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FEDERAL POWER COMMISSION
R E G I O N A L  O F F I C E

730 Peachtree Buildin~
Atlanta, Georgia 3O3(i~

T~ : T}E READER

Appendix “P ’ entitled ‘Power Supply and Requirements ” is one of
nin e appendices to the “Report for Development of v!’~ter Reso urces in
Appalachia. ” It furnishes information on the electric power indu:try
in and adjacent to the Appalachian reg ion.

The electric power requirements of the Appalachian region were
about 23 million kilowatts of load and 128 billion kilowatt—hours of
energy in lY6~ and they are estimated to be about 32 million kiaow~~ t:~
of load and 177 billion kilowatt-hours of energy in 1970. Peciuiron~nt:
for 2000 are estimated to be about l6L~ billion kilowatt~ of load an~
~30 billion kilowatt-hours of energy which represent in~ re’1 ;c’s of mor~
than ~00 perce nt in bo th load and energy over the 1~ 7C ro irDa ont~~

About 11 percen t of the electri c supply availuhl- .. fo r use in 1y7J
will be from hydroelectric developments and 8) percent from fi l-~ lcs-
tric plants. A large part of the peak portions of the load is from hy-
droelectric facilities, and it is expected that punr d- orare 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 amount s of new supply
needed for future years will continue to be from fossil— and nucls:ir-
fir ed 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 sumarized in the
stain report which should be consulted for an over-all view of the Appa-
lachian r~c”ion . An index for the report components and appendices is
shown on pages iv and iv-a of t~i~~appendix.
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PREFACE

This Appendix B on Power Supply and Requirements is a supp lement to th
Report on Development of Uater Resources in Appalachia. It wrs prepared by
the sta~Tf of the Atlanta Regional Office with assistance and contribu~

-ions of
informa tion and material furnished by other Bureau of Power offices oi the
Federal Power Commission having territorial jurisdiction in the ADpalachian
area.

— — - I

The ~ppenQix furnishes general information on the electric :~oue r indus-
try in and adjacent to the Appalachian Region , and it .~rr-~sents est~ ; -ates of
future power requirements and other data which may be used for gui d an ce in
selecting resource ~rojects for further stud y and future development. ~omc
of the projects may be chiefl y electrIc no~’er oriented , and others may only
have electric po~’cr associated with their other purposes. Some would be
hydr oelec t~ ic developments with either conventional or umped-storagc in-
stallations , ~r a combination of both. Others may be needed for condenstt~
water rcquirencnts for large thermal-electric installations . The data in the- . 

-

Append i~~ should aid in eaching a proper judgment concerning electric power
matters and i;i selecting the proper resource projects for development.
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CHAPTER I - S~ 1M.ARY

Electric power requirements for the Appalachian region were estimated by
proportioning to the region , on a popula ti on and ar ea basis , electric power re-
qu iremen ts for a larger area consis ting of 15 powe r supp ly areas with in wh ich
the Appalachian region is located. The locations of the Appalachian region and
the 15 power s ’pp ly areas are shown on th~ facing page.

The elec tm L -‘ower r”q~ ironents for t,e 15 newer ~‘tp nly areas were about
86 million ku ratt s and I~A9 billion kilowatt-hou~~ in 19ó5. Estimated re-
quirements for Lhe Appalachian region for the same year were about 23 million
kilowatts of der~ nd and 128 billion kilowat-t-ho r; of energy. For the larger
area the requir-’r .ients in l9h7 were about “1 million Pi1owatt~; of demand and
549 billion kilowatt-hours of energy.

Future requirements to about 1980, under t~ornelly e~;pectcd growth cond i-
tions , are expec ted to double about every 11 to 12 years. From l9bO to about
year 2000 the requirements will double about every 14 to 16 years. After year
2000 they are e::pected to double about every 17 years. Under the goals of the
Appalach ian “developmental benchmarks ,’ the requirements after 1980 may be ex-
n- cted to double ahout every 13 to 16 yea~ s. Under either the normal or “de~
velopmental br’nch~ nr !~s” growth rate , future electric power requirements are
enormous and i i— o ~ a formidable demand for large increases in electric power
suop l y. The r s~ inated total r~ quirer1ents in l~ SO for the 15 power supp ly ar-
en~ are about 234 i.~il1 ion i:i1o~ n t t ;  of de~ ind and 1, 310 b i l l i o n  k i l o w a t t - h o u r s
of energy. For the Anpalachian rr~ ion in 1930 they are estimated to be about
uO m illion ki1 owatts and 33~ billion kilowatt-hours under normal growth condi-
tions and abo~’t t~1 ;iillion l’ilowatts aid 340 billion kilowatt-hours under “de-
ve1o~m ent a l  benchmark s ” c on d i t i o n s .

The supply for electric nower in the 15 power supp ly 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.

Supp ly for reserve is needed in addition to that required for load. When
nominal reserves of 15 percen t are cons idered , the 1980 additional suppl y for
load above tha t ava ilable from the 1970 supp ly will amount to about 124 million
kilowatts of new capacity. About 99 million kilowatts of this may be classed
as a high load factor supp ly normally of the type furnished by fossil- or nu-
clear-fir ed plants and the remaining 25 million kilowatts as a low load factor
supp ly norma l ly  of the type wh ich may be furnished by hydroelec tr ic  plants.

The Appalachian region has a good and e:~tensive transmission network.
During recent years numerous high-voltage transmission lines capable of carry-
ing large blo cks o f power have been constructed. Only a f ew small ar eas are
not ~-i~ th in a short distance of an adequate source of supply.
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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 hydroelectric
facilities . With sufficient water available for condens ing and other needed
uses , the fuel-fired facilities could be large and near their source of fuel.
hy droelectric facilities could be obtained from conventional , ptsnped-storage ,
or a combination of conventional-piriped storage developments at ntu~erous fa-vorable sites in the Appalachian region. Water and fue l both are sufficient ly
abundant in the Appa lachian region to support much larger electric power sup-
plies.
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CHAPTER II - INTRODUCTION

Purpose of Study

This Appendi ;~ provides information on the electric r~ w~~ r u i m ~~ tc a~~
suppl y for toe Appalachian region , which was prepare d t~ r ~se ~~ ~~~~~~
ning and development analyses. A 5tud y was made to an~.1yz e and cVa~~ ate
the present and future electric power situations .

Scope of Stu~y

Electric power is not confined to o.~tablished political or geograpkl
boundaries. The electric powe r supply in the eastern United S’ates cut~
acrosz both state and regional boundar ies. According ly , a larg e r ar ea t:•....
the Appalachian region was included in the study. The larger areel consi~~:~
of 15 ~,ower supply areas within which the Appalachian region is located.

Future electric powe r requirements are enormous and irpose a f or m i d a ~~~:
demand for large increases in supp ly. Electric power is a desirab L~ , cor•~
ient , and clean means of meeting a large Dart of the future total .~owe r ~e-
quiremonts. Water and fuel , primary ingredients in the prod iceron .~f c1ec t~ ic
power , are suf f i c i e n t ly ab undant in the Appalachian region and :ne con ti~~ r..~
area to meet the electric power supp ly requirements to beyond year ~~2d , ~~~
end of the stud y period.

