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The North Atlantic Regional Water Resources (NAR) Study examined
a wide variety of water and related land resources , needs and dev ices
in formulating a broad , coordinated program to guide future resource
development and management in the North Atlantic Region,, The Study
was authorized by the 1965 Water Resources Planning Act (FL 89—80)
and the 1965 Flood Control Act (PL 89—298), and ca~ried out under
guidelines se t by the Water Resources Council.

The recommended program and alternatives developed for the North
Atlantic Region were prepared under the direction of the NAB. Study
Coord ina ting Committee , a par tnership of resource planners represent-
ing some 25 Federal, regional and State agencies. The NAR Study
Report presents this program and the alternatives as a framework for
future action based on a planning period running through 2020 , with
bench mark planning years of 1980 and 2000,,

The planning partners focused on three major objectives —— Nat-
ional Income , Regional Development and Environmental Quality —— in
developing and documenting the information which &clsion—makers will
need for managing water and related land resou~ c~a in the in teres t of
the people of the North Atlantic Region.

In addition to the NAB. Study Main Report ~ind Annexes , there are
the following 22 Appendices:

A , History of Study
B. Economic Base
C,, Climate , Meteorology and Hydrology
D. Geology and Ground Water
E, Flood Damage Reduction and Water

Management for Major Rivers and
Coastal Areas

F. Ups tream Flood Prevention and
Wa ter Managemen t

o ~~~— n G. Land Use and Management
H,, Minerals

• I. Irrigation
• .J, Land Drainage

K,, Navigation
L. Water Quality and Pollution
M, Outdoor Recreation
N,, Visual and Cultural Environment
0, Fish and Wildlife
P. Power
Q. Eros ion and Sedimentation
B., Water Supply
S. Legal and Institutional Environment
T. Plan Formulation
U. Coastal and Estuarine Areas
V. Health Aspects
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CHAPTER 1

INTRODUCTION

A comprehensive survey of the water and related land resources
of the North At lantic Region (NAR) involves among other thlnRs a
thorough examination of the area ’s electric power and sij~ p lv req uire—
ments . The economic well being and industrial prugress of the region
depend In no small measure on an adequate and economic supply of
power for its population and Industries.

PURPOSE AND SCOPE

The technological advance in electric power generation during
recent years has been very rapid and future progress promises even
greater strides . Since the Inception of the electric utility
Industry (about 1880) production and consump t ion has roughly doubled
In each 9ucceeding decade . This history of g’~~wth can be put into
perspective and dimension by noting that o~~ ~opuiation ~‘as
quadrupled (from 50 to 200 million) In the past 90 years , whereas
total electric energy production by utility companies has increased
nearly 4.5 t Imes since 1950. The net Increase in production between
1968 and 1969 , exceeds by almost 25 percent ~he total production of
el ctrical energy in 1930.

This Appendix was prepared to provide information on oast and
future requirements of a market for power in the NAR , which is served
In a coordinated manner by a group of interconnected electric
utilities. Historic and estimated future (to the year 2020) electric
power requirements are oresented. The power market area varies
geographically from the study region because it was selected to
follow Federal Power Commission “Power Supply Area” boundaries . Data
an presented by sub—areas which correspond to PSAs or groupings there—
ot within the power market. Estimates are made of the types of
electric generating stations which will supply the future power require-
ments. The production of electric power from steam and hydroelectric
plants involve the consumptive and non—c~nsump t ive use of lar ge
quar-~titIes of water , and is therefore among the princi pal ourposes
wh ich the Region ’s water resources are called upon to serve .

Data presented in this Appendix represen t attempts to identify
orders of magnitude rather than to specify types or pinpoint the
locations of needed facilities. The factors that effect power
facility location and design are so numerous and change so rapidly
that even relatively short range proposals may need to be materially
altered . C a p a c i t y  locations are therefore designated 1w sub—areas
only and no further refinement is attew’ted or implied. The
Appendix includes a complete accounting of all existing and antici-
pated future electric generating facilities , undeveloped hvdro—
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electric power resources , and water recuirements for therma l
generation in the North At l antic Region.

METHODOLOGY AND ASSUMPTIONS

Reqp irements . The material herein Is nresented In terms of
estimated requirements for the power market , subdivided to show
the estimated mix and magnitude of the suppl y within the 21 areas
(Figure P—i) delineated by the Coordinating Committee . The basic
data and general background Information used in the analysis have
been taken from reports and other documents provided by the
electric power ~ndustrv , from economic projections prepared for
use in connectian with North Atlantic Regional Studies , and f rom
other available sources.

The projections assume that during the next five decades there
will be no sudden shift In the economy , no d isastrous wars , no
widespread epidemic , and no economic or other catastrophe . The
projections assume that the Nation will experience annual increases
in population and proportional increases in the number of elec-
tricity customers. The projections reflect a general optimum
arising from the widel y held bel ief that there will be greater
residential consumption , increased commercial applications , and
expanded industrial usage . Not only will there be more homes with
more electric appliances , but also more families who choose the
advantages of electric space heating and cooling.

Supp ly. Planning for future power developments Is based on
present technology with some presumed Improvements in efficiency .
While it Is likely that some revolutionary technological changes
will be made between 1980 and 2020 in the power generation and
transmission fields , no attemot has been made in this study to
predict what those changes may be under the national efficiency
and regional development objectives. It Is presumed that If new
technIques are developed they will have an economic advantage
over current technologies , and would thus permit some savings over
the pattern of development reflected in this Appendix. If such
advantages are possible , they would apply to areas outside of as
well as within the North Atlantic Region . Hence the relative
position of the NAR with respect to other areas would probably
not be mat erially affected. tinder the environmental qualit y
objective , it is assumed that there ~ Il1 be technical advances
made in the use of “exotic ” fuel generation which wi l l be non—
dependent on water for cooling and perhaps make less demands for
esthetic treatments . A limited amount of such generation is
projected for benchmark years 2000 and 2020.

Hyd roelectric Power. No dfstfn ~ t1on Is made hetween con-
ventional and pumped storage hydroelectric power Insofar as
general plans and anticipat ed resu lts are concerned. It Is

P —2
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assumed that the portion of the total load that will be supplied by
conventional hydroelectric plants will decrease over the years to
the point where it will be an Insignificant amount , proport ionally ,
by the year 2020. Pumped storage installations , however , are
ant icipated to materially Increase at a pace that would maintain a
hydroelectric capacity of about 10 percent of the total demand
throughout the study period .

The location of hydroelectric generation is , of necessity ,
based on the availability of useable sites . Known potential site3
would be used in the order of their econoo~~c advantage wi th in  the
constra int inroned by providing a r~~inonable ‘iistributior~ of peak-
ing 2apacit:.- throughout the established r~arket area.

Hyd roclectric power projects , bas ica l ly  pumped storage , will be
used pr imar i ly to suppl y the peak portion of the power demands.
Site availability rather than water recuirement is the prime con—
sideration. After completing the pump storage impoundment , only
small amounts of water are necessary to replace operating losses.
Under this mode of operation , hydroelectr ic projects would derive
only minor and limited benefits from incremental investment in water
suppl y facilities.

Under these general criteria , there are no apparent reasons
wh y the hydroelec tric capacity should vary significantly between
the three objectives .

Cooling Water for Thermal Power Generation. Power demands for
the North Atlantic Regional area were developed orig inal l y by con-
ventional coordinated study areas and power market areas which
correspond to regions of coordinated power operations (see Chapter
2). The amount of total demand that would be supplied by generation
within the NAR was based on studies that have been made jointly by
the industry and the Federal Power Commission. These studies also
provided estimates of the power generation mix and the breakdown of
thermal generation into fossil and nuclear categories .

Anticipated locations and sizes of thermal plants were initI.~1lv
based on 

~‘arket study needs 
and on the basis of optimum power system

economics and reliability. This area—wide ar~ crtionment ir rmncidero l
t.o be the ~nost efficient proposal and thuo is in 

ef f c ~~t t h e  oTho ~~~
would satist~c the nat i onal ~ff iciency eb .~ective .

The total power supp ly within each study area Ic relatively
fixed . To satisfy the regional development objective a redistribu-
tion (from the most efficient placement) can be made which would
enhance the economic well—being of those areas which have been
projected , by economic studies , to be most l ikely benefited by the
location of large generating stations .

Under the envi ronmental quality nr: ,l ect ive i~ has been assum ed

P—4 
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that some form o 4’ “exrt~ c” generation will renlace varying amounts
of conventional thermal generation . Even though new forms of gen-
eration may be more costly,  they may have a beneficial Impact on
air and water quality . Another criteria for the environmental qual-
ity objective is the potential reassignment of thermal capacities
from inland to coastal areas so as to mrotect the rapidly dwindling
supplies of high quality fresh water.

With the adontion of a general power surnly program by sub—areas
for each objective of plant sizes (see Chanter 7) for the thermal
generation supply , it follows that water rer~uirements (consummt ive
and non—consumntive) can be delineated. The non—consumptive use
(cooling water flow through the generating facility ’s condenser) is a
fixed quantity and varies with plant design . ExDected increases in
design and operating efficiencies for the period of this study will
modify full load condenser requirements from an estimated flow of 1.7
ft3/s/MW in 1980 to 1.1 ft3/s/MW in the year 2020 for nuclear genera-
tion based on a temperature rise of 15°F. Consumpt ive losses , however ,
depend upon the method used in handling the cooling water. In the re-
cent past the most universal , and most e f f icient , system was tnt “once—
thru ” design where water taken directly from a stream is massed through
the condenser and then discharged , at a higher temperature , to the orig-
inal watercourse. When flow or temperature constraints exist , cooling
towers can be used. In the ‘ open system” , water leaving the condenser
is cooled before discharge to the waterbody , while in the “closed sys-
tem ” the cooled water is circulated between tower and condenser .
Where appronriate topographic conditions exist a cooling mond can be
used to mrov-ide a condenser water sunpiy relatively unaffected by flow
and temperature restrictions . For nuclear plant efficiencies antici-
pated in the year 2000 and at full load operation ; consumptive losses
are estimated at l0.li ft3/s/l000 MW for once—thru , 12.2 ft3/s/l000 MW
for  ponds , and 17.14 ft3/s/l000 MW for cooling towers .

The criteria for power cooling devices will vary for each
objective . Under the national efficiency objective , once— thru cooling
w ill predom inate in all areas where adequate river flows will permit
its technical development. It is recognized that for the large
installations envisioned for the future, once—thru design will be not
only generally impractical but often impossible except in coastal
regions.  The large (2000 MW-f ) p l an t s ’ r equ i r emen t s  fo r cooling water
are such that few inland areas provide sufficient flows for dependablc
once—thru operation. Under the regional development objective the
desire to increase total output of a designated region may necessitate
the use of cooling systems . Therefore , for this objective a greater
stress is put on cooling ponds and cooling towers. The use of once—
thru condenser cooling is considered only in those areas where large
flows are available and average sized installations envisioned . In
plannin g for  the env ironmen tal quality objective , almos t comple te
dependence was placed on the use of open and closed type cooling towers
in inland areas and a mix of towers and other devices for estuarine and
coastal areas.

P— s
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CHAPTEP 2

DESCRIPTION OF POWE R MARKE T AREA

DETERMINATION OF ~~HYi~T

The Federal Power Conunission in it~ r e g u l a t c r — ~- work relat i ng to
the assemblage and a n aly s i s  of s t a t i s t i c s  or~ r - w ~ r r em ir e men t o  and
: u r rlv  for the  e l ec t r i ca l  ut~ lity inci jsi r’; has Ijyl ded the c on t i gu o u s
T h it e d  States in to  148 Power Supply Areas ~P S A ) .  These PSAs are gener-
ally leterrained on the basis  of service areas an d operat ing r e l at i on -
shi ps of u t i l i t y  systems compr i s ing  them . In t u r n , power sunoly areas
may be grouped in to  Coordinated  Stud y Areas ( C S A ) , aga in  determi ned
mainly by the degree of coordination among c- orwonent power sunr i  ar~ as .

The market  se lected for  t h i s  s tudy arc r o x i r o -ites the area j the
NAP.  Complete PSAs were used so t ha t  data could be presented  on the
basis of ex i s t i ng  u t i l i t y  service areas . The rrirk~~ area cons i st s  of
PEAs 1 through 7, and 18 , ex tending  east to west f r o m  the Mai n e— Sew
Brunswick boundary to the Ohio—Pennsy lvan ia  border  in  n or t h w e s t e r n
Pennsylvania and north  to south from the Canadian  border  to the  Hoanoke
River  in North Carolina.  CSA A (PSAs 1 and 2 )  is  c-ornr ise d of the s ix
New Englan d states , CSA B cons is t s  of PSAs 3 and fi ( New Yo rk  fltate ),
CSA C embraces PSAs 5 and 6 w i t h i n  the s ta tes  of Delaware and f l e w  Jersey ,
parts of Maryland , Pennsylvania  and V i r g i n i a , anl Washington , i~J’. ~~~~~~ 7

c o n s i s t s  of parts of Maryland , V i r g i nia , West V i r c i n i a  and P e n n s yl v a n i a .
PSA 18 includes parts of Virg in ia , West V i r g i n i a  ur s i  f o r t h  C a r o l i n a .
Only PSAs 1, 2 , 14 and 6 l ie  wholely w i t h i n  the SAP boundary . Figure  ~~~~
shows the geographical  extent of the m ar k e t  area by i~~As . Table P—i
shows comparative data for  the reg ion an .i the sele ted  m ar k et  arei .

RELATIONSHIP OF POWER TO THE E C C N ? tf ~’ OF THE AREA

In the overal l assessm en t of any n-eg anal vat ‘s ar i r e i r t t ~~l lan d use
the  re la t ionsh ip of  e l e c t r i c i t y  to t h 1~ various “a-to t- : ‘h a t  rro1ro~ a
region ’ s econorr ~’ is  an in terder er 1I 1~ n ’ n’ r- . The nr or ”r  anr r a r s a l  of d c ’ —
t r i c  power mus t be made in the c on t e x t  of  the  to ’ a i  “n v i  r cr r r :ent  and i t n
economi c , physical , c u ltu r a l  ari d soc ia l  ‘- f f ’  

E l ec t r i c i t y  h as  Si l ied and w i  l I  c- r~ nu ’~ a f i l l  an ir :rt an t ro I’

i n  channe l ing  the  n a t i o n ’ s n roc1u~~t i v e  rerourc’-s i n t o  e f f i c i e n t  s e.
Since  it is an a w( i lj a r 7 . - , and indeed  hree P - r  of ~-eon r’i c- ~-r  t~’h ,
t r i c  power has fu r -n i : ;h ’-d a r i s i ng  pr  ~r c  r’t or S t h ’~ s c -t i n ’ r’: ‘ “r~—s re-
qui rements .  The exr anli i flg 104 ’ ~f t c r ~ y _ c o r : s : ~n i  ng car al e c . i  or
been a or - i  n o  pal sour’ °’~ of I ~r~ v”r~”r: t of flu ’ an al  o r o t c :  l v i  y a n I  i
st i m u l u s  to econemi r rngress. P C

I r i  p w e r  r nsr i r r r ~ or. j ’-- cen
di rec t  p r o p o rt i o n  wj ~ h r i s i n g  s ’ anc lar ds of  l i v i ng , h igh e r  i n - n e  and
t e ch n o l og i c a l  p rogr es s .  The n ct ’~ - of ~‘ hrc~ gj  c-i i ‘id v-in - . ‘an he - x—
pcç-~ , r’d to c on t i n ue  cr-eat i o~ new r~~i~~k r -t :: , t Y  c ’ ’~ rt b i 1re • 1 no m i
accompanying t rends  t ow ar d  a sh r t o s wc ’r k  ~~~~~~~~~~ S i n  t u r r  wi U in-
crease th e  leo i re and nee S r ‘ - v  S rrs c h ‘cc r m l  I u x cir art 1 Hr.

i~ “n:: , rP r r -ea  a , n ewer  ci ~‘an or t” e~ Pu I ‘ ‘• - ‘ i -~ - a s  t r c t n r r c o r -t a t  ion

P —

- ~~- a - ~~~ - - . --- - - ---



I
/

S 

~~~~~~~~~~~~~~~~~~~~
— / .-. — — — —.— - . 

-.

L EGEND

- — - --- , ‘ , , - - - - - -‘ 
1 - 

- ~~ ~~~ 
-
~ ‘~~~~ ~~~~~~~~ - 1 AREA OUTSID E POWER M A R K E T

- 
‘ - — -- -. 

- ‘. 
--- - - -

~ 
‘~~~~~~~~~

-- - i~~
’)  

- 
—. STATE BOUNDARY

—~ 

- 
- - 

- - -
~ 

NA R  BOUNDAR Y

/ — 
‘. / 

_. “ .. .~.. ‘~ C O O R O I NA T E D  STU DY A R E A S

— — 
,, 

— 
POWER SUPPLY AREA S

“
/ 

7_’-__ 
-p

— 
- - -. ‘ -- 

- 
- /  t 

— F ED E RA L  POBER

/ 
— NORTH A TLA NT IC REGIONA L WA T ER RESOURCES STU DY

;

_

~~~~ ~~~~~~~~~~~~~~~~~ ~I’-:~’ 
- 

NORTH ATLANTIC REGION

~~ ~~~~~~~~~~~~~~~~~~~~~ ~~ L ~~~~~~~ 
-
~~ 

- - — -~~~~~ 4(BR UA RY All 
- 

R l~A I

1’ -7



~~~~~~~~~~~~~~~~~~~~ ~~~*-~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

TABLE P-i

COMPARATIVE DATA FOR THE REGION
AND

SELECTED POWER MARKET AREA

1968 Energy Requirements
Power Percent of In Market In NAB
Supply Sub—Area in Energy Percent Energy Percent of
Area Basin for Load Total Market for Load PSA Load

(GWh)1/ (GWh )i/

1 100.0 14,956 1.6 14 ,956 100.0
2 100.0 148 ,3514 16.0 148 ,3514 100.0

CSA A 100.0 53,310 17.6 53,310 100.0

3 58.1 141,298 13.6 13,753 33.3
14 ioo.o 1414 ,720 i14.8 1414 ,720 100.0

CSA B 71.1 86 ,oi8 28. 14 58 ,1473 68.0

5 814.5 102 ,998 3 14.0 99,310 96. 14
6 100.0 10 ,897 3.6 10 ,897 100.0

CSA C 87.8 113,895 37.6 110 ,207 96.8

7 14i.o 28,560 9 .5 5, 1714 18.1
18 55.0 20,812 6.9 16,1143 77.6

TOTAL 714.2 302 ,595 100.0 2 143,307 80. 14

1/ GWh = Gigawatt—hours, or millions of Kilowatt—hours

and environmental control. Thus, the availability of electric energy is
vital in the economy of a region , especially in one as dynami c and
vigorous as the NAB .

The economy of the power market area is expected to undergo sig-
nificant growth in the next 50 years . The Office of Business Economics ,
Department of Coimnerce , in a report to the Water Resource Council , has
projected the economic base of the nation to the year 2020. An aggre-
gation of selected areas , closely approximating the market area , serves
as a measure for the region ’s future growth , as outlined below .

In 1968 the population of the market area was about 58 million
and this is expected to increase to 66 million by 1980, 83 million by
2000 and 1014 million by 2020. ~nployinent is predicted to increase at
an equally impressive rate from 23 million in 1968 to 27, 314, and 143
million by 1980, 2000 , and 2020 , respectively. Estimated future em-
ployment shows increases in trade and service sectors , moderate in-
creases in manufacturing , and declines in agriculture and mining .

P-8
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Projected per capita income In the market area varies from $3380 in
1970 to $13.209 in 2020, s-s comnared to e, national average of ~39l0
(preliminary) In 1970 and -projected $12,)411 in 2020.

Agricultural production is presently &Iversitled In the area ,
consisting of both large arid small scale farmi ng operations pro-
viding primarily grai n 

• Potatoes . cranberries , tobacco. and truck
crops , and dairy operations. Its future a-p-oears to be tied to the
local area ’s ~o-pulation growth and the ability of market—oriented
local producers to compete successfully.

The largest portion of the labor force is devoted to manufac-
turing, with a signi fi cantly large percentage In primary metal and
chemicals. Apparel, food products , paper and paper products, chein—
icals , and primary metals are among the region’s chief manufactured
products.

The market area , which includes the megalopolis from Washington ,
D.C. to Boston, Mass. Is expected to continue to provide extensive
opportunities for expansion . While the area ’s future growth rate may
riot be as great as some other specifi c part s of the country , it is
expected to be above average. Its electric load is estimated to com-
prise over 20 percent of the national total throughout the study
period.



I
CHAPTER 3

POWER MARKET REQUI REMENTS

UTILITY SERVICE IN MARKET

Electric service in the NAB market area in 1968 was provided
by 381 systems , 102 nrivate investor owned and 279 publicly (govern-
ment ) owned. The latter supplied 5 percent of the total energy used.
In 1968, 82 utilities had energy requirements greater than 100 million
kilowatt—hours, or 100 gigawatt—hours (GWh). These principal util-
ities constituting only 21.5 percent of the total number accounted
for 97.8 percent of the market load. Table P—2 sununarizes data on
installed capacity and energy requirements in 1968. Table P—3 lists
the major systems in the market area with energy requirements of 500
gigawatt—hours and their corresponding 1968 installed caDacity , and
net generation .

Total power production by the private ownership sector of the
indus try was 288,000 gigawatt—hours in 1968, or 95 percent of the
total. Practically all of this energy was accounted for by the 50
major private systems except for 923 GWh , supplied by 52 mInor
systems . Thirty—three private svstenis and one public system with
energy requirements in excess of 500 gigawatt—hours had an aggregate
load nf 286 ,700 gigawatt—hours , about 95 percent of the market
requirements. The 34 major utilities also accounted for 95.3 of
the total installed capacity. Seven utilities had requirements of
over 15 ,000 g igawatt—hours in 1968.

p-lU



TMLE P-2

ELECTRIC UTILITIES SERVING TN! MARKET AREA-1968

Installed
Sy.t ma_ Capacity Ensr~~ Raquiremsnta

(No.) (2) (SI)  (~ 1h) (2)

TOTAL MARKET

Pr ivat .ly Owned -

Major Systems 1/ 50 13.1 60,154 286 ,628 94.7
Minor Systems 52 13.7 304 923 0.3

Total—PrIvate 102 26.8 60,458 287 ,551 95.0

Publicly Owned

Major Syst s 1/ 32 8.4 3 ,706 9 ,231 3.1
Minor Systems 247 64.8 333 5,813 1.9

Total—Public 279 73.2 4,039 15,044 5.0

Total Major Systems 1/ 82 21.5 63,860 295 ,859 97.8
Total Minor Systems 299 78.5 637 6,736 2.2

Grand Total 381 100.0 64,497 302,595 100.0

C S A - A

Pr ivately Own ed

Major Systems 1/ 26 17.5 11,118 48 ,467 90.9
Minor Systems 28 19.0 30 445 0.9

1~ta1—PrIvate 54 36.5 11,148 48,912 91.8

Publicly Owned 
I 

-

Major Systems 1/ 14 9.5 345 2 ,515 4.7
Minor Systems 80 54.0 143 1,883 3.5

Total—Public 94 63.5 488 4,398 8.2

Total Major Systems 1/ 40 27.0 11,463 50,982 95.6
Total Minor Systems 108 73.0 173 2,328 4.4

Grand Total 148 100.0 11,636 53,310 100.0

1/ Energy requirements greater than 100 gIgawatt-hours .

P—il
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TABLE P— 2 (cont ’d)

ELECTRIC UTILITIES SERVING THE MARKET AREA—1968

Installed
Syst ems Capacity Energy Requirements

(No.) (7.) (MW ) (c,Wh) ( 7)
CSA — B

Priv ate ly  Owned

Major Systems 1/ 8 10.7 15 ,351 80,704 93.8
Minor Systems 11 14.6 17 140 0.2

Tota l—Priva te  19 25 .3  15 , 368 80 ,844 94 .0

Publ icl y Owned

Majo r Systems 1/ 4 5 .3  3 ,200 4 ,313 5.0
Minor Systems 52 69.4  55 861 1.0

Total—Public 56 7 4 . 7  3 , 2 5 5 5 , 174 6 .0

Total Majo r Systems 1/ 12 16.0 18 ,551 85 , 017 98.8
Total Minor Systems 63 84.0 72 1,001 1.2

Gra nd Total 75 100.0 18 ,62 3 86 ,018 100.0

CSA — C

Privately Owned

Major System s 1/ 13 14.0 24 , 357 110 ,688 97. 2
Mino r Sy stems 11 11.8 256 302 0.3

Total—Pr ivate 24 25.8 24,613 110 ,990 97.5

Pub l icly Owned

Maj o r Systems 1/ 5 5 .4  90 1 ,158 1.0
Minor  Systems 64 68.8 112 1,747 1.5

Total—Public 69 74.2 202 2 ,905 2.5

Total Major Systems 1/ 18 19.4 24,447 111 ,846 98.2
Total Minor  Systems 75 80 .6 368 2 ,049 1.8

Grand Total 93 100.0 24,815 113 ,895 100.0

1/ Energy requirements  greater  than 100 g i g a w a t t — h o u r s .

P— i 2
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TABLE P’-2 (cont ’d)

ELECTRIC UTILITIES SERVING THE MARKE T AREA—1968

Installed
Systems Capacity Ener~y ReQuirements

(No.) (2) (Mw) (GWh) (2)
PSA 7

Privately Owned

Major Systems 1/ 2 12.5 4,972 28,006 98.0
Minor Systems 1 6.2 0 25 0.1

Total—Private 3 18.7 4 ,972 28 ,031 98.1

Publicly Owned

Major Systems 1/ 2 12.5 58 228 0.8
Minor Systems 11 68.8 10 301 1.1

Tot al—Public 13 81.3 68 529 1.9

Total Major Systems 1/ 4 25.0 5 ,030 28 ,234 98.8
Total Minor Systems 12 75.0 10 326 1.2

Grand Total 16 100.0 5,040 28,560 100.0

PSA 1S

Privately Owned

Major Systems 1/ 1 2.0 4,356 18,763 90.1
Minor Systems 1 2.0 1 11 0.1

Total—Private 2 4.0 4,357 18,774 90.2

Publicly Owned

Major Systems 1/ 7 14.3 13 1,017 4.9
Minor Systems 40 81.7 13 1,021 4.9

Total—Public 47 96.0 26 2 ,038 9.8

Total Major System s 1/ 8 16.3 4,369 19 ,780 95.0
Total Minor Systems 41 83.7 14 1,032 5.0

Grand Total 49 100.0 4,383 20 ,812 100.0

1/ Energy requirements greater than 100 gigawatt—hours .

P-i 3
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TABLE P-3

ELECTRIC UTILITIES IN MARKET AREA - 1968
(Requirements greater than 500 gi gawatt—hours)

Installed Net Energy
Utility Capacity Generation ReQuirements

( M w)

PSA 1 
-

Central Maine Power Co. 655 3,480 3,452
Bangor Hydro Electric Co. 131 569 757

PSA 2
New England Electr ic System 1,748 8 ,236 10 ,610
Boston Edison Co. 1 ,982 9,082 6,657
Connecticut Light & Power

Co. 1, 148 6 ,190 6 ,506
Hartford Electric Light Co. 766 3,759 4 ,091
United I l lum inat ing Co. 1,002 3 ,480 3 ,757
Public Service Company
of N.H. 799 3,473 2,639

Western Massachusetts
Electric Co. 394 1,574 2 ,548

Eastern Utilities
Associates 393 1 ,815 2 ,138

Central Vermo n t Public
Service Corp . 90 205 1,073

New Bedford Gas & Edison
Light Co. 131 593 839

Cambridge Electric Ligh t
Co. 92 383 702

Green Mountain Power Corp . 83 174 611
Total CSA—A 9 ,414 43 ,013 - 46 ,380

PSA 3
Ni agara Mohawk Power Corp . 2 ,895 15 ,041 25 ,322
New Yo rk State Electric &
Gas Corp . 759 4,414 7,115

Power Authority of State
of N.Y. 3 ,102 21 ,007 3,758

Rochester Gas & Electric
Corp . 519 2,194 3,626

P-14
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TABLE P—3 (cont ’d)

ELECTRIC UTILITIES IN MARKET AREA - 1968
(Requi rements greater than 500 gIgawatt—hour s)

Installed Net Ene rgy
Ut i l i t y  Capacity Gene rat ion Requirements

(MW ) ( GWh ) ( GWh )
PSA 4
Consolidated Edison Co.

of N .? .  7 ,942 29 ,706 31,038
Long Island Lighting Co. 2,307 9,904 9,085
Central Hudson Gas &

Elect ric Co. 590 2 ,928 2 ,508
O range & Rockland Utilities ,

Inc. 338 1,783 1,848
Total CSA—B 18,452 86,977 84,300

PSA 5
Public Service Electric &
Gas Co. 6,345 24,297 23,543

Philadelphia Electric Co. 5,103 19 ,192 22 ,077
General Public Utilities 3,204 17,276 19,919
Pennsylvania Power & Light

Co. 2,464 12 ,502 13 ,317
Baltimore Gas & Electric Co. 2 ,293 12 ,038 11,044
Delmarva Power & Light Co. 989 5,461 4,298
Atlantic City Electric Co. 734 4,386 3,296
Bethlehem Steel Co. 159 1,095 1,292

PSA 6
Potomac Electric Power Co. 2,973 12 ,912 10,464

Total CSA—C 24,264 109,159 109,250

PSA 7 
-

Allegheny Power System 3,215 16,561 17,978
Duquesne Light Co. 1,757 9,602 10,028

Total PSA 7 4,972 26,163 28,006

PSA 18
Virginia Electric & Power
Co. 4~356 21,056 j~~,763

Grand Total 61,458 286,368 286,699

P-i 5
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Requirements of publicly owned systems were over 15,000
gigawatt—hours in 1968 or 5 percent of the total market require-
ments . Of this amount 32 of the larger systems accounted for over
9,200, while 247 minor systems had a total of 5,800 gigawatt—hours .
Table P—4 sun~ arizes sources of supply of publicly—owned systemsin the market area.

TABLE P— 4

ENE RCY SOURCE S, PUBLICLY OWNED UTILITI ES — 1968

Market Sub—Area s
CSA—A CSA—B CSA— C PSA — 7 PSA-l8 Total

Purchase
All Requirements
No. of Sys tems 57 45 54 9 42 207
Energy (CWh) 2,471 892 1,971 207 1,931 7,472

Generate
All Requirements
No. of Systems 8 8 2 1 0 19
Energy (GWh) 465 3,886 64 7 0 4,422

Purchase
& Generate
No. of Systems 29 3 13 3 5 53
Energy (GWh) 1,462 396 870 315 107 3 ,150

Total
No. of Systems 94 56 69 13 47 279
Energy (GWh) 4,398 5,174 2,905 529 2,038 15,044

The majority of publicly owned utilities purchase all of their
requirements from privately owned utilities . However , in New York
State, (CSA—B), the Power Authority of the State of New York supplies
over 76 percent of the almost 5 billion kilowatt—hours required by
the publicly owned utilities in the state.

P— 16
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PAST AN!) ESTIMATED FUTURE POWER REOUIRF MENTS

Forecasts of power consumption to 1980 may be made with a
reasonable degree of accuracy and to 2020 with less precise but
still acceptable results for p lann ing purooses . ~n general , one of
the principal tools used in the estimating modus operandi is the
historical record of experience. Total reauirements are normally
arrived at through a ratiocir~~tion of necessity predicated on
existing types and classes of service in constituent areas making
up the market. Patterns of expanding energy requirements are well
es tabl ished , giving consideration to those known and potential
factors that would affect them in any given area. For exanrnle, the
number , location and relative requirements of future load concentra-
tions are unlikel y to change drastically from those presentl y
existing. The megalopolis area from Washington , D. C. to Boston
Is expect ed to continue as the most concentrated load area of the
reg ion. The availability of coastal waters as a source of cooling
for industry , as well as large electric generating station s , is one
of the reasons that vaticinate a continuing growth . Various areas
within the market as well as the NAR are noted for their position
and value in the regional economy . Based on past statistics and
knowledge of current population trends , housing patterns and
employment , reasonable estimates of the future energy demands and
its distribution in the basin can be estab1ishe~~.

In 1968 , power requirements of the market area amounted to
302 ,600 gigawatt—hours with an associated peak demand of 57.1
gigawatts , as compared with 175 , 100 g i g a w a t t — h o u r s  and 33.1 g i g a w a t t s
in 1960. Power requirements of the NAR in 1968 are estimated to be
about 243,300 gigawatt—hours or 80 percent of total market require-
ments. As shown on Figure P—3 and in Table P—5 , it is estimated that
the market load will increase to 625 ,000 gIgawatt—hours and 116
gigawatts by 1980, and 4 ,683.,000 gigawatt—hours and 856 gigawatts
by the year 2020.

DISTRIBUTION OF UTILI TY LOAD

Genera l ly , the distribution of electric power requirements in
an area conforms to population arrayal . This is especially true
of the NAR market area where the bulk of the utility load is
apportioned along the hi gh density coastal reached . This geographic al
d ispers ion of load , varying in degree of concentration suggests the
useful concept of load centers , whose very location and power needs
are important building—blocks in system nianning schemes for
generating and transmission facilities. Load centers generally
relate to Standard Metropolitan Statistical Areas and are usually
key po ints ~ backbone transm ission networks for the reception of
large blocks of power. Load centers conform to large concentrations
of population or heavy power—consuming Industrial complexes. Massena ,
New York is an example of the latter , where low cost h~’croelectr ic
power has fostered the location of an extensive aluminum producing

P— 17
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TABLE P-5

POWER REQUIREMENTS IN MARKET AREA
(Actual)

1/
Energy/Load Peak Demand Load Factor

( GWh ) (MW ) ( 7 0)

1950
— 

CSA—A 16 ,669 3,608 52.7
CSA—B 32 ,782 6 ,324 59.2
CSA—C 34 ,108 6 ,646 58.6
PSA—7 10,678 1,938 62.9
PSA—l 8 3,639 751 55.3

Total 97,906 19,267 2/ 58.0

1960
— 

CSA—A 30,468 6 ,181 56.1
CSA—B 54,715 10 ,121 61.5
CSA—C 63 ,016 12 ,004 59.8
PSA—7 17,544 2 ,994 66.7
PSA—18 9,380 1,815 59.0

Total 175,123 33 ,114 2/  60.2

1968
CSA—A 53,310 11 ,236 54. 0
CSA—B 86,018 15 ,442 63 .4
CSA—C 113 ,895 21 ,460 60.4
PSA—7 28,560 4 ,662 69.7
PSA—18 20,812 4,275 55.4

Total 302,595 57 ,075 2/ 60.~

Coincidental peak
2/ Totals non—coincidental

P —19 
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TABLE P-S (Cont ’ d)

POWE R REQUIREMENTS IN MARKET ARE A
(Fstinater~

1/
Ene rgy/Load Peak Demand Load Fac to r

( Cwh ) (MW ) ( % )

1980
— 

CSA—A 111 ,000 2 2 , 100 57 .2
CSA—B 160,000 29 ,300 62.2
CSA— C 244,260 45,270 61 .4
PSA—7 52 ,600 8,640 69.3
PSA—l8 57 ,420 11,170 58 .7

Total 625,280 116 ,480 2/  61 .1

2000
— 

CSA—A 382,500 74 ,600 58.4
CSA—B 444,500 81,100 62.4
CSA—C 742 ,700 135 ,900 62.2
PSA— 7 146,000 23 ,900 69 .5
PSA—l8 193 ,800 36 ,900 60.0

Total 1,909 ,500 352 ,400 2/ 61.7

2020
— 

CSA—A 978,000 187 ,100 59.5
CSA—B 1,064 ,200 194 ,000 6 2 . 4
CSA—C 1,803 ,800 325 ,400 63.1
PSA—7 349 ,600 57 ,000 69.8
PSA—l8 488,000 92 ,800 60 .0

Total 4,683 ,600 856 ,300 2/ 62.3

1/ Coinc iden ta l  peak
2/ Totals non—coincidental

P-20 
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complex . Although t he de l inea t ion  of load centers involves
individual judgemen t and power requirements may not be known with
exac t i tude , s t i l l  they con t r i b u t e  si g n i f i c a n t l y  in de term in ing
the general direction and dimension of system expansions in the
future.

There are 71 load centers in the NAR market area estimated to
have present peak demands in excess of 100 megawatts. By 2000, 114
of these 71 load centers are expected to have demands over 5,000
mecawatto . Alcr~e, they accoun t for roughly 65 percent of the total
distributed load in the area. Table P—6 lists the major load cen-
ter:, with estimated 1980—2000—2020 peaks. Allocation of oeak de—
~ a~~J to  a s p e c i fI c  load center on a power sub—area supnly basis

r~~~c f rcm 65 percent for CSA— A to 100 percent for PSA 18. Some
.~e~ t i— rs of the  area , such as Vermont , the northern sections of

F-L’--~ -~h i re , an~ a large portion of Maine are devoid of load 
~-rs u meet  the s ize c r i te r i a adopted.

CLASSIFIED SALES

Total utility load is the summation of the demands of various
sectors having differing characteristics and requirements , and
therefore subject to apportionment into distinct categories . Such
classification is essential to the orderl y and efficient management
of utilit y operations and facilitates the analysis and utilization
of power requirements and supply data. Further , consideration of
power needs on a class of service basis , taking into account all
the factors peculiar to a particular category , helps to identify
the area ’s industrial and commercial development , the sta te of the
economy , and the probable direction of future growth.

Classes of power use may be broadly defined as rural and red-
dential , commercial , industr ial , and all other .  Relatively smal l
in magnitude , the latter would include street and hi ghway lighti~ c’ ,
water pumping , electrified trarisportation, schools , and other mun i-
cipal services . Rural consumption includes electric energy usel in
agriculture and can vary greatly depending uDOn the tyi-e of farm
served arid the extent that labor saving devices are utilided. Res-
iden tial use is a funct ion of population , the amount of disposable
income , and use per customer , which wil l  det ermine , t: a large de-
gree , the saturation of high energy use appli ances , s~ ch as water
heaters , ranges , air conditioners and electr ic  heat . For the mo s t
part the commercial category encompasses those utility customers
serving directly the functional and recreational needs c- f the pop-
ulation . These include such establishments as retail stores , fill-
ing s ta t ions, theatres, shopning centers and the like . Tbe induc—
trial customer usually includes the large bulk power consumers Ir.
many indus t r ies  such as process ing of  pr imary and no~ -f er r ou s  r ’ tals .
chemical production , general manufacturing and van e-u: ~vre: - -f n-

