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SYNOPSIS 

The Great Lakes Basih Power Region con
forms to the hydrologic boundary of the Basin 
and encompasses an area, both land and wa
ter, within the United States of about 179 
thousand square miles. For purposes of 
analyzing and forecasting future electric 
power and water requirements, the Basin has 
been broken down into river basin groups., 

The river basin groups that make up the 
Power Region vary from the sparsely popu
lated regions of northern Minnesota, Michi
gan, and Wisconsin to the major urban centers 
of Milwaukee, Chicago, and Detroit. Accord
ingly, these population distributions and re
sulting economic patterns interact with the 
a~ea's available resources,to determine future 
power requirements. 

Currently, there are I approximately 365 
electric utilities operating totally or partially 
within the Power Region. They represent all 
segments of the power industry: private, 
cooperative, Federal, municipal, and other 
public systems. The utilities have suffi
cient generating capacity to satisfy their 
power needs, and this is expected to continue 
throughout the study_period. Their daily and 
long-term operations are coordinated by 
planning groups and reliability councils. 
Utilities are physically interconnected by 

V 

extra-high-voltage transmission lines to in
sure reliability. 

• The power generated comes predominantly 
from fossil-fueled electric plants. Hydroelec
tric energy sources are located primarily in 
the eastern portion of the Great Lakes Basin. 
Nuclear generated power will supply a major 
portion of the power need by the year 2000. 
Several large pumped-storage hydroelectric 
plants are also expected to be constructed. 

Steam-electric plants require cooling water 
for condensing. Therefore, flow-through cool
ing systems which discharge the condensing 
water directly back into the Lakes have been 
employed through the years. However, con
cern over the effects of thermal discharges has 
prompted the installation of supplemental 
closed-cycle systems on some power plants, 
and more are likely to be built in the future. 
Power plants also pollute the air, emit nuclear 
radiation, and generally detract from the 
beauty of our natural environment. The re
conciliation of ecological and environmental 
values with the growing demands for electric 
power presents a challenge to the power in
dustry which must be met if the Great Lakes 
Basin is to maintain its national position and 
retain its quality of life. 



FOREWORD 

App_1~-ndix 10, Power, contains information 
about the present electric power industry 
within the Great Lakes Basin and the pos
sibilities for future development. The appen
dix was produced by the Power Work Group, 
chaired by the Federal Power Commission. 
Members of the work group were: 

Lenard B. Young (acting chairman), Fed
eral Power Commission, Chicago Regional Of
fice 

James H. Aase, Bureau of Mines, U.S. De
partment of the Interior 

Nicholas Barbarossa, New York (informa
tion) 

Dr. W. Mason Lawrence, New York (infor-
mation) 

George T. Berry, New York 
James P. Dooley, Michigan 
Jack H. Gerlach, Ohio 
Luther Heiserman, Ohio 
Robert D. Hennigan, New York (informa

tion) 
Gene H. Hollenstein, Minnesota 
Dr. John A. Jones, New York (liaison) 

vi 

Philip McCallister; U.S. Army Corps of En
gineers 

Herbert Miller, Michigan 
This report was prepared at field level and is 

subject to review by the interested Federal 
agencies at the departmental level, the Gov
ernors of the affected States, and the Water 
Resources Council. 

The chief author and director of preparation 
of the report was Herbert R. Rinder of the 
Chicago Regional Office of the Federal Power 
CommiSsion, who received assistance from 
David L. Simon and James E. Kolak of the 
same office, and James D. Hebson and John 
Paxmino of the New York Regional Office of 
the Federal Power Commission. Much valu
able information was obtained from the draft 
chapters of the updated Nat ion al Power Sur
vey prepared by the Federal Power Commis
sion staff. 

We gratefully acknowledge the suggestions 
and comments from various interested 
parties, including electric utilities, which re
viewed the second draft. 
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INTRODUCTION 

The purpose of Appendix 10, Power, is to 
present the existing and projected electric 
power and corresponding water needs ,,of the 
Great Lakes Basin. The timely installation of 
the power facilities necessary to satisfy those 
needs will be required if the economic de
velopment and growth of the Region is to con
tinue, and the well-being of its people is to be 
enhanced. 

The past and estimated future electric 
power requirements (to the year 2020) in the 
Great Lakes Basiri Power Region are pre
sented in this appendix. The Power Region 
conforms with the hydrologic boundary. Data 
are presented by river basin groups corres
ponding to the Region's fifteen principal 
drainage areas. We predicted the types of 
thermal-electric generating stations which 
will supply the future power requirements. 
From these we assessed the possible future 
demands for cooling water. 

The technological advance in electric power 
generation during recent years has been very 
rapid and the future progress seems limited 
only by man's imagination and the application 
of resources in manpower and funds for re
search. However, this dramatic advance will 
not take place without accompanying eco
nomic, social, and environmental problems 
which must be overcome, possibly at the ex-

xvii 

pense of some technical gains. It is not possi
ble, at this time, to foretell what the country 
will be like fifty years from now. Therefore, 
estimates of future power requirements and 
subsequent water use for cooling purposes 
must be based primarily on historic trends. It 
will be necessary to review the estimates 
periodically as new technology and operating 
criteria evolve. 

While we relied chiefly on established his
toric trends, the possible influence of im
proved operating efficiencies has been recog
nized and taken into account in arriving at the 
projections. The estimated future load and 
power supply and the material on environ
mental considerations are primarily pred
icated on reports of Regional Advisory Com
mittees appointed to assist the Federal Power 
Commission in updating the National Power 
Survey. Working drafts for the Survey and 
reports filed with the Fe.deral Power Commis
sion by utilities list their firm plans through 
1980. However, the controversy regarding the 
method of cooling, m,w-through or closed
cycle, has not been resolved. Therefore, we 
present two cases, one for each method, and 
the effect that each would have on the water 
requirements for po.wer generation and as
sociated consumptive use. 



Section 1 

DESCRIPTION OF THE BASIN AS RELATED TO ELECTRIC 
POWER PRODUCTION AND REQUIREMENTS 

1.1 Great Lakes Basin Power Region 

The Great Lakes Basin is defined for this 
study as the drainage basin of Lakes Superior, 
Michigan, Huron, Erie, and Ontario within the 
United States and those streams entering the 
St. Lawrence River within the United States. 
This includes essentially all of the State of 
Michigan, except for approximately 23 square 
miles of Gogebic County, Michigan, and por
tions of Minnesota, Wisconsin, Illinois, Indi
ana, Ohio, Pennsylvania, and New York. It 
encompasses a land area of approximately 
118,000 square miles and a water area of61,000 
square miles. 

For purposes of delineating and describ
ing the power industry in the Basin, the Power 
Region has been established to conform with 
the hydrologic boundary. The overall Power 
Region has been subdivided into the 15 river 
basin groups utilized in the Framework 
Study. In order to define the area more pre
cisely, the data of each river basin group have 
been further subdivided in the Addendum as 
follows: River Basin Group 2.2 (Lake Michigan 
Southwest) into 2.2, Wisconsin, 2.2, Illinois, 
and 2.2, Indiana and Michigan; River Basin 
Group 2.4 (Lake Michigan Northeast) into 2.4, 
Lower Michigan, and 2.4, Upper Michigan; 
River Basin Group 3.1 (Lake Huron North) 
into 3.1, Lower Michigan, and 3.1, Upper Mich
igan. Figure 10-1 shows the delineation of the 
Power Region. 

1.2 Power Region Economy 

Electric energy consumption is related pri
marily to population and use of natural re
sources. Increases in population result in 
greater use of electricity in the home, in com
mercial establishments, and recreational and 
other activities. A rising standard of living 
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results in increased use per customer. Utiliza
tion of available natural resources imposes in
creased electric energy demands in the mine, 
factory, mill, and on the farm. Thus, the avail
ability of economical electric energy is a key 
element in the economy of a region and, in 
turn, the power industry is directly affected by 
the economic climate. 

Although the Basin occupies only four per
cent of the U.S. land area, it contains about 15 
percent of the country's population. The bulk 
of this population is concentrated in major 
urban centers scattered along the southern 
shores of the Great Lakes. In 1970, the popula
tion of the Basin was about 29.1 million. 

Because of the abundance of water avail
able for use in manufacturing and in the 
transportation of raw materials, the Great 
Lakes Basin has developed into a major man
ufacturing area. Durable goods iridustries are 
important, especially those involved with the 
production and utilization of steel. At the 
present time approximately one-half of the 
country's steel is produced ih this Region. 

In the southern portion of the Basin, man
ufacturing is the main economic factor. Man
ufacturing centers in this area include 
Chicago, Detroit, Cleveland, Milwaukee, and 
the Calumet area of Indiana. Major manufac
turing centers also exist in Buffalo, Roches
ter, and Syracuse. Howe:.ver, the eastern por
tion of the Region derives additional economic 
benefit from dairy farms, fruit orchards, and 
vacation resorts. The northern parts of Min
nesota, Wisconsin, and Michigan comprise the 
northern section of the Basin. These areas are 
characterized by rather sparse population 
and only limited manufacturing. Much of this 
area's economy is dependent on lumbering, 
mining, and recreation. 

A complete description of the Region's 
economy is included in Appendix 19,Economic 
and Demographic Studies. 
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Section 2 

ELECTRIC POWER INDUSTRY CHARACTERISTICS 

2.1 Organization of the Electric Power Indus
try 

The Great Lakes Basin Power Region in 
1970 contained all or part of 356 electric utility 
systems. Of these, 63 were investor-owned 
systems, 233 were municipal and other pub
licly owned systems, 59 were cooperative sys
tems, and one was a Federal system. The com
position of the 1970 power supply energy re
quirements is shown in Figure 10-2. Operation 
of some of the utilities extend outside of the 
study area, but only that portion of the load 
and capacity data of these utilities within the 
Great Lakes Basin Power Region boundary is 
included in this report. Data on the generating 
plants of two utilities located in Illinois on 
Lake Michigan are included in the tables re
garding power supply and cooling water. 
However, the loads of these plants are not in
cluded in the load data tables because their 
16ads are essentially located outside the Great 
Lakes Basin drainage area. 

Investor-owned utilities comprise about 83 
percent oft he generating capacity and energy 
production, and 91 percent of the energy re
quirements. The remaining power supply and 
requirements are essentially those of munici
pal and other publicly owned systems. 

About 36 percent of the 233 public sys
tems, which for the most part are quite small, 
have generating equipment whose production 
is often supplemental by external purchases. 
The cooperative group is composed of 59 sys
tems, of which 18 have some generating and 
transmission facilities, and 41 have only dis
tribution facilities. 

Recognition should be given to the nonutil
ity supply which is composed almost entirely 
of industrial generation. In 1965, the non util
ity generating capacity was approximately 3.2 
million kilowatts, compared with the utility 
capacity of 25.0 million kilowatts. Nonutility 
generation was approximately 17.1 billion 
kilowatt hours. The 1970 nonutility data are 
not presently available. However, on a nation
al basis the 1970 industrial self-generation 
amounted to about seven percent oft he utility 
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generation. We estimated that this will de
crease to 2.6 percent by 1990. Because of the 
small relative magnitude of the nonutility 
supply and the uncertainties of the future, 
this source of supply was not considered in the 
projected power supply utilized in this study. 
Appendix 6, Water Supply-Mu'nicipal, In
dustrial, and Rural, does consider the water 
supply required for self-sustain'ed industrial 
generation. 

In perspective, the electric power require
ments of the Great Lakes Basin Power Region 
totaled 161.3 billion kilowatt hours in 1970, ap
proximately 10.6 percent of the national total. 
The total generating capacity was 32.8 million 
kilowatts, 9.6 percent of the national total. The 
1970 annual peak loads and energy require
ments are shown in Table 10-1 by river basin 
group. 

2.2 Power Planning Coordination 

In order to effect an adequate supply of rel1-
able, low-cost power, nine regional reliability 
councils and many local power groups have 
been organized throughout the nation, They 
coordinate in varying degrees the planning, 
construction, and operation of transmission 
and generating facilities of groups of utilities. 
The utilities in the Great Lakes Basin partici
pate in five major regional organizations. Fig
ure 10-3 shows the location of these groups. 

The major utilities in the Lake Superior 
West river basin group are members of the 
Mid-Continent Area Reliability Coordination 
Agreement(MARCA). MARCA includes mem
bers from all segments of the power industry 
and is primarily a reliability coordination or
ganization. The service areas of MARCA mem'• 
bers include all or part of ten midwestern 
States from Montana to Wisconsin, and from 
Missouri to the Canadian border, and the Ca
nadian P;.ovince of Manitoba. Within the same 
Basin region are the Mid-Continent Area Pow
er Planner (MAPP) and the Upper Mississippi 
Valley Power Pool (UMVPP). These groups are 
concerned primarily with long-term planning 
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Electric Power Industry Characteristics 5 

TABLE 10-1 1970 Annual Peak Loads and Energy Requirements 

River Annual Annual Annual 
Basin Peak Energy Load 
Group Load Requirements Fac,tor-

(MW)* (million kWh) (%) 

Lake Sul!erior 
1.1 West 510 2,946 65.9 
1.2 East 283 1,614 65.l 

Subtotal 793-* 4,560 65.6 

Lake Michisan 
2.1 Northwest 1,248 7,581 69. 3 
2.2 Southwest 2,935 16,281 63.3 
2.3 Southeast 2,896 16,268 64.l 
2.4 Northeast _ill 3,175 65.2 

Subtotal 7,635*** 43,305 64. 7 

Lake Huron ) 

3.1 North 270 1,392 58,9 
3.2 Central 1,393 8;021 65.8 

Subtotal 1,663*- 9,419 64.7 

Lake Erie 
4.1 Northwest 5,805 .32,455 63.8 
4.2 Southwest 2,583 16,460 72. 7 
4.3 Central 3,707 21,941 67 .6 
4.4 East 1,594 9,443 ~ 

Subtotal 13,689-* 80,299 67.0 

Lake Ontario 
5.1 West 2,315 12,270 60.5 
5.2 Central 1,079 6,582 69.6 
5.3 East __JJ_Q 4,868 72.2 

Subtotal 4,164*** 23,720 65.0 

Total GLB 27,944-* 161,303 65.9 

* MW (megawatts) = 1,000 kilowatts (kW) 
- Annual energy requirements divided by product of the annual 

peak load and the number of hours in the year. 
LF = Enersy x 100 

Peak x No. hrs. in yr. 
-* Non-coincident 
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of power facilties and daily operations of the 
utilities in the area. 

The coordinated electric systems in Wiscon
sin .and Upper Michigan (western part of the 
Lake Michigan Northeast river basin group, 
the Lake Michigan Northwest, the Lake 
Superior East, and the western part of the 
Lake Michigan Southwest river basin groups). 
are members of the Mid-American Interpool 
Network (MAIN). The members of MAIN have 
a generating capacity of more than 40 million 
kilowatts and serve major portions of Illinois, 
Missouri, Iowa, Minnesota, Wisconsin, and 
Upper Michigan, and minor portions of eight 
additional States. A planning group in the 
area, known as the Wisconsin-Upper Michi
gan Systems, includes utilities in Eastern 
Wisconsin and the Upper Peninsula of Michi
gan. This group coordinates long-term plan
ningofpower facilties for the utility members. 

Utilities on the eastern shore of Lake Michi
gan, the western shore of Lake Huron, and the 
southwestern shore of Lake Erie participate 
in the East Central Area Reliability Coordina
tion Agreement (EGAR), which consists of 26 
members in Michigan, Indiana, Ohio, Ken
tucky, West Virginia, Virginia, Maryland, and 
Pennsylvania. Coordinated power planning 
organizations within the region include: the 
Michigan Pool, consisting of two utilities in 
Michigan; the Central Area Power Coordina
tion Group (CAPCO), consisting of five utilities 
in Ohio and Pennsylvania; the Kentucky
Indiana Pool (KIP), consisting' of three 
utilities and one cooperative in Indiana and 
Kentucky; and Buckeye Power, Inc., consist
ing of 28 cooperatives in Ohio. 

Utilities in the remainder of the Lake Erie 
area, all of the Lake Ontario area, the western 
shores of Lakes Superior and Huron, and the 
western reaches of the St. Lawrence River are 
members of the Northeast Power Coordinat
ing Council (NPCC), a reliability coordination 
group of 20 utilities in New York, New Eng
land, and Ontario. Power pools serving the 
same area are the New York Power Pool 
(NYPP) for the utilities in New York, and the 
New England Power Exchange (NEPEX) for 
those in New England. Touching Lake Erie in 
Pennsylvania is a tiny sector of the Mid
Atlantic Area Coordination group (MAAC), 
which consists of 12 utilities in Pennsylvania, 
New Jersey, Maryland, Delaware, and the 
District of Columbia. These same 12 utilities 
also consistute the Pennsylvania-New 
Jersey-Maryland Interconnection pool (PJM). 

Th~ electric systems in the Great Lakes 
Basin' represent only a portion of the total sys-
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terns involved in the aforementioned coordi
nation groups. Because of their participation 
in these groups they are well coordinated with 
each other and with the systems outside the 
Great Lakes Basin in their day-to-day opera
tions and in their long-range planning of elec
tric power facilities. The advantages of coor
dinated planning and operation are obvious. 
Investment savings are effected by: 

(1) the reduction of generating capacity, 
reserve requirements for forced outages and 
scheduled maintenance 

(2) the use of larger, more efficient 
generating units 

(3) the utilization of seasonal load diver
sities among systems to reduce the total 
generating capacity required 

(4) avoidance of duplication of trans
mission facilities 

Operational savings can be achieved by 
coordination of economy loading of available 
supply and reduced spinning reserves. This 
also helps to conserve our natural resources. 
Reliability of service is enhanced by coor
dination, For example, during an emergency, 
an electric system may acquire power from a 
number of interconnected systems through 
a regional transmission grid. 

2.3 Generation 

Steam plants using coal and gas as fuel 
(Figure 10-4) generate the major portion of 
electric energy in the Great Lakes Basin 
Power Region. Hydroelectric plants also con
tribute significantly to the power supply. 
There are numerous small diesel plants, but 
these account for only one percent ofthe'total 
energy supply. The gas turbine is popular in 
some areas as a source of peaking and 
emergency power. This application may be
come important in the future. Table 10-2 lists 
the 1970 generating capacity installed in the 
Power Region and the energy produced by 
river basin group. 

Eiiergy and peak load requirements of the 
Great Lakes Basin Power Region for the year 
1970 were determined by analysis of reports 
and service area maps filed with the Federal 
Power Commission (FPC) by electric utilities 
serving the Region. These requirements were 
161,303 million kWh of energy and 27,944 MW 
of peak demand in 1970. Subtracting the 
energy requirements from the energy pro
duced in the area indicates a net import of 5.3 
billion kWh into the Power Region, or about 3.3 
percent of the energy requirements. However, 
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in 1965 there was a net export from the Region 
of 1.0 billion kWh. Since the power transferred 
into and out of the Region is short-term power 
which will vary in direction of flow, the overall, 

. Jong-term effect, of power transfers is insig- · 

nificant. Thus, except for known future com
mitments (which are indicated in Section 4) 
the Great Lakes Basin Power Region is con
sidered self-sufficient in projecting the future 
power supply capacity requirements . 