The study involved determinations of the present and future ele ctric ~ewc r
requirements and the accompanying ‘le ctric powe r supp ly needed for  a “c ,OUU-
sq uare mile area within the selected 15 nowe r supnl y ar eas. These a were
then rela ted to the 193 ,000-square mile area in the Appalachia n region. ~ -

terminations for the large r area were ba~ cd on no rmall y ex pected growti. )n-
di tions . Power requirements for the Appalachian region were made for L’och
the normally expec ted growth condit ion c and for the ~ti mulate ci “developm~ n ta1
benchm ark” grow th conditions .

Res ults of the electric powe r Sup -~iy stud y for the Appa lac-~ia~. eg~ cn and
othe r pertinent data art ~~sen ted in this Appen dix.
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C’i~~TER I I I  - M~JtK T FOa r -

Description of Market Area

Power Supp ly Areas W C r  established b~ the Fc .;- rii Power ~onunissioa in
1?34 when it ‘~ivided the Continent~.l Unite’! States i~ito ~iS areas. The di\- i-
sion was made to compl y wit!; the requirements of the Federal Power Ac: to ci-
vide the country into areas ut ;ich can be served most econom icnlly, to censcrvc
natural resources , and to encourage the voluntary nlcrconneceinn a~ .S coordi-
nation of faciLties for t;e generation , transmission , and sale of clec .ric
power. Each of t:ie power supp ly areas is more or less self-contaIned a~ t O
its electric requirements and suppiy, and the geographic bounds have r.-;~ainec
substantiall y as they ~,-ere originall y established.

Outlines of the Appalachian region and the Li eelcctec ower suüpl y areas
located in the eastern nart of the United States are shown on Figure 1. tlso
shown , for comparative purposes , are ~7 economic subregions and 10 uater areas
selected for study of the Anpalachian region by the Office of Business Eco-
nomics and the Corps of Engineers , resnectivel y. Twelve of the 15 selected
power sup ply areas are par tial l y within the Appalachian region. They are
Areas 3, 5, 7, ~~, 10, 12 , 18 , 19 , 20, 21 , 22 , and 23. Areas 7 and 10 are
nearl y all within the Apoalachian region , while oaly a small part of Area 12
is in the region. The other areas in the grou-~ of 12 range between these two
e:-tremes as to the part within the Appalachian region. Th~- remaining three
areas which must be considered in any power suppl y and requirements stud y of
Appalachia are contiguous to the Appa lach i an  r e g i o n .  They are Areas 4 , 6 , and
8. These 15 areas represent the composite area c - -i th in which the electrical
requir ements of the Appalachian region may be su9p licc . The supp ly might come
from interconnected and coordinated systems within or outside the Appalachian
reg ion or f rom ~ combination of facilities located within and outside the
reg ion.

The Appa lachian reg ion is t.’ithirt 12 of the 15 powe r supp ly areas men-
tioned , e:~cept for two very small segments in N i n s i s S i r~~i .  Small  port ions of
two of 20 counties , that were added to the Appalachian region by Act of Con-
gress la te in 19 b 7 , extend part ially into Power Supp ly Area 25. No data have
been prepared for 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 supp ly studies which may be
needed.

Estimates of population and available data on economic activities were
the princi pal data used to establish potential normal growth electric markets
and electric power requirements. Using these data and following usua l pro-
ced ures of es tima ti ng po’~ct requirements provide results which normally might
be expected to occur in the future.
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In order to establish a relationshin hvtween the electric powe r require-
ments of the 15 powe r supp ly areas and the ArTalachian region , population es-
timates for past and subsequent years for the L ouwe r sw-p ly ar eas and area
determination were used and compared with past and subsequent population es-
timates f o r  corresponding years and the area wi th in the Appalachian region.
Population estimates for the Appalachian region were prenared by the Office
of Business Economics. The resulting related estimates of electric power re-
quirements are considered to represent normal g:cwth conditions . These normal
growth estimates for the Appalachian region hove been accelerated by the use of
factors and multip liers furnished by th~ OfficI of Appalachian Studies to ob-
tain results comnaratJ e to the “developmental benchmarks ” used in other activ-
ities.

Much of the neuntainous area of the enst2rn United States is within the
Appalachian reg ion. The source of many f the stream s that empty waters in-
to both the Atlantic Ocean and tOe G :if ~f Menico is in the Anpalachian region.
The mountainous terrain and available ~at&- r orovide a ~roroendous potential for
ni.miped storage and SOLIe r~.moining rotentia l for conveut onal or combined con-
ventional-pLm-tped storage hydroelectric dev 1opr~ents. Mony of the p o t e n t i a l
hydroelectr ic sitOs , indo~ ht ed i y, will be deveLoped as rap idly as their power
can be used to satisf y a part of the total supp ly s o ect l or~, j ’r ov i d e d  they can
be constructed and operat . d as economicall y as other compar ible sources of sup-
ply.

Fossil fuels of the tyho burn d r.iostl y in steam-electric generating plants
are found throughout mo~ t t the A ppalachian repion. These f u e l s , which are
predominantl y coal , are moot often shi pped to surrounding areas for use in pro-
ducing electric pewer. It is possible that in lieu of shiroing the fuel to
other areas , large f~ rsil ihoc i burning generating p lants m ip ht be located in
the A1 3alachian regi l -~ and the powc r produced by these p lants delivered by
high-voltage ele ctr~ c tranomission circuit s to eut .lying areas. Such mine-
mouth” gencrorion , heu-.~ver , fac4 -s competition from nu clel r fueled gen era ti ng
p lants located closei to load centers.

Past and E s t i m u t t .~d F u t u r e  E l e c t r i c  Powe r R e g u  S

During the U years from 195h to 1965 the t o t a l  e l e c t r i c  energy require-
ments for load nearl y tri p led in quantity in both the 15 power supp ly ar eas
shown on Fi gure 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 electr ic power requirements of utilitie s in the 15 power sup-
nl y areas and load factors are strnmiarized by five-year intervals from 1950
through l)uS in Table L
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TABLE 1

PAST ANNUAL ELECTRIC POWER REQUIREMENT S
(15 Power Suppl y Areas)

Energy Peak Load
for Load Demand Factor

Year (gwh) (Lnw~ (7.)

lb5O 101 ,263 31,343 55.3
1955 27 o ,754 19 ,952
1960 36i ,358 u3 ,033
b65 433 ,525 86 ,0b2 he

Past annual power requirements for the Appalach i an re3ion were obtained
by appor tioning total requirements of the 15 power supp ly 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 estima-
ted past annual power requirements for the Appalachian region are shown in
Table 2.