~~~~~~.
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TABLE P-6

ESTIMATED PEAK DEMAND OF PRINCIPAL LOAD CENT ERS 1/
(Megawatts)

Load Center 1968 1980 2000 2020

CSA-A
Boston, Mass. 2,520 5,380 17,800 44,300
Providence , R. I. 680 1,430 - 4,600 11,600
Hartford , Conn. 590 1,330 4,100 10,200
Fall River—New Bedford , Mass. 390 800 2,600 6,500
Springfleld—Holyoke, Mass. 380 820 2,700 6,600
Stamford , Conn . 370 720 2,400 6 ,000
Lawrence—Lowell, Mass. 370 740 2,500 6,100
New Haven, Cona. 350 760 2,500 6,100
Bridgeport , Conn . 340 710 2 ,300 5,800
Waterb u ry , Coma . 250 510 1,700 4 ,300
Worcester , Mass. 220 490 1,600 3,900
Meridan—Middletown , Comm . 200 410 1,400 3 ,400
Por tland , Maine 180 390 1,400 3 ,700
Augusta , Maine 180 390 1,300 3 ,500
Manchester—Nashua , N.H. 180 380 1,200 3 ,100
Brockton , Mass. 180 390 1, 200 3 , 100
Fitchbu rg—Leomlnster , Mass. 180 390 1,200 3 ,100
Will imantic , Coma . 140 260 900 2 , 200
Bangor, Maine 130 240 900 2,400
New London , Conn. 120 270 900 2,200

CSA—B
New York , N. Y. 6,960 12 ,120 34 ,600 83 ,300
Long Island , N. Y. 1,905 3,320 9,500 22 ,800

*Bu ffa lo—N lagara , N. Y. 1,800 3 ,200 8,500 20 , 100
Massena, N. Y. 670 1 ,070 3,100 7,200

*Rochester , N. Y. 660 1,270 3 , 300 7 ,600
Albany, N. Y. 415 730 1,900 4,600
*Syracuse , N. Y. 405 720 1,900 4 ,500
Binghamton, N. Y . 210 380 1,000 2 ,400
Elmira—Corning , N. Y. 180 320 800 2 ,000
*Geneva~Auburn , N. Y. 160 290 800 1,800
Utica—Rome , N. Y. 155 280 700 1 ,700
*Jamestown , N. Y . 110 200 500 1 ,300
*tthaea , N. Y. 110 200 500 1,300
Newburgh—Poughkeepsie , N. Y. 100 170 500 1,100

CSA—C
Philadelphia , Pa. 3,865 7,850 23 ,300 54,800
Northeast , N. J. 2,775 5,850 17 ,300 40,800
Washington , D. C. 2 ,625 6,000 17 ,800 41 ,900
Baltimore , Md. 2 ,330 4,950 14 ,700 34 ,600
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TABLE P—6 (Cont ’d)

ESTIMATED PEAK DEMAN D OF PRINCIPAL LOAD CENTERS 1/
(Megawatts)

Load Center 1968 1980 2000 2(j)-i

CSA— C (Cont ’d)
New Brunswick—Perth Amboy , N . J .  1,040 2,120 6,300 1i ,~~~-
Camden , N.  J. 870 1,570 4,600 10 ,900
Allentown—Bethlehem—Easton , Pa. 815 1,850 5 ,500 12 ,900
Lancaster—York , Pa. 635 1,370 6,000 ~ ,60O
Wilmington , Del. 550 1,060 3 ,100 7 ,400
Scranton—Wilkes—Barre , Pa. 420 820 2 ,400 5,700
Tren ton , N. J . 385 670 2 ,000 4 ,700
Harrisburg, Pa. 360 710 2 ,100 4,900
Read ing , Pa. 325 710 2,100 4 ,900
Altoona—Johnstown , Pa. 320 670 2 ,000 ~4 ,7O0
*Erie , Pa. 295 630 1 ,900 4,400

Vineland , N. 3. 220 430 1, 300 3 ,000
Atlantic City , N. J .  210 390 1, 2 00 2 ,700
Lebanon , Pa. 190 390 1,200 2 , 700

PSA—7
*Pittsburgh , Pa. 1,690 3 ,100 8 ,500 ~Cj ,4r)Q
*Butler—Kittanning, Pa. 510 1,015 2 ,700 6 ,500
*Washington—Monessen , Pa. 480 930 2 ,500 5 ,900
*Tjniontown—Connellsville , Pa. 350 660 1,800 4 ,301)

Hagers town , Md.—Chambersburg, Pa. 290 500 1 ,500 3 ,400
Bellefon t , Pa. 200 335 1,000 2 ,400
*Morgantown , W. Va. 190 370 1 ,000 2 ,400
*Parkersburg, W.Va .—Marietta , Ohio 190 370 1,000 2 ,400
*Clarksburg, W . Va. 180 380 1 ,000 2 ,400
*Weirton , W. Va. 180 290 900 2 ,100
*Cumberland , Md. 145 260 800 2 ,000

Frederick , Md. 130 215 600 1,400
Winchester , Va. 125 250 600 1,400

PSA — 18
Norfolk—Hampton , Va. 1,232 3,070 10 ,400 2e ,l00
Alexandr ia , Va. 1 ,029 2 ,545 8,600 21 ,600
Richmond—Petersburg, Va. 973 2,845 8,900 22 ,400
Charlottesville , Va. 479 1,175 4,000 10,000
*Albemarle , N. C. 394 1,085 3 ,400 8,700
*Chase City, N. C. 201 450 1 ,600 4,000

Total Load Centers 49,033 98 ,965 296,400 715 ,000

Total Market 57,075 116 ,480 352 ,400 856,300

1/ Non—coincidental peak
* Outside NAR Boundary
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Table P—i Indicates actual dis t r ibut ion of sales by class of

service for 1968 and estimates of future distribution for 1980,
2000 and 2020. Only minor changes have been anticipated in existing
patterns of future energy utilization .

TARLE P—i

ENERCY UISTRTSIrrInN 8? CLASS OP SERVICE

MARKET SUB—AREAS

CLASS CSA—A CSA-B CSA-C PSA—7 PSA—18 TOTAL

1968 Ac tua l
RuraI 6
Residen tial Glib 17 .021 2 1 ,404 30,48? 6,654 7 .097 82 ,663

2 31.9 24 .9 26.8 23.3 34.1 27.3

Co~~.rcia1 Glib 12 ,291 23 ,615 22 .819 5.012 4 .917 68,654
2 23.0 27.5 20.0 17.5 23.6 22.7

Indus trIal Glib 17 ,215 25 .673 48.385 14 ,251 4.324 109 ,848
2 32.3 29.8 42.5 49.9 20.8 36.3

All Other Glib 1 .894 7 ,736 3 ,041 479 2 .528 35 ,678
2 3.6 9.0 2.7 1 .7 12.1 5.2

Total Sale. Glib 48.421 78 ,428 104 ,732 26 ,396 18 ,866 276 ,843
2 90.8 91 .2 92.0 92.4 90.6 91 .5

loss es Glib 4 ,889 7 .590 9,163 2 ,164 1.946 25 .752
2 9.2 8.8 8.0 7.6 9.4 8.5

Total Energy Glib 53 , 310 86 ,018 113 ,895 28.560 20 .812 302 ,595
2 100.0 100.0 100. 0 100. 0 100 .0 100.0

1980
Rural  £
Residen tia l Glib 35,110 43 ,300 65 ,080 12 , 120 17 , 350 172 ,960

2 31.6 27.1 26 .6 23 .0 30.2 27.7

Co~~ercial CWh 24 ,660 45 ,100 50,200 9 ,460 17 ,300 146 ,720
2 22.2 28.2 20.6 18 .0 30 .1 23 .5

Indus trial GWb 36.870 44 ,930 104 ,650 25 ,910 13 ,080 225 ,640
2 33.2 28.1 42.8 40~~3 2 2 . 8  36.0

A LL Other Glib 3,940 12 ,690 4 ,790 900 4,520 26 ,840
2 3.6 7.9 2 0  1 .7 7~ 9 .3

To tal Sales Glib 100 ,580 166 ,020 224 ,720 A~~,39fl 52 ,250 5 7 1 , 960

2 90.6 91 .3 92.0 92 .0 91.0

L.o~ .es Glib 10 .420 13 , 980 19 ,540 6 , 210 5 ,170 ‘,4 , 3 2 0
2 9 . 6  8 .7  8.0 8 .0  9 . 0  8 . 5

To tal Energy Glib 111 , 000 160 ,000 2 44 , 260 52 ,600 S , 42 0 6 25 , 280
2 100.0 100.0 100.0 100.0 100.0 100 .0
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TARL! p—7 (Cont ’d)

ENERGY DISTRIBUTION RY CLASS OP SERVICE

MARKET SUB-AREAS

CSA—A CSA—B CSA-C PSA-7 PSA-18 TOTAL

2000 -

Rural &
Residential Glib 120,600 125 .800 197 ,000 33,300 54 ,700 531 .400

2 31.5 28.3 26.5 22.8 28.2 2 7 . 8

Co erclal Glib 83 ,200 127 ,700 151 .900 26 ,600 64,500 453 ,900
2 21.8 28.8 20.5 18.2 33.3 23.8

Industrial Glib 130 .000 118,800 322 ,600 71 ,500 46,100 689,000
2 34.0 26.7 43.4 49.0 23.8 36.1

All Other GWh 12,300 33,400 12 ,300 2,500 11,300 71 .800
2 3.2 7.5 1.7 1.7 5.8 3.7

Total Sales Glib 346,100 405,700 683 ,800 133 ,900 176 ,600 1 .746 ,100
2 90.5 91.3 92.1 91.7 91.1 91.4

Losses Glib 36.400 38,800 58 ,900 12 ,100 17 ,200 163 .400
2 9.5 8.7 7.9 8.3 8.9 8.6

Total Energy Glib 382 ,500 444,500 742 ,700 146 ,000 193 ,800 1 ,909,500
2 100.0 100.0 100.0 100.0 100.0 100.0

2020
Rural &
Residential Glib 307,100 307.400 478 ,000 79 ,400 132 ,300 1,304 ,200

2 31.4 28.9 26.5 22.7 27.1 2 7 . 8

Co~~ercial Glib 201,500 307.900 379 ,400 64,000 170 ,300 1 .123 ,100
2 20.6 28.9 21.0 18.3 .34.9 24.0

Industrial Glib 345,200 278 ,900 776 ,800 170 ,900 118 ,600 1 .690 ,400
2 3’5.3 26.2 43.1 48.9 24.3 3 . 1

All Other Glib 30,300 77 ,300 27 ,900 6,000 23 ,400 166 ,900
2 3.1 7.3 1.5 1.7 4.8 3.5

Total Sales Glib 884,100 971,500 1,662,100 320,300 644 ,600 4,282 ,600
2 90.4 91.3 92.1 91.6 91.1 91.4

Losses Glib 93,900 92 ,700 141 ,70’) 29,300 43 ,400 401 .000
2 9.6 8.7 7.9 8.4 8.9 8.6

Total Energy Glib 978,000 1 ,064,200 1.803 ,800 349,600 488 ,000 4 ,683 ,600
2 100.0 100.0 100.0 100.0 100.0 100 .0
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CHAPT ER 14

UTILITY POWER SIJPPLY FOR MARJ~~T

GENERATING FACILIT:E2

The NAB market area was supvlied at the end of l96e by an
aggregate generating capacity of 614,1497 megawat ts .  Of t h i s  total
51,879 megawatts were located in the NAB . 2teasn—electric car’~city
amowits to 814 percent of the total power supply in the market area.
Hydroelectric and pumped storage capacity accounted for 12 rer oent
of the total market capacity, with 614 percent of the market ’s total
hydro capacity located within the NAB confines . Table P—8 lists
the 1968 utility installed capacity and generation in the NAB and
the market area by type of prime mover. Table P-9 includes the
latest data available for all generating f ac i l i t i e s  in the NAB , both
utility and industrial , by NAB Basins or Areas . Table P-1O iists
the principal stations with capacities over 10 MW for hydro and
internal combustion and gas turbine ( :C / G T ) ,  and 100 MW for fossil
and nuclear steam . Almost 32 percent of the total market area sup-
ply is located in two NAB Basins—the New York City—Long Island area ,
and the Delaware River area. Less than 5 percent of th~ total gen-
erating facilities are located in NAB Areas 1 through 7.

UTILITY FOSSIL STEAM CAPACITY

At the end of 1968 utility fossil steam ca~ acitv the market
area consisted of 719 units in 192 plants  to~ ali~ g 53,O~~ ne~ awatt~~.Of this amount , 608 units in 162 stations aggregat lug L3,355 negawatts
were located within the NAB. Thirty—two plants in the r~arket area were
over 500 megawatts in size , with a total capacity of 2E ,Ot~6 megawatts
or almost 50 percent of the market .

Table P—ll shows the distribution of plant and unit sizes by
market and NAB Basin areas for 1968. Ravensvood , in New York City ,
with an installed capac ity of 1827 megawatts is the larges~ stean
plant in the NAB. It also contains the largest unit , 1,027 megawatts.
The 1872 MW Keystone mine mouth plant in western Pennsy1vs~iia is the
largest steam plant in the market area. Unit sizes vary widely,
ranging from one unit of 1,027 megawatts to several rated under 1,000
kilowatts . Sixty—one units installed in the roarket ar~a s i n~~ 1°~ 1 orJtotaling 18,5614 megawatts • accounted for a1m~-ot ~~ reroent. of ~he
total utility steam capacity in the market area. Cver 145 perc~~rrt of
the fossil units were placed in service prior to 19141 but they reore-
sent less than 16 percent of the total market ’ s capaci t y or 8 ,12 1
megawatts. Schedui.ed for service in the NAB are an addi t ional  21 ,217
MW of fossil steam capacity , 88 percent of wh ich  is to b~- - 1ns~~iiled
prior to 1975. The Susquehanna Basin will reoeive the lRrg~ ot o r -
tion 3,769 MW or about 18 percent of the total to  he aided. Table
P— l 2 details scheduled -or planned capaci ty  h~- - 

~AR areas and T9L1
P— 13 thei r  scheduled ins ta l l a t ion  date.
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TABLE P-8

UTILITY INSTALLED GENERATING CP,PACITY ABD ENER GY PR ODUCTIO N IN 196~

SUMM ARY

NAB Market NAB Basin

Type of
Capacity Installed Capacity

(MW) (% Tot.) . (MW ) ( % T o t . )  (% Marke t)

Fossil Steam c30145 82.2 143355 83 .6 81.7

Nuclear  Steam 1206 1.9 1106 2. 1 92 .7

I C/ CT 2612 14 .0 257 14 5.0 98.5

Cony. Hydro 622~. 9.7 36714 7.1 ~9 .O

Pumped ftorage 11410 2.2 1170 2 .2  83.0

Total 6141497 100.0 51879 100.0 80. 14

Net_Generation

(GWh) ( % Tot . )  ( GWh ) ( % T o t .)  ( % Market )

Fossil Steam 257108 86.3 209302 89.6 81. 14

Nuclear Steam 6177 2.1 58142 2.5 914 .6

IC/GT 2190 0.7 2159 0.9

Cony. Hydro 33513 11.2 17256 7.14 51.5

Pumped Storage (1113) (0.3) ( 897) (0 . 14 ) 80.6

Total 297875 100.0 233662 100.0
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TABLE P— 8 ( c o n t ’ i )

UTILITY INSTALLED GENERATING CAPACITY AND ENER GY PRODU (~~ION IN 1968

CSA—A

NAB Market NAB Basin

Type of
Capacity Installed Capacity

(MW ) ( %  Tot.) (MW ) ( %  Tot.) ( %  Market)

Fossil Steam 9027 77.6 9027 77.6 100.0

Nuclear Steam 785 6.7 785 6.7 100.0

IC/GT 582 5.0 582 5.0 100.0

Cony. Hydro 1211 10.14 1211 10. 14 100.0

PumDed Storage 31 0.3 31 0.3 100.0

Total 11636 100.0 11636 100.0 100.0

N et _ Generat ion

(GWh) ( %  T o t .)  (GWh ) ( %  T o t . )  (%  Market )

Fossil Steam 142516 82.2 142516 82.2 100.0

Nuclear Steam 14206 8.1 14206 8.1 100.0

IC/GT 14145 0 .9 0.9 100.0

Cony. }lydro 145149 8.8 145149 8.8 100.0

Pumped 2t~~rogr~ 5 0 .0  5 0.0 100.0

Total 51721 100.0 51721 100.0 100.0
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TABLE P—8 (cont ’d)

UTILITY INSTALLED GENERATING CAPACITY AI~D ENERGY PRODUCTION IN 1968

CSA-B

NAB Market NAB -Basin

Type of
Capacitjr Installed Cap~city

(MW ) (%  Tot.) (MW) (%  Tot .)  (%  Market)

Fossil Steam 114017 75.3 11201 814.0 79.9

Nuclear Steam 275 1.5 275 2.1 100.0

IC/GT 362 1.9 3148 2.6 96.1

Cony. Hydro 3729 20.0 1510 11.3 140.5

Pumped Storage 2140 1.3 0

Total 18623 100.0 133314 100.0 71.6

Net Generation

(GWh) ( % Tot.) (GWh) ( % To t .)  (% Market)

Fossil Steam 61073 69.7 146113 80.7 75.5

Nuclear Steam 1511 1.7 1511 2.6 100.0

IC/GT 231 0.3 230 0.14 99.6

Cony . Hydro 214958 28.5 9318 16.3 37.3

Pumped Storage (216) (0.2) 0 —— — — — —

Total 87557 100.0 57172 100.0 65.3
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TABLE P~8 (cont’d)

UTILITY INSTALLED GENERATING CAPACITY AND ENERGY PRODUCTION IN 1968

CSA—C

NAB Market NAB Basin

Type of
Capacity Installed Capacity

(MW ) (% Tot .)  (MW ) (% T o t .)  (% Market)

Fossil Steam 211814 85.14 18852 814.0 89.0

Nuclear Steam 146 0 .2 146 0.2 100.0

IC/GT 1516 6.1 1501 6.7 99.0

Cony . Hydro 930 3.7 911 14.0 98.0

Pumped Storage 1139 14.6 1139 5.1 100.0

Total 214815 100.0 2214149 100.0 90 .5

Net Generati~ ii

(GWh ) ( %  Tot .)  (GWh) ( %  Tot . ’) (
~~ Market)

Fossil Steam 107126 96.14 98628 96.2 92.1

Nuclear Steam 125 0.1 125 0.1 100.0

IC/GT 1141414 1.3 11432 1. 14 99. 2

Cony. Hydro 3330 3.0 32143 3.2

Pumped Storage (902) (0.8) (902) (0.9) 100.0

Total 111123 100.0 10252f 100.0 92.3
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TABLE p—8 ( c o n t ’ d)

UTILITY INSTALLED GENERATING CAPACITY AND ENERG Y PRODUCTION IN 1968

PSA- 7

NAB Market NA~ Basin

of
Capacity Installed Capacity

(MW ) ( % T o t . )  (MW ) ( %  T o t . )  (
~~ ‘~urket)

Fossil Steam 14870 96.6 11482 97.6 30.14 /1

Nuclear Steam 100 2.0 0

IC/GT 8 0.2 23 1.5 287.5 /1

Cony . Hydro 62 1.2 114 0 .9 22.6

Pumped 2torage 0 — — —  0

Total 5040 100.0 1519 100.0 32 .1

Net ~eoer-ition

(GWh ) ( %  Tot.) (GWh ) ( %  Oct .) ( %  t~orket)

yossil Steam 25865 98.0 7882 99.2 30.5 / 1

Nuclear Ste am 335 1.3 0

IC/GT 18 0.1 7 0.1 38.9 /1

Cony. Hydro 166 0.6 55 0.7 33.1

Pumped Storage 0 — —- 0

Total 2638 14 100.0 791414 100.0 30.1

/1 Mt.  St o no S~~~~~~St at ion  & GT inc luded  in NAB Basin but not
in ~~ rk c~t
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TABLE P—8 ( cont ’d )

UTILITY INSTALLED GENERATING CAPACITY AND ENERGY PRODUCTION IN 1968

PSA—l8

NAB Market NAB Basin
Typ e of
Capacity Installed Capacity

(MW ) ( % To t . )  (MW) ( % T o t .)  (% Market )

Fossil Stean 39147 90.1 /1 2793 95.0 ‘70.8

-‘ ‘team — — —  —— —

11.4 14 3.3 /1 120 14 .1 83.3

2or~~. Hy~ ro 292 6.6 28 0 .9  /2  9 .6

or -me  ——— —— — —_

Total 14383 100.0 29141 100.0 67.1

Net Generation

(awh ) (% To t . )  ( Gwh ) (
~~ 

T o t . )  ( %  Market)

