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FEDERAL POWER COMMISSION
REGIONAL OFFICE

730 Peachtree Building
Atlanta, Georgia 30308

TO: THE READER

Appendix "B" entitled "Power Supply and Requirements'" is one of
nine appendices to the "Report for Development of Water Resources in
Appalachia." It furnishes information on the electric power industry
in and adjacent to the Appalachian region.

The electric power requirements of the Appalachian region were
about 23 million kilowatts of load and 128 billion kilowatt-hours of
energy in 1965 and they are estimated to be about 32 million kilowatts
of load and 177 billion kilowatt-hours of energy in 1970. Requirements
for 2000 are estimated to be about 164 billion kilowatts of load and
930 billion kilowatt-hours of energy which represent increases of more
than 500 percent ih both load and energy over the 1970 requirements.

About 11 percent of the electric supply available for use in 1970
will be from hydroelectric developments and 89 percent from fuel-elec-
tric plants. A large part of the peak portions of the load is from hy-
droelectric facilities, and it is expected that pumped-storage projects
will constitute a major part of the future hydroelectric developments.
Nearly all of the lower or base portions of the load are furnished by
fuel-electric plants, and most of the tremendous amounts of new supply
needed for future years will continue to be from fossil- and nuclear-
fired generating plants. Both water and fuel are sufficiently abundant
in the Appalachian region to support the much larger power supplies
needed to meet future requirements.

Water resource developments for all uses are summarized in the
main report which should be consulted for an over-all view of the Appa-
lachian region. An index for the report components and appendices is
shown on pages iv and iv-a of 3bis*appendix.
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PREFACE

This appendix B on Power Supply and Requirements is a supplement to the
Report on Decvelopment of Uater Resources in Appalachia. 1t was prepared by
the staff of the Atlanta Regional Office with assistance and contributions of
information and material furnished by other Bureau of Power offices of the
Federal Power Commission having territorial jurisdiction in the Appalachian
area.

The Appendix furnishes general information on the electric »owver indus-
try in and adjacent to the Appalachian Region, and it ~resents estinates of
future power requirements and other data which may be used for guidance in
selecting resource »rojects for further study and future development. some
of the projects may be chiefly electric powver oriented, and others may only
have electric power associated with their other purposes. Some would be
hydroelectiic developments with either conventional or >umped-storage in-
stallations, or a combination of both. Others may be needed for condensin;
vater requirernents for large thermal-clectric installations. The data in the
Appendix should aid in recaching a proper judgment concerning elcctric power
matters and in selecting the proper resource projects for development.
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CHAPTER I - SUMMARY

Electric power requirements for the Appalachian region were estimated by
proportioning to the region, on a population and arca basis, electric power re-
quirements for a larger area consisting of 15 power supply areas within which
the Appalachian region is located. The locations of the Appalachian region and
the 15 power s'nply arcas are shown on the facing page.

The cleci~.¢ ~ower requirements for tlie 15 power rupply areas were about
86 million kil » atts and /23G9 billion kilowatt-hours in 1965, Estimated re-
quirements for the Appalachian region for the same year were about 23 million
kilowatts of demand and 128 billion kilowatt-ho'rs of cnergy. For the larger
area the requir-ments in 1967 were about 1 million kkilowatts of demand and
549 billion kilowatt-hours of cnergy.

Future requircments to about 1%80, under normally expected growth condi-
tions, are expected to double about every 1l to 12 years. From 1980 to about
year 2000 the requircments will double about every 14 to 16 years, After year
2000 they are expected to double about every 17 years. Under the goals of the
Appalachian "developmental benchmarks,'" the requirements after 1980 may be ex-
n-~cted to double about every 13 to 14 years, Under either the normal or ''de-
velopmental benchnarks' growth rate, future electric power requirements are
enormous and 1a~osc a formidable demand for large incrcases in electric power
sunply. The estimated total reoquirements in 1960 for the 15 power supply ar-
eas are about 234 nillion kkilowatts of dernand and 1,310 billion kilowatt-hours
of enerzy. For the Appalachian region in 1930 they are estimated to be about
o0 million kilowatts and 333 billion kilowatt-hours under normal growth condi-
tions and about 61 wmillion kilowatts aad 340 billion kilowatt-hours under 'de-
velormental benchmarks' conditions.

The supply for electric power in the 15 power supply areas for 1970 is
estimated to be about 145 million kilowatts., It is composed of about 16 mil-
lion kilowatts of hydroelectric power and about 129 million kilowatts of fos-
sil and nuclear fuel-fired electric power.

Supply for reserve is needed in addition to that required for load. When
nominal reserves of 15 percent are considered, the 1980 additional supply for
load above that available from the 1970 supply will amount to about 124 million
kilowatts of new capacity. About 99 million kilowatts of this may be classed
as a high load factor supply normally of the type furnished by fossil- or nu-
clear-fired plants and the remaining 25 million kilowatts as a low load factor
supply normally of the type which may be furnished by hydroelectric plants.,

The Appalachian region has a good and extensive transmission network,
During recent years numerous high-voltage transmission lines capable of carry-
ing large blocks of power have been constructed. Only a few small areas are
not within a short distance of an adequate source of supply.




A factor which could tend to increase further the future power supply in
the Appalachian region would be the location of large supply sources within
the region from which power would be transported to and used in other areas.
These supply sources may include both fuel-fired electric and hydroclectric
facilities, With sufficient water available for condensing and other needed
uses, the fuel-fired facilities could be large and near their source of fuel.
Hydroelectric facilities could be obtained from conventional, pumped-storage,
or a combination of conventional-pumped storage developments at numerous fa-
vorable sites in the Appalachian region. Water and fuel both are sufficiently
abundant in the Appalachian region to support much larger electric power sup-
plies.
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CHAPTER II - INTRODUCTION

Purpose of Study

This Appendix provides information on the electric power recuiremeuts aud
supply for the Appalachian region, which was prepared for use in cosource sian-
ning and development analyses, A study was made to zaclyze and eva.cate cotn
the present and future electric pover situations.

Scope of Stuay

Electric power is not confined to established political or geograpiii:
boundaries. The electric power supply in the eastern United States cutc
across both state and regional boundaries. Accerdingly, a larger area tiaa
the Appalachian region was included in the study. The larger area consists
of 15 nower supply areas within which the Appalachian region is located.

Future electric power requirements arc enormous and impose a formidab.e
¢emand for large increaces in supply. Electric power is a desirablie, conveon-
ient, and clean means of meeting a large part of the futuve total .ower re-
quirements. Water and fuel, primary ingredients in the production of electiic
power, are sufficiently abundant in the Appalachian region and the contigucuc
area to meet the electric power supply requirements to beyond vear 2020, tiv
end of the study period.

The stucy involved determinations cf the present and future electric nower
requircments and the accompanying <lectric power supply needed fer a 5¢2,000-
square mile area within the selected 15 nower supply areas., These cata were
then related to the 195,000-square mile arca in the Appalachian region. De-
terminations for the larger area werc based on normally expected growtii on-
ditions. Power requirements for the Appalachian region were made for toch
the normally expected growth conditions and for the stimulated “develogmentcl
benchmark' growth conditions,

Results of the clectric power supriy study for the Appalachian .Legicn and
other pertinent data are picsented in this Appendix,
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Ciiy2TER III - MARKET FOR FOUER

Description of Market Area

Power Supply Areas were established by the Foederal Power Commission in
1234 when it aivided the Continentual United States iato 4§ arcas, The divi-
sion was made to couply with the requirements of the Federal Power Act to di-
vide the countiy into areas which can be served most economically, to censerve
natural resources, and to encourage the voluntary interconnection and coovdi-
nation of facilities for the generation, transmission, and sale of elecuric
power. Each of tlie power supply areas is more or less seclf-contained as to
its electric requirements and supply, and the geographic bounds have rcmaincc
substantially as they were originally established.

