast



TABLE II

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

Dames &
Projec- Projec- Moore
tion 1’1 tion I'®)  Forecast®
Most Favorable Economies for Construction
W/o Load Management
Utility announced retirement 198,000 313,000 95,000
Generic retirement 227,000 340,000 116,000
With Load Management
Utility announced retirement 189,000 302,000 89,000
Generic retirement - 216,000 329,000 107,000
Least Favorable Economies for Construction
W/o Load Management
Utility announced retirement 82,000 186,000 9,000
Generic retirement 139,000 251,000 41,000
With Load Management I
Utility announced retirement 37,000 126,000 4,000
Generic retirement 106,000 232,000 19,000

%*
Rounded to the Nearest 1000 MW

:1;1 979 Industry Projection
2

(3)

1979 National Laboratory Survey
1981 Dames & Moore Forecast



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
tion 1(1) tion 11(2) Forecast(3)
Most Favorable Economies for Construction
W/o Load Management
Utility announced retirement 24,000 42,000 11,000
Generic retirement 38,000 56,000 23,000
With Load Management
Utility announced retirement 3,000 7,000 2,000
Generic retirement 8,000 19,000 6,000
Least Favorable Economies for Construction
W/o Load Management
Utility announced retirement 11,000 26,000 7,000
Generic retirement 26,000 42,000 15,000
With Load Management
Utility announced retirement 2,000 . 4,000 2,000
Generic retirement 5,000 12,000 4,000

*Rounded to the Nearest 1000 MW
1979 Industry Projection '
1979 National Laboratory Survey

(1)
(2)
(3)

1981 Dames & Moore Forecast



TABLE IV

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

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

L ]
Rounded to the Nearest 1000 MW

(11979 Industry Projection
(2)

(3)

1979 National Laboratory Survey
1981 Dames & Moore Forecast

Dames &
Projec- Projec- Moore
tion I(l) tion II(Z) Forecast(3)
196.000 340,000 570,000
267,000 412,000 115,000
113,000 242,000 42,000
182,000 315,000 60,000
174,000 313,000 48,000
240,000 393,000 99,000
99,000 229,000 32,000
168,000 296,000 51,000



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 eycle,
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 constrpction) and the
question of favorable economic conditions for construction. ‘Generie 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:



1. The Taum Sauk Project in Missouri, a8 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 faecilities 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. Th‘e study
determined three significant alternative strategigs to pumped storage:
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FIGURE 3 (cont'd)

Legend
Project
Number Project Name

1 Rocky River

2 Buchanan

3 Flatiron

4 Hiwassee

5 Lewiston

6 Taum Sauk

7 Yards Creek

8 Smith Mountain

9 Cabin Creek
10 Senator Wash
11 Muddy Run
12 O'Neill
13 Thermalito
14 Edward G. Hyatt
15 Salina
16 San Luis
17 Kinzua
18 DeGray
19 Mormon Flat
20 Horse Mesa
21 Northfield Mountain
22 Ludington ;
23 Blenheim~-Gilboa
24 Castaic
25 Grand Coulee
26 Jocassee
27 Bear Swamp
28 Carters
29 Raccoon Mountain
30 Fairfield
31 Wallace
32 Harry S. Truman
33 Clarence Cannon
34 Helms
35 Bath County
36 Roeky Mountain
37 Bad Creek
38 Montezuma
39 Davis
40 Seboyeta
41 Mt. Elbert
42 Cornwall

Richard B. Russell
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State

Connecticut
Texas
Colorado

N. Carolina
New York
Missouri
New Jersey

Virginia

Colorado
California
Pennsylvania
California
California
California
Oklahoma
California
Pennsylvania
Arkansas
Arizona
Arizona
Massachusetts
Michigan
New York
California
Washington
S. Carolina
Massachusetts
Georgia
Tennessee

S. Carolina
Georgia
Missouri
Missouri
California
Virginia
Georgia

S. Carolina
Arizona

W. Virginia
New Mexico
Colorado
New York
Georgia



° 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.

15



Technology
Utility Thermal Storage

Compressed Air Storage
Advanced Storage Batteries
Combustion Turbines
First-Generation Fuel Cells
Hydroelectric

Solar Ph;tovoltaic
Combined-Cyecle

Coal Gasification/
Combined-Cyecle

Atmospheric Fluidized Bed
Solar Thermal Power

Wind Power

Tidal Power

Wood-Fired Powerplant
Customer Thermal Storage
Load Management

Pumped Storage

TABLE V

Comparison of Cost Data

Capital cost

($/xW)

85-200
270-480
400-700
215-250
400-700

500-2,000
1,100-1,800
380-470

825-975
700-900
1,700-2,000
800-1,000
2,300-3,560
1,300-1,700
75-150
100-250
500-2,000
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Operation

and .
Maintenance
Cost

(¢/kWh)

N/A
0.2
0.15-0.25
0.3
0.4-0.5
0.1-0.3
0.2-0.3

0.5
0.8
0.4-0.6
0.1-0.3
0.2
.5-1.0
N/A
0.1



TABLE VI

Regional Availability of Alternative Supply Technologies*

Technology

Compressed Air

Hydroelectric

Solai' Photovoltaic

Solar Thermal

Wind

Tidal

Wood, Other
Biomass

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

Available in all regions; best capac-
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

Available in all regions; most con-
centrated potential in North (West,
Central, and East) and South
Atlantic regions

Reference**

Section 3.2.3.2
Table 3-2

Section 3.2.3.6

Section 3.2.3.7

Section 3.2.4.6

o

Section 3.2.4.7

Section 3.2.4.8
Figure 3-4

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 VII

Summary of Lifetime Revenue Requirements (Levelized)
(millions of dollars per year)

Pumped Storage Combined Cyele
Return on net investment 11 8
Economic depreciation 4 ) 3
Income tax 1 1
Fuel, operation, maintenance 32 61
48 73
[»]
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 I1X -

Comparative Costs of Adding Pumped Storage or Combined Cycle

61

Operation
Pumped and Coal for Combined Combined
GWH x Storage Maintenance Pumped Cycle Cycle Pumped Storage Combined Cyele
Year 10 Carrying Coal Storage Fuel Carrying $ $/MWH $ $/MWH
1 17. 1.2 861.0 866.2 38.95 861.0 38.88
2 17.5 3.6 877.4 681.0 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 38.39
S 19. 14.4 726.6 741.0 39.00 726.8 38.24
] 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
8 20.5 18.0 764.4 20.8 40.5 12. 803.2 39.18 821.9 30.85
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
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ALTERNATIVE

PUMPED STORAGE
CONVENTIONAL HYDROELECTRIC

COMBUSTION TURBINES
COMBINED CYCLE
OIL PLANT CONVERSION

UTILITY THERMAL STORAGE

COMPRESSED AIR

ADVANCED BATTERIES

PHOSPHORIC ACID FUEL CELLS

SOLAR PHOTOVOLTAIC

COAL GAS/COMBINED CYCLE

FLUIDIZED BED

COGENERATION

SOLAR THERMAL

TIDAL

WOOD-FIRED

LEGEND

B MODERATE CONCERN
@ MAJOR CONCERN

D NO CONCERN

TABLE X
COMPARATIVE ASSESSMENT DF IMPACTS OF

PUMPED STDRAGE AND ALTERNATIVES
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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 initialiy 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 dispatech. 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 tt;e 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 Englaﬁd 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" economie 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 economies 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 economies 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 typés. 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 XIIl. 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



TABLE XII

Maximum Pumped Storage Development
by Region Under Most Likely Scenario

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; Mld-Contment
(ECAR-MAIN-MARCA)

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

Rocky Mountains; Northwest (RMPA-NWPP)

Arizona-New Mexico; Southern California-Nevada;
Northern California-Nevada (AZNM-SCNV-NCNYV)

Maximum Pumped
Storage Capacity

1

59,875 MW

3,353
5,254

13,399
35,981

1,314
0

574

1Based 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

Hydroelectri’i?ri’umped Storage Analysis Projections
- of Energy Demand Growth

Dames & Moore Projection

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

[y
R
[y
R
[y
R
[y
R

NEPOOL
NYPP
MAAC
Florida
Southern
TVA
VACAR
ECAR
MAIN
MARCA
SPP
ERCOT
RMPA
NWPP
AZNM
SCNV
NCNV

N N WL WL Bk R W W N RN

NN W W W W R W N W NN -

o

A B W N W W W W W N W N N W N -
L]

A A W N W N N W W NN = N W = -

(ST
)

*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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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.



1.0 INTRODUCTION

"An Assessment of Hydroelectric Pumped Storage" is part of an overall study
undertaken by the Corpé 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 formIs 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 seenarios 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 economie, 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, geologiec 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 ecomplexity 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 effects 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 impactslthan 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 w‘ill 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 generation. Hydroelectric power will contifiue 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 commerecially 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 géneral approaches. In the first, the utility
provides the customer with an economiec 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 génerating 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 comimercial 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
technologfes.
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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.



2.0 THE HISTORY OF HYDROELECTRIC PUMPED STORAGE

2.1 Introduection

The following pages éontain 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
alllows 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.

2-4



LOAD-MILLION KILOWATTS

10

SUNDAY

MONDAY

LEGEND

Peaking Capacity (Conventional Hydro, Pumped Storage Hydro, Thermal)

Older Steam-Electric Capacily
Efficient Base-Load Fossil Fueled or Nuclear Capacity
Pumping Energy Requirements

TUESDAY |WEDNESDAY| THURSDAY

FRIDAY

ahk e PR

SATURDAY

FIGURE 2-3
TYPICAL WEEKLY LOAD CURVE

2-5




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 construcfed 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,
developedwoverseas in the 1940's and now used almost exclusively, greatly extended



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 distinet seasonal peaks for eleetricity. 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 projeets 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 eleetrie
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 Electriec 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 Seotland with
nearly 1,300 feet of head. These were followed closely in the United States by the
Publie Service Company of Colorado's Cabin Creek Plant, a pure pumped stoi‘age
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 aspeect 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 conjunetion with the
hydroelectric ecapacity. Althbugh 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.

2-9



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 tendenecy to
utilize existing reservoirs was emphasized. For example, the Pennsylvania Eleectric
Company and Cleveland Electric Nluminating 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

o 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 dptimistic 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

!
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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 uhderground, the opposition to the
project was just as severe as with Breakabeen. At present, 3% years after
recommendation of Prattsville and 7% years after the original license application,
no compromise has been reached and the project is in hearings with its future
unclgrtain.

Similarly, the proposed Cornwall Project has had a long and rocky history.
On Mareh 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'é 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 deecision in
August 1968, recommending that the project be licensed, the commission in
November 1968, reopened the hearing to determine whether construetion of the
project would constitute a hazard to the aqueduet 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
Seeond Cireuit 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 econstruction 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

o 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 eourt 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 eontrol 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 Eleetrie
Company, which operates the Taum Sauk Plant. The projeet proved not to be
economically feasible when considering only hydroelectrie 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 Eleetric 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, to render the project feasible once again, in
October 1980 VEPCO entered into an agreement to sell from 40 to 50 percent of
the projeet power to the Allegheny Power System, making the project justifiable on
" the basis of its econtribution to both utilities' systems.