Fossil Steam 20528 97 .3  /1 114163 99.1 69.0

Nuclea r Steam — — - ——— — — —

IC/GT 52 0 .3  /1 145 0 .3

Cony . IT y~~~ 510 2 . 14  91 0. 6 / 2 17.8

Pumoed ‘t~~r~~ e — — —  — — —  —-.—

Total 21092 100.0 114299 100.0 6~~.8

~~~ Mt . Storm Steam Station & GT lr~c1ude2 in Market , bu~ ~ :t

NA P Basin .

/2 Includes 114 MW of’ capa~’ity ani 37 GWh l- - Lte d  in  NAP Bnoln
but outside the t h i r k — t  Area.
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TABLE P-9

TOTAL GENERATING CAPACITIES - UTILITY AND OTHER KNOWN FACILITIES

NAB Areas — 1969

Area Steam Electric ~ydroelectric 
-

Nuclear Fossil Pum . Cony. IC/GT Total
( M W )  ( M W )  MW (MW) (MW ) ( M W )

1 — 50 — 2 30 82
2 — 189 — 131 22 3142
3 — 13 — 209 14 226
14 — 1014 — 158 14 266
5 — 193 — 28 22 2 143

6 — 1485 — 58 23 566
7 — 620 — 714 62 756
8 785 1,126 — 6142 139 2,692
9 — 5, 385 — 3 230 5, 618
10 — 2 ,220 31 101 314 5 2 ,697

11 — 50 — 1,218 714 1, 3 142
12 275 1,520 — 392 157 2 ,3 1414
13 — 10,201 — — 1407 10 , 608

114 — 14,776 — 6 1479 5,261
15 — 6,779 339 68 7146 7,932

16 550 3149 — — s6 955
17 146 3,6143 80o 839 2140 5,565
18 — 3, 0149 — 1 14i6 3,1466
19 — 3,970 — 13 1423 14,1406
20 — 1430 — — 5 1435
21 — 2,858 — 31 1148 3,037

Total 1,656 148 ,010 1,170 3 ,97 14 14 ,032 58 ,814 2

L 
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TABLE P-lO

PRINCIPAL GENERATING FACILITIES - 1968 ~/

2/
Area and Plant Name Location ~~~~ Ca,~a’ity (MW~

1. St. John
Base P-~wer Plant Limestone , Me. 0 15.14

2. Peno’bscot
Penobs cot Millinocket, Me. H 87.0
Graham Veazie , Me. 0 12.0

3. Kennebec
Harris Indian Stream Twp., Me. H 75.0
Wyman Moscow , Me. H 72.0
Williams ~~bden , Me. H 13.0
Weston Skowhegani , Me. H 12.0

14 . Androscogg~ n
Berlin Berlin , N .H .  H 32.5
Upper Buinfcrd , Me. H 22.0
Gulf Island Lewiston , M e .  H 19.2
Smith Berlin , N . H .  H 15.0
Lower Rumford , Me. H 12.8

5. St. Croix
Mason Wiscasset , Me. FS 1146.5

6. Presumpscot
W. F. Wyman Yarmouth , Me. FS 213.6
Schiller Portsmouth , N . H .  FS 178.8
Skelton Buxton—Dayton , Me. H 16.8
White  Lake Tamworth , N .H .  0 18.6

7. Merrimack
Merrimack Bow , N.H. FS 1459.2
Amoskeag Manchester , N . H .  H 16.0
Low~1l Lowell. M acn . H 10.7
Merrimack Bow , N .H. 0 37.2*
Cherry St .  Hudson , Mas s .  0 19 .8

8. ‘or.n~~ -‘t ~‘ut
Connect~ nut Yankee Haddam Neck , Conn. NS 600.3
Rowe Bowe, Mass. 185.0

~~ iTh~towr ~1idd 1etowri , Conn . F’S 1422.0
South 1”ad nw Hartford , Scnr~. PS 216.8
West. S p r i n g f i e l d  W . Spr ingf ie l - i , Mass.  FS
Mt .  Tom Holyoke , Mans. PS 136.0

L I t t L e t c - n , N . H .  H 1140. 14
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TABLE P—10 (cont’d)

PRINCIPAL GENERATING FACILITIES — 1968 1/

2/
Area and Plant Name Location ~~~~ Capacity(MW)

8. Connecticut — (cont’d)
Conierford Monroe, N.H. H 1140.14
Cabot Montague, Mass. H 51.0
Bellows Falls Bellows Falls, Vt. H 140.8
Harriman Whitiagham, Vt. H 33.6
Cobble Mountain Gra.nv-ille, Mass. H 33.0
Wilder Lebanon , N.H. H 16.2
Vernon Hinsdale , N.H. H 16.0
Hadley Falls Holyoke, Mass . H 15.0
Deerfield #5 Florida, Mass. H 15.0
Mclridoes Monroe , N. H. H 10.6
Lost Nation Groveton, N.H. 0 21.14*
Enfield Enfield , Corin. 0
Mi dd.letown Middletown , Conn . 0 18.6
West Springfield W. Springfield , Mass. 0 18.6
East Springfield Springfield , Mass. 0 16.0
Ascutney Ascutney , Vt. 0 13.2
Thompsonville Thompsonville, Conn . 0 12.0
South Meadow Hartford , Conn. 0 10.0
No. 10 Holyoke Holyoke, Mass. 0 10.0

9. Massachusetts Coastal
Brayton Point Somerset , Mass. FS 11214.7*
New Boston South Boston , Mass. PS 717.7
Canal Plant Sandwich, Mass. FS 5142.5
Mystic New Everett , Mass. FS 1468.8
Somerset Somerset , Mass. FS 325.0
Salem Harbor Salem , Mass. FS 319.9
Edgar New N. Weymouth, Mass. FS 300.0
South Street Providence , R.I. FS 188.6
Edgar Original N. Weymouth , Mass. FS 157.9
L Street S. Boston , Mass. FS 153.8
Mystic Original Everett , Mass. FS 150.0
Manchester St. Providence , R.I. FS
Cannon St. New Bedford , Mass. FS 115.5
Fraininghaxn Framingham , Mass. 0 33.5
Edgar N. Weymouth , Mass. 0
Lynnway Diesel Lynn , Mass. 0 22.0
Gloucester Gloucester, Mass. 0 21.0
L Street South Boston , Mass.  0 18.6

~ rst1c Everett , Mass. 0
Peabody Peabody , Mass. 0 11.2
Brayton Point Somerset., Mass. 0 11.0
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TABLE P—10 (cont’d)

PRINCIPAL GENERATING FACILITIES — 1968 1/

2/
Area and Plant Name Location Ca~acity (MW )

10. Thames
Bri dgeport Harbor Bridgeport , Coon . FS 660.5
Devon Devon, Conn. FS - 14514.0
Norwalk Harbor Norwalk, Coon. ?S 326.14
Montville Montyille, Conn. FS 176.0
Steel Point Bridgeport , Conn. PS 155.5
Engl ish New Haven, Coon. FS 1146.2
Shep aug Southbury , Conn. H 37.2
Rocky River New Milford, Conn . H(PS ) ‘ 31.0
Stevenson Stevenson , Conn . H 30.5
Silver Lake Pittsfield , Mass. 0 72.0*
Cos Cob Greenwich , Conn. 0 63.8k
Branford Branford, Conn . 0 l8.6~
Tunnel Norwich , Conn . 0 18.6*
Franklin Drive Torrington , Coon. 0 18.6
Torrington Term. Torrington , Conn . 0 18.6
Bridgeport Harbor Bridgeport, Conn. 0 18.6
Doreen Pittsfield , Mass. 0 18.6*
Woodland Road Lee , Mass. 0 18.6*
Norwalk Harbor Norwalk, Conn . 0 16.3
Devon Devon, Coon . 0 16.3
Tracy Putnam, Coon . 0 16.0
Danielson Danielson, Conn . 0 12.0
South Norwalk S. Norwalk, Conn . 0 10.3

11. Lake Champlain

rR0be2~
t Moses Massena, N . Y .  H - 9 12.0

ISt . Lawrence
Colton Colton , N . Y .  H 30.0
Five Falls South Colton , N.Y. H 22.5
Rainbow South Colton , N.Y. H 22.5
Stark South Colton , N . Y .  H 22 .5
South Colton Sout h Colton , N.Y. H 19.14
Blake South Colton , N.Y. H 114 .24
High Falls Moffitsville , N.Y . 2-1 114.1
Rutland Rutland, Vt. 0 31.2
- 1-o rge #16 Colchester , Vt . 0 17.0

12. Hudson
Indian Point Buchanan , N . Y .  22 275.0
Danskammer Boseton , N.Y . F’S 531.9

~cvett Tompkins Cove , N . Y .  FO 1490.1*
Albany Albany , N .Y . PS 2400.0
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TABLE P—b (cont’d)

PRINCIPAL GENERATING FACILITIES - 1968 1/

Area and Plant Name Location C~pacity (MW )

12. Hudson (cont’d)
Spier Falls Corinth , N . Y .  H 1414 . 14
School St . Cohoes , N.Y. H 38.8
Stewarts Bridge Hadely , N.Y. H 30.0
Sherman Island Glen Falls, N.Y. H 28.8
Neversink Gra~hamsville , N . Y .  H 25 .0
Trenton Trenton Falls , N.Y. H 23.6
Beardslee Manheim , N.Y. H 20.0
E. G. West Hadely , N.Y. H 20.0
Grahamsville Graha.msville , N.Y. H 18.0
Prospect Trenton Falls , N.Y. H 17.3
Sturgeon Pool Rif ton , N . Y .  H 124 . 14
Schaghticoke Schaghticoke , N.Y. H 13.1
Albany Gas Turbine Albany , N . Y .  0 116.7*
Coxsackie Coxsackie , N.Y. 0 2l.3~
Indian Point Buchanan , N.Y. 0 16.6*

13. Nassau & Suffolk Counties and New York City
Ravenswood Long Island City , N .Y. FS 1,827.7
Astoria Astoria (Queens ) N.Y. FS 1,550.6
Arthur Kill Travis (Staten Island) FS 911.7*

N . Y .
Hudson Avenue Brooklyn , N.Y. FS 8145.0
East River Manhattan , N . Y .  FS 833.6
Northport Northport , N .Y. PS 7714.2
Waterside Manhattan , N.Y. FS 712.2
Hell Gate Bronx , N.Y. FS 611.2
Port Jefferson Port Jefferson , N.Y. FS 1467.0
Glenvood Glenwood Landing , N.Y. FS 377.3
E. F. Barrett Isl~~ d Park , N.Y . FS 375.0
714th St. Manhattan, N.Y. FS 269.0
Sherman Creek Manhattan , N.Y. FS 216.5
59th St. Manhattan , N.Y. FS 1814.5
Par Rockaway Far Rockaway , N.Y. FS 113.6
Kent Avenue Brooklyn , N.Y. FS 107.5
West Babylon W. Babylon , N .Y. 0 55.8
714th St .  Manhat t an , N . Y .  0
Hudson Ave . Brooklyn , N.Y. 0 35.7
59th St. Manhattan , N.Y. 0
Kent Avenue Brooklyn , N.Y. 0 28.0~
Muri. Elec. Gen. Sta. Rockville Center , N . Y .  0
Power Plant #2 Freeport , N.Y. 0 19.O~
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TABLE P—b (cont’d)

PRINCIPAL GENERATING FACILITIES - 1968 1/

2/
Area and Plant Name Location ¶L~pe Capacity(MW )

13. Nassau & Suffolk Counties and New York City ( cont ’d)
E. F. Barrett Island Park , N.Y. 0 18.6
Ravensvood L.I. City , N.Y 0 16.0
Astoria Astoria (Queens) N.Y. 0 16.0
Port Jefferson Port Jefferson, N.Y. 0 16.0
Northport Northport, N.Y. 0 16.0
Glenwood Glenwood Landing , N.Y.  0 i6.o
Waterside Manhattan, N.Y. 0 114.0
Southold Southold , N.Y. 0 114.0
Power Plant #1 Freeport , N . Y .  0 13.1
Southhampton Southampton, N. Y. 0 11.5

114 . Passaic River
Hudson Jersey City , N.J.  FS 1,1124.5
Sewaren Sewaren , N . J .  FS 820.0
Bergen Bidgefield , N.J. FS 650.24
Linden Linden , N.J . FS 519.24
Sayreville Sayreville, N.J. FS 3~3.8
Es sex Newark , N. J . PS 329.3
Kea.rny A Kearny , N.J. FS 3014.5
Kearny B Kearny, N.J. FS 2914.1
Marion Jersey City , N.J. FS 125.0
Werner South Amboy , N . J .  FS 116.2
Kearriy B Kearny , N.J. 0 i624 .8~
Sewaren Sewaren , N.J. 0 115.2
Hudson Jersey City , N.J. 0 115.2
Essex Newark , N .J .  0 30.0
Bergen Ridgefiebd , N .J. 0 18.6
Linden Linden , N.J. 0 18.6

15. Delaware
Eddystone Eddy-stone , Pa. FS 707.2
Mercer Hamilton TWD . , N . J .  PS 652.8
Burlington Burlington , N .J. FS 1490.5
Ri chmond Philadelphia , Pa. FS 24 7 24 .8
Delaware Philadelphia, Pa. FS 2439.2
Portland Portland , Pa. FS 24 26 . 7
Cromby Cromby , Pa. F’S 2417.5
Edge Moor Edge Moor , Del. FS 389.8
Southwark Southwark , Pa. PS 3245.0
Schuy lkill Philad elph ia , Pa. F’S 325.24
Martins Creek Martins Creek , Pa. FS 312.5
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TABLE P-l0 (cont’d)

PRINCIPAL GENERATING FACILITIES - 1968 1/

2/
Area and Plant Name Location Capacity(MW~

15. Delaware (cont’d)
Deepwater Penns Grove , N.J. PS 308.3
Chester Chester , Pa. FS 256.0
Titus Reading , Pa. PS 225.0
Barb adoes Norristown , Pa. FS 155.0
Delaware City Delaware City , Del. F’S 130.0
Gilbert Holland , N .J. FS 126.1
Yards Creek Blairstown , N.J. H(PS) 338.7
Wablenpaupack Hawley , Pa. H 140.0
Rio Lumberland , N .Y. H 10.0
Mercer Hamilton Pwp . ,  N .J .  0 115.2
Southwark Philadelphia , Pa. 0 724 .24
Allentown Allentown , Pa. 0 614.0
Delaware Philadelphia , Pa. 0 55.8*
Chester Chester , Pa. 0 55.8*
Barbadoes Norristown , Pa. 0 145.0
Fishbach Pot tsville, Pa. 0 37.2*
Eddy-stone Eddystone , Pa. 0 37.2
Deepwater Penns Grove , N.J. 0 18.6
Delaware City Delaware City , Del. 0 18.6
Schuybkill Philadelphia , Pa. 0 18.6*
National Park National Park , N.J . 0 18.6*
Burlington Burlington , N.J. 0 18.6
Portland Portland , Pa. 0 18.0
Titus Reading , Pa. 0 18.0
West Marshal).ton, Del. 0 17.6
Bethlehem Bethlehem , Pa. 0 17.5
Edge Moor Edge Moor , Del. 0 15.C
Kent Dover, Del. 0 114.0
South Madison St. Wilmington , Del . 0 11.7
Lansdale Lansdale , Pa. 0 11.2

16. Monmouth County Streams
Oyster Creek Lacey Towns h ip ,  N .J. NP 550.0*.
B. L. England Beesley ’ s Point , N . J .  F’S 299 .2
Missouri Ave . Atl antic City , N.J. 0 55.8*

17. Susguehanna
Bruimer Island York Haven , Pa. FS 1,~ 58.7*
Shaw~ i1 le Shttwv i lie • N. F’S
Sunbu ry Shanokin Darn , Pa. F’S 24S~~.8
Goudey Binghamton , N .Y. PS
Stan ton Hardi ng , T’~i. F’S 1140.
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TABLE P-iC (cont’d)

PRINCIPAL GENERATING FACILITIES - 1968 1/

2/
Area and Plant Name Location Type Capaci ty (MW )

17. Susguehanna (cont’d)
Craw ford Middietown , Pa. PS 116.7
Holtwood Holtwood , Pa. FS 105.0
Muddy Run Drumore , Pa. H(PS) 800.0
Conowingo Conowingo , Md. - H 2 4 7 2 4 . 5
Safe Harbor Safe Harbor , Pa. H 230.6
Holtwood Holtwood , Pa.  H 107.2
York Haven York Haven , Pa. H 19.6
Harrisburg Harri sburg , Pa. 0 614.o
West Shore Harrisburg , Pa. 0 37.2*
Harwood Hazeltown , Pa. 0 32.0
Williamsport Williaznsport, Pa. 0 32.0
Jenkins Lafl in , Pa. 0 32.0
Lock Haven Lock Haven , Pa. 0 18.6*

18. Patuxent
Chalk Point Brandy-wine , Md . FS 727.6
H. A. Wagner Ann Arundel Co., Md. FS 627.8
C. P. Crane Baltimore Co., Md. PS 399.8
Riverside Baltimore Co., Md. FS 333.5
Westport Baltimore , Md. PS 311.5
Gould St. Baltimore , Md. FS 173.5
Indian River Millsboro, Del. PS 163.2
Sparrows Point Sparrows Point , Md. PS 158.5
Notch Cliff Baltimore Co., Md. 0 11414.0*
Westport Baltimore , Md . 0 121.5*
Easton Easton , Md. 0 

- 19.14
Vienna Vienna, Md. 0 18.6
Indian River Milisboro, Del. 0 18.6
Chalk Point Brandy-wine, Md . 0 16.2
C. P. Crane Baltimore Co., Md. 0 16.0
H. A. Wagner Ann Arundel Co., Md. 0 i6.o
Crisf ie ld  Crisf ie ld, Md. 0 11.24
Bayviev Cape Charles , Va. 0 10.0

19. Potomac
Mt. Storm Mt. Storm , W . Va. FS 1,1240.5
Di ckerson Di ckerson , Md. F’S 586 .5
Beaning Benning, D. C. FS 553.6
Potomac River Alexandria , Va. PS 5114 .8
Possum Point Duxnfries , Va. F’S 2491.0
Buzzard Point Washington , D. C. PS 270.0
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TABLE P—iC ( c o n t ’ d)

PRINCIPAL GENERATING FACILITIES - 1968 1/

2/
Area and Plant Name Location Capacity (MW)
Potomac (con t’dT

19. R. Paul Smith Williamsport, Md . PS 159.5
Buzzard Point Washington , D. C. 0 288.0
Possum Point Dumfries , Va. 0 96.0
Mt. Storm Mt.  Storm , W . Va. 0 18.6
Dickerson Dickerson , Md. 0 16.2

20. Rap~ahannock & York
Yorktown Yorktow n , Va. PS 375.0

21. James
Chesterfield Chester , Va. PS 1,14814.14*
Portsmouth Chesapeake, Va. FS 6149.6
Bremo Bremo Bluff , Va. PS 2814 .3
12th St. Richmond , Va. PS 102.5
Reeves Avenue Norfolk , Va. FS 100.0
Reusens Lynchburg , Va. H 12.5
Portsmouth Chesapeak e , Va. 0 1247.8*

1/ Nuclear and Fossil Steam — 100 MW or greater, Hydro and Other  -

10 MW or greater

2/ NS—Nuclear Steam , FS—Fossil Steam , H—Convent ional  Hydro ,
H(PS)—Pumped Storage Hydro , 0—Internal Combustion , Gas Turbine
and Diesel.

* Includes capacity installed in 1969.
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TABLE P-ll

FOSSI L STEAM—PLANT AND UNIT SIZES — 1968

Market

Market Total No. of No. of Average Plant Average Unit
Area Capacity Plants Units Size Size

(MW ) (MW) (Mw )
CSA—A 9,027 63 226 1143 - 

140

CSA—B 114 ,017 36 150 389 914

CSA—C 21,1814 63 21414 336 87

PSA—7 24 ,870 21 69 232 71

PSA—18 3,9147 30 132

Total 53 ,0245 192 719 276 724

NAB Basin Areas

CSA—A 9, 027 63 226 1243 140

CSA—B 11,201 25 106 14148 106

CSA—C 18,852 59 231 320 82

PSA— 7 1,1482 8 20 185 714

PSA—18 2,793 25 112

Total 143,355 162 608 268 71
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TABLE P-12

SCHEDULED OR PLANN ED CAPACITY ADDITIONS BY NAB AREAS

Steam Electri c Hydro IC/ GT

Nuclear Fossil

No. of Total No. of Total No.  of Total N o.  of Total
Area Units MW Units MW Units  MW Units MW

1 — — — — — — — —

2 — - — - - — - —

3 — — — — — — — —

14 — — — — — — — —

5 1 830 — — — - — —

6 — — 1 24 02 — — 2
7 — — — — — — 6 30
8 1 537 1 375 7 1,610 5
9 i - 650 6 2,532 — — 20

10 2 1,2482 1 375 5 1,000 11 210

11 - - - — - - 1 25
12 3 3,287 5 2,585 12 2,800 17
13 1 850 24 2.523 — — ~~~ 1,967
124 — — 2 1i7~ 3 122 22 1,7 24 0
15 6 6 ,736 14 2,928 NA 1 ,300 - 514 1,2414 9

16 2 1,7140 2 56c — — 124 3
17 5 24 ,24814 14 3,T6c NA 1 ,500 10 2l~
18 2 1,8024 3 732 — — 19
19 — — 5 2 ,1427 — — 24 70

20 2 1,750 1 824 5 — — — —

21 2 1,600 1 6Q~ ~A — -
~ 217

Total 28 25,750 ~~ 2l ,2~7 27 + 8 , -~42 22~ 
7,97~
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TABLE P-13

SCHEDULED OR PLANNED CAI ACIT? ADDITIONS
IN NAB AREAS BY PERIOD OF INSTALLATION

Steam Electric

Nuclear Fossil Hydro Ic/Gt Total
Year MW MW MW MW MW

1969 550 2,858 —— 1,2422 14 , 830

1970 652 714 0 —— 2,768 b ,i6o

1971— 1975 19,511 15, 0146 2 ,732 3 ,670 240 ,9 59

After 1975 5,037 2,573 5,600 10 13.220

Total 25,750 21,217 -5 ,332 7 ,872 63, l~~9

The rap id growth of power demands , s i t i n g  problems , and hi gh
load densities brought ab~ ut by the large urban areas In the re—
gions , will dictate the selection of large unit sizes . The aver—
age unit size of the 240 units scheduled to be installed ~. s 530 MW
compared to the present NAB Basin average size of 268 MV. Slant
sizes also will increase . The Martins Creek plant on the  Delaware
is scheduled at over 2730 MW when completed . Thus by the year
2000 , it is an t ic ip a ted  that uni ts  of ur to 2000 MW and p lants of
5, 000 MW wi l l  be in use. Of the new capacity scheduled , foss i l
steam represents 33 percent as compared to 814 percent , which is
i t s  present share cf the market .  As ~on~’ as foss i l—fuel  capac i ty
remains competitive w i t h  nuclear and “ o th er ” fuels , continued use
of fossil fuels for  generat ion in the  NAP ~nd other coa l—pr oduc in g
areas of the market may be ercpected.

~~ILITY NUCLEAR STEAM CAPACITY

At the present t ime five nuc lea r  p1’u .~ s are ocern ’ ~ng in tFi~-
NAB arid ei ght in the  market area. The unit at M i l l st on e , .‘onn .
(652 MW ) is the most recent unit to go int~ crer~~ ~n .  ~~~

-‘~ n
197 1 and 1975. 19, 511 n~~~~~n t t . ~ in 21 un i t s  are Thc- t~ i- c- i - ~ al~~- i
in the NAB region and 21 ,2143 ne~ aw~ttts i i .  23 un i t s  nr~- s c h e d - 5 e
for t he market . The largest known r.uolear cnrn r~~’x w H I  Se on tt ’-
Hudson River about 240 miles north of Ne w Y ork  C ity  at Buch -~n~ n , N . Y .
where over 22400 megawatts wiL be ‘ns~ alled by the ye~tr 1~ 73. 
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Nuclear oap~ cit’j will form an increasingly larg~ r share of
the market area ’ s fu t~ire power supply growing from less than 2
percent in. 1968 to 30 percent by 1980. While a fu r t h e r  increase
in nuclear share of the total supply may be exp ected a f te r  1980 ,
fossil steam is not likely to be entirely supplanted , particularly
as generation developed for peaking and intermediate load factor
duty .

Since nuclear—fueled plants in sizes greater  than tw~ m i l l i o n
kilowatts are already under con struction in  the ~-‘~~~on , i~ iz r-~a-
sonable to predi ct nuclear plants of 3 to 14 mi llion ki lowat t s  in
the future. One constraint on size of power ~larit.~ may be the
size of investment co~~i i tted to one location . For a p lant -of fo~ rmillion kilowatts this may approach a bi l l ion dollars . Ariotner
constraint  is that plant sizes must be in balance with the :tner
elements of the ‘suLk power system that affect  the s t a b il it y  and
rel iabi l i ty  of power suppl y.

INTE RNAL COMBU STION AND GAS TURBINE CAPACITY (IC/ OT )

Intern al combustion generating capacity in t h e  past ~as most
cormuonly associated with the power supply of smal l o t f li tt e s , ~en—
erally municipally owned. Such units were of relaH vely ~oinorsign i fi cance on large systems and their use Was ne~ hot limited
omtil fa i r ly  recently . Wi th developments in the applicat ion of
gas turbines to electri c power generation , particularly the adap-
tation of aircraft je t  engines , unit sizes have been extended.
Accumulated operating experience lxi various industries , including
electr ic pow er , has demonstrated their adaptabilit;y for reserve
and peaking duty on u t i l i t y  loads . As a result , 12/01 has become
increasingly import ant in system planning. The experience sf
u t i l i t i e s  during major  power fai lures in r ecc -nt  years has indi-
cated the need on predomin ant ly thermal systems for “ q i ~ i ck start ”
power sources such as IC/GT to supply station auxiliaries in re—
energizing systems. Among the advantages offered by ‘ hese twn
prime mover tynes that have proven attrscttve to ovstern planners,
are the i r  relat ively low capital Cost , fi ex iL-iii ty In the size of
installati ons , comparative freedom of choice in location , and rel-
atively short lead times between the I~-cis ion to buy and the in—
service dates. The short lead time is particu1.~rly significant at
this time when many utilities are hard pressed to maintain ade-
quate margins of supply .

At the end of 1068 there were 1435 12/21 units in the  mR~~ke~
area to ta l ing 2 ,612 megawatts of which 2,N724 megawatt -s :tre install-
ed in the NAP region. By 1970, 14 ,Ioo additional roe~’awst ts are
scheduled f o r  i n s t a l lat io n  in the NAP . ih i c rcore sent s  an increas e
H’ 163 rer-cerot over oIl the IC/OT capacity c-x~ sti~.~ in 1968. Since
--onstructi -n lead ires are short in relation to other 1--rm s of
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generating capacity , scheduled additions after 1971 repr~ sen t only
a small portion of that capacity which will be in service by 1980.

The largest addition at a single location is at Edison , N . J . ,
consisting of three GT units totaling 502 megawatts . Che largest
single gas turbine unit is the Astoria #~ unit. (176 ~f~ - in Astoria ,
N . Y . ,  on the Consolidated Edison system .

HYDROELECTRIC CAPAC I1Y

Conventional hydro , distinguished from sunned storage , s-or-
reritly represents less tLan 10 percent of the total lr.s taIled ca-
pacity in the market area , and produces at~ so 11 p~ rceot of total
generated ener~~r. These proportions are exoected to decline an
remaining available sites become developed and other tvrec of gen-
eration are expanded. Most conventional hydro may be used either
for peak ing or base load operation , depending -on piarh hesign ,
system requi rement s, and prevai ling conditions of water ~fl-j ecor1-
orny. The advantages of hydroelectric power for power system oper-
ation are well known ; nigh avai t~ti-tJi ty , quick starting and flex-
ible operation , absence of pollution , and low costs for ooeration
and maintenance . Also , a preliminary erm i -t h—is been grantei for
Enfield , a 90 megawatt conventional hyt:oe~ ectric plant on t he
Connecticut River.

Table P—b contains an invent-cry of existing conventional
hydroplants 10 MW and over in the NAP Re~~ cn. °f the H~tal of
3,229 MW of conventional hydro capacity 33 sercent is located in
the Lake Champlain Basin. 26 percent In th e  Susauehanna Basin and
16 percent in the Connectic ut Basin .

There are in addition to conventional nydroe~ ectr i c r ro ,~ec t o ,
three pumped storage plants~ Yards Creek (339 megawa t t s) ,  ~ scHy Run
(800 megawatts), and Rocky River (31 megawat ts)  pr~ n entIv in oper-
ation . A fourth pumped stor project , Lewiston (2240 me~tawatts)
serves the market area. Muddy Pun on the lower Snsquehan n~t is the
largest operating pumped~storage -:an t. in the Un i ted 2tates. O-o’pe
pumped storage projects are currentl ,’— under conslrnrtl cn , N c - r t h f i e l d
Mountain (1000 megawatts) and Bear Swamp (bc-s megawatts ’) in  the Con-
necticut Basin , and Bletheim~Gi 1hca (1000 megawatts ) i n  the  Hu d son
Basin. Cornwal l (1800 Mw) also in t 5e Hudson P a s in , has be~’n ~‘rante~
a license, but the order has been ‘tmr - ’a ] e l  t ) the n’ tc . One sm-
je ct , Longwood Valley (121 MW ) has ‘i l icense pendi’ -n . °relinin’~r’~-
perm.its have been granted for tw~ si t e : -  t o  tH ’ Hounatenic H-as :n ,
although the permittee has ind i c at e -t  the irtent to de ’j elop - ‘riv ne
site. These projects , 2ch er ut Brook a’: t Canaan ‘“ . (m o o  t o  2000
MW) have been offered in open forum for ~d-I in rirrr- vol . ITh j i s  a
n~~ approach by the  u t i l i t i e s  to F:r~’. — t - ~t ’~1 ‘x t e n n i v e  n - l a ’ s .  w
other si tes , Stoney Creek and Tocks Is land are :nder y~~ -cnjve s tu b,- .
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The NAB region is fortunate in having a large number of sites
suitable for pumped storage plants. As the requirement for peak-
ing capacity grows it is apparent that pumped storage capacity will
take an increasingly larger role .

PROJECTS OPERATING UN DER F’PC LICE~1SE

The Federal Power Act authori zes and empowers the Federal
Power Commission to issue licenses to non—fed~~al Interests for
the construct ion , operation , and maintenance -

~ -~~
‘ dams , powerhouses

and appurtenances , for hydroelectric cv—r development . lTh:e Act
reserves to the United States the righ t to recartu’e a non—public—
ly owned project upon e cpiration of ltcense after paying the li-
censee ’s net Investment in the project , pius any severance damages.
Projects to be licensed or relicensed shall, in the jud~~ ert of the
Commi ssion , be best adapted to a comprehensive plan for Improving
waterways for the ben~ f It  of in terstnte  commerce , for  water power
development , and for other beneficial  public uses , Including recre—
ation .

There are in the NAP region 115 projects  with a total installed
capacity of 9 ,5 024  megawatts presently under F’PC license. These in-
clude utility , munic ipall~ , -and ind ust rial owned or operated proj-
ects . Licenses for i,824I~ megawatts Ix. 314 to’ - - . ~~-cts are still pend—
ing . Table P_l14 lists li cense-c os-o’)ect data by baslr,s.

T ANSMI~ SIhN F’ACfI ITTES

The pattern of ‘bulk sower rao strj sr  ~on in the market area of
the NAP is one of coordi nation of operating orn- edores and planri::~
for reliability of power supply . Tio s is being i mr5 ersented by re-
l iabil i ty coordination agreements betw”er neighbcring s,’-:t~ n :
pools , as well as by j o i nt  study progra’rn s-c-nd -irte -: by :- , ‘ - -o em:: and
by the sharing of generating capacity and mere: 

The NAB regi or, , especia l ly  t h e  ~~: -rthr ’’-no t , ho: a I ~-nn h is ’
of operating coordinat ion and p soi’ , L ng t h a t  hes  Ic-i , ov er  • he ;“a r :
to the  for-nation of four pool ing ‘t r r t r . g e r o e n t r  and 1’-~- : u- o- - -: r iinrit ir~
agencies: New England Power Pcoi (NFTPOOL); New Ys’-~. I w” r  Pool
(N YPP ) ;  Pennsylvania_N~v Jersey— ’-tary noo -~ er-o-snre ctinri s (PJM);
Virrlnia— C”rrciinns Peli ’rll 1l~ y -tr- ’’rr’ (V H ’t ”~~); and Fam + .n :rol -‘r~ r
Reliabili  Lv Coord ~ St i r s -  ccn ri t~ ee (:- ‘PAP )  : P idd le  At ion ’ in  Area
Reliability Coordinat on flc~~J ~~e (t ~AAC ) toe t~:-rtL~-s:t Powe r Co—
ordina ’ in~ Council (NPPr) u d the - uIhear t-~rn Plf’ctrlc Helia b ili v
5: m u  (:spc).

In a c nn t in o : ~~~g —~‘f ~ rt t o -  c a l i ’ ~~i ;”  t x  t I ” ’ - ’ i s - m i ” s  of t t  k
power supr-lv and o ‘x-~h t~~ve inc’’~- . n~’ s~ n - Hr- I s - I’ -“~~~‘ O-ilit ,
““nc-I t n -’-t~ en p lant: - tin art s e - ”  0”: t- 5 ” ~ t :  -: - — - - -

~ ~•
_-,.

e -granh c and ~ i e-Ir ic aI l Ot —I s- - -~~- Ir;I.r ’-— :’” - r~’i1 i - d  j I l t s  n - —
W i l l  e o r : t i n x i  to e x t - u - I  ic t -  - c - - .: - --~‘ical
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TABLE P -124

HYDROELECTRIC LICENSED PROJECTS DATA BY BASIN

Basin Projects Under Projects With
No. FTC License License Pending Total

Capacity Capacity Capacity
Number (MW ) Number (MW ) Number (MW )

1 2 2 — — 2 2
2 7 120 2 6 9 126
3 15 207 — — 15 207
14 12 1142 — — 12 1242
5 — — — — — —

6 7 246 — — 146
7 5 36 — — 5 36
8 21 2 ,771 6 13 27
9 — — — — — —

10 2 2 7 91 9

11 11 1,110 6 18 17
12 13 3,022 6 614 19
13 — — — — -- —

124 — — 1 121 1 121
15 2 379 26 5

16 — - — - — -

17 8 1,636 1 2 9
— — — — — —

19 7 10 — — 1 10
20 — — — — — —

21 3 21 2 1 ,5 03 5 1,5 224

1/ Projects may contai n more than one developmen t.
Also includes those projects where cons t ruc tion  has no t .
begun or are under construction .
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ments in generator unit sizes , extra high voltage (EHv) transmis-
sion , computer technology , and other aspects of power supply tech-
nique and methodology. Reliability of a bulk electric power sup-
ply system is measured by the availability of a continuous and
uninterrupted supply of electricity . Outages of individual com-
ponents such as a generating unit , transmission line , trans former
or circuit breaker should not result in a widespread Interruption
of service if the system is properly planned , designed , and oper-
ated. The inherent reliability of a system is also increased by
properly planned arid coordinated pooling among neighboring areas
with adequate interconnected transmission , capable of wi thstanding
severe system disturbances.

An extensive network of EIfV lines gri d the NAB region and the
NAB market area. They provi de the means for delivering bulk power
from concentrations of generation to points of use , interconnect
utility systems wi th  neighbors , obtain arid provide assistance in
emergencies , and permit economical interchange of power.

The major utility systems in the six New England States
(power market sub-region CSA—A) are presently embarked on a large—
scale coordinated power supp ly development program , compr isin g
economical large size generating units interconnected by an ex-
tensive 3245—kilovolt backbone transmission network . The 3245—ky
transmission network Will form a loop serving rsator substations
accessible to points of heavy load concentration . The trans-
mission system will link all major new generat ion in cluding the
1,000—MW Northfield Project arid will tie with the New Ycrk systems
in southeastern New York .

As generating unit sizes increase arid opportunities develop
for interchange of larger blocks of power with other power produ-
cing areas , a 765—ky transmission interconnection between the 3245—
kv system of New England and the systems of other areas will be
developed. The 765.-kr t ransmission will ex ten d  from Maine through
Massachusetts into central New York , eventually forming loops In
southern New England.

In New York State power market sub—region CSA—B backbone
transmission is presently 3245 kilovolts with a substantial under-
lying network of 230 and 110 kilovolts. In the late 1970’s as the
overall load grows it will be necessary to increase the transmission
capability in the state. A 765—ky network is contemplated , wi th a
tie to N~w England , then extending across the state to Niagara where
it would r’nrc’r Ontario and link w ’~th 765 kv in Mich iws~n. It would
air - c he s t rongly l inked  to the 500—ky P~tM sys~ err in he onnt rai and
western parts of’ ~h”  state.
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In the PJM area (power market sub—region CSA—C ) the 3145 and
500—ky transmission gri ds associated with three mine plants are
being completed. This EBV network will facilitate the delivery of
the mine—mouth generation to the east end about double the inter-
change capacity between PJM and the adjäining pools (NYP?, ECAR ,
and vAcAns). Underlying the 500 and 3145 EH’V network in the PJM
area is an extensive transmission network of 230 kv , 138 kv and
115 kv. This large capacity grid is a signi ficant factor in the
movement of power through the region and achievement of desired
level of reliability. PJM, In June 1968 , had completed over 2,900
circuit miles of 230—ky transmission and has more than 1,300 cir-
cuit miles under construction.

In PSA—7 , the eastern portion of ECAB , transmission patterns
are similar to that of the rest of the area with backbone trans-
mission at 3145—kv, 230—ky and 138—ky with substantial ties to the
neighboring system areas In ECAB. There is one notable Installa-
tion of a 500—ky loop from Mt. Storm Generating Station in W. Vir-
ginia to Richmond, Va. in PSA—l8, and to Washington , D.C. In PSA-6.
This loop is the start of an extensive 500—kilovolt overlay of th’-
present transmission systems by companies In PSA—18. Much of the
existing transmission in PSA—? and PSA-18 Is at 138—ky and 110—ky.
No expansion above 500 kilovolts is foreseen in the near future in
these areas.

Principal electric facilities in the Northeastern area are
shown on Figure P—b .
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CHAPTER 5

POTENTIAL HYDROELECTRIC POWER IN THE STUDY REGION

GENERA L

The Fed eral Power Commission compiles ari d publishes basic data
on undeveloped hydroelectric power resources throughout the United
St ates. The estimates are based prin cip ally on river basin surveys
and projec t Investigations that have been made over the years b ’5’
Federal and State agencies , various Federal—S tate entities operating
under the aegis of the Water Resources Council , and oth ers , including
wa ter resources appraisal studies undertaken b y the Commission staff.

The compilation of undeveloped water powe r include s projects for
which  s tudies  have indicated both engineer ing  and economic f e a s i b i l i t y ,
as well  as projec ts  at si tes where physical condit ions indicate
en gineering feasibility but for which detailed studies of economic
feasibilit y have not been made. The estimates are subject to revision
either by Increase or decrease as additional information becomes
available concerning streamfiow , reservoir sites , costs , and other
pertinent factors .

The undeveloped hydro power picture is constantly changing as
new projects are constructed and as continuing studies uncover new
potential projects or investigations demonstrate the desirabilit y tC-
modify earlier plans . As additional information is obtained and new
s t u d i e s  made , the inventory of potential projects is revised. How-
ever , the estimate taken in the aggregate serves to indicate , from
a long range view , the overall water power potential and resources
available for possible future development.

INVENTORY OF POTENTIAL CONVENTIONAL HYDRO POWER

In 1970 conventional hydroelectric capicitv acc .sin ted for u!-out

~eo€’n per - O7nt of all the electrical generatin c cupa~ lt s,r in the \A~~.
For many years this proportion has been on the ~ecline with the
development of the few remaining available sites or . d the r l t! i d
Installation of other types of generation.

Econom~.c and other factors will pr ecl ude the d~’vo1 onr”ent of
m I- st of the potential hvdro~ lectr ic sites In the NAR . Det ,ol led
analyses of nro je cts at sites havinc relatively small pow i-r
potentials (less than 15 MW) frequently result in advcrse i i n di ~ i c--
of economi c justification. Also , in many cases highways , inl 1 us t ri 0al

plants , and other facilities have been constructed In areas th ,st
would be rsU -iii red for reservoirs of potential projects. The s-oa ts
of relocation are often so great as to render a p!lt ent i al or ~j o ° c
uneconomical for development.
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Additionally , legislation may prohibit the development of
potential hydroelectric sites. The ~~j,~cer5ic Rivers Act ,
Public Law 90—542 is one such example. This Ac t declares it to
be the poli cy of the United States  that  selected rivers of the
nation , which possess outstanding and remarkable scenic ,
recrea tional , geolog ic , fish and wildlife , historic , cultural , or
other similar values , shall be preserved in free—flowing condition
and , together with their Insnediate envi ronments , shall be pro tec ted
for the benefit of present and future generations . The Congress
declared in the Act , that the establIshed national policy cf dam
and other construction at appr opriate sections of the nation ’s
rivers needs to be complemented by a policy that would preserve
other selec ted rivers in their free—flowing state to protect the
water quality of such rivers and to fulfill other vital national
conservation purposes . Accordingly , the Act instituted a National
Wild and Scenic Rivers System .

The Act provides for two streams named In Section 2(a) for
inclusion in the national Wild and Scenic Rivers System upon appli-
cation of the Governor of the State concerned. SectIon 3(a) names
eight streams as components of the system. Under Section 5(a) a
total of 27 rivers are named for study as potential additions to
the national system. Within the NAR , the Allagash , froni its source
to its confluence with the Saint John , is listed under Section 2(a).
Section 5(a) lists three streams : The Delaware River from Hancock ,
New York to Matamoras , Pennsy lvania; the East and West Branches of
the Penobscot; and Pine Ireek (Susquehanna ~Iver Basin) from Ansenia
to Waterville, Pennsylvania,

Public Law 9O—5~42 also provides procedures to be followed in
the study of potentiai additIons to the ~~ld and scenic river syo—
tem . Every study and plan is to be coordinated with other planning
in the river basin. Each wild and scenic river proposal is to ‘r e
accompanied by a report chc’-w~ n~, anong other things , the reasonab ly
foreseeable potential uses of the lar sd and water wh ic h would be en-
hanced , foreclosed or curtailed if the area were included in the
national system .

There are no m ajor Federal h v~iroelectric plants in the region
bu t Congress has authorized power developments at the Dickev—Lincol.n
School , Tocks Island , and Salem Church pr olect s - The proposed
conventional power installation at the Tock’i Tc ol and reservoir prolect
on the Delaware River would have a capacity of about ‘O MW. However ,
a non—Federal pumped storage development has been oroposed which
would pump water from Tocks Island reservoir to an upper pool on
Kittatinny Mountain and discharge either above or below Tocks Island
dam . If this scheme of deve l.oprierit Is adopted the plan for a con-
vent ional power insta ll0-irion may be .ibaridon~ d .

P— 57
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The Dickey—Lincoin School project would be on the St. John
River in Maine . The Corps of Engineers , in fiscal years 1966 and
1967, spent nearly two million dollars on plans for this project
but the Congress did not appropriate additional planning funds for
use in fiscal years 1968 , 1969 , or 1970 . The development would
have an ins talled capaci ty of 830 megawatts .

The Salem Church project is planned for the Rappahannock River
in Virginia. The project would utilize a static pcwer head of 1T5
feet and a usable power storage of 517,000 acre—feet to develop an
installed capacity of 89 megawatts. Other purposes Include flood
con t rol , water supply , recreation , and wate r quality con trol .

Table P—15 lists , by areas , the undeveloped conventional hydro-
electric potential in the North Atlantic Region . Based on the fore-
going considerations relatively few projects have been considered
for development during the time frame of this study. Low load fac-
tor peaking will be supplied primarily by pumped storage develop-
ments.

POTENTIAL PU~~ED STORAGE DEVELOPMENT

With the almost total lack ~f economical conventicnal hvdro
sites in the NAP it is fortunate t h s ~ moat areas have the cat-abilit y
of pumped storage development. An appraisal of r-~~ential tocor-ed
storage sites in the NAB was abstracted from an ~nventcrv periodi-
cally issued by the Federal Power Comnilssion tit e-d HyJroelectric
Power Resources of the U n i t e d  :~i a e s .  These data prcv~ ieJ o
in developing an inventory of economical p roje c ts. Unit  cost s  at
1968 pr ices , ranged fr om $80 to $13c- per kilowatt and capacities
from 500 to more than 5, 000 megawat t s .  The p r i o r i t y ,  tiring , and
amount of p~~ped storage development de~ end ur-on the requirements
and characteristics of the electrical load and relative prc~ ect
economies. Elements of the public have objec t ed to the sitirn - of
certain pumped storage works and , part icularly, ~ c the appearance
of associated transmission lines. Meeting estheti reor:iremrn ~ o
will increase the cost of pumped st cra~re , altt;c’-~~h it is unlikely
that these considerations will contr-T~ the economic f aoi b i l t’\- c  f
well—conceived projects. Esthetic considerations are ra,lor f a c~ -o ro
that must be taken into ac”oun t in planning all tynes cf generat i on
or transmission.

Table P— l6 is a si iary by area , of the rsrn~pcI o~ ora~ e p-~ ten -
t ial  in the NAP . Consirained by topographic an-I other natural tea—
ures , the pumped storage p on~ ial vari.’s tbr ~- x ~ n - s  the re~~io n .
The inventory does provide an Iniicrrt :n of w h e r n  and , by means of
un it costs , an approximate time frame whe n various ‘omI-onerot o of

~cw load factor generation will be available to supply cyntemo op—
~‘rat ion in the most e cn n o r n i c a l  manner .

Potential si~ es included in the 
p r ected ~- -~wrr ourpiy have

p-SB



- -

TABLE P—15

INVENTORY OF POTENTIAL CONVENTIONAL HYDRO DEVELOPMENT SITES

Area Number of Projec ts and Total Gross Installation
Under 10 MW 10—50 MW 50—lOO MW Over 100 MW

Cap . . Cap . 
~~~~ ~~~

1 2 8 1 18 1 70 1 760
2 2 11 10 200 — — — —

3 — — 4 106 1 90 1 180
4 2 14 13 272 — — 1 263
5 1 5 — — — — — —

6 2 13 3 65 — — — —

7 3 20 10 188 — — 1 230
8 10 69 22 364 2 156 1 145
9 — — — — — — — —

10 4 25 4 73 — — — —

11 11 79 20 351 1 87 — —
12 9 58 6 124 3 231 — —

13 — — — — — — — —
14 — — — — — — — —15 3 26 17 409 2 170 1 150

16 — - — — — — — —17 — — 6 129 3 225 7 1,499
18 — — — — — — — —
19 — — 13 338 4 220 1 120
20 1 6 3 38 1 89 — —

21 — — 11 227 1 69 1 232
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not been subject to detailed engineering studies . These studies
wou ld more caref ully ex ine project construction costs and

associated transmission costs 1 evaluate the energy Los -sea in

pumping and transmission , and compare the results with the costs of
alternative types of facilities . A further determinative factor in
the development of p~~ped storage capac ity , would he a canvass of
all forms of peaking capacity availab le at the t ime decis ions for
such capacity addition s ~~at be made. Environmental and esthet ic
considerations would also be taken in to accoun t and mi gh t be
governing factors in the selection of particular projects for con-
struction .