TABLE 2

ESTIMATED PAST ANNUAL ELECTRIC POWE R
REQUIREME NT S IN APPALACHIAN REC ION

Energy Peak Load
for Load Demand Factor

Year (gwh) Cmv) (7j

1950 45 ,336 8,651 59.8
1955 74 ,724 13,487 63.2
1900 96 ,982 lb ,264 66.3
1965 122 ,482 22 ,634 o4.6

Data on power requirements for each of the selected 15 powe r supp ly ar-
eas , shown on Fi gur e 1, are given in Table 3. Future electric power require-
ments are estimated at 2ive-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-
tan t elements such as popula t ion , housing , income , app liance , satura tion ,
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:zpected growth conditions.
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TABLE 3

ANNUAL ELECTRIC POWER REQUIREMENTS OF ALL UTILITIES

Power Year Energy Peak Load Month
Supp ly Esti- for Load Demand Factor of
Area Past mated (gwh ) kmw) (7.) Peak

3 1950 17 ,291 2,793 70.7 Dec.
1955 23 ,085 3,987 6 6 . 1  Dec.
1960 27 ,304 4,581 67.9 Dec.
1965 36 ,080 6 ,043 66.2 Dec.

1970 46 ,100 7 ,730 66.1 Win ter
1975 58 ,700 9 ,850 08.0 Winter
1980 74 ,900 12 ,600 67.9 Winter
1985 95 ,700 16 ,150 67.6 Win ter
1990 122 ,200 20 ,650 67.6 Win ter
2000 199 ,000 33 ,600 67.6 Winter
2020 527 ,000 89 ,000 67.0 Win ter

4 1950 15 ,49 1 3,531 50.1 Dec.
1955 20 ,827 4,549 52 .3 Dec.
1960 27 ,411 5,540 5 6 •5 Aug.
1965 36 ,830 7 ,536 55.8 June

1970 48 ,700 9,930 56.0 Summer
1975 64 ,400 12 ,900 57.0 Summer
1980 85 ,100 lb ,700 58.2 Summer
1985 111,700 21 ,800 58.5 Summer
1990 147 ,200 28 ,600 58.8 Summer
2000 25 1,000 48 ,000 59.0 Summer
2020 715 ,000 137 ,000 59.6 Summer

5 1950 31,743 6 ,173 58.7 Dec.
1955 44 ,057 8,719 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 Si~m~~er
1980 218 ,770 39 ,270 03.6 Siamuner
1985 292 ,920 52 ,410 63.8 Sununer
1990 388 ,380 69,280 64.0 Summer
2000 680 ,000 121 ,100 64 .1 Summer
2020 2 ,040 ,000 362 ,200 o4.3 Sianun~er
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TABLE 3 (Cont ’d)

ANNUAL ELECTRIC POWE R REQUIREMENTS OF ALL UTILITIE S

Power Year Energy Peak Load Month
Supply Esti- for Load Demand Factor of
Area Past mated _ jgwh) (my) (7.) 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 Si.muner
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 Suimner
2020 261 ,000 58 ,800 50.7 Simimer

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 9.1 Winter
1975 40 ,400 0,660 69.2 Win ter
1980 52 ,600 8 ,640 69.3 Winter
1985 68,400 11,250 69.4 Win ter
1990 88,900 14,600 69.5 Winter
2000 150 ,000 24 ,600 69.6 Winter
2020 420 ,000 69 ,800 69.7 Win ter

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 b8.0 Summer
1985 36 ,400 6 ,110 68.0 Si.mnner
1990 48,500 8,140 8.0 Summer
2000 85,500 14,350 66.0 Siammier
2020 260,000 43 ,600 68.1 Summer
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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) (7.) 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.]. W inter
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.

1910 18,300 3,020 69.2 Win ter
1975 24 ,400 4 ,010 69.5 Winter
1980 32 ,500 5 ,310 69.9 Wintir
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 70.1 Winter

12 1950 16,246 3,233 57.4 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 S.~~ier
1975 88,900 16,000 63.5 St~~~er
1980 123,000 22 ,000 63.9 St~~ er
1985 169,000 30,000 64.3 S~~~er
1990 233,200 41,400 64.4 St~~ er
2000 373 ,100 66,000 64.5 Si. er
2020 730,400 128,700 64.8 Suer
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TABLE 3 (Cont ’d)

ANNUAL ELECTRIC POWER REQUIREMENTS OF ALL UTILITIES

Power Year Energy Peak Load Month
Suppl y Es t i -  for Load Demand Factor of
Area Past mated (gwh) (mw) (7.) 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 Stmmier
1975 37 ,730 7,460 57.8 Sumner
1980 57 ,420 11,170 ~8.6 Suniner
1985 82 ,830 15 , 960 59.3 Suimner
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 1,42b 318 51.2 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 Simuner
1975 13,080 2,470 60.5 Si.nmner
1980 18,080 3,470 59.5 Summer
I-mS 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 1q50 17 , 622 3 ,033 66 .3 Dec.
1955 53 , 207 8 , 314 73.1 Nov .
l9oO 66 , 520 10 , 732 70. 6 Dec.
1965 77 , 378 12 ,804 69.0 Feb.

1970 96 , 720 18 ,050 61.0 Win te r
1975 135 , 900 25 , 260 61.4 Winter
1980 185 , 550 33 , 610 63.0 Winte r
1985 218 , 760 40 , 210 62.0 Winter
1990 253 , 160 47 ,010 61.4 W i n t e r
2000 320 ,000 60,000 60.8 Winter
2020 460 ,000 88 ,000 59.6 W in ter
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TABLE 3 (Cont ’d)

ANNUAL ELECTRIC POWER REQUIREMENTS OF ALL UT ILITIES

Power Year Energy Peak Load Month
Supply Esti- for Load Demand Factor of
Area Past mated (gwh) (mw) (7.) 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 Sumner
1975 99,230 17 ,000 66.6 Summer
1980 143,650 24 ,560 66.7 Summer
1985 209 ,320 35 ,650 67.0 S.unmer
1990 313,880 53 ,300 67.1 Sia ier
2000 470 ,800 79,500 67.5 Sunmier
2020 921 ,600 153,800 68.4 Sia~~~er

22 1950 5 ,663 1,081 59.8 Dec.
1955 8 , 778 1,640 61.1 Aug.
1960 13,458 2 ,548 60.3 July
1965 20 , 391 3 ,896 59.6 Aug.

1970 32 ,180 6,080 60.3 Siau er
1975 47 ,560 9,090 59.8 Siamuner
1980 67 ,930 12,940 59.8 S unier
1985 96 ,850 18,350 60.2 Suiiuner
1990 126 ,890 23 ,970 60.4 S~~~er
2000 190 ,300 33 ,700 64.5 Siamuner
2020 372 ,600 61 ,800 68.7 Sumner

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 61.2 Sununer
1975 44 ,880 8,300 61.6 Siamuner
1980 66 ,150 12 ,190 62.0 Summer
1985 96 ,120 17,670 62.0 Su er
1990 137 ,790 25 , 260 62 .3 Siamimer
2000 206 ,700 36 ,850 64.0 Siammier
2020 404,600 70,000 66.0 Sia~~ier
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The estimated projected power requirements for the 15 power supp ly areas
shown in Table 3 are summarized in Table 4.