Outlines oif the Appalachian region and the 1l selectec ower supply areas
located in the castern nart of the United States are shown on Figure l. Alsc
shown, for comparative purposes, are 27 economic subregions and 10 water areas
selected for study of the Appalachian region by the Office of Business ico-
nomics and the Corps of Engincers, respectively. Twelve of the 15 selected
power supply areas are partially within the Appalachian region. They are
Areas 3, S5, 7, 9, 10, 12, 18, 19, 20, 21, 22, and 23, Areas 7 and 10 are
nearly all within the Apoalachian region, while oaly a small part of Area 12
is in the region, The other areas in the groun of 12 range between these two
etremes as to the part within the Appalachian region., The remaining three
areas which must be considered in any power supply and requirements study of
Apnalachia are contiguous to the Appalachian region. They are Areas 4, 6, and
8. These 15 areas represent the composite area within which the electrical
requirements of the Appalachian region may be supnplied. The supply might come
from interconnected and coordinated systems within or outside the Appalachian
region or from a combination of facilities located within and outside the
region.

The Appalachian region is within 12 of the 15 power supply areas men-
tioned, except for two very small segments in Mississippi. Small portions of
two of 20 counties, that were added to the Appalachian region by Act of Con-
gress late in 1967, extend partially into Power Supply Area 25. No data have
been prepared ior this area for use in the Appalachian study because there are
no significant power loads in these small county segments, It is considered
that the data prepared for the Appalachian study, included in this Appendix,
are sufficient for any power requirements and supply studies which may be
necded, |

Estimates of population and available data on economic activities were
the principal data used to establish potential normal growth electric markets
and electric power requirements. Using these data and following usual pro-
cedures of estimating power requirements provide results which normally might
be expected to occur in the future.
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In order to establish a relationship between the electric power require-
ments of the 15 power supply arcas and the Appalachian region, population es-
timates for past and subsequent years for the 15 power supply areas and area
determination were used and compared with past and subsequent population es-
timates for corresponding years and the area within the Appalachian region.
Population estimates for the Appalachian region were prepared by the Office
of Business Economics. The resulting related estimates of electric power re-
quirements are considered to represent normal growth conditions. These normal
growth estimates for the Appalachian region have been accelerated by the use of
factors and multipliers furnished by the Office of Appalachian Studies to ob-
tain results comparable to the '"developmental benchmarks'" used in other activ-
ities.

Much of the mountainous area of the eastern United States is within the
Appalachian region., The source of many of the streams that empty waters in-
to both the Atlantic Ocean and the Gulf of Mexico is in the Appalachian region.
The mountainous terrain and available water provide a tremendous potential for
pumped storage and some remaining potential for conventional or combined con-
ventional-pumped storage hydroelectric developments, Many of the potential
hydroelectric sites, undoubtedly, will be developed as rapidly as their power
can be used to satisfy a part of the total supply spectrum, provided they can
be constructed and operated as cconomically as other comparable sources of sup-

ply.

Fossil fuels of the type burned mostly in steam-electric generating plants
are found throughout most of the Appalachian region. These fuels, which are
predominantly coal, are most often shipped to surrounding areas for use in pro-
ducing electric power. It is possible that in lieu of shippning the fuel to
other areas, large fossil fuel burning generating plants might be located in
the Appalachian region and the power produced by these plants delivered by
high-voltage electric transmission circuits to outlying areas. Such '"mine-
mouth' generation, however, faces competition from nuclear fueled generating
plants located closer to load centers.

Past and Estimated Future Electric Power Requircments

During the 15 years from 1950 to 1965 the total electric energy require-
ments for load nearly tripled in quantity in both the 15 power supply areas
shown on Figure 1 and the Appalachian region, and the demand increased about
2,75 times in size. The annual peak during this period occurred in December.
The past annual electric power requirements of utilities in the 15 power sup-
ply areas and load factors are summarized by five-year intervals from 1950
through 1965 in Table 1.
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TABLE 1

PAST ANNUAL ELECTRIC POWER REQUIREMENTS
(15 Power Supply Areas)

Energy Peak Load

for Load Demand Factor
Year (gwh) (nw) 7A
1950 164,263 31,343 57.8
1955 270,754 49,952 03,2
1960 367,358 03,033 6643
1965 485,525 86,062 0¢ .0

Past annual power recquirements for the Appalachian region were obtained
by apportioning total requirements of the 15 power supply areas to the Appa-
lachian region on a population and area basis. A ratio of two parts popula-
tion and one part area was used in the apportionment. The resulting estina-
ted past annual power requirements for the Appalachian region are shown in
Table 2.

TABLE 2

ESTIMATED PAST ANNUAL ELECTRIC POWER
REQUIREMENTS IN APPALACHIAN REGION

Energy Feak Load

for Load Demand Factor
Year (gwh) (mw) (%)
1950 45,336 8,651 59.8
1955 74,724 13,487 63.2
1960 96,982 10,264 66.3
1965 125,482 22,634 64.6

Data on power requirements for each of the selected 15 power supply ar-
eas, shown on Figure 1, are given in Table 3. Future clectric power require-
ments are estimated at five-year intervals from 1970 through 1990, and there-
after for years 2000 and 2020. The estimates through 1990 represent results
obtained through close coordination with estimates and projections of impor-
tant clements such as population, housing, income, appliance, saturation,
commercial activities, and manufacturing, which influence substantially or
relate closely to the use of electric power. They are also in substantial
agreement with estimates made by major utilities to the Federal Power Commis-
sion in connection with updating the National Power Survey. Beyond 1990 the
results are obtained from projections of curves. The future power require-
ments shown in Table 3 are based upon normally e:xpected growth conditions.
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TABLE 3

ANNUAL ELECTRIC POWER REQUIREMENTS OF ALL UTILITIES

Power Year Energy Peak Load Month
Supply Esti- for Load Demand Factor of
Area Past mated (gwh) (mw) (%) Peak
3 1950 17,291 2,793 70.7 Dec.
1955 23,085 3,987 66.1 Dec.
1960 27,304 4,581 67.3 Dec.
1965 36,080 6,043 68,2 Dec.

1970 46,100 7,730 68.1 Winter

1975 58,700 9,850 68.0 Winter

1980 74,900 12,600 67.9 Winter

1985 95,700 16,150 67.6 Winter

1990 122,200 20,650 67.6 Winter

2000 199,000 33,600 67.6 Winter

2020 527,000 39,000 67.6 Winter
4 1950 15,491 3,531 50.1 Dec.
1955 20,827 4,549 523 Dec.
1960 27,411 5,540 565 Aug.
1965 36,830 7,538 55.8 June

1970 48,700 9,930 56.0 Summer

1975 64,400 12,900 570 Summer

1980 85,100 16,700 5842 Summer

1985 111,700 21,800 5845 Summer

1990 147,200 23,600 58.8 Summer

2000 251,000 48,600 59.0 Summer

2020 715,000 137,000 59.6 Summer
5 1950 31,743 6,173 58.7 Dec.
1955 44,057 8y7L9 57.7 Dec.
1960 57,937 10,808 61.0 Aug.
1965 81,041 14,615 63.3 Aug.

1970 116,640 21,070 63.2 Summer

1975 163,030 29,370 63.4 Summer

1980 218,770 39,270 63.6 Summer

1985 292,920 52,410 63.8 Summer

1990 388,380 69,280 64,0 Sunmer

2000 680,000 121,100 64,1 Summer

2020 2,040,000 362,200 04,3 Summer




TABLE 3 (Cont'd)

ANNUAL ELECTRIC POWER REQUIREMENTS OF ALL UTILITIES

Power Year Energy Peak Load Month
Supply Esti- for Load Demand Factor of
Area Past mated (gwh) (mw) (%) Peak
6 1950 2,365 488 55.3 July <
1955 3,484 768 51.8 Aug.,
1960 5,079 1,196 48,5 Aug,
1965 8,002 1,874 48,7 Aug. ]
1970 12,740 3,050 47.7 Summer
1975 18,280 4,340 48,1 Summer
1980 25,490 6,000 48.5 Summer
1985 34,780 8,120 48.9 Summer
1990 47,120 10,910 49.3 Summer
2000 84,500 19,400 49,7 Summer
2020 261,000 58,800 50.7 Summer
7 1950 10,678 1,938 62,9 Dec.
1955 14,507 2,558 64,7 Dec.
1960 17,544 2,994 66.7 Jan.
1965 23,885 3,948 69.1 Dec.
1970 31,100 5,140 69.1 Winter
1975 40,400 6,660 6952 Winter
1980 52,600 8,640 69.3 Winter
1985 68,400 11,250 69.4 Winter
1990 88,900 14,600 69.5 Winter
2000 150,000 24,600 69.6 Winter
2020 420,000 69,800 69.7 Winter
8 1950 4,778 929 58.6 Dec.
1955 6,978 1,333 59.8 Dec.
1960 8,574 1,590 61.6 Sept.
1965 11,574 2,002 66,0 Sept.
1970 15,400 2,590 68.0 Summer
1975 20,530 3,450 68.0 Summer
1980 27,350 4,590 68.0 Summer
1985 36,400 6,110 68.0 Summer
1990 48,500 8,140 68.0 Summer
2000 85,500 14,350 68.0 Summer
2020 260,000 43,600 68.1 Summer
B-Y
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TABLE 3 (Cont'd)