TABLE P-16

INVENTORY OF POTENTIAL PUMPED STORAGE SITES - 1968 DOLLARS

Area Under $90/KW Between $90—100/KW Over $lOO/KW 
-

Total Total Total
Number Capacity Number Capacity Number Capacity

(MW ) (MW) (MW)

1 1 1,104 5 4 ,282 11 12 , 926
2 — — 3 2 ,675 6 10 ,384
3 6 11,786 — — 3 1 ,742
4 1 1,800 4 4 ,227 10 6 ,268
5 — — — — — —
6 - - - - - -

7 2 2 ,663 — — 3 1,908
8 1 1,450 12 19 ,121 18 8 ,030
9 — — — — — —10 6 24 ,170 3 2 ,615 7 3, 0 18

11 9 13,071 10 11,867 6 3,106
12 21 45 ,717 20 20 ,141 28 2 1 ,’-4(le
13 — — — — — -

14 — — 1 120 — —
15 11 16,452 13 19 ,681 19 12 ,395 , 

-

~

16 — — — — — —

17 75 106 ,529 53 58 ,804 121 69 , 777
18 — — — - — -

19 25 39 ,261 12 11,718 19 12 ,393
20 — — — — - -

21 2 6 ,000 — — 6 9 ,330
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CRAPTER 6

THERMAL POWER

CONSIDERATIONS OF POWE R PLANT SITE SELECTI ONS

General. With increasing population , expanding economy , and
the more active interest of the general public and governmental
(Federal , State, and Local) agencies in community matters (i.e.,
preservation of natural environment) , the problems associated
with plant siting decisions are becoming more and more comp lex .
Along with the factors traditionally included in plan t site
investigations such as economics , area capacity requirements ,
possible transmission requirements , availability and condition
of land , and availability of cooling water, the utilities must
give increasing consideration to water and air pollution as well
as to the physical appearance of the plant itself. Area consider-
ations for power plant siting vary widely and reflect the specific
needs for fuel storage , cooling devices, type of prime mover , and
many other factors. As these additional requirements tend to elm —
m ate a number of otherwise potential sites , it is evident that
only a few sites will meet all of the economic, esthetic and eco-
logic considerations that are desired. Controls on costs for power
generation have frequently influenced the degree of environmental
protection achieved in the past. With the increasing emphasis on
environmental and ecological protecthm , however , the Federal
Government , some state governments , investor owned utilities , and
some research institutes , have ongoing and future programs to m m —
imize t t ~e c o nf l i c t i n g  problems of various interests and still main-
tain a reason ~1e cost for electric power.

Load Center Proximity. A major consideration in the siting
of a power plant is its proximity to load centers. Location of
coal or oil—fired plants near concentrations of population is
being met with greater oppo sition as people are becomin g more
concerned about air pollution . The future use of these types of
thermal plants will require greater research and investment in
methods of controlling particulates , sulfur dioxide , and other
gaseous discharges.

The foregoing problem is not relevant to a nuclear power
plant , although the potential for increased radioactive emissions
i8 of concern to some scientists. Thus far most nuclear plants
have been located some distance from population centers , but it
is expected that as more experience is gained in the design ,
construction , and operation of nuclear plants the use of locations
nearer population centers will probably be permitted .
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A problem in relation to load center proxi m ity comnon to both
the nuclear and the coal—fired steam plant is the large a rru nts of
water used for dissipation of the waste h€at . Large fo~ sil plants
normally require condenser flows of about 0.8 to 1.2 ft Is per MW
of capac ity while light water nuclear plants of the sane output
require half again as much . Lakes and streams near ~arg cities
are used for transportation , iriuust rlal processes , recreation ,
municipal water supplies , and sew age d ispo sal , so the control of
rejected heat to these lakes arid streams is apt to be particularl y
critical , and has become a prc~: len of increas1ra~ magnitude as
power plants have grown in size and other uses of these water
bod ies have increased .

Access. Another important siting consideration is the plant ’s
access to a good modern highway to provide access for plant con-
struction and operation . In the absence of rail or water access ,
the highway must also serve for delivery of all or part of tho
opera t ion materials , equi pment , arid fuel . The standar ts for the
highway will depend on weight , tv -fle , and vnl u.ne of raft ic t~ o he
handled.

Rail or water access is hI~ hlv desirable for delivery 0

heavy equipment and for fuel (to fa-~-JUties not s e r v i c o 1  b y  n in o—
line), and whe re f istb le , use of both alternari ve-~ is usually
economical. Peiiverv of large shin-- fabr icar~ d -a- 1 o~ s’~m~ led
reactor vessels i,s readily accomplished by water rm:~~~. If  c - i l

is to be delivered by rail or water , ma jor considerati on rnu~~t be
given to waterfront and rail facilities. ,,~iilv coal roI1u e~ e i s
of large modern stations demand car0ful coord inatioi ~t tho design
of coal, receiving facilities , both for e f f i c i e n cy  of oc’ ~t io~- 
effect on freight charges resulting in delay in rt -tu r~ c-f ca r- - or
barges. The area required for coal storage will often d oend uncn
the reliability and freiuen -v of c- oal  deliveries.

F~~~~~~ i l .  An e s s en t i a l  item to iiC conside red in selecting
a site for a generating plant is tho ; v ’ t labi l ity of an adequate
supply of competitively p r lccd i e i  m r  ± .~ lif e of tin- plant.
The location of a nl!clear p lant rn resent n nrc -b l- ’ms in thi s
respect because of the mirdt a l tran -p o r t a l ion -ont -~~~ r o c le - r
Oil and gas—fired plants are’ usually 1 o c t  ed ~~i~- r r •-np l e supni ~es
are a v a i l a b l e  on a cc ~nir c t i t j ’~’ e ‘ - i s i s  f r  t h e  I fe of th e  nlant .
new plan t relying on ~~~~ will - ‘e l 1 - c, - t f- ’r rttr’ t ’t S to sure
competitive fuel c

Coal—fired ni ant s ,ir~’ us: li v 1 — c i t e d  so that more than one
field can be considerc 4 is  a s ‘Ir e of f f 1  f r  th e p lant sit e .
The successful o~~ t~~t 1~~n ‘ C n~ t trains on fast schedules and In
some cases m ivenen t - ol coo l by h i ~ ‘ t o  n wer p l o t s  o n,  I on~
dis t -in -es enable~ coal ~e r - ~ t s  - it ,- ane Ii s t i ,  fr en 10 s I t  to
he considered as - r 1 t ~- r n i t  I r e  n oi r e’s f o r  he pl a nt The p t - -- ~ent
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and projected future availability of coal and its cost delivered
to the plan t will , of course, be a major factor in the final
measure of the attractiveness of a site.

Additional Considerations. Geological conditions are among
the considerations in choosing a site. A satisf actory foundation
for the structure must be assured. The selection of a site should
consider the presence of faulting which could present foundation
problems , such as instability of rock foundation during an earth-
quake or the necessity for extensive excavation due , to crushed and
broken rock .

Siting of steam power plants entails questions of meteorology
and hydrology . The relationship of meteorology to the physical
requiremen ts of siting an electric genera ting plant is an important
consideration , especialiy in designing the air pollution control
features of the plant. Meteorological parame ters should be
identified on a seasonal and annual bas is from measuremen ts made
at the site or from represen tative data record ed at nearby points .
Plant grades should be selected above the elevation of the greatest
flood tha t may reasonably be expected based on actual storm and
flood records.

The steam power plant mus t be a f fo rded  a dep endable source
of cooling water for all conditions in which the plant is expected
to continue operation. A nuclear p lan t requ ires a rel iab le source
of water even when it is not in operation , to remove decay heat
from the reactor. In addition , a source of cooling water for
emergency reactor shutdown must be assured . All plants must be
sited with a view towards satisf ying applicable state and federal
standards relating to acceptable thermal criteria of the condenser
effluent .

In site selection it is essential that proper consideration be
given to the impact of the plant on the appearance of the surrounding
area as well as the Impact of the transmission lines that must
radiate from the plan t , as technology of undergro und transmission
has not yet been developed to the point where it Is practical for
transmitting ±arge blocks of paver over long distances. Latest
data available indicates that a double circuit 3145 Ky transmission
line requires about 21 acres per mile of right—of-way .

Certain employee amenities such as housing , modern convenien-
ces , and educational institutions are impor-~axV considerat ions.
When selecting a plant site the facilities available for enrnloyees
within commuting distance of the site should be considered. Addi-
tionally , the taxing policies of the state and local ~‘overnment
have considerable influence on the economics of bui lding and ‘-per—
ating a generating plant.

3
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Thermal Effects. Control of the effects of the discharge of
heated waste waters poses a major problem of increasing Importance
in connection with siting of new steam power plants . This is one
of the most difficult problems facing the Environmental Protection
Agen cy in carry ing out the Federal responsibilities for water
pollu tion control today . The hazards involved in the discharge of
waste heat are obvious , but in most cases their effects are quite
subtle. The complexity of the problem is intensified by the sub-
stantial changes in temperature In the aquatic environment chat
occur normally from natural causes. What is often not recognized
is that in many of our waterways t he  waste heat is t irposed upon
an environment which is already ne,~: a critical point for certain
segments of the aquatic life ~e seek to protect , for the processes
we hope to limit , and for the water resources we propose to use.

With respect to our knowledge of the impact of waste heat on
water quality , the unknowns still far exceed the knowns In water
quality requirements — —  even to the experts. Based ci the data
now available and experience with other wastes , it is only prudent
that great care be exercised so as to avoid damage to the aquatic
environment rather than to plan to correct gross n~ chletns after
plants have been completed .

The m os t  pronounced effects of thermal pollution are upon
aquatic life . In general , bin—chemical processes , including the
rate of ‘ xv - J O : ’I utilization by aquatic life , double for each 10°C.
rise In r emparature up to’ 30°C — 35°C , but as water tcnne rntures
rise , the water can hold less dissolved oxygen. Thus, as
temperatures rise a double phenomenon occurs , i.e., potential
supplies of dissolved oxygen decrease. while the need for same
increases.

The thermal effect of plant effluents can have ~ood or had
repercussions . On the plus side of the ledger, an tn rease in
temperature can result in more rapid developmen t of eggs , faster
growth of spat , fingerlings , or lu - - ’o nIi° and larger fIsh of a
given class. The temperatures at which maxim ,zm development takes
place at each stage of the life cycle varies wi~ h species . Over
a period of several generations the species compc ,~ition of
affe cted areas of streamc , reservoirs, lakes , or estuaries can
be expected to change if the reino~~1t , ur e is changed , even by a
small amount.

Another potential advantage to thermal discharge in the
northern climates is Its tendency to reduce ice coverage , and
thus improve water quality by permitting the addition of oxygen
if it has been depleted as a result of upstrei~ organic waste
discharges . However , the additional heat m v  also increase
local fogging conditions .

F — ~ 14
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An Increase in temperature may also be responsible for
making the waters more desirable for swimming and associated
body contact sports if the waters are normally so cold as to
preclude such use. If the water is already warm , however ,
further increases can reduce the esthetic and recreational
value .

On the minus side of the led.ger , where the ~enper’~ture of
the effluent goes beyond a cert ain point , aquatic life can be
adversely affected. Fish hatch will be rethiced and greater
mortalities in the development stages will occur. A change in
temperature also has a ni~~ber of indirect effects . There is a
potential for fish kills ‘i?nen a plant has to suddenly shut down,
during periods of cold weather, when fIshes have moved into the
“mixing zone” attracted by and acclimated to a higher water tempera—
ture . Fish kills of this nature have been reported. Even where
a temperature change is not directly damaging to ~‘o~ development
of desirable soecies , an increase Is usually foun a to facilitate
the more rapid development of less desirable or undesirable species .
While fish are generally available in discharge areas , ~t is often
found that an increase In temperature results in is los s of the more
desirable cold water sport species since th ’~i r  uor-~ r tolerance level
is often exceeded . A Warmer temperature is also considered to in-
crease the occurrer~ce of disease In fish populations .

A particular problem exists with migratory species , since
changes in temperature are apparently important in a number of
species as the stimulator of migratcry activity . Too early ml—
gration , avoidance reactions to changes that occur near a water
discharge, viability of eggs or sperm, or the ova’ lability of
appropri at e food when the eggs hatch , are prob ably rn o’ro imoortant
in the preservation of migratory species than the dire ’ot  lethal
effects of the discharge .

Any increase in temperature from cooling wat~~r discharges will
result in increased evaporation and consequent reduction in the
available supply and an increase in the concentration of the minerals
present . While not ordinarily of sufficient r’i~jnitude to constitute
a problem , if  the water is subject to a nuil-er of c :-oiir.~ cycles
and evaporative cooling devi ces , a measurable’ loss in supply ~ n~i
an increase in solids may result . Adftitior ri,llv , f-b’s possil~i ity
exists that accidental releases of chemical s ’olitives used in the
generating cycle might ~Ind its woy to water ho 1’ - , causing possibie
deleter i ous effects to aqua—culture.

Increased terrr~’rrit’ire w~ 11 also inrr ’-’inr the rat r. of so1e~ i n
of minera ls  in  deposit . ’ w i t h  wh ch ¶h e water cones in  con~ a c t .—

~~~~~~~ —— ---— ‘ —- -~ --



Though not normally a problem , acceleration of corrosion of
highway , navigation , or intake structures will reduce the
service life of the structure and may have economic conse-
quences . In addition , the value of the water for further cool-
ing for various industrial uses will be reduced in areas where
the temperature is increased substantially.

Waste Heat Studies. The Johns Hopkins University has on—

~oing field research activities relative to’ the  discharge of
heated effluents into surface waters for the Edison Electr ic
Institute. Initial phases of thi s Pr -gram were directed towards
physical aspects of heat dissipation from surface waters . Physical
and meteorological data have been collected from eleven existing
steam electric generating statIons located at var ioas latitudes in
the United States . Results of physical aspects of this research
program are currently under analysis arid publication . Toterrnediate
results have proved o’orr--ri~~in~~, and contradictory f ;orne rrevio’ss
i n v e ’~s tiga tions .  It has been fc-un d from thir stud y that tn~ capa-
city of a ccobog lake to di :sirnte heat to the a tnosr -h ere  iuring
pe~ iods of low wind velocity Is quite ar rociable. This worh hao
considerable significance for ihe ~se-s ~~ and :- o r l ’o roooo c -o aoaJ -~s is
of power plant cooling lakes.

Biological data collection was Initiat ed by ~e sto~ v in 1968.
Field data have t- eei collected over tT~e ~~ t st  rw c. - - ‘ e - a r~ - ui a y e a r —

round basis wIth hydrolog ical 5I~ -i m er e or o 1 c~~i o i ! d a t a  b e i n g  ~ec’ rded
on a contin-aoei~ bas is. The ii -~~ es~ igations have “ad t v -  nr inoi pal
objectives: (1) stud y of populations of aq ’oatt -c organisms (fish ,
plankton, and benthic invertebrates~ ros~ d m ng in the a1~~ing areas
resulting from thermal discharges ; and (2) study he effects of
entrainment of mIcroscop ic organisms in waters used for cooling
at these same stations.

Results of the blo1og~ cal aspects of the study hj ’,”e been
rather surprisioss . The pc o’ulatIoris located in thermally lot luenced
zones of the three sire s (an estoar’y , a tid al river , and a
stratified reservoir) have very little variance with ~hcse oi
comparable habitats lacking Influence of thermal dtscharges. In
fact , at one site , the population , size and conditi on c~ fishes
in the zone of thermal inf1 nen L p oorest to be equal t ”  or bet ter
than those of control areas durioc~ even the warner p er i o d s  of ~~~
year (July — September). C srorarlscns of plankt on ic copulations do
not reveal signifi cant red ’ntion s in specii’s con.j— cs1 t~ -~n or
diversity in therma l areas. Fntrainment st udies have vet to  he
completed for a full summe r period . The pr c’i’ ct will run for
another two years , during which ttm e additional data will b.’
collected and analyzed .

Studi es are tinte r w-iv to find prac t ic,il w°vs of ut i 1171mg
w a s te h eit  , before it enters the c o o l i n g  e r , before the he~ te ti

p— I t~

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  -



cooling water is discharged to the receiving water , or in the
receiving water. Possible uses Include space heating , air
co nditioning and refrigeration , desalination of water , industrial
nr cesses , extended periods of navigation , improvements in
irri gation agriculture , and advances In aquaculture .

Waste heat is now being used in iieveral insr n cto s ‘o i1e~.:
buildings . in some cases relatively low pressure or e x o n et
s t e a m  f rom the rma l  g e n e r a t i n g  p l a n t s  is used in industrial
Processes. However , on a national scale such uses of waste he,.t
‘~‘ou ld  ac coun t f o r  o n ly  a v - r v  soal l  p r op o r t i o n  of t h e  t o t : e l a v a i l —
ab le sunn y. V e r y  few industrial orocesses can ef’ii ci , - nt]’.’ u n e
t’nergv of such low qualit y . In some cases it mi gh t L~~

from an over al l community standpoint to reduce the e f ticie n ’, o~ a
n- -wer p l a n t  in order to suppl y economical heat t o  ~earbv iio rs .
Titis would represent a trade—off between electric power and stt-am
use which could be optimized at the local level.

Agriculture is a potential user of waste heat. irri gatio n
wI th heated water could promote faster seed 

~~~~~~~~~~~~~~~~~~~~~~~~~ 
and g r o w t h

and extend the growing season. Hot houses could be used to grow
tropical or subtropical crops in the more t emperate regi on s of the
ountry . Specialized , high income crops could be produced on a

near round basis. However , such problem s as soil adapta hil it -.’,
crop resistance to heat , and parasites , would h-eve to be solved
before large—scale u se:- o f heated water f t  crop pro  Iu .  i &  r con 1
become common practi ce.

An other potenti a l use of condenser di sch -ec~ ’- w e t  r is no un—
culture. Marine and freshwater organisms m -iv he : u l t u r - i  and
grown in channels or p o n d s  fe d  w i t h  hea ted  w a ! € ’ r .  F o r  examp le ,
it may be possible to grow commerciall y valuable o \ ’ s t 0 r c  i n t r e e-I
where they canno t normal lv  reproduce or survive due to 1 - v  wat er
temperatures. Studie s are being made of the possibil i t y of in-
creasing lobster pr o— lo tion in Maine wit h the - i s e  a t  waste heat
Waste h.- i~ f r o r o  a steam—electr i c plant on i -ne IsluT ci , ‘~ew Si
is be i n g - i  .e- ~ , a ~ ,~ L t , ’r f l p t  t o  i n c r e a s e  - u v ~~t e r  p r ohit - ’ ion . Con—
si d e ra r i - ’n is being given to 1 similar t e c h n i qu e  l i e  t h Ingo t
S- r in d  reg ion t s i t i n g r o n  State t o  promote tb. s i - a w n  i n ~ o t t

k r r - ) w t h  01 oysters , cr ibs , and mussels. P r op o s a  s h - n e  h - e n  m c d , ’
in Wi sconsi n to  u s e -’ w c - i ’ e  h e a t  to  w a r - r n  sp or t  f i s h  h a t  . - r v  w e t  - r s
and i n c r e a s e ’ g r o w t h  r i t e - s .  th e  t’t i i v . ’r c l t ’ .’ ot  ~~ cr 1 ‘ s I n s t  i t u t , -

e r i ne S c i e ’r ,ce I s  - e n d u c  l og  an e ’ x n e - r t m , n t  i n  - s ’ i m p  ~~e r o c n g
it F l o r i d a  Power and L i g h t  1 o m r o e n v ’ s i il rk e\ .  t in t p 1 - e n !  -

So me o t h e r  u ses  ut I - c  g r i - i ~ - ‘ .‘r g ’. d e - r i v ’ - d  t r rr e t c t  - i l s —
c l - e r g , -  w a t e r  a w a i t  t e u t  ‘ h e t  s t u d i o - ’ - en d  de - .’ e’ l - r - a , ’ i i ~ ~~~. i i i t ’ i , ~ ’ w a i l d
i n c lud e  a i r p o r t  : - f - g ~~i n g ,  w a s t e  w a t e r  ro - s - w , e ~- . t r e e t : i - a t

nav ige t i o n a l  Invest I g e ’ i ns , wa e l  ga e— o1en ~~i n t e r m i n g
f o r  foo t prod ui r ion.
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Air Pollution. The present and potential air pollution situ—
ation In many parts of the United States is now recognized as a
major concern of government . To mount a program for the effective
control cf air pollution on a nationwide basis Congress enacted an
Air Quality Act and placed heavy responsibility on the Environmental
Protection Agency ( EPA ) to make its provisions effective . Toward
that end , EPA is currently undertaking a broad spectrum of research
and development in areas of control technology , meteorology , and
other relevant factors toward the significant reduction of contam-
inants from stationary sources.

Air pollution control is a vital element in the siting of gen—
erating plants because a substantial portion of emissions from sta-
tionary sources is attributed to the electric power industry—-.prj—
man ly in the form of particulate matter and sulfur and nitrous ox-
ides-—in and. near major population centers . The projected power
needs of the Nation , the long economic l i fe  of power pl ants , and the
trend toward larger unit size all underscore the importance of in-
cluding air pollution control as a major siting criteria in planning
future plants . As new plants are built and older plants are gradu-
ally replaced , cognizance of air pollution control requireinertc in
the location and design phase represents a major st ep toward me eting
nat ional air pollution control objectives while alzo meet ing the
Nation ’s future power requirements at reasonable costs.

Air pollution i s  a byproduct of many of the most import ant
trends of our times : growing rorulation ; burgeoning technoll cgy ; ir .-
creasing urbanizai-ion ; and rising demands fo r produc ts , service , and
energy . Combustion of fossil fuels and the resulting byprodu c’ r
make ut the bulk of the total annual emi scions in th is  countr~ c~f
some ll~2 mil l ion tons of ’ air  pollutants , as shown below.

(In millions of ton s annually (1966 )
Carbon Sul fur Nitrogen Hydro— P a r t i c—
monoxide oxides oxides carbons ulates Totals

Motor vehicles 66 1 b l~ 1 86

Industry 2 9 2 14 6 23 -

Power plants 1 12 3 3 ~fl

Space heat ing 2 3 1 1 1
Refuse disposal 1 1 1 

— 
1 1 --

Total 72 26 Id ‘19 ‘ t’

Tram t c - r t ~n t i on  accounts for  nearly 60 e r L ’ent - cC ti ° t o t a l
emission , however , th i s  source is nut  a si~ r-, i f io arc f cont r i b u t o r  ot
sulfur ox ides , because the fuels used are low in sui fur o r : ’ u~~t .
Fossi l—fueled power pl ants (wh ich produced over 85 percent c-f the
electric ity generated in the United States in 19(h) disch’mr1- .- al—
most 50 percent of f t c ’ -  sulfur oxides , 25 percent of the part i cuirite ,
and about 25 pr’rcen t of the nitrci~erc oxide emissions .

_ - —.- — ~~~~~~~~~~~~~~~~~~~~~~~~ - - ~~~~ -
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When fossil fuels are burned , chemical oxidation occurs as
combustible elements of the fuel are converted to gaseous prod-
ucts and the non—combustible elements to ash. Usually more than
95 percent of the gaseous combustion prod ucts are not known to be
harmful at the present time (oxygen , nitrogen , carbon dioxide , and —

water vapor) and are not a factor in air pollution . The noxious
gases (oxides of sulfur and nitrogen , and organ ic compounds
including pol ynuclear hydrocarbons) are harmful to plants , humans ,
animals , and material. Controls are available for particulates ,
but there are presently no fully tested coimnercially availabl e
control systems for the oxides of nitrogen and sulfur. Combustion
of natural gas yields comparable quantities of the oxides of
nitrogen , but is usually very low in the production of particulates
and sulfur oxides .

Oxides of sulfur are one of the major factors contributing to
air pollution . Sulfur dioxide may , upon discharge , convert to
sulfur trioxide , and the latter to sulfuric acid mist , which may
cause extensive damage to human and vegetable life , as well as to
property. Sulfur oxides in combinat4 op with other pollutants ,
e.g.~ particulates,have been shown to exhibit synergistic effects
several times more severe than comparable exposure to either
pollutant alone . Extensive research efforts are under way to
develop economical control processes for industrial units.

Ni tr ic ox ide , though not a very toxic gas when isolated ,
oxidizes in the atmosphere to nitrogen dioxide , a lung irritant .
Under the action of sunl igh t , nitrogen dioxide dissociates into
nitric oxide and atomic oxygen . Some of the latter then combines
wi th molecular  oxygen to form ozone , a h ighl y irritating gas and
a health hazard. The nitrogen dioxide combines wi th various hydro—
carbons , forming various organic nitrogen compounds . Gaseous
emissions from coal combustion Include oxygenated organic com-
pounds (such as aldeh ydes , carbon mon ox ide , hvdrocarbor .s)~ as wel l
as the oxides of sulfur and nitruc- -’n .

Particulate emissions from coal—fired units constst primarily
of carbo n , silica , alumina , and iron oxide in the flyash . All hut
the smallest of the submicron particles of Liv ash can be removed
by control equipment before flue gases are discharged .

Health and nuisance aspects of a fossil— fired plant normally
increase in direct proportion to  the por’elatlon . Population
centers in the Immediate vicinity of a plan t may present air
quality problems related to dus t from handling coal or fir ash as
well as from stack emissions. Sites having population centers
(within one mile of the site) In relatively deeo valleys which
may channel atmospheric emissions are not desirable . Air quality
considerations related to population should take Into account both
existing and expected future developncnts and populations In the
a~rea of concern. 
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Agriculture and forestry is primarily affected by emissions
of sulfur dioxide. Plant tolerance levels are reasonably well
known, and proper p lanning and design can assure that they will
not be exceeded .

There are three general approaches to the con trol of sul f u r
oxides and/or parti culate emissions arising from fuel combus t ion :
fuel changes , stack gas cleaning , and improvemen ts in combus tion
effic iency .

Fuel changes include both fuel substitution and fuel switching .
The former is defined as the replacement of one fuel with another
of the same type , an example being the substitution of low—sulfur
coal for high—sulfur coal. Fuel switching Is defined as the
replacemen t of one fuel with another of a different type (e.g.,
switching from coal to oil or natural gas).

Stack gas cleaning is apFiicahle to the control of both sulfur
oxides and particulate emissions, but currently it is widely
applied only in contro l of particulates.

Rad iolog ical Effects. A rem is a unit u~ ed to measure radio-
activity effect on man . A millirem is one thousandth of a rem .
The Federal Radiation Council has recommended that the general
pub lic never be exposed to more than 500 whole—body mi lliren s of
radiation per year . One can safely receiye much higher doses of
rad iation for short periods of time , or in local pni t s of the
body . Some average dosage levels are enumerate-i below:

T.V. set — less than 1 miilirem per year~

Cross—country jet fl ight from cosmic rays — 1 millirem ;

Two week vacation in the mountains — 3 miulirems ;

Living in a wooden house — ii millireins per year;

Chest X—ray — 100 milliretns ;

Na tura l  back grou nd , San Francisco — 120 “rtllirems per ‘-o,r’ar;

Natural background , ~~~ .C. — 135 miuli rems per year;

Natural background , Denver — 150 mllli rems per year;

Complete den tal X-ray - 5 ,000 tnlillrem s ;

Cancer therapy — 500,fl~
(’ m flhirem s or m i r e.
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Nuclear power reactors add waste heat and low levels of radio-
activity to the environment. The development of nuclear reactor
technology itt the United States has been characterized by an over-
riding concern for the health and safety of the public and for the
protection of the environment. Its safety record In comparison with

— other industrial activities is excellent. No member of the general
public has received a radiat ion exposure In excess of prescribed
standards from the operation of civilian nuclear power plants in
the United States , according to Atomic nergy Commission statistics.
No accidents of any type affecting the general public have occurred
in any civilian nuclear power plant in the United States.

During their operation nuclear power plante are permitted to
release , under well controlled and carefully monitored conditions ,
low levels of radioactivltity . Experience with licensed operating
power reactors shows that such levels of radioactivity are only a
small percentage of release levels permItted under A .E.C. regulations.
These limit the dose for the general public at 51)0 milllrems per
year from licensed sources . Typical nuclear power plant off—site
dose design objective is one pe ccent of A.E.C. regulations and
operating reports from plants En the field show an order of aagnitude
of about 1 mIllirem per year. In evaluating the acceptable risk
from radiation exposures , the Council t’m~ l-m~-s th-r best technical
experts in the field , and takes into ac -eun c the recommendation of
the National Committee on Radiation Pruteution and Measurement and
the International Commission on Radiological ProtectIon.

Nuclear reactor technology has been developing in the United
States for more than 25 years. During this time the knowledge
necessary to protect public h~’alth and safety has advanced wtth
the technology . Protection of publIc health and safety in the
design , construction , and operation of reacto’s is a statutory
responsibility of the A .E.C. under the Atomi c Euergy Act of 1954,
and the ~omm1ssIon regards this as -3n overriding cor~siderat ion in
all Its activities including the licensing and regulation of nuclear
reactors . in carrying out this responsibility, the A .E.C. devotes
special attention to assuring that radioactive wa - tea produced at
nuclear power reactors and other facilities are carefully managed
and that releases of radioactivity Into the env i ronment  are w i t h i n
government regulations.

The management of radioactive waste material in the growin g
nuclear energy industry can be classified ‘into two general
categories: The treatment and disposal of rn-~ter1a1s with low le’-’els
of radioactivity , I.e., the low activity 2aseous , liquid , and solid
wastes produced by reactors and other nuclear facilities such as
fuel fabrication plants; and the treatment and rormanent storage
of much smaller volumes of wastes with high levels of radioactivit y.
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The high level wastes of the latter category are by—products
from the reprocessing of used fuel elements for nuclear reactors .
These h igh—level fuel reprocessing wastes have a higher hazard
potential than the former category . The two types are unfortunately
misunders tood by much of the public.

‘either the reprocessing of used fuel nor the disposal of
high—level wastes is conducted at the sites of nuclear power
stations. After the used fuel is removed from the reactor , it Is
securely packaged and shipned to the reprocessing plant. After
reprocess ing,  the high—level wastes are concentrated and safely
stored in tanks under contrclled conditions at the site of the
reprocessing plant. Only a few reprocessing plants will be
required within the next decade to handle the used fuel from
civilian nuclear power plants. As with the power reactors them-
selves, the A.E.C. carefully regulates the operation of such
plants .

More than 20 years of experience has shown that  underground
tank storage is a safe and practical means of interim handling of
hi gh—level wastes. Tank -;torage , however , ‘-es not provide a long—
term solution to the problem . Accordingly , using technology
developed by the A.E.C. , these liquid wastes are to be further
concentrated , changed into solid furr i , and transferred k - ,- a Federal
site , such as an abandoned salt mine , for final storage . These
mines have a long his to ry of geological stability , are impervious
to water , and are not associated with usable groundwater resources .
This procedure will provide assurance t a t  these high—level wastes
are permanently isolated from man ’s environment.