TABLE 4

ESTIMATED FUTURE ELECTRIC POWER
REQUIREMENTS OF UTILITIES IN 15

POWER SUPPLY AREAS
(Normall y Expected Growth Conditions)

Energy Peak Load
for Load Demand Factor

Year (gwh~ ~~ w) ~7.)

1970 077 ,550 122 , 7 30 63.0
1975 953 , 550 171 , 270 03.5
1~~ 0 1, 309 , 600 233 ,620
1985 1, 755 , 770 315 ,370 63.6
1990 2 , 347 ,250 418 ,440 o4 .3
2000 3 , 754 , 510 662 , 250 64 .6
2020 ;, 25 1 , 210 1, 614 , 000 65. 4

Es t imates  of the  fu t u r e  e l e c t r i c  powe r requ i rements  for the Appalachian
region under normal growth  cond i t ions  were obta ined by apport ioning the data
for  the 15 power s up n l y  areas to the Appalachian region on i population and
area basis. The appor t ioned  values for the Appalachian region are shown in
Table 5.

TABLE 5

ESTDtATED FUTURE ELECTRIC
PO.?ER P~ QUIREMENTS IN APPALACHIAN REGION

(Normally E~.pcctcd Growth Conditions)

Ene rgy Peak Load
for Load Dcr~’and Factor

(gwh) (mw) (7.)

1970 177,000 32 ,000 b3.O
1975 248 ,000 44 ,300 63.5
1980 337 ,500 oO ,200 03.9
1905 ‘~49,000 oO ,600 t3.b
1)90 597,000 lOo ,100 b4.3
2000 930,000 164 ,100 64.6
2020 2 ,220 ,000 3~ 3,0O0 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 normall y e~ pccted growth conditions . Following the pattern of an ac-
celerated rate of increase in population under the ‘developmental benchmarks” ,
the future power requirements become significantl y greater after 1980. Esti-
mates and projections under these accelerated grow th cond itions are shown in
Table 6.

TABLE a

ESTIMATE D FUTURE ELECTRIC
POWER REQUIREMENTS IN APPALACHIAN REGION

(Under “Developmental  Benchmarks ” Growth Condit ions)

Energy Peak Load
for Load Demand Factor

Year (gwh) (mw)_ (7.)

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 6 15 , 000 109 , 600 64. 0
2000 984 ,000 173 , 800 64 .6
2020 2 ,460 ,000 430 ,000 65. 4

No adjustments are m a d e to the power requirement estimates presented in
this report for the collective and the individual 13 powe r supp ly areas to
compensa te for the Ap pala chian reg ion es tim ates and projections under “deve l-
opinental 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 supp ly
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
supp ly areas , however , would be relative ly 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 r ower supp ly areas ,
but there could be cases where adjustments would be needed among and between
individual areas.

Past and estimated future power requirements for the 15 power supply areas
under normally expec ted growth condi ti ons , and for the Appalachian region under
both normal and ‘developmental benchmarks” growth conditions are shown on Fig-
ure 2.

Mon thl y distributions in 19u7 of peak loads, ene rgy req uirements , and
load factors of the major supp liers in the 15 power supp ly areas are shown
in Table 7.
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TABLE 7

MONTHLY DISTRIBUTION OF LOADS - 1967
(15 Power Supp ly Areas)