ANNUAL ELECTRIC POWER REQUIREMENTS OF ALL UTILITIES

Power Year Energy Peak Load Month
Supply Esti- for Load Demand Factor of
_Area Past mated (gwh) (mw) (%) Peak

9 1950 13,944 2,543 62.6 Dec.
1955 31,873 5,715 63.7 Nov,
1960 46,949 6,839 78.2 Jan,
1965 51,753 7,828 75.4 Dec,

1970 63,600 10,250 70.8 Winter
1975 96,480 15,110 72,9 Winter
1980 131,110 20,570 72,8 Winter
1985 172,610 27,330 72,1 Winter
1990 230,010 36,660 71,6 Winter
2000 414,210 66,600 71.0 Winter
2020 1,390,210 225,800 70.3 Winter
10 1950 5,302 931 64,9 Dec.
1955 8,376 1,341 71.3 Aug.
1960 9,916 1,643 68,7 Dec.
1965 13,770 2,273 69.1 Dec.
1970 18,300 3,020 69.2 Winter
1975 24,400 4,010 69.5 Winter
1980 32,500 5,310 69.9 Winter
1985 43,300 7,080 69.8 Winter
1990 57,700 9,410 70,0 Winter
2000 101,000 16,450 70,1 Winter
2020 302,000 49,200 701 Winter
12 1950 16,246 3,233 5744 Dec.
1955 24,705 4,653 60,6 Dec.
1960 32,613 5,878 63.3 Dec.,
1965 45,640 8,149 64,0 Aug.
1970 63,120 11,500 62.6 Summer
1975 88,900 16,000 63.5 Summer
1980 123,000 22,000 63.9 Summer
1985 169,000 30,000 64.3 Summer
1990 233,200 41,400 64,6 Summer
2000 373,100 66,000 64.5 Summer
2020 730,400 128,700 64.8 Sumser
B~10
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TABLE 3 (Cont'd)
ANNUAL ELECTRIC POWER REQUIREMENTS OF ALL UTILITIES

Power Year Energy Peak Load Month
Supply Esti- for Load Demand Factor of

Area Past mated (gwh) (mw) (%) Peak

18 1950 3,639 751 55.3 Dec. !
1955 5,938 1,171 57.9 Dec.
1960 9,380 1,815 59.0 Aug.
1965 14,994 2,923 58.6 Sept.

1970 23,790 4,770 56.9 Summer
1975 37,730 7,460 57.8 Summer
1980 57,420 11,170 58.6 Summer
1985 82,830 15,960 5953 Summer
1990 114,240 21,760 60.0 Summer
2000 171,400 30,550 64.0 Summer
2020 335,400 55,500 69.0 Summer

19 1950 1,426 318 5k.2 Dec.
1955 2,311 471 56.0 Dec.
1960 3,362 672 57.0 Dec.
1965 4,897 964 57.8 Aug.

1970 8,770 1,770 56.6 Summer
1975 13,080 2,470 60.5 Summer
1980 18,080 3,470 59.5 Summer |
1985 27,080 5,280 58.5 Summer
1990 38,080 7,490 58,0 Summer
2000 57,000 10,950 59.4 Summer
2020 111,400 20,800 61.2 Summer

20 1950 17,622 3,033 66.3 Dec.
1955 53,207 8,314 735l Nov.
1960 66,520 10,732 70,6 Dec.
1965 77,378 12,804 69.0 Feb.

1970 96,720 18,050 61.0 Winter
1975 135,900 25,260 6l.4 Winter
1980 185,550 33,610 63.0 Winter
1985 218,760 40,210 62,0 Winter
1990 253,160 47,010 61.4 Winter
2000 320,000 60,000 60.8 Winter
2020 460,000 588,000 59.6 Winter
B-11




TABLE 3 (Cont'd)

ANNUAL ELECTRIC POWER REQUIREMENTS OF ALL UTILITIES

Power Year Energy Peak Load Month
Supply Esti- for Load Demand Factor of
Area Past mated (gwh) (mw) (%) Peak
21 1950 12,282 2,430 57.7 Dec.
1955 19,560 3,597 62,1 Dec.
1960 27,488 4,992 62.9 Dec.
1965 41,374 7,322 64,3 Aug.
1970 66,500 11,460 66,2 Summer
1975 99,230 17,000 66.6 Summer
1980 143,650 24,560 66.7 Summer
1985 209,320 35,650 67.0 Summer
1990 313,880 53,300 67.1 Summer
2000 470,800 79,500 67.5 Summer
2020 921,600 153,800 68.4 Summer
22 1950 5,663 1,081 59.8 Dec.
1955 8,778 1,640 61l.1 Aug.
1960 13,458 2,548 60.3 July
1965 20,391 3,896 59.6 Aug.,
1970 32,180 6,080 60.3 Summer
1975 47,560 9,090 59.8 Summer
1980 67,930 12,940 59.8 Summer
1985 96,850 18,350 60,2 Summer
1990 126,890 23,970 60.4 Summer
2000 190,300 33,700 64.5 Summer
2020 372,600 61,800 68.7 Summer
23 1950 5,790 1,186 55.7 Dec.
1955 9,068 1,757 58.9 Aug.
1960 13,822 2,638 59.8 Aug.
1965 20,916 3,882 61.5 Aug.
1970 33,890 6,320 6152 Summer
1975 44,880 8,300 61.6 Summer
1980 66,150 12,190 62,0 Summer
1985 96,120 17,670 62.0 Summer
1990 137,790 25,260 62,3 Summer
2000 206,700 36,850 64.0 Summer
2020 404,600 70,000 66.0 Summer
B-~12
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The estimated projected power requirements for the 15 power supply areas
shown in Table 3 are summarized in Table 4.

TABLE 4

ESTIMATED FUTURE ELECTRIC POWER
REQUIREMENTS OF UTILITIES IN 15
POWER SUPPLY AREAS
(Normally Expected Growth Conditions)

Energy Peak Load

for Load Demand Factor
Yecar szh2 mw b
1970 077,550 122,730 63.0
1975 953,550 171,270 63.5
1930 1,309,600 233,620 63.9
1985 1,755,770 315,370 63.6
1990 2,347,250 418,440 04,3
2000 3,754,510 662,250 64,6
2020 9,251,210 1,614,000 65.4

Estimates of the futurec electric power requirements for the Appalachian
region under normal growth conditions were obtained by apportioning the data
for the 15 power suppnly areas to the Appalachian region on a population and
area basis. The apportioned values for the Appalachian region are shown in
Table 5.

TABLE 5

ISTIMATED FUTURE ELECTRIC
POWER REQUIREMENTS IN APPALACHIAN REGION

(Normally Expected Growth Conditions)

Energy Peak Load

for Load Demand Factor
Year (gwh) (nw) (%)
1970 177,000 32,000 03.0
1975 248,000 44,500 63.5
1930 337,500 00,200 63.9
1985 449,000 50,600 63.0
1990 597,000 106,100 64,3
2000 930,000 164,100 64.6
2020 2,220,000 333,000 65.4
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The estimated electric power requirements for the Appalachian region un-
der ''developmental benchmarks' conditions are greater than the requirements
under normally expected growth conditions. Following the pattern of an ac-
celerated rate of increase in population under the 'developmental benchmarks'',
the future power requirements become significantly greater after 1980, Esti-
mates and projections under these accelerated growth conditions are shown in
Table 6.