TABLE 10-2 1970 Installed Generating Capacity and Energy Production 

River Basin Ca2acitI in MW Net Generation in million-kWh 
Group Thermal Hidro Total Thermal H}'dro Total 

Lake Su2erior 
1.1 West 404 88 492 1,920 451 2,371 
1.2 East .255 42 297 1.412 174 1.586 

Subtotal 659 130 789 3,332 625 3,957 

Lake Michigan 
2.1 Northwest 1,560 150 1,710 4,648 ·712 5,,360 
2.2 Southwest 6,408 6,408 29,769 29,769 
2.3 Southeast 2,333 36 2,369 8,870 125 8,995 
2.4 Northeast 758 87 845 3.775 273 4.048 --Subtotal 11,059 273 11,332 47,062 1,110 48,172 

Lake Huron 
3.1 North 99 110 209 172 602 774 
3.2 Central 1.608 10 1.618 7.340 36 7,376 

Subtotal 1,707 120 1,827 7,512 638 8,150 

Lake Erie 
4.1 Northwest 6,560 6,560 33,998 33,998 
4.2 Southwest 1,282 1,282 4,994 4,994 
4.3 Central 3,419 3,419 14,267 14,267 
4.4 East 1,580 --S 1,580 7,765 2 7,767 

Subtotal 12,841 12,841 61,024 2 '61,026 

" Lake Ontario 
5.1 West 1,025 2,251 3,276 4,200 15,584 19,784 
5.2 Central 1,453 86 1,539 6,574 298 6,872 
5.3 East· 1 1.207 1.208 8.017 8,017 

Subtotal 2,479 3,544 6,023 10,774 23,899 34,673 

Total -GLB 28,745 4,067 32,812 129,704 26,274 155,978 

aLess than 1 MW 
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Photo courtesy_of Niagara Mohawk Power Corporation 

FIGURE 10-4 407,000 Kilowatt Fossil-Fueled Oswego Steam Station of the Niagara Mohawk 
Power Corporation 

The steam-electric generating plants in
stalled in 1970 contained 27.0 million kW of ca
pacity and were fossil-fueled, except for about 
1.8 million kW of nuclear capacity. However, 
recent developments in the nuclear power field 
indicate a trend toward nuclear plants as a 
major source of power in the near future (Fig
ure 10-5). Approximately 16.8 million kW of 
existing and scheduled nuclear generating 
capacity are plaµned for installation in the 
Basin in the 1970s. These plants are listed in 
Table 10-3. 

The hydroelectric plants in the Great Lakes 
Basin Power Region, as shown in Table 10-2, 
amounted to 4.1 million kW, accounted for 12 
percent of the 1970 generating capacity, and 
produced 17 percent of the energy. This hydro 
capacity is concentrated mainly in river basin 
groups 5.1 and 5.3. The hydroelectric plants of 
the Power Authority of the State of New York 
(Figure 10-6), a State-owned utility, consti
tute the 'bulk of the hydroelectric supply, and 

account for 76 percent of the total hydro capac
ity. 

The thermal and hydroelectric generating 
plants of 10 MW and over installed in the 
Basin as of December 31, 1970, and their types 

. of o'wnership, are listed in Table 10-4. Their 
general locations are shown in Figure 10-7. 

2.4 Transmission 

Transmission facilities of electric utilities 
perform several basic functions: 

(1) - the transportation of bulk power supply 
(large amounts of power) from a source to a 
power consumer 

(2) emergency backup of interconnected 
electric systems in case of power disturba-nces 

(3) transfers of firm power between sys
tems 

(4) interchange of economy power 
These functions are accomplished by trans-
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Photo courtesy of Rochester-Gas and Electricity Corporation 

FIGURE 10-5 517,000 Kilowatt Ginna Nuclear Plant. Completed recently by Rochester Gas and 
Electric Corporation on Lake Ontario fifteen miles east of Rochester, New York. 

mission lines connecting generating sources, 
load centers within individual power systems, 
and by interconnecting the bulk power 
facilities of one electric system to the bulk 
power facilities of another system. Transmis
sion systems below 345-kV have been de
veloped to facilitate the movements of power 
within limited distances. Extra-high-voltage 
(EHV) systems, 345-kV and greater, are being 
constructed to permit the movements of 
larger amounts of power fOr greater distances. 
The EHV systems generally extend over a 
widespread region and interconnect with simi
lar systems in adjacent regions. Consequent
ly, the transmission facilities··of the Great 
Lakes Basin need to be considered in relation 
to the overall developments in neighboring 
regions outside the Basin. 

The electric utilities of the Great Lakes 
Basin are located in parts of three geographi
cal regions which were utilized in updating the 
FPC National Power Survey: the West Central 
Region,_ the East Central Region, and the 
Northeast Region. In 1970 there were approx
imately 620 circuit miles of 230-kV transmis
sion lines: 550 in the Northeast Region and 70 
in the West Central Region. There were 1880 
circuit miles of345-kV lines, of which 480 were 
located within the Northeast Region, 1100 
within the East Central Region, and 300 
within the West Central Region. 

An additional 3430 circuit miles of 345-kV is 
planned to be installed within the Power Re

' gion by 1980, of which 480, 2500, and 450 circuit 
miles are planned for the Northeast Region, 
East Central Region and West Central Re-

gions respectively. This would bring the total 
installed 345-kV lines to 5310 circuit miles in 
1980. 

Approximately 50 circuit miles of 500-kV 
lines in the West Central Region and 400 cir
cuit miles of 765-kV lines in the East Central 
Region may be installed in the Power Region 
by 1980. 

Additional lines are under consideration for 
1990: 100 circuit miles of 230-kV in the West 
Central Region; 200 circuit miles of 345-kV in 
the East Central Region; 70 circuit miles in 
the West Central Region; 20 circuit miles of 
500-kV in the West Central Region; artd 360, 
450, and 200 circuit miles of765-kV lines in the 
Northeast, East Central, and West Central 
Regions respectively. The total circuit miles of 
each voltage classification considered -for ih
stallation by 1990 is 720 of 230-kV; 5580 of 
345-kV; 70 of 500-kV; and 1410 of 765-kV. 

A discussion of the transmission facilities 'in 
each of the above FPC regions follows. Figure 
10-8 shows the portion· of the transmission 
system of each region within the Great Lakes 
Basin. It includes those systems existing in 
1970 and those contemplated for 1980. 

2.4.1 West Central Region 

The major transmission system in the Great 
Lakes Basin portion of the West Central Re
gion is part of a 345-kV transmission grid de
veloped by the MAIN and MARCA regional 
power planning organizations for their upper 

/ midwest service areas. In the future, the grid 
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TABLE 10-3 Nuclear Steam-Electric Generating Plants in the Great Lakes Basin (Existing and 
Scheduled as of December 31, 1970) 

Name- Cooling Date 
Plate Water in 

S:t;stem{sl Plant Location Cai!. Source Serv. 
(MW) 

Comn .Ed. Co. Zion #1 Zion,Ill. 1,100 L.Mich. 5-72 
Zion #2 Zion, Ill. 1,100 L.Mich. 5-73 

No.Ind.Pub.Srv.Co. Bailly Dunes Acres,Ind. 686 L.Mich. 2-76 
Wis.Mich.Pwr.Co.& Point Beach#l Two Creeks,Wis. 524 L.Mich. 12-70 

Wis.Elec.Pwr.Co. Point Beach#2 Two Creeks, Wis. 524 L.Mich. 8-71 
Wis.Pub.Serv.Co.) 
Wis.Pwr.&Lt.Co. ) Kewaunee Kewaunee, Wis . 527 L .Mich. 6-72 
Madison G&E Co. ) 
Consumers Pwr.Co. Big Rock Pt. Charlevoix,Mich. 75 L.Mich. 1962 
Consumers Pwr.Co. Palisades #1 Covert Township, 

VanBuren Co.,Mich. 812 L.Mich. 6-71 
Consumers Pwr.Co. Midland #1 Nr.Midland,Mich. 526 T.R.l/ 11-75 
Consumers Pwr.Co. Midland #2 Nr .Midland ,Mich. 855 T .R.1/ 11-76 
Ind.& Mich.El.Co. D.C.Cook #1 Nr.Bridgman,Mich. 1,100 L.Mich. 3-73 

D.C.Cook #2 Nr.Bridgman,Mich. 1,100 L,Mich. 3-74 
The Det.Ed.Co. Enrico Fermi#l Nr .Monroe,Mich. 70 L.Erie 1967 

Enrico Fermi#2 Nr.Monroe,Mich, 1,075 L.Erie 8-74 
Toledo Ed.Co.& Cleve. 
Elec. Ill um.Co. Davis-Besse Ottawa Co, ,Ohio 906 L,Erie 12-74 

Roch,G& El.Corp. Station 13 #1 Ontario,N.Y. 517 L.Ont. 7-70 
Roch.G& El.Corp. Station 13 #2 Ontario ,N. Y. 1,000 L.Ont. 1979 
N.Y.State E&G Corp. Bell Ludlowville ,N. Y. 853 L.Cayuga 10-77 
Niagara Mohawk 

Pwr.Corp. Nine Mi.Pt.ill Nr.Oswego,N.Y. 642 L,Ont. 12-69 
Niagara Mohawk 

Pwr.Corp, Nine Mi.Pt.#2 Nr.Oswego,N.Y, 875 L,Ont. 10-77 
Niagara Mohawk 

Pwr.Corp, Undecided Undecided 1,100 L,Ont. 1979 
Power Auth.of the 
St, of N.Y. FitzPatrick Nr.Oswego,N,Y, 850 L.Ont. 6-73 

Iota! 16,817 
17 Tittabawassee River 

will completely link several major population 
centers both inside and outside the Great 

.Lakes Basin: Chicago, Milwaukee, the Twin 
Cities, Sioux City, Omaha, Kansas City, Des 
Moines, the Quad-Cities (Davenport and Bet
tendorf, Iowa; and Rock Island and Moline, 
Illinois), and St. Louis. The Iron Range areas 
of northern Minnesota are linked by 230-kV 
lines with eastern North Dakota and the lig
nite mine-mouth plants in western North 
Dakota. Construction of these transmission 
facilities was completed in 1970. 

The Chicago-Milwaukee-Twin Cities line is 
approximately 470 miles long and was com
pleted in 1966. The line permits coordination 
among the three major utility groups,in the 
area: the Upper Mississippi Valley Power 
Pool, the Eastern Wisconsin Utility group, and 
Commonwealth Edison Company. 

Heavy concentrations of EHV facilities 
around St. Louis, Chicago, Milwaukee, and the 
Minneapolis-St. Paul areas are planned. In 
the Twin Cities area, a double circuit 345-kV 
loop was built around the metropolitan area, 
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TABLE l0-4 Generating Plants, Existing and Scheduled-I 0 Megawatts and Over (as of De-
cembe-i- 31, 1970) 

'"· 6, Kame of Plant ml Capacity !a Type Utility '"· t. Na!!!e of Plant MW Capac 1 ty 6 Typ Utility 

'-' Lake Superior West 7 ., Lake Michigan Northwest 

' Aurora 116.l St Km Advance 41 ,8 St '°"' , Bay Front 82.2 St LASD Big Rock 75.0 Nu con 
3 Pond du Lac 12.0 Ky Km Cobb 510.5 St con 
4 Hibbard, M, L, 122 ,5 St KU'C Escanaba 23.0 St "'" s Hibbing 19.0 St HIBB Hardy 30.0 Hy con 
6 Tholll&on 67 .4 Hy Mm Hodenpyl 18.0 Hy con 
7 Virginia I 7.5 St VlRG Johnson 10.l IC wooe 

' Winslow 25.2 St """' Ludington I ,872 .0 PS* COPR t. 
DEEC 

' Strait& 25.0 GT COPR 

L7 Lake Superior East " Tippy, c. w. 20.0 Ky COPR 
u Traverse City JS.O St """ Ishpeming 10.0 IC CLCl 

Ma-cquene 15.8 IC ~" 
13.5 St .MARQ ,. ' Lake Huron North 
22,0St* MAAQ 

3 Preaque hle 174. 7 St "" Gaylord 90.6 GT con 
170.0 St* ""' Sault Ste. l'larie 41. J Hy EDSE 

Victoria 12.0 Hy UPPP St. Mary& Falla 18.4 Hy "'" Warden, J. H, 18.8 St IJPPP !over 20.0 GT* "'"' 
,., Lake Michigan Northwest 

u Lake Huron C.entral 
B18 Quinnesec Falls 19. 5 Hy ""' 

' Edsewater 480.0 St WIPL 6 Harb<>r Beach 121.0 St DEEC 

WIPS Kam, D, E, 530.0 St con 
Kaukauna 23,4 GT '"'"' 615.0 St* con 

' Kewaunee 527.0 Nu* WIPS & ' Midland 1,)81.J Nu* COPR 

""" Oliver 1).8 IC DEEC 

Manitowoc 69.0 St ~" Saginaw River 147 .O St "" Menasha 29.2 St "'" Thetford 149.0 GT con 
Niagara 12.0 St KICC Weadock, J.C. 614. 5 St con 
Peavy Palls 15.0 Hy '"" 

20.6 GT COPR 

' Point leach 20.0 GT WIMP Wil,not 13.8 IC DEEC 

" Point leach 523.8 Nu WIEP 6 
523.8 Nu* ""' H Pulliam 392.S St .,,, 

'-' Lake Erie Nort;hwest 

,., Lake Michigan Southwest Beacon 27 .8 St DEEC 
Conners Creek 596.6 St DEEC 

' Ballly 615.6 St NOIP Dayton 10.0 IC DEEC 

JJ,9 GT* NOIP Delray 391.0St DEEC 

' Bailly 686.0 Nu* "'"' 
Fermi, Enrico 88.0 St DEEC 

3 Coomerce Street B 35.0 St "" 
62.0GT DEEC 

4 Eeat Well& Street ts.a St "" 
70.0 Nu DEEC 

s Lakeside 310.8 St "" 
Fermi, Enrico #2 1,075.0 Nu* DEEC 

J6.0 GT WIEP Hancock 160.) GT DEEC 

6 Michigan City 215.0 St "'" 
H.aryev1lle • 308.0 St DEEC 

521.0 St* NOlP Miateraky 175,0 St ,m 

7 Mitchell, Dean H. 529.4 St 001' " Monroe 3,000.0 St• DEEC 

52.2 GT NOIP 
13.8 IC DEEC 

North Oak Creek 500.0 St WlEP " Penn•elt 37 ,0 St DEEC 

Port Washington 400.0 St WUP " Plecid 27. s tc DEEC 

19.6 GT WtEP " Northeau t 62.0CT DEEC 

" South Oak Creek 1,191.6 St WIEP " River Rouge 933.2 St DEEC 

19.6 GT WIEP 
11.0 IC DEEC 

u State Line 972 .0 St COED " St. Clair 1,905.0 St DEEC 

" Valley 272.0 St WIEP 
18.6 GT DEEC 

n Waukegan 1,043.0 St cruse " Slocura 13.8 IC DEEC 

113.0 GT COEC " Superior 62.0 GT DEEC 

" Winnetka 25. 5 St WINK " 
Trenton Chennel 1,093.5 St DEEC 

" Zion 2,200.0 Nu* COEC " 
Whiting, J. '· 325 .0 St con 

15.3 CT con 

'" Wyendocte 41.5 St .,,.. 
'.' Lake Mi~higan Southeast 

23.0 GI .,,. 
" Wyandott-a North 54.1 St "" 

' Campbel I, J. "· 650.0 St co .. " Wyendotte South 18.5 St DEEC 

20.6 IC con 
Coldwater 10.5 St '°"' Col fax 13.8 IC DEEC '-' [.ake Erie Southwest 

Cook 2,200.0 Nu* """ DeYoung, J. 82.5 St HOLL ,c_ 337,0St ''"" 
Delta 160.0 St* "'" Bay Shore 639.5 St ro,c 
Eckert 386,0 St "'" 16.0 GT ro,c 

' Elm Street 30.0 St con ' Bryen 21.5 GT "'" 
' Crend Haven 20;0 St c= Celina 12 .5 St CELl 

19.8 IC c= Devie-Beue 906.0 Nu* ro,c 

" Hillsdale 11.0 IC HILD Lawton Park 40.0 St "''' 
H Kalamazoo 20.0 St con 15.0 GT """ 
" Michigan Stete 0, 25.0 St MISU Napoleon 23.5 St AA,O 

n Morrow, B. E. 186.0 St con Rkhlend 45.0 GT ro,c 

36.0 GT con St. Marya 22.0 St '"" 
" Ottawe Stre~t 81.5 St "'" " Stryker 19,0 GT rose 

" Palioadel 8tl.7 Nu* con " W•ter Street 10.0 St TOEC 

" Twin Branch 394.0 St ,. .. " 
Woodlawn Avenue 31 .J St NORW 

" Wealthy Street 20.0 St con " 
Uoodcock 42.5 St OHPC 
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TABLE 10-4(continued) Generating Plants, E11isting and Scheduled-IO Megawatts and Over (as 
of December 31, 1970) 

No. ti, N•me of Plant Mw Caoad tv &. Tvoe 

4.2 Lake Erie Cent.al 

A•htabuh 
2 Avoo Laite 

-J Collinawood 
4 IIHt 53rd Street 
5 8Htlake 

6 lldg"'ai:er 
7 Gorge 
8 Laite lload 
9 Lake Shore 

10, Oberlin 
11 Paine.,.·Ule 

12 We11t 4l·st Street 

4.4 Lake Erie East 

Dunkirk 
Froot Street 
Huntley 

5,1 Lake Ontario West 

Lll!Viaton 11.e,ervolr 
Moaea, Robert-Niagara 
Station No, l 

4 Station Ho. 
Statlon No. 7 
StatiDQ No. 9 
Statlon No, 13 

5.2 Lake Ontario Central 

Bell 
Bennetts Bridge 
FHzPatri~k, J.A. 
Greenidge 
Milliken 
Nine Mile Point 

7 Oswego 

Undecided 

5. 3 Lake Ontario East 

Blake 
Brown Fall& 
Colton 
Deferiet 
l'he Fal11 
Mo11e•, Robert-St .L•VTence 
Rainbow 
Soft Maple 
South Col ton· 

10 Stark 

456.0 St 
1,275.0 St 

17.8 GT 
50.0 St 

sn.o ·st-
625.o St• 
174.9 St 
87,5 St 

172.5 St 
514,0 St 
12.9 IC 
38.0 St 
25.0 st• 
35.6 GT 

628,0 St 
118.8 St 
828,0 St 

240.0 PS 
1,950.0 Hy 

206~2 St 
19.0 CT 
38,J Hy 

252.6 St 
19.0 GT 

51 7 .1 Hv 
1,000.0 Hv* 

853.J Nu* 
26.8 Hy 

849.7 Nu* 
160.0 St 
270.0 St 
Ml.8 Nu 
875.0 Nu* 
376.0 St 
875.0 St* 

1,100.0 Nu* 

14.4 Hy 
15.0 Hy 
30,0 Hy 
10.8 Hy 
22.S Hy 

912.0 Hy 
22.S Hy 
15.0 Hy 
19.4 Hy 
22.S Hy 

Scheduled for operation after 1970 

Utility 

CLEI 
cun 

'"' ''-" 
cm 

"'' °''" """ CLEV 
CLEI 

""" PAIN 
PAIN 

"-" 