In the licensing proceedings involving the Bath County Project, a significant
issue raised was the socioeconomiec impact on neighboring Highland County. Most
of the construction workers were expected to reside there while the tax benefits of
the projeet 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 construetion 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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TABLE 2-1

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

Installed Capacity

Year of Gross in megawatts

Project or initial Static Revers- Conven-

Plant name State Owner or developer operation Head (It) ible tional Total
Rocky River (1)** Connecticut Connecticut Light and Power Co. 1929 230-200 7* 24 31
Buchanan (2) Texas Lower Colo. River Authority 1950 Unm(r;isble 11* 23 34
Flatiron (3) Colorado Water and Power Resource Service 1954 290-140 9 63 72
Hiwassee (4) North Carolina  Tennessee Valley Authority 1956 243-134 60 57 117
Lewiston (5) New York Power Authority of the State of 1961 100-65 240 240

New York .
Taum Sauk (6) Missouri Union Electric Co. 1963 863-755 408 408
Yards Creek (7) New Jersey Jersey Cntl. P. & L. Co., Publie 1965 760-688 387 387
Service E. & G. Co.
Smith Mountain (8) Virginia Appalachian Power Co. 1965 195-174 236 300 536
Cabin Creek (9) Colorado Public Service Co. of Colorado 1966 1,226-1,170 300 300
Senator Wash (10) California Water and Power Resources Service 1966 74 7 7
Muddy Run (11) Pennsylvania Philadelphia Electric Co. 1967 411-361 800 800
O'Neill (12) California Water and Power Resources Service 1967 56-44 25 25
Thermalito (13) California California Department of Water Resources 1968 102-86 82 33 115
Edward G. Hyatt (14) California California Department of Water Resources 1968 670-508 293 351 644
Satina (15) Oklahoma Grand River. Dam Authority 1968 246-228 260 260
San Luis (16) California Water and Power Resources Service 1968 327-101 424 424
Kinzua (17) Pennsylvania Cleveland Elec. Illum. Co. & 1970 813-668 396 26 422
Pennsylvania Eleetric Co.
DeGray (18) Arkansas Corps of Engineers 1971 188-144 28 40 68
Mormon Flat (19) Arizona Salt River Project Power District 1971 132 49 9 58
Horse Mesa (20) Arizona Salt River Project Power District 1972 295-151 100 30 130

*Turbines are not reversible; separate pumps are used.

**Project Number-~-see Figure 2-5 for location.



L1-2

TABLE 2-1 (cont'd)

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

Installed Capacity

Year of Gross in megawatts

Project or initial Static Revers- Conven-

Plant name State Owner or developer operation Head (ft) ible tional Total
Northfield Mtn. (21) Massachusetts Connecticut Light and Power Co. 1972 825-720 1,000 ° 1,000
Ludington (22) Michigan Cohsumers Power Company & Detroit 1973 362.5-295.5 1,978 1,978

Edison Co.

Blenheim-Gilboa (23) New York Power Authority of the State of New York 1973 1,143-1,055 1,000 1,000
Castaic (24) California Los Angeles City & State of California 1973 1,088-1,022 1,275 56 1,331
Grand Coulee (25) Washington Water and Power Resources Service 1973 362-266 314 314
Jocassee (26) South Carolina Duke Power Company 1974 335-280 610 610
Bear Swamp (27) Massachusetts New England Power Co. 1974 770-680 600 600
Carters (28) Georgia Corps of Engineers 1975 392-352 250 250 500
Raccoon Mtn. (29) Tennessee Tennessee Valley Authority 1979 1,040-890 1,530 1,530
Fairfield (30) South Carolina South Carolina Elec. & Gas Co. 1979 169-155 511 511
Wallace (31) Georgia Georgia Power Company 1980 97-94 216 108 324

Total 13,406 1,370 14,756



FIGURE 2-5
LOCATION OF HYDROELECTRIC PUMPED STORAGE PLANTS
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FIGURE 2-5 (cont'd)

Legend

Project Name

Roeky River
Buchanan
Flatiron
Hiwassee
Lewiston

Taum Sauk
Yards Creek
Smith Mountain
Cabin Creek
Senator Wash
Muddy Run
O'Neill
Thermalito
Edward G. Hyatt
Salina

San Luis

Kinzua

DeGray

Mormon Flat
Horse Mesa
Northfield Mountain
Ludington
Blenheim-~Gilboa
Castaic

Grand Coulee
Jocassee

Bear Swamp
Carters
Raccoon Mountain
Fairfield
Wallace _
Harry S. Truman
Clarence Cannon
Helms

Bath County
Rocky Mountain
Bad Creek
Montezuma
Davis

Seboyeta

Mt. Elbert
Cornwall
Richard B. Russell
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State

Connecticut
Texas
Colorado

N. Carolina
New York
Missouri
New Jersey
Virginia
Colorado
California
Pennsylvania
California
California
California
Oklahoma
California
Pennsylvania
Arkansas
Arizona
Arizona
Massachusetts
Michigan
New York
California
Washington
S. Carolina
Massachusetts
Georgia
Tennessee
S. Carolina
Georgia
Missouri
Missouri
California
Virginia
Georgia

S. Carolina
Arizona

W. Virginia
New Mexico
Colorado
New York
Georgia



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, Potomae 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-gcre 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 deecisions in
separate court proceedings. As a result, the Commission has stayed the terms of
the license pending the ecourt 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 distinet trend to larger plants
made possible by the turbine/pump advances previously discussed.
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Pumped Storage Projects in the United States

TABLE 2-2

Licensed and/or Under Construction, November 1, 1980

Capacity in Megawatts

Project or Gross Static
Plant Name State Owner or developer Head (ft) Reversible
Harry S. Truman (32)* Missouri Corps of Engineers Unavailable
(ua) 160
Clarence Cannon (33) Missouri Corps of Engineers 107-59 31
Helms (34) California Pacific Gas and Elec- ,
tric Co. 1,560 1,050
Bath County (35) Virginia Virginia Electric and
Power Co 1,050 2,100
Rocky Mtn. (36) Georgia Georgia Power Co. 652 675
Bad Creek (37) South Carolina Duke Power Co. UA 1,000
Montezuma (38) Arizona Arizona Power Author-
ity 1,690-1,620 505
Davis (39) West Virginia Allegheny Power System 864-803 1,025
Seboyeta (40) New Mexico Public Service Co. of
New Mexico UA 600
Mt. Elbert (41) Colorado Water and Power Resour-
es Service 485-430 200
Cornwall (42) New York Consolidated Edison Co.
of N.Y. 1,160-1,000 2,000
Richard B. Russell (43) Georgia Southeastern Power
Administration UA 300
Total 9,646

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

Conventional

Total

27

300
327

160
58

1,050

2,100
675
1,000

505
1,025

600
200

2,000

600

9,973



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-Toxaw’ay 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 mcluded in the mventory
presented as Appendlx 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 Franeis 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 economies 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 ld-foot parapet
wall constructed on the 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 i'i":lectric
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 maintainéd that the FPC did not have ‘:iurisdiction 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 Eleetrie. This ruling was negated by the Eighth Circuit Court of Appeals
which decided in favor of Union Eleetric Company. On May 3, 1965, this ruling was
reversed by the U.S. Supreme Court which affirmed the Commission's licensing
duthority over Taum Sauk. In w;‘iting the opinion, Justice White coné:luded 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 Publiec Utility
Act of 1935, 49 Stat. 838 and made Part I of the Federal Power Act.
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° 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 oper4ate Taum Sauk on August 26, 1965, two years a'fter 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 opposlite determination by
the Supreme Court may have had a tremendous influence on siting 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 hydroeleectric 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 cyecling boilers were
also considered but did not meet the specificationjsrequired 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 includfng 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 rive!: as the lower reservoir, were dropped when geologic studies identified the
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existence ot_‘ 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 value§ 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 gene::ation (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
Conservation Commission operates ﬁle 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 eapacity
of the plant. The Supreme Court's decision that the projeet 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 Eleetric 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 physicél 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 projeet 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 efs 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 efs 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 Distriet 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 construeted by Western
Massachusetts Eleetrie Co. to provide econventional hydroeleetric generation capa-
bility. The underground powerhouse served as a milestone in pumbed 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 econducted 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 Eleetric 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 dependéncy on oil for
energy in New Enéland 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 construe-
tion cost of approximately $75 million. By the date construction commenced the
estimate was about $110 million. As previously stated, final construction ecost 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 deseribed as & 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 automatie
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. 7

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 Northeést 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 thi'ough-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, ineluding 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. Obvioﬁsly, 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
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off-set, howe\ier, 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.

~
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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 cyele 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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Construetion 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 January 1959
Received FPC License July 1969
Start of Construction July 1969
Testing of First Generation Unit October 1972
Commercial Operation of First Unit January 1973
Commercial Operation of Last Unit October 1973
Completion of Recreation Facilities May 1974

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
pumpﬁge 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 electrie 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.

e

LI
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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 Pacifiec 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 construeted 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' Projeet'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 ecapable 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 (hp) Flow (cfs)
Generating 1,560 1,050 1,440,000 9,000 .
Pumping 1,500 1,035 1,365,000 7,200
Yy
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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
Courtright Lake 8,184 ft. msl 8,020 ft. msl 123,300 AF
Wishon Lake 6,550 ft. msl 6,382 ft. msl 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 eonstrue-
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 projéct 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

° Geothermt\il steam

° Simple and eombined eycle combustion turbines

° Coal-fired steam peaking

e  Conventional hydroelectric

o 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 funetion more as base load faecilities 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 faetors 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, economie, 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 eapacity 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 characteristies
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 cyele combustion turbines, and coal-fired steam
peaking systems. Cumulative present worth total annual system costs for the study
period of 1981-'2000 were: |

f

Alternative PW Cost ($ million)
Helms Project | 8,449
Simple Cycle Turbines 8,717
Combined Cyele 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.

The Helms project stands out among those which either b.egan 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 PG&E'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 projeet 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 j’ustification of the project were typical to that of most pure
pumped storage projeets, 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 Const'ruction begun
December 1953 Projected start-up

2-50



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 projeect.
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 a8 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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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 construet 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
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May 21, 1968

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



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 faym, 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 cyecle 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 weel.<days 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 eondensing
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

(MWH)
Calendar Total Total Systeﬁ\
Year Pumping Generating Support
1973 672,089% 453,045% 7,516.5%
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 2,345,000° 1,724,000° 14,000.0°
TOTAL 13,381,317 9,324,535 97,620

8plant 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.

Lt
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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-KV 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 6n' 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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FIGURE 2-11
PHYSICAL LAYOUT
BREAKABEEN PROJECT

SOURCE Power Authority of the State of New York
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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 Publie 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. Asa
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 conseryation 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 economiec
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 coneluded 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)
Alternqtives to the Breakabeen Project which were considered feasible

included conventional hydroelectric power, simple-cycle combustion turbines,
heat-recovery combined-cyele 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 comparéble alternative to Breakabeen.

Economically, the 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 produetion 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 impaets during construection, possible long-term
changes in water quality were envisioned ineluding 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

2-61

w



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
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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 eleetric 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 nee(jied'c'apacity 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 muech question. Three
projections were developed, each presenting a considerably different outlook on
peak demand growth. One forecast prepared for the New York State Depa:stment
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 econometrie
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 impaect 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" (FP(f, 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 econservation and rate revision
were considered as a potential factor in need for the project. It was conecluded
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 effeets 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 Prattsville Project

Alternatives to the Prattsville Project which are considered capable of
supplying the type and quantity of the proposed project are:

‘9 Conventional Hydroelectric Power

° Simple-Cycle Combustion Turbines

° ‘Heat-Recovery,:_gpmbined-Cycle Combustion Turbines

° Coal-fired, Steam Peaking and Intermediate Load Plants
° Other Pumped Storage Projects (including compressed air)
e ~ 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 c;nly 90 MW hnd, considering the
average capacity of potential sites, about 67 conventional hydro projects would
have to b€ 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 eyeles in summer, the temperature regime of Esopus Creek
would,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 séen
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 projeet 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 Envirohmental 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 impaets.
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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 operati<l>n, 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 ﬁnited 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 ijllustrates 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,
planis 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 Ienergy 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 deferrea 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 in 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.
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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 Impaect Statement is quoted:

To clarify the logic which makes hydroeleetric 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 ecan reduce its fuel consumption and can reduce the fuel
component of its operating costs.