Loau
Peak Load :ner~ y Fac tor

Time ~~~~ ~~~~~~~ 
(1000 gwh) 

~~~ ______

Jan. 35.~ 94.7 47.4 ~.6 74.2
Feb. 2~ .0 94.8 43.8 7j.0
Mar . 82.0 90.4 i~5.O 8.3 74.~
Apr. 78.8 36.9 42.1 7.7 74.2
May 79.7 u7.9 43.9 -:.O 7-~.0
June ~j0.5 99 .8 ~).1 ~ - . -- 73 •7
July S9.5 98.7 46.3 09.5
Aug. 89.4 98.6 ~E.2 2.e 72.5
Sept . i~4.C 92 .6 63.7 ~— .2
Oct. 82 .7 91.2 45.~ 74.5
Nov. 59.3 92.4 47.1 2.5 73.2
Dec. 90.7 100.0 49.3 - .(

~ 73.0

Year 90.7 1J- .0 549.3 li2 .~i L .1

Peak loads in the Appa lach ian  region and r~e:;t of t~ e 15 pow” r supp ly ar-
eas have occurred , u n t i l  recent  years , du r ing  w i n t e r  m o n t h s .  Du~~ n~ the past
10 to 15 years  annua l peuks have occurred in sor~e of the -u~ as d - 1r in g  summer
months , and the  f requency of occurrence of sulinner peaks c o n t i n u e s  to increase.
Stzr~ner load s are increasing f a s t e r  over p rev ious  summer loads than the  corre-
sponding increase  of r:inter loads. The higher rate of i n c r e a s e  of s~um~er peaks
is due ch~ cf1 y to large increases  in a i r - c o n d i t i o n i n g  loads.  Tk load f ac to r s
of stnrr,er loads are a lso  increas ing  f a s t e r  than those of w i n t e r  loads. This
wi ll eventuall y result in the summer loads requiring more ene rgy  per given load .
This condition , togethe r with the leveling of summer and winter peaks , results
in higher annua l load factors. However , if subsequent sumer loads continue to
increase at a faster rate than winter loads the result will be a g radua l l y do-
creasin4 annual load factor. This condition of unbalanced simm er and winter
loads does not adapt to the best economical use of supp ly facilities and it in-
creases operating problems . To prevent the summer loads from becoming urtpro-
portionally large , utilit y companies will probably promote beating and other
winter loads to keep the winter peeks in line vith the simmier peaks. Load
shapes and load factors of the ~;~~~ er loads , however , arc expected to rem -u n
“fatter ’ and higher than the winter loads. Annual load factors shown in Table
4 reflect this condition .
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CHAPTER lv - E::ISTING ELECTRIC P0~IR SUPPLY

Utility Systems

There were 78 major electric supp liers in the 13 power supp ly areas in

1967. They furnishod about ~ l ~;il~.ion kilowatts of demand and i~ 9 b i l l ion
kilowatt-hours of energy at an annua l load factoc of about 68.9 percent.

These supp lies accounted for :~ost of the electric power needs of the reg
ion.

The major supp liers , located by power supp ly areas , are shown in Table 8.

Installed capacities available for supp ly ar e 8iven as of December 31, 19 u7 ,
and the capacities scheduled at that time to be available for service throub h

1970 arc also shown. About 99 percent of the total electric power supp ly i n
1970 will be fu:nished by these major suppliers.

TABLE 8

MAJOR ELECTRIC POWER SUPPLIERS
(15 Power Supply Areas)

Ins ta l led
Powe c Supply Area Capacity (mw) 1/

Supp lier Dec. 1967 1970 —

Power Supp ly Areas 3 & ~ 2/
N. Y. Interconnected System — l8,01~ 21 ,702

Power Suppl y Ar eas 5 & o
?.J.M. Interconnection 21 ,963 29 ,119
Virieland Municipal Sys tem 52 52
Safe Harbor Water Power Corp. 228 228

22 ,243 29 ,399

Power Supp ly Area 7 
4All egheny Power System , Inc. -1 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 (Co nt ’d)

Installed
Power Supply Area Capacity (mw)

Supplier Dec. 1967 1910

Power Supp ly Areas 9, 10, & 12
Columbus Municipal Plant 58 58
Columbus & Sou. Ohio Electric Co. 1,045 1,103
Ohio Edison Co. & Penn. Pwr. Co. 3,069 3,712
The Toledo Edison Co. 835 1,072
Ohio Valley Electric Corp. 2,390 2 ,390
American Electric Power System 2.’ 9,351 1l ,5ut
Danville Water , Gas and Elec. Dept. 39 39
Anderson Municipal Plant 19 1)
Cincinnati Gas & Electric Co. 1 ,ulo 2,o74
The Dayton Power & Light Co. b12 929
Fort Wayne Municipal Works 46 48
Hamilton Municipal Plant 97 97
Indianapolis Power & Light Co. 1,101 1,522
Louisvi l le  Gas & E l ec t r i c  Co. l , 2 io  l,~ 03
N o r t h e r n  Indiana Pub l ic  Service Co. o , l  1 ,407
Pub. Serv. Co. of Indiana , Inc. 1, 713 2 , 634
Richmond Power & Light 60 60
So. Ind iana Gas & Electric Co. 

______ 
589

24,754 31 ,582

Power Supp ly Area 18
Southeastern Power Administration 2lL~ 2 16
Virginia Electric and Power Co. 5,171

5,389

Power Supnly Area 19
Big Rive r Electric Cooperative 96 4lo
East Kentucky Rural 21cc. Coop. Corp. 300 -iOO
Kentucky Utilities Co. 7~ 2 762
Owensboro Munici pal System 203 203

l ,3o1

Power Supp ly Area 20 
-

Tennessee Valley Authority ~~ / 10,095 20,539

Power Supp ly Area 21
Carolina Power & Light Co. 2 ,256 2 ,972
Duke Power Co. 4,723 u ,153
Lockhart Power Co. 17 17
South Carolina Electric ~ Gas Co. 1,413 l ,8o5
South Carolina Public Service Auth . 420 /(,~
Yadk in , Inc. 201 201
Southeastern Power Administrati on 260 280

9,312 12 ,254
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TABLE 8 (Cont ’d)

Ins talled
Power Supp ly Area Ca paci ty (mw)

Supplier Dec. l9b7 1970 1

Power Supply Areas 22 & 23
Alabama Electric Coorierative, Inc. 58 124
The Southern Co. 9,247 12 ,072
Savannah Electric and Power Co. 319 319
Southeastern Power Administration 352 627

ItJ ,17b 13 ,142

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

2/ Jamestown Munici pal 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-
tr ic Corp.; Consolidated Edison Co. of New York ,
Inc.; Long Island Lig hting Co.; and Orange and
Rockland Utilities , Inc.

3/ Atlan tic City Electric Co.; Baltimore Gas & Elec-
tric Co. ; Bethlehem 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.; Pennsy lvania
Electric ¶~o.; Pennsylvania Power & Light Co.;
Philadel phia Electric Co. ; Potomac Electric Power
Co.; and Public Service Electric and Gas Co.

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

5/ Appalachian Power Co.; Indiana & Michi gan El ectric
Co.; Kentucky Power Co.; Kingsport Power Co.; Ohio
Power Co.; Wheeling Electric Co.; and Kanawha Val-
ley Power Co.

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

7/ Alabama Power Co.; Georgia Power Co.; Gulf Power Co.;
Mississi pp i Power Co. ; and Southern Electric Genera-
ting Co.
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All the major electric power suppliers are interconnected to the network
of transmission lines which extend through the 15 power supp ly areas. Most
of the largest privately-owned utilities within the area are grouped into
power pools through agreements. Installed capacities of the po or pools for
1970 are shown in Table 9. The Tennessee Valley Authority, an agency of the
Federal Government is not a member , as such , of any pool group but is includ-
ed in Table 9 because of its sice.

TABLE 9

PO’~tER POOL GROUP S
(15 Power Supply Areas)

Installed
Power Capacity

Supp ly (ic/U)
Supplier Cro~ p 1” Area (ow)

New York Interconnected System ~J 3 & 4 21 ,463
Pennsylvania-New Jersey-Maryland

Systems (P31.1) ~~~/ 5 & 6 29,Il~
Alleghany Power System , Inc. 7 4,222
Combined Systems - Ohio Edison Co.

and Pennsylvania Power Co. 
-- 

9 3,712
American Electric Power System 2! 9, 10, & 12 ll ,56~
Carolina-Virginia Power Pool
(CARVA) - Va. Elec. & pur. Co.,
Carolina Pwr. & Light Co., 9u :c
Power Company, and S. C Elec.
& Gas Co. 18 & 21 10,161 ~!

Tennessee Valley Authorit\’ 20 20,5o7
The Southern Co. j/ 22 & 23 12 ,072 —

1/ Footnote references 2/ through 7/ refer to the cor-
respond ing footnotes in Table 8.

8/ ~ARVA as oi December 31, 1967 , also dispatched 330
megawa tts of powe r available under contract from
Southeastern Power A~buinistration .

9/ The Southern Company as of December 31 , 1967, also
dispatched 497 megawatts of power available under
contract from Southeastern Power A~ ninistration.

Generating Facilities

About 99 percen t of the total electric power supply available for serv-
ice by 1970 in the 15 power suppl y areas will be from plants with 10,000
kilowatts or more of installed capacity. The total supp ly scheduled for 1970
by power supp ly areas and division between fuel-electric and hydroelectric
powe r are given in Table 10.
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TABLE 10

INSTALLED CAPACITY AVAILABLE FOR 1970
(15 Power Supp ly Areas)

Power Installed Capacity
Supp ly (Millions of Kilowatts)
Area 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 1 32
18 5 1 ô
ICI -

~ ‘ILi C — C

20 1 4 20
21 10 2 12
22 & 23 11 2 13

Total 129 16 145

In format ion  on genera t ing  supp ly avai lable  b y 1970 b y individual plants ,
and accord ing to ownershi p and types of supp ly,  is given in Table 11. The
owner codes are explained in Table 12. Plant locations and plant numbers
listed in Table 11 are keyed to the electric facilities map , Figure 3.

The types of supp ly sh own in Tab le 11 incl ude hydroelectric , convention-
al fuel-electric , nuclear and pumped-storage installations. The latter two
are both recent additions to the sources of suppl y. Current trends , however ,
ind icate that they will become inportant contributors and their proportions
to the total supp ly are expected to increase substantiall y and rapidl y.

Transmission Facilities

All major transmission circuits of 100,000 volts and above and all gen-
erating p lan ts of 10 ,000 kilowatts and larger in the 15 power supp ly ar eas
are shown on Figure 3. As indicated on the nap, nea r ly all p laces in the
entire area arc within a few miles of a major source of supp ly. Those few
small p laces, in most instances, arc served by 1o~ er 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 tho usand volts wi th a few 230 and 345 thousand vol t overl y ing
lines. During recent years a large number of 230 and 500 thousand volt lines
have been and are be ing add ed , and some lines of 765 thousand volts are being
constructed. The higher voltage lines , capable of handl ing many times the
loads of the 1o~.er 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 supp ly sources and load centers. Also ,
they will provide strong interconnection sources between the power supp ly ar-
eas and regions , and will aid in the degree of reliability of service.

8-21

%._ 
_

_ S 

~~~ 

- S

-
- 

~

- ~~~~~~~ •.
~~ — - .~ .. 