Technology developed for the treatment and storage of radio-
active wastes produced at present ly operating power reactors Is
considered more than adequate for the expanding industry during
the next decade . These treatment s’,~~tems Include short—term
storage of liquid wastes , evaporation , dem inerallzation , and
filtration of liqu ids and gases , and compression of solid wastes .
They also include chemical treatments to concentrate radioactive
materials , and Immobilization of radioac~~ ve sol ids and l iqu ids
in concrete or other materials.

Operating experience in licensed power reactors shows that
levels of radioactivity in effluents have generally been less
than a few percent of authorized release limits . Environmental
monitoring programs to measure radio activit y are carried out by
licensees , some of the states , the Bureau of Radiological Health
of the U. S. Public Health Service, and the Atomic Energy
Commission . The quantities of radioactivit y released are so
small that it has been difficult to measure any increase in
radioactivit y wh i ch can be attributed to etfluents from nearby
nuclear power reactors , above natural background levels in rivers
and streams. 

- - - -



Environmen tal and Esthetic Effects of Plant Sites and Trans—
mission Facili ties. The electric power Industry has act been
established without great impact on man ’s environment. Problems
of air pollution and thermal pollution have been discussed In th~’
preceding sections . Many oth er pr cble ms exist , e~ ’~e’-i ,~ll v in
regard to generation and transmission systems .

There are many es thetic considerat ions associated wi th the
sit ing, cons truc tion , and operat ion of generating stations . ror
example , coal piles , coal handlin g equIpment , and E tacks add to
the normal problams of a large industrial structure at fossil ’-
fueled genera ting stations . Not only do coal piles cont -I~ u r e  to
an unsi gh tly overall appearance , but they are freouentlv involved
in water pollution. With the passage of time and the occurren- e
of storm water runoff , the smaller par t icles ff rc~ the ir way in to
the nation ’s wa terways. Nuclear plants pose th preb le-~n of large
con tainment vessel structures and hydro plants of..en intrude on
scenic areas , or en tail competitive use of water that may preclude
other esthetic developments. Gas turbine and internal combustion
plan ts are beset with noIs~ and fume probl ,ms.

The location of a hydroelectric development Is contralled ~
-
~~

-

topogra phi c and hydrau l i c  cri teria , and in most caser the t-- u e aa ’
form of the structure is also pre—ordaineci by ceologiual and tone--
graphic considerations . Even working within the franowork of J~is
seemingly confined atmosphere , there ~~e ~anv and varled options
available to the architect and engineer rc’ enhance t~-~e esthetic
and environm ental features of the project. One su~c : crcc vation
involves the concept of “integ ra ted design ”, where t -~e ~owerhou~~
is integrated with the downstream face of ~he dam , rat her than
simply placing i t adjacent to the slope . This permits visitors
access to the spillway and massive gates , an admirable way of
bringing the public into direct con~ron tation with a lar~ze ‘-‘art
of the operation and function of the darn .

Beyond the struct u r e ita~ lf th e contractor has i t  wlth i—i his
power to preserv e the region ’s natural features . It ~s y,cli with-
in h13 power to confine his operat ions in a manner that -~‘c uld safe-
guard t imber stands a~d rock format ions , and thu s elImi ~c at e , to a
great extent , the un sigh tiy construction scars that debas e sc ma~~v

hydroelectric sites. Sand ~od gravel p it s , spoil areas , and ac~ ess
roads can all be pla nned with a view to preservin~z ~he area ’s
pristine quality .

There are many consIde rations Involved in si te select~ -’n of
ste am electric generating stations , some of which -ire directly
relat ed to minimizing the pro lect ’s assault on the environment .
Esthetics and environmental effects , until recentl y , -..‘ere often
reviewed as an afterthought rather than as a rrime consideration.
Recent concern with environmental factors has led to a vas t

‘--- ~~~~~~~~k~- ~~A
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change in site selection and design concepts. Some major projects
have taken advantage of the opportunity to blend their plants with
the surround ing area by the emp loyment of various species of trees
and shrubber y in conjunction with blending the plant into the
natural terrain.

Other problems that tend to lim it the number of sites
esthetically suitable for fossil—fuel electric plants ace the
fuel storage and ash disposal areas with their attendant struc-
tures and associated transportation faci]It es. The space reouire—
ments for these facilities aggravates the ~roh l eni of concealment.
A 3,000-MW coal—fired plant needs 900 to ~,20n acr es of land , for
optimum convenience and economy .

In many cases cooling towers must be employed for thermal
power plants located on inland water. These towers present
difficult esthetic prehl~ ms lf mechanical draft towers are used ,
the structures may be several hundred feet loi-nz and ~0 feet high .
Forced draft towers emit vapor Into the air that ma~ create fog
banks , snow , rain , sleet , or ground Ice , ~n-ler certain atmu snherlc
conditiona . If natural draft tcwe~ s are empio~ e-~ in ti- a alternative ,
the structures are hyperbolic in shape w i t h  a circular base and a
height of about 400 feet each. The r il umes from th e ;e  g ian t  h~~~e r —
bolic towers  present less of an esthetic or environmenta l p?ol ; i em
than those from the forced draft systems , ~ u t  this may prove an
under—compensation for their enorm-ci s size. In both case- s local
noise conditions can constitute a mc-~~ur nuisance.

Power and other utility transmission systems currently create
a landscape that is a taeestrv of wires caught up frea tLne to
time by giant gaunt stee.i towers or oh~ trusive pole structures .
Transmission systems orohablv generate more comr-iain ts from the
public han all other facilities corrhthed . Concealment of trans—
missioa towers and h oes is virtually 1r~rossible , hut much can
be d ne ‘o render them less Intrusive and mare attracti ve. Regard-
less ot the general scheme er-ploved in th€ ~ layout of a traas—
m i~~sion line , the appearance of the individ ial towers will usually
be of a major con ern . They cannot always b~ placed out of view ,
or effectively blended jr-to the surroundia~~ by landscap ing or
painting. Some - enpanies have responded to this challenge by
propo sing a completely new design for tcansmission t - -’€ ’s. They
ha-i c attempted to unclutter the traditional tower and make it
more graceful. They have sought to eHmlnate the appearance ot
s t a r k  u t i l i ty  and emphasize , instead , a streamlined ~eautv.

The Federal ~cwer Commission , under Order No . 414 , adopted
new regulations , effect ive January 1 , 1971 , inmiement ing prc_

~~ ares for the pro tection and enhancement of esthetic and related
values In the design , location , construction , and oneratlon ‘f
Hcca’~ed hydroelectric pnwer prolect works .
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The regula tions require all applic ations for new projects to
include an exhibit showing the applicant ’s effor ts to protect and
enhance na tural , h istoric , scen ic , and recrea tional values in
locating rights—of—way and transmission facilities . The exhibit
(map, photographs or drawings) to be subm Itted with applications
for licenses must show measures which will be taken during con-
struction and operation of the pro lect to prevent or minimize
damage to the environment and preserve the project ’s scenic
values .

The Cc--tmiss ion at the same time issued a set of ruidelines
designed to provide an indicati on of the basic principles to be
applied in the p lanning and design of electr ic power transmission
facilities . The guidelines seek to provide the most accentable
answers from an environmental standpoint , t aking into account
s a f e ty ,  s e r -~- I c e  r e l i a b i l i ty , land use plannin g, economics ,md
t e c h n l c a ~ f e a si b i l i ty .

M,ir,v companies , after vast am ounts of experimentation , have
decided t h a t  the  pole  is p r e f e r , i h l e  to any other nossib le con—
figur.ition . The simple str eam line pole has riOt w i t h  g rea t  p u b l i c
acceatance in mcm v instances , as being the least obs’crusive on
the env i ronment.

It is the op inion of a great many of the industr y ‘s critics
that it is not so much the structures themselves that offend
esthetic sensibilities , and thus assault the human env i ronmen t ,
as the rights—of—way slashes in which they are place d . In
creating new ri ghts—of—way , many forward—looking utilities have
taken ort’at care to insure proper placement. At tem rts have
been ma de to locate lines aa far away from highways or other
public gathering places as possible. In any event , structures
are generally located away from skyline ridges , where the sky

-~n n~~t be utilized as a backdrop. If ridge—top structures can—
uot be avoided , limited height trees planted along the ridge
under the transmission line help to make the right-of—wa y gap
less obvious .

1’nlerground transmission systeo~ would  be ith’ i- f r o m  the
esthetic s t a n lp - ~i n t . A repor t  to t h e  T~’o d er a 1  r c w ~’r (‘c’ciniissicn
by an Adv~~sor v  (‘ nniittee on Underground Trins-”issions vas
rublished In April 1966. This stu~ v showed tha t the cost of
ind ororound transmission was too high for ~- ‘n.~ra1 ap p licat ion
at pre sent , hut It recommended intensive re’~t-arch to improve
underground transmission technology .



OTHER FORMS OF GENERATION (EXOTICS)

General. In addition to the utility industry ’s constant
effort to improve onerating efficiency , the search for new forms
of generation is prompted by militar y and space requirements , a
need to find new sources 01 energy , and a desire to , rotect our
environment.

Researchers throughout the world have been engaged in th is
search and have been investi gating many scurces of energy In their
efforts to develop new generating methods. The researchers have
demonstrated the technical feasibIlity of producing electricity
from fuels in the earth and frc.a-i the energy of the sun , win i ,
waves and t ides .  They are cons ider ing  che pos s ibI l i t y  of harness-
ing earth ’s magnetic and gravItational fields , earth ’s rotational
ener gy ,  and energy stored on the moon ’s surface by years of
electron bombardment from the sun . (‘-enerat~~ g meth ods related
to these energy sources have been investIgated with varying
degrees of intensity and depth and are nresercti ’; being pursued
in relation ti the degree of promise the’,’ h o l d .

Of the many research efforts , seveial ttiat hold particular
intere-;t for th e  util ir ; Industry ore tho rrci ’ol ,. th er ccoe ie - ;tr lr ,
sol ar , and geothermal generation ; flu~~i-dynamIc converters , end
the nuclear fusion re a ctor; and tre develcnmen~ of t u e l cells .
‘ uciea’ researchers are also acttve L ’T cnvol~~.d in the ~ev e l o r —
merit cf breeder reactors to optimize ~~iC use and increase the
availability of nuclear fission fuels. A brIef dIsLussI~;n of
each n.i~ or area of research follows.

Thermionic Generation. When heat is constantly applied t o
metals a point is reached where electron’- acquire enough energy
to overcome retarding forces at the sur t ace of the metal and
escape loLa the atmosphere. This simole nhenn --enon , which Is
the pertinent feature of ther irionic ~ en c r a t~~~- c , was dls ’-cvered
in lR ~ h by Thomas Edison .

The simple therm i n i  generator c o n a 1 s~~u of two niate’4 ,
the emitter and the collector , set arated hv a small sp ace .  By
the addition of heat eneritv , electrons are t reed from the
emitter and cass through the inter :~ nIng space to the collector.
This passage of electrons and the electrical o :opert ies of the
collector enable the development of ~ voltage difference across
the  p l a t e s .  E l e c t r i c  c u r r e n t  can t h e n  he made to flow through
an external load co~nnected between the  c r it t e r  and c o l l e c t o r .
The constant app licati on of heat energy provides a constant
output of low—volta ge dire ct current ei~- ctr1 itv.

L _ _ _ _ _ _ _



Thermionlc generation is t-,rs sible w. - a numl ’o~ n f  heat
sources , and unite have been deve H-red uti~ iz1a~ -sals~~, nucle ar ,
and fossil fuels .  This exotic generation , h:wevet - ha- . been
more ex tens ively investigate d with refe -F ’-Lce to ~oace activ ities
than cen tral power stac~ - n develurnert . The ~an0ral oons’-n uia

is that future efforts -oill he conLe .tcrl t e 1 
~n n -ace orien LeO

activities beyond ~~~~ The likeli pood ~~ co
thermionic impact in the are cf ~~~~~ s~. ct to w e r  ~er~-~r a r l o o
prior to 1990 apo~-ara remote

Thermoe lec t r i c  Geo~ r a t i o r .  T’hF~ ‘h e r moe l e ct r ic  cton ~~r :j t or s
a device  v h lch  cc-nverts  ‘-teat er 1er~ th r e - : t l v  ~o ’ o ow - v o l t a g e
d i rec t  c u rr e n t  e l e c t r i c i ty .  I t  u~ i l I z~~s the  ‘~ -e~ r e o k  c r in ’- i t l e ” ,
that a voltage dif~ ereoee Is produced at Ofli en ;- i1 two joined
dissimilar conductors when heat is ~ppi’ od to the ctiposite e~~~.
With the  teveiopmear of the trsriciat. aaa advar1L s~~ents in the
technology of semicnr-~~uctor m~ t r r~~~L~ It bo-arte r~~ssi.ble to
produce usable generat~.rg cr1 ta- . ssi’ Ia no r ‘~~

-
~~ a Z  eJ cot r~ c

power are p rod uced by cennect In~ severai cer-ier a ‘t~~ cot :s irito
thermopilea for use is ~ s~~~~ generator. It i.~ s~ sc ~‘oe qthlc
to operate the g e n e ra t .c c~ In ~Ictferen t ~e c m e ’- ts  c a ~~~~ ï ~~~
of cperating temperatures , IV - :v~ n~’ t iC con octoc r’ater1a 1~

• Exper imentation Ia the I~~a d  cc f che ro~oeie -::r~~r g e n e r c t ~~o
is reachin g, the pa ~~t cif ciolni shI-~ r~- tt c.. -c • ao u rh  trICl’i ( -

elec tr ic  gere~~~ for~ ccpe a r s su t ,d le t o t  ~cctaii:’ tions -e q i ’~~i .
modest pcwer levels cud : c d l ’-  - t  artce ft~~e onE- r :ilin , it i i .  un-
il k- ly that the rietbot’ ci. - m p e t t ~ ol t t exist ia2 ],-re~ centra l

a power p i a r . c o  La t he  ~reseeco ft

Solar Gerteration . ~o early In 19(11 er.er~~- froo~ e ~ar was
used to provide ro~ e: for ste:- o -nzine . ~itic e ‘h -~ . so
e. f~~gy had been used to power ‘can - - d evi ses It s  os:  f n r  th~ n o t
part was restricted to latltccde’- t ween 40 de~ roe-c in~: to tn d  .~h
deg rees s-oat h and t . i r i r l l cat l  :r.~ cd - lob  --- ~re t i n t  5 0 0 3 r ti v e  t o
its discontinuoun nature. Str’ h thIo~ n a - solar water heatin:
plant~ and solar d i ’~tiits: i c r  -‘l in t ’-  have ) - e .~si ~uuctica~ r’g
satisfactorily for - c e o r S .  B l i ~ t , ~qr cli ~c c-otis te h id
d ev5]oped a sole r powe e 4 ci c L r - c ceo:- ~ i n e  p 1 ant vh~ h
Inc orp orated a mirror cn l l ,-~-:t. r a,z~ a h-~~t storage cvste:1
e nab l i n g  r~’~~ht opericlon at r e i 1 e ’~ Ic-cd . Fhe mos t n -~c’-e ’ s- -
lul app :ic .ition of s~~ ~r c ’r t erg ;  to 1 t e has t d~ec place In the
space programs . Tb: use of vo l  a’ ~-~~t r -cu r c ”s to o ver

elect r c  and t h e inloni c - °nve; - -‘ i - n  d e v : : c s  was s factor in the
successful conniet on of as - ‘oral spec” ‘- r o~ . ~~ise s on the
techn ology av alt-il ’le today co ’ -conomlo- , of solar ~enerat ’on are

questionable exc y rL f o r  s p a : e  u s i s t ’ a n d  o t h e r  ecu a~~l v u n i q u e
appl c a t  ions.
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Solar energy has been considered in two connections: one such
concept involves the development of floating power plants that
will utilize the solar—produced temperature differential which
exists between the upper and lower lrvels of caribbean waters and
the Gulf Stream . The higher temperature upper l evels and colder
lower levels have been suggested for use as a heat source and heat
sink to produce up to 100 megawatts of el ec t ric power. A second
concept involves the orbiting of space vehicles for the purpose of
creating central station power generation.

At :‘resent , solar conversion is in an ur :tavorahle ecoce~r i c
position . Recent research and development of organic compounds
possessing semiconductor and ph;’tovoltaic properties has made in-
roads on the efficiency and cost—weight problems which have made
existing systems uneconomical. Successful development of such
devices would make the possib ility of orbital power stations more
nearly feasible. Solar stations orbiti ng the earth would tOe rchv
c o l l e c t  so l a r  ene rgy  f rom the sun and convert thin energ-; to

e l e c t r i c  eni er ~ v fo r  mic ro—wave  t r a n s m i s s i o n  to e a r t h .  l a r g e
design problems are needful of solution , largely I t :  r e  areas c f
orbital characteristics , conversion devices , trarsr-oission faciliLes ,
and reception of power on earth.

F’ijsjon Reactor. A fusion reactor will u t i l i z e  a s u s t a i r -e~
combining, or fusion , of the nuclei of lie ht elements to reieas~
nuclear energy and make it avaIlable for the p r o d u c t i o n  of e l e c t r i c
energy . The develonment of a fasion reactor involves the e— t nb lis h —
ment of conditions to produce a fusion reaction and the creati on
of technologies for harnessing the released energy and convertin g
i t  i n t o  e l e c t r i c  p c w e r .

There are several known reactions which can be the basis for
a controlled fusion react ian . These incl ude deuterium—tr ltic’m ,
deuter ium—h elium , and two deuter ium— dt-ut eriun reacti on s. :he
ma lor reason for interest In the fusion reactor sten- f r nn the
fact that deuterium , a stable isotope of hydrogen found in all
water , is so plentiful an- the fusion process can fi n ction as i

t n t  inc  b r e e d e r .

To accomplish the reaction it is necessary t o  ra~~;c a f u e l
to t cmnc ratures in the range of 100 million to I b i l l i o n  h - : r ~-es
Kelvin; to hold the resultant gaseous disper sion of ions aol
electr a (plasma) in a confi guration which w c c i d  o r - d de an i on
densit y in the order of iO~-~ ions per  c u b i c  - - o n :  m eter; arid to

confine t 1 i is hot plasma at these dens Ith--~ ta r periods time in
the o r d e r  of tenths of a se -end . ~

‘or fusion to take place, a
suitabl e Ion density must he maint ained t a r a su t ficientl v l o g
time at a- le a u it e lv high temper atures. These cr i teri a necessitat e
the formation and contal imei t of a super—hot p l o - t ri o , it t empere~
lures wh i ch no known iit ,s tner m - ct ~’r i - il -in w ithst and , and at
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densitlee equivalent to a nearly perfect v-t :uuc- . ‘-!‘— -- ~ t ,--necunl~~,
fuel must be fed to the system and electrical enrrg~ excracted
from the developed heat energy . Nsar c,rm development is highl ;
unlikely.

Fuel Celia. Fuel cells are ~~~~ :recht ’ro r~~ dt,n- - t ”- i-~ .11-v
the chemical energy at a fuel such as a- dt -ape ~~,
continuously and dfrectly to low--voltage diTc-S t cc , - - t e~ e-:t!t :—

~ty. Vuel cells ha’e the same basic em its -c ~ as t’-~ 
-

two electrodee , the anode and c at h - ,d , separ , te~i ~~ a— : j 5
In ~untraer to the battery the fuel ccii is an o~e.: syst fi ‘which
reaufree a conttnuoua supply of reac ants for :te pr:’~u - tt ot t of
electricity . The quiet , relatively low t -~~ratu’e o~~~rat!ion 0r

fuei cells and their premise oi a highly efficient ~r~ v con—
version process has focuged co:isideral~l” Inte r ec  or: r h .  d ,v t c e .

~ie of the great est pot enn-ls;s of :h~- act call ig itt’

capab :iity of u lt i mat a ly  rep lac~ue In p i ese - -d ‘oy peak power
devices . Fue~ cells also offer an o p p n c t m i t s ’  t - - ; - - s t :  ‘- tie rate
of air pol lution b ’- us i n g  systems wolci: en-’ to : - ilco r and
partm - : - ia s--- f ~ee fuel w i-h e r t : s t  n o  aon~ 1 -- t i ig a l c o ct  ~ a . i ~~- : ‘~

of c’n- icon it: -xid ~- and -~a en , tci si ~ov -tu u t i c  l e-s ~~ n i t . cx
an~ ici lnirnec hydrocarbors.

It ii felt that the fuel ce 1 c et~~i h c , t  l tni ’:e,i ar-:Us ,i 1 crv--
and -~ijl not replace central S t d t i - O  I ‘0 a- ’~-sra~~ on in
fcrese~able futura . Although tue~ cel l c f r i c : t i ’ i - c e s  of 40 - -

percent have been reported , overall t~~el cell s~ ctems i:’~olv ng
conversion tc ac power cc-se efficienai ‘ - -c de r SO —~ oce- -t . it
has been predicted by some that f u e ’  C i j  is ip to 100 ~~

- - ~~~ -

available in the mid 1980’s at coats up to 30.1 ao~ iStS p~~r ki1o~-
watt.

ceo’ herirta l Generation. Geothermal ~e arar !ca 1. a or- ’ .-
which iacuraL steam entrapped below the Sur ta - -if tha eaTt ’-L S

crust is used to ptodc:~ e ele- :tri-. - c i  noc -cer . The s res~ is rej - - ‘~~c cd
from the eartY depths 1 - - - :.- o c c t 5  ci halos bcr .~-i t h i  o ig l -  the
sur fa-e . The ~~‘ eon ci t i . -  .~vOt It ch cc- to ‘ f c~ niog ’ die ton - “
transrnlt :ed by ni ps to a generar Inc fa0~ litn - a- -arby . l b  ‘r . - - in’-c

takes ed- -ar.tage of the many h-: 3t’cttc , s-~A - ~ - -~ ~ c- --: r- • , j iO t

springs , and fumaroles , eni:h ~~~~ ~
-i thir. j~ c -  - ‘~~h s  nur ~ tce .

Many scientists fosecee hitco-:- I i o . 1 1 a : t on s  i c o -- ’lv i is deev
drillin g through the e t c : ‘ “ mantle (~ °-30 m:ies ) rieccln ~ I.
roq af ”le t i tap energy sources ci~~-c~~e~ anvi~i e r c -  on e a r t h .  hev
also envision producin g hi ~h-c- r’ss’n - it c ” i r n  by c i,- inlect ott  .ini
reclrculation of water th -tc ~~~ i : huge o cmc:e. r~ ner~ci hot 
created by underqroun i to  esr  ~~ c l c s 1 o r s .  Bc-’~~-n t  l~~r ’ i t i I  ‘r ,
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PL 91—581 apnroved late in 1970 authorized the Department of’
Tr #erior to license geothermal development .

T i ~~v- T) cnrrr~l

Low—Sulfur Coal. The use of low—sulfur fuel is one method for
reduc ing sulfur dioxide pollution from stationary combustion
sources. There is much disagreement as to what constitutes “low—
su l f u r ” coal. There is also a scarcity of information necessary
to determine the size of coT~snercial reserves , even if an arbitrary
definition of the term were universally accepted . These un-
certainties appear to have a profound effect on decision making
processes within the electric power industry arid the coal mining
and transportation industries .

On the basis of air pollution regulations , coal cons idered
to be “low—sulfur ” in St. Louis (2 percent) would not be
considered low in sulfur in New York City, where one percent
sulfur is proposed as the maximum . Neither would he adequately
low in sulfur to meet the recommended limits of sulfur oxide
emissions from Federal facilities in New York or Chicago .

Low—sulfur bituminous coal , particularly of high—grade
metall urgical coking qualities , is essentially a different com-
modity from bituminous steam coal . Because of significant savings
der iving from the use of low—sulfur coke (produced from low—
sulfur bituminous coal) in metallurgical processes , steel
companies demand and are prepared to pay a premium for low—sulfur
coking coal . For that reason , mining companies will frequently
produce from sligh tly thinner seams , work at somewhat greater
depth s, engage in some degree of selective mining, and perhaps
even clean the coal a bit more thoroughly . A demand for similar
quality power—plant coal would be likely, therefore , to increase
the mine price by ~2 to $3 per ton .

When low—sulfur coal replaces higher sulfur coal in an
existing power plant , several characteristics of the substitute
coal must be carefully scrutinized. Some of the more important
constraints imposed by plan t design limitations which must he
watched within allowable limits are:

ash fusion temperature — which determines the design of the
boiler furnace;

grindab ility — which determines , where applicable , the
adequacy of available grinding equipment;
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total ash content — which dete otti n sa the cc:rc ::tv ‘of y—~ ni-
preclnitators or other ash handling eouipment . An Incoc a se 10 ash

con tent of the coal from 8 percent ~~ 10 percent t~-�tc” - ahc ol a 25
percent increase in the total volicic o c f  ash ; and

volatility — which de~~ :i,— t nes c~- e d.~-j ! i - c of the bo Iler °c c i  oc~ - .

cratistical ar-aiys~ s indicate5 a 5tf t~ ~~t~~~e~~ tc’a r~~o ’t l ’s~:o h i o
betwren the sulfur content of a coal and i’ -~ a s h —s of ’ e n 1 c - ~~, tn
f u s f o r , temperature . As the sulfur content decli nes , f:oivo
tempe ’ature increases. C 3r:-sesju?~ t1’-’, swi rh~nt ~o ccal vi ccc a
lower su l f u r  conten c , but aith a higher tech fusion e~ o- - -r~~,
may cause serious heat exchon ~~ and s l a g  t ap r : i c i~ probl ems in ‘~~~o: -

bc~~t ’ boilers ,  which are us ’ooliy t i e s igne l t i~ operate at a
relat ivel~ low ash—fusion tem rcn -~ t cr s  rai c -~ - c~— - -’v-irsion of “we e --

hot r i ’:  to ‘ dry—bottom ” design i s co~ r 1’: -~n~ Is l i k e l y  t o  r e s c t
in a loss -of c ap a c i t y .

T h e  cc i i5c io ~~ien of  re -~~: a i  f~~~l o il  s~n o~~I :- c c c ~c
an aui pol lu t ton problem t o e c a se of th - - -u: - t r ~~~t I a i  -a~~~s~~io ’~~ nc
c-ulfur dioxide . Lighter fuel oils a’~ not considered at preseol
to so-ri trlbute signif n i t i~ to air poH’o~ i or: .

m h r e €  ccci  :~:s ar e ~ c a s e n t i q  ao c-. l a i l o  ~~~ t t~~~~ i . ,e 10- -’—
sulfur residual fad

o r o d u c t l o n  of  r e s ir cu o l  o i l  by r~~~ t n in~’ j o c  o ’ f o r c r u d e  o i ;

e s u l f c r r i z o t i - o n of - :rude , IlaH i lo t i , ond/or res !:ioal oi ls ,

recluc 4 ng sulfur level of Itig h sriir: ~r r0c 1du ~t a l t  h’- - r ’i c ’n (H :~~
i t  .11th l o w — s u l f u r  oil f ror ~ itt t i e- c o~ t h e  above .

N a 1 u r i l  l ow— s u l f u r  - :ru dc o il  h o t : :  in tho If il ted ~ :ates m t
wor ’.1:~I d e  is  l imited in ~t v a i l a b i l i t ’ :  in c  w i l l  sot  or c e n t  - ‘
signl fcc: :ct t actor in na~ 1~- r’ .clde l e v i a c l o n  of su l f u r  d i o v  ~~ ,

.

pcr ilc t~~:n . Its avauiabii itv nc -i -. he ~~c f t ’ c t o n : , : - wcy- i .

contr~ b’.te mecm!n y:Hit I, too air - a ll :t ‘ On ~ib ~~~ ç- ‘nt icc i

selecte-’ localiti e s. Av a iJ a b lTitv ‘- f :‘~- retc ~n cru~ e o f :  ~~~
p-’tro l- ’un ~ Co~~- t c t S  ‘s af~~e—ted b~- ~co- - t > 1 id e-; -~~~ ‘ reI~~o
r ? l a t i :ns as v e i l  as eco’oocli c’ ~oo~~~.s A 1d:t~ — :;i c ~e so~ - i t l - ~n
I C) c h i t  ‘oj i f ur  in o i l  n ’robie ,c : ma’- - - oe I - - s  l’s oil from shale ,
p articularly in the e nI : r at  tc~~1 w e s t  o l o  :ecions ol f~~e - o t t o ’ c- .
whl-:I- ~re near che oil shake depL -its .

h e ciii industry h~ a deve l tred tt- c ’  t — c ~ I -c c - f o r  d e s u i t u r --
i ~1n~ re sidu al oil t Ø  ~~ e’stircated increase in cos t  o f  r o n

. t cents  to  a d o l I i ~ : b a r r e l , - o ~ :- - : L : i ~~ on t~~e tvne of
f ’ - -d~~t ’~sk . -axten t of h~~ui fur I o:t I o n , and r c r o r c o q  ng n ’e t h o is

~
‘ 0
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A desulfurization plant for residual oil began operations in Japan
in September 1967. A few others are under construction or In the
planning stage as are a number of plants for desulfurizing heavy
dis t i l l a t e  gas oil which can be used as a blending stock for
reducing sulfur in residual oil.

(Breeder Reactors) Nuclear Fuel. Several reactors have a
potential for breeding——that is , for producing more nuclear fuel
than they consume——because of the materials , or combinations of
materials , that are used to build them .

How does a breeder work? Uranium—235 atom can fission when
its nucleus absorbs a neutron . The fission reaction releases
free neutrons that may , in turn , initiate other fissions . All
the neutrons released , however , are not necessar ily absorbed by
fissionable material; some are wasted by being absorbed in the
structural material of the reactor , the control elements , or the
coolant. The breeder concept puts the wasted neutrons to work
and exploits the characteristics of certain fertile materials.
When the nucleus of an atom of fertile material absorbs a
neutron , the fertile atom can be transformed into an atom of a
fissionable material —— a different , but very desirable substance .
By careful selection and arrangement of materials in the reactor
—— including, of course , fissionable and fertile isotopes
the neutrons not needed to sustain the fission chain reaction
can fairly effectivel y convert fertile material into fissionable
material. If , for each atom that fissions , more than one atom
of fertile material becomes fissionable material , the reactor
is said to be b reeding . One fertile material is uranium—238 ,
which is always found naturally with fissionable urars i um—235 .
When 238 U nuclei absorb neutrons they are converted to nuclei
of fissionable plutonium—239 .

Reactor engineers have , for many years, known that  in
principle it is possible to build a nuclear power reactor that
will regenerate much more nuclear fuel than it consumes. The
development of such a reactor faces formidable technical
obstacles. The Atomic Energy Commission , in cooperation with
industry , has launched a program which should bring practical
breeder reactors to the market by the s-ear 1Q90 .
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CHAPTER 7

FUTURE G~~ERATINO CAPACITY

G~~ E1IA1

The preceding chapters established estimates of the exrected
future paver load of the NAP market area and the addi tional  capa—
city requirements needed to serve it. The next logical step is
to estimate in a broad manner the make—up of this au~~ented powersupply .

The availability of coal in Pennsylvania has been recogni7ed
in the pattern of future generation shown in this Appendix. . . . a
pattern believed to be feasible in terms of delivered fuel costs
and air pollution considerations . A number of relatively large
fossil—fueled plants are anticipated in centrci I and western Penn-
sylvania. Several large oil fi red units are expected along ~he
Atlantic Coastal areas. These sites offer economic installations
for generating stations that can be supplied wit h fuel by sea-
going tankers. The environmentally more desirable use of natural
gas in liqui d form and del ivered by tanker woul :1 foster the devel—

-onment of coastal sites .

Within the NAP , the cietcalopolis ar c-c from Washington , . C.
to Boston is expected to continue as the ncst  concent ra ted  1- -sd
area of the  Region , and for t~sio reascn th-~ leo-grist ninrber of g ecs—
erating rloomts will be found i n  and aroun d that area. The avail—
ability of coas t al waters as a source of cooling for the lar~ it
stations anticipated in the future aLso makes the megalopolis area
a naturally desirable regi on for plant sites .

A trend towards the installation of nuclear uni ts becan c o ev~t -
dent during the past decade . This trend will accelerate as url an
siting o f nuclear generation becomes ~:ractical during the 1980 to
2000 r~ riod due to coonomics and the solution which ~hece plants
offer to t h e  croblern ; of air pollution and site rer-trictions . With
the d- ’ oeionment of large cnncentralic:-s of n u o l c ar  and fossil baoit
load plants in the NAP power market - an adequate supply of peaking
power- becomes mandatory .

Under normal system ore r r tt ion . gene ’a t i r ;~ f ac i l i t i e s  can ~- e -
general ly clas s ifi ed by their  operat l rcc c --rnc -terH ,ties . These are
base Had and r’~ ak load oper -~ ion . Thec -” are no hard and fast r u i o c
as to the amounts of each fc~~ of e~~nerat icn  r ” lu i r ’- c  f o r  :yri tern i:s~’.
Under “xict~~ng patt r - rno  o f  e2ectr ic  e: n rc~ i.cti1i~ eti-on , however ,
~‘er ~ aic  ~-r r e r ~~i i t H c ’s can be ~t’ct - d. In ~tte tAR , for  the year 1980 ,
1~ H; es t imated  that -‘~bout 7~- çercec’~ of the  f n o t a l l r - i  c er a c i ty  w i l l
be base load capaci tr  t h at  wi I i  o r e r q t ”  c l c cs~ cont inuous  r i tr i ods
of time at load factors h -tw -er: -IC to 9C p erc - ’r t .  The ‘r-ricinder
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wi l l  operate for varying periods of time , usually at load fa ct o r s
of less than 25 percent .

Capacity must be available to serve all portions of the syst em
load from base to peak. In the past, before loads had reached th c-ir
present levels of magnitude , uti lities usually depended on th eir
older , less ef f i c i en t , thermal u n i t s  and hydroelectric caicacit to
serve the oeak port ions ~~~~ the load . As new capaci t- -  was placed in
service on the base of the load , ex i s t ing  uni ts  moved :;cs cr~-s

owas;is th e  peaking por t ion . With utility loads arproxic t~~~~
- doo-

bling every ten years and with the rapid growth in o-ower tooling ,
requirements are reaching an order of magni tude where - i d e r  units
available for peaking and reserve duty may not be suffL ctec.t for
th is  purp ose and capacity will have to be provided icrosifically f o r
such functions .