The 1975 Department of Energy Data Report entitled "Gas
Turbine Eleetric 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 dispateh 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 (eost/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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8L-3

Plant
Yards Creek
Cabin Creek

Taum Sauk

" Smith Mt.

Muddy Run
Kinzua (Seneca)

Average (6 plants,
unweighted)

Average (without Kinzua)
Blenheim-Giloboa
Jocassee

Ludingt(-m

Northfield

Source: EPRI, 1976

TABLE 2-9

Operating Cost Experience of Hydro Pumped Storage Plants

Years Capacity Adjusted Annual Expenses, $kW/Year
of Operation MW Operation Maintenance Total
9 330 0.36 0.78 1.14

7 280 0.97 0.41 1.38
11 350 0.28 1.25 1.53
9 440 0.56 1.00 1.56

7 856 0.66 1.15 1.81

4 380 1.09 1.43 2.52
0.67 1.00 1.67

0.59 0.92 1.51

1 1,030 0.19 0.12 0.31

1 312 0.52 0.07 0.59

1 1,675 0.35 0.46 0.81

2 1,000 ' 0.86 0.32 1.18



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 i‘n 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
e  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

e  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 impaects,
including those deseribed 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 eritical. 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 inereases 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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o 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

T tal o

Black start--Commencement of generation from:a' éfandstiu 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 hydroeleetric 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 fo_r a pumped storage plant.

Load factor--The ratio of average load over a given period to the peak load
oceurring during that period.

Operating head--The simultaneous difference of elevations between the water
surfaces of the upper reservoir and lower reservoir with veloeity 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.

Spmnmg reserve--The portlon of a bulk electrieity suppher's total capacity whieh
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 operatiori 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.
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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-
isties 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. .



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. T '

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?
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FIGURE 3-1a

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 geographie dlstrlbutlon
Siting conSIderatlons

Impacts

Princfpal environmental and safety considerations
Institutional

Principal legal, regulatory, and other institutional considerations
Economies

Status

Projected, including principal factors affecting viability

Availability and/or estimates of commercialization/market penetratlon

Summary of economic factors (e.g., capital cost, fuel cost, operations-and
maintenance costs, t‘ypical 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 C
Flywheels C
Hydrogen C
Superconducting magnets C
Thermochemical pipelines C
Thermal-Fossil Technologies
Diesels and combustion turbines--existing fuels A
--synthetic fuels A
0Oil plant eonversion--to coal B (and C)
--to coal/oil mixtures B
--to RDF/oil mixtures B
--to synthetie fuels B (and C)
Phosphoric acid fuel cells A
Combined cyecle B
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.

3-4



TABLE 3-1 (cont'd)

Solvent refined coal
Gasifier/molten carbonate fuel cells
Magnetohydrodynamies (MHD)
Cogeneration

Bottoming cycles

Thermionic conversion

Other Thermal Technologies

Geothermal

Solid wastes

Advanced nuclear--converters
' -=-breeders

Renewable Technologies

Hydroelectrie--expansion of existing facilities
--installation of unpowered dams
--new dams

Solar photovoltaic--terrestrial

--satellite

Solar thermal

Wind

Tidal

Wood and other biomass

Ocean thermal energy conversion

Waves

Currents

Category

C
C
C
B (and C)
C
C

Oaaa

A, B,and C
A,B,and C
A,B,and C
A (and B)



° Applicability--Can the candidate technology reliably provide firm peak
capacity? If not, can the candidate technology otherwise impact on
peak and cyeling electricity production in a manner that might cbmpete
with pumped storage?

Figure 3-1b 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 impacis 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 the 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 cyecling 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 capagity).

° 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, -

*



Figure 3-1b

4.b

Supply
Candidates

Available
Before 2000?

Yes

Potential to
be Competitive?

Yes

Major
Environmental,
Institutional
Barriers?

No

Yes Firm Peak

<

Capacity?

No

Otherwise
Might Compete With
Pumped Hydro?

Yes

A

Available
Peak-Load
Technologies

No

Initial Screening Process for Alternative Supply Technologies

No

Yes

No

Available
Intermediate-
Load Technologies

3-7

+

c

Unavailable
and/or Base-Load
Technologies




Table 3-1 shows the results of thus categorizing the list of cahdidate supply
technologies using the initial screening critet:.itg{,_‘_.,,ﬁ,_(?‘,f the roughly 40 candidate
supply technologies (many of which subdivide into several variants), eight have
‘been screened into Category A and will be diseussed briefly below. Besides
hydroelectﬁic pumped storage these are: utility tilermal 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 Eleetric 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, tﬁé TES powerpiant 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 vérious combinations thgreof.

*These plants were chosen since these plant typesiare expected to represent the
majority of utility capacity additions to the year 2000.

[



These systems are outlined in Table 3-2, including estimated costs in 1976 dollars
(see Appendix B for dlscussmn)

Compared to alternatwe methods of storage, TES systems also offer the
potential for efficiency savmgs. 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 economicall); 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, ete. 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 conelusion
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 Economie Availability
Number System ($/kW) ($/kW)  ($/kW) Rank Rank
1 Prestressed cast iron vessels-feedwater ) i
(PCIV-FWS) 461 462 923 6 4
2 Prestressed concrete pressure vessels-
feedwater (PCPV-FWS) 524 495 1,019 9
3 Steel vessel-feedwater (STEEL-FWS) 1,129 495 1,624 12 1
Underground-concrete-variable pressure
(UG-C-VARP) 172 477 649 1 3
5 Underground-compressed air-feedwater
(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 0il 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, F 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 ecapacity 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 Prin c1?a1 Electric Load Centers and Regions
Probably Suitable for Underground Storage
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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 eentury 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 sbdium-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 dispe}sion 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 naturai 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 commerecial
facilities was to begin soon, synthetic fuels ecould 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 direet 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 eclassified 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-
teristies (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
hydroelectrie power production basically can be divided into three categories:

° Rehabilitation and/or expansion of capacity at existing hydroelectric
power facilities

o 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 hydroelectrie
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.
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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 impoﬁndment" (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,
ete., 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:
4
) 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 "

e  The capacity of the unit (economies of seale)
° 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

. eonstraints 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 dises 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 Feder;l 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 technblogies 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 lafge-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 0il 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
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Figure 3-3 Yearly Average of Solar Energy Incidence in Watts
Per Square Meter (Horizontal Surface)
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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

The combined cycle, as the name sluggests, 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 siz}e, and they can provide significantly
higher operating efficiencies (40 percent in current units and 45 pereent in
advanced designs). In addition, the technology is readily available; there are about
35 combined-cyele oil and gas units in the United States and somewhat more in the
planning and construetion 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-cyele combustion turbine plant (4). For example, EPRI estimates a
complete capital cost of $340/kW in 1ate-1978, 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 eyeling (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-Cyele -

The concept of integrating a coal gasifier and a combined-eyele powerplant
can provide some of the benefits of combined-cycle operation with the ability to
use coal fuel cleanly. A coal gasification/combined-cyele (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. waever, 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, erushed 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.
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The advantages of fluidized bed combustion include:

° The flexibility to burn a wide range of fuels including high-sulfur coals
without flue gas treatment

‘@ Increased combustion efficiency and reduced combustion temperature
with a higher heat transfer rate than conventional boilers

° Reduced boiler tube surface and furnace size
° Reduced NO_ emissions and greater than 90 percent SO, 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 atmosbheric and
pressurized operation.

The atmospheric fluidized bed combustion (AFBC) process operates with a
combustion boiler at about atmospheric pressure and can be applfed 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 NOx 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 poténtial 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 irﬁprovements that would
improve load-following capability are being investigated), fluidized bed power-
plants arle likely to bel 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

o 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: | '

e - Siting restrictions and regulatory requirements
° The size of the facility and the type of fuel it will use

° The cost of electrieity that the plant displaces and the price paid for
sales of excess power to the utility o
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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., paraboliec 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-cyele 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 economies 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, largé 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 produetion, 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 characteristies 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 cor‘nsumption 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 bas/is.

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). Inrough 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
inclm\ie 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 N

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 dema?'nds 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

3-28



Figure

3-4 Single-and Double-Pool Tidal Schemes
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Region (including Cobscook Bay) in Maine and the Cook Inlet Region (near
Anchorage) in Alaska.

Tidal power development is not without enviroigmental impacts, both adverse
and beneficial. Among the physical impacts expected to oceur 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, ete.). 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 ecobs 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 3-3I (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)
(Quads/yr)
NE MATL SATL ENC ESC WNC WSC MI PAC
Logging Residues 1.7 3 k} 20 7122 3j171 4| 2
Standing Bicmass 1.3 11|15 35 16 |18 | 12 7| 8|-22
Mill Residues 0.5 6 19 6 |10 2 8l11] 33
Bicmass Farms 4.5 3 5 26 12 |14 |10 1 27} O 3
Silviculture
Agriculture
Crop Residues 3.4 0 2 5 17 3144 |120}10 9

Source: Reference (36).

o

Figure 3-5 Estimated Potential of Selected Biomass Fuels in Megawatts

by U.S. Census Regions (Not including Biomass Farms
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TABLE 3-4

Summary Characterization of Category C Alternative
"¢ " Supply Technologies

Technology Availability* Comments
Geothermal " Current Primarily base-load;

prime resource areas:
West Coast and Gulf

Coast.

Solid Wastes . Current Primarily base-load;
supplemental resource.

Nuclear Converters . Current Baseload. European

and Breeders programs further

advanced than U.S.
programs.

Solvent Refined Coal 1990 Base-load

Molten Carbonate Mid-1990's Base-load

Fuel Cells with
Coal Gasifier

Ocean Thermal Early 1990's Base-load; prime
' resource areas:
Hawaii, Puerto Rico,
and Gulf of Mexico.

Fusion .

Magnetohydrodynamics

Bottoming Cyecles

Thermionie Conversion

Solar Satellite Commercial deployment by utilities
Wave ' before 2000 not anticipated.
Currents LT

Capacitors )

Flywheels )

Superconducting Magnets

Hydrogen | B

Thermochemical Pipelines

!

"

*Date of earliest conimereial bperation; ineludes lead time from first commereial
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 created 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 eleetric 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, one at
34°F and one at 40°F. In summer water would be pumped from the 34° well,
through a heat excﬁanger (where the ventilation air would be cooléd), and into the
40° 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 furnhace 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 heatipg 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-eycle energy storage 2
Central ceramic heat storage 22
Comparative studies of thermal storage 3
Concrete walls cool storage '

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
Water heat storage

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 loadé--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 eleetrie

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 eleetrie 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 eoncerned with the eontrol 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 eleetrieity.
Utility eontrol of water heaters, air conditioners, or space heaters typifies this
approach.