TABLE o©
ESTIMATED FUTURE ELECTRIC

POWER REQUIREMENTS IN APPALACHIAN REGION
(Under "Developmental Benchmarks' Growth Conditions)

Energy Peak Load

for Load Demand Factor
Year (gwh) mw %
1970 177,000 32,000 63.0
1975 248,500 44,700 63,5
1980 340,000 60,700 63.9
1985 459,000 82,400 63.6
1990 615,000 109,600 64,0
2000 984,000 173,800 64,6
2020 2,460,000 430,000 65.4

No adjustments are made to the power requirement estimates presented in
this report for the collective and the individual 15 power supply areas to
compensate for the Appalachian region estimates and projections under ''devel-
opmental benchmarks' growth conditions. Some adjustments may need to be made
if part or all of the increased population and economic activities expected
under ''developmental benchmarks' are drawn from outside the 15 power supply
areas, It is probable that part would come from outside and part from within
the 15 power supply areas., Any adjustments in the totals for the 15 power
supply areas, however, would be relatively small and would have very little
effect on the results of this study. No adjustments will be needed in the
totals if increased activities all come from within the 15 power supply areas,
but there could be cases where adjustments would be needed among and between
individual areas.

Past and estimated futurc power requirements for the 15 power supply areas
under normally expected growth conditions, and for the Appalachian region under
both normal and ‘'developmental benchmarks' growth conditions are shown on Fig-
ure 2,

Monthly distributions in 1967 of peak loads, ecnergy requirements, and
load factors of the major suppliers in the 15 power supply areas are shown
in Table 7.
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TABLE 7

MONTHLY DISTRIBUTION OF LOADS - 1967
(15 Power Supply Areas)

Loaa

Peak Load nergy Factor
Time (gw) [) (1000 gwh) () 7,
Jan. 35.9 94,7 47 .4 3.6 76,2
Feb, 86.0 94,8 43,8 8.0 75.8
Mar, 82,0 90,4 45.0 ala s 74,8
AprT. 78.8 86,9 42,1 Tl 74,2
May T 870 43.9 8.0 74,0
June 90,5 99,8 46,1 8.4 70,7
July 89.5 98.7 46,3 8.4 69.5
Aug. 89.4 98.6 43, 8.6 s,
Sept, 84,0 92.6 43,7 8.0 3262
Oct. 82,7 91.2 45,8 33 74,5
Nov. 89.3 98,4 47.1 8D et
Dec. 90.7 100.0 49.3 9.0 73.0
Year 90.7 100.0 549.3 100.,0 69.1

Peak loads in the Appalachian region and most of the 15 pownr supply ar-
eas have occurred, until recent years, during winter months. During the past
10 to 15 years annual peaks have occurred in some of the arecas during summer
months, and the frequency of occurrence of summer peaks continues to increase.
Summer loads are increasing faster over previous summer loads than the corre-
sponding increase of winter loads. The higher rate of increcase of summer peaks
is due chiefly to large increases in air-conditioning loads. The load factors
of summer loads are also increasing faster than those of winter loads. This
will eventually result in the summer loads requiring more energy per given load.
This condition, together with the leveling of summer and winter peaks, results
in higher annual load factors. However, if subsequent summer loads continue to
increase at a faster rate than winter loads the result will be a gradually de-
creasing annual load factor. This condition of unbalanced summer and winter
loads does not adapt to the best cconomical use of supply facilities and it in-
creases operating problems. To prevent the summer loads from becoming unpro-
portionally large, utility companies will probably promote heating and other
winter loads to keep the winter peaks in line with the summer peaks. Load
shapes and load factors of the summer loads, however, are expected to remain
"fatter'" and higher than the winter loads. Annual load factors shown in Table
4 reflect this condition.
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CHAPTER IV - EXISTING ELECTRIC POWER SUPPLY

Utility Systems

There were 78 major electric suppliers in the 15 power supply areas in
1967. They furnished about 91 million kilowatts of demand and 543 billion
kilowatt-hours of energy at an annual load factor of about 68.9 percent.
These supplies accounted for most of the electric power needs of the region.
The major suppliers, located by power supply areas, are shown in Table 8.
Installed canacities available for supply are given as of December 31, 1967,
and the capacities scheduled at that timé to be available for service through
1970 are also shown. About 99 percent of the total electric power supply in
1970 will be furnished by thesc major suppliers.

TABLE 8

MAJOR ELECTRIC POWER SUPPLIERS
(15 Power Supply Areas)

Installed
Power Supply Area Capacity (mw) v
Supplier Dec¢. 1967 1970 ~
Power Supply Areas 3 & & /
N. Y. Interconnected System = 18,016 21,702
Power Supply Areas 5 & © /
P.J.M. Interconnection = 21,963 29,119
Vineland Municipal System 52 52
safe Harbor Water Power Corp. 228 228

22,243 29,399

Power Supply Area 7
Allegheny Power System, Inc. 4f 2,646 4,222
Duquesne Light Co. 1,538 2,063
4,184 6,285

Power Supply Area 8
The Cleveland Elec. Illuminating Co. 2,146 2,771
Cleveland Division of Light & Power 138 223
2,284 2,994
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TABLE 8 (Cont'd)

Installed
Power Supply Area Capacity (mw)
Supplier Dec. 1967 1970 L/
Power Supply Areas 9, 10, & 12
Columbus Municipal Plant 58 58
Columbus & Sou. Ohio Electric Co. 1,045 1,103
Ohio Edison Co. & Penn. Pwr. Co. 3,089 3,712
The Toledo Edison Co. 835 1,072
Ohio Valley Electric Corp. 2,390 2,390
American Electric Power System 5/ 95351 11,500
Danville Water, Gas and Elec. Depnt. 39 39
Anderson Municipal Plant 19 19
Cincinnati Gas & Electric Co. 1,0ly 2,074
The Dayton Power & Light Co. 672 929
Fort Wayne Municipal Works 46 48
Hamilton Municipal Plant 97 97
Indianapolis Power & Light Co. 1, 1oL 1,522
Louisville Gas & Electric Co. 1,256 1,603
Northern Indiana Public Service Co. o/l 1,467
Pub. Serv. Co. of Indiana, Inc, L, 7L3 2,034
Richmond Power & Light 60 60
So. Indiana Gas & Electric Co. 239 589

24,754 31,582

Power Supply Area 18

Southeastern Power Administration 218 218
Virginia Electric and Power Co. 4,272 5,171
4,490 5,389
Power Supply Area 19
Big River Electric Cooperative 96 416
East Kentucky Rural Glec., Coop. Corp. 300 500
Kentucky Utilities Co. 762 762
Owensboro Municipal System 203 203
1,361 1,881
Power Supply Area 20 )
Tennessee Valley Authority o/ 16,095 20,539
Power Supply Area 21
Carolina Power & Light Co. 2,258 2,972
Duke Power Co. 4,723 0,153
Lockhart Power Co, 17 17
South Carolina Electric & Gas Co. 1,413 1,805
South Carolina Public Service Auth. 420 160
Yadkin, Inc. 201 201
Southeastern Power Administration 260 230

9,312 12,254




TABLE § (Cont'd)

Installed
Power Supply Area Capacity (mw)
Supplier Dec. 1967 1970 &/
Power Supoly Areas 22 & 23

Alabama Electric Cooperative, Inc. 58 124
The Southern Co. 7/ 9,247 12,072
Savannah Electric and Power Co. 319 319
Southeastern Power Administration 552 627

10,176 13,142

1/ Includes installed capacity as of December 31, 1967,
plus capacity scheduled at that time for service
through 1970,

2/ Jamestown Municipal System; Long Sault, Inc.; New
York State Electric & Gas Corp.; Niagara-Mohawk
Power Corp.; New York Power Authority; Rochester
Gas & Electric Corp.; Central Hudson Gas & Elec-
tric Corp.; Consolidated Edison Co. of New York,
Inc.; Long Island Lighting Co.; and Orange and
Rockland Utilities, Imnc.