Ortimum u t i l i z a t i o n  of large thermal un i to  r -eouires t h e i r
operation at h igh  load factors  over the i r  l i fet i r c -, rerhap s i: th e
order of €5 to 70 percent. This would correspond to an svt-r ’-;L-’-
annual use of about 5,700 to 6,100 hours per year . Power mri r~ r~t
planners mus t resort to other prime mover types fir or- aicino and
reserve funct ions that woul d oper ate only a f ew hun dred to C ,000
hours per year .  Economic justification of the h i ~ct: : r o - u o t i o r ,  ex-
penses usually associated w i t h  such r e st r i c t e d  op e r a t i on  is n- -t by
low investment costs , relative to  base load i n v e s tm en t s , for r;e~ k--
ing and reserve capacity . Capacity is avai lable today f~ ” ~~~~
specialized duty as evidenced by the instailat Ho- of “si-jo si lam e
scale peaking units : conventional and aircraft i et engine gns
tu rb ines , peaking steam , and pumped s torage hy d r r eie c t ri  c r~~w-r.
It is believed t h t  systems serv ino  the  market will  take advan~ ’o-e
of all these , particularly ourored st --rag e o r o~-t-si:t~~er . The oval
abil i ty of nunming erierry and the topographic conditions to the
region enhances the attractiveness of pumped stcirar- r- h y dr o  as a
source  of e co no m i ca l  r eak i n o  power.

TYPES OF GENERATION

Foss l— t ;a-l et St~~—uc for  Base Load ~ieoeratisn . The t rend t L - —

wards I o’~—°r an-i larger foss i l — f u e l e d  generat no unit s to -oar ~ ure
the eccs—riHs of scale is to a l arge degree shapHo H;- ninos f~ r
expansion of e l e c t ric  rower sys t ems  throu~houL th~ N ’-tion. This
trend is even r io-re pronounced in the hi gh load areas of the
a ;rtheis;tern reoton. In t h e  late lQtO’ s a 300 ‘~G~ l-eneratiric or.
was considered  maximum , tut ~no shor t  decade later u ni t s  a:; lsrce
as 1, 300 Cd , are schedu le-i  for  op er — ~t i on  in  the  U n i t e o  ‘ta t e s .

Fian~ s izes  r’Lay increase t o -  5 .dO C MW by thr year  1900 w i t h
un i t  s izes r a n gi  110 lfl the nei~ hbnrhoo-1 of 1,500 ‘t~? . R el i a bi l i
is becomiric in- :-reasingly impor tant , and t ic - previous rat-id advance :
of h igh  or os lr e ; ; t e - so  techn ol  ry ar c- tempered by the  n - r d  t o  rn -re
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thoroughly prove the expected gains in e ffH i e n c y . Heat rates may
be further improved by advances in boiler efficiency , better ex-
haust and condenser design , ari d possibly by use of sorbined cycles.
It is unlikely , however , that the large improvements in  e f f i ct e nc y
will continue at the pace set in the past decade .

Automation and precise controls w i ll he n~ cesoamy to pr one r ly
and adequately control the t remendous ly c;-nc-cr ;tr ,te ;i energces of
the  super—sized generating units. Controlled :eatirr r an~ excans~ or .
of boiler and turbine par-tB on startup and shut—down will be re-
quired to eliminate damage by thermal stresses and to avoi d un-
necessary maintenance of the large un i t s , t h e reb y a s su r ing  hip; - .
availability. Response of machines to spinning reserve contingen-
cies will have to improve as sizes increase and f e w e r  total uni ts
are on the line at any given time . Boiler re v-noose  to 1 o i : i e r .  syr-
tern changes in generation or load will ciso have to  be irnorc -~-~d.

Fuel supply in storage as protection ~~ainst production or
t r a r l o n -or t a t i o n  stopp ages or other pr ob lem s wi l l  r r lu e s . r:t a major
inventory investment for large con cen t r a t i o n s  of generat I ng capa-
city at a given site - Sixty-day s~ oorl i  es are t r e s or t  y corns cur l ace ,
arid may have to be increased to s e v e n t y — f i v e  or -c or- ‘ 1 iYLC t 1.’~ to
adequ ately protect against shortages .

Automated transmission safeguards a~ airu generation upsets
caused by loss of a large unit , loss of rr o-,H-r sect -re of lcai or
disturban ces of fre-i uoncy arid/or vcitag to w i l l  he n ; ;  t r cp cr r arct as
systems continue to exoand and ~r tcs - t ion of comr-coi~’n~ from d-oc ;~~-~
become s more vi tal to reliabi l i ty and availa~- l l i t y .

There has been a lo~~ liiig oft’ of t h e  cast  d ’- -’nd ~- ‘
~~ increase:

in s ize  of boilers and ~ urbines  and i nor e u - e ; ;  in steam c c n i i t i c n ; - ,
which signals the real izat ion tb - i t  cperat~ ng r~r-- r i € - rc c mus t cat ch
con to p r e d int i o n s  and Ui~ t i  f i ca t i c r  for f u c  i —- e a H an c e s  H -colt

~ i zes.

Inves tment  costs per ki lowatt  are ;-: rrcallr- - - - trieoted ~ decrease
wi th  tncreas ing  u nit  size , but , irs a d d i ti on  to  ic~~l - c t i~-n , He -1 -m ard s
of the early liItO’s f o r  cleaner air , res iced ; e x - r o a -  dHcharrt:s to
o ‘ reno c - and lakes , arid r s t : ’ t  cs , are absorb i ng t i e  dol l ic s saved
by bu i1din~ l a r~ ei- fc-siliti~~~. High stacks , h-~ i~~ r oreelpitators
sul fur -  dioxide :o l lec t  ten r ’c~ enses , soclin~ towers • r- - r arc ;-
lte ct :in- and landscapIng wio --’re necessary , -all ads’ to the nc-m t of etc
sic’- u n it .  However , si-o~- neitc o to hold t oe  licce on reta l  - -

kilowatt -

Fuel s-cot s for coal and oil W i t h  red u ced sul fur content  are
incre asing now , as are some freight rates ab ceg He ~act o;-ast.
Dispo9al s-f ashes will c~’n t 1nu e  to  be a or- t- ero as coal qua l i t y  de-
ter ioratc- c when less desirah~~ reserves are ~ wp c-- i  and ash - not er;~
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Canal ilectric , is a S60,000 kilowatt generating stat ion located at landwi ch , va~
by the Cape Cod Canal. The higher section houses the 18—story hi gh ~‘ sei° - s t e s m
generator.
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Power production costs have historically decreased with time
as improvements were made to the thermal efficiencies of plants ,
and as unit sizes increased; these efficiencies have now reached
a point where possible gains are much smaller for present day units.
Also, the prices of labor, maintenance, and fuel continues to rise .
All of this will tend to reverse the prodi4etion cost trend. At
best, it now appears that this cost will gradually level off until
a new break—through in the basic method of power production occurs .

Nuclear—Fueled Steam for Base Load Generation. The domestic
nuclear power program, while still undergoing “growing pains”, has
reached the adolescent stage. There is much required in research
and development, design, construction and operation of many types
and sizes of nuclear reactors. Experience must still be obtained
from the operation of many types under development , to demonstrate
their capital and operating cost.3, dependability and flexibility .
However, operating experience gained ,~‘rom the continued onerationof the Dresden , Yankee , Indi~~ Poij~t and ConneLt icut Yankee nuclear
units has confirme d the earlier confidence In the reliability, de-
pendability and flexibility of the water—moderated and cooled re-
actor design. Thus, while nuclear research and developments may
demonstrate the advantage and import-rnce of other types , the pro-
jections presented herein are based pr~iiarily on reactors of the
PWB (Pressurized Water J~eactor) and BW1~ (Boiling Water Reactor)
types until 1990 when it has been ass~mied fast breeder prototypes
will have successfully demonstrated their advantages and operating
acceptability.

Considering the fact that the plants are of the first gener-
ation, the power generating records at the Yankee and Indian Point
nuclear units have been good. The cimiulative gross generation from
the first full year of commercial service in megawatt—hours, is
(,750,000 for Yankee and 5,605,000 for Indian Point, for average
gross plant factors of 69 and 147 percent over their respective
operating periods, based on current capacity ratings.

Operating experience from Connecticut Yankee and Peach Bottom
No. 1, the only units recent ly coming into service , has been satis-
factory . Connecticut Yankee has successfully completed its first
re fueling.

Capital cost differential against nuclear units as compared
to fossil—fuel units has continued. However , this differential
has decreased significantly with increase in unit size and should
also be further decreased as air pollution abatement receive: more
attention. Increased capital expenditures dictated by environmental
considerations would further reduce the differential.

With the concept of field fabrication of reactor vessels an
accepted fact s the transport limit on size will have been eliminated.
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As a result, reactor units of 2,500 MW capability are conceivable
by the late 1980’s. However, for the purpose of this study , a size
limit of 2 ,000 MW has been assumed as a practical objective. It has
been assumed that engineered safeguards will be so thorough ly demon-
strated by the 1980’s, that urban siting will become acceptable.
However, no assumption has been made that containment or engineered
safeguards will be relaxed.

The presently installed nuclear power capability in the market
area is approximately 2 percent of the total electrical capability .
However, there is under construction or scheduled over 25, 000 mega-
watts of nuclear capacity with in—service dates through the 1970 ’s.
Presently, there are four major suppliers of nuclear steam systec~s
competing for the electr ical generat ing business , and these augment-
ed by competent field fabrication of large pressure vessels contri-
bute materially to nuclear power growth. This growth rate is such
that by the early 1970’s nuclear power will account for about sixty
or seventy percent of the new capacity being installed. It is ~rob—
able fossil capacity additions will be continued , to a limited de-
gree in the coal producing areas and the remainder of the non—nu-
clear capacity installed will consist of developable hydro , auick
start thermal peaking, and large blocks of Dumped storage . These
plants will complement the nuclear generation by improving capacity
factor operation , thus improving overall performance of the nuclear
plants.

There is a possibility that other types of nuclear reactors
may prove competitive in the period under study . One such is the
high temperature gas—cooled reactor of the type in experimental use
in the 1~0 MW Peach Bottom No. 1 unit and the 330 MW Fort Saint Vram
(Colorado) plant now under design . Favorable results from this ad-
variced converter concept could stimulate sufficient interest to re-
sult in some capacity additions of this type. No attempt has been
made to evaluate the potential of thermonuclear power generation
and no estimates of useful power from fusion are cohtained herein.

Peak Load Generation. Generation for peak loads differs from
other generation only in that it is required to operate for reLi-
tively short periods . This requirement can be met by most tyres
of generating facilities , with the exception that serious operating
difficulties are encountered when the load on high—pressure , high—
temperature steam turbines is varied rapidly . Consequently , the
choice of facilities to carry the peak of the load is wide , and
should be governed by overall system economics rather than by the
specific suitability of particular forms of generation .

The need to operate for only short periods provides an oppor—
tunity for cost savings . These savings may be accomplished by sac-
riuicing fuel econo~iry to effect a reduction in investment or by
providing an energy supply source which is adequate only to operate
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the plant during its limited hours of required use (as in pumped
storage and peaking hydro).

The balancing process is sensitive to small changes in con—
• struction costs , site features , fuel costs , and load size and vari-

ability, and to the characteristics of the transmission and other
generating facilities in the system. Therefore , generalizations

• concern ing proportions of the various types of peaking generation
are , at best , only educated guesses . The total peaking requi remet:t
can , however , be reasonably well determined from the shape of the
load curve. The available conventional hyd.ro capacity is generally
fitted into the load curve to make the best use of the water bupply
that is available at any particular time , so a hydro plant may be
used for base load generation when water is abtmd.ant, and for peak-
ing at other times . Peaking requirements that canrot be met by
conventional hydro are provided for by using pumped storage , peak-
ing steam, gas turbines, diesels , or other equipment in the ascend-
ing order of their costs of production at the t ime o~ peak .

The rate at which the various types of peaking capacity will
be added to systems in the Northeast d~fi es precise advance deter-
mination. It can be presumed , however, that where physical site:~for economi cal pumped storage are available, and so long as rela~• tively low—cost energy for pumping can be provided by essentially
base—lo ad equipment , pumped—storage will constitute a major pcrtioL
of the peaking equipment addition . It can also be presumed that
some additional diesel and gas turbine units wi l l  be acauired be-
cause of their advantages for peaking and for providing at-site
run—down and start—up power for the large base—lcad plants of the
future .

Hydroelectri c Generation. Conventional hydro , distingui~;hed
from pumped storage currently accounts for about one—tenth of all
the electrical generating capacity in the North Atlantic Region and
this proportion is declining as the remaining available sites be-
come developed and other types of generation are expanded. Con-
ventional hydro may be used for either peaking or base load gener-
ation , depending on plant design, system requirements and prevail-
ing conditions of water supply.

Existing hydroelectric developments in the Northeast are of
two genera]. types. One is the “caseade~’ type, in which a long
reach of a river is developed by a series of dams with essentially
level pools between them. Examples of cascade developments exist
on the !Cennebec , Racquette. Connecticut and lover Susquehanna Rivers.
The rivers may or may not have controllable storage to regulate the
stream flow during the greater part of the year. The second type

4 includes separate projects with integral storage that generally
operat e partly as base load and partly as peaking plants . They can ,
and usually do , produce substantial quantities of energy beyond
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those required to support their firm capacities during some seasons
of the year.

The advantages of hydroelectric power are well known and In—
elude : high availability; quick starting and flexible operation ;
absence of pollution ; and predictable and relatively low mainten-
ance and operating expenses , due , in large part , to the absence of
any cost for fuel. The disadvantages usually include : high capital
costs ; remote locations , often far from centers of demand, with con-
sequent expenses for long distance transmission lines ; dependence
on variable stream flows and other natural factors beyond the con-
trol of man ; and operating restrictions imposed by competitive water
uses which may override power generation . Additionally there are
the possible adverse environmental effects inherent in most man-
made developments. These effects, however, can only be determined
on a site by site basis.

The capital cost to develop hydroelectric power in a conven-
tional plant with gated intakes , massive river control works, and
other expensive features varies widely, but generally is the high-
est of any form of power generation . These costs depend , among
other things , on the nature of the site , the type of structure con-
templated, and the extent of relocations necessitated by the project.
Since most of the good sites have already been occupied, the cost of
new conventional hydro development may be in excess of that for
available alternatives.

Pumped storage capacity is becoming an important source of
peaking capacity in the NAB . The Yards Creek and Muddy Run plants
are in operation and construction is under way at Northfield Mount-
ain , Elenheim—Gilboa , and Bear Swamp.

Pumped storage plants have been compared with storage batteries. -
•

The comparison stems from the way the plant s operate . The plant
uses energy generated in steam electric plants during night time

• hours, or other low demand periods , to pump water into a high reser-
voir, where it is retained t emporarily . At some later time , during
periods of high demand , the stored water is released to produce
hydroelectri c power as it falls back to its original elevation .
Due to unavoidable losses in the cycle , pumped storage plants actu—
ally consume about three kilowatt—hours of thermal energy to l ift
the quantity of water which eventually will generate about two kilo-
watt—hours of hydroelectric energy. The disadvantage with resnect
to energy is more than ofThet by low investment cost and other de-
sirable characteristics which have made pumped storage attractive
to systems operation in the North Atlantic Region.

A pumped storage plant , even with a very high head , generally
has the same favorable operat ing characteristics as a conventional
hydroelectric plant —— rapid start-up and loading, long life , low
operating and maintenance costs , and low outage rates . By ramming
in the of fpeak hours, the plant factor of the thermal units is im-
proved, thus reducing severe cycling of these units and improving
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their efficiency and durability. No additional capital investment
is required to produce the pumping energy , so , in effect , the only
significant cost of such energy is for the fuel consumed.

Water power projects contribute substantially to recreation
and conservation , but the limitation of power in respect to the
other features of a project must be recognized. Water power gen-
eration causes water level fluctuations , even in large reservoirs ,
and unduly restrictive limitations on plant operation may jeopardize
the feasibility of a power project . Users of the many—purpose de-
velopments must tolerate a certain amount of esthetic discord be-
tween the natural landscape and power generating and transmission
works. If the transmission lines must be buried underground, then
the capital cost of the works must be increased, and the power from
the plant becomes less competitive with other sources of generation .
Indeed , under present technology and costs the general feasibility
of any project could be jeopardi zed by insistence that the project
area be entirely free of visible transmission lines .

Internal Combustion, Diesel, and Gas Turbine Generation. In-
ternal combustion units have been used for peaking on power systems
for many years. The renewed interest in this type of peaking capa-
city has resulted primarily from the recent development of low cost ,
packaged , automatically operated , unattended diesel units. Diesel
units , while available in capacities up to 6 MW, are usually manu-
factured in ratings of about 2 MW and are frequently combined in
multiples to provide plants of up to approximately 10 MW envac i ty .
Straight diesel , super—charged diesel, or dual—fuel engines are
available. A single engine and generator are usually mounted cn
a structural steel base and enclosed in a sound suppressing and
weatherproof housing , together with lubricating and cooling equiD—
merit, and other accessories . Automatic control equirment can be
included in this enclosure , or in a separate control cubicle .
Plants with multiple units often have all controls mounted in a
single cubicle . These packaged units can be shipped on freight
cars or trucks to the site and installed outdoors , requiring very
little foundation work .

On major power systems diesels are not widely used , si nce
available sizes are too small. They are sometimes installed for
the primary purpose of deferring investment in transmission facil-
ities , or to provide load protection and to assure satisfactory
voltage at times of’ maximum peak demand. Since these units can
be readi ly and cheaply moved , they could serve this purpose in
many d i f f e rent locations on a system over a period of years . Such
applications would ordinarily be expected in areas of relatively
low load density arid growth rate.

The gas turbine—generator unit has demonstrated its suitability
as a source of economical neaking and emergency power. It is low in
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first cost , quick starting, offers wide choice of site locations ,
and is readily automated. Plants with single prime movers of the
simple open—cycle type are available in ratings up to about 50
megawatts. These plants are pre-engineered and pre—packaged to
minimize field labor. Units in the order of 10 MW are shipped
assembled, but larger ones are erected in the field on concrete
slab foundations. Typically, plants are furnished with a self—
contained cooling system and weatherproofed housings , and include
provision for self—contained starting and remotely controlled un-
attended operation.

Gas turbine units with multiple prime movers driving single
generators are now being offered by manufacturers . One design
employs several jet engines equally divided on either end of the
centrally located generator. More than ten of this type unit,
some rated up to 175 MW , have been urC~ered by several utilities .
One such unit , rated at l~4O MW , has bee—~operating since 1965.
Other designs using differen t ari ang~ ~-.ts of multiple prime
movers driving single generators are also available and in service.

Units can be remotely started , synchronized , and fully loaded
in 2 to 20 minutes , depending on size a~id type. This feature pro-
vides significant start—up , stand—by and ~anpower savings that
must be considered when these un~ts are coxnpered to alternative
forms of peaking capacity.

Gas turbines , because of low investment cost and f lex ib i l i ty
in location , are adaptable to a variety of peaking uses. These
include stand—by reserve capacity , peaking capacity , and capacity
supply in extended areas of a system. An additional application
has arisen following the 1965 Northeast blackout , namely the in—
ztallation of gas turbine—generator units as cranking units for
the start—up of steam power plants during system disturbances.

ESTIMATED COMPOSITION OF FUTURE POWER SUPPLY ALTERNATIVES

General. Retirement of thermal units was taken at 1~0 years
for estimating convenience although amortization of capital in-
vestment in such units is usually at a 35—year period. There is
no hard and fast rule, however, as to actual removal from service.
For example , over 1,000 MW in existence in the New England area

- had been installed prior to 1930 with many units dating back to
1920 . While retired units are sometimes considered replaced in
kind , such a simplifying assumption is inappropriate where the
region under study is part of a larger market and capacity taken
out of service may be replaced by a di ffe rent prime mover type
and/or in a di fferent location.

Included in the future capacity requirements of the market
area , Table P— l7, is ~n allowance for reserves to provide for
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capacity on scheduled or forced outage and for possible errors in
load forecasting. The importance of reserve capacity determination
in system planning can not be to5 strong ly emphasized. Too much
reserve results in unnecessary and premature capital expenditures ,
whereas , too little could contribute to partial loss of load and
possible complete system collapse. The problem is a di ff i cult one ,
made more so by the growing size of system loads, complexities of
powe r pool operations , more rigid reliability criteria and advances
in generating unit sizes and EHV transmission. There is no one ur li—
versally accepted method of evaluation. The current trend apPears
generally to favor a probabalistic approach utilizing today ’ s com-
puter techniques. For study purposes , a value of 25 percent reserves
has been carried through for each benchmark year, and is believed to
be reasonable and conservative in light of existing knowledge .

Long term load forecasts are more prone to inaccuracy than
near future estimates . Since the factors of construction lead time
make it possible to delay completion of scheduled capacity should
such a step be advisable , load predictions on the high side can be
readi ly ad.ju sted. On the other hand , should a load prediction turn
out to be too low , it may not be possible to plan and construct the
required additional capacity in time to meet demands.

TABLE P— l7

ESTIMATED TOTAL POWER SUPPLY NOW~ I ATLANTIC REGION MARKET AREA

Total
CSA— A CSA—B CSA— C PSA—7 PSA—l8 Market

1980
Peak Demand—MW 22,100 29,300 145 ,270 8,6140 11,170 116,1480
Reserves—MW 5,900 5,300 9,030 1,660 2,1430 214,320
Total—MW 28,000 3)4 ,600 5)4 ,300 10 ,300 13,600 i140,8oo

2000
Peak Demand—MW 714 ,600 81,100 135,900 23,900 36,900 352,1400
Rese rves— MW 18,200 18,600 30 ,100 5,500 9,300 81,700
Total—MW 92 ,800 99,700 166 ,000 29, 1400 146 ,200 14314 ,100

2Q20
Peak Demand—MW 187,100 1914 ,000 325, 1400 57 ,000 92 ,800 856 ,300
Reserves—MW 145,700 149,000 81,600 114 ,000 23, 200 213 ,500
Total—MW 232 ,800 2)43 ,000 140~T,0O0 71,000 116 ,000 1,069 ,800
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In projecting a future capacity mix for the market , an endeav-
or was made to develop a realistic and meaningful balance of prime
mover types that would be compatible with system operation , avail-
able form_s of gen9ration, and specific regional resources that
would influence capacity selection. For example, the market ’s
varied topographic features and water resources would restrict
hydro development in some areas arid foster its use in cther seoti~ os.
In regions where economical pumped storage sites abound , full ~~~c
was made of the topographic advantage and a reasonable distr~buticn
of peaking capacity effected between power supply areas. The rising
cost of fossil fuels in many sectors of the region 1s one signif~—
cant factor in acceleration of the projected t r ans i t i on  from clepen-
dence on base load fossil steam generation to nuclear .

The thermal—electric plant cooling requirements differ some—
what with different types of fuel. Measurable differences are
found between fossil and nuclear fueled stations , and these d i f t er —
ences will vary through time. For this reason Tables P—18 to r-2 1
includes as a part of i ts capacity mix the projected use of noclear
and fossil fueled generation at each benchm ark year. Ongoing re-
search in power production is concerned chief ly  with develo~ mn n t s
of so called “exotic ” generating devices such as the  fuel ce~~- an d

~~D (magnetohycirodynamics) .  Included in the “n on—con dens i .~g” 
gory are internal combustion plants , gas turbines , diesels , ~-tnd ,
for the environmental quality objective , “exotic ” generation .

The elect ric power industry is active in r~any phases of ~iti 1-
i ty research and development that ma:: result in  substant ial  chance. ;
from system techniques and characterist ics prevailing today . In
distribution there is mountIng pressure to place facilities under-
ground from the standpoint of rel iabil i ty and es the t ic  consider-
ations . Research in bulk power transmission Ic aimed at extending
present EHV voltage levels, achieving a breakthrough in nderg’-ound
transmission, and overcoming the conversion prob]oc~- in PC trans-
mission . All of these developments will no doubt have some e f fec t
on the estimates made herein.

Planning Objectives. In keeping with the requirements of th~
North Atlantic Region Water Resource Study , there ~re presented
herein three possible patterns of future power SU~~~Pi~~~ composition .
Each of the tabulations that follow represents an attempt to esti-
mate what might happen under a particular development objective ~t
all other objectives were disregarded. They are not r~ an;-., ~~~ . th~
normal sense , because it is obvious that in the r-~a1 world none of
the objectives can be completely isolated from the others , and that.
any practical “plan” would involve some trade—~’ffs among all ohje ’-
tives. In a framework study such as this , the intent has been t ;
develop broad limits within which realistic plans might be develcped ,
and within which actual developments seem likely to occur , rather
than to make specific proposals for future actions .
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The main report for this study will s~~ t~ari ze a mixed—object-
ive plan for power (and other functions) that will attempt to re-
flect the Interface of all functional needs such as water qual ity ,
fish an d wildlife, flood control , recreation , e tc . ,  on the location
arid type of power facilities that will be built to meet projected
power needs . In the light of current events , the future pattern
of area power development will more likely be determined by the
Impact of new capacity additions on the ecology and environment
than on the availability of water for cooling use. Econcm~c
effIciency will be a continuing but not a controllIng constraint .
Since supplemental cooling methods often operate essentially as
closed systems, they produce the least Impact on the ecology of
the area, and It appears that there will be a shift, over the span.
of the study, toward a pattern of development from f~ ow-through to
cooling devices. The basic concepts of the varIous objectives as
they relate to power facilities , are very broadly su~~arized in the
following sections , arid possible patterns of generat ion for each
objective, considered independently, are shown in the accompanyiiig
tables.

National Efficiency Objective. The national eff iciency 5t lee—
tive suggests what might happen If fut ure power developments wore
made solely or. the basis of efficiency arid reliability of powe r
service , presuming that the only constraints ~n 1ocatIc~; of facil-
ities , types of generation, and types of fuel are those required to
meet the water use , land use , arid minimum environmental restrictiori~ .
Tois objective involves the most effective use of resources for eco-
nomic rover development and thus it provides a base against whir’~-.
the costs and benefits of meeting other desirable goals can be mea3—
ured. The location and types of facilities suggested for this na-
tional efficiency objection are based on region—wide studies pre-
pared in considerable detail for the 1970—1980 period. The addi-
tions suggested for the period after 1980 are geared to estimates
of future ~~ver demands as set forth in Chapter 3 , wIth patterns
of generation developed primarily from current trends. The devices
f or cooling under this objective would be the least costly and most
efficient . Once—through cooling will therefore predominate in all
areas where adequate river flows and coastal and estuarine condi-
tions will permit its development . It is virtually certain that
both control standards and technology will change during the stud~,r
period. No attempt has been made to reflect these possible changes
in the national efficiency objective . If changes in standards oc-
cur, they will be administratively imposed and will apply to all
objecti ves, so the relations between objectives will remain con-
stant. Additionally, if technological changes occur they will be
adopted only if they are more efficient than currently available
equipment and/or procedures. Any adopted changes will be avail-
able to other objectives.

The anticipated power supply for the national efficiency (or
base) objectiv’, is sjm~ arized in Table P—l8.

P—99

— ~~~~~~~~~~~~~~~~~~~~~~ ~~~-



________________

/
TABLE P-i8

ESTIMATED COMPOSITION OF NAB POWER SUPPLY - MW
NATIONAL EFFICIENCY OB~.TECTIVE BY BENCHMARK ‘fEARS

Area and Description Supply 1/ 1980 2000 2020

1. St. John River , NS —— -- 14,000
Maine F’S 20

NC 100 250 6oo
H —— 300 1,300
Total 120 1,050 5,900

% of Total Market 2/ 0.214 0.55

2. Penobscot River, NS —— — —  2,000
Maine PS 60 530 1,500

NC 70 180 1430
H 1140 1140 2,000

Total 270 850 5,930
% of Total Market 0.19 0.20 0.55

3. Kennebec River, NS —— —- 3, 000
Maine FS —— 500 l,5fl0

NC 20 30 80
H 220 1,720 2.-~CiC
Total ~~~O 2 ,250 7,3~ 2

~ of Total Market 0.17 0.52 ~~~
14 . Androscoggin NS -- -- 2,0(0

River , Me. & F’S -- -- --

New Hampshire NC 10 30 70
H 160 i6O~~~~oo
Total 170 190 3,170

% of Total Market 0.12 2/ 0.~ fl

5. St. Croix River , NS 855 7 ,855 23 ,000
Me., and Atlantic F’S 1145 600 i,Eoo
Coastal Area from NC 70 180 420
the International H 25 -—
Boundary to Cape Tnta] 1,095 3,635 25.020
Small , Maine % of Total ~‘ar~cet 0.78 1.9 9 2 .3 14

6. Presumpscot River , Me. , 860 7,8~0 22,300
Saco River , Me. & N . H . ,  ~‘2 1407 6114 1,500
Piscataqua River , N.H. 21’ 80 200 500
& Me.; and Atlantic H 60 55 

_____

Coastal Area from Total 1,1407 ~,729 ~L ,-J~c
Cape Small, Me. to % of Tctn~ Market 1.00 2.01 2.25

— Mass. State
Line

~— l0O

L _ _ _ _ _  
_________ 

_ _ _ _ _ _ _ _ _



TABLE p—].8 ( cont’d)

ESTIMATED COMPOSITION OF NAB POWER SUPPLY - MW
NATIONAL EFFICIENCY OBJECTIVE BY BENCHMARK YEARS

Area and Description Supply 1/ ~98O ~
QQ
~ ~~~

7. Merrimack River , NS — —  —— 8,ooo
N. H. & Mass. F’S 1499 1,368 3,000

NC 200 520 1,200
H 80 1485 1,835

Total 779 2 ,373 114,035
% of Total Market 0.55 0.55 1.31

8. Connecticut River NS 2,1498 7,313 15,000
Vermont, N.H., F’S 912 750 1,500
Mass., Conn . NC 1470 1,170 2 ,700

H ~~214O ~~~~ 
6 ,960

Total 6,120 13,113 26,160
% of Total Market 14 . 35 3.02 2. 145

9. Naragansett Bay Drainage , NS ~ ,25O 2~~,25O 56 ,000
Mass . & R . I . ,  Pawtucket PS 6 ,033 6,3914 6 ,200
River , R . I .  & Conn. , & NC 770 l ,92C 14 ,500
Atlantic Coastal from N.H. H 5 ______ ______

— Mass. State Line to R.I. Total YiT~5~
T 32~5~

I
~ ~6,7c’oCoan . State Line . % of Total Market 7.8~ 7.50 6.2 3

10. Thames River , Conn. , Mass . ,  NS 2,680 9, 680 01 ,000
‘. P.1.; HousatonIc River , F’S 2,152 3,1148 ~,ooo
Coni ., Mass. & N.Y.; & NC 1,160 2 ,900 6 ,700
Conri. Coastal Area. H 780 3,010 9, Q1O

Tot al 6 ,772 18,738 142 ,710
% of Total Market 14 .8i h .32 ~.99

11. St. Lawrence River, N . Y . ;  NS —_ 14,000 10,000
& Lake Champlain , Vermont FS 314 —-- --
& N.Y. NC 270 670 i,50~

H 1,220 ~~ 200 ~~~~
Total 1,52 14 8 ,870 ~9 ,~ 5()

% of Total Market 1.08 2.014 i.~ (-

12. Hudson Eiver , N . Y . ,  NS 6 ,50 2 21,512 145,000
Vermont & Mass. FS 3 ,305 6,1437 114,CcC

NC 830 2 ,251 5, 000
H 3 ,1400 7,900 20,500

Total 114 ,037 38,lOO 814 ,500
% of Total Market 9.97 8.78 7.9C)
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TABLE P—l8 (cont’d)

ESTIMATED COMPOSITION OF NAB PO WER SUPPLY - MW
NATIONAL EFFICI EN CY OBJE CTIVE BY BENC HMARK YEARS

Area and Description Supply 1/ 1980 2000 2020

13. New York City ; L.I.; NS 1 , 9149 11,9149 32,000
& Westchester County FS 8,307 7,185 13,002
Coastal Area NC 2,150 5 ,700 12 ,9) 1

H -- . -- --

Total 12,1406 214 ,831~ 5 ’ ,~’0D
% of Total Market 8.8o 5.72 s.~ :

114. Passai c River , N .J .  & NS — —  5 ,000 i(- ,~ -oo
N.Y.; Raritan River, PS 14 ,871 3,039 14 ,uoo
N.J.; & other Northern NC 600 1,700 14,6o~
N.J. Streams. H 130 130 300

Total 5, 601 9,869 214,900
% of Total Market 3.97 2.27 2 .3~

15. Delaware River & MS 6 ,280 37 ,280 55,000
Delaware Bay, N.Y. , F’s 5,1411 1,8714 i3,1i’~0
N.J., Penn., & Del. NC 900 2,700 7,1CC

H 1 775 14,210 ‘(,500
Total ~~~~~~ 146,o614 112,6.1- -C

% of Total Market 10.20 10.61 10.5?