3.3.2.1 Rates

Unlike many worldwide eleetrie 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 Regulator§ 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 Electrie 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 input 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 whiech 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 serateched 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 respeet 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 eritiqued 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 Janua.ry 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

N

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 areé. Almost all the firms showing a definite response to TOU rates are in the
cement, primary metals, paper produets, 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 analys1s.

‘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 comrhonly uses a communications and load eontrol
system (C&LC) to control a water heater, air eonditioner, or space heater. Often
the utility makes a reduced charge for eleectricity 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 load factor.
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 generatlon 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-§calé Utility Load Management Programs

Principal*
Type of CXLC  Number of Load(s)
Utility ‘ System Receivers Controlled
Arkansas Power & Light Radio NA AC
Buckeye Power Radio 42K WH
Cobb Electric Membership Coop. Radio 13K AC
Detroit Edison Radio 200K WH
Lumbee River Electric Membership
Coop. ' ’ Radio 8K WH
Minnkota Power . Ripple 4K DHS
Shenandoah Valley Electrie
Membership Radio 2.5K WH
Southern California Edison Hybrid 14K AC-WH
Walton Electric Membership Coop. Radio 8K AC-WH
Wisconsin Electric Power Powerline 150K WH

Carrier

*AC - Central air conditioner.
WH - Water heater. ’
DHS - Dual heating system.

SOURCE: M. D. Nelson: "Minnkota'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

C&LC System Per Point
‘ Per Point Cost Benefit (kW
Utility ($) Load Relief)
.Buckeye Power 105.00 1.1
Cobb EMC 92.80 1.3
Detroit Edison 89.50 1.0
Minnkota Power 663.00 10.00

Source: Nelson, 1980 (Reference 99).
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Annual Costs*

_ Load (millions
Scenario - 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 dynamie 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 synthetie 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-
ties, load characteristies, pumped storage capacity, and penetration.

Production cost savings for the simulated cases analyzed were as follows:

*Total present worth of system costs (present $), capital + fuel + O&M.
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Production Cost Savings (103$)

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 characteristies 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:

o 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 cyecles.

° 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 IPT's 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 coneclusion 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 gﬁidelines 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 eleectricity,
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 eleetricity will refleet the cost of providing such service. Such rate designs
would encourage the societally appropriate degree of consumption and, by implica-
tion, cdnservation. The guidelines for implementing PURPA call for electrie
utility rates to be based on marginal costs, which PURPA'requires each utility to
caleulate. The guidelines argue, "Marginal cost-based priecing 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 eleetric load reduction by conservation are
given in Appendix C, VolumelV, 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. Measurés 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 eonditioning 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 reduetion in industrial
use of electricity of approximately 20 percent and a reduction in the commereial

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 eleetricity.
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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 pércent of new heaters by heat pumps. If a shift
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 effeet 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 ény energy-conserving practices the customer could use and recom-
mend installation of program measures (equipment, ete.) that would be effective in
saving energy also giving information on costs, expected benefits, ete. The utility
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also must arrané‘e 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 survéys show that although ecustomers 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/duects 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 prodiice an average first-year savings of $317 (53).

As the costl of eleetricity 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 t6 reduce internal losses are now ecommercially available, but they cost up

3-55



to 25 percent more than standard motors. Even thoﬁgh 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 foreing 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 mandatoi‘y,
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 éxpected 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 percént 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 cyele 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.

3-58



1.

2.

5.

6.
7.

9.

10.

11.

12.

13.

REFERENCES

Conceptual Design of Thermal Ener gfy_a(_szg%m for Near-Term
Eiectrlic Ufllify fppﬁcatlons, Volumes /Project 1082-1,
Electric Power Research Institute prepared by General Electric Company,
Schenectady, N.Y. (April 1979).

Conceptual Design of Thermal Energy Storage Systems for Near-Term
Electric Utility Applications, EPRI EM-1218 Project 1082-1 Final Report,
Electric Power Research Institute prepared by General Electric Company,
Schenectady, N.Y. (November 1979).

F.R. Kalhammelr, "Energy-Storage Systems," Scientific_American, Vol. 241
(December 1979).

C.F. Miller, "A Discussion of Energy Alternatives," paper presented before
the South Columbia River Basin Irrigation District, Wenatchee, Washington
(October 19, 1979).

Conceptual Design for a Pilot/Demonstration Compressed Air Storage Facil-
ity Employing a Solution-Mined Salt Cavern, EPRI EM-391, prepared by
General Electric Company for the Electric Power Research Instltute, Palo
Alto, California (June 1977).

"Eight Atmospheres in Reserve," EPRI Journal, 4, 3 (April 1979).

Technical and Economic Assessment of Advanced Compressed Air Storage
(ACAS) Concepts, EM-1289, prepared by Central Electricity Generating
Board, Southampton, England for the Electric Power Research Institute, Palo
Alto, California (December 1979).

Development of Advanced Batteries for Utility Application, EPRI EM-1341,
prepared by General Electric Company for the Electric Power Research
Institute, Palo Alto, California (February 1980).

"Comparative Evaluation of New Electric Generating Technologies," Energy
Technology VII, Government Institutes, Inc. (April 1979).

Assessment of Alternate Technologies for Utility Baseload Generating
Capacity in New England, Energy Research Group, Inc. for New England
Power Company, Westborough, Massachusetts (January 1979).

P. Bolan and L.M. Handley, "First Generation Fuel Cell Power Plant Charac-
teristies," Power Systems Division, United Technologies Corporation, Hart-
ford, Connecticut (undated).

W.M. Burnett, "Fuel Cell Benefits--The Program Management Office View-
point," paper presented at the ERDA-EPRI National Fuel Cell Symposium,
Palo Alto, California (June 1976).

Economic Assessment of the Utilization of Fuel Cells in Electric Systems,
EPRI EM 366, Public Service Electric and Gas Company in New Jersey for

3-59




14.

15.

16.

17.

18.

19.
20.

21.

22.

23.

24.

25.
26.

217.

the Electric Power Research Institute, Palo Alto, California (November
1976).

Estimates of National Hydroelectric Power Potential at Existing Dams,
U.S. Army Corps ol Engineers, Institufe for Water Resources (July Ig%‘ﬂ.

Preliminary Inventory of Hydropower Resources (six volumes), National
Hydroelectric Power Resources Study, U.S. Army Corps of Engineers,

Institute for Water Resources and the Hydrologic Engineering Center (July
1979).

A.W. Eipper, "Possible Impacts of Hydroelectric Developments on Fish and
wildlife," Waterpower '79, Abstracts of International Conference on Small-
Scale Hydropower, October 1-3, 1979, U.S. Government Printing Office.

Hydropower--An Energy Source Whose Time Has Come Again, EMD-80-30,
U.S. Government Printing Office (January 11, 1980).

Domestic Potential of Solar and Other Renewable Energy Source, Report of
the Solar Resource Group, Supply and Delivery Panel, Committee on Nuclear
and Alternative Energy Systems, National Research Council, National
Academy of Sciences, Washington, D.C. (1979).

R. Gale, "Combined Cycle Bonanza," The Energy Daily (October 31, 1980).

P.J. Margaritis and R.M. Strausky, "Westinghouse to Launch Coal Gasifier
with Combined Cycle Unit," Energy International, Vol. 17 (March 1980).

"Advanced Gas Turbine Not Needed for Coal Gas/Combined Cyecle: EPRI,"
Electric Light and Power, Vol. 57 (May 1979).

I.A. Forbes, "Testimony on the Availability of Alternate Energy Sources for
the Massachusetts Municipal Wholesale Electric Company," Energy Research
Group, Inc., Waltham, Massachusetts (January 1980).

Technical Assessment Guide, EPRI PS-1201-SR, Electric Power 'Research
Institute, Palo Alto, California (July 1979).

Cogeneration Technology Alternatives Study (CTAS): United Technologies
Corporation Final Report, DOE/NASA/0030-80/1, United Technologies
Corporation for the National Aeronautics and Space Administration for the
U.S. Department of Energy, Washington, D.C. (January 1980).

""Cogeneration," Power Engineering, 82, 3, pp. 34-42 (March 1978).

The Potential for Cogeneration Development in Six Major Industries by 1985,
Resource Planning Associates, Cambridge, Massachusetts (December 1977).

EPRI New Energy Resources Department Strategy Paper, EPRI ER-979-8Y,
Booz, Allen and Hamilton, Inc. for the Electric Power Research Instltute,
Palo Alto, California (January 1979).

3-60



28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Solar Energy: A Status Report, DOE/ET-0062, U.S. Department of Energy,
Washington, D.C. (June 1978).

The Potential for Solar EngNFy Utilization in Southern New England, Arthur
D. Little, Inc., Cambridge, Massachusetts (1979).

C.G. Justus, "Wind Energy Statistics for Large Arrays of Wind Turbines (New
Englgnd and Central U.S. Region)," Solar Energy, 20, 5, pp. 379-386 (May
1978

Requirements Assessment of Wind Power Plants in Electric Utility Systems,
EPRI ER-978, General Electric Company for the Electric Power Research
Institute, Palo Alto, California (January 1979). ,

Draft Environmental Impact Statement, Wind Turbine Generator System,
Block Island, Rhode Island, DOE/EIS-0006-D, U.S. Department of Energy,
Washington, D.C. (March 1978)

U.S. Energy Supply Prospects to 2010, Report of the Supply and Delivery
Panel to the Committee on Nuclear and Alternative Energy Systems,
National Research Council, National Academy of Sciences, Washington, D.C.
(1979).

Energy from the Ocean, Science Policy Research Division, Congressional
Research Service, Library of Congress, Washington, D.C. (April 1, 1978).

A. Mitsui, S. Miyachi, A. San Pietro and S. Tamura, editors, Biological Solar
Energy Conversion, Academic Press, New York (1977).

System Descriptions and Engineering Costs for Solar-Related Technologies,
Vol. IX, Biomass Fuels Production and Conversion Systems, MTR-7485, The
MITRE Corporation, METREK Division (June 1977).

J. Catron, "Putting Baseload to Work on the Night Shift,” EPRI Journal,
Vol. 5, No. 3, April 1980.

John Platts, "Electrical Load Management: The British Experience" IEEE
Spectrum (February 1979 and April 1979).

R.H.S. Hardy, M.T. Sulatisky and W.B.H. Cooke, "Residential Heat Storage
Furnaces for Load Management--Design and Control," Power Apparatus and
Systems, Vol. PAS-99, No. 2 (March/April 1980).

W.R. Coleman, "Customers Give Thermal Storage a Big OK," Electrical World
(May 1, 1980).

Charles Smith, "Load Management Activities Jump Sharply," Electrical World
(July 1, 1980).

"Energy on the Horizon," EPRI Journal (May 1979).

Public Law 95-617.

3-61



44. "Reference Manual and Procedures  for Implementing PURPA," Electric
Utility Rate Design Study Report #82, Palo Alto, California (March 1979).

45: Electricity Demand and Consumption by Time-of-Use Survey, EPRI EA-1294
Electric Power Research Institute, Palo Alto, California (December 1979).
46. S.P. Reynolds and T.E. Creighton, Jr., "Time of Use Rates for Very Large

Customers of the Pacific Gas & Electric Co. Systems," Power Apparatus and
Systems, Vol. PAS-99, No. 5 (January/February 1980).

47. M.D. Nelson,-"Minnkota's Load Management Program: Economic Aspects,"
Power Apparatus and Systems, Vol. PAS-99, No. 5 (September/October 1980).