>OAS 

"'" "''' ""' ""' """ """ '"" "'" 

NEYE 

""' POAS 
NEYE 
NEYE 

""' ""' ""' ""' ""' 

""' ""' NlHP 

""' NIMP 

""'' ""' ""' ""' ""' 

Utility Abbreviations 

Code 

BRAH HUN 
CELI HUN 
CLCI Pill 
CLEI PRI 
cuv KUN 
COIC PU 
COED P'I.I 
COLD KUN 
COPR PIU 
DIIC Pill 
DETI. HUN 
EDSI PB.I 

ro,A """ 

""' """ HIBB KUN 
HILD HUN 
HOLL MUN 
lNHE PRI 

"'"" """ KlCC PRI 
LABW MUN 
LASD PB.I 
MAGE Pill 

"''" """ ..... """ 
""" """ HIPL Pill 
HISU STATE 
NAPO MUN 
HEY£ PB.I 
Hll(P PRI 
HOIP PR! 
HOl'I'.: COOP 
NORW HUH 
OBOH HUN 
OHEC Pill 
OHl'C Pill 
PAIN KUN 
PEEC Pill 
POAS STATE 
ROCE PR.I 

""' """ SUWL PR.I 
n,w """ 
Ul'CC PR.I 
UPPP PRI 
USAB. FED 
VIRG MUN 
WlEP PRI 
WIMP PRI 
WIHX MUN 
WIPL PBl 
WIPS PR.I 
l«lEL Pill 

WY"" """ 

Type of Utility 

PU Private 
MUN Municipal 
l'l!.D Federal 
COOP Cooperative 
STATE State 

Type of Capacity 

CT Gaa Turbine 
Hy Hydro 

Utilit 

Bryan, Ohio 
Celina, Ohio 
Cleveland--Clifh Iron Co. 
Cleveland Electric Illuminating -C<>., The 
Cleveland, Ohio 
CO!IIIDO-e&lth ldiaon Co. 
c,,_,nvealth Edison Co. of Indi&I\&, Inc. 
Coldwater, Hichigal\ 
C<>nBvme-ra Pm,er Co. 
D,etroit EdiaOI\ Co, The 
Detroit , .. Michigan 
Ediaol\ Savlt Electric Co. 
Fort Wayne, Indiana 
Gral\d Haven, Michigan 
Hibbfog, Hil\neeota 
Hilladale, Michigan 
H<>ll&l\d, Michigan 
Indiana & Michigan Electric Co. 
Kaukauna, Wi8cons1a 
Kiiaberly Clark Corp. 
Land11g, Michigan 
Lake Svperior Diatrict Power Co. 
Madie<>n ·Gsa & Electric Co. 
Ma11itm,oc, Wiac<>nain 
Marquette, Michiga11 
Mel\aaha, Whc<>n11i11 
Mirmeaota Power & Light Co. 
Michigan· State lfrliveraity 
Napoleon, Ohio 
Mew York State Electric al\d Cas Corp. 
Niagara Mohawk p.,,...r Corp, 
Northern Indiana Public Service Co. 
Northern Michigal\ Electric Coop. 
Norwalk, Ohi<> 
Oberlin, Ohio 
Ohio Edison Co. 
Ohio Power Co. 
Painesville 
Pennaylvania Electric Co. 
Power Auth<>rity of the State of·New York 
llochester Gaa & Electric Corp. 
Sall\t Mary■, Ohio 
Superior Water, Light and 1'<,.,..r Co, 
Traverse City, Michiga11. 
Upper Penin■vla Generating Co. 
upper· Peninsula ·Po...,_r Co. 
U. S. Army 
Virgtl\ia, Minne1ota 
Wiaconain Electric Po...,_r Co. 
Wiaconail\ Michigal\ p.,,...r Co. 
Winnetka, 11 Ul\ois 
Wi■conain Powel!" & Light Co. 
Wieconaia-Public Service Corp. 
Wolverine Electric Coop. 
Wyandotte, Michigan 

IC Internal Combuatiol\ 
Hu Nuclear Steu 
I'S Pumped Storage 
St Fouil Stena, 
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Photo courtesy of the Power Authority of the State of New York 

FIGURE 10-6 The Robert Moses Niagara 
Power Plant of the Power Authority of the State 
of New York. The plant, which is located on the 
Niagara River Gorge approximately 41/2 miles 
downstream from the Falls, houses thirteen 
150,000 kilowatt generators driven by 200,000 
horsepower hydraulic turbines. 

and completed in 1968. These local EHV con
centrations are being reinforced by EHV ties 
between the areas. A 345-kV tie between the 
Chicago and St. Louis areas was completed in 
1969. In 1971, two 345-kV circuits extending 
westward from the Chicago area to the Quad
Cities area, and a 345-kV circuit from Quad
Cities which ties into the 345-kV circuit ex
tending from St. Louis to Minneapolis were 
completed. Also in 1971, a 765-kV system in 
the East Central Region was installed. Later 
additions will extend this line around to the 
northwestern part of the Chicago metro
politan area and west to Quad-Cities Station 
by 1980. The total EHV transmission circuit 
mileage in the West Central Region existing in 
1970 and estimated to be in service by 1980 and 

1990 is given by voltage class in Table 10-5. 
The completion of the above transmission 

system should provide for adequate power 
movements between the systems within the 
Great Lakes Basin as well as to adjacent re
gions. It also provides sufficient low cost and 
reliable power to satisfy the needs of the Basin 
within the West Central Region. 

TABLE 10-5 West Central Region Circuit 
Mileage 

Voltage Circuit Miles 
kV 1970 1980 1990 

230 5800 6620 6850 
345 2970 6340 10600 
500 1250 2400 
765 570 2170 

2.4.2 East Central Region 

Both the electric loads and the generating 
plants in the East Central Region are widely 
distributed. Consequently, the transmission 
pattern which has developed provides re
gional coverage through a multiplicity of in
terconnections between the systems, rather 
than radial connections required by point 
source distributions of power. This has re
sulted in a highly developed transmission sys
tem of EHV lines which includes approxi
mately 5000 circuit miles of345-kV, 600 circuit 
miles of 500-kVand 500 circuit miles of 765-kV. 
These lines overlay an extensive network of 
138-kV with lesser amounts of 230-kV and 
161-kV lines throughout the region. There are 
also many interconnections with systems in 
adjacent regions at voltages as high as 500-

, kV. Contemplated additions to the existing 
transmission system between 1971-1980 are: 
2100 circuit miles of765-kV, of which 1200 was 
to be installed by 1972; 600 circuit miles of 
500-kV; and 4800 circuit miles of 345-kV. The 
total transmission system in 1980 will consist 
of about 13,500 circuit miles of lines 345-kV 
and above. The 765-kV lines (Figure 10-9) will 
form a transmission loop in Ohio, I:ndiana, 
Kentucky, and West Virginia, and extend into 
Virginia, Michigan, and Illinois. The 500-kV 
will be concentrated generally in the eastern 
part of the region. The 345-kVwill expand into 
Kentucky and southern Indiana, and join 
Toledo and Cleveland. Other ties to areas con
tiguous to the East Central Region ar.e con
templated: three 765-kV ties to Illinois; addi-
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tional ties with the Tennessee Valley Author
ity (TV A); and EHV lines to the CAR VA power 
pool in the Carolinas and Virginias, and the 
PJM pool in Pennsylvania, New Jersey, and 
Maryland. , 

During the period 1981-1990, the expansion 
of the foregoing EHV system tentatively in
cludes an additional 1200 circuit miles of 765-
kV, 300 circuit miles of 500-kV, and 1800 circuit 
miles of 345-kV. All told, by 1990 there will 
exist in the East Central Region approxi
mately 17,000 circuit miles of EHV transmis
sion lines, of which 4000 will be 765-kV. Addi
tional ties with adjacent regions are also being 
considered to· strengthen interregional inter
connections. 

2.4.3 /Northeast Regjon 

The principal EHV levels in the Northeast 
are 345-kV in New England and New York and 
500-kV on the Pennsylvania-New Jersey
Maryland Interconnection (PJM). The sys
tems are well established and are'continually 
being added to ahd strengthened. Underlying 
the EHV grid is an extensive network of 230-
kV, 138-kV, and 115-kV lines. The New York 
Power Pool is int.erconnected with each of the 
other two coordination areas (New England 
and PJM) comprising the Northeast Region at 
345-kV, 230-kV, and 115-kV. Additional EHV 
inter-ties. are either under construction or 
planned. 

When the initial phase ofthe New England 
345-kV network is completed in the early 
1970s, the principal components will consist of: -
a major loop together with several sub-loops in 
the populous States of . Connecticut, Mas
sachusetts, an-d Rhode Island and in southern 
New Hampshire and Vermont; a double circuit 
from Scobie Substation in New Hampshire to 
the Maine Yankee nuclear plant northeast of 
Port/and, Maine; a single circuit tie with New 
Brunswick; and a second interconnection with 
the New York Power Pool at New Scotland 
southwest .of Albany, New York. 

In New York, the existing 345-kV backbone 
(double circuit, except for a single circuit sec
tion between Utica and Albany) running from 
Buffalo to Syracuse to Albany to New York 
City will be looped along the southern part of 
the State to .. provide greater flexibility, relia
bility, and capacity and to facilitate major 
inter-ties with PJM. In addition a second 
345-kV interconnection will be made from the 
Buffalo area to PJM in northeastern Pennsyl
vania. Principal ties with Ont1trio . Hydro 
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Photo courtesy of American Electric Power System 

FIGURE -10-9 American·Electric Power Sys
tem's 765 kV Transmission Network. It will ex
tend 1,250 miles over parts of seven States when 
initial grid is. completed in 1973. 

(Canada) are two 230-kV circuits at Niagara 
Falls and a single circuit at the St. Lawrence 
Project, Massena, New York. 

Only a small portion of PJM in the vicinity of 
Erie, Pennsylvania, is in, the Great Lakes Ba- -
sin. There is a 230-kV tie with New York run
ning from Erie to Dunkirk.to the Buffalo area. 
In Erie, PJM also has a 345-kV tie with the 

. Cleveland Electric Illuminating Company. In 
addition PJM is interconnected with the Al
legheny Power System of the East Central 
Area Reliability (ECAR) group. 

Looking ahead, the Northeast Regional Ad
visory Committee expects the introduction of 
765-kV in New England .and New York by 
1990. This will be interconnected with the 
ECAR 765-kV system in the vicinity of Erie, 
Pennsylvania, and in effect will represent an 
extension of the latter which is now under 
construction. The 765-kV New York system 
will also be interconnected with PJM's 500-kV 
grid. 



Section 3 

HYDROELECTRIC POWER 

3.1 Present State 

In 1970 hydroelectric plants located in the 
Great Lakes Basin totaled 4,067 MW, or 12 
percent of the Basin's tofal installed capacity. 
During 1970 these plants generated 26.3 bil
lion kWh of electric energy. 

Many of the more than 200 hydroelectric de
velopments in the Basin are small, often less 
than 1000 kW in size. In 1970 there were only 
23 conventional hydroelectric plants and one 
pumped-cstorage plant with installed 
capacities over 10 MW. Table 10-6 lists these 
plants. 

In addition to the plants in the table, 
there are 474.2 MW of hydroelectric capacity 
in the Great Lakes Basin in plants ofless than 
10 MW. It is apparent from an examination of 
the table that River Basin Groups 5.1 and 5.3 
are the only areas with a significant hydro
electric supply, 3312 MW or 81 percent of the 
Basin total. The three New York Power Au
thority (POAS) plants alone account for 3,102 
MW. In 1970 the two POAS conventional sta
tions produced 21.3 billion kWh, or approxi
mately 81 percent of all the hydro generation 
in the Basin at a capacity factor of 85 percent. 
Plant factor of the remaining hydro capacity 
in 1970 was 47 percent. 

The storage of the upper Great Lakes and 
the natural regulation which this affords, to
gether with the controlled outflows of Lake 
Ontario in accordance with the plan of regula
tion approved by the International Joint 
Commission (IJC), make the flows of the St. 
Lawrence that are usable for power uniform. 
IJC has jurisdiction over boundary waters of 
Canada and the United States. Accordingly, 
the St. Lawrence-Robert Moses Power Plant 
operates at a very high capacity factor: Its 
capacity variations are attributed largely to 
variations of flow from month to month as re: 
quired by the plan ofregulation, and to certain 
specified departures of the hourly flows from 
the weekly regulated flows. This permits the 
power output to be varied a small amount to 
accommodate the daily peak load require
ments of the system. 
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The Power Authority's Niagara Project 
consists of the Robert Moses Niagara Power 
Plant and the Lewiston Pumped Storage 
Plant. By working these plants together, it is 
possible to effe~tively utilize the flows avail
able from the Niagara River for -power. The 
1950 Treaty between the United States and 
Canada concerning Niagara Project power di
versions provided that during the hours 8 a.m. 
to 10 p.m., April 1 to September 15, and 8 a.m. 
to8 p.m., September 16 through October 31, at 
least 100,000 cubic feet per second (cfs) must be 
allowed to flow over the Falls. At all other 
times the flow over the Falls may be reduced 
to no-less than 50,000 cfs. In order to use the 
larger nighttime flows available under the 
Treaty for power diversions, it was necessary 
to provide the storage reservoir facilties. At 
night when power requirements are small, 
some of the available water is pumped into the 
Lewiston Pumped Storage reservoir. The fol
lowing day when peak power demands are 
large, stored water is released through the 
Lewiston units which are then functioning 
as turbine generators. The water which they 
release ~ugments daytime diversions from the 
Niagara River for use at the Robert Moses 
Niagara Power Plant. In this manner the out
put from the project can be varied from rela
tively small amounts at night to full machine 
capability during the peak load hours. 

The principal structures of the Robert 
Moses-St. Lawrence Power Project are in the 
former International Rapids Section creating 
the power pool known as Lake St. Lawrence, 
and providing the channel by which ocean 
vessels enter the Great Lakes System. In ad
dition, these structures regulate Lake Ontario 
levels and outflows. Since April 1960, water 
releases through the St. Lawrence Project 
have been prescribed by a plan or regulation 
designed by the IJC to meet the requirements 
of upstream and downstream riparian and 
navigation interests and the power entities. 
Operations prescribed by the plan of regula
tion are continuously monitored by the Inter
national St. Lawrence River Board of Control 
to insure compliance with the objectives of 
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TABLE 10-6 Hydroelectric Plants in Service as of December 31, 1970 (10 megawatts and over) 

Plant Name 

Fond du Lac 
Thomson 

Victoria 

Big Quinnesec Falls 
Peavy Falls 

Hardy 
Hodenpyl 
Tippy, C, W. 

St. Marys Falls 
Sault Sfe. Marie 

Lewiston Reservoir* 
Moses,Robert-Niagara 
Station No. 5 

Bennetts Bridge 

Blake 
Brown Falls 
Colton' 
Deferiet 
Five Falls 

Moses,Robert-St.Lawrence 
Rainbow 
Soft Maple 
South Colton 
Stark 

Owner 

MIPL 
MIPL 

UPPP 

WIMP 
WIMP 

COPR 
COPR 
COPR 

USAR 
EDSE 

POAS 
POAS 
ROGE 

NIMP 

NIMP 
NIMP 
NIMP 
NIMP 
NIMP 

POAS 
NIMP 
NIMP 
NIMP 
NIMP 

Subtotal 

Mi.scellaneous (under 10 megawatts) 

TOTAL GLB 
*Pumped Storage 
Ownership Code 
COPR Consumers Power Co. 
EDSE Edison Sault Electric Co. 
MIPL Minnesota Power & Light Co. 
NIMP Niagara Mohawk Power Corp. 
POAS Power Authority of the State 

River 
Installed Basin 
Capacity 

(MW) 

12,0 
67 .4 

12.0 

19.5 
15.0 

30,0 
18.0 
20.0 

18.4 
41.3 

240.0 
1,950.0 

38.3 

Group State 

1.1 Minn. 
1.1 Minn. 

1.2 Mich. 

2.1 Mich. 
2.1 Mich. 

2.4 Mich. 
2.4 Mich. 
2.4 Mich. 

3.1 Mich. 
3.1 .Mich. 

5.1 N.Y, 
5.1 N.Y. 
5.1 N.Y. 

River 

St.Louis 
St.Louis 

W.Br.Ontonagon 

Menominee 
Michigamme 

Muskegon 
Manistee 
Manistee 

St. Marys 
St. Marys 

Niagara 
Niagara 
Genesee 

26.8 - '5.2 Salmon 

14.4 
15.0 
30.0 
10.8 
22.5 

912.0 
22.5 
15.0 
19.4 
22.5 

3,592.8 

474.2 

4,067.0 

of New York 

5.3 N,Y. 
5.3 N.Y. 
5.3 N.Y. 
5,3 N.Y, 
5.3 N.Y. 

5,3 N,Y. 
5.3 ,N,Y. 
5.3 N,Y, 
5.3 N,Y. 
5.3 N,Y. 

Raquette 
!,Br.Oswegatchie 
Raquette 
Black 
Raquette 

St . Lawrence 
Raquette 
Beaver 
Raquette 
Raquette 

ROGE 
UPPP 
USAR 
WIMP 

Rochester Gas & Electric Corp.• 
Upper Peninsula Power Co. 
U.S. Army 
Wisconsin Michigan Power Co. 
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regulation established by the IJC. The Robert • 
Moses-Robert H. Saunders Power Dam ex
tends 3,300 feet across the river from Barn
hart Island in New York to Cornwall, Ontario 
and contains 32 turbine generator units, 16 
on each side of the international boundary. 
The Robert Moses and Robert H. Saunders 
Plants each have a rated installed capacity of 
912,000 kW. 

The first year during which .POAS was able 
to fully and efficiently utilize all of the United 
States' share of the waters of the Niagara and 
St. Lawrence Rivers was in 1963. Power was 
first generated at· the St. Lawrence plant in 
1958 and at Niagara early in 1961. Although 
the St. Lawrence installation was first oper
ated at near capacity during the summer of 
1959, advantages resulting from the intercon
nection and joint operation of the two plants 
were not fully realized until the Niagara facil
ity and the transmission tieline were almost 
completed. 

Periods of low levels on the Great Lakes can 
result in a reduced energy production at the 
Niagara and St. Lawrence plants. Low water 
supplies in 1963 resulted in a reduction of 
energy production at Niagara from a normal . 
13 billion kWh to a total ofl0.8 billion kWh and 
reduction at the St. Lawrence plant from a 
normal 6.5 billion kWh to 5.6 billion kWh. The 
flow of water in 1963 was the third lowest since 
records of flow were established in 1860. 