- 
~~~~~~~~~~~~~

: - --
~~~~~~~~ -~ .~~~~~‘ ~~~~~~~~~~~~~~~~~ - 

--

~ 

-~~~~ --~~~~~~~~~~ - -~~~~~~- - -—



TABLE 4
AVA ILABLE POWER SUPPLY

GENERATING PLANTS- EXISTING AND UNDER CONSTRUCTION
(15 Power Soppl y Areas)
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OWNERSHIP OF MAJOR ELECTRIC FACI LITIES
1 15 Power Suppl y A r e a s )
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con”ent ~C’fl c ’., ‘ a -  . .2~~ ~tc;:~’;~e , or combination of ioth types cf i:is:allet. :~:n; .
Tha co.-~’- en~ io  ,- aJ~~~~ a a ~~~ ~Ct~ ic s’~pplv ~.i IL. undo-dbc~-d 1’,’, ac esi~ acd to O- ) - a,- r —
at e ‘t ‘ :~~~‘

‘
~~

-
~~ l~~: 

a a i ” a t ,  - f a ct or  as e1O.~~L a~ t u~ . bettCk ait.cs for - £rn L s ~-‘iLi
h ,1o~ -~1’nr 2~ ’-t-ar o1’erat in~ capac~ ties ~~ been d 2 ’ .-’ a ? l O ? C C  3 f l d  .. ‘e su44:dy-
ing load. [l~~~r a~a 

~r many gocd p rn~ped-storage ~~~~~ however , and ~1ants at
thos~ s i te .~ a~ be 2S~~~a1C i to operate ~~t nler.t facro r’ u-’ to nearl y ~~a - :_

c - e n ”, ,  -)rev ’,t ’ . - ,~~): :- ,)a- .ak ene rgy  for  ~aumni rtg is availaaJ lc. There may uc n-
stances , however , ~a ’her a ~ 7r”iects can be dei- ’’gmec to a~~~C r u t C  it •~~~~~~l (a’,~ ~laat
factors th ’r. 40 ~crc~nt when a k r c a t cr  ~uri :~ ~ c Ca1~)3 

‘ a S “~~u.a-’ - de~ i ‘, ‘, C
plant t~ e~ ~‘he generatiag capacit’.’.

For this study a CIia~~ inura I of 40 percent elant factor f:? 44un’ - t (~-sc o~ agc
:~yd”o’lc ctri .c f l l a’ If l t S  Y3S d (t:,44r:ii flCd On t ’~ ’ oasis t i a u t  t :~~a , ~~~~ ‘ :t t - h u 1i’b

Of cft — pc a a -~ ~~~~~~~~~ ink; ar:’ r’a a c ’ ,~~i I’ ( (  EC- 44 cac.: t’a-’O t ,’,rit a - a t ~e ’ , it~~ L-4444T ~Oa C -
This req-u~ re. toree to t ’c’ ratio of eni-rg ’.’ ~~~~~~~ r’~~hn., t o  a’ne~~ ’~j c ’t Load
if r-cual :i ur - - : verses dcaoratin~ 

c A 7 ~ c i ty  i s  : a~ n t ~ i l t - .. Thr. -‘ir a ’ a’ls shorn
as bl ock s (a~ ) and (C) of Fi d Iura ’ 4 OutS ide anc a :ovtT the Lond recu rel.lents Un-
der the duration cur- e re-’resent the theoreti cal . d d it  44 1 4 4 1 1  eri c r~,y ~i’or - -

isting supp ly that is noc Cl ea a~’d for current IOaiL reç u i r e Ie l ts . This cne a-~~y
can be made a ,-iil a - 1 ’ - fo:  us ,~ i . i t  i s net .ic ec . 1): - :-‘ar: , Iiowevc:, can Le
used for off-~ eak p~mip n~ a- a l t hO Ut  in st-’iil in ; add~ t onal :)~ aping capacity . AS
the ~ miping r- ’7acity is j O C  -44~ ed ts use iactor ‘:ould decrease and - -oulc i
SOOn bet:. ( a - a f l r C a - ) I 1 C c , C c L 4 4 A I C O ) i V UC . Only t h €  .~nc :~~y skown in block (a) in

~hc dia~Tr~ r.: o’,Il.. be used rok’ ~f - ~ eak p~m~p ±ri~;, assuri ing equal punming and
gnneratia~ cr~pr.eity. On the basis of three k i  louatc-hours of off-peak pum p-
ing to ~ ‘~ a44 for on-~ emk ~,eneratioa , the area in block (A) uould be 1.3 t f m e s
as great as the area in block (B).

Tb: cenand- Y~~e diagram shows a fIve percent a:ilmning reserve reduction
of t ’ c fuel— elect ric supp ly durin~; valley hoajrs , or 12 million kilowatts , be—
v-’:n the u o tha- fuel-electrfc suprL y in the load and when off-peak pump-

~~n c o :~~cc. T h i s , to 2 c t her  w i t h t h e slope of the curve , usual ly limits
thr ~‘ner~’;i .3: icad fro m L i c  pt.~np-bac~ regener ation to less than 40 ,crcent

~lant factor operation . The older fue1-elect~Jc surip ly of )4 million kilo-
aa t ts i~ then p laced in the load so that the energy area under (A) of the
diagram vill ia e 1.3 of the regenerated energy under (B). This establishes
the lowest ?~~~~ a1t that the top of the older fuel-electric supp ly may be op-
erat ed. For the diagram shown it is at about l~ U million kilowatts on the
ord inate,

The unfilled spaces on the diagram may be f i ll ed with new supp ly. About
‘S m illion kIlC alttS are available for new hydroelectr ic supp ly plus 96 mil-
lion for new fuel-electric supp ly,  or any combination of these where the hy-
droelec tric portion is decreased and the fuel-electric portion increased.

Addit ional capacity to supp ly load at about b5 percent annual load fac-
tor will be needed for load growth beyond l~cdO . This suppl y can be div ided
into two components like the supi-rl y ab ove , a high load fac tor base supp ly
and a low load factor peak load supp ly. The high load factor part can be
supp lied from new fuel-electric supp ly and the low load f ac to r  part from
new hyd ’oclectric sources. The division of the new supp ly, depending upon
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ccoflomic~~, a-ac tL. avdilability o~ ~-itt ,~ .3: liy da-oelectric develoj’~~ent , ‘:fLl
divide about 80 and 20 percent between the hi 1,,ii and low load factor portions.
Estimates of the additional power supp ly needed are ~h c” -ri in Table 13.

TABLE 13

ADDITIONAL POWE R RA~~UIR±24ENTS
(15 Po~?er Suppl y Areas)

~iillions Cr ii ] 11 ~~3 L t .

Item I’j7u l~ o0 1 a .

Supp ly for load 123 ‘ 3-’ 1 _ .t u..

For reserves ,~! - 
1: 33 -3 -

For retirements ~/ - - -

Total needed 1 1 a

Suppl y available I- .!.1 1 — _____

Additional ncedc~1 2.~ 
- 1” - . - .

nigh load factor ~ortion (~3(~~) -

Low load factor Ilor ’:ion (7D~,) -

1/ LoaC qui:ei.icri:s .3o- 
- I - - -

2/ Fifteen percent of lo ia- . Ja -1~ 
- -

3/ Four ~ercent per c -  C~~ ( . I  O~ ~~~ L V 1  I a -  -

cesorv~.. NCnC ~~ ~~ o: -
justed for .32u to 2C a C a -~:1t - 