3/ Atlantic City Electric Co.; Baltimore Gas & Elec-
tric Co.; Bethlchem Steel Co.; Delmarva Power &
Light Co.; General Electric Co.; Hershey Choco-
late Corp.; Jersey Central Power & Light Co.;
United Gas Improvement Co.; Metropolitan Edison
Co.; New Jersey Power & Light Co.; Pennsylvania
Electric Co.; Pennsylvania Power & Light Co.;
Philadelphia Electric Co.; Potomac Electric Power
Co.; and Public Service Electric and Gas Co.

4/ Monongahela Power Co.; The Potomac Edison Co.; and
West Pennsylvania Power Co.

5/ Appalachian Power Co.; Indiana & Michigan Electric
Co.; Kentucky Power Co.; Kingsport Power Co.; Ohio
Power Co.; Wheeling Electric Co.; and Kanawha Val-
ley Power Co.

6/ 1Includes capacity of Tapoco, Inc., and Southeastern
Power Administration.

l/ Alabama Power Co.; Georgia Power Co.; Gulf Power Co.;
Mississippi Power Co.; and Southern Electric Genera-
ting Co.




All the major electric power suppliers are interconnected to the network

of transmission lines which extend through the 15 power supply areas.

Most

of the largest privately-owned utilities within the area are grouped into

power pools through agreements.
1970 are shown in Table 9.

Installed capacities of the power pools for
The Tennessce Valley Authority, an agency of the

Federal Government is not a member, as such, of any nool group but is includ-

ed in Table 9 because of its size.

TABLE 9

POWER POOL GROUPS
(15 Power Supply Areas)

Supplier Group l/

New York Intercomnnected System 2/
Pennsylvania-New Jerscy-Maryland

Systems (PJM) 3/
Alleghany Power System, Inc.

4/

Combined Systems - Ohio Edison Co.

and Pennsylvania Power Co.

American Electric Power System 2/

Carolina-Virginia Power Pool

(CARVA) - Va. Elec. & Pur. Co.,
Carolina Pwr. & Light Co., Duke
Power Company, and S. C. Elec.,

& Gas Co,
Tennessee Valley duthority &/
The Southern Co., 72/

Installed
Power Capacity
Supply (1¢70)
Area mw
3&6 21,463
3 &6 29,119
7 4,222
9 3,712
95 10, & 12 11,56
18 & 21 16,161 &/
20 20,507
27 & 23 12,072 ¥

to the cor-

1/ PFootnote references 2/ through 7/ vefer
responding footnotes in Table 8.

8/ CARVA as of December 31, 1967, also dispatched 336
megawatts of power available under contract from
Southeastern Power Administration.

9/ The Southern Company as of December 31, 1967, also

dispatched 497 megawatts of power available under
contract from Southeastern Power Administration.

Generating Facilities

About 99 percent of the total electric power supply available for serv-
ice by 1970 in the 15 power supply areas will be from plants with 10,000
kilowatts or more of installed capacity.
by power supply areas and division between fuel-electric and hydroelectric

power are given in Table 10.
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TABLE 10

INSTALLED CAPACITY AVAILABLE FOR 1970
(15 Power Supply Areas)

Power Installed Capacity
Supply (Millions of Kilowatts)

Arca Fuel-Electric  Hydroelectric Total
3&4 18 4 22
5&6 27 2 29
7 6 - 6
8 3 0 3
9, 10, & 12 31 I 32
18 5 1 0
19 2 - 2
20 16 4 20
21 10 2 12
22 & 23 6 2 i

Total 129 16 145

Information on generating supply available by 1970 by individual plants,
and according to ownership and types of supply, is given in Table 11, The
owner codes are exnlained in Table 12. Plant locations and plant numbers
listed in Table 11 are keyed to the clectric facilities map, Figure 3.

The types of supply shown in Table 11 include hydroclectric, convention-
al fuel-electric, nuclear and pumped-storage installations. The latter two
are both recent additions to the sources of supply, Currcnt trends, however,
indicate that they will become important contributors and their proportions
to the total supply are expected to increcase substantially and rapidly.

Transmission Facilities

All major transmission circuits of 100,000 volts and above and all gen-
erating plants of 10,000 kilowatts and larger in the 15 power supply arecas
are shown on Figure 3. As indicated on the map, nearly all places in the
entire area arc within a few miles of a major source of supply. Those few
small places, in most instances, are scrved by lower voltage circuits, not
shown on the map, which are adequate for their current requirements,

Until recently most of the transmission circuits were operated at 115,
138, and 169 thousand volts with a few 230 and 345 thousand volt overlying
lines. During recent years a large number of 230 and 500 thousand volt lines
have been and are being added, and some lines of 765 thousand volts are being
constructed. The higher voltage lines, capable of handling many times the
loads of the lower voltage lines, will soon completely overlay the older 115,
133, and 169 thousand volt lines. These high-voltage trunk lines will inter-
connect between and among the major supply sources and load centers. Also,
they will provide strong interconnection sources between the power supply ar-
cas and regions, and will aid in the degree of reliability of service.
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TABLE I

AVAILABLE POWER SUPPLY
GENERATING PLANTS- EXISTING AND UNDER CONSTRUCTION
(15 Power Supply Areas)

PLANT MW CAPACITY OWNER  PLANT PLANT AC OWNER A
NUMBER NAME OF PLANT AND TYPE CODE_ LOCATION NUMBER NAME OF PLANT AND TYPE CODE ATION
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. = INDIANA
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TABLE 12
OWNERSHIP OF MAJOR ELECTRIC FACILITIES
(15 Power Supply Areas )

uTiLITY TYPE T y .
ABBREVI- OF £
ATIONS OWNER UTILITIES \T OWNE R LITIES
ALABAMA KENTUCKY (Contd)
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"
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%
&
. &
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CEAPTER V -~ FUIURE PCOWER SUPPLY ADDITICNS

1980

igure 4., this type of di-

curve which represents
i

The summer peaik oy

A nypothetical duration or 2 suamer moath in
=

seicct=d pow=2r sur:;J
a,;:a;. is cften useda in i1oad analy a

sammar peak month with a high

that time is expectad to b= & g - - -iuLc ;ca?. The oidi-
azte of tne diagraw i drawn ¢ 1‘.'“nﬁ : ad of abe 254 million kilc-
watts and the abscinsa to repre t s in :Hc month. ‘b rea un-
Jder the curve regrzeconts ene.sy required for load, including luss=s5, of about
125,000 gigawatt-hours.=/ The monthly load factor is about 72 percent.

Reserve canacity must be provided for ur=n--cield growih, ,‘.,redi".‘_ed load
chang«s, and z2ay loss of capacity occasicned by an ema ncy outage ol equip-
mert cr planned cuatages feor iicpectisa, maiwrcnance, =04 repairs. Toe reserve
capacitv i: in addition to *he cupacity requived Ioc load., It may range from
a low tc a high percentage of the load requirzmentn, Frifteewn percent of the
234 miilion %ilowatts, c¢r 25 million Kilewatts, has ceea wcol Zor this anal-
ysis and, as shown on the dw.gram, hias beea aadea above ithe load requirement,
This Lrings the estima*ed total canacity suppiy aecded for the 1380 summer load
tc about 269 wiliion kilowatts

.0
[
(a
’

There will be about 145 willion kilowatts available for supply ia 1970
freoi siants iccated within the 15 power supp’ ) areac that have capacities »f
10,700 kilowsatts or larger. Thils tetal (acluces irscalled capacities from
exicting plants, those currently under construct.on, énd plants scheduled fo:
cervice v 1970, A rajor part f tne roliveaents chat wili eeccuan by 19%0
can be accounted for by the capacit; not included in rhe 25 i lica kilo-
watts from existing plants under 17,000 rilowatt: in size,

The 1a> miliicn kilowatts of canacity available for supply in 13.0 con-

s1:t f about 16 millinn kilcwc:t i hvd:ioeloctric aat 179 miliicn kilowatts
o7 fuel-electriz capacity., At: 35 million kilowatts of the fuel-electric
cavacity are at olde- and less "ffxc ant ~lants and are assigned Lo veserve

vze. This leaves Y4 miilicn kilowatts available for load. T»e 16 mi.lion
kilowatts of hydroelectric rower are “jir.t assigned te cupnly duty at their
bect operatins position in the lcad. vince they would furnish supply at a
relatively low loaa tactor during an au < :-2 perind, thev woulu opcrate best
near the top o peak of the load. For the example shown, the 16 million
kilowatts are (ivided about =jually intc two parts. Eight million kilowatts
are placed in the top of the load and the remainder is placed lower down
where it will operate at about 20 percent plant factor. During an adverse
water period the average plant factor for the total hydroelectric supply of
16 million kilowatts is about 12 percent. During other periods the hydro-
electric supply may operate at a higher piant facter,