Because it is a public agency, POAS has a 
substantial preferential customer load. In 
addition, residential customers of private 
utilities in New York, who are within economi
cal transmission distance of the POAS proj
ects, share in the benefits of this low-cost 
power. The legislation and Federal Power 
Commission licenses, which authorize the 
construction and operation of these plants, 

. provided for the allocation of specified quan
tities of project power to other States. The 
Public Service Board of the State of Vermont 
has contracted for 100 MW and 50 MW from 
the St. Lawrence and Niagara projects, 
respectively. Allegheny Electric Cooperative, 
Inc., a group of 14 distribution co-ops in 
Pennsylvania, is allocated 100 MW from the 
Niagara Falls project. 

Since completion of POAS's St. Lawrence 
project in 1958 and two Niagara Falls plants in 
1962, the Authority's responsibilties in mat
ters of power supply in New York have been 
enlarged to include nuclear and pumped stor
age within the.limitations set forth in the re
cent legislation conferring this authority. 
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Currently under construction are the James 
A. FitzPatrick nuclear plant (850 MW) on Lake 
Ontario near Oswego and the FPC-licensed 
Blenheim-Gilboa 1,000 MW pumped-storage 
project southwest of Albany in the Hudson 
River Basin outside the Power Region. As the 
needs of New York dictate, POAS will continue 
to develop other potential pumped storage 
sites and expand the State's nuclear capabil
ity. However, unlike the out-of-State alloca
tions written into the licenses of POAS's first 
two projects because of their international 
character, power from any of its future de
velopments is reserved for the people of New 
York. 

Additional descriptions of the existing hy
droelectric projects are included in Appendix 
11, Levels and Flows. 

3.2 Federal Licensing of Hydroelt!ctric 
Projects 

The FPC's licensing authority for hydro
electric plants dates back to the· Federal 
Water Power Act of 1920, which is now Part I of 
the Federal Power Act. Part I empowers the 
FPGto issue licenses for periods not exceeding 
50 years to citizens, corporations, States, and 
municipalities authorizing the construction, 
operation, and maintenance of water power 
projects on navigable waterways, on streams, 
or on public lands or reservations of the 
United States. If any of these projects affects 
interstate commerce, Congress has jurisdic
tion. The Commission may also issue licenses 
to non-Federal interests for the purpose of 
utilizing surplus water or water power from a 
government dam. An important provision of 
the Federal Power Act is the requirement that 
any project, before it is licensed, must, in the 
judgment of the Commission, be best adapted 
to a comprehensive plan for the development 
and utilization of the water. resources of the 
river basin. 

When applications for licenses or license 
amendments are received, the Commission 
requests comments on the proposals from 
Federal, State, and local agencies with specific 
interests and responsibilities for resource de
velopment and conservation. The Commission 
evaluates each proposed project for safety, 
adequacy, economic feasibility, and adaptabil
ity to a comprehensive plan of development. 
Hearings are held, either upon request or 
upon the Commission's own motion, to con
sider all relevant factors involved in the 
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licensing action. Pursuant to existing sta
tutes, the orders' and actions of the Commis-
sion may be appealed to the courts. 

Licenses issued by the Commission impose a 
number of standard requirements relative to 
the construction and operation of projects. 
These requirements are intended to assure 
optimum development of project sites and 
conservation of resources. Normally, each 
license' also contains special conditions applic
able to the particular project. Applicants must 
submit plans for Commission approval show
ing the planned use of project facilities for 
recreational uses and for the protection and 
enhancement of fish and wildlife resources af
fected by the project. 

The planning, construction, and operation 
of hydroelectric projects are increasingly af
fected by other water uses and needs. There is 
an increasing demand for water resource de
velopments to provide municipal and indust
rial water supply, water quality control, and 
water-based recreation, in addition to the 
need for power, flood control, navigation, and 
irrigation. These demands make it essential 
that water resources projects be undertaken 
as parts of long-range comprehensive plans of 
development. Thus, an important consider
ation in--planning water resources projects 
which may include hydroelectric power is the 
coordination of the needs and demands of all 
appropriate water uses. 

,As of January 1, 1970, there were 110 utility 
hydroelectric plants containing 3,838,810 kW 
of capacity under Federal Power Commission 
licenses or licensds applied for in the Great 
Lakes Basin. In addition there is currently 
under construction near Ludington, Michi
gan, a pumped-storage development of 
maximum capacity of 1,872,000 kW which is 
scheduled to be completed during 1973. These 
plants are listed in Table 10-7. 

3.3 Recapture or Relicensing of Hydroelectric 
Power Projects 

In addition to the original licensing of non
Federal water power projects located on lands 
or waterways subject to Federal jurisdiction, 
the Commission is charged with the responsi
bility ofreexamining these projects at the end 
of their license period. 

If, after a comprehensive review of the proj
ect, the Commission determines that it should 
be relicensed, it will so order. However, any 
Federal department or agency that recom
mends takeover may file a motion requesting 

I 
I 

a stay of the license order. Upori filing such a 
motion, the license order automatically will be 
stayed for two years from the date of issuance 
to permit presentation of the case-to Congress. 
If by the expiration of the two-year stay the 
Congress has not acted, the new license will 
become effective. 

If the Commission, after notice and oppor
tunity for hearing, concludes upon de
partmental recommendation, the proposal of 
any party, or its own motion, that a project 
should be taken over by the United States, it 
will forward its findings and recom
mendations to Congress. A determination of 
takeover of a project would ultimately be 
made by Congress through enactment of ap
propriate legislation. 

Also, when the licensee does not wish to con
tinue power operations and the Commission 
judges that conversion of the project to a non
power use will best serve comprehensive de
velopment of the affected lands and water
ways, the FPC is authorized to issue a license 
for that purpose. The non power license will be 
temporary and will continue only until a 
State, municipal, interstate, or another Fed
eral agency assumes regulatory supervision 
of the lands and facilities included in the non
power license. This will assure that there will 
be no gap in regulatory supervision. 

In examining a project for relicensing, a full 
exploration of all factors bearing on com
prehensive development is made. Among 
those factors are multiple use of projects, hy
draulic and electric coordination of the project 
with other projects and systems, water qua!-_ 
ity control, recreational development, fish and 
wildlife conservation, development of aesthe
tic values, and preservation of historical prop
erties and archeological sites. 

Each year the Commission publishes in its 
annual report and in the Federal Register a 
table of licenses expiring within five years fol
lowing their publication. There are presently 
four hydroelectric developments in the Great 
Lakes Basin covered by licenses that will 
expire before 1976. These developments, with 
a total installation of 30,144 kW, are included 
in Table 10-7. 

3.4 Potential Cor.ventional Hydroelectric 
Power 

The Federal Power Commission staff main
tains an inventory of undeveloped hydroelec
tric sites, based principally on river basin sur
veys and project investigations. The river 
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TABLE 10-7 Utility Hydroelectric Generating Plants in the Great Lakes Basin Licensed by or 
Having Applications Pending before the Federal Po,yer Commission as of _January 1, 1970 

- EXISTING -

River Date of 
L.P. Basin Plant Installed License 
No. State River Grou2 Name Ca2acit? Licensee Ex]!iration 

(kilowatts) 

2360 HiD?• ··st.Louis 1.1 Fond du Lac 12,000 Hinn.Pwr,& Lt.Co. Appd. For 
St.Louis 1.1 Thomson 67,350 Hinn.Pwr.& Lt.Co. Appd. For 
St.Louis 1.1 Scal11on 1,600 Hinn.Pwr.& Lt.Co. Appd. For 
St.Louis 1.1 Knife Falls 2,400 Hinn.Pwr.& Lt.Co. Appd. For 

2444 Wis. White 1.1 White River 1,000 L .Sup.Dis .Pwr .co. 12/31/93 
2564 Wis. Iron River 1.l Orienta .Falls 800 .L.Sup,Dis.Pwr.Co. 12/31/93 
2587 Wis. Montreal 1.1 Superior Falls 1,800 L.Sup.Dis.Pwr.Co. 12/31/93 
2610 Mich. Montreal 1.1 Saxon Falls 1,250 L,Sup .Dis .Pwr .Co. 12/31/89 

Subtotal 88,200 

2382 Mich. W.Br.Onto-
nagon 1.2 Victoria ·12,000 Upper Pen.Pwr.Co. Appd. For 

2402 Mich. Sturgeon 1.2 Prickett 2,200 Upper Pen.Pwr.Co. 12/31/93 

\j 
2589 Mich. Dead 1.2 Development No.l 1,000 City of Marquette Appd. For 

Dead 1.2 Development No.2 3,200 City of Marquette Appd. For 
Dead 1.2 Development No.3 700 City of Marquette Appd. For 

Subtotal 19·,100 l 

I 
710 Wis. Wolf 2.1 Shawano 700 Wis.Pwr.& Lt.Co .. 7/19/77 

!· 1510 Wis. Fox 2.1 Kaukauna 4,800 Kaukauna El.& Wtr. 
Dept&. 3/31 /89 

1759 Mich. Menominee 2.1 Twin Falls 6,144 Wis .Hich.Pwr .Co. 6/30/70 • 
Michigamme 2.1 Peavy Falls 15,000 Wis.Hich.Pwr.Co. 6/30/70 
Michigamme 2.1 Ways Dam 1,800 Wis.Mich .Pwr .Co. 6/30/70 

1980 Mich. Menominee 2.1 Big -Quinnesec 16,000 Wis.Hich.Pwr.Co. 2/28/98 
Menominee 2.1 Quinnesec Falls 3,530 Wis.Hich.Pwr .Co. C 2/28/98 

1981 Wis. Oconto 2.1 Stiles 1,000 Oconto Blee.Coop. 2/29/2000 
2072 Mich. Paint 2.1 Lower Paint 100 Wis .Mich. Pwr .Co. 12/31/2001 
2073 Mich. Michigamme 2.1 Hichiganae Falls 9,600 Wis .Hich.Pwr .Co. 10/31/2001 
2074 Mich. Michigamme 2.1 Hemlock Falls 2,800 Wis .Mich. Pwr .co. 10/31/2001 
2131 Mich. Menominee 2.1 Kingsford. 7,200 Wis.Mich .Pwr .Co. 6/30/74 
2357 Hieb. Menominee 2.1 White Rapids 8,000 Wis.Mich. Pwr.Co. 12/31/93 
2394 Mich. Menominee 2.1 Chalk Hill 7,800 Wis.Hich.Pwr.Co. 6/30/93 
2431 Wis. Brule 2.1 Brule Island 5,335 Wis .Hich.Pwr.Co. 12/31/93 
2433 Mich. Menominee 2.1 Grand Rapids 7,020 Wis.Pub.Ser.Corp. 12/31/93 
2464 Wis. Red 2.1 Weed Dam 630 Gresham Wtr. & 

El.Pl t. 6/30/2015 
2471 Mich. Sturgeon 2.1 Sturgeon River. 800 Wis .Mich .Pwr .Co. 12/31/93 
2484 Wis. Red 2.1 Gresham 275 Gresham Wtr. & 

El.Plt. Appd. For 
2486 Wis., Pine 2.1 Pine River 3,600 Wis.Mich.Pwr ,Co. 12/31/93 
2522 Wis. Peshtigo 2.1 Johnson Falls 3,520 Wis.Pub.Ser.Corp. 12/31/93 
2523 Wis. Oconto 2.1 Oconto Falls 1,320 Wis .Mich. Pwr .Co. 12/31 /93 
2525 Wis. Peshtigo·,. 2.1 Caldron Falls 6,400 Wis.Pub.Ser.Corp. 12/31/93 
2546 Wis. Peshtigo 2.1 Sandstone Rapids 3,840 Wis.Pub.Ser.Corp. 12/31/93 
2550 Wis. Waupaca 2.1 Weyauwega 400 Wis .Mich .Pwr .co. 12/31/93 
2560 Wis. Peshtigo 2.1 Potato Rapids 1,380 Wis.Pub.Ser.Corp. 12/31/93 
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TABLE 10-7(continued)- Utility Hydroelectric Generating Plants in the Great Lakes Basin 
Licensed by or Having Applications Pending before the Federal Power Commission as of January 1, 
1970 

L,P, 
No. State 

2581 Wis, 
2588 Wis. 

2595 Wis. 
2677 Wis, 

401 Mich. 
785 Mich. 

2551 Mich, 
2566 Mich. 
2579 Ind, 
2651 Ind, 

2451 Mich, 
2452 Mich, 
2468 Mich. 
2580 Mich, 
2599 Mich. 

2404 Mich, 
Mich. 
Mich. 

2419 Mich. 
2436 Mich. 
24.47 Mich. 
2448 Mich, 
2449 Mich, 
2450 Mich. 
2453 Mich, 

2216 N.Y. 

2424 N;Y, 

2582 N.Y, 
2583 N,Y. 
2584 N.Y, 

- EXISTING -

River-

Peshtigo 
Fox 

Peshtigo 
Fox 

Fox 

St.,Joseph 
Kalamazoo 
St.Joseph 
Grand 
St.Joseph 
St.Joseph 

River 
Basin 
Group 

2.1 
2.1 

2.1 
2.1 

2.1 

2.3 
2,3 
2.3 
2,3 
2,3 
2.3 

Plant 
Name 

Peshtigo 
Little Chute 

High Falls 
Badger 

Croche 

Subtotal 

Mottville 
Calkins Bridge 
Buchanan 
Webber 
Twin Branch 
Elkhart 

Subtotal 

Muskegon 
Muskegon 
Muskegon 
Manistee 
Manistee 

2.4 Rogers 
2.4 Hardy 
2.4 Croton 
2.4 C.W.Tippy 
2.4 Hodenpyl 

Thunder Bay 3.1 
Thunder Bay 3,1 
Thunder Bay 3,1 
Thunder Bay 3.1 
Au Sable 3.1 
Au Sable 3.1 
Au Sable 3,1 
Au Sable 3,1 
Au Sable 3.1 
Au Sable 3.1 

Subtotal 

Four Mile Dam 
Ninth Street 
Norway Point 
Hillman 
Foote 
Alcona 
Mio 
Loud 
Cooke 
Five Channel a 

Subtotal 

Installed 
Capacity 

(kilowatts) 
Licensee 

Date of 
License 

Expiration 

584 Wis.Pub.Ser.Corp. 12/31/93 
3,300 Kaukauna El.& Wtr. 

Depts. 
7,000 Wis.Pub.Ser.Corp. 
5,600 Kaukauna El.& Wt-r. 

Appd. For 
Appd. For 

Depts. Appd. For 
2,400 Kaukauna El.& Wtr. 

137,878 

1,680 
2,550 
4,104 
3,250 
7,260 
3,440 

22,284 

Depts. 

Mich.Pwr .Co. 
Consumers Pwr.Co. 
Ind.& Mich.El.Co. 

,'Consumers ,Pwr.Co. 
Ind,& Mich.El.Co. 
Ind.& Mich.El.Co. 

6 1 000 Consumers Pwr.Co. 
30,000 Consumers Pwr.Co. 

8 1 849 Consumers Pwr.Co. 
20,000 Consumers Pwr.Co. 
18 1000 Consumers Pwr.Co. 
82,849 

1,800 Alpena Pwr.Co. 
1,050 Alpena Pwr,Co, 
4,000 Alpena Pwr.Co, 

250 Alpena Pwr.Co, 
9,000 Consumers Pwr.Co. 
8 1 000 Consumers Pwr.Co. 
5,000 Consumers Pwr.Co. 
4,000 Consumers Pwr.Co. 
9 1 000 Consumers Pwr.Co. 
6 1000 Consumers Pwr.Co. 

48,100 

Appd. For 

2/24/76 
4/10/80 

Appd. For 
Appd. For 

- Appd--. For 
Appd, For 

12/31/93 
12/31/93 
12/31/93 
Appd. For 
Appd. For 

12/31/93 
12 /31 /93_ 
12/31/93 
12/31 /93 
12/31/93 
12/31/93 
Appd. For 
12/31/93 
12/31/93 
12/31/93 

Niagara 
Niagara 

5,1 Lewiston Reservoir*240,000 Pwr.Auth.St.N.Y. 
5.1 Robert Moses-

8/31/2007 

8/31/2007 
Barge Canal 5 .1 

I. 
Genesee 
Genesee 
Genesee 

5.1 
5.1 

! 5.1 

Niagara 
Hydraulic llace 

Station No.2 
Station No.5 
Station No.26 

1,.950,000 
4,687 

6,500 
38,250 
3,000 

Pwr.Auth.St.N.Y. 
Niagara Mohawk 

Pwr.Corp. 
"Rochester G&E Corp. 
~Rochester G&E Corp. 
Rochester G&E ·Corp. 

6/30/91 
12/31 /93 
12/31/93 
12/31/93 
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TABLE 10-7(continued) Utility Hydroelectric Generating Plants in the Great Lakes Basin 
Lic.ensed by or Having Applications Pending before the Federal Power Commission as of January 1, 
1970 

L.P. 
No. State 

2596 N.Y. 
2667 N.Y. 

2438 N.Y. 

2474 N.Y. 

2000 N.Y. 

2084 N.Y. 

I 

2320 N.Y. 

2330 N.Y. 

- EXISTING -

River 

River 
Basin 
Group 

Plant 
Name 

Genesee 5.1 Station No.160 
Oak Orchard 5.1 Glenwood 

Creek 
_Oak Orchard 5. l Waterport 

Creek 

Seneca 5.2 
Seneca CanalS.2 
Oswego 5.2 

Oswego 5.2 

Oswego 5.2 

Oswego 5.2 

St.Lawrence 5.3 

Raquette 5.3 

Raquette 5.3 

Raquette 5.3 

Raquette 5.3 

Raquette 5.3 

Raquette 5.3 

_Raquette 5.3 

Raquette 5.3 

Raquette 5.3 

Raquette 5.3 

R.aquette 5.3 

R.aquette 5.3 

Raquette 5.3 

Subtotal 

Seneca Falla 
Waterloo 
Fulton 

Granby l & 2 

Minetto 

Varick 

Subtotal 

Robert Moses
St .Lawrence 

Blake Falls 

Five Falls 

Rainbow Falls 

Sou~h Colton 

Stark 

Colton 

Hannawa 

Higley 

Sugar Island 

Norfolk 

East Norfolk 

Norwood 

Raymondville 

Installed 
Capacity 

(kilowatts) 
Licensee 

Date of 
License 

Expiration 

340 Rocheste·r G&E .Corp. Appd. For 
1,500 Niagara Mohawk 

Pwr.Corp. Appd. For 
4,650 Niagara Mohawk 

2,248,927 

8,000 
1,920 
1,250 

3,722 

8,000 

8,800 

31,692 

Pwr .Corp. Appd. For 

NY St.E&G Corp. 
NY St.E&G Corp. 
Niagara Mohawk 

Pwr.Corp. 
Niagara Mohawk 

Pwr.Corp. 
Niagara Mohawk 

Pwr .Corp. 
Niagara Mohawk 

Pwr.Corp. 