48. C.R. Hudson, "Effects of Residential Load Management on Eleetric Utility
Generation Expansion and Cost," unpublished, Oak Ridge National Labora-
tory (1980).

49, M.A. Kuliasha, "A Dynamic Model of Power éystem Operation Incorporating
Load Control,” Oak Ridge National Laboratory Report ORNL-5655 (October
1980). '

50. S.M. Barrager and G.L. Campbell, "Analysis of the Need for Intermediate and
Peaking Technologies in the Year 2000," U.S. Department of Energy Report
DOE/RA/29999-01 (April 1980).

51. "Building Design Cuts Energy Use 40%," Electrical World (September 1,
1980).

52. Integrated Analysis of Load Shapes and Ener%x Stérage, EPRI EA-970
Electric Power Research Institute, Palo Alto, California (March 1979).
53. "DOE Spells Out Its Home-Audit Rule,” "Utilities Tackle RCS Audit

Problem,” "Energy Audits Generate Many Questions," Eleetrical World,
January 1, 1980; August 1, 1980; December 1980.

54. "New Approved Cut Motor KWH Use," Electrical World (September 1, 1980).

55. "Motor Efficiency Can Bring Big Savings," Electrical World (November 1980).

56. "Appliance Energy Labeling Takes Effect," Electrical World (June 1, 1980).

57. 1981-1985 Overview & Strategy, Electric Power Research Institute, EPRI
Document P1700SR (October 1980).

58. Final Report on Tidal Power Study for the U.S. Energy Researchand Development
Administration, Report No. DGE/2293-3, Stone & Webster Engineering Corporation,
Boston, Massachusetts (March 1977).

3-62



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 advaniages 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 prineipal characteristiecs 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 :I‘echnologies

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 cyeling operation. Currently, plans to develop thermal



storage for incorporation into utility plants are limited to pilot and demonstration
solar thermal electric facilities.

o e
DR A Y

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 commerecial 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 c6_nsidered 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.are, 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 _ghe 1990's.

Phosphorie 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 characteristies
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.

Hydroeleetric power is currently an important source of peak- and inter-
mediate-load power generation. The physical potential of undeveloped hydro-
electrie 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
considerablé engineering‘aévelopment. 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 ‘and collector geometry. -



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 economie 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 bétween 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 gaé units.

Coa} gasification/combined-eycle (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. IThe 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 faecilities, 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 cost 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 issstill 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 erop residues, have a theoretical potential on the order of a
50,000-MW equi;ralent. 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 ecompetitive 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 idealljr 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 commerecially 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

4-6



relatively high capital cost. Other technologies such as cogeneration, solar
thermal eleetrie 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 hypothétical 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-cyele, 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 commereialization schedules.

AN
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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:

COST AND PERFORMANCE DATA

Capital Cost ($/kW):
O&M Cost (¢/kWh)*:
Heat Rate or Efficiency:
Capacity Factor:

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

85-200 (6-hour discharge)
N/A

75-90 percent

N/A

*Operation and Maintenance Cost (cents per kilowatt-hour).



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:
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

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

270-480 (6- to 8-hour discharge)

0.2

0.72-0.83 kWh/kWh electricity and
4,000-5,300 Btu/kwWh fuel

15 percent (typical)

Note: Low end of capital cost range applies to salt caverns, high end to hard

rock caverns.

*QOperation and Maintenance Cost (cents per kilowatt-hour).



TABLE 4-3

Summary Assessment of Advanced.Storage Batteries

TECHNOLOGY: Advanced Storage Batteries

Load Type: Peak

Fuel: Electricity

Status: Research and development
DEPLOYMENT SCHEDULE

First Commercial Service: 1992

Lead Time: . 2.years

Unit Life: 10-15 years

PRINCIPAL DEPLOYMENT FACTORS

Technological: Requires substantial cost reduction
and component lifetime improvements
Resource: Off-peak power
Regionality: None
Environmental: Potential accidental release of toxic
materials
Institutionals -

COST AND PERFORMANCE DATA

Capital Cost ($/kW): 400-700 (5-hour discharge)
O&M Cost (¢/kWh)*: 0.15-0.25

Heat Rate or Efficiency: 72 percent

Capacity Factor: Less than 15 percent

Note: Low end of capital cost range is commercial goal.

*QOperation and Maintenance Cost (cents per kilowatt-hour).
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TABLE 4-4

Summary Assessment of Combustion Turbines

TECHNOLOGY: Combustion Turbines

Load Type: Peak

Fuel: Oil or natural gas

Status: Available
DEPLOYMENT SCHEDULE

First Commercial Service: Current

Lead Time: 2 years

Unit Life: 20 years

PRINCIPAL DEPLOYMENT FACTORS

Technological: Advantages are low capital cost and
short lead time
Resource: * Uses premium fuels
Regionality: None
Environmental: Emissions
Institutional: Potential future restrietions on oil
. and gas use

- COST AND PERFORMANCE DATA

Capital Cost ($/kW): 215-250

O&M Cost (¢/kWh)*: 0.3

Heat Rate or Efficieney: 13,800-12,500 Btu/kWh (annual average)
Capacity Factor: 15 percent or less

Note: High capital cost and *~w heat rate are for an advanced design potentlally
available in the mid- to late-1980's.

*Operation and Maintenance Cost (cents per kilowatt-hour).
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/ TABLE 4-5

Summary Assessment of First-Generation Fuel Cells-

TECHNOLOGY: First-Generation Fuel Cells

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:

Note:

Intermediate/peak
Light distillate oil or natural gas
Prototype

1986
2 years
20 years

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)

Best estimate of capital cost is about $500/kW in full production.

*Operation and Maintenance Cost (cents per kilowatt-hour).

4-12



TABLE 4-6

Summary Assessment of Hydroelectric Power

TECHNOLOGY: Hydroelectric Power

Load Type: All (project-specific)

Fuel: -

Status: Available
DEPLOYMENT SCHEDULE

First Commercial Service: Current

Lead Time: 4-10 years

Unit Life: 50+ years

PRINCIPAL DEPLOYMENT FACTORS

Technological: None
Resource: Substantial
Regionality: Large regional variation; greatest

undeveloped potential in the Pacifie

Northwest (see Figure 3-9)
Environmental: Project-specific (see Section 3.2.3.6)
Institutional: Siting

COST AND PERFORMANCE DATA

Capital Cost ($/kW): 500-2,000 (project-specific; see text)
O&M Cost (¢/kWh)*: Variable

Heat Rate or Efficiency: - .

Capacity Factor: 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: Peak/fuel-saver
Fuel: -
Status: Research and development (available,

but current costs are too high for
widespread use)

DEPLOYMENT SCHEDULE
First Commercial Service: 1992
Lead Time: 2-5 years (higher figure is for large
central station)
Unit Life: 20 years
PRINCIPAL DEPLOYMENT FACTORS
Technological: Major cost reduction required
Resource: Large
Regionality: Capacity factor varies; highest in
Southwest
Environmental: Large land areas required; potential

for a variety of chemical releases
during manufacture of cells
Institutional: -

COST AND PERFORMANCE DATA

Capital Cost ($/kW): 1,100-1,800

O&M Cost (¢/kWh)*: 1-3 percent per year of initial investment
Heat Rate or Efficiency: -

Capacity Factor: 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.

*QOperation and Maintenance Cost (cents per kilowatt-hour).
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TABLE 4-8

Summary Assessment of Oil Plant Conversion

TECHNOLOGY: O0il Plant Conversion

Load Type: Base/intermediate (likely to be mostly
base loaded in study time-frame)
Fuel: Coal (and wastes)
Status: Available
DEPLOYMENT SCHEDULE
First Commercial Service: Current
Lead Time: -
Unit Life: Plant-specific

PRINCIPAL DEPLOYMENT FACTORS

Y Technological: Feasibility sensitive to type and
age of unit (see Section 3.4.1)
Resource: -
Regionality: --
Environmental: Emissions
Institutional: Conversion orders; requirements for

additional control equipment

COST AND PERFORMANCE DATA

Capital Cost ($/kW): Highly plant-specific (see text)
O&M Cost (¢/kWh)*: -
Heat Rate or Efficiency: -
Capacity Factor: -

*QOperation and Maintenance Cost (cents per kilowatt-hour).
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TABLE 4-9

Summary Assessment of Combined-Cycle

TECHNOLOGY: Combined-Cycle !

Load Type: Intermediate

Fuel: Oil or natural gas

Status: Available
DEPLOYMENT SCHEDULE

First Commercial Service: Current

Lead Time: 3 years

Unit Life: 30 years

PRINCIPAL DEPLOYMENT FACTORS

Technological: Well suited for intermediate-load use
Resource: Uses premium fuels

Regionality: None

Environmental: Emissions

Institutional: Fuel Use Act restrictions

COST AND PERFORMANCE DATA

Capital Cost ($/kW): '380-470

O&M Cost (¢/kWh)*: 0.2-0.3

Heat Rate or Efficiency: 8,700-7,600 Btu/kWh (annual average)
Capacity Factor: 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 (¢/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).
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TABLE 4-11

Summary Assessment of Fluidized Bed Combustion (Atmospheric)

TECHNOLOGY: Fluidized Bed Combustion (Atmospherie)

Load Type: Base/intermediate (likely to be mostly
base loaded in study time-frame)
Fuel: ) Coal
Status: Pilot
DEPLOYMENT SCHEDULE
First Commercial Service: 1992
Lead Time: 5-6 years
Unit Life: 30 years

PRINCIPAL DEPLOYMENT FACTORS

Technological: Requires further development and
demonstration

Resource: Large

Regionality: None

Environmental: Emissions, but lower than conventional

coal units; waste disposal
Institutional: -

COST AND PERFORMANCE DATA

Capital Cost ($/kW): 800100

O&M Cost (¢/kWh)*: 0.8

Heat Rate or Efficiency: 9,800 Btu/kWh
Capacity Faector: 65 percent (typical)

*Operation and Maintenance Cost (cents per kilowatt-hour).
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TABLE 4-12

Summary Assessment of Cogeneration

TECHNOLOGY: Cogeneration
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:

Note:
cost of generation.

Base/intermediate (likely to be mostly
base loaded) :

Oil, coal, or wastes

Available

Current

20 years  \

Project-specific (see Section 3.2.4.5)
Limited for oil use; coal use difficult
except for large generators

_Largest potential in industrialized

regions

Emissions

Ability of smaller generators to
cope with regulatory requirements

(See note)

5,000-6,500 Btu/kWh

Excess electricity sold to utilities at a price based on utilities' avoided

*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 (¢/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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* 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:

COST AND PERFORMANCE DATA

Capital Cost ($/kW):
O&M Cost (¢/kWh)*:
Heat Rate or Efficiency:
Capacity Factor:

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

800-1,000
1-3 percent per year of initial investment

20-45 percent

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

TECHNOLOGY: Tidal Power

Load Type: Intermediate/fuel-saver
Fuel: -
Status: Available

DEPLOYMENT SCHEDULE

First Commercial Service: 1990 (but operation in United States
before 2000 is unlikely)

Lead Time: 6-12 years

Unit Life: 50+ years

PRINCIPAL DEPLOYMENT FACTORS

Technological: None

Resource: Limited

Regionality: Only potential sites in Maine and Alaska
Environmental: Similar to hydroelectric

Institutional: -

COST AND PERFORMANCE DATA

Capital Cost ($/kW): 2,300-3,500 (project-specific)
O&M Cost (¢/kKWh)*: 0.2

Heat Rate or Efficiency: -

Capacity Factor: 24-48 percent

*QOperation and Maintenance Cost (cents per kilowatt-hour).