A iemnaining unfilled part of the top >r peak vortion of the load may be
sunplied by capacity from future hydroelectric developments, either of the

1/ A gigawatt hour is 1,000,000 kilowat: hcurs.
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conventiecnal. puuped-atcrage, or a combination of both types of installations.
The coaventioaa b c supply will, undoubtedly, be designed to oper-
ate ~t a rathcor low plaun factor as most of the better sites for plants with
higner nl2nt factur operating capacities have been developed and arve supply-
ing load. ‘Th~re ar~ many gocd pumped-storage sites, however, and plants at
thesc sites can be desizned to operate at plant factors up to nearly 40 pev-
cent, nrovided olf-pcak energy for pumping is available. Therec may be in-
stances, however, wuere proniects can be designed to onerate at higher plant
factors than 40 percznt when a greater pumping capacity is provided in the
plant than rhe generatiag capacity.

For this study a maximum of 40 percent nlant factor from numncd-storage
hydrocslectric plants was determined on the basis that threc kilovatt-hours
of cff-peark pumping are recuired for each two that are regenerated tor load,
This requires & three to two ratio of energy ifor numping to energy cor load
if equal puripinz versus generating capacity is naintained. The arcas shown
as blocks (4) and (C) of Figure 4 outside anc above the load requirements un-
der the duration cur'e represent the theoretical additional energy from c.:-
isting supply that is noc necded for current load requirenents., This encigy
can be made available for usc if it is needed. Only part, however, can be
used for off-peak pumping without installing additional pumping capacity. As
the prumping capacity is incicased its use factor would decrease and would
soon becoiie uncconomical to provide, Only the cnergy shown in block (4) in
the diagram could be used for ~fi-vpeak pumping, assuming equal pumoing and
generating capacity. On the basis oi three kilowatt-hours of off-peak pump-
ing to ¢wo for on-peak generation, the area in block (i) would be 1,5 times
as great as the area in block (B).

The demand--ime diagram shows a five percent spinning reserve reduction
of the fuel-electric supply during valley hours, or 12 million kilowatts, be-
tween tha ton of the fuel-electric supply in the load and when off-peak pump-
ing can corwence., This, together with the slope of the curve, usually limits
the onergy lor locad from the pump-back regeneration to less than 40 percent
blant factor operation. The older fuel-electric supply of 94 million kilo-
watts is then placed in the load so that the cnergy area under (A) of the
diagram will be 1.5 of the regenerated energy under (B). This establishes
the lowest point that the top of the older fuel-eclectric supply may be op-
erated., For the diagram shown it is at about 190 million kilowatts on the
ordinate.

The unfilled spaces on the diagram may be {illed with new supply. About
28 million kilowatts are available for new hydroelectric supply plus 96 mil-
lion for new fuel-electric supply, or any combination of these where the hy-
droelectric portion is decreased and the fuel-electric portion increased.

Additional capacity to supply load at about 65 percent annual load fac-
tor will be needed [or load growth beyond 1960. This supply can be divided
into two components like the supply above, a high load factor base supply
and a low load factor peal: load supply. The high load factor part can be
supplied from new fuel-clectric supply and the low load factor part from
new hydroelectric sources, The division of the new supply, depending upon

L




economics, and the availability of sites o hydroelectric development, i1l
divide about 80 and 20 percent between the hi,h and low load factor portions,
Estimates of the additional power supply necded are shovn in Table 13.

TABLE 13

ADDITIONAL POWER RCQUIREMENTS
(15 Power Supply Arcas)

Millions of Kilowatts

Item 1570 1900 1490 20( 2020
Supply for load 1/ 123 2% 1 1,51
For reserves % 18 35 Z
For retirements 3/ B TrE [
Total needed 141 2 .
Supply available i{ 145 145 2ud =42 T
Additional nceded 3/ . 1
High load factor portion (50%) -
Low load factor portion (20%) -
1/ Load vcquirewments fro.. Table 4.
2/ Fiiteen percent of load adopted.
3/ Four percent per cdccace of
¥ reserve, None assuned ro:r 19
justed for 2020 to account for
4/ Amount after 1970 is that availabl
decade.
5/ Amount needed to be added over previd
aiiount.
The last item on Table 13 is the amount ol supply necied for future low

factor load which is of the type that may bLe supplicd {rom new hydroelectric
sources. The total amounts to about 359 nillion kilowatts by year 2020, It
is unlikely that all of the requirements can or will be supplied from hydro-
electric sources, chiefly pumped storage, but a large proportion can be sup-
plied if resource planning and development are started in time.

Transmission lines existing and being built are extensive throughout
the 15 power supply areas. Additional lines will be constructed, as the
load grows, to connect between and among the loads and new sunply sources
that are added. It is unlikely that more than relatively short lines will
be needed to connect most of the new hydroelectric develonments to the
supply.
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CHAPTER VI - HYDROELECTRIC POWER RESOURCES

Most of the better sites for development of conventional hydroelectric
power in the 15 power supply areas are being utilized. There are, however,
some good sites remaining which may be developed with conventional hydro-
electric installations, and many good sites available where pumped-storage
installations can be placed. Information on hydroelectric resources is pre-
sented in Table 14. It includes information both for existing developments
and those potential sites which may appear feasible of development.

The location of the hydroelectric power sites given in Table 14 are
shown on Figure 5,

It may be observed from the map that most of the undeveloped or poten-
tial sites are physically located in the Appalachian region. This is chiefly
because of the favorable topography of the region for development of hydro-
electric power, and especially for development of pumped-storage facilities.

The potential undeveloped hydroelectric sites listed in Table 14 may not
all be feasible of development at one time. The projects need to be tested
first for their general economic feasibility and then selections made from a
few of the more favorable sites for a more detailed study to determine their
final justification. Estimates of the value of power are needed in both
cases, but they may be general for the first selection and specific for each
individual project in the more detailed studies.

General estimates of at-market values of power are presented in Table 15.
The estimates may or may not include adequate transmission and other adjust-
ments for specific projects, but they are adequate for use in testing and se-
lecting apnarently feasible projects for more detailed and snecific study.

The estimated power values are based upon the cost of power from an al-
ternative steam-electric plant in each area. The alternative plant contains
modern and efficient fuel-burning units of the size generally being installed
in the area. The estimated values are divided into two components. One is
based upon fixed costs which relate more nearly to the capacity component of
the plant and is shown as 'capacity value.'" The other relates more nearly to
the quantity of energy generated and is shown as ''energy value."

Two sets of capacity values arc given. Onc is based upon Federal financ-
ing and the other on private financing. There are, however, no Federally fi-
nanced alternatives in any of the 15 power supply arcas. Private financing
predominates in 14 of the areas and TVA financing predominatcs in Power Sup-
ply Area 20. '"Federal Financing'" values arc included because the construc-
ting agency, if Federal, as a matter of policy shows a comparison of the cost
of project power with the cost of power from the chcapest alternative source
using Federal financing. Other than for this purpose, the capacity values un-
der "Private Financing'' rcepresent the capacity component of the value of power
for each of the 15 power supnly areas and are the estimates which should be
used in detcrmining the economic feasibility of the allocated clectrical por-
tion of any hydroeclectric project,
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TABLE 15

ESTIMATED AT-MARKET POWER VALUES
(15 Power Supply Areas)