12/31/93 
12/31/93 

12/31/87 

12/31/87 

12/31/87 

12/31/87 

912,000 Pwr.Auth.St.N.Y. / 10/31/2003 
14,400 Niagara Mohawk 

Pwr.Corp. 1/31/2002 
22 1 500 Niagara Mohawk 

Pwr.Corp. 1/31/2002 
22 1 500 Niagara Mohawk 

Pwr.Corp. 1/31/2002 
19,350 Niagara Mohawk 

Pwr.Corp. 1/31/2002 
22,500 Niagara Mohawk 

Pwr.Corp. 1/31/2002 
29 1 520 Niagara Mohawk 

Pwr.Corp. 12/31/93 
7,200 Niagara Mohawk 

Pwr.Corp. 12/31/93 
4,480 Niagara Mohawk 

Pwr.Corp. 12/31/93 
4,800 Niagara Mohawk 

Pwr.Corp. 12/31/93 
4,500 Niagara Mohawk 

Pwr.Corp. 12/31/93 
3,000 Niagara Mohawk 

Pwr.Corp. 12/31/93 
2,000 Niagara Mohawk 

Pwr.Corp. 12/31/93 
2,000 Niagara Mohawk 

Pwr.Corp. 12/31/93 
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TABLE 10-7(continued) Utility Hydroelectric Generating Plants in the Great Lakes Basin 
Licensed by or Having Applications Pending before the. Federal Power Commission as of January 1, 
1970 

L.P. 
No. State 

2442 N.Y. 
2538 N,Y. 
2569 N.Y. 

2664 N,Y. 

2695 N. Y. 

River 

Black 
Black 
Black 

Black 

Black 

Black 

Black 

Beaver 

Beaver 

Beaver 

Beaver 

Beaver 

Beaver 

Beaver 

Beaver 

Black 

River 
Basin 
Group 

5.3 
5.3 
5.3 

5.3 

5.3 

5.3 

5.3 

5.3 

5.J 

_5. 3 

5.3 

5.3 

5.3 

5.3 

5.3 

5.3 

• EXISTING • 

Plant Installed 
Name Capacity 

(kilowatts) 

Watertown 5,400 
Beebee. Island 8,000 
Black River 6,000 

Deferiet 10,800 

Herrings 5,400 

Kamargo 5,400 

Sewalla Island 2,000 

Belfort 1,800 

Eagle 6,050 

Effley 2, 9.60 

Ell'ller 1,500 

Moshier 8,000 

Soft Maple 15,000 

Taylorville 4,500 

High Falla 4,800 

Dexter 1,420 

Subtotal 1,159,780 

Total GLB 3,838,810 

• UNDER CONSTRUCTION -

Date of 
License 

Licensee Expiration 

Watertown Mu.E.Dept.12/31/93 
Beebee Island Corp. 12/31/93 
Niagara Mohawk 

Pwr.Corp, Appd. For 
Niagara Mohawk 

Pwr.Corp, Appd. For 
Niagara Mohawk 

Pwr,Corp. Appd. For 
Niagara Mohawk 

Pwr.Corp, Appd. For 
Niagara Mohawk 

Pwr .Cerp. Appd. For 
Niagara Mohawk 

Pwr,Corp. Appd, For 
Niagara Mohawk 

Pwr.Corp. Appd. For 
Niagara Mohawk 

Pwr.Corp. Appd, For 
N~agara Mohawk 

Pwr,Corp, Appd. For 
Niagara Mohawk 

Pwr .Corp. Appd. For 
Niagara Mohawk 

Pwr .Corp. Appd. For 
Niag&ra Mohawk 

·Pwr .Corp. Appd. For 
Niagara Mohawk 

Pwr._Corp. Appd. For 
Dexter Hydro-E. 

Corp, Appd. For 

2680 Mich. 2.4 Ludington* 1,872,000 1 Con&umeis Pwr.Co.& 

* Pumped Storage" 
1 Nominally iated at 1,620,000 kW 

Detroit Edison Co. 6/30/2019 

r-



' basin studies encompass those by Federal • 
agencies, various Federal-State, entities 
operating under the aegis of the Water Re
sources Council, and others, including water 
resources appraisal studies undertaken by the 
Commission staff. Project investigations in
clude those by Federal and State agencies, 
electric utilities, and others, including studies 
submitted with applications for licenses and 
preliminarys})ermits. 

The estimates of undeveloped water power 
include projects for which studies have indi
cated both engineering and economic feasibil
ity, and projects at sites where physical condi
tions indicate engineering feasibility, but for 
which detailed studies of economic feasibility 
have not been made. The estimates are sub
ject to revision either by inCrease or decrease 
as additional information concerning 

• streamflow, reservoir sites, costs, and other 
pertinent factors becomes available. Taken as 
a whole, the estimates serve to indicate from a 
Jong-range view the overall conventional 
water power potential of the United States 
available for possible future development. 

Economic and other factors may preclude 
the development of many of these potential 
hydroelectric sites in the Great Lakes Basin. 
Detailed analyses of projects at sites having 
relatively small power potentials frequently 
result in adverse findings of economic justifi
cation. Also, in many cases, highways, indust
rial plants, and other facilities have been con
structed in areas that would be needed for 
reservoirs of potential projects. The cost of 
relocating such facilities may be so great that 
it renders development of a potential project 
uneconomical. 

The development of potential hydroelec
tric sites may be prohibited by legislation. An 
example of such legislation is the Wild and 
Scenic Rivers Act, Public Law 90-542. This Act 
declares it is the P"licy of the United States 
that selected rivers of the nation which pos
sess outstanding and remarkable scenic, re
creational, geologic, fish and wildlife, historic, 
cultural, or other similar values shall be pre
served in free-flowing condition and, together 
with their immediate environments, shall be 
protected for the benefit of present and future 
generations. Within the Great Lakes Basin a 
segment of the Wolf River in Wisconsin has 
been designated as part of the national wild 
and scenic rivers system, and portions of the 
Maumee River in Indiana-Ohio and the Au 
Sable, Manistee, and Pere Marquette Rivers 
in Michigan have been proposed. This pro
hibits the Federal Power Commission from 
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licensing the construction of any hydroelec-
.. tric projects on, or affecting, these designated 

segments of the rivers. Based on the foregoing 
considerations Table 10-8 lists, by river basin 
group, the- undeveloped conventional hy
droelectric projects in the Great Lakes Basin. 
A more detailed listing is given in Table 10-
171. For purposes of this analysis, no conven
tional hydroelectric projects are considered 
likely to be developed in the Great Lakes Ba
sin during the study period. 

3.5 Pumped Storage J{ydroelectric Power 

A growing need to meet short-duration peak 
demands has caused an increased interest in 
pumped-storage projects. Although these pro-

TABLE 10-8 Summary of Undeveloped Con• 
ventional Hydroelectric Power 

Average 
Installed Annual 

River Basin GrouE Ca:eacitl Generation 
(kW) (1,000 kWh) 

1.0 Lake Superior 
Sturgeon River Basin 45,900 55,100 
Ontonagon River Basin 15,000 83,000 
Sc, Louis River Basin 10,000 57,000 
Minor River Basins 67,400 354,600 

TOTAL-Lake Superior 138,300 549,700 

2,0 Lake Michigan 
Manistee River Basin 88,100 211,800 
Grand River Basin 6,700 30,000 
Kalamazoo River Basin 0 0 
Sc. Joseph River Basin 7,200 29,400 
Fox River Basin 5,000 12,400 
Menominee River 40,900 175,800 
Minor River Basins 31,200 113,100 

TOTAL-Lake Michigan 179,100 572,500 

3.0 Lake Huron 
Saginaw River Basin 0 0 
Au Sable. River Basin 47,500 128,500 
SC. Marys River Basin 0 0 
Minor River Basins 0 0 

TOTAL-Lake Huron 47,500 128,500 

4,0 Lake Erie 
Cattaraugus Creek Basin 37,000 108,000 
Huron River Basin 0 0 
Minor River Basins 5,000 ~ 

TOTAL-Lake Erie 42,000 116,600 

s.o Lake Ontario 
Black River Basin 110,845 494,000 
Salmon River Basin 3,750 10,000 
Oswego River Basin 11,900 41, 700 
Genesee River Basin 136,860 420,600 
Oak Orchard Creek Basin 0 0 
Niagara River Basin 0 0 
Barge Canal Basin 0 0 
SC, Regis River ·Basin 77,300 198,000 
Raquette River Basin 183,500 258,000 
Grass River Basin 51,800 122,000 
Oswegatchie River Basin 51,120 227,300 

TOTAL-Lake Ontario 627,075 1,771,600 

TOTAL Great Lakes Basin 11033,975 3,138,900 
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jects are limited to cyclical operation, they 
offer the advantage of an emergency or short
term capability at a cost less than that of base 
load type plants. 

The typical pumped-storage development 
consists of an upper and lower reservoir hy
draulically interconnected through a generator 
pump system. Water from the lower reservoir 
is pumped into the upper or storage reservoir. 
It is held in the upper reservoir until system 
loads dictate the need for peaking capacity. 
When needed, the water from the upper reser
voir is released and flows down to the lower 
reservoir through turbine-generator sets. At 
the end of the generating cycle, water re
tained in the lower reservoir is then pumped 
back into the upper reservoir where it is held 
until system requirements again call for peak
ing capacity. 

Pumped-storage developments can be 
thought of as a storage battery, where elec
tricity is held in the form of water potential 
until needed. Like any storage device there 
is a cost associated with its use. In the case of 
pumped storage, it is the cost of pumping the 
water to the upper reservoir. Allowing for the 
losses in the pumping and generation cycles, a 
typical pumped-storage development will re
quire about one and a half kilowatt-hours of 
pumping energy for each kilowatt-hour of gen
eration that it produces. Due to the cyclical na
ture of most electric utility loads, excess base 
load generating capacity is available during 
evening hours and over weekend periods. The 
upper reservoir is generally refilled during 
these periods. 

In the Great Lakes Basin Power Region, 
there is presently one exij;ting pumped
storage development, Lewiston, located in 
River. Basin Group 5.1, and. another, 
Ludington (Figure 10-10), under construction 
in River Basin Group 2.4. These two develop
ments have a total capability of2.1 million kW. 

3.6 Projected Hydroelectric Power Supply 

An appraisal of undeveloped conventional 
and pumped-storage hydroelectric sites which 
might be developed by 1990 was made by the 
FPC staff in updating the National Power 
Survey, In addition to the potential conven
tional hydroelectric sites given in Table 10-8, 
there are numerous potential pumped-storage 
hydroelectric sites within the Great Lakes 
Basin, particularly in the State of New York. 
The ptiority, timing, and amount of pumped
storage development depend upon the re-

quirements and characteristics of'the electric 
load, relative economics, and impact on the 
environment. Utilities in the State of New 
York are coordinated to a high degree through 
the New York Power Pool, and pumped stor
age as a source of peaking and reserve capac
ity figures prominently in expansion prog-
rams of the State's power supply. , 

The Northeast Regional Advisory Commit
tee (NERAC) in its December 1968 Report to 
the Federal Power Commission lists 20 poten
tial sites in New York totaling more than -
14,000 MW. Four of these, totaling 3,500 MW, 
are in the Great Lakes Basin. Not included in 
the NE RAC table is a 2,220 MW potential pro
ject on Lake Ontario (River Basin Group 5.2) 
listed by the Federal Power Commission staff 
in its draft of the chapter on pumped storage 
for the updated National Power Survey. 

Pumped-storage potential in New York is 
substantial. The 240 MW Lewiston Plant at 
Niagara Falls of the Power Authority of the 
State of New York (POAS) is in existence, and 
POAS's 1,000 MW Blenheim-Gilboa project is 
under construction. POAS is also considering 
the development of another potential 1,000 
MW site in the general area of Blenheim
Gilboa. In August 1970 the Federal Power 
Commission again issued a license to Consoli
dated Edison Company of New York, Inc. for 
its proposed 2,000 MW Cornwall project, also 

• outside the Basin. However, environmental 
and other interests continue to oppose the de
velopment, and the matter is before the U.S. 
Court of Appeals for the Second Circuit. As of 
October 1971 no decision has been rendered. 

Because of this, it has been assumed that 
960 MW of pumped storage will be developed in 
River Basin Group 5.1 by 2000, and an addi
tional 1,200 MW in the period after 2000. It is 
also assumed that River Basin Group 5.2 will 
have an installation of 2,100 MW by 2020. 

The West Central and East Central Re
gional Advisory Committees, whose reports 
cover the remainder of the Great Lakes Basin, 
did not list any potential pumped storage sites 
within the Basin. However, the FPC staff es
timates indicate that there are favorable sites 
for an installation of at least 1,400 MW in 
River Basin Group 1.1, and 800 MW in River 
Basin Group 1.2. These projects are not in
cluded in the projected power supply, because 
detailed engineering studies would be re- ~ 
quired to determine their economic feasibility. 
_J'hese studies would more carefully examine 
project construction costs and associated 
transmission costs, evaluate the energy losses 
in pumping and transmission, and compare 



Cutowoy view of pumped storage 
project sh0¥1s how water flows 
through six steer penstocks 
between upper reservo.ir and 
Lake Michigan 

Power station will 
house Si)( units that 
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generating I.s12poo 
kilowatts of ele<:tricity 

LUDINGTON PUMPED-STORAGE 
HYDROELECTRIC PLANT 

Miclligon 

- Ludington '4 mites 

Upper Reservo1r-ospholtic concrete lined /Gantry Crone 
average height of dike-1O3 .feet~ .. ~-..'li!----------f 
surface oreo of pond-1.3 sq. mi. 
27 b(llion gol.l0ns capacity 

6 Steel Tubes each 
1100 feet long 
tapering in diameter 
from 28 to 24 feet 

Upper Reservoir 

Muskegon 50 miles --

Loire Mic11,·9on Overhead View 

FIGURE 10--10 LudingtQn Pumped-Storage Hydroelectric Plant. The 1,872,000 Kilowatt Ludington Pumped-Storage Hydro• 
electric Plant of the Cpnsumers Power and Detroit Edison Companies, located on Lake Michigan, is the largest in the world. 
It began operating in 1973.: 

( 
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the results with the costs of alternative types 
of facilities. Environmental and aesthetic 
considerations would also be taken into ac
count and might be determinative factors in 
the selection of particular projects for con
struction. 

Although these and other projects actually 
may be constructed, this should not alter the 
results of the power study appreciably. The 
projected hydro capacity is used here only to 

determine the thermal supply required and 
the corresponding cooling water require
ments and consumption. Since the thermal 
supply is many times greater than the hydro
electric capacity which may be built, the 
amount of thermal capacity to be constructed 
should not be affected significantly. Similarly, 
the water data will not be affected materially. 
Table 10-9 lists the existing and projected 
hydroelectric supply by river basin group. 

TABLE 10-9 Existing and Projected Hydroelectric Power Supply, 1970 through 2020 

Installed Ca2acit~-MW Generation-lo kWh 
Existi~ Projected Actual Average Annual 

River Basin Group 1970 1980 2000 2020 1970 1980 2000 2020 

Lake Superior 
1.1 West 88 88 88 88 451 429 429 429 
1.2 East 42 42 42 42 174 174 174 174 

Subtotal 130 130 130 130 625 603 603 603 

Lake Michigan 
2.1 NW 150 150 150 150 712 712 712 712 
2.2 SW-Wis. 
2.2 SW-Ill. 
2.2 SW-Ind.& Mich. 
2.3 SE 36 36 36 36 125 138 138 138 
2.4 NE-Lower Mich. 85 1,958 1,958 1,958 268 2,522 2,522 2,522 
2.4 NE-Upper Mich. 2 2 2 2 -2 __ 5 5 5 

Subtotal 273 2,146 2,146 2,146 1,110 3,377 3,377 3,377 

Lake Huron 
3.1 N-Lower Mich. 50 50 50 50 183 175 175 175 
3.1 N-Upper Mich. 60 60 60 60 419 431 431 431 
3.2 Central ....!Q 10 10 ....!Q 36 ..n 23 23 

Subtotal 120 120 120 120 638 629 629 629 
\ 

La'e Erie 
4.1 NW a a a a 

4.2 SW -4.3 Central 
4.4 East - - 2 2 2 2 - - 2 -2 2 Subtotal 2 

Lak~ Ontario 
5.1 West • 2,251 2,251 3,211 4,411 15,584 12,434 14,032 16,028 
5.2 Central 86 86 86 2,186 298 266 266 3,763 
5.3 East 1,207 1,207 1,207 1,207 8,017 7,852 7,852 7,852 

Subtotal 3,544 3,544 4,504 7,804 23,899 20,552 22,150 27,643 

.Total GLB 4,067 5,940 6,900 10,200 • 26,274 25,163 26,761 32,254 

a 
than 1 MW Less 



Section 4 

PROJECTED ELECTRIC POWER REQUIREMENTS AND SUPPLY 

Thermal-electric plants now make up ap
proximately 88 percent of all the electric 
generating capacity in the Great Lakes Basin 
Power Region. That proportion is expected to 
increase to 90 percent by 1980. Predictions of 
the patterns of generation beyond 1980 are 
complicated by several factors. The electric 
power industry is one of the most dynamic in 
the United States, having experienced an an
nual growth rate of approximately seven per
cent for a number of years. The technology of 
electric power generation and supply is chang
ing rapidly, resulting in larger and larger 
units which are made possible by the rapid 
load growth, the increasing reliance on EHV 
transmission, the construction of mine-mouth 
generation, the utilization of unit-type coal 
trains, and the large increase in the number of 
scheduled nuclear-fueled plants. New 
methods of generating power could make the 
conventional heat cycle obsolete by expelling 
the waste heat directly to the atmosphere or 
by using it in a combined steam cycle, thus 
eliminating or reducing the amount of waste 
heat to be dissipated by cooling water. These 
new methods include: MHD, or magneto
hydrodynamics; EGD, or electrogasdynamics; 
thermionic generation; and the fuel cell. How
ever, none of these should be in commercial 
operation before the turn of the century. 

4_1 Projected Power Requirements 

Projections of future power requirements 
through 1990 were completed by Regional Ad
visory Committees appointed to assist the 
Federal Power Commission in updating the 
National Power Survey. The Regional Advis
ory Committees, which are composed of rep
resentatives from all segments of the utility 
industry in their respective regions, relied on 
projections made by the major utilities operat
ing in the region. These estimates were neces
sary to achieve full regional coverage, and the 
individual estimates, and 'totals were re
checked with the industry utilities and were 
ultimately agreed upon. Also, reports are filed 
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annually by Regional Reliability Councils, in 
accordance with FPC Docket R-362, Order 
383-2, Appendix A. These reports include 
power needs and installations for the ensuing 
ten years. Based on the reports of the Reliabil
ity Councils to 1980 and the estimates of the 
Regional Advisory Committees to 1990, pro
jections through 2020 were completed by the 
FPC staff. 