~~~a a-

~./ ~‘imount after 1v70 is t 3 ’ ,  I ‘ i .3~ ~~- -

decade
o/ A~uount t 4 4 C e ( . C d  to be cd dI~~J - : p - v ~ C L

ai.i o u n t.

The last  i tem on Table 13 is tk c  ~ r :un t  ci S l a .  
~~ 

- t 1 (  or .i~~urt 10’.
factor load -ih ich Is of the type that nay c supp i. c: I: - I t,  - i v d r u ~ 1t’~ t - i t

sources. The total amounts to about 359 n f l l i o n  k i l o ’ a t ts  i y  ye r - - - It
is unlikel y that all of the r e qu i r e n e n t :  can or ~.-:ill b~ - :1u d Ito- v I .  -

e l e c t r i c  sources , c h i e f l y pumped storage , but a larde nrc I )crtio:i can C sup-
plied if resource elanning and devclo~ aent arc sini -Led in tin t..

Transmission lines existing and being built are extensive t - Iroughout
the l~ power supp ly areas. Additional lines will be constructed , as the
load gr ows , to connect between and among the loads and new su-~p 1y sour ces
that are added. It is unlikel y that more tnan relat ivel y short lines will
be needed to connect most of the new hydroelectric develoements to the
supply.
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CHAPTER VI - HYDROELECTRIC POWE R RESOURCES

Most of the better sites for development of conventional hydr oelectric
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
instal lat ions can be p laced . Informat ion 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 developtne:’t .

The locat ion of the h y d r o e l e c t r i c  power sites given in Table 14 are
shown on Figure 3.

It may be observed from the map that mos t of the undeveloped or poten-
tial sites are phys ica l ly  located in the Appalachian region. This is chiefl y
because of the favorable topography of the region for development of hydro-
elec tr ic power , and espec iall y 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 stud y 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 o~ powe r are presented in Table 15.
The estimates may or may not include adequate transmission and other adjust-
ments for sriec~ fic projects , but they are adequate for use in testing and se-
lecting anoarently 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 a l t e r n a t i v e  p lant  contains
modern and efficient fuel-burning units of the size generall y be ing ins talled
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 p lan t and is shown as “capaci ty val ue.” The other relates more nearly to
the quantity of energy generated and is shown as “energy value .”

Two sets o . capacity values arc given. One is based upon Federal financ-
ing and the other on private financing. Thert’ are , however , no Federall y fi-
nanced alternatives in any of the lii power s u p p ly a reas .  P r i v a t e  f i n a n c i n g
predominates in 14 of the areas and TVA financing predominates in Po~- ’er Sup-
ply f,rea 20. “F -deral Fina icing ” values arc included because the construc-
ting agency, if Federal , as a matter of policy shows a comparison of the cost
of proj ect oow, a r with the cost of powe r from thi- cheapest alternative source
using Federol financing . Other than for this nurpose , the capacity values un-
der “ P r i v a t I -  F inancin~’, ‘present the capacity component of the value of power
for each H th~ Ii power sup 4y aim s and ar e  t h e  e:t m ates which should be
used in  d~~t ‘i:ninin ,~ tIi eco nomic  f c a s ib i 1 i t ~ of th ’- allocated electrical por—
t ion of - lf lV  V a i ’ O a  l t ’ c t r i c  r ii ~o - c t .
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TABIZ 15

ESTD1ATED AT-MARJCET POWER VALUES
(15 Power Supply Areas)

Alternative Steam-Electric Plant Capacity
Private Financin& (Except Area 20) Cost with

Power Unit Capital Fuel Capacity Energy Federal
Supp ly Size Cost Cost Value Value Financing
Area ~~~~ ($/kw) (ç~/~i Btu~ ($/kw/ yr.) (Mills/kwh) ($/kw/yr.)

3 1,000 160 Nuclear  29.75 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
6 1,000 1j5 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
9 600 130 18.0 24.25 1.50 11.25
10 800 130 18.0 22 .50 1.50 11.25
12 300 125 21.0 22.50 1.80 11.00
18 650 120 29.5 21.80 2 .50 11.35
19 800 125 21.2 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 19.35 2.45 11.00

Notes

1. Cost data used in preparing power-value estimates
have been adjusted to January 1, 1968 , price levels.

2. Cap ital cost of alternative plants c~:clude step-up
subs ta t ion .

3. Values are based on ty7ical two-unit thermal-electric
p lants.

4. Capac ity value of $14.05 for P.S.A. 20 is based on
TVA financing.

5. Values shown are s u i t a b l e  for screening purposes onl y.

o. Based on energy values shown , f ue l for  nuc lear 7lants
would be between 14 and 15 cents per nillion Btu.
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CHAPTER VII - WATER REQUIRr2-~ENTS FOR HYDROELECTRIC
AND THER~1AL - EL CTR IC POWER GENERAT ION

Hydroelectric Power Generation

The hydroelec tr ic p lants listed in Table 14 in the previous section on
Hydroelectric Power Resources show various operating heads rang ing fron about
eight to 1,207 feet. The lower head projects require larger , heaviet , slo’ier
operating , and bulkier units per ki lowatt 0i capacity than the higher head
units. Also , they require a considerably greate r quantity of water to be
r,assed through their water wheels to produce a hilowatt-hour of energy.

Assuming an over-all uater wheel-generator o~ ficiency of about 86 per-
cent , a kilowatt-hour produced will equal about 0.073QH, where c, is the cuaa-
tity of water required in cubic feet er second flos’ and H is the heac~ in
feet. In Table 16 is shown a range of y,ater wheel requirements of flo’a-- in
cubic feet per second per 1,000 kilowatts of power produced for various so-
lected heads.