Alternative Steam-Electric Plant Capacity
Private Financggg;jgxqu; Area 20) Cost with
Power Unit  Capital Fuel Capacity Energy Federal
Supply Size Cost Cost Value Value Financing
Area (mw) ($/kw)  (¢/¥ Btu) ($/kw/yr.)  (Mills/kwh) ($/kw/yr.)
3 1,000 160 Nuclear 2975 1.20 14,00
4 1,000 160 Nuclear 31.00 1.20 14,00
5 800 130 18.0 20.00 1.50 11.50
o 1,000 155 Nuclear 26,50 1.20 14,00
7 500 135 19.0 24,50 1.60 12,75
8 750 155 Nuclear 33.75 1.20 14,25
9 800 130 18.0 24,25 1.50 11.25
10 800 130 18.0 22,50 1.50 11.25
12 800 125 21.0 22,50 1.80 11.00
18 650 120 29,5 21.80 2.50 11,35
19 800 125 212 21,90 1.80 11.10
20 1,000 120 18.4 14,05 1.55 10.55
21 650 110 28,0 21,65 2.35 10.65
22 500 110 22.8 18,90 2.00 10.70
23 500 110 28.4 £9.33 2,45 11.00
Notes
l. Cost data used in preparing power-value estimates
have been adjusted to January 1, 1968, price levels.
2. Capital cost of alternative plants cxclude step-up
substation,
3. Values are based on typical two-unit thermal-electric
plants.
4, Capacity value of $14,05 for P.S.A. 20 is based on
TVA financing.
5. Values shown are suitable for screening purposes only.
6. Based on energy values shown, fuel for nuclear plants

would be between 14 and 15 cents per million Btu.
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CHAPTER VII - WATER REQUIREMENTS FOR HYDROELECTRIC
AND THERMAL-ELZCTRIC POWER GENERATION

Hydroelectric Power Generation

The hydroelectric plants listed in Table 14 in the previous section on
Hydroelectric Power Resources show various operating heads ranging from about
eight to 1,207 feet. The lower head projects require larger, heavier, slower
operating, and bulkier units per kilowatt oif capacity than the higher head
units. Also, they require a considerably greater quantity of water to be
passed through their water wheels to produce a kilowatt-hour of energy.

Assuming an over-all vater wheel-generator eificiency of about 86 per-
cent, a kilowatt-hour produced will equal about 0,073QH, where ¢ is the cuan-
tity of water required in cubic fect »er second flowv and H is the head in
feet., In Table 16 is shown a range of water wheel requirements of flow in
cubic feet per second per 1,000 kilowatts of power produced for various sc-
lected heads.

TABLE 16

WATER WHEZL REQUIRIMENTS
HYDROELECTRIC GENERATING PLANTS

Head Water Flow
(feet) (cfs/1,000 kw)
10 1,370
25 543
50 274
75 133
100 137
150 91
200 69
300 46
500 28
750 16

1,000 14

Thermal~Electric Power Generation

Electric energy for the added electric power requirements of the future
will be supplied mostly by large and modern steam-electric generating plants
which will be constructed as the use of electricity increases. Some undoubt-
ly, will be fossil-fuel fired and others atomic-fuel fired., For either or
both, large quantities of heat will be rejected as waste in the thermal-cycle.
This waste must be removed from the cycle as rapidly as it occurs in order to
obtain full and efficient use of the thermal-mechanical conversion equipment.
The best and cheapest method of dissipating and removing this heat from the




plants is accomplished by pumping large quantities of water through surface
condensers where the exchange is made from the nearly spent steam to the flow-
through waters,

Modern steam-electric plants of several hundred thousand to several mil-
lion kilowatts are being built with over-all efficiencies of around 40 »~ercent
for fossil-fuel fired boilers and from 32 to 34 vercent for atomic-fuel fired
boilers, These efficiencies may improve some as the state of the art progres-
ses, but improvement beyond 40 percent will be slow and slight.

Water needs for condensing and cooling purposes at modern, large steam-
electric generating plants for selected plant efficiencies and temperature
exchanges are shown in Table 17. As an example of the use of the data in the
table, the column with the 40 percent over-all efficiency plant is adopted
for explanation and discussion., Convenient references of conversion factors
are given in the Glossary.

One kilowatt-hour of electric energy contains the equivalent of 3,413
British thermal units of heat. Therefore, a plant operating at 40 percent
efficiency would require an input of 3,533 British thermal units per kilowatt-

hour.
TABLE 17
ENERGY CONVERSION AND COOLING WATER REQUIREMENTS
FPOR MODERN, LARGE STEAM-ELECTRIC GENERATING PLANTS

Over-all plant efficiency % 3 32 36 36 3t 4 . (A et
Plant total input energy re-

quirement Btu/ kwh YL 37 10,6606 10,038 Y,481 8,982 . 233 g, 12¢t
Plant heat loss - 107% as-

sumed to air Btu/ kwh 1,138 1,007 1, ub4 14¢ ) ) 5l
Energy input to turbine Btu/ kwh 10,239 4,599 Y, 34 8,533 V34 7,08 7,313 Y
Generator output Btu/kwh 3,413 3,413 3,415 3,413 3,413 3, ol 3,013
Heat i1c¢jectcd and wasted

to water Btu/ kwh 6,820 o, Lo )y 021 gk 671 3
Cooling water roquited tor

L;o temperature tise Ral/kwh 8l.9 14,3 (9 ol. 1
Cooling water requived for

1,000,000 kilowatts

For lUO temperature rise cfs 3,060 2,760 Lyl 2,218 2y 1

For 120 temp raturc rise cfs 2,530 2,300 2,09 1,9 L' 73¢ 1 1

For 149 temperaturce rise cfs 2,170 1,970 L, 79t 1,63 L,y 1,36

For 16° temperaturc rise cfs 1,900 1,720 1,>7 1,43 L, 30 Rpk i1

For 18° temperature rist cfs 1,09( 1,530 1,39 k,2 88 ! i Y 1

For 20° temperatuie risc cfs IS 1,380 1525 s L
Cooling water required for

1,000,000 kilowatt-hours

Por 10" temperatuic rise acre-ft, 251 228 2u7 1t 1 i l 1

For 129 temperature rise acre-ft, 20" 19 1/ 1 1 i 1

For 14° temperature rive acre-ft, 17y 163 Las 13 il

For 16° temnerature rise acre-ft, 157 143 14 1

Por 18Y temperature rise acve-ft, 139 127 19! l

For 20U° temperatuce vise acre-tt, 120 Ll I

Gvaporation foy 1,0 O

bilowatt cfs O 1 1 i
Evaporation toc 1,000,000
kilowatt-hours 1/ acre-ft, 2,61 19 1.9 Lot 1
Note: See glossary of Equivalents, page B-ou, |
1/ \ssuming complete dissipation of heat by cvaporat
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Between the heat input and the energy output there are numerous and var-
ying losses. These may be conveniently divided into two categories: those
lost to the air or atmosphere, and those lost or dissipated to the water ex-
change, The first category includes boiler, flue, stack, and other heat losses
to the air. For a modern steam-electric plant burning fossil fuel, losses to
the atmosphere are about 10 percent of the plant heat input; 38,533 times .10
equals 853 British thermal units per kilowatt-hour., Losses to the atmosphere
for a nuclear-fired plant are a lesser percentage and amount.

The second category of losses includes all other losses and dissipation
of heat. It is 8,533 minus 3,413 and 853, or 4,267 British thermal units per
kilowatt-hour, One U. S. gallon of water weighs 8,33 pounds. Therefore, to
dissipate the 4,267 British thermal units per kilowatt-hour of heat lost or
rejected would require 4,26/ divided by 8.33, or 512.2 gallons of water with
an exchange of one degree Fahrenheit (10 F,) temperature rise to the water.
if 107 . per pound are exchanged, the quantity of water required would be
51.2 gallons per kilowatt-hour.

A 1,000,000-kilowatt generating unit would produce 1,000,000 kilowatt-
hours of energy for each hour of full unit operation. The heat loss or re-
jection for 1,000,000 kilowatt-hours would be 4,207 million British thermal
units and this would require 51,2 million gallons of water for a heat ex-
change of 10° F.

Quantities of water required for the heat exchange from large generating
units or plants are usually expressed either as flow in cubic feet per second
or as volume in acre-feet, The water flow required to operate 1,000,000 kil-
owatts of capacity with a 1° F. temperature rise would be

4,207 x 1,000,000 ~ 6or 19,000 cubic feet per second.
3,600 x 62.425

The water volume or quantity required in the »roduction of 1,000,000 kilowatt-
hours of electric energy with a 1° F. temperature rise would be

4,26/ x 1,000,000

, or 1,570 acre-feet.
62.425 x 63,5060

For a 109 F. heat exchange the flow and quantity required with a 40 percent
plant efficiency would be 1,900 cubic fect per second and 157 acre-feet, re-
spectively.