The annual energy requirements were pro
jected to increase from 161 billion kWh in 1970 
to 2193 billion kWh by 2020, an average annual 
compound growth rate of 5.4 percent for the 
fifty-year period. The associated annual peak 
load is projected to grow at an average annual 
compound ra'te of 5.3 percent from 28 million 
kW in 1970 to 365 million kW in 2020. 

4.2 Projected Power Supply 

The generating capacity required to supply 
the projected power requirements of each 
river basin group was also predicated by the 
reports of the FPC Regional Advisory Com
mittees and,Reliability Councils and extended 
by the FPO'staffto the year 2020. The reserve 

_capacity required and the energy produced in 
each river basin group_ were estimated with 
the assumption that the major utilities within 
a power region would completely coordinate 
their construction and operation programs 
after 1980. 

Because cooling requirements of thermal
electric plants vary with different types of 
fuel, estimates were made of the amounts of 
energy to be produced by each type of thermal 
plant. The fossil fuel-nuclear capacity mix was 
developed to supply the increasing proportion 
of nuclear installations. Projections of the in
stalled nuclear capacity in the Great Lakes 
Basin, relative to the total steam capacity, in
creased from approximately seven percent 
currently to 38 percent in 1980, 81 percent in 
2000, and 98 percent in 2020. As nuclear plants 
become feasible in an area, there will be a 
transition period during which there will be a 
mixture of newly added nuclear and fossil 
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plants. After this period, except in special in
stances, all new base load plants will be nuc
lear, and the fossil plants will be phased out at 
the end of their useful life. 

The nuclear power industry has recently 
been beset with problems which have caused 
some to believe that its growth will not be as 
rapid as previously supposed. The amount of 
orders for nuclear plants for the country rose 
from six million kilowatts in 1965 to 26 million 
kilowatts in 1967, but fell to 13 million 
kilowatts in 1968 and essentially to zero in 
1969. However, in 1970 ten million kilowatts, 
35 percent of the total steam capacity ordered, 
was nuclear. As of October 1970, 107 nuclear 
power plants with more than 82 million 
kilowatts were operating, under construction, 
or had at least purchased reactors. 

Current problems besetting the nuclear in
dustry will be overcome, and the long-term 
trend to nuclear plants will prevail. The actual 
proportion which will develop during each 
period will depend on the relative economics of 
nuclear and fossil plants, and an early solution 
to the problem of public acceptance of the new 
technology. The capacity mix which will be 
utilized is considered reasonable, and any 
change should not appreciably alter the esti
mated water requirements for cooling. 

The projected hydroelectric capacity as
sumes that the existing plants, except for 
known retirements, will still be in service at 
the end of the study period. The energy pro
duction used for these plants in the projected 
periods is their average annual generation. 
The projected supply includes conventional 
and pumped-storage hydroel<lctric plants cur
rently scheduled, and some which are tenta
tively considered to have development poten
tial. Although more detailed studies may in
clude additional projects, this should not seri
ously affect our results. The amount of hydro 
capacity projected is used only to determine 
the thermal supply required and the corres
ponding cooling water r·equirements and con
sumption. Table 10-9 in Section 4 lists the 
amount of hydro capacity projected in each 
river basin group. 

A reasonable allowance has been made in 
the projected power supply for thermal 
generating capacity which does not require 
condensing water such as I.C. (internal com
bustion) units and gas turbines. These gener
ally operate in the peak portion of the load at a 
low plant factor. New exotic types such as 
MHD (magnetohydrodynamics) may be de
veloped and will probably be utilized in con
junction with conventional fossil or nuclear 

steam plants as topping units. The main ad
vantage of MHD would be the increased effi
ciency of the generating cycle, which is esti
mated to be approximately 15 percent better 
than that of the Rankine cycle in steam
electric generation. This would result in a 
proportional decrease in the amount of re
quired steam generation. Because MHD does 
not require condensing cooling water, this 
would also result in a corresponding decrease 
in cooling water requirements. Although ex
perimental and engineering investigations 
have been made in MHD·technology, no com
plete steam unit-MHD cycle- has yet been op
erated. Therefore, MHD is not expected to be 
operable by 1980. However, if MHD proves to 
be feasible, it would only affect the power and 
water data in the 2000-2020 period by a 
maximum of 15 percent. 

The generating capacity includes plants 
now located and those expected to be sited on 
Lake Michigan in River Basin Group 2.2 in 
Illinois. These plants will serve the loads of 
that State located out of the hydro logic bound
ary of the Basin. Therefore, the loads of 
River Basin Group 2.2 in Illinois are not in
cluded in the load data. The power which will 
be exported from that area will be counter' 
balanced by firm imports of power projected in 
the eastern part of the Basin. Consequently, 
5. 7 percent of the power generated in the 
Basin is estimated to be exported in 1980, 7.7 
percent in 2000, and 11.1 percent in 2020. 

The majority of the thermal generating 
capacity to be installed in each river basin 
group will be installed near the shorelines of 
the Great Lakes because of the huge amounts 
of water required for the large thermal plants 
of the future. A detailed siting of the plants 
within the basins is not considered practical 
because of the complexities involved. 

Tables 10-16 and 10-17 in the Addendum 
summarize the existing and projected power 
requirements and supply of the Basin. Similar 
data are given in the Addendum for each river 
basin group. The effects of hydroelectric and 
thermal plants on lake levels and flow regula
tions are included in Appendix 11, Levels and 
Flows. 

4.3 Land Requirements 

The large amount of additional power 
facilities needed to satisfy the increasing 
power demands of the Great Lakes Basin will 
require adequate land for -plant sites and 
transmission lines right-of-way. The land re-



quirement for thermal plants varies from ap
proximately 0.09 acres/MW to 0.17 acres/MW, 
depending on the size and type of plant. To 
install the projected steam-generating capac
ity in the Great Lakes by 2020, the amount of 
land required for thermal plants would be 
about 69,000 acres using the larger land re
quirement figure. Assuming the number of 
plant sites required is 150 to 200, and that they 
are all situated on the lakeshore, a maximum 
of approximately 200 miles of shoreline would 
be required out of approximately 4000 miles of 
existing mainland shores.- ' 

Right-of-way width for single circuit trans
mission lines is approximately 125 feet for 
230-kV, 150 feet for 345-kV, 175 feet for 500-
kV, and 200 feet for 765-kV. The corresponding 
acres per linear mile required, respectively, 
are 15, 18, 24 and 27. The total circuit miles of 
transmission lines planned for 1980 will re
quire an additional 76,000 acres of land, and 
those contemplated for years between 1981-
1990 will require another 34,,000 acres. 

The land requirements for power facilities 
must compete with those of other industries, 
housing, and public facilities. Power facilities 
must also overcome opposition from the public 
and communities which have become increas
ingly concerned with the appearance of their 
surroundings. In order to reduce opposition 
transmission lines should be routed so that 
they do not conflict with other land uses and 
public recreation and wilderness areas. 
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To assure adequate land for all the needs of 
the Basin, consideration should be given to 
more efficient land use through joint rights
of-way for several services, and through ex
pansion and redevelopment of existing plant 
sites. Long-range planning programs are re
quired to ascertain the feasibility of specific 
joint use functions and to obtain public sanc
tion. Adequate public notice must also be 
given to allow inclusion of the utilities' plans 
with those of local planning and zoning pro
grams. 

Consideration should also be given to coor
dination of· recreational opportunities with 
the siting of power plants. Coordination ofrec
reational use and cooling facilities already 
exists in some areas. Several utilities outside 
the Basin are using their cooling ponds or 
lakes for such recreational activities as boat
ing, picnicking, camping, fishing, and water
skiing. A private utility, in conjunction with 
TV A, is experimenting on how much increased 
production will resJ!t from catfish living in 
warm condenser di~charges as compared to 
those living in unheated water. In addition, 
the exclusion areas, which comprise a con
siderable part of the land requirements for 
nuclear plants, can be used for hunting, fish
ing, and picnicking under existing Federal 
regulations, and some utilities are building 
visitor centers at nuclear plant sites and en
couraging tourism. 

I 



Section 5 

COOLING WATER REQUIREMENTS FOR STEAM-ELECTRIC 

GENERATION 

5.1 Factors Determining Cooling Water Re
quirements 

The principal demand imposed upon water 
supply by steam-electric generating plants is 
for condenser cooling purposes. Water intro
duced into the boiler is converted to steam to 
drive the turbogenerator unit. Steam leaving 
the turbine at less than atmospheric pressure 
is passed through the condenser where it is 
cooled and condensed back into water. The 
condensate is pumped back into the boiler in a 
closed circuit system. Thus, the only consump
tive use in the boiler generator circuit is the 
fee<lw-ater make-up required to replace water 
losses. Losses in this circuit are quite small. 
The requirement for a 1000 MW plant operat
ing at full load is estimated to be only 0.5 cu hie 
feet per second. The major 'use at a steam
electric plant is the large • separate flow 
through the condensers required to carry 
away the waste heat of condensation. Essen
tially, no water is used consumptively in the 
condensers, but losses do occur when con
denser flows are returned to the source bodies 
of water at higher temperatures or passed 
through cooling towers or ponds. 

Withdrawals of water for cooling at steam
electric plants currently constitute the 
largest nonagricultural diversion of water. 
Either fresh or saline water can be used for 
this purpose and, in some cases, sewage 
effluents are used. The amount of water re
quired depends upon the type of plant, its effi
ciency, and the temperature rise within the 
condenser. The temperature rise of cooling 
water in the condenser is usually in the range 
of lOOF. to 20'F. Currently, a large nuclear 
steam-electric plant requires approximately 
50 percent more condenser water for a given 
temperature rise than a fossil-fueled plant of 
equal size. After 1980, this added requirement 
is expected to decrease substantially. Such 
higher requirements result from the lower 
throttle steam temperatures and the resul
tant lower operating efficiencies of nuclear 

plants. Firm planning for future generating 
. capacity is not completed until four to seven 

years before such capacity becomes neces
sary. Accordingly, estimates of cooling water 
use in the years 2000 and 2020 can only be a 
rough guide which will be reviewed periodi
cally as new situations develop. Projections of 
future water requirements for steam-electric 
plants have been made on this basis. However, 
there are alternatives to the demand for cool
ing water of good quality. For example, in the 
event that water is in short supply due to 
either scarcity or requirements of higher 
priority uses, the need for large quantities of 
flow-through cooling water can be almost en
tirely eliminated by the use of radiator-type 
closed circuit cooling towers. However, the 
costs are higher. 

In addition to engineering considerations, 
power plant sitings must be responsive to the 
increased public concern for the quality of our 
environment. An electric power plant and as-

' sociated transmission lin.~il may affect fish 
and wildlife, aesthetics, and recreational val
ues if poorly planned. On the other hand, the 
same plant in the right location, and properly 
designed as part of a comprehensive plan, will 
be an important asset to an area. A further 
discussion of this problem is in Section 6, En
vironmental Considerations. 
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Steam-electric . plants, whether nuclear
fueled or fossil-fueled, operate on the 
thermodynamic process known as the Ran
kine cycle which limits the maximum theoret
ical thermal efficiency to approximately 60 
percent. The best actual overall plant effi
ciency todayJs approximately 40 percent, in
cluding all thermal, mechanical, and electrical 
losses. This means that for each kilowatt-hour 
being produced by a plant with this efficiency, 
it-is necessary to burn a fuel equivalent of8530 
Btu, or slightly less than one pound of average 
grade coal. Of this, 3413 Btu, the heat equiva
lent of one kilowatt-hour, is converted to elec
trical output and the remainder is lost. Plants 
having lower efficiencies require greater 

\ 
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gross Btu inputs to produce the same 3413 Btu 
per kWh of generation. Consequently, more 
waste heat is discharged to the condensers of 
these plants. It is apparent then that waste 
heat discharged to the condenser is inversely 
related to the efficiency of the plant. 

All waste heat from steam-electric plants 
must eventually be discharged into the 
atmosphere. This can be accomplished in 
several ways. It may be transferred directly 
to the air or it may be transferred to water as 
an intermediate step and then to the air. Be
cause of costs and engineering difficulties as
sociated with the direct transfer process, 
nearly all the existing steam-electric plants in 
the United States use cooling water as an in
termediate transfer agent. 

The process of moving the waste heat from 
the steam-generation cycle to the water is ac
complished by heat transfer through a steam 
condensing unit. In this process cooling water 
is passed through the condenser tubing. The 
expanded steam leaving the turbine is passed 
over the outside of the tubing and the waste 
heat remaining in the steam is transferred 
through the tubing to the cooling water which 
in turn carries it away. 

5-2 Method of Determining Cooling Water Re
quirements 

For a given rate of heat removal, the tem
perature rise in the cooling water is inversely 
proportional to the amount of water circulated 
through the condenser. The size of the con
denser and the amount of water circulated can 
be varied substantially. The usual design is for 
a temperature rise through the condenser in 
the range of 10° to 20°F., with an average of 
approximately 15°F. For purposes of analysis, 
the method used in this report for determining 
cooling water requirement of a steam-electric 
generating station is illustrated by the sample 
calculation in Table 10-10. 

For an average rise in cooling water temp
erature of 15°F. which is used throughout this 
study, the unit cooling water requirement is: 

kWf~ = (O.~~~~i~:F) = (0.000120) 

or 120 acre-feet for every million kiiowatt
hours generated. 

Nuclear plants (using current design stan
dards) have a lower thermal efficiency than 
fossil plants, approximately 32 percent, or a 
heat rate of 10,750 Btu/kWh. Using this in the 
example above, and noting that there is no 

significant heat loss directly to the atmos
phere in nuclear plants, the unit cooling water 
requirement is 180 acre-feet per million kWh 
of electric generation. With continuing prog
ress in design efficiencies it is expected that 
this requirement will decrease to approxi
mately 105 acre-feet per million kWh by the 
year 2020. 

5.3 Method of Determining Cooling Water 
Consumptive Use 

The heat added to the water as it flows 
through the condenser may be dissipated to 
the atmosphere in several ways. In a flow
through system, the cooling water is returned 
to a body of either natural or artificial water, 
and the dissipation of heat is accomplished by 
evaporation, radiation, and conduction. If the 
heat is dissipated in a wet-type cooling tower, 
it is accomplished principally by the evapora
tion of water. In a dry-type cooling tower, the 
heat dissipation is almost entirely by conduc
tion and convection. The water withdrawal 
requirement varies widely between these sys
tems. The cooling water must be constantly 
replaced in the flow-through system, and par
tially replaced during each cycle in supple
mental systems such as wet-type cooling tow
ers or cooling ponds. There is virtually no 
replacement required in the dry-type cooling 
tower system. 

5.3.1 Flow-Through Cooling 

Where adequate supplies of water are avail
able, and such use does not violate applicable 
water quality standards, the flow-through 
cooling system is usually adopted because it is 
the most economical method of cooling. 

The primary consumptive use of cooling 
water is the amount of evaporation caused by 
the increase in water temperature as it passes 
through the plant's condensing unit. For pur
poses of this study it is estimated that, under 
average conditions, approximately 54 percent 
of the cooling in a surface discharge flow
through system is the result of this forced 
evaporation. However,. this would be some
what les_s for submerged type discharges be
cause of resulting lower water surface tem
peratures. Based on a heat discharge of 4,900 
Btu per kWh and 54 percent evaporation, ap
proximately 2,645 Btu per kWh would be dissi-
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TABLE 10-10 Sample Calculation-Cooling Water Requirement 

Operating Conditions: 
Assumed over-all plant efficiency 
Assumed generator efficiency 
Heat equivalent of one kWh 
Fuel energy required (net plant heat rate) 

2 Heat los.s from boiler furnace (10% stack loss) 
Energy delivered to turbine from steam 

Generator output (3413 Btu+ 7% plant use) 
Heat loss from generator3 

Energy removed in c.ondenser (Energy delivered to 
turbine minus generator output) 

Cooling Water Required: 

(Energy removed in condenser) 

36% 
97.5% 

3413 Btu 
9500 Btu/kWh 

950 Btu/kWh 
8550 Btu/kWh 

3650 Btu/kWh 
.,94 Btu/kWh 

4900 Btu/kWh 

,,Acre-ft/kWh = --------------~-------
(Heat Absorption Rate of Water) 4 x (temp. rise in 

cooling water) 

(4900 Btu/kWh) 
= 

0 0 (2,718,144 Btu/ac-ft/ F temp. change) x ( F temp. 
change in cooling water) 

(.001803°F) 
= 

0 • 5 
( F temp. change in cooling water) 

,1Cooling water required is the amount of water needed to pass through 
the condensing ,unit and is. indepe,ndent of !iShe type of cooling. 

2Negligible for nuclear plants. 
3Generator cooling usually part of cooling water load and included in 
condenser load. 

41 Btu/lb. water/°F temp. change in water; 2,718,144 lbs. of water= 
l ac-ft. 

5 Note that the quantity of cooling water required varies inversely with 
permitted temperature rise of cooling water. 

) 
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pated by this process. Since the evaporation of 
one acre-foot of water consumes about 2,868 
million Btu, the consumptive use is: 
2645 Btu/kWh . . 
2868 MBtu/ac.ft. = 0.9 acre-feet/mtlhon kWh. 

5.3.2 Cooling Ponds 

Where natural bodies of water of adequate 
size are not available but otherwise suitable 
electric plant sites exist, cooling ponds may.be. 
constructed to-provide the cooling water need. 
In this case, water would be recirculated be
tween the condenser and the pond. Sufficient 
inflow into the pond would be needed to re
place the evaporation induced by the addition 
of heat. It is estimated that in a cooling pond, 
evaporation provides 65 percent of the cooling. 
This increased evaporation rate is due to the 
higher water surface temperature in a cooling 
pond. Based on 4900 Btus to be dissipated, 
about 3200 Btus are Jost through evaporation 
for each kilowatt-hour generated. This is 
equivalent to a loss of 1.1 ac. ft. per million 
kWh. 

5.3.3 Wet Type Cooling Towers 

Where suitable sites for pond; or reseivoirs 
are not available and limited flows or water 
quality standards prevent use of available 
streams or other bodies of water, some other 
type cooling device must be used. In one device 
the cooling water is brought in direct contact 
with a flow of air and the heat is dissipated 
principally by evaporation. Such systems 
commonly use cooling towers with the flow of 
air provided by either mechanical means or 
natural draft. 

In the wet cooling tower, the warm water 
may be sprayed into the air or allowed to flow 
onto a lattice network called fill whereby it is 
broken into droplets. This facilitates the evap
oration heat transfer as air moves through the 
tower. The cooled water is collected in a basin 
under the fill from which it can be pumped 
back to the condenser to pick up more heat and 
again return to the cooling tower. In systems 
using wet-type cooling towers, evaporation 
accounts for about 85 percent of the.cooling. 
There are some additional water losses be
cause of spray drift and droplets entrained in 
the rising air stream. The amount of water 
required for drift is about 0.03 percent of the 
water circulated for a large power plant. The 

total consumptive cooling tower loss averages 
about 1.5 acre-feet per million kWh generated 
based on the heat rate used in the sample cal
culation. 