4-22



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 (¢/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)

*QOperation and Maintenance Cost (cents per kilowatt-hour).
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TABLE 4-17

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 Technically possible in all regions; Section 3.2.4.6
due to need for direct insolation,
initial deployment will be concen-
trated in the Southwest

Wind Technically possible in all regions; Section 3.2.4.7
best wind resources in the Northeast,
Appalachia, Great Plains States, and
portions of California and Washington

Tidal Potential sites limited to Maine and Section 3.2.4.8
Alaska Figure 3-4
Wood, Other Available in all regions; most con- Section 3.2.4.9
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 Appendix B.
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TABLE 4-18

Potential Contribution of Categories A and B
Alternative Supply Technologies

(in gigawatts (GW)®)
Installed Net Additions Above 1980 Level (GW)
Technology 1980 1985 1990 1995 2000
Utility Thermal

Storageb 0 0 ‘ 0 0 0
Compressed Air® 0 0 0-1 1-3 2-6
Advanced Batteries® 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 Photovoltaicd 0 0 0-1 2-4 6-15
0il Plant Conversion® -- (8) (16) (19) (22)
Combined-Cycle (8) 1)  (2-3) (3-5)  (3-5)
Coal Gasification/

Combined-Cycle® 0 0 0 1-5 10-25*
Fluidized Bed® 0 0 0 2-10  20-60*
Cogeneration® 5 2-5 3-10 4-15 5-20%*
Solar Thermal™ 0 0 0 0-1 1-2%
Wind 0 0 0-1 1-2 3*-6
Tidal 0 0 0 0 0
Wood, Other Biomass® "0 0 1 2 4%

*Derived from: Annual Report to Congress, Volume Three: Projections, DOE/EIA-

0173(79)/3, Energy Information Administration, U.S. Department of Energy,

Washington, D.C. (1980).
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TABLE 4-18 (cont'd)

8The 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.

PNot 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. -

dp 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.

€A substantial portion of this is likely to be operated as base loaded.

fA portion of this may be repowered to coal gasification/combined-cyele.

Ewould displace new conventional coal units; likely to be dispatéhed 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,

4-27



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 tc;tal 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 quantit{es 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

4-28



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 naturz;l 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 geologie,
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 eenters 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
impaects.

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 as 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.
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FIGURE 4-1
COMPARATIVE ASSESSMENT OF IMPACTS OF

PUMPED STORAGE AND ALTERNATIVES
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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
strietly t;etween 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 éfficiency 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 pumpéd 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 ocecur 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 alternativé 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. )
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Technology
Utility Thermal Storage

Compressed Air Storage
Advanced Storage Batteries
Combustion Turbines
First-Generation Fuel Cells
Hydroelectric

Solar Photovoltaic
Combined-Cycle

Coal Gasification/
Combined-Cyecle

Atmospheric Fluidized Bed
- Solar Thermal Power

Wind Power

Tidal Power

Wood-Fired Powerplant
Customer Thermal Storage
Load Management

Pumped Storage

TABLE 4-19

Comparison of Cost Data

Capital cost
($/kW)

85-200
270-480
400-700
215-250
400-700

500-2,000
1,100-1,800
380-470

825-975
700-900
1,700-2,000
800-1,000
2,300-3,500
1,300-1,700
75-150
100-250
500-2,000
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Operation
and
Maintenance
Cost
(¢/kWh)

N/A
0.2
0.15-0.25
0.3
0.4-0.5

0.1-0.3
0.2-0.3

0.5
0.8
0.4-0.6
0.1-0.3
0.2
.5-1.0
N/A
0.1



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 aestheties is great.
Obviously, the botential 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 ecoiogy 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
o 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
impaets on water quality and aquatic ecosystems. The acid rain phenomenon is
especially significant for conventional coeal 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 impact: 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 Act 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 construetion
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 impaet.

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

Federal Laws, Executive Orders, Land/Oceans Species & Cultural
Regulatory Guides General Air Water Use Habitats Resources
Anadromous Fish Conservation Act of 1965 X
Archaeological & Historical Preservation Act of 1974 X
Archaeological Resources Protection Act of 1979 X
Clean Air Act of 1970, 1977 X
Clean Water Act of 1972, 1977 X
Coastal Zone Management Act of 1972, 1976 X
Endangered Species Act of 1973, 1979 . X
Federal Land Policy & Management Act of 1976 X
Fish & Wildlife Coordination Act of 1958 X
Floodplain Management (Executive Order 11988) of 1977 X
Marine Mammal Protection Act of 1972 X
Marine Protection, Research & Sanctuaries Act of 1972 "X X
Migratory Bird Conservation Act of 1929 X
Multiple-Use & Sustained Yield Act of 1960 ‘ X
National Environmental Policy Act of 1969 X

>

National Forest Management Act of 1976
National Historic Preservation Act of 1966 X
National Trails System Act of 1968

Protection of Wetlands (Executive Order 11990) of 1977 X
Rivers and Harbors Act of 1899 X
Water Bank Act of 1970 X

Wild & Scenie Rivers Act of 1968
Wilderness Act of 1964

Mo M M M X

Source: Modified from Dames & Moore et. al., 1980.



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
impaet results from a variety of possible development, ownership, and financiné
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 economie, 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)
(Fuel Cost, $/MWh + O&M Cost, $/MWh) x 8,760 hours

®n o+

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 thérmal 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, 50 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 pi-oblem_s,. fransmission routes, and environmental impacts.
However, since the sites _v&ere 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 Purriped Sto}age Sites

Availability of

Region Pumped Storage Sites (MW)
New England > 9,250
Middle Atlantic 19,830 - 26,440
East North Central 17,340 - 26,010
West North Central 6,920 - 10,380
South Atlantic 25,890 - 34,520
East South Central N 16,840 - 21,050
West South Central 5,970 - 11,940
Mountain >12,350
Pacific ' >27,000
Alaska and Hawaii - 360 - 540

Source: Modified from Public Service Electric and G;as Coﬁxphny, 1976.
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Region

[T N

Note:

Sources:

TABLE 4-22

Estimated Capacity of Pumped Storage Systems

Federal
or

Licensing Identified
Operating Projected Status Potential

(MW) (MW) (MW) (MW)
4,430 2,000 1,400 49,4002
3,186 3,775 —- 1,4059
2,622 1,216 3,000 8,5899

299 - 730 -
623 200 5,020 650,000°
1,612 2,155 — 341,100°

Not all regions have been studied for potential sites. Region
2 is probably the only region where there are no potential
sites.

8public Service Electric and Gas Company, 1976.

bU.S. Army Corps of Engineers, 1972.

®Federal Power Commission, 1975.

dy.s. Army Corps of Engineers, personal com munication.
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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 seientific ecenter.

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. Envirohmentauy 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 Conimission, 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 impaets 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 topographie 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 impaets. The major
negative environmental factorls 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 geologie 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, e'stimates 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 purﬁped 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 economie, demographic, and physical factors. Today, the most
important of these factors are economiec--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. Each of these factors will be examined later
in this chapter.

To determine the impact of these factors, an economie "stacking dispatch"
methodology was developed to forecast the need for future base-load and peaking
capacity additions, including pumped storage. I‘ri 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—yeér 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 acecord-
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.

L. 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



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 strietly 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 economiecal 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 cruclal
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 impaet 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



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 electx'i'city: the price charged for
it, the Nation's level of economiec 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 eleetric 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. Sinece 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 cyecles
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 eleetricity 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 edonomic 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 erucial 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 eycle 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 eycle 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 majdr 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 ocecurred 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. Eleetricity 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 produet, inflation, production of domestic automobiles) shc;w little indica-
tion of changing dramatically in the next few years. The forecasts presented by
Dames & Moore reflect this sustained downward trend in the underiying growth
rate. It is unlikely, in view of recent history, that the Median and Projection II
growth rates will oceur.

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 oceurring in the South. The lower forecast of
demand g;'owth for the region advocated by Dames & Moore reflects the historie
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



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. Henece, 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 cyecle
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 throtighout 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 regic;n's major industry is mining, which has little
impact in determining business cycles. The Pacific Southwest region (Exhibit 11)
displayed a definite aecﬁning trend in its demand growth rates from 1957 to 1980.
Negative rates of growth occurred during 1974, 1975, and 1976. For the most part,
all other regidns show similar declining growth rates after 1974 with the exception
of the Pacific Northwest, West Central, and South Central reéions. 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 cyele. 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 Coi-ps 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
I 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 Floricia region, followed by the Arizona-New Mexico
region. The lowest overall growfh 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 I"r“ojection (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-Atlantie, while the
Florida and Arizona-New Mexico regions are projected to haye 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
NYPP
MAAC
Florida
Southern
TVA
VACAR
ECAR
MAIN
MARCA
SPP
ERCOT
RMPA
NWPP
AZNM
SCNV
NCNV

[y
R
[y
R
[y
R
[y
R

N W N W W WD WY N W NN -
L
DT O W N WD W W NN N W -

-

N N WU R R R W N R W N D
N N B W b WW R W R W NN W

-

*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
caleculations 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 economie
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 éreat—
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
onh 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 deseription 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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Utility Announ'ced Retirement
Schedule

1. After coal steam

2. After oil steam

3. After all other fuel types

Generic Retirement Schedule

1. After coal steam
2. After oil steam
3. After all other fuel types

*Base Case Projection

TABLE 5-5

Summary Table for Future Demand
Assessment of Pumped Storage
Continental USA - 1999

Projection II

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)

250,273 143,412 301,868 178,498 180,342 105,812
221,585 121,960 297,578 172,999 140,831 79,957
149,969 47,274 223,234 94,239 59,875* 17,161
254,484 146,200 301,868 178,498 188,376 107,499
245,545 138,632 301,868 178,498 165,484 93,796
195,213 81,564 248,575 122,275 116,641 41,370



TABLE 5-6

Maximum Pumped Storage Development
by Region

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)

Rocky Mountains; Northwest (RMPA-NWPP)

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

1

Maximum Pumped
Storage Capacity

1

59,875 MW

3,353
5,254
13,399

35,981

1,314
0

574

Based 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 effeet.
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Hydroelectric Pumped Storaqe Analysis
Pumped Storage Forecast for ~ Continental US A -

Utility Announced Retirements Only

Projection Il Median Projection Dames & Moore Projection
Pumped Pumped Unsited Pumped Pumped Unsited Pumped Pumped Unsited
Storage Storagqe Base Storage Storage Base Storage Storage Base
(GWH) (MW) (MW) (GWH) (MW) (MW) (GWH) (MW) (MY)

Base Load Shape

Pumped Storage Dispatched After Coal Steam

1979 96864 98744, 86072. 96864. 98744, 86072. 946864 98744, 86072.
1983 122635. 126717. 82604, 144853 143327 96339. 110852. 116567. 71937.
1990 145342, 133801. 77863 210766. 189664, 109048. 117066. 134382, 50362.
1993 213868 |, 201377. 121069. 329363. 237212 211963. 151200. 199873. 68013.
1999 310282. 230273. 198812. 392824 301868. 3131398 188507. 180342 93423