16. Atlantic Coastal MS 1,1415 17,1415 149,000
Area from Sandy F’S 1,1149 1,899 10,500
Hook, N.J. to NC 50 200 500
Cape May, N.J .  H —-

Total 2 ,6114 19,5114 6o ,cor
% of Total Market 1.86 - 14 .50 5. 6~

17. Susquehanna River, NS 14,1418 19,018 514,600
N . Y . ,  Penn. ,  Md . F’S 7, 661 10 ,077 12 ,500

NC 300 850 2,300
H 2,765 11,8140 33,1400

Total l5,11414 141,785 102,800
% of Total Market 10.76 9.63 9.61

18. Patuxent River, Md.; MS 3,8014 21,8014 514 ,000
Nanticoke H., Md . ,  & Del.; FS 3,1413 3,201 7,Qfln
Delmarva Peninsula from MC 500 1 ,55 0 14 ,000
Cape Henlopen , Del. to H —— —— --
Cape Charles , Va.; & Total 7,717 26,555 65 ,000
Chesapeake Bay Drainage % of Total Market 5.50 6.12 6.08
from Cape Charles , Va.
to Point Lookout , Md.

r402
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TABLE p—i8 (cont’d)

ESTIMATED COMPOSITION OF NAB POWE R SUPPLY - MW

NATIONAL EFFICIENCY OBJECTIVE BY BEN CHMARK YEARS

Area and Description ~~~~~~ 1/ 1~~ 0 
~~~ ~2~1

19. Potomac River , Md ., NS — —  9,000 1 ° ,000
Va. , W . Va. , Penn . , FS 5 ,J~~ 14 ,829 2,500
and D. C. 22 1407 701 0,~ 90

H 10 1,000 ,000
Total 5,550 15,530 ~~~~

~ of Total Market 3.91i ~.s8 3. 14.~

20. Ran~ ahanno ck River , 20 1 ,7CC 6,500 11,500
Va.; York P., Va .~ F’S 1 ,220 1,220 1,220
and Ches aneake Hay SC 5 2 -50
Drainage from 10~~th H 0 ~flC- 100
Point , Va., to Old Total 2,975 ~~~~~ ~~~~~
Poin t Comfort , Va. ~~ of Total Market 2.11 1.814 1.i~14

21. James River , Va. & MS 1,600 13,500 146,000
W. Va.; & Chesapeake FS 2,1:22 i~,00O 14 ,00
Bay ~ Atlantic Coast— NC 208 1,100 2 ,000
al Prainage f rom Did  H 1,500 2,900 ~~~Point Com for t , V t .  Tot al 5,930 20,600 55,000

to Vi rginia Beach. Va. ~ of Total Market 14.21 14 .75 5 .114

i~ NC — N~ic1e~tr 
‘tear’

— 

F’S — F’ossj l  Cteari
SC — So n— 0)r ldens in g  Cap acity  — inc’iudes

In te rna l  Combustion , Cas T-~rt~1ne , P i - ~-ei
H — Hydroelect r ic

2~ Less than  0.1 percent

P— i 0 ‘~



Regional Development Objective. This objective is designed
to identify that pattern of future development that would concen-
trate new facilities in those areas where they are most needed to
bolster their economy, or , conversely , to keep them out of areas
that appear to be already over—developed.

It has been assumed under this objective that the total power
supply for the NAB would be the same as that required for the
national efficiency objective . If the regional goals for all
sections of the nation were analyzed and balanced to meet national
needs , it is quite likely that NAB ’s share of the national total
would be somewhat different than its share as developed under an
efficiency concept. In the absence of a nationwide analysis , how-
ever, and in view of NAB’s relatively large size, both geographic-
ally and load—wise , it has been assumed that the di fferences would.
be small enough to warrant their being rejected. Consequent ly ,
the regional development totals for NAB are the same as the nation-
al efficiency totals , and the mi xes by types are identical on a
region-wide basis. Within NAB , however , the mix for each sub—area
varies between the national efficiency and regional development ob-
jec tives , reflecting changes in location of some plant s ( from the
most efficient placement) to reassign them into depressed sub—areas.
Furthermore the intent is to locate them where they would enhance
the economic well—being of those areas which have been projected ,
by economi c studies , to be most likely benefited by th~ loca tion of
large generating stations. A possible pattern of generation for
the regional development objective is shown in Table P—l9.

Environmental Qua1i~y Objective. The envi ronmental quali ty
objective is designed to show what could be done to provide maximum
environmental protection within reasonable cost limits , but without
any specific cost constraints.

Under this objective it has been assumed that decreases in
thermal-electric power supply , and a greater stress on pollution
control devices , would best meet environmental quality needs . This
was done by replacing, in benchmark years 2000 and 2020 , varying
amounts of conventional thermal generation by some form of “exotic ”
generat ion , the reassignment of generation to areas where envi ron-
mental problems would be minimized , and the use of wet and dry t y-oe
cooling towers wherever needed.

— The so—called “exotic” types of generation involve tech~oiogjea
that have not yet been perfected , but that are believed to offer
enough promise to warrant the sunposition that one or more improved
methods of generation will be available before the year 2020 . It i~
further assumed that for the environmental quality objective such
new techni ques would be put int o use if they provided environmental
protect ion , even though they may be more expensive than currently
available equipment .

It has been assumed that the evi ronment al quality objective
will not involve any curt ai lment of total power consurmticn . This
is predicated on the fu rther assumption that the added power dem ands
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‘rABLE P-l9

ESTIMATED CO~.P 0SITION OF NAB POWER SUPPLY - MW
REGIONAL DEVELOP?.~NT OBJECTIVE BY BENC~~ ABK YEARS

1/
Area and Description Supply 

~~~ ~22Q~ ~~~
1. St. John River , NS -- —- 14 ,000

Maine FS 20 500 1,000
NC 100 350 800

H —— 800 1,300
Total 120 l ,650 7,100

% of Total Market 2/ 0.38 0.66

2. P~~obsc ot River , NS —— — —  2 ,000
Maine FS 60 530 1,000

NC 70 180 350
H 1140 i140 2,000

Tot al 270 850 5,350
% of Total Market 0.19 0.20 0.50

3. Kennebec River, NS —— 1,000 14,000
Maine FS —— —— 500

NC 20 50 100
H 220 l j2O 2,800

Total ~~ 2 ,770 7, 1400
% of Total Market 0.17 0.614 0.69

14. Androscoggin NS —— 1,000 3 ,000
River, Me. & F’S —— 500 500
New Hampshire NC 10 1140 200

H 160 160 1,100
Total 170 1,800 14,80o

% of Total Market 0.12 0.141 0.145

5. St. Croix River, NS 855 8,855 214 ,000
Me., and Atlantic FS 1145 600 2 ,100
Coastal Area from NC 70 2145 1450
the International H 25 -- —-
Boundary to Cape Total 1,095 9,700 26,550
Small , Maine % of Total Market 0.78 2.23 2.148

6. Pres umpscot River , Me., NS 860 9,860 25,000
Saco River , Me. & N.H., F’S 1407 6114 1,500
Piscataqua River , N.H. NC 80 250 575
& Me.; and Atlantic H 60 55 145
Coastal Area from Cape Total 1,1407 10,779 27,120
Small , Me. to N.H. — % of Total Market 1.00 2.148 2. 5 14
Mass. State Line
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TABLE P—19 (cont’d)

ESTIMATED CO7’~OSITI0N OP NAB POWER SUPPLY - MW
REGIONAL DEVELOP?*21T OBJECTIVE BY BENCHMARK YEARS

1/
Area and Description S~p~1y ~~~ 

2000 2020

7. Merrimack River, NS —— —— 8,ooo
N.H. & Mass. F’S 1499 1,368 3,000

NC 200 500 1,135
H 80 1485 ~~835Total 779 2 353 13 , 9 ( 0

% of Total Market 0.55 &5l~ 1.31

8; Connecticut River, NS 2,1498 5,313 12,000
Vermont , N.H . , FE 912 250 1,000
Mass., Conn. NC 1470 810 2,1140

H ~,2140 3,880 6,960
Total 6 ,120 10 ,253 22 ,100

% of Total Market 14.35 2.36 2.07

9. Nar agansett Bay Drainage , NS 14,250 21.250 57 ,0CC
Mass. & P.1.; Pawtucket F’S 6,033 6,39k E~,200
River , R.I .  & Conn.; & NC 770 1,850 14 , Lco
Atlantic Coastal from H 

— 
5 —- -—

N.H.  — Mass. Stat e Line Total 11,058 29, 149 14 63,600
to P.1. — Conn State Line % of Total Market 7.814 6.70 5.95

10. Thames River , Conn. , Mass. NS 2 ,680 9, 680 21 ,000
& P.1.; Housatonic River, F’S 2 ,152 3,1148 6 ,000
Conn., Mass. & N.Y.; & NC i,i6o 2,850 6,5~0
Conn. Coastal Area. H 780 _ 3,OlO 9, 010

Total 6,772 18,688 142 ,~-(~% of Total Market 4.81 4.30 3.08

1].. St. Lawrence River, N.Y.; NS —— 5, 000 10 ,000
& Lake Champlain , PS 314 500 500
Vermont & N . Y .  NC 270 820 2 , 030

H 1,220 14~2oo 8,~5o
Total 1,5214 10,520 20,950

% of Total Market 1.08 2. 142 2

12. Hudson River , N. Y . ,  NS 6 ,502 20 ,512 142 ,000
Vermont & Mass. PS 3,305 5,937 13,000

NC 830 2 ,151 14 ,500
H 3 ,Ii-00 7,900 20 ,500

Total 114 ,037 36 ,500 Ro ,ooo
% of Total Market 9.97 8.141 7. 145

P—io6
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TABLE P—l9 (cont’d)

ESTIMATED COMPOSITION OF NAB POWER SUPPLY -
REGIONAL DEVELOPY€NT OBJECTIVE BY BENCHMARK YFAPS

1/
Area and Description Supply 

— 

~ )8O 2000 2(20

13. New York City ; L . I . ;  NS 1,9149 11,0149 35,000
& Westchester County FS 8,307 7,185 13,500
Coastal Area NC 2 ,150 5, 800 iS , L r-Q

H —— —- -—
Tot al i~ 1~o6 214,9314 ~~~~% of Total Market 8.80 5.7L~

114 . Passaic River , N.J .  & NS —— 14 ,ooo l~ ,300
N.Y . ; Raritan River , F’S 14 ,871 3.0 39 3.500
N.J.; & other Northern NC 600 1,500 ~~~~
N.J. Streams. H 130 130 300

Total 5,601 F~,6~O ~~~~~~~~~ TV7

% of Total Market 3.97 ? .0~ 2.05

15. Delaware River & NS 6,280 ~-5,280 ~re ,0OO
Delaware Bay , N.Y . FS 5,1411 ~~~~ 

[0 ,000
N.J. , Penn., & Del. NC 900 2.500 6.1400

H 1L775 14 210 7,~ -2~
Total 114,366 101 ,3~~C

% of Total Market 10.20 9.~)0 0 .53

16. Atlantic Coastal Area 1-1(2 1,1415 19,~ 15 ~~~0~ )
from Sandy Hook , N .J .  F’S 1,1149 2 ,3Q9 l3,flC’- -~
to Cape May, N.J. NC 50 1400

H -- -- --
Total 2,6114 22,2114 ~~~~~

% of Total Market 1.86 5.12 6.144

17. Susquehanna River , NS L ,14i8 iP ,14i8 ~ 7. 0 C ~~
N . Y . , Penn., Md. FS 7,661 9,~77 ll ,Y~’~

NC 300 925 2 ,102
H 2 ,765 ~i ,814o 3~~ j~C

Total 15,11414 1~0,614P ‘~Q ,~ fl7
% of Total Market 10.7’ Q .~ E 0.

18. Patuxent River , Md .; N2 3,900 ,L00 ¶ ° , OU
Nanticoke B . ,  M d . ,  & Del . ;  F’S 3, 1413 3 ,70] ) .500
Delmarva Peninsula from NC 500 1,800 ~ , OOO
Cape Henlopen , Del. to H .-— — —  --

Cape Charles, Va. ; & Total 7,717 fl~~ ,° C -  7~ ,10O
Chesapeake Bay Drainage ~ of Total Market 5.50 (~J~ 

V

.

from Cape Charles , Va.
to Point Lookout , Md.
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TABLE P—19 (cont ’d)

ESTIMATED CO!.POSITION OF’ NAB POWER SUPPLY - MW

REGIONAL DEVELOP?s~~T_0SJECTIVE BY BENCHMARK TEAR S

1/
Area and Description Suppi~ ~98O 2000 2020

19. Potomac River , ~S —— 10,500 31,000
Md. , Va. , W.Va. , F’S 5,133 14 ,829 2 ,500
Penn., and D.C. NC 1407 821 2 ,500

H 10 1,000 4 ,000
Total 5,550 17,150 140,000

% of Total Market 3.91 3.95 3.714

20. Rappahannock River , NB 1,750 5, 1400 9, 1430
Va.; York River, Va.; PS 1,220 1,220 1,220
and Chesapeake Bay NC 5 160 380
Drainage from Smith H 0 100 100
Point , Va., to Old Total 2 ,975 6,880 iiTiob~
Point Comfort , Va. % of Total Market 2.11 1.58 1.0 14

21. James River , Va. and NB 1,600 13,100 145, 100
W.Va. ; & Chesapeake F’S 2 ,622 14 ,000 14 ,000
Bay & Atlantic Coastal NC 208 1,000 1.900
Drainage from Old Point H 1,500 Q~~9O ~~ OOO

Comfort, Vs. to Virginia Total 5,930 20.100 514.000
Beach , Va. % of Total Market 14.21 14 .63 5 .05

1/ NB — Nuclear Steam
F’S — Fossil Steam
NC - Non-Condensing Capacity - includes

Intern al Combustion , Gas Turbine , Diesel
H — Hydroelectric

2/ Less than 0.1 percent

P-l08
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of environmental control devices will offset any decreases in resi-
dential and other uses that may result from efforts to avoid the
environmental effects of non—essential uses of electricity . The
economic base studies for this report have not anticipated any
planned slow—down of the econonw and the power needs are geared to
the economic base studies . If such a planned slow—down should occur ,
it would change the time—frame in which the developments would occur ,
but probably would not significantly affect the location or m ix of
needed facilities.

A possible pattern of generation for the environmental quality
objective is shown in Table P—20

The patterns of generation for the three objectives are suxnxna—
rized on a regional basis in Table P—2l. These hypothetical possi-
bilities provide some insight into the patterns that might develop
if one or another of the stated objectives provided an absolute
control over resource uses. As a practical matter , when actual
plans are developed, the influences of the various objectives will
be weighed and proposed developments will reflect some mix of the
alternative possibilities that is responsive to public needs and
desires as they develop over time. The alternatives outlined here—
in merely suggest limits within which realistic plans could be pre-
pared.

P-109
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TABLE P-20

ESTIMATED COMPOSITION OF NAB POWER SUPPLY — MW
ENVIRONMENTAL QUALITY OBJECTIVE BY BEJCHMARX YEARS

1 /
Area and Description St~p~l~ 

— 

1980 2000 2020

1. St. John River, NS -— —— -—
Maine F’S 20 —— —-

NC 100 250 ~.L ,6OO
H —— 800 1,300

Total 120 1,050 5 ,900
~ of Total Market 2/ 0.2 14 0.55

2. Penobscot River , - NB —— —— ——

Mai ne FS 60 —— ——
NC 

- 70 710 3,930
H 1140 1140 ~~~QQ

Total 270 850 5,930
% of Tot al Market 0.19 0.20 0.55

3. Kennebec River, NS —— — —-
Maine PS -- --

NC 20 530 14 ,5~o
H 220 ~~~~~ ~~~~~~~~~~~

Total ~~~ 2,250 7.~ - ”0
% of Total Market 0.17 0.52 0.69

14. Androscoggin River, NS —— —— 1,000
Me. & New Hampshire PS -- -- --

NC 10 30 1,070
H 160 160 1,100

Total 170 190 3, 170
% of Total Market 0.12 2/ 0.30

5. St. Croix River , Me. , NS 855 7,85~ 21,000
and Atlantic Coastal Area F’S 1145 600 600
from the International NC 70 180 3,1420
Boundary to Cape Small , H 25 —— --
Maine Total 1,095 8,635 25,020

% of Total Market 0.78 1.99 2.314

6. Pres~mipscot River , Me., NS 860 7,860 10,000
Saco River , Me. & N . H . ,  PS 1407 6i14 1,000
Piscataqua River , N.H. NC 80 200 14,00o
& Me.; ari d Atlantic H 60 55 145
Coastal Area from Cat e Total 1,1407 8 ,729 2 14 ,0145
Small , Me. to N.H. — % of Total Market 1.00 2.01 2.25
Mass. State Line
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TABLE P-2O (cont’d)

ESTIMATED COMPOSITION OF NAB POWER SUPPLY - MW
ENVIRON MEN TAL QUALITY OBJECTIVE BY BENCHMARK YEARS

1/
Area and Description Supply 

— 

1980 2000 2020

7. Merrimack River , NS —- -— 7,000
N. H. & Mass. FS 1499 368 --

NC 200 1,520 5,200
H 80 1485 1,835

Total 779 2 ,373 114 ,035
% of Total Market 0.55 0.55 1.31

8. Connecticut River NS 2 ,1498 14,313 6 ,000
Vermont , N . H . ,  F’S 912 250 1,000
Mass . ,  Conn . NC 1470 14 ,670 12 ,200

H 2 ,2140 3,880 6,960
Total 6,120 13,113 26,160

% of Total Market 14.35 3.02 2.145

V 9 ~~ Narragansett Bay Drainage , NS 14 ,250 22 ,250 50 ,000
Mass. & P . 1.;  Pawtucket F’S 6 ,033 6 ,1914 5, 000
River, P.1. & Conn ., & NC 770 14,120 11,700
Atlantic Coastal from N.H. H 5 —-
—Mass. State Line to P.1. — Total 11,058 32 ,56 14 66 , 700
Conn . State Line. ~ of Total Market 7.814 7.50 6 .23

10. Thames River , Conn. ,  NS 2,680 9,680 i6,ooo
Mass., & P.1.; FS 2 ,152 2 ,114 8 3 ,500
Housatonic River , Conn., NC 1,160 14,900 114,200
Mass. & N . Y . ;  & Conn . H 780 3 ,010 9,010
Coastal Area Total 6 ,772 18,738 142 ,710

% of Total Market 14 .81 14.32 3.99

11. St. Lawrence River , NS —— --
N.Y.; & Lake Champlain, FS 314 -- --
Vermont & N.Y. NC 270 14,670 11 ,500

H 1,220 14 ,200 8,1450
Total 1,52 14 8 ,870 19,950

% of Total Market 1.08 2.014 1.86

12. Hudson River , N.Y., NS 6,502 15,512 26,000
Vermont , & Mass. Ia’S 3,305 3,937 8,500

NC 830 10 ,751 29 ,500
H 3,1400 7,900 20,500

Total 114,037 38,100 814,500
% of Total Market 9 .97 8.78 7.90

P—il l
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TABLE P— 2O ( c o n t ’ d )

ESTIMATED COMPOSITION OF NAB POWER SUPPLY - MW
ENVIRONMENTAL QUALITY OBJECTIVE BY BENCHMARK YEARS

1/
Area and Description Suppby~ 

— 

1980 2000 2020

13. New York City : L . I . ;  r;s l,~149 11 ,9149 314,000
& Westchester County F’S 8 ,307 7 ,185 11,330
Coastal Area. NC 2,150 5 ,700 12,900

H -—
Total 12,1406 214 ,8314 57,900

% of Total Market 8.80 5.72 5.~fl

114. Passaic River , N.J .  & NB - —  14 ,000 12,000
N.Y.; Raritan River, FS 14 ,871 3,039 3,000
N.J.; & other Northern NC 600 2,700 9,~ 00N.J .  Streams . H 130 l3C :~oo

Total 5,601 9,869 2 14 ,~403
% of Total Market 3 .97 2 .27 2.33

15. Delaware River & NS 6.280 31,280 68 ,nn o
Delaware Bay, N.Y., FS 5,1411 8-i~ 5,00-fl
N.J., Penn , & Del. NC 900 9,700 32.100

H 1,775 14 ,210 7,500 -:
Total 1L ,36~ 146 , ce~14 ii o ,6oo

% of Total Market 10.20 io.6i 10.53

16. At lant ic  Coastal NS i ,14i~ 17. 1415 145 , onn
Area from Sandy FS 1,1149 ~~~~~ 

o ,800
Hook , N . J .  to NC 50 200 5 ,200
Cape May, N.J.  H -- -- 

____

Total 2,61)4 19,5114 6o ,~~io
% of Total Market 1.86 14.50 5.~ 1

17. Susquehanna River , NS 14 ,1418 12,1418 28,000
N . Y . ,  Penn. ,  Md . FS 7,661 6,077 ——

NC 300 11,1450 141,1400
H 0 ,765 11,8140 .~I~IITotal 15, 11414 141 ,785 100 , 900

% of Total Market 10.76 0 . 6 3  9.~~1

18. Patuzent River , M d . ;  N S 3, 8014 21,8014 140 ,0o0
Nanticoke P., Md ., & FS 3,1413 2,701 5,~ 0fl
Del.; Delinarva Peninsula NC 500 2 .050 1O ,~-3 fi
from Cape Henlopen , Del. H __ 

--

to Cape Charles , Va . ;  & Total 7, 717 OE , 5 5  (5, 000
Chesapeake Bay Drainage % of Total ‘fiirk~ t. 5.50 (.10 6.0 8
from Cape Charles , Va.
to Point Lookout , Md.
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TABLE P—20 (cont’d)

ESTIMATED COMPOSITION OF NAB POWER SUPPLY — MW
ENVIRONMENTAL QUALITY OBJECTIVE BY BEN CHMARK YEARS

1/
Area and Description Supply 1980 2000 2020

19. Potomac River , NB —— 6,000 17,500
Md. , Va. , W.V a. , F’S 5 , 133 14 ,329 1,500
Penn., and D.C.  NC ~4C 7 14 ,201 13,800

H 13 1,000 b ,oo~
Total 5,~~50 15,530 3(,900

% of Total M’~rkpt . 3.914 3.58 3.1414

20. Rappaharinock River , NS 1,750 5,500 9,500
Va. ; York River , Va. ; F’S 1,220 1,220 1,220
and Chesapeake Bay NC c 1,180 2 ,~ 9c
Drainage from Smith H -- 100

Point , Va., to Old Total 2,975 8,000 13 ,300
Point Comfort , Va. % of Total Market 2.11 1.814 1.214

21. James River , Va. and NS 1,600 12,500 37,000
W. Va. & Chesapeake PS 2 ,622 3 ,500 3,000
Bay & Atlantic Coastal NC 208 2,600 12,000
Drainag e from Old H 1 ,500 2 ,000 3,000
Point Comfort , Va. to Total 5 ,930 20 ,600 55 ,000
Virginia Beach , Va . % of Total Market- 14.21 14 .75

1/ NS - Nuclear Steam
FS — Fossil Steam
N C - Non—Condensing Capaci ty — includes

Internal Combustion , Gas Turbine , Diesel , and
includes an anticipated use of “exotic ’ generatior..

H — Hydroelectric

2/ Less than 0.1 percent

I
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TABLE P-2l

ESTIMATED COMPOSITI ON OF NAP POWER SUPPLY — MW
BY OBJECTIVES AND BENCHMARK YEARS

1/
Area and Description Supply 

— 

1980 2000 2020
National Efficiency

1. North Atlantic r~s 38 ,861 223,936 587,100
to Region Sw .ary FS 53,3514 57,665 OOL ,520
21. N C 9 , 170 214 ,982 59, 2~ fl