In addition to makeup water for evaporation 
and drift, water must also be diverted for 
blowdown. Blowdown is the periodic removal 
of solids which accumulate in the circulating 
cooling water. The circulating cooling water 
can be concentrated two to.eight times before 
requiring blowdown, depending on the 
chemistry of the makeup water and the corro
sion properties of the water. system. Th!l 
amount qf blowdown water required varies 
from about 0.1 percent of the water circulated 
for a concentration of eight to 1.0 percent for a 
concentration of two.· In other words, it can 
vary from 12 perce12t to almost 100 percent 
respectively. 

The data included contain blowdown re
quirements based on a concentration of four. 
Individual case analysis is required to deter
mine the actual number of allowable concen
trations of circulating water which will prevent 
corrosion or scaling problems. The water used 
for blowdown generally is discharged back to 
the water source, in which case no water loss 
from the Basin will result. 

5.3.4 Dry Type Cooling Towers 

In a dry type cooling system the heat is dis
sipated to the air by conduction and convec
tion rather than by evaporation. Thus, there 
are no evaporative losses of water with sub
sequent makeup requirements. No large dry 
cooling towers have been constructed in the 
United States and the largest one in the world; 
as of 1970, is used for cooling a 125 MW plant in 
England. Because of the large surface area 
required for heat transfer and the large vol
umes of air that must be circulated, dry cool
ing towers are substantially more expensive 
than evaporative towers. Overall efficiency in 
steam electric plants is decreased due to the 
large. power requirement of dry cooling pro
cesses as compared to evaporative cooling 

• processes. In addition, the technology of large 
scale dry cooling towers has not yet been 
proved. 

5.3.5 Summary of Comparable Consumptive 
Uses by Various Cooling Systems 

The relative consumptive use or cooling 

/ 
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Photo courtesy of American Electric Power System 

.FIGURE 10-11 Natural Draft Wet Cooling Tower. The tower is 373 feet high and 395 feet in 
diameter and is used in conjunction with the 590,800 kW Muskingum River Plant of the American 
Electric Power System. 
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water losses, as stated in the preceding para- . 
graphs,are summarized below: 

Flow-through= 0.9 ac. ft./million kWh gen
erated 
Cooling pond= 1.1 ac. ft./miHion kWh gener
ated 
Cooling tower'(wet)= 1.5 ac. ft./million kWh 
generated 

5.4 Comparative Costs of Steam-Electric 
Cooling Systems 

The costs of various types of cooling systems 
depend upon the design criteria and the site 
conditions. Ranges of costs are presented for 
the major types of·cooli,ng systems. The cost 
data were derived for an FPC staff study•sup
porting the updated National Power Survey. 
They utilized such sources as utilities, Federal 
agencies, and cooling tower manufacturers. 
Because of the relatively limited number of 
nuclear plants for which data are available, 
the ranges of costs for such plants are largely 
estimated. The figures given. apply only to 
plants originally designed for the specific type 
of cooling and should be interpreted as com
parative rather than absolute values. Other 
qualifications noted in the table should also be 
taken into consideration. 

For each type of system, costs of the con
denser and auxiliaries have been excluded 
since they are common to all. The cost esti
mates for cooling ponds are predicated on the 
availability of .sites with relatively low costs 
for land and relocation. Installation costs 
cover such items as pumps, piping, canals, 
ducts, intake and discharge structures, dams 
and dikes, reservoirs, cooling towers, and ap
purtenant equipment. 

Construction costs for steam-electric 
generating plants which commenced opera
tion in 1970 were about $150/kW for fossil
fueled and $200/kW for nuclear plants. The es- · 
ti mated costs for plants starting to operate in 
1976-c77 .are $200/kW and $300/kW, respective' 
ly. The cost of the cooling system, including 
the condenser, can represent from 3.5 to 8 per
cent of the total, depending on the type of plant 
and cooling being considered. 

In addition to differences in capital costs, 
there are operating expenses associated with 
e,ach type of cooling. An operating expense 
common to all cooling systems is the cost of 
power needed to pump water through the sys
tem. 

Cooling towers require water to be pumped 

vertically 35 to 55 feet higher than flow
through systems. This added pumping power 
for towers is equivalent to about one-half per
cent or more of the plant output. Power to 
drive the fans in mechanical draft.cooling tow
ers is equivalent to more than one .percent of 
the plant output. Annual operating and 
maintenance expenses; other than the cost of 
power for pumping and to drive fans, is equiva
lent to one percent or more of the investment 
costs of the cooling towers. Thus, considering 
the increased investment and operating costs, 
t·he use of evaporative wet cooling towers 
rather than flow-through systems may in
crease the cost of power by as much as five. 
percent. Also, the higherwater temperature 
.at the condenser inlet that results from the 
use of cooling towers would produce a lower 

TABLE 10-11 Comparative Costs of Cooling 
Water Systems for Steam-Electric Plants 

1 Investment Cost 
($/kW) 

Fossil- Nuclear-
Type of 

System 
Fueled

2 Plant 
Fueled

2 
Plant 

3 Once through 2.00-3.00 3.00- s.oo 
6.00- 9.00 Cooling ponds4 4.00-6.00 

Wet cooling 
towers: 

1 

Mechanical 
draft 

Natural 
draft 

5.00-8.00 8.00-11.00 

6.00-9.00 9.00-13.00 

These investment costs represent 
ranges derived as of the year 1969; 
Substantially. higher costs per 
kilowatt may be encountered in 
specific siutations. 

2 Based on unit sizes of 600 MW and 
larger. 

3 Circulation from lake, stream, or 
sea and involving no investment in 
pond or reservoir. 

4 Artificial impoundments designed 
to dissipate entire heat load to 
·environment. Cost data are for 
ponds capable of handline 1,200 to 

• 2,000 MW of generating capacity. 



turbine efficiency ,:ind a loss of capacity. Thus, 
a capacity penalty needs to be charged against 
plants usi~g wet cooling towers. 

• 5.5 Cooling Water Availability in the Power 
Region 

There are few streams in the Great Lakes 
Region with sufficient annual discharges to 
sustain the operation of a large steam-electric 
generating plant on a flow-through basis. 
Where such streams do exist, they have al
ready been developed to near-capability. If fu
ture steam-electric generation is located on 
tributaries of the Great Lakes, it will require 
the use of such supplem.ental cooling tech
niques as cooling towers or cooling ponds. 
Another possibility is using the storage of 
older hydroelectric projects as sources of cool
ing water for thermal electric power genera
tion. However, use of the Great Lakes as a 
water source will not result in a shortage of 
water available for steam-electric generation 
in the Region during the period of this study. 

Cooling water demands for steam-electric 
cooling varies depending on a number of fac
tors as indicated in the sample calculation. As 
a rule-of-thumb, a requirement of one cubic 
foot per second (cfs) per thousand kilowatts of 
installed capacity might be us.ed. As a very 
rough check of streamflow adequacy for flow
through cooling at any given point, one might 
establish the requirement that the stream
flow at that point must be three to four times 
the amount required for withdrawal. Apply
ing the above rule-of-thumb to this require
ment, we would therefore need a stream dis-...-
charge of at least three cfs for each thousand 
kilowatts of installed capacity. Because some 
streams exhibit considerable ·seasonal varia
tions in discharge, additional consideration 
must be given to the dependability of the flow 
during periods when the plant will be ex
periencing maximum ~emand. In general, 
tributaries to the Great Lakes cannot satisfy 
this requirement. 

While there is no problem of water avail
ability for plants located on the Great Lakes 
proper, there is a question of steam-electric 
plant compliance with water quality stan
dards if flow-through cooling is used. As a re
sult of the Federal Water Quality Act of 1965, 
the States have been called upon to prepare 
water quality standards for interstate waters 
within their boundaries. Several States 

' within the Power Region have proposed water 
quality criteria relating to maximum permis

\ 
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sible water temperatures. These are subject to 
Federal approval. At the present time, the ef
fect of existing and possible future regulations 
governing heat input into the Great Lakes is 
uncertain. Depending. on the outcome of a 
number of ecological studies dealing with the 
effects of heat inputs from steam-electric gen
eration and the direction of future regula
tions, supplemental cooling may become 
necessary for plants located on the Great 
Lakes. If properly accounted for in the plan
ning stage, such a future requirement should 
not constitute a major· barrier to power de
velopment in the Region. However, it will re
sult in a higher consumptive use of cooling 
water and a higher operating cost to the 
utilities, and fr1 all probability, a higher cost of 
electricity for the consumer. 

5.6 Future Cooling Water Demands 

In order to determine future cooling water 
requirements and consumptive water Use in 
the Basin, projections of future steam-electric 
generation were made. These data are given 
by river basin group in the Addendum. 

Case I is a breakdown of future generation 
based on the use of flow-through type cooling 
for future capacity additions except where 
supplemental cooling is required. On the other 
hand, Case II is based on all new capacity ad
ditions utilizing the wet tower fGi'irnff sup
plemental cooling along with the gradual 
phasing out of existing flow-through type 

1 units. Actual future development will be some
where .between these two extremes. N everthe
less, subsequent discussion will relate these 
two cases to the limits of future water de
mands for steam-electric generation. 

To show the effect that varying several of 
the more important parameters has on cool
ing water requirements and losses, four,._ 
families of curves were plotted. The first two 
sets, Figures 10-12 and 10-13, illustrate the 
effect of discharge water temperature and 
varying heat rates on the amount of water 
required to pass through the condenser in 
both fossil-fueled and nuclear plants. Figures 
10-14 and 10-15 show the relationship of plant 
heat rate to cooling water consumption (evap
oration) for the various cooling methods. For 
purposes of this study a 15° F. temperature 
rise was selected as typical for all steam
electric generating plants throughout the 
study period. 

As is evident from Figures 10-12, 10-13, 
10-14, and 10-15, the efficiency of the generat-

~ 

" 
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TABLE 10-12 Great Lakes Basin Steam
Electric Generation by Type of Cooling 

Year 

1965 
1970 
1980 
2000 
2020 

1965 
1970 
1980 
2000 
2020 

CASE r1 

Flow 
Through 

96,798 
126,517 
263,161 
904,814 

2,343,859 

Supple
mental 
Cooling 

1,179 
1,451 
S,533 

18,364 
15,283 

CASE II
2 

96,798 1,179 
126,517 1,451 
141,317 140,377 

45,807 877,371 
------ 2,359,142 

Total 

97,977 
127,968 
281,694 
923,178 

2,359,142 

97,977 
127,968 
281,694 
923,178 

2,359,142 

11970 through 2020 assumes all flow 
through cooling except for known 
supplemental cooling systems as of 
December 31, 1970. 

21970 through 2020 assumes all sup
plemental cooling except for known 
tlow through systems as of December 
31, 1970. 

ing plant affects the amount of water required 
and lost. The efficiencies of fossil-fueled steam 
plants have been steadily increasing and have 
resulted in a decrease in the best U.S. plant 
heat rate from 10,600 Btu/kWh in 1947 to 8,690 
Btu/kWh in 1968, and an ·average decrease 
from 15,600 Btu/kWh to 10,398 Btu/kWh in the 
same period. Improvement in unit efficiencies 
and the rate of decline in future net plant heat 
rates is not expected to be as great as in the 
past. 

The efficiencies of the nuclear plants cur
rently in service and planned for installation 
by 1980 are on the orderof33 percent, or 10,300 
Btu/kWh. -These are essentially the boiling 
and pressurized water types of nuclear plants. 
Advanced types of nuclear plants with in
creased efficiencies are being planned and 
built. Examples of this type are the high 
temperature gas-cooled reactor (HTGR) and 
breeder reactors which produce more fissile 
material than they consume. A prototype 
40-MW HTGR was placed in commercial oper-

• ation in 1967 (Peach Bottom No. 1) and a 
330-MW HTGR (Fort Vrain No. 1) is under 
construction and scheduled for service in 1972. 
The design heat rate of the 40-MW plant is 
9750 Btu/kWh and that of the 330-MW plant is 
8790 Btu/kWh. 

Based on the foregoing considerations, and 
the mix of new and older plants in service dur
ing each period, the following heat rates are 
assumed to be typical of the capacity that will 
be operating at each time period. In addition, 
new capacity was assumed to have a useful life 
of 30 years. 

Type Plant 

Net Plant Heat Rates 
(Btu per kilowatt-hour) 

HJ80 2000 2020 

Fossil-Fueled 9,000 
.Nuclear Fueled 10,300 

8,700 
9,000 

8,500 
8,000 

The generation data of Table 10-20 in the 
Addendum were converted to estimated cool
ing water data based on the foregoing as-
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sumptions and the method given in the sample 
calculation. Water data are given for the .indi
vidual river basin groups in the Addendum 
and ·summarized for the total Basin in Table 
10-14. 

5. 7 Interpretation of Determined Cooling 
Water Demands 

Under the assumptions outlined in the pre
vious section, the maximum limits for water 
demand resulting from steam-electric genera
tion are produced by a combination of Ca.ses I 
and II. These limits are given in Table 10-13. 

In examining these maximum water de
mand limits the following general comments 
seem appropriate: 

(1) The amount of cooling water to be circu
lated through a plant's condenser is not de
pendent on the cooling method used if the 
temperature differential across the condenser 
is kept constant with each type of cooling. 
However, optimum use of circulating water 
flows and cooling equipment to achieve the 
lowest cost may result in different water re
quirements for different types of cooling. In 
addition, water required is not a dependable 
measure of the adequacy of an area's water 
supply to meet steam-electric cooling needs 
because it includes the cumulative total of 
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water recirculated in cycling-type systems as 
well as ,reuse by downstream plants. Cooling 
water required is primarily a measure of the 
total volume of water that passes through 
condenser units. 

(2) As given in Table 10-13, diversion is the 
maximum amount of water withdrawn to 
meet the needs of steam-electric generation as 
presented in Case I. Nearly 99 percent of this 
amount is available for possible reuse. In gen
eral, the amount of water required to be di
verted compared to the amount of water 
available determines the type of cooling to be 
used. Although it requires the greatest diver
sion, flow-through cooling represents the most 
economical type of cooling. Given an adequate 
supply of water, Case I (flow-through) would 
be historically representative of the develop
ment pattern. Because of new economic con
siderations resulting from environmental 
constraints, the relative bal'ance between 
cooling methods is changing. Longer and more 
costly intake and discharge facilities are re
quired in new units utilizing flow-through 
type cooling. 

(3) Consumptive use of cooling water is a 
further restrictive requirement on the loca
tion of steam-electric generation. Through the 
years, all large steam-electric plants in this 
country have relied on the use of water as a 
cooling medium. In areas with insufficient 
water to sustain flow-through, type cooling 

but adequate water to replace consumptive 
water use, some form of supplemental cooling 
has been used. Based only on the availability 
of water in the Great Lakes Basin, Case II 
(supplemental cooling) would not necessarily 
represent the future pattern of area power 
development. However, existing and proposed 
thermal di~charge regulations are requiring 
more use of supplemental cooling systems. 

(4) The future pattern of area power de
velopment will more likely be determined by 
the impact of new capacity additions on the 
ecology and environment than on the availa
bility of water for cooling use. Because sup
plemental cooling methods operate essen
tially as closed systems, they have impact on 
the aquatic ecology of a specific area. Over the 
span of this study there will probably be a shift 
toward the pattern of development presented 
as Case II. The actual pattern will fall between 
the two extremes presented. Because pro
jected water demands can be satisfied under 
,either case, it will be possible to satisfy the 
actual demands that develop. The timely con
struction of new steam-electric generating 
capacity should not be restricted by the avail
ability of an adequate water supply. It is 
impossible at this time to evaluate the overall 
ecological impact of new generation on the 
Basin. If, on the basis of a site-by-site analysis, 
cost and environmental considerations dictate 
the use of supplemental cooling, it is available. 

TABLE 10-13 Maximum Water Demand Limits Resulting from Steam-Electric Generation 

1965 1970 1980 2000 

Cooling Water Required 13,036 19,545 38,083 119,017 

Diversion1 12,867 19,308 -35 ,239 116,669 

Conswnptive Use2 102 184 379 1,402 

1 Based on assumptions used in Case I (flow-through cooling) 

2sased on assumptions used in Case II (supplemental cooling) 

2020 

251,338 

249,734 

3,032 
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ENVIRONMENTAL CONSIDERATIONS 

During past decades the electric utility in
dustry was primarily concerned with the con
struction of adequate facilities to provide 
economical and reliable power to its custom
ers. In recent years system planners have had 
to consider the preservation of the natural 
environment. 

The increasing population and expanding 
economy of this country require larger 
supplies of energy. Demands for electric 
energy double nearly every 10 years. The con
struction and operation of the facilities re
quired to bring the needed power to consumers 
have an effect upon the water, air, and land" 
resources of the natural environment. The 
impact of the power industry on the environ
ment has been extensively explored in draft
ing the FPC updated National Power Survey. 
The following paragraphs represent some of 
the information contained in the Survey. 

6.1 Thermal Water Pollution 

Discharges of heated water from any source 
contribute to physical and biological changes 
in the receiving body. These changes can be 
beneficial, detrimental, or insignificant de
pending on the ecology of the particular water 
body and the desired uses of that body. When 
the discharge of heated cooling water pro
duces effects that are detrimental to other de
sired uses of water, it is called thermal pollu
tion. Thermal pollution is,significantly differ
ent from other forms of pollution. It does not 
involve the addition of foreign matter to the 
environment, and therefore, does not directly 
contaminate the receiving waters. 

The temperature of the cooling water used 
for condensing in a thermal power plant in
creases aw average of 15° to 20°F. This wHI 
result in increased stream temperature at the 
point of discharge. Normally, the rise in 
stream temperature is dissipated rapidly. 

-However, the large power plants of the future 
will discharge heat energy in extremely large 
quantities. The heat addition could affect the 
aquatic life of the water body receiving the 
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discharged heat, its waste assimilation capac
ity, and the suitability of the water for munic-
ipal, industrial, and recreational uses. " 

Thermal pollution problems can sometimes 
be eliminated or reduced by the correct en
gineering of water intake and discharge struc
tures. Other times, use of supplemental cool
ing systems such as cooling towers or ponds 
may be required. These allow for the reduction 
in the temperature of the condenser cooling 
water before discharge of the cooling water 
into the receiving body of water, or before re
circulation through the power plant. How
ever, fogging and icing problems have been 
known to develop with use of towers. This may 
be objectionable from an aesthetic viewpoint 
as well as causing serious problems such as 
hazardous highways, etc. 

6.1.1 Effects on Water 

As the temperature of water is raised, the 
capacity of the water to hold oxygen is de
creased. Thus, the amount of dissolved oxygen, 
available under fully saturated conditions is 
less at elevated temperatures than at lower 
temperatures. For example, raising the water 
temperature from 55° to 68°F. results in a loss 
of approximately 13 percent in the oxygen car
rying capacity of the water. However, only 
when the concentration of dissolved oxygen is 
greater than the resultant saturation level 
will heating alone drive off some of the oxygen. 
Observations at some existing power plants 
with once-through cooling indicate that, de
spite contrary findings from the laboratory, 
heating of water-by the plants does not cause 
significant changes in the dissolved oxygen 
levels, although the saturation level may be 
changed. 