Pumped Storage Dispatched After 0il Steam

1979 356888 741B0 0. 39888. 74180. 0. 35888. 74180. 0.
1983 47914, 96496, 0. 956692 1095195, 1524. 43706. 89067. 0.
1990 60600. 118071, 0. 88434, 138967 1393. 50046. 102923. 0.
1999 117970. 161018, 8282. 235418. 229732. 63204, 60821. 119768, 0.
1999 233174, 221983 38992. 360249. 297578. 199279, 91329 140831. 6925.
Pumped Storage Dispatched Last
1979 1924. 7433. 0. 1924, 7493, 0. 1924, 74933, 0.
1983 4736. 18348, o 2052. 30813 260. 3409. 13734 0.
1990 10429. 39237 3973. 29864, 63791, 11943, 3903. 20740. 0.
1993 327353. 90392. 284688. 125314, 167501 866893 11147, 37309. 309.
1999 96816. 149969, 81977. 186622 223234 18%698. 241793, 39873, 8478.
Load Management Load Shape
Pumped Storage Dispatched After Coal Steam
1979 96864. 98744, 86072 26864. 98744 86072. 96864. 98744, 86072.
1583 99568. 109969. 81455. 114712 117099, 94738. 91743. 100872. 70703.
1990 99313, 113153 75159. 141049, 137088 104264, 81079 97267. 449468.
1995 112064. 123871. 114633, 204232. 167238 203403. 896786. 103018. 63267.
1999 162426. 143412. 188312. 221333. 178498. 301544. 104178. 105812, 89141.
Pumped Storage Dispatched After 0il Steam
1979 35888. 74180. o 33888. 74180 0. 35888. 74180. o
1985 38918. 80806. 0. 43932. 88222. 1330. 36184. 77290 0.
1990 40399 86404. 0. 53477 97862 847. 3%834. 75648. o
1993 97417. 98610. &6065. 144607 142143, 38709. 3979%4. 79941 0.
1999 108311, 121 960. 51743 198057. 172999 143321. 44213, 79957. 5634
Pumped Storage Dispatched Last
1979 1924 7455 o 1924 7455 0. 1924 7435, 0.
1985 2004. 8970 0. 4375 15640 469 1676 7027, 0.
1990 2636 9973 (o] 10880 27082 2066. 1904, 7837. 0.
1995 6074 23898 6003 53518 73611. 52114, 2684 11803. 0.

1999 T 21924 47274 37386. 72311. 94239. 125783. . 4637 17161 2491



12-S

Hydroelectric Pumped Storage Analysis
Pumped Storage Forecast For — NEPOOL -~ NYPP - MAAC -

Utility Announced Retirements Only

Projection I1 Median Projection Dames & Moore Projection

Pumped Pump ed Unsited Pumped Pump ed Unsited Pumped Puaped Unsited

Storage Storage Base Storage Storage Base Storage Storage Base
(GWH) (MW) (MW) (GWH) M) (MW) (GWH) (MW) (M)

Base Load Shape

Pumped Storage Dispatched After Coal Steam

1979 27459 21106. 23573 27439 21106. 23973. 27439. 21106. 29573.
196835 33937 26132 26336. - 35623. 27372. 29876. 30131. 23272. 19853.
1990 39741 30663. 29051. 41088. 31619. 31777. 26972, 24086. 12943.
1999 47681, 36792. 40710, 48782 37337. 42933. 31130. 26629. 14006.
1999 33032, 42464. 34837 56471, 43440. 37740. 32703. 27948. 16542.

Pumped Storage Dispatched After 0il Steam

1979 6334, 12410. 0 &534, ,12410. o. 6334, 12410. 0.
19689 8121. . 13399 o 8933. 16090. 0. 7193. 13662, 0.
1990 10648 19123 0. 12787. 200835. 0. &979. 14706. 0.
1993 28348 29402. 4021. 33457, 31577. 69573, 7175. 15996. 0.
1999 47224 39357 16223 50839. 41740. 19128 8819. 17936. 0.
Pumped Storage Dispatched Last
1979 o 0. 0. 0. o. 0. 0. 0. 0.
1989 o. o. o 104, 496. o. 0. 0. o.
1990 577. 2792, 1029. &82. 3251. 1204, 0. 0. 0.
19993 4846. 15074, 7142, 4888 16047. 10393, 316. 1507. 3089.
1999 8748 23041. 20513 9343. 24307. 23354, 703. 3353. 979.
Load Management Load Shape
Pumped Storage Dispatched After Coal Steam
1979 27459 21106. 25573 27459. 21106. 29573. 27459. 21106. 25573.
1985 28931, 22176. 26184. 30021. 23280. 29524 23382. 20009. 19133.
1990 26871 23095. 27836. 27947. 236829 30569. 13611. 134683. B8634.
1995 280295 24306. 38992 28804. 24838. 41194, 18112. 136823. 11706.
1999 28802. 252323, 52614, 29719. 25857. 55464, 16831. 12995. 13904.
Pumped Storage Dispatched After 0il Steam
1979 &534 12410, (] 6534 12410 0. 6334, 17410. 0.
1985 &784 13014, 0. 7112 13668 0. 5199. 11730. 0.
1990 5949 13689 0. 6663 14145 0. 3659 7451, [4)
1993 14565 19213 as23 18046. 20123. Jetés. 3454. 7122. o
1999 23664 22374 14063. 27029 24483 16933. 3172, 6627, 0.
Pumped Storage Dispatched Ladt
1979 (4] (4] (4] (4] (4] 0. o 0. (4]
1985 0. (4] (o] (4] (o] 0. (4] [+ ' [{]
1990 (4] (4] (o] 0. (4] 0. (4] (4] 0.
1995 1074 5119 4138 1033 A927 4094. (4] 0. (4]
1999 1548 6570 9592 1526 6518, 9375 (4] 0. 0

Table 5-7 (cont'd)
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Hydroclectric Pumped Storage Analysis
Pumped Storage Forecast For — Florida -

Uti1lity Annnunced Retirements Only

Projection 11 Medi1an Progection Dames & Moore Projection
Pumped Pumped Unsited Pumped Pumped Unsited Pump ed Pumped Unsited
Storage Storage Base Storage Storage Base Storage Storage Base
(GWH) (MW) (M) (GWH) (MW) M) (GWH) (MW) (MW)

Base Load Shape

Load

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 228604. 18228. 12392 226804 18228 12392. 16418. 13361. 7832
1993 27982 22287 18581, 27982 22287 18581. 19033 15490 11558

1999 32867. 26176 24311. 32847. 26176 24511, 21427. 17435 14944

Pumped Storage Dispatched After 0il Steam

1979 2842, 3419, 0. 2842, - 3419 0. 2842. 5419 0.
1983 4303 8419, 0. 4509 2419 0. 3961. &6791. 0.
1990 3754 10739. (o] 3734, 10739 0. 4129. 7872. [+]
1993 20029 18137. 2088 20029 18137. 2088. 4786. 9126 0.
1999 32272. 23856. 8174 32272. 23856 a174. 7246. 10894 0.
Pumped Storage Dispatched Last
1979 o 0. 0. 0. (4] 0. 0. 0. 0.
1983 289. 1401. o 289. 1401. 0. 0. o. o
1990 1364, 4439. 1633 1364. 4439 1633, 0. 0. 0.
1993 5334, 12496 5625. 5354, 12496 3623. 232. 1126 o
1999 9468 17405. 11926. 94468 17409. 11926. 1084. S254. 373
.
Management Load Shape
Pumped Storage Dispatched After Coal Steam
1979 11300 9196 9973 11300. 9196. 9973, 11300. 9194 9973
1983 13588 11118, 113569 13588 11118 11563. 12469. 10219 9809
1990 195287. 12628 11978 13287. 12628 11978 12883. 10643 7674
1995 16751. 13947 17971 16751. 13947 17971. 13386. 11148 11269.
1999 17977 15084, 23702 17977. 15084 23702. 13767 11553 14548.
Pumped Storage Dispatched After 0Oil Steam
1979 2842 5419. 0. 2842, 95419 0. 2842 9419 0.
1985 3417 6552. o 3417 6552. 0. 3141 6022 0.
1990 3883 7490. o 3883 7490 o. 3273. 6313 0.
1993 8160 9305 1388, 8160 9305 1368. 3400 6612 o
1999 16122 14085 7365 16122 14083 7365. 3497. 6853, o
Pumped Storage Dispatched Last
1979 0. 0. o o. o o o o [
1985 (o] (o] (o] (o] (o] 0 o (o] 0
1990 (o] (o] (o] (o] (o] (o] (o] (o] o
1995 756 3665 1642 796 34665 1642 o o o
1999 1255 6082 5109 1255 6082 109 (o] (o] (]
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Load

Hydroelectric Pumped Storage Analysis

Pumped Storage Forecast For - Southern - TVA - VACAR -

Utility Announced Retirements Only

Projection I1
Pumped Pumped Unsited
Storage Storage Base
(GWH) (MW) (MW)

Load Shape

Pumped Storage Dispatched After Coal Steam

1979 a779 13713. o
1983 9936. 18083. 0.
1990 14798. 22813 0
1993 29005. 31270 1262
1999 33479. 41187. 14982

Pumped Storage Dispatched After Oil Steam

1979 3934 13630. o
1983 82a3. 18083. 0.
1990 10900. 22632. 0.
1993 19253. 28562 1044
1999 41734 371358 10234

Pumped Storage Dispatched Last

1979 938. 2757. [+
1989 2234. 7156. o
1990 4565. 12143, 0
1993 9585. 20397. 0.
1999 29209. 31992, 8309.

Management Load Shape

Pumped Storage Dispatched After Coal Steam

1979 8779 13713. 0.
19835 7118. 15210 -0
1990 86354 16669 0.
1993 11056. 17656 398
1999 22773 20697 12803

Pumped Storage Dispatched After 0il Steam

1979 5938 13630 0
1983 6669 15210 0
1990 7455 16669 0
1993 8043 17656 598
1999 16876 20688 9017

Pumped Storage Dispatched Last

1979 938. 2757 (o]
1985 1020 4281 0
1990 1802 5998 0
1995 2539 6985 223
1999 8010 10888 7119

Median Projection

Pump ed
Storage

(GUH)

a8779.

20189

39865,
&7781.

83706

3934

13736.
27476

65836

83706.

938.
44674,
16860.
47633,

68203

8779.

13886

28706.

42673

50528,

5934.

9290

16128,
40854,

50528

238
2626
R064

24926
ar744

Pumped
Storage

(MW)

13719.
23008.
32694.

48061
36969

13630
21768

29440.

46934

36969

27937.
12079.

22708
41290
32403

13719
18230
24328
30788

33370.

13630
18112

20690.

29385

33370.

2757
7301
13659
23480
20961

Unsited

Base
(MW)

0.
2839.
6730.

25470.
42344,

1524,
1393.
19330.
36406.

260.

2407.
17717
34751.

2000.
&034.

23743

39953.

1330.
847.
17804.
34013.

469.
2066.
15976.

32212

Dames & Moore Projection

Pumped
Storage

(GWH)

a8779.
a89a7.
11921.
18169
14879.

3934.
7619.
9388.
10914.

11898

938.

1768

3268.

4854

-3077.

8779.
&737.

7392

&6931.
6426.

3934.
6£308.

6686
6705
6426

938
785
1210

1150.

965

Pump ed Unsited
Storage Base
(MW) (MW)

13713
16873.
19873
a27%19.
24069.

coocoo

13630.
16875.
19873.
22430.
24069,

©oo00

2757.