Cooling for heat exchange may be accomnlished also by evaporation, This
requires a substantially smaller quantity of water, but it results in consump-
tive use as the water is evaporated and lost to the atmosphere. The quantity
of water evaporated will vary over the seasons and from time-to-time depending
on temperature, wind, humidity, vapor pressure, etc., The greatest demand-use
for water will occur during the hottest and muggiest weather, usually in July
or August, and generally at the same time the electric suppliers are experi-
encing systemn peak loads. The heat exchange per unit of water at such times
will be the smallest quantity., For Y5° F. weather the exchange will be about
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1,040 British thermal units for each pound of water evaporated. The evapora-

tion losses of water for 1,000,000 kilowatts, assuming complete dissipation
by evaporation, amount to

4,267 x 1,000,000
3,600 x 62.425 x 1,040

, or 18.3 cubic feet per second.

The quantity of water required as evaporation losses for 1,000,000 kilowatt-
hours will be

4,267 x 1,000,000
62.425 x 43,560 x 1,040

, or 1,51 acre feet,
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CHAPTER VIII - CONCLUSIONS

Requirements for electric power in the Appalachian region and in the
adjacent area are doubling about every 11 to 12 years. They will continue
to increase at this rate, under normally expected growth conditions, until
about 1980, Power requirements are expected to double about every 14 to
16 years between 1980 and 2000, and then double again from 2000 to 2020.
Under '"developmental benchmarks'" conditions the requirements for the Appa-
lachian region after 1980 may double about every 13 to 14 years until 2020,

About 124 million kilowatts more than the currently existing and com-
mitted supply will be needed by 1980 for the power requirements of the 15
power supply areas in which the Appalachian region is located. About 20
percent, or 25 million kilowatts, can be supplied from new hydroelectric
projects consisting of some conventional and some pumped-storage develop-
ments. The remaining 99 million kilowatts can be from new fuel-electric
capacity of the fossil- or nuclear-fuel fired types. The new supply needed
beyond 1980 can be furnished at a ratio of about 20 percent hydroelectric
to 80 percent fuel-electric as long as there are suitable sites remaining
for economical development of sufficient hydroelectric power.

A large part of the tremendous amount of new supply needed for use in
subsequent years, both hydroelectric and fuel-electric, may be physically
located in the Appalachian region and the electric power transmitted to
other areas both within and adjacent to the Appalachian region for ultimate
consumption,
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GLOSSARY
OF
ABBREVIATIONS, EQUIVALENTS, AND TERMS

As Used in this Appendix

ABBREVIATIONS
Btu British thermal unit
cfs Cubic feet per second
cu ft Cubic feet
©)-F Degrees - Fahrenheit
ft Foot, or feet
gal Gailon
gal/kwh Gallons per kilowatt-hour
gw Gigawatt
gwh Gigawatt-hour
kw Kilowatt
kwh Kilowatt-hour
mw Megawatt
mwh Megawatt-hour
103mwh Thousand megawatt-hours
% Percent
# Pound
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Energy

1 British thermal

1 kilowatt-hour =

1 megawatt-hour

1 gigawatt-hour

Power
1 kilowatt = Basic
1 megawatt = 1,000
1 gigawatt = 1,000
1,000
Volumes

1 cubic foot water

1 acre-foot

EQUIVALENTS

unit = 1 pound water changed
1 degree Fahrenheit temperature.
= 1/1,040.1 pound water evaporated to
atmosphere at 950F ambient temperature,

1 kilowatt x 1 hour.
3,413 British thermal units,

1,000 kilowatt-hours.
1,000 megawatt-hours.,

103 megawatt-hours.
1,000,000 kilowatt-hours.

electric unit.
kilowatts.

megawatts,
,000 kilowatts,

7.48 U. S. gallons.

1 acre x 1 foot.

43,560 cubic feet.

43,560 square feet x 1 foot,
325,851 gallons.

2,719,233 pounds water.

25042 cubic feet per second flow.

I nn

Miscellaneous Quantities

1 U. S. gallon water = 8.33 pounds.

1 cubic foot per second = 1.98 acre-feet per day.

62,425 pounds water per second.
224,730 pounds water per hour,
5,393,500 pounds water per day.
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TERMS

At-market value - see power value
Base load - see generating plant

Capacity - the load, expressed in kilowatts, which an electrical unit,
facility, or system is rated to carry.

Capacity value - see power value
Conventional plant - see gcnerating plant

Coordinated operation - the operation of two or more electric facilities
or systems as a single facility or system.

Demand - the rate, expressed in kilowatts, at which electric energy is
delivered or used.

Duration diagram - a curve of quantities plotted in descending order of
magnitude against time intervals for a specified
period. The coordinates may be in quantities or
percentages.

Electric energy - a measure of work, expressed in kilowatt-hours,

Electric market - see power requirements

Electric power - a term used to express capacity and energy.

Electric system - physically connected electrical facilities operated
as a unit under one control.

Energy value - see power value
Fossil-fuel nlant - see generating plant
Fuel-electric plant - sce generating plant

Generating plant - where electric capacity is used to produce clectric
energy.

Base load plant - one normally operated near constant capacity and
high plant factor to carry base load.

Conventional plant - one conforming substantially to past and pres-
ent conventional design and operating procedures.




TERMS (Cont'd

Possil-fuel plant - one using fossil fuel (coal, gas, or oil) as {its
source of energy.

Hydroelectric plant - one using falling water as its motive force.

Nuclear-fuel plant - one using a nuclear reactor to provide its
source of energy.

Peak load plant - one which operates, usually at a low plant factor,
to supply power during maximum load periods.

Pumped-storage plant - one using an arrangement whereby water is
punped from a lower to a higher elevation dur-
ing periods of low load for use by reverse flow
during system peak-load periods to produce elec-
tric energy for load,

Steam-electric plant - one using steam for its motive force - the
steam may be produced by a boiler using either
fossil or nuclear fuel.

Thermal-electric plant - one using heat as the source of energy for
the prime mover.

Generating unit - an electric generator, together with its prime mover
and appurtenances.

Head - the difference in elevation of water for use in developing hydro-
electric power,

Heat rate - the thermal rating of a thermal-electric generating unit
or plant - expressed in British thermal units
of heat input per kilowatt-hour of energy out-
put.

Heat rejected or wasted - heat in the thermal cycle, other than for
atmospheric and friction losses, that is not

converted into electric energy.

Interconnection - a tie permitting the flow of electric power between
the facilities of two or more electric systems.

load center - where load is assumed to be concentrated,

Load factor - the ratio of average load to peak load occurring over a
designated period.
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TERMS (Cont'd)

Network - a system of connected transmission circuits over which power
can flow to and between principal points.

Nuclear power - see generating plant

Outage - a period during which the services of an electric facility
are lost from use.

Peak load - maximum electrical demand during a given period.

Peak load plant - see generating plant

Plant factor - the ratio of the average load on a facility over a given
period to the capacity or load rating of the fa-
cility.

Power pool - two or more interconnected electric systems operated on a
coordinated basis to economize and improve serv-
ice in supplying load.

Power supply - a source of electric power,

Power requirements - the needs of power supply for designated loads, uses,
and losses.

Power value - the value measured by the cost of producing and delivering
equivalent power at a given point from an alter-

native source.

At-market value - power delivered to step-down substations at load
centers,

Capacity value - that part of the at-market power value assigned to
the capacity component of the power,

Energy value - that part of the at-market value assigned to the
energy component.

Pumped storage - see generating plant
Rating - a design limit placed on a unit or facility.
Steam-electric - see generating plant

Substation - a facility for switching or changing the voltage of elec-
tricity.
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TERMS (Cont'd)

Thermal cycle - the complete heat conversions involved in converting
fuel to electricity in a thermal-electric gen-
erating plant.

Thermal-electric plant - see generating plant 3
Transmission system - an interconnected group of transmission lines and
associated equipment over which bulk power can

be supplied to or transmitted between points.

Water for condensing - water used to pull steam out of the generator
turbine by condensation.
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