TABLE 16

WATER WHEEL REQUIR~~ iENTS
HYDROE LECTRIC GENERATING PLANTS

Head Water Flow
(fee t) (cfs/ 1,000 Izw)

10 1,370
25 543
50 274
75 133

100 137
150 91
200
300 46
500 28
750 l,3

1,000 14

Thermal-Electric Power Generation

Electr ic energy for the added electric power requirements of the future
s-.’ill be supp lied mostly by large and modern steam-electric generating p lan ts
which will be constructed as the use of electricity increases. Some undoubt-
ly,  will be fossil-fue l fired and others atot~ic-fue l fired. For either or
bo th , large quantities of heat will be rejected as waste in the thermal-cycle.
This waste must be removed from the cycle as rapidl y as it occurs in order to
obtain full and efficient use of the thermal-mechanical conversion equi pment.
The best and cheapest method of dissil’aating and removing this heat from the
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plants is accomplish ed by pump ing large quantities of water f i ~~~~~~~~ l~ surtace
condensers where the exchange is made from the nearl y spent steam to the flow-
through waters.

Modern steam-electric plants of several hundred thousand to several ml-
lion kilowatts are being built with over-all efficiencies of around 40 -e r c e nt
for fossil-fuel fired boilers and from 32 to 34 uercent for atomic-fuel tired
boi lers.  These e f fi c i e n c i e s  may improve some as the state of the art nrogres-
ses , but improvement beyond 40 percent will be slow and slight.

Water needs for condensing and cooling purposes at modern , large steam -
e l e c t r i c  genera t ing  p lants for  selected p lant e f f i c i e n c i e s  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 p lant operating at 40 percent
efficiency would require an input of d ,533 Br itish thermal units per kklowatt-
hour.
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Between the heat i nput  and the  energy o u t p u t  the re  are numerous and var-
y ing losses. These may be conveniently ~.ivided 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 p lant burn ing f oss il fue l , losses to
the atmosphere are about 10 percent of the plant heat input ; 3,533 times 0.10
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 othe r losses and dissi~ ation
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
dissinate the 4,267 British thermal units per kilowatt-hour of heat los t or
rejected would require 4,26/ divided ‘

~y 8.33 , o r 512.2 gallons of water with
an exchange of one degree Fahrenheit (10 F.) temperature rise to the water .
if 10° F. 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 nroduce 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 4,2u1 million British thermal
units and this would require 51.2 million gallons of water for a heat ex-
chang e of 10° F.

Quantities of water required for the heat exchange frori large generating
units or p lants are usually expressed -a ’ither 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 10 F. tcr’-’c’vaeure rise would be

4~ 2b7 ~E 1,000,000 , or 1, ’9 , U UO cubic feet per second.
3,600 x 62.425

The water volume or quantity required in tht’ “t roduction of 1,000,000 kilowatt-
hours of electric energy with a 10 F. tem12erature rise would be

4,26/ x l ,OOO~0OO , or 1 ,570 acre-feet.
62.425 x 43 ,560

For a 1.0° F. heat exchange the flow and quantity required with a 40 percent
p lant  e f f i c i e n c y  would be 1,900 cubic feet per second and 157 acre-feet , re-
spectively.

Cooling fo r  hea t exchang e may be accotnrlished also by evaporation. This
requires a substantiall y smaller quantity of water , bu t 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, va por press ure , e tc .  The grea tes t  demand-use
for  water  w i l l  occur d u r i n g  the hottest and riuggiest weather , usually in July
or August , and gene rall y at the same t ime the  e l e c t r i c  supp l i e r s  are experi-
encing system peak loads. The heat exchange per unit of water at such times
will be the smallest quantity. For 950 F. weather the exchange wi l l  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 dissi pation
by evaporation, amount to

4,267 X 1,000,000 , or 18.3 cubic feet per second.3,600 x 62.425 x 1,040

The quan t i t y  of water  required as evaporation losses for 1,000 ,000 kilowatt-
hours will  be

4 ,2b7 X 1,000,000 , or 1.51 acre feet.62 .425 x 43,560 x 1,040
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CHAPTER VIII - CONCLUSIONS

Requires~ents 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 , un t i l
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 supp ly will be needed by 1980 for the power requirements of the 15
power supp ly areas in which the Appalachian region is located. About 20
percent , or 25 million kilowatts, can be supplied from new hydroelectric
projects consisting of som e 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 s u f f i c i e n t  hydroelectr ic  power.

A large part of the tremendous amount of new supp ly 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 , Ai~D TERMS

As Used in this Appendix

ABBREVIATIONS

Stu Bri t i sh  thermal uni t

cfs Cubic feet per second

cu ft Cubic feet

Degrees - Fahrenheit

ft Foot, or feet

gal Gallon

gal/ kwh Gallons per kilowatt-hour

gw Gigawatt

gvh Gigawatt-hour

kw Kilowa tt

kwh Kilowatt-hour

mw Megawatt

mwh Megawatt-hour

lO 3mwh Thousand megawatt-hours

Percent

pound
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EQUIVALENTS

Energy

1 B r i t i s h  thermal uni t  1. pound water changed
1 degree Fahrenheit  t empera ture.

= 1/1,040.1 pound water evaporated to
atmosphere at 95°F ambient temperature.

1 kilowatt-hour = 1 kilowatt x 1 hour.
= 3,413 B r i t i s h  thermal uni t s .

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

1 g igawat t -hour  = 1,000 megawatt-hours.
= ~~~ megawat t -hours .
= 1,000 ,000 k i lowat t -hours .

Power

1 kilowatt = Basic electric unit.

1 megawatt = 1,000 kilowatts.

1 gigawatt = 1,000 megawatts.
1,000,000 kilowatts.

Volumes

1 cubic foot water = 7.48 U. S. gallons.

1 acre-foot = 1 acre x 1 foot .
= 43 ,560 cubic feet.
= 43 ,560 square feet x 1 foot.
= 325,851 gallons.
= 2,719 ,233 pounds water.
= .5042 cubic feet per second flow.

Miscellaneous Quantities

I 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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TER~1S

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.

Capaci ty  value - see power value

Conventional plant - see generating plant

Coordinated operation - the operation of two or more electric facilities
or systems as a sing le 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 tiuie intervals for a specified
per iod. The coordinates may be in quantities o.
percentages.

Electric energy - a measure  of uork, expressed in kilowatt-hours.

Electric market - see power requirements

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

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

Ene rgy value - see power val ue

Fossil-fue l - lant - see generating p lant

Fuel-electric “tiant - see generating p lant

Generating p la nt - where el ectr ic capac ity is used to produce electric
energy.

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

Conventional plan t - one conform ing subs tan tiall y to pas t and pres-
ent conventional design and operating procedures.
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TERMS (Coat ’d)

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

Hydroelectric p lant - one using falling water as its motive force.

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

teak l oad plant - one which operates , usually at a low plant factor ,
to supply powe r during maximum load periods.

P~~ped-storage plant - one using an arrangement whereby water is
pumped from a lower to a higher e levation dur-
ing periods of low load for use b y 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.

Gea.rating unit - an electric generator , together with its prime move r
and appurtenances.

Head - the difference in e levation of water for use in developing hydro-
electric power.

Heat rate - the thermal rating of a thermal-electric generating unit
or p lant - 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
atmosp heric 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 princi pal 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 supp lying load.

Power supply - a source of electric power.

Power requirements - the needs of power supp ly 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 (Coat ‘d)

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

Thermal-electric plant - see generating plant

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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