93946

9209.
11847.
13397.

ooo00

13719
14507
15203.
151635
14640

oooopo

13630.
14507
15203
15165
14640

X-2-F-T-)

2757
as79
4531
4194
3767

20000

Table 5-7 (cont'd)
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Hydroelectric Pumped Storage Analysas
Pumped Storagqe Foroccast For — FCAR - MAIN - MARCA -

Utility Announced Retirements Only

Projection I1
Pumped Pumped Unsited
Storage Storage Base
(GWH) ({, 2] (M)

Base Load Shape

Load

Pumped Storage Dispatched After Coal Steam

1979 133469 24491 0.
1985 16022 30033 [+)
1990 19456 33772, [»)
1999 480%8. 34984. 7807
1999 92636. 76069 31435

Pumped Storage Dispatched After 0il Steam

1979 12219. 23398. [+)
1985 16022. 30033 (4]
1990 18944 35284. (4]
1993 27635 45834 [»)
1999 78614. 70891 18447

Pumped Storage Dispatched Last

1979 986. 44698 4]
1985 2233 10011. 0.
1990 3357. 13204. o
1999 10910 32414, 1904

1999 44944 98066. 17294
Management Load Shape

Pumped Storage Dispatched After Coal Steam

1979 13369. 24491 [+)
1989 12801 24712. 0.
1990 13335 25932, [+)
1999 18549. 30498 6156
1999 49364 43858 28807

Pumped Storage Dispatched After 0il]l Steam

1979 12219 23398. - 0.
1985 12801. 24712. o
1990 13335 25932, 0.
1999 13682 26949. (4]
1999 33550 37153 16040

Pumped Storage Dispatched Last

1979 986. 4698 [»)
1985 984. 4689 ]
1990 834 3975 (o]
1995 1705 8129 ]
1999 11111 23734 15566

Median Projection

Pumped
Storage
(GWH)

13369

21768.

44571.
106041
124774

12219

17680.

26298.
104299
124774

986.
3985.
10160.
61664
087622,

13365.
15469,
22627
644640
68941

12219,
14097.
13620
60296
68741,

986
1749
2793.

26376
35327

Pumped
Storage

(MW)

24491,
36861,
94116,
84010.

98434

23398.
32961.
449467.
83292.
98434

4698

16837
31547,

70501,
88133,

24491,
28362.

35884
53784
57723

23398.

27058

30118,
52384,
57723.

4498
8339
13315
39505
47314

Ungi ted

Base
(MW)

3136

A46406.

809951

33981.
6£8186.

714,
29207.
627958.

‘3874,
43945,
77289.

31274

64876,

28824,
S9118.

Dames & Moore Progjection

Pumped
Storage

(GWH)

13369.
14689.
18749.
34001.
33809.

12219.
144689.
17338.

235%

47823.
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1637.
2639.
6149,

16919

13343.
12580.
13149.
18889.
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12219.

13143.
13131.
22376.

986.

891
694
1534
3672
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Storage

(MW)

24491

27831.

34103
43398

S36241.

27831.
329486.
40862.

53882

46%98.
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11535,
2°829,
35%61.

24491,
24271.

29548
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24271
25548
25804

31094,
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4248
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7309.
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Hydroelectric Pumped Storage Analysis
Pumped Storage Forecast For - SPP ~ ERCOT ~

Utality 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
(CWH) (MW) (MW) (CWH) (MW) (MW) (GWH) (MW) (MW)

\
Base Load Shape

Pumped Storage Dispatched After Coal Steam

1979 23816 21016. 36819 25816 21016 36819 29816. 21016. 36819
1989 33529. 27153 30894 36566 29624 37380. 32989 26781. 31138
1990 34562 3279%6. 21902 46979 37999. 39999. 32348 31340 20031.
1995 42739. 38626. 33261 58189. 446898 95693. 39633. 36251 29069.
1999 54690. 44034 47969 68711 35289 78520. 48489, 39392. 37791.
hd Pumped Storage Dispatched After 0Oil Steam
1979 6293 13368. 0. . 6293. 13368 0. 6293. 13368. 0.
1989 82350. 17017 0. 9021. 18482 0. 8113, 16796. 0.
1990 10036 20339. 0. 11664 23421 0. 99954, 19499 0.
1995 11902 23819. 0. 18279 32251. 0. 11107. 22411. 0.
1999 16088 29377 ) 44103 53019 13922 12099 24273. 0.
o Pumped Storage Dispatched Last
[ .
Y 1979 o 0. 0. 0. 0. [+) 0. 0. 0.
o 1983 0. (o) (o] . 0. 0. 0. 0. 0. o
1990 ] . 0 0. 232 1107. 3074. 0. 0. 0.
1999 765 3648 4848. 3905 18613. 17034. 0. 0. 0.
. 1999 2269 10814, 14284 8744, 28968. 37849. 276. 1314. 2640.
Load Management Load Shape
Pumped Storage Dispatched After Coal Steam !
: 1979 29816 21016 36819 29816. 21016, 36819. 2%816. 21016. 36819.
1989 28227 23097. 30503 30881. 25229 37161. 28366. 23189 30793
1990 25103 24399 21107. 34667. 28430 35051. 24486 239469. 19328.
1999 29966 25280 31989. 37490. 30892 54169. 24794. 24368. 27936.
1999 31168, 25860. 46238 39488 32700 76369. 27404. 23743 36299
Pumped Storage Dispatched After 0il Steam
1979 6293 13368. [} 6293. 13368 o 6293 13368. o
1989 &904 14581 [+] 7578 15876. [+] 6939 14564, [+]
1990 7291 15384 o a539. 17774 0. 7146. 15129 o.
1999 7318 15906. (o] 9236 19234 0. 7220. 15366. [+]
1999 7651. 16251 [+] 22224. 29374 11217, 6978, 14795 0
Pumped Storage Dispatched Last
. 1979 o [} (o] ] ] (o) o o. [}
1985 (4] (o] 0 0 (o] (o] 0 (o] (o)
1990 L] 0 o ] ] o [} (o] (o)
1995 0 0 0 0. [+] (o) 0 (o] 0.
1999 0 0 0 999 2837 16553 (o] (o] [d]

Table 5-7 (cont'd)
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Hydroelectric Pumped Storage Analysis
Pumped Storaqe Forecast For - RMPA - NWPP -

Utility Announced Retirements Only
Projection I1I

Pumped Pumped
Storage Storage

(GWH)
Load ‘Shape
Pumped Storage Dispatched

1979
1985
1990
1993
1999

20000

Pumped Storage Dispatched

1979 0.
1983 (4]
1990 (]
1993 4]
1999 4]

Pumped Storage Dispatched

1979 0.
1983 0.
1990 0.
1993 0.
1999 o

Management Load Shape
Pumpnd‘étorago bigpatchud

1979

[+)
1985 (4]
1990 1 (]
1993 (4]
1999 0.

Pumped Storage Dispatched

1979
1985
1990
1993
1999

cocoo,

Pumped Storage Dispatched

1979 [
1985 (]
1990 [s)
1995 (4]
1999 (4]

(MW)

After Coal Steam

(4]
(4]
(4]
]

After 0il Steam

After Coal Steam

After 0Oil Steam

[~R-N-RoN]

Last

090Q<O

Unsitegd

Base
(MW)

Y 00000

o900

ccooo

0.

coca

o000

Median Projection

Pumped
Storage
(GWH)

oocoo oc00co 00000 00000 00000

00000

Pumped
Storage
(MW)

[~R-R-Re N [-N-N- NN [-A-R-R-¥-] 00000 00000

[~R-N-Re R

Unsited
Dase
(MW)

o000 o0000

co0000 ooocop oooo0

[~Y-N-N-N-)

Dames

Pumped

Storage
(GWH)

00000 co000 00000 00000 00000

ccooco

& Moore Projection
Pumped Unsited
Gtorage Base
(MW) (MW)

00000 co0o000
00000 co00090

[+ N -N-NoN-]
ogcco0

00000 00000
copop ©p000

cccoo
coc

Table 5-7 (cont'd)
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qu}oelectrlc Pumped Storage Analysas
Pumped Storage Forecanst For — AZNM - SCNV - NCNV -

Utility Announced Retirements Only

Projection I1 Median Prajection Dames & Moore Projection
Pumped Pumped Unsited Pumped Pumped Unsited Pumped Pumped Unsited

Storage Gtorage Base Storage Starage Base Starage Storage Base
(GWH) (MW) (MW) (GUH) (MW) (MW) (GWH) (MW) (MW)

Base Load Shape

Pumped Storage Dispatched After Coal Steam

1979 10145 9220. 13707 10145 9220 . 13707 10143 9220. 13707.
1989 11277 11027. 13365. 12793 12173. 14619 96896 | 10283 11071.
1990 13901 13569 14518 15779 15092 17054, 11098 11617, 9336
1995 18403 17418 19448 20590 18419 . 22080 13236. 13586. 10737
1999 219558 20343 25078 24293 21564 29492. 15208. 15257. 12667

Pumped Storage Dispatched After 011 Steam

1979 2066 3953. [+] 20646 5953 0. 2066. 5959

o
1989 2731. 7589. [+) 2817 7795 0. 2531. 7112 o
1990 4318 9932 0. 4175 10315 o 2862. a025 o)
1995 10783 15264. 1129. 13518 17541 3032 3281 9980. 0.
1999 19222 18744 5914 22559. 21564 28462. 3644, 9777 0.
Pumped Storage Dispatched Last
1979 o o o o o 0. o 0. [+)
1985 0. o [+) (] o 0. 0. [+) o)
1990 566 24699. 2891 5648 2699 2891 0. o (V]
1995 1293 6163 51469. 1070 83554 6747 0. [+] o
1999 2158 8691, 9651 3240 11994 130460 120. 574 (]
Load Management Load Shape
Pumped Storage Dispatched After Coal Steam
1979 10143 9220 13707 10145 9220 13707. 10143 9220 13707
1989 9303 96946 13203. 10871 10840 14488. 8149. 84681 109646
1990 98463. 10450. 14218 11811 11993 167462 7362 6421 9332
1995 1717 11984, 18927 13874 12989 223561. 7564 8639 10254
1999 12342. 124688, 24348 14680 13764 28747, 7604. 8744 12224
Pumped Storage Dispatched After 01] Steam
1979 2066. 39593 [+ 20646 5959 0. 2066 5755 o
1985 2343 &730 (] 2438 6958 0. 2061 6098 0.
1990 2466 7220 [+) 2644, 7645 o 1929, 6004, 0.
1995 5449. 9581 556 7995 11712 2427 1844. e72 o
1999 10448 11409 5233 13213 13764 9117 1764 5748 o
Pumped Storage Dispatched Last
1979 o] o] 0 0 (o] [+] 0 0 (¢
1985 [¢] [+] (o] [¢] 0 0 0 [+] 0
1990 [¢] 0 0 o2 108 0 (4] (o] 0
1995 [¢] (o] (o] a2z 2034 1578 o 0 [¢]
o (¢] N hHHA 2507 3418 (4] o 0

1999

Table 5-7 (cont'd)



5.3.2 Detailed Analysis of Results

The pumped storage, alternative peaking technology, and load management
capacity deveiopment 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 ﬁnited 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 &
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 dispatech. The
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TABLE 5-8

Hydroeleetric 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 0 40
Unsited base 20 10 70
Unsited peak 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

gt

Geperic Retirement of Older Units

Fuel Type Retirement Year
Hydro -
Unsited base -
Nueclear 40
Coal steam 45
Gas steam 35
Oil steam 35
Pump storage -
Gas eombined eyele 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 fﬁture, 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 b