H t)4,5lo LI 630 ~ 1~~~5flfl
Total 115,895 3~~~ 0 13 ~5

% of Total Market 82.3 80.2 79.3

Pe~ional Develoocicut

~~~c~1 223 ,936 59~~~ flO

F’S c3,3514 57, 665 1014,520
NC 9,170 014,9~2 s~ .5~o

H I L  , 510 L~~~Y~-3 ~~~~~~~
,~~

% of Total MarKet 82.3 80.2 79.8

Environme~ta1 f i u a lf t v

NB 38 ,861 159,336 )4146,ooo
FS 53 ,3514 1414,935 09,’00
N C 9, 170 72 ,312 0~ 5, 350

H 114 ,510 141 ,600 ~~~~~~
Total 115, 895 3L 9 , 2 1 5  5 ~~~~

% of Total Market 82.3 80.2 70.8

1/ NS — Nuclear Steam
FS — Fossil Steam
NC — Non—condensing — Internal Combustion , Oar Th~ob~~ne , D~~ :~~1

and includes an anticit~~~ 0 u~~ rf “exrti c ” ~~~~~ erat5-~~
fo r Environmental . Quality .

H — Hydroelectric
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CHAPTER R

— WATE R REOUIREMENT S ~0R THERMAL ( ENERAT ION

COOLINC SYSTEMS

General. The largest industrial demand on the water resources
of the North Atlantic Region is that of thermal electr ic  genera—
tion . Steam electric power plants withdraw more water than any
other indus try and nearly all of the withdrawals are for cooliri~
and condensing the steam used to produce electric energy . Water
introduced into the boiler is converted to steam to drive the turbo—
generator unit. Steam leaving the turbine at less than atmospheric
pressure is passed through the condenser where it is cooled and
condensed back in to water. The condensate is pumped back into the
boiler in a closed circui t system. Thus , the only consumptive use
in the boiler—generator circuit is the feedwater make—up required
to replace water losses . Losses in this circuit are quite small;
the requirement for a l,OOO—ine~awatt plant operating at full load
Is es t imated to be only 0.5 f t~ /s. The major use at a steam—
elec tric plant is the large separate flow through the condensers
required to carry away the waste heat of condensatIon . Fssent ia llv ,
no water is used consumptively in the condensers , but losses do
occur when condenser flows are ret urned to the s urce bodies of

• water at higher temperatures , or are passed through cooling towers
or ponds.

Withdrawals of water for cooling at steam—ele ctric plants
curren tly constitute the largest non—agricultural diversion of
water . Either fresh , brackish , or saline water can be used for
this purpose and , in som e cases , sewa ge effluents as well. The
amount of water required through the condenser depends upon thc
type of plan t , its efficienc y , and the temperature rise within the
condenser. The temperature rise of cooling water in the condenser
is usually In the ran ge o f 100 r~ to 200 P. Currentl y , a large
nuclear steam—electric plant at full load reaufres about 50 p ercent
more condenser water for a given temperature rise than a fossil—
fueled plant of equal size. By 1980 , this added recui rement is
expec ted to decrease substantiall y . Such high requirements result
from the lower throttle steam temperatures and the resultant lower
operating eff iciencies of nuclear plants.

Steam—electric plants , whe ther nuclear fueled or fossil—
fueled , opera te on the thermodynamic p rocess known as the “Rank in e
cycle” wh ich limits the maximum theoretical thermal efficiency to
about 60 percent. The best actual overall plant ef ’iciencv today
Is abo ut 40 percent , includin g all thermal , mechanical  and
electrical losses. This means that for each kilowatt-hour being
oroduced by a plant with this efficiency it Is necessar y to burn
a fuel equivalent of 8,530 Rtu . or s l ightl y less  than one pound
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of average grade coal . Of this , 3,413 Btu , the heat equivalen t of
one kilowa tt—hour , is conver ted to electrical Output ahd the
remainder is lost. Plants having lower efficiencies require great er
gross Btu inputs to produce the sam e 3 ,413 Rtu per kilowatt—hour
of generation. Consequently, more waste hea t is discharged t~~ the
condensers of these plants. It is apparent then that waste heat
discharges to the condenser is directly related to the effic iency
of th e plant.

All waste heat from steam—elect ric plants must evential1’~ h-c.
discharged in to the atmosphere . This can he accomplished in
several ways. It may be transferred directl y to the air or It ma -i
be transferred to water as an intermediate step and then to the
air. Because of cos ts and engineering difficulties that have been
associated with the direct transfer process , nearly all the exist-
ing generation in the United States at the present t ime use cooling
water as an intermedi ate transfer agent .

The process of moving the waste heat from the steam—genera~-
tion cycle to the water Is accomplished by heat transfer throuch
a steam condens ing unit. In this process the expanded steam
leaving the turbine is passed around the condenser tubing .
Coolin g water is passed through the tubing and the waste heat
remaining in the steam is transferred through the tubing tr the
coolin g water which in turn carries it away . ~or a given rate of
hea t removal , the temperature rise in the coc’1tn~ :e:~Ler is in—
versely proportional to the amount of eater cir- u lare d chroua)- the
condenser. The size of the condenser and the amount of water
circula ted can be varied substantially . The usual desi gn i~ tc~r
a temperature rise through the condenser with an average of
approxima tely 15° F.

Nuclear p lan ts (using current design standards) have a lower
thermal efficiency than fossil plants , this bein g about 32 Percent ,
or a he at rate of 10,750 Btu/ki lowatt—hour . Since there is no
si gnifican t heat loss directly to the atmosphere in nuclear plants ,
the unit cooling water requirement per million kilowatt—hours ot
electric generation becomes even greater. W ith continuing prog-
ress in design efficiencies it iS expected that this requtresu~it
will de crease substantiall y In the future.

The principal types of cooling sy stems for s tea m—e h ctr l c
plants are (1) flow— through , where cooling water is taken fro-n a
suitable source , such as rivers or cooling ponds , passed through
the condensers , and re turned to the source body of water; (2)
we t towers , where wa ter is recirculated through the condenser
after it has been cooled in an evaporative cooling tower or other
cooling system in which the heated water is exposed to circulat-
ing air; and (3) dry towers , where cool in g wa ter is contained in
a closed sys tem and i ts hea t di ss i pated to the air through heat 



exchangers. In some cases a combination of systems may be used .
The wa ter withdrawal and consumption requirement varies widely
among these systems.

Flow— through Cooling . Where ad equate supolles of water are
available and applicable water quality standards can he met , the
once—through cooling system is usually adopted . Although that
syste m is normally more economical than other systems , the number
of sites available for its use for large plants is limited
because of the resul t ing impac t on the water bodies. Sources of
cooling water for once—through systems include flowing streams ,
ponds , lakes , reservoirs , es tuaries and the ocean .

The primary consump tive use of cooling water is the amount
of evapora tion caused by the increase in water temperature as it
passes through the plant ’s condensi ng unit. For purposes of this
study it is estimated that under average conditions about 55
percen t of the cooling in a flow—through system using a river
intake and discharge Is the result of this forced evaporat ion .

In some cases , the mos t economical so urce of cool i ng wat ers
will be natural or artificial reservoirs or ponds. The cooling
water is taken from these impoundments and returned to them after
having circula ted through the condenser. The heat added to the
reservoir increases surface evapora tion and causes added water
loss which mus t be replaced by sufficient inflow . About 65
percent of the cooling in a flow—through system us ing cooling
ponds is through Increased evaporation . For proper heat dissi-
pa tion , the surface area of a pond used for cooling purposes
only, should be no less than 1 to 2 acres per megawatt. The area
should be Increased to from 4 to 6 acres per megawatt where the
reservoir is of a multi—purpose nature . The ideal configuration
for a cooling lake is an exaggera ted crescent with the two tips
contacting the intake and discharge of the plant. A pre—coo ling
lake of perhap s five percent of the total may be used between
the plant and the main lake . This would provide a specific
mixing zone and provide a production area for a warm water
fishery. Non—competitive uses of the reservoir would Include
recreation , enhanced wildlife and water—fowl habitat , and a
potential for municipal and agricultural water supp lies .

Evaporative Cooling Towers (Wet). When neither streams nor
water impoundments are available , or the water temperature
regulations are so restrictive as to curtail their use , steam—
electric stations can employ evaporative cooling towers . In
the commonly used “wet ” cooling towers , the heated water Is
cooled by the circulation of air through a falling spray of
water in the tower. Until recently, most towers in this
country have been mechanical draft. A mechanical draft t ower
for  a l ,000—me2awa tt p lan t may be 600 feet long, 70 feet wide ,
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and 60 feet high . These towers will eject large quantities of warm
moist air , possibl y causing fog, rain , Ice , and snow at various
times of the year . Natu ral draft (hyperbolic In desIgn) towers have
a higher Initial cost,but cost relatIvely lIttle for operatIon and
maintenance . Because of their greater height , heat , fog, and vapor
usually do not reach the ground In bothersome quantities . A 1,000—
megawatt plant would require two hyperbolic towers approximately
400 feet in diameter and 400 feet high , structures not easil y hidden
or camouflaged .

In the wet coolIng tower , the warm water may be sprayed into
the a-Er or allowed to flow onto a lattice network called “fill ”
upon hhich it is broken into droplets , which facilitate the evap-
oratIve heat transfer as air moves through the tower. The cooled
water is collected in a basin under the fill from which it can be
ptmiped back to the condenser. For power plan ts using wet—type
cooling towers , evaporation accounts for about 90 percent of the
cooling . Withdra wals from streams , reservoirs , or ground—water
sources are needed to replace evaporation , spray drift losses , and
“blowdown ”.

Non—evaporatIve Cooling Towers (Dry). The remaining alternative
would be the use of non—evaporative , dry cooling towers . Such
towers use a closed pipIng or radia tor system to dissipate to the
air the heat absorbed by the cooling water. Compared to other
cooling alternatives , this device has a much lower efficiency as
it depends upon the dry bulb temperature and convection of the
waste heat from the water through the radiator tubing to the
atmosphere. Whether of the mechanical or natural draft type , the
towers would need to be increased in size or in number as comp ared
with the evaporative cooling type . This would create further
envIronmental and esthetic problems and would add great ly to the
unit cost of the Installation . An. additional detriment would be
the increased operating and maintenance cost plus a decided de-
crease in total operating efficiency . The value of a “dry ” system
of coolIng which may outwei gh the factors of esthetics , costs ,
and efficiency is Its almost complete indepen dence of stream
flows. The cooling process would have no effect on stream
t emperatures , flow regulation criteria , or meteorolog y of the area
other than thermal increases in the surrounding air. The small
water losses could easily be made up by tapping ground water
sources .

COMPARISON OF THFRMA L PLA’1T C0flLIN~ SYSTEMS

Table P— 22 shows a compar ison of various therma l plant cooling
systems . The table views each system in general terms and uses as
its base the fresh water flow—through svsteni . Ry this means va lues
and comparisons can be made beyond those solel y associated with
capital costs.

l’—120



TABLE P-22

SUMMARY OF COMPARATIVE COOLING DEVI CES

Flow Through

Parameter of Comparison Fresh Water Estuary—Marine Cooling Lake

Ini tial Cost Lowest Moderat e High

Operational Cost Lowest Moderate Moderate

Maintenance Costs Lowest Moderate Moderate

Plant Ef fici ency H ighest Hi gh Low

Esthetics Neutral Neutral Good

Environmental Eff ec ts  Many Few - Many Few

Const~ ptlve use
at full load — 36% Eff.
(Heat Rate 9500 Btu/kWh )

Fossil ft 3/S/ 1000 MW 12.2 12.2 114 .~
Nuclear ft 3/S/l 000 MW l1~.3 lI~.3 16.8

Cooling Towers
Dry-Natural

Wet-Natural Wet-Mechanical or Mechanical
Parameter of C~~rp ar1son Draft Draft Draft

Initial Cost Higher High Highest

Operational Cost Moderate High Highest

Maintenance Costs Moderate High Highest

Plant Efficiency Low Low Lowest

Esthetics Poor Very Poor Extremely Poor

Environmental Effects Moderat e Many Few

Consumptive use
at ful l load — 36% Eff.
(Heat Rate 9500 Btu/kWh )

Fossi l ft 3/s/l000 MW 20.6 20.6 0
Nuclear ft 3/s/1000 MW 214.2 214 .2 0
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Costs of cooling systems depends , in a large degree , on the
design criteria and site conditions . A range of costs in presented
In Table P—23 for the major types of cooling devices . Because of
the relatively limited number of nuclear plants for which data are
available , and the lack of recent dry tower construction , the range
of costs for such plants j~~~ 

largely estimated . ror each type of
system , the cost of the condenser has been excluded since it is -

common to all. Inves tment costs cover such items as land , pt~nps ,
piping , canals, ducts, intake and discharge structures , dikes ,
cooling towers, and appurtenant equipment.

TABLE P—23

COMPARATIVE COSTS OP COOLINC. WATER SYSTEMS
FOR STEAM—ELECTRIC PLANTS

Investment Cost
($/kW)

Type of ~ossi1—~ueled Nuclear—~ueledSystem Plan t Plant

Once through 2 .00_ 3.00 3.0 0— 5.0( 1
Cooling ponds 4.00— 6.00 6.00— 9.00
We t coolin g towers :

Mechani cal d r a f t  5.00— 8.00 8. 00— 11.00
Nat ural d ra f t  6. 0 0— 9.00 9.00—13.00

Dry cooling towers:
Mecha nical  d r a f t  18 .00—20. 00 26.00—28.00
Natural draft 20.00—24.00 28.00—32 .00

Construction costs for steam—electric generating plants
cu r ren t ly  run between 140 to 160 dol lars  per k i lowa t t  for  fossil—
fueled n iants  and between 190 and 210 dollars per kilowatt for
nuclear plants. The cost of the cc’’ltng system , including the
condenser , can renresen t from -five to fifteen nercent of the total
costs , depending on the type of plant and degree of cooling being
considered . I n addit ion to d i f f e r ences  in capital  costs there are
operating expenses associated with each type -of cooling.
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Cooling towers have pumping heads in the range of 35 to 55
feet greater than those required in flow—through systems . This
added pumping power for  towers is equivalent to about one—half
percent or more of the plan t output . Power to drive the fans n
mechanical draft cooling towers is equivalent to upwards of an
additional one percent of the plant output . Annual operating and
maintenance expenses , other than the cost of power for numping and
to drive fans , Is equivalent to one percent or more of the Invest-
ment costs of cooling towers . Thus , the use of evanorative wet
cooling towers rather than flow—through systems may increase the
cost of power by as much as five percent. Also , the higher water
temperature at the condenser Inlet that would normally result from
the use of cooling towers would produce a lower turbine efficiency .
Most estimates indicate a one percent capacity penalty chargeable
against plants using wet cooling towers.

ESTIMATED COOLING WATER NEEDS

General. Many rivers in the NAR have sufficien t
annual discharges to sustain the operation of a large steam—
electric generating plant on a flow—through basis . Where such
stream s exist , they have already been sublect to thermal plant
development . While there is no problem of water availability ,
there is a question of steam—electric plant compliance with water
quality standards if flow—through cooling i~ used. As a result of
the Federal Water Quality Act of 1965 , the states have been called
upon to prepare water quality standards f or interstate waters
within their boundaries . As a part of these standards , the
several states within the Power Region have adopted water dis-
charge standards with regard to maximum permissible temperatures.
At the present time , the effect of existing and possible future
legislation regulating heat input is uncertain . Depending on the
outcome of a number of ecological st~;dies dealing with the effects
of heat inputs from steam—electric generation and the direction
of future regulating legislation , supplemental cooling may become
necessary. If properly accounted for in the planning stage , such
a future requirement should not constitute a malor harrier to
power development in t1 ie Region . It will , however , result in a
higher consumptive use f cooling water , a higher operating cost
to the utilities and in all probability, a hi gher cost of
electricity for the consumer).

At the present time , planning for near future generating
capacity has a construction lead time of about seven years.
Accordingl y, estimates of cooling water use in the years 2000
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and 2020 can on ly be a rou gh guide to be reviewed n e r l o d i c a l l v
as new si tuations develop. In order to determine future cooling
wa ter requirements and consumptive water use in th~ NAR , p roj ec-
tions of future steam—electric c’aoacitv were made (Chanter 7).
These data are given by areas for each objective and benchmark
year . Water use will vary with the type of cooling device used
and the composition of the capacity mix. The efficiency of the
generating plant will also affect the amount of water required
and lost. For purposes of this report , Table P—214 shows the heat
rates and water use values which are assumed to be typical fcr th~
capacity that will be installed durir~ the study pericd ’s benchmark
years. Exis t ing  water use varier w~ dely ~ue to extremes In operat-
ing eff ic iencies .  For comparison purposes , however , the fo lic-wing
values are assumed representative :

Fossil—fuel—l.0ft3/s/MW condenser req’.ir~-rre r~t s ;  0.009 5
ft-7s/MW Vlow throug h consumptive losscr ;  ~~~ 0.3l 14~
ft 3/ s/MW tower cor.sumpt~ ve losses.

Nuclear — 1.7 ft3/s/MW condenser requirer~~rts; 0.016
ft3/s,’~~ flow through consurnntive losres; ~riJ 0.025
ft3/s/’MW tower consumptive losses.

The es timates of capacit y additions in each area , by itsel f ,
wt .l1 no t allow for a realistic accounting of water u~ e on an ~ ‘~r-
age yearly basis. All thermal stations have varying per iodr  whcn
they are subject to outages. These c.~n be sc ed ti mes f or —

normal mainte nance or unscheduled ti~ es when epo[pment breakdown
occurs. Some uni ts which operate under conditions of high
temperature and pressure are not normally subject to stop and
start op eration . Other units , designated as “peaking—steam ”, can
be more easily manipulated to serve varying swings in utili ty
system loads. As a gen eral ru le , nucl ear plants will operate at
hi gh load fac tors (abou t 80 percent) during their ear ly years ar ’d
f oss i l uni ts at lower load f a c t o r  rates (about 65 percentL In
each succeeding benchmark year , as the impact of increased nuclear
generation takes effect , the avera ge of new and older units w ill
d rop the average load f a c t o r  rate to about ~-5 percent in 2fl20
while fossil  units are est imated to aver age abou t  45 percent load
factor at that time.

T a b l e s  P— 2 5  — 27 give the water use data for the individual
areas of the North Atlantic Region , by n~ ttonal effi~ iencv ,
regional development , and environmental quality objectives. In
examining these water use data the following general comments
should be understood .

Cooling Water Required. The atrc’unt of cooling water required to
be circulated through a plant ’s condenser is not dependent on the
cooli ng method tha t  is used . F u r t h e r m o r e ,  the to t a l  water  quantities
required are not a dependable mea sure  of the adequacy of an are-i ’ s

_ _ _ _ _ _  _ — _ -~~ -- -- -~~



TABLE P—24

WATER USE VALUES FOR THERMA L ELE~TRTC P0’JER PLANTS 1/

Benchmark Year
Plan t Type 1980 2000 202’~

Heat Rates — Btu/kWh

Fossil—fueled 9,000/9,500 8 ,500 8,000
Nuclear 9, 500 8,000 7,500

Condenser Requirements — ft 3/s per MW 2/

Fossil—fueled 0.90 0.55 0.5 (1
Nuclear l.4fl 1.00 0 .75

Consumptive Losses (Vlow Throu gh)— ft 3/s per MW 2/ 3/

Fossil—fueled 0.0075 0.0050 0.0046
Nuclea r 0.0130 0.0082 0 .0067

Cons umptive Losses (Cooling Towers)—ft 3/s per MW 2/

Fossil—fueled 0.0113 0 .0077 (1. 0068
Nuclear 0.0194 0.0132 0.010(1

1/ Average annual flows based on estimated load factor values.
2/ Parameters of 15°F average temPerature rise in condenser

wate r ;  10 percent heat loss for  f os sil and 2 — 3  pe rcen t  for
nuclear; and gross generator output of 3 ,600 R tu /k Wli .

3/ Average val ues for a mix of river intake and cooling pond
wi thdrawals.

water supply to meet steam—electric cooling needs since it includ os
the cumulative total of water recirculated in cycling tvne systems
as well as re—use by downstream plants and water taken from still—
water bodies. Cooling water required is entered herein primaril y
as a measure of the total volume of water that passes through
condenser un i t s , and is separated under the designation s ”sa line ”
and “non—sa l ine ” .

Diversion. This is th e maximum amount of water that would
have to be wi thd rawn in order to meet  the  needs of s t e a m — e l e c t r i c
generation . In general , the amount of water required to be
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diverted when compared to the amount of water available determines
the  typ e  of c o ol i n g  to be used . Water diverted at one location
can he re-used at downstream plants. F l o w — t h r o u gh  cool ing
represents the most economical tv~e of cooling although it
requires the greatest diversion . In wet cooling, closed circuit
towers require the least diversion of water. Tt is the estimated
mix of cc~~l ing devices , f l o w — t h r o u g h , c o o l i n g  ponds , and a
variet y of cooling towers , that will determine the total flow to
be diverted . Diversions are also separated into two categories ,
saline and non—saline.

Consumption. The consumptive use of cooling water is that
p o r t i o n  of t he  d i v e r t e d  f low which  is los t  through e v an o r a t i o n .
Consumpt ive  use of cooling water Is a further restrictive require-
ment on the location of steam—electric generation. Historically ,
all  large steam—electric generating plants in this country have
relied on the use of both saline and non—saline water as a cooling
medium . The vast quantities of saline water available for power
cooling, eliminates the value of noting saline water consumption .
T h e r e f o r e , the  n o n— s a l i n e  wa te r  consumption has been further
r e f i n e d  under the designations , brackish and fresh and entered on
the water use tables. In areas where water flows are insufficient
to sustain a flow through cooling rnethod~wit hotjt adversely affect --
tog the  temperature criteria of water quality standards , varying
for-~.c of cooling devices can he used . In all areas of the North
Atlantic Reg ion adequate flows are available to sustain the
estimated consumptive use of fresh water to the year 2020.



TABLE P—25

AVERAGE ANNUAL WATER USE 005 TIE RMA L ~ENERK:: ~N - FT 3/ S
NATIONAL EFFICIENCY OBJECTIVE BY BEN C -~AP~ YEARS

Class of Ben -hr~o~rk r~~~r

Area Water Use 1980

Condenser Flow
Saline —- —— ——
Non—Saline 19 — —  3,000

Withdrawal
Saline -- —— ——
Non—Saline 19 —— 3,000

l l cn— S- t l ine
Consumoti on

Brackis h —- -— ——
Fresh ——

2 Condenser Fl ow
Saline -- —— ——
Non— ?aiine 57 300 ~ , 1OO

With drawal
Saline —— —— ——
Non—Saline 57 300 2,100

-j o - s a l i n e

Brackish —- —— —-
Fresh 1 1~ 22

3 -J’ori Ierser Flow
Saline —— -— ——
~on—7 al ine  —— 275 2 ,C)nC

Wi th drawal
Saline —— — —  - --

ori—2a 1 foe —— 21 ~- 
- 

-

hc ri—~~aline
fl~~jjj 1~ flr lion

Brackish —— —-

Fresh —— 3 2-)

27
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Tt-~BLE P—25 (cont’d)

AVERAGE ANN UAL WATEB U2F FOR ThERMAL GF~~ERATI0N - f’r3 /2
NATIONAL EFFICI E l~CY °F IE CTI VE BY BEN CF~~ABK Y EAF.~

Class of’ Benchmark Year
Water Use 1980 2000

Condenser Fliw
Saline - —  - —  — —

:~on — 2 a l i r ~€ —— 1 ,500

~
‘i thdrawal

Saline — -  — —  — —

N c n — 2 a l i n e  —— —— 800

Non—Saline
ConswnDt l on

Pr~ick i r h  —— — —  — —

hrerh - — — —  lh

5 Cc r fcn~ or t1c,w
2~i1 ine l,3l~ 6,197
%on—Saline —— 2,330 7,

~ ithdraw ’tl
Saline l ,3l~L ~- ,i~ 1 l2 ,~ 00
2 n—*~iJne — —  2,330 7,5-SC)

:~c - n—sa1 i no
Cor~~~~oi~i on

Pr-v~hi ~h ——
— —  — — -,

6 Con lenser Flow
2aline l,~~li 6,F07 17 , OO
1nn — 2 ~~l in e  —— 2,275 , 77~

WI
Saline 1. Ii ,307 12.100

2 ~

:.

-- 19
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TABLE P—25 (c o n t ’ d)

AVERAGE ANNUAL WATER USE FOR THERMAL GENERATION - FT3/S
NATIONAL EFFICIENCY OBJECTIVE BY BENCINARK YEABS

Class of Ben chmark Year
Area Water Use 1980 2000 2020

7 Condenser Flow
Saline —— —— 750
Non—Saline 550 950 ~ ,5O0

With ~rawa1
2aline —— —— 750
~:on—sa1ine 550 050 3 ,5 75

Brackish -- ——
Fresh 10 52

e ?on~ enser Flow
Sal ine —— 1,000 1,~ 5C
2on—Saline 14 , (l4 ~ 7,919 11 ,775

WIthdrawal
SaJine —— 1 ,000 1,350
Non—Saline 2,372 5,6~ 5

No r.— 5al ine
Consumption

Brackish 15 17 22
Fresh 141 E3 91

9 Condenser Flow
Saline 11,700 30,?20 L9,70C
Non—Saline —— —— ——

W ithdrawal
Saline 11,700 3C ,9Cnl’ 1~9, ~0O
Non—Saline —— — — ——

Non—Saline
Cons umption

Brackish -- -- --
Fresh — —  — —  — —

i— io n



TABLE 5—25 (cont ’d)

AVE RAGE_AIJNUAL WATER USE FOR THERMAL GENERATION - FT3/2
NATIONAL EFFICIENCY OBJECTIVE BY BENCHMARK YEARS

Class of Benchmark Year
Area Water Use 1980 2000 2020

10 C~~.denner Flow
2oJine 5,900 9,600 5 ,1CC
2~ n—Sal ine 3,300 12,000

Withdrawal
Saline 5,900 9.600 -5,100
No n— Col ~nc —— 3,300 9.800

Ncn—2aline
Con urn~tion

Brackish — — 8
FO-30h —— 20

i1 -2Tn - i000 e r  Flow
Caljne —-- —— — —

1on—Saline 140 ~~~~~

Wf th i rawal
— —  — —  ——

no ~~ 14,000

~~~~~~~ i n c

2r ’~~c~k i nh  —— ——
1 314

12 Cun lenser Flow
—— —— ——

‘Ha— Sai l r e 12 , lOU 2°,500 -.3 ,2CC)

W j
-~al in o  —— —— — —

Nan-~ - tL ine 12 .~ C0 19,l~ O 1 14 .050

no

2- n
--  r ack  i sh 1 ~

S 1 141 7

1—1 30
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TABLE P—25 (cont’d)

AVERAGE ANNUAL WATER USE FOR THERMAL GENERATION - FT3/S
NATIONAL EFFI CIENCY OBJECTIVE BY BENCHMARK YEARS

Class of Benchmark Year
Area Water Use 1980 2000 2020

13 Condenser Flow
Saline 10,900 18,1490 31,1450
No n—Saline —— —— ——

Withdrawal
Saline 10,900 18,1490 31,1450
Non—Saline —- —— ——

Non—Saline
Consumption

Brackish —- —— —-
Fresh -- -— --

114 Condenser Flow
Saline 14 ,900 14 ,370 7 ,350
Non—Saline — —  3,000 7,500

Withdrawal
Saline 14,900 14,370 7,350
Non—Saline —— 3,000 6,000

Non—Saline
Consumption

Brackish —— 16
Fresh —— 8 28

15 Condenser Flow
Saline 2,900 11,200 20,000
Non—Saline 11,2140 29,970 55,950

Withdrawal
Saline 2,900 11,200 20,000
Non—Saline 5,500 13,690 23,360

Non—Saline
Consumption

Brackish 30 58 126
Fresh 107 256 505

5— 13 1
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TABLE P—2 5 ( c o n t ’d )

AVERAGE ANNUAL WATER USE FOR THERMAL GENERATION - F’r
3/S

NATIONAL EFFICIENCY OBJECTIVE BY BENCHMARK YEARS

Class of Benchmark Year
Area Water Use 1980 2000 2020

16 Condenser Flow
Saline 2,700 10,700 19,120
Non—Saline 330 8,750 - 25,1480

Withdrawal
Saline 2,700 10,700 19,120
Non—Saline 330 6 ,810 20 ,670

Non—Saline
Consumption

Brackish 3 70 223
Fresh -— 114 214

17 Condenser Flow
Saline —— —— ——
Non—Saline 13,31414 28,1496

WIthdrawal
Saline — —  — —  - -

Non—Saline 3,550 15,900 25,1450

Non-Saline
Consumption

Brackish -- -— ——
Fresh 1146 269

18 Condenser Flow
Saline 200 9,000 23,200
Non—Saline 0,500 16,850 214 ,500

Withdrawal
Saline 200 9,000 23,200
Non—Saline 8,500 12,680 17,150

Non—Saline
Consumption

Brackish 81 113 120
Fresh —— 57 106

I — 132
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TABLE P—25 (cont’d)

AVERAGE ANNUAL WATER USE FOR THERMAL GENERATION - FT3/S
NATIONAL EFFICIENCY OBJECTIVE BY BENCHMARK YEARS

Class of Benchmark Year
Ares Water Use 1980 2000 2020

19 Condenser Flow
Saline —— 1,250 5,800
Non—Saline 14,975 11,690 18,800

Withdrawal
Sali ne —- 1,250 5,800
Non—Saline 3,1415 10,000 16,600

Non—Saline
Consumption

Brackish 22 145 714
Fresh 33 63 101

20 Condenser Flow
Saline 375 3,820 7,900
Non—Saline 3,625 5, 000 14 ,600

Withdrawal
Saline 375 3,820 7,900
Non—Saline 130 1514 120

Non-Saline
Consumption

Brackish —— -— ——
Fresh 82 90 58

21 Condenser Flow
Saline 700 3,800 114,000
Non—Saline 5,100 114,600 25,800

Withdrawal
Saline 700 3,800 i14,ooo
Non—Saline 5,100 9,980 114,300

No n—Saline
Consumption

Brackish 35 149 30

Fresh 17 90 232
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TABLE F-26

AVERAGE ANNUAL WATER USE FOR THERMAL GENERATION - rr3/sREGI ONAL DEVELOP?€NT OBJECTIVE BY BENCHMAR K YEARS

Class of Benchmark YearArea Water Use 1980 2000 2020

Condenser Flow
Saline —— —— ——Non—S aline 19 275 3 ,145 0

Withdrawal
Saline —— —— ——Ndn—Saline 19 275 l ,P145

Non—Saline
Consumption

Brackish —- -—
Fresh 1 3 141

2 Condemser Flow
Saline —— —— ——Non—Saline 57 300 1,950

Withdrawal
Saline —— - —  ——
Non—Saline 57 300 1,200

Non—Sal ine
Consumption

Brackish —- -- --

Fresh 1 14 23

3 Condenser Flow
Saline —— — -  — —

Non—Saline — - 1,000 3~1425

WI. thdrawal
Saline —— —— ——
Non—Saline —— 1,000 2 ,000

Non—Saline
Consumption

Brackish -- -- —-

Fresh —— 9 39

5—1314
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TABLE P— 26 (cont’d)

AVERAGE ANNUAL WATER USE FOR THERMAL GENERATION - FT3/S
REGIONAL DEVELOPMENT OBJECTIVE BY BENCHMARK YEARS

Class of Benchmark Year
Area Water Use 1980 2000 2020

14 Condenser Flow
Saline —— —— ——
Non—Saline — —  1,300 2,775

WIthdrawal
Saline —— —- ——
Non—Saline —— 820 900

Non—Saline
Consumption

Brackish -- -- --
Fresh —— 114 31

5 Condenser Flow
Saline 1,31414 6,527 11,205
Non—Saline —— 3,000 9,750

Withdrawal
Saline 1,31414 6,527 11,205
Non—Saline —— 3,000 9,750

Non—Saline
Consumption

Brackish —— 25 69
Fresh —— —— 7

6 Condenser Flow
Saline 1,611 6,307 12,100
Non—Saline —— 14 ,275 9,525

Withdrawal
Sali ne 1,611 6 ,307 12,100
Non—Saline —— 2,335 14 ,685

No n—Saline
Consumption

Brackish —— 1~ 140
Fresh —— 53

5—135 
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TABLE P-26 (cont ’d)

AVERAGE ANNUAL WATER USE FOR THERMAL GENERATION - FT3JS
REGIONAL DEVELOPMENT OBJECTIVE BY BENCHMARK YEARS

Class of Benchmark Year
Area Water Use 1980 2000 2020

7 Condenser Flow
Saline — - —— 750
Non—Saline 550 250 6,500

Withdrawal
Saline —— —— 750
Non—Saline 550 950 14,275

Non-Saline
Consumption

Brackish —— —— 17
Fresh 6 10 55

8 Condenser Flow
Saline —- —— 350
Non—Saline )4 ,6146 6 ,61414 9,750

Withdrawal
Saline —— —— 350
Non—Saline 2,1400 14,3145 14,720

Non—Saline
Cons umpt ion

Brackish 15 18 22
Fresh 14i 52 88

9 Condenser Flow
Saline 11,700 28 ,000 146,6oo
Non—Saline —— —— -—

Withdrawal 
-

Saline 11,700 28,000 146,~-no
Non—Saline -- -- --

Non—Saline
Cons umpti on

Brackish —— —— ——
Fresh —- -- --

F —] -
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TABLE P—26 (cont’d)

AVERAGE ANNUAL WATER USE FOR TI~~BMAL GENERATION - F’r3/S
REGIONAL DEVELOP!’~~T OBJECTIVE BY BENCHMARK YEARS

Class of Benchmark Year
Area Water Use 1980 2000 2020

10 Condenser Flow
Saline 5,900 8,900 7,800
Non— Saline —— 14,ooo 12,300

Withdrawal
Saline 5,900 8,900 7,800
Non—Saline — — 3,030 6 ,870

Non—Saline
Consumption

Brackish —— 25 149
Fresh - —— 13 73

11 Condenser Flow
Saline -- -- --
Non—Saline 140 5,300 9,000

Withdrawal
Saline -— -- --
Non—Saline 140 1,1450 2,600

Non-Saline
Consumption

Brackish -- -- --
Fresh 1 65 112

12 Condenser Flow
Saline —— —— --
Non—Saline 12,300 27,300 140,300

Withdrawal
Saline —— —— ——
Non—Saline 12,300 17,050 11,680

Non—Saline
Consumption

Brackish 98 129 1114
Fresh 15 137 353

P—l37 
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TABLE P—26 (c o n t ’d )

AVERAGE ANNUAL WATER USE FOR THERMAL GENERATION - FT3/S
REGIONAL DEVELOPMENT OBJECTIVE BY BENCHMARK YEARS

Class of Benchmark Year
Area Water Use 1980 2000 2020

13 Condenser Flow
Saline 10 ,900 18 ,1490 25 ,850
Non— Saline —— — —  5,020

Withdr awal
Saline 10,900 18,1490 28 ,850
Non—Saline — —  —— 5,000

Non—Saline
Consumption

Brackish -- -- 70
Fresh -- -— ——

114 Condenser Flow
Saline 14 ,900 3,370 2,830
Non—Saline —— 3 ,000 10 ,100

Withdrawal
Sal ine 14 ,900 3,370 2,830
Non—Saline — —  2,028 14,299

Non—Saline
Consumption

Brackish —- 16 03

Fresh —— 13 23

15 Condenser Flow
Saline 5,900 5,200 7, fl~ 0
Non—SalIne 8,239 33,700 62 ,~ 6O

Withdrawal
Saline 5,900 5,200 7, 250
Non—Saline 2,550 114,500 26,875

Non-Saline
Consumption

Brackish —— 714 207
Fresh 107 312 512

--

~
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TABLE P—26 (corit ’d)

AVERAG E ANNUAL WATER USE FOP THERMAL GEN ERATION _-
REGIONAL DEVELOPMENT OBJECTIVE BY BENCHMARK YEARS

Class of Benchmark Year
Area Water Use 1980 2000 2020

16 Condenser Flow
Sali ne 2 ,700 9,700 11,830
Non—Saline 330 12,000 38,550

Withd rawal
Saline 2,700 9,700 11 ,830
Non—Saline 330 14,225 19,090

Non—Saline
Consumption

Brackish 3 102 3E 2
Fresh -— 39 89

17 Condenser Flow
Saline —— — —  --

Non—Saline 13 ,31414 27 ,570 147 ,850

Withdrawal
Saline — —  — -  —

Non—Saline 3,550 7,500 13, 800

Non—Saline
Consumption

Brackish -- —— --

Fresh 1146 298 550

18 Condenser Flow
Saline 200 3,600 114,000
Non—Saline 8,500 214,120 38,600

Withdrawal
Saline 200 3 ,600 114 ,000
No n—S aline 8,~Oo 15,120 18,1450

Non—Saline
Consumption

Brackish 81 132 167
Fresh — —  117 2614

P—I 3(~ 
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TABLE P— 26 ( c o n t ’ d )

AVERAGE ANN UAL WATER USE FOR THERMAL GENERATION - FT3/S
REGIONAL DEVELOPMENT OBJECTIVE BY BENCHMARK YEAR S

Class of Benchmark Year
Area Water Use 1980 2000 2020

19 Condenser Flow
Saline —— 2 ,200 6 , Bco
Non—Saline 14 ,975 12 ,2 140 20 , 000

Withdrawal
Saline —— 2 ,200 (,8oo
Non—Saline 3,1415 6,800 10,350

Non—Saline
Consumption

Brackish 22 50 120
Fresh 33 83 110

20 Condenser Flow
Saline 375 3,220 6,147-c
Non—Saline 3,625 14,500 14 ,350

Wi thdr awal
Saline 375 3, 220 6,~47~
Non—Saline 130 1140 -cfl

Non—Saline
Consumption

Brackish —— —— — -

Fresh 82 8° 53

21 Con denser Flow
Saline 700 1,800 12 ,800
Non—Saline 5,100 16,200 ?~~,20O

Withdr awal
Saline 700 1,800 12,800
Ncn—S-~d ine  5, 100 9, 235

Non—Sal ine
Consumption

Brackish 35 70 148
Fresh 17 100 279

P—iOo



TABLE P-27

AVERAGE ANNUAL WATER USE FOR THERMAL GENERATION FT3/2
ENVIRONMENTAL QUALITY OBJECTIVE BY BENCHMARK YEARS

Class of Benchmark Year
Area Water Use 1980 2000 2020

Condenser Flow
Saline —— —— ——
Non—Saline 19 —- ——

Withdrawal
Saline —— —— ——
Non—Saline 19 —— ——

Non—Saline
Consumption

Brackish -- -- --

Fresh -- -- --

2 Condenser Flow
Saline —— —— -—
Non—Saline 57 —— — —

Withdrawal
Saline —— —— ——
Non—Saline 57 —— — -

Non—Saline
Consumption

Brackish -- -- --
Fresh 1 —— ——

3 Condenser Flow
Saline —— —— -—

Non—Saline —— -- --

Withdrawal
Saline —— —— —-
Non—Saline —— —- —-

Non-Saline
Consumption

Brackish —- —- --
Fresh — —  —— --

~—i 14i
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TABLE P-27 ( c o n t ’ d)

AVERAGE ANNUAL WATER USE FOR THERMAL GENERATION - FT3 / S
ENVIRON MENTAL QUALITY OBJECTIVE BY BENCHMARK YEAR S

Class of Benchmark Year
Area Water Use 1980 2000 2020

14 Condenser Flow
Sal ine — —  —— — —

Non—Saline —— —— 750

Withdrawal
Saline — —  — —  — —

Non—Saline —— —— 25

Non—Saline
Consumption

Bracki sh —— -- ——
Fresh -- --

5 Condenser Flow
Saline 1,31414 8,527 17,83-7
Son—Saline —— — — ——

Withdrawal
Saline 1,31414 8,527 17,830
Non-Saline —— -- — -

Son— Sa l ine
Consumption —

Brackish —- —- --
Fre sh -- -— ——

Condenser Flow
Saline 1,590 14 ,50: 7,030
Non—Saline — —  14 ,onn 9,1420

Withdraw al
Saline 1,590 14 ,~3~

’ 7,030
Scn—S-iline —— 1 ,000 1 ,°~

Son—Sal ine
C- -~~~ 

p iucpt i on
7r~ ckinh -——— —— 20

P-i 142
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TABLE P—27 (cont’d)

~ AVERAGE ANNt--/~~ WATER USE FOR THERMAL GENERATION - FT3/S
ENVIRON?’~~TAL QUALITY OBJECTIVE BY BENCHMAR K YEARS

Class of Benchmark Year
Area Water Use 1980 2000 2020

7 Condenser Flow
Saline —— —— 2,250
No n—Saline 550 350 3 ,000

Withdrawal
Saline —— —— 2,250
Non—Saline 550 350 100

Non—Saline
Consumption

Brackish —— -- --
Fresh 6 1. .0

8 Condenser Flow
Saline —— 2,000 p ,lOO
Non—Saline 14,6146 3,060 2,2~~

Withdrawal
Saline —— 2 ,000
Non—Saline 2,372 1,317 (1

Non—Saline
Consumption

- - Brackish 15 10 — -

Fresh 141 30 32

9 Condenser Flow
Saline 11,700 28,800 1414,200
Non—Saline -- -- --

Withdrawal
SalIne 11,700 28,800 1414,200
Non—Saline -— —— —-

Non—Saline
Consumption

Brackish -- -- --
Fresh —— —— --

P—i 143 
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TABLE P-27 ( c o n t ’ d )

AVERAGE ANNUAL WATER USE FOR THERMAL GEN ERATION - FT 3/S
ENVIRONMENTAL QUALITY OBJECTIVE BY BENCHMAPK YEAR S

Class of Benchmark Year
Area Water Use 1900 2000 2020

10 Condenser Flow
Saline 5,900 ~ ,Lün 9 ,300
Non—Saline —— 2,7fl’) 5,77fl

Withdr awal
Saline 5, 90 9 , 0Y 9,300
Non—Saline —— 2 ,000 5, 2~

Non—Sal ine
Consumpt i on

Brackish -
~~~ 16 14~

Fresh -- —— 10

11 Condenser Flow
Saline -— —— --

Non—Saline 140 — —  --

With drawal
Saline —— —— --

Non—Saline .0 — —  ——

Non—Saline
Consumption

Brackish -- — -  --
Fresh 1 — — — —

12 Condenser F l o w
Saline —— -— - -

N o n — S a l i n e  17 , 300 21 ,100 25 , 1

Withdrawal
Saline ——
5c- n- a1 m e  12,300 11 , I ~

- - -  - -

N o n — S a I i n ~2onounrnti on
Brackich 114 - 122

15 l_ OQ

I .1 ,
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TABLE P—27 ( c on t ’ d)

AVERAGE ANNUAL WATER USE FOR THERMAL GENERATION - rr3/s
ENVIRON MENTAL QUALITY OBJECTIVE BY BENCHMARK YEARS

Class of Benchmark Year
Area Water Use 1980 2000 2020

13 Condenser Flow
Saline 10,900 18,1490 31,1450
Non—Saline -- —— —-

Withdrawal
Saline 10,900 18,1490 31,1450
Non—Saline —- -- --

Non—Saline
Consumption

Brackish -- —- --
Fresh -- -- --

114 Condenser Flow
Saline 14 ,900 5, 370 8 ,000
Non—Saline —— 1,000 3,250

Withdrawal
Saline 14 ,900 5, 370 8 ,000
Non—Saline —— 1,000 2,521

Non—Saline
Consumption

Brackish -- 8 22
Fresh —- —- 10

15 Condenser Flow
Saline 5,900 6 ,200 6 ,700
No n—Saline 8 ,239 28 ,1420 50 ,800

Withdrawal
Saline 5,900 6,200 6,700
Non—Saline 2,550 12,060 19,525

Non—Saline
Consumption

Brackish —— 135 253
Fresh 107 190 3314

_ _ _ _ _ _ _ _



TABLE P— 27 (cont’d)

F AVERAGE ANNUAL WATER USE FOR THERMAL GENERATION - ~“r
3/s

ENVIRONM~~TAL QUALITY OBJECTIVE BY BENCHMARK YEARS

Class of Benchmark Year
Area Water Use 1980 2000 2020

16 Condenser Flow
Saline 2 ,700 8,150 15,950
Non—Saline 330 11,300 214,750

Withdrawal
Saline 2,700 8,150 15,950
Non—Saline 330 2,555 5,530

Non—Saline
Consumption

Brackish 3 113 25 14
Fresh —— 26 33

17 Condenser Flow
Saline -- —- --
Non—Saline 13,31414 19,696 23.25°

Withdrawal
Saline -- -— --
Non—Saline 3,550 2,300 821

Non—Saline
Consumption

Brackish —— -- —-
Fresh 1146 225 2814

18 Condenser Flow
Saline 200 13,280 26 ,050
Non—Saline 8,500 12,270 17,150

Withdrawal
Saline 200 13,280 26,050
Non—Saline 8,500 10,270 9,670

Non—Saline 
-

Consumption
Brackish 81 120 167
Fresh —— —— 27

--- - - —  -~~~- - - -  ~~~ -~~~
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TABLE P—27 (cont’d)

AVERAGE ANNUAL WATER USE FOR THERMAL GENERATION - F’23/s
ENVIRONNENTAL QUALITY OBJECTIVE BY BENCHMARK YEAR S

Class of Benchmark Year
Area Water Use 

____ 
2000 2020

19 Condenser Flow
Saline —— 1,250 3,750
Non—Saline 14,975 8,14140 11,750

Withdrawal
Saline —— 1,250 3,750
Non—Saline 3 ,1415 2 ,610 3,570

Non—Saline
Consumption

Brackish 22 60 110
Fresh 33 142 32

20 Condenser Flow
Saline 375 3,220 6,1470
Non~Sali ne 3,625 14,6oo 14,1400

Withdrawal
Saline 375 3,220 6,1470
Non—Saline 130 150 85

Non—Saline
Consumption

Brackish -- 8 18
Fresh 82 82 36

21 Condenser Flow
Saline 700 550 7, 800
Non—Saline 5,100 16,1450 214,200

Withdrawal
Saline TOO 550 7, 800
Non—Saline 5, 100 6 ,718 TOO

Non—Saline
Consumption

Brackish 35 89 70
Fresh 17 101 226

P_ 1147
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