The addition of heat to a water body can 
cause stratification because of the reduced 
density of the water at increased tempera
tures. The differences in density with a rela
tively few degrees differences in temperature 
are often sufficient to cause the waters to flow 
as separate and distinct layers. Thus, heated 
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water discharged to the surface of a water 
body tends to spread out and remain on the 
surface. Cooling water taken from the 
hypolimnion (bottom layer) of a reservoir and 
discharged after use at a temperature lower 
than that of the surface may move as an in
terflow between the surface and bottom 
layers. 

6.1.2 Effects on Aquatic Life 

Changes in temperature, chemical content, 
and flow rate of a water body may affect the 
species distribution and population offish and 
other organisms indigenous to the water body. 
The thermal impact will not be the same on 
stationary organisms as- on mobile _ones. 

The increasing need for heat dissipation in 
supplying the growing demands for electricity 
and the resulting demand for larger cooling 
water supplies for steam-electric plants have 
resulted in a number of studies on the effects 
of thermal discharge on aquatic life. However, 
predictions of the effects of both temperature 
changes and maximum temperatures are sub
ject to considerable controversy. Additional 
field investigations under actual operating 
conditions are required to predict accurately 
the effects on natural biological communities. 

Temperature changes normally play an im
portant regulatory role in the physiology of 
fish and other cold-blooded aquatic animals. 
Reproductive cycles, digestive rates, respira
tion rates, and other processes occurring in 
aquatic animals are temperature-dependent. 
It is known that temperatures higher than 
those normally experienced can be detrimen
tal to organisms in a variety of ways: survival 
of individuals can be impaired; organisms may 
be more susceptible to disease or to the effects 
of toxic agents; their food supply or their abH
ity to catch food may diminish; and the inabil
ity to reproduce or to compete successfully 
with other organisms may eliminate a popula
tion. The elimination of one species in the food 
chain may change the ecological balance and 
cause significant changes in the species of 
plants and animals present. 

However, experience has shown that in a 
number of locations the discharge of waste 
heat to a stream or reservoir has actually .im
proved the available fishing in the vicinity of 
the discharge during the cooler months of the 
year. However, overfishing, is a possible 
danger. 

The use of water for cooling purposes at 
steam-electric plants may have other,.effects 

on aquatic organisms than those resulting 
from thermal discharges. The adverse 
mechanical effects of passing fish, larvae, 
eggs, and other organisms through pumps, 
condensers, or plumes may indicate the need 
for screening intakes. Chemicals used for de
fouling the condensers may adversely affect 
fish and fish food organisms. However, it has 
been claimed by some utilities that to date 
there have been no adverse effects. 

6.1.3 Effects on Water Uses 

Although some uses of water bodies are not 
affected by changes in temperature, other 
uses may be affected either beneficially or ad
versely. Among the uses that may be affected 
by heat discharged with the cooling water 
from steam-electric plants are those for public 
water supplies and organic waste disposal. 
Some industrial uses may also be affected if 
water is required for cooling processes. 

Chemical reactions tend to proceed at a fast
er rate as water temperatures rise. This could 
reduce the amount of chemicals required for 
the treatment of public water supplies. On the 
other hand, increases in summer water tem
peratures make drinking water less palatable 
and cause a greater percentage of blue-green 
algae. Some blue-green algae produce tastes 
and odors in water supply systems. 

Temperature helps determine the organic 
waste assimilation capacity of a water body. 
The water temperature plays a triple role: it 
affects the rate of oxidation of pollutants, the 
capacity of the water to hold oxygen in solu
tion, and the rate of reaeration of the water. 
Thus, the addition of heat to a stream may 
affect the assimilation of organic. wastes. 

6.1.4 Possible Beneficial Uses of Waste Heat 

Studies are under way to find practical ways 
of utilizing waste heat from power plants. Al
though some progress has been made, it ap
pears unlikely that uses for significant 
amounts of the available waste heat will be 
found in the near future. Some possible uses 
include 'Space heating, industrial processing, 
improvements in irrigation agriculture, and 
advances in aquiculture. In winter, adding 
heat to a river could be beneficial if the added 
heat prevents an ice cover from forming . 
. Reaeration could take place in the open water 
areas below thermal discharges. It has been 
suggested that instead of separate multi-



purpose retention reservoirs, it would be bet
ter to cooperatively planrecreational lagoons, 
lakes, and reservoirs that would combine rec
reation, wildlife, and other uses with that of 
cooling of thermal power plants. Recognition 
is alsff being given to the use of cooling ponds 
for recreational purposes. 

Waste heat may be used in some instances to 
heat buildings. In some cases relatively low 
,pressure or exhaust steam from thermal 
generating plants is used in industrial pro
cesses. However, on a national scale such uses 
of waste heat would account for a small pro
portion of the total available supply. Few in
dustrial processes can utilize energy of such 
low quality. 

Agriculture can potentially use waste heat. 
Heated water could be used for frost protec
tion. Irrigation with heated water could pro
mote faster seed germination and growth, and 
extend the growing season. Hothouses could 
be used to grow tropical or subtropical crops in 
the more temperate regions of the country. 
However, a number of problems need to be 
solved before large-scale use of heated water 
for irrigation could become common practice. 

Another potential use of condenser dis
charge water is aquiculture. Marine and 
freshwater organisms may be cultured and 
grown in channels and ponds fed with heated -
water. For example, it may be possible to grow 
commercially valuable oysters in areas where 
they cannot normally reproduce or survive 
due to low water temperatures. Studies are 
being made of the possibility of increasing 
lobster production in Maine with the use of 
waste heat. Consideration is being given to the 
use of warm water in the Puget Sound region 
of Washington State to promote the spawning 
and growth of oysters, crabs, and mussels. 
Proposals have been made to use waste heat in 
Wisconsin to warm sport fish hatchery waters 
and increase growth rates. 

The Long Island Lighting Company has an 
arrangement with a local oyster company 
which allows its Northport plant's cooling 
water discharge basin to be used for oyster 
production. Preliminary tests during the 
summer of 1967 showed that both oysters and 
hard-shelled clams not only survived but 
showed exceptional growth in the cooling wa
ter. The water, which passes through stainless 
steel cooling jackets, is not only nontoxic to 
the young shellfish, but it also supports a 
luxuriant growth of microscopic algae, possi
bly because it is drawn from a deep section of 
the bay .and has a high nutrient content. Thus, 
young oysters can be grown in winter,-and the 
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lagoon may prove to be a much more satisfac
tory environment for seed production 
throughout the year. 

The warm waters of cooling ponds can pro
vide important recreational areas. For exam
ple, lands adjacent to the 2,600-acre Lake Kin
caid are being developed by the State of Il
linois for recreational use. In addition to fish
ing, facilities are to be provided for boating, 
camping, and picnicking. This lake was cre
ated by the Commonwealth Edison Company 
to provide a source of cooling water for its 
1,200-MW Kincaid generating station. The 
cooling pond for Virginia Electric and Power 
Company's 1,140-MW Mt. Storm P,lant is used 
for boating and water skiing. Kansas City 
Power & Light Company placed its Montrose 
Lake under the jurisdiction of the Missouri 
Conservation Commission which maintains 
facilities for various types of recreation. 

6.2 Air Pollution 

Another environmental consideration is air 
pollution resulting from the emission of par
ticulate and gaseous matter (mainly sulfur di
oxide and nitrogen oxides) into the atmos
phere. Air pollution is one of the major envi
ronmental problems facing the nation. The 
urbanization and industrial expansion which 
have taken place in this county have followed 
a trend of concentrating people and their in
dustrial and economic activities into rela
tively small urban areas. Most of these ac
tivities, including electric power generation, 
contribute to air pollution. 

The effects of air pollution on human and 
animal health, agriculture, materials, visibili
ty, and the climate are of concern to all levels 
of government, as well as to the public and 
industry. Of particular concern to the electric 
power industry are the possible effects on the 
atmosphere of power plant emissions. 

6.2.1 Particulate Matter 

Coal and, to a lesser extent, residual fuel oil 
contain incombustible materials that are con
verted to slag, dry bottom-ash, or fly ash. The 
two main variables affecting fly ash formation 
and emission are the ash content of the fuel 
and the manner of firing. Coal used in power 
plants normally contains from 5 to 20 percent 
ash: Most fuel oils contain less than two
tenths of a percent incombustible matter, 
while natural gas is essentially ash-free. Tur-
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bulence of combustion carries some of the ash 
out of the furnaces in the form of fly ash. 

Particulate matter, or fly ash, emitted from 
coal combustion consists primarily of silica, 
alumina, and iron oxide. Particulate matter 
emitted from fuel oil combustion consists of 
sulfates and cenospheres (p.artially burned 
droplets of oil). Emissions of particulate mat
ter from natural gas combustion are caused 
primarily by dust particles in the gas. Other 
possible particulate emissions from power 
plants are smoke or soot resulting from the 
incomplete combustion of any fuel, but these 
are at a minimum in properly run, high effi
ciency installations. 

The problem of particuiate emissions from 
stacks of coal-fired electric plants can be 
largely solved by the installation of mechani
cal collectors and electrostatic precipitators. 
These devices remove from the emissions be
tween 97 and 99 percent of the particulates. 
However, the costs increase considerably as 
the efficiency increases from 97 to 99 percent. 
A related problem is the disposition of the col
lected and precipitated materials. A current 
market doe sexist for some of the waste; fly ash 
can be used in concrete and road surfacing 
mixtures. Investigations are being made by 
utilities and other interested organizations to 
find other economical uses for this waste prod
uct. 

\ 
6.2.2 Sulfur Oxides 

Fossil fuels such as coal, oil, and gas all con
tain some sulfur in nature. During the com
bustion of coal, approximately 95 percent of 
the sulfur' in the fuel is oxidized and enters the 
flue gas essentially as sulfur dioxide (SO2) and 
a small amount of sulfur trioxide (SO3). The 
relatively small overall sulfur oxide content of 
the flue gas, in the range qf 0.2 percent to 0.4 
percent of the total gas volume for plants 
using two percent to three percent sulfur 
coal, makes removal or recovery of sulfur 
dioxide gas from power plant exhaust systems 
difficult. , 

The residual fuel oil used in power plants 
also contains sulfur compounds. These can be 
extracted before sale, or low-sulfur fuel oil 
may be obtained by blending naturally occur
ring low-sulfur oils with the higher sulfur re
sidual fuel oil.. The residual fuel· oil with a 
natural low-sulfur content seHs at a premium 
for desulfurized residual oil, the amount de
pending on the various properties of the re
sidual fuel oil, the degree of sulfur removal, . 
and the quantity purchased. 

Raw natural gas contains sulfur almost en
tirely in the form of hydrogen sulfide which 
can easily be removed in a purification plant 
before it is marketed. This prevents corrosion 
of pipelines and compressors. Consequently, 
the output of sulfur oxides due to combustion 
of natural gas used to fuel generating plants is 
negligible. 

Sulfur can also be removed from coal before 
combustion. This can be done by mechanical o,r 
chemical methods of desulfurization at great 
expense. Conventional cleaning in a large 
capacity coal-preparation plant involves the 
separation of such waste products as shale, 
pyrite, or roof slate. Conventional mechanical 
coal cleaning methods are ge.nerally effective 
in removing up to 50 percent of the pyritic 
sulfur. This amount would not be adequate in 
meeting most proposed standards. Some py
rite removal may also be attained. in the pro
cess of grinding and cleaning coal at the power 
plant. Chemical removal methods are sti11 in 
the research and development stage, and con
siderable work must be done before the pro
cess will become available. 

Recently, studies have been made relating 
to the conversion of coal to synthetic gas 
which can be burned without emission of 
sulfur oxides. However, the delivered cost of 
synthetic gas is high in most areas oft he coun
try. It will not be used extensively as a source 
of primary energy for electric power genera
tion in thi, next decade. 

In addition to fuel desulfurization, atten
tion is currently being given to flue gas clean
ing processes. Of the several processes that 
have been proposed to remove sulfur oxides 
from stack gases, injections of limestone or 
dolomite into the boiler furnace or into a 
flue gas scrubbing solution may offer the 
simplest and least expensive method of con
trol. The limestone process does not require 
heavy investment in equipment and can· be 
adapted to any size installation or added to 
existing power plants, providing the space for 
retrofitting is available. Although research is 
being done to develop a method of sulfur re
covery based on this process, this method does 
not yield a recoverable product. With no sulfur 
recovery, the economics of the process is not 
dependent on the market availability of sulfur 
compounds, and the utility need not be bur
dened with the marketing .of chemicals. 

The limestone process can be accomplished 
by the injection of pulverized limestone into 
the combustion chamber to react with SO2. 
This method may remove 30 to 50 percent of 
the SO2 depending on the quality and quantity 
of limestone added and the operating condi-



tions. A limiting factor at existing plants is the 
capacity of existing dust collection equipment. 
To achieve the goal of SO2 removal efficiencies 
of 50 to 60 percent, it may be necessary to add 
more than twice the theoretical amount of 
limestone. This would more than double the 
dust loading of dust collectors. This is consid
ered a dry process in that no scrubbing device 
is used to collect the fly ash. 

The wet scrubbing limestone process may 
remove up to 90 percent or more of the sulfur 
oxides. The wet process uses an aqueous lime
stone slurry scrubbing solution which can re
move particulate matter as well as oxides of 
sulfur. Limestone can also be added to· the 
furnace as in the dry process. The wet scrub
bing process has advantages over the dry pro
cess such as a higher efficiency for sulfur 
oxide removal, less boiler operation interfer
ence, and generally lower operating costs for 
large power plants. The wet process has the 
disadvantage of requiring a reheat of the 
e<'haust gases after scrubbing in order to 
achieve proper plume rise. An additional prob
lem may be the water pollution potential of the 
scrubbing solution which some believe may be 
as serious as the SO2 problem. The wet process 
appears to be better suited to larger power 
plants such as base load plants. The dry pro
cess releases gas at higher temperatures, re
quires less capital investment, and is simpler 
to operate. Both processes increase the solid 
waste disposal problems. 

Another process being investigated is the 
Monsanto catalytic oxidation process. In this 
process, hot flue gases first pass through a 
high temperature, high efficiency eiectrostat
ic precipitator to remove fly ash. The clean 
gas then passes through a catalytic bed of 
vanadium pentoxide where the sulfur dioxide 
is oxidized to sulfur trioxide. The flue gases ' 
are cooled sufficiently to condense and to col
lect a sulfuric acid mist. The by-product is a 
moderately concentrated sulfuric acid. One 
problem of this process is that a high flue gas 
temperature is necessary for the oxidation 
reaction. Furthermore, fly ash tends to foul 
the costly catalyst. High temperature precipi
tation is expensive, and costly corrosion resis
tant materials are needed through much of 
the exhaust system. 

The Kioyoura-Tokyo Institute of Technol
ogy Process is similar to the Monsanto cataly
tic oxidation process. After the gases pass 
through the catalytic reactor, ammonia gas is 
injected, resulting in the formation of 99 per
cent pure ammonium sulfate crystals that can 
be used for fertilizer. However, there is a very 
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limited market for ammonium sulfate in this 
country. Kioyoura has reported that the am
monium sulfate process can be adapted to 
manufacture ammonium phosphate which is 
the fertilizer currently in increased demand in 
the U.S. 

-Wellman-Lord, Inc. has developed a sulfur 
dioxide removal process soffiewhat similar to 
the catalytic oxidation process in that flue 
gases are first cleaned by an electrostatic pre
cipitator. The cleaned gas is then passed 
through a non-catalytic reactor which is con
tinuously washed by a reactive solution of 
potassium sulphite which absorbs SO2, SOa, 
and particulates. The reacted solution can be 
taken to a stripper to recover high quality SO2 
gas to be used for production of elemental sul
fur or sulfuric acid. 

The Chemical Construction Company 
(Cheniico) is in the process of developing an 
alkaline scrubbing process f~r SO2 removal 
from flue gases. By using magnesium oxide 
directly in a venturi-type scrubber, Chemico 
plans to remove fly ash and SO2. The resulting 
magnesium sulfite will be separated from the 
fly ash, dried, and heated to evolve sulfur 
dioxide and to regenerate magnesium oxide 
for recycling. The SO2 will be converted to sul
furic acid or reduced to elemental sulfur. 
Chemico predicts good removal of SO2, and 
removal of essentially all particulates. 

Because of the high cost of absorbent regen
eration, Chemico has proposed the idea of a 
central recovery plant which would receive 
sulfite salts from several power plants and 
other industrial sources and return the re
generated absorbents to these sources. 

Two processes for sulfur removal from 
stacks based on solid absorbent methods are 
the Reinluft process and the Alkalized 
Alumina process. In each case, a solid absor
bent is used to collect SO2. The Reinluft pro
cess regenerates activated char to release SO2 
which is then utilized in the manufacture of 
high-grade sulfuric acid. The tendency of the 
char to ignite, in addition to the complexity of 
operation, makes the process unpromising for 
the present, and it has been withdrawn from 
the market. An advantage of the Alkalized 
Alumina process is that elemental sulfur 
could be manufactured from the hydrogen sul

-fide extracted during regeneration of the ab-
sorbent. Elemental sulfur is easier to store or 
ship than acid. However, there are several 
drawbacks to the process. It is extremely in
volved, highly complicated, and nearly as 
complex as the operation of the power plant: 
Furthermore, the alumina pro_cess requires 
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too much additional space for many of the 
existing power plants with limited land avail
ability. , 
• Other approaches are currently being in

vestigated which may,offer new departures in 
the future. Some of these processes are: 

(1) a combination of ammonia ·scrubbing 
and ammonium phosphate production (TV A) 

(2) scrubbing with molten salts at high 
temperature, the moltep c.arbonate process 
(Atomics International) 

(3) use of gaseous ammonia with regenera
tion of the ammonia gas for reuse. The process 
would also remove some nitrogen oxides 
(Bureau of Mines). 

(4) use of phosphate rock as an absorbent 
after sulfur dioxide oxidation to attempt to 
produce a fertilizer product directly in the gas 
stream (Battelle) 

(5) iron oxide (alpha form) as an absorbent 
(Siemens) 

(6) hydrogen sulfide injection into the flue 
gas stream and catalytic reaction with sulfur 
dioxide in situ to form sulfur (Princeton Re
search and Peter Spence) 

(7) carbon monoxide injection into the flue 
gas stream, followed by catalytic reaction with· 
sulfur dioxide to form sulfur,(Chevron Chemi
cals) 

(8) absorption by sodium hydroxide solu
tion followed by regeneration by electrolysis 
(Ionics-Stone and Webster) 

(9) absorption by potassium polyphos
phate (TVA) 

(10) oxidation by nitrogen oxides (Tyco) 
(11) use of zinc oxide as absorbent (Aerojet 

General) 
(12) absorption by manganese dioxide fol

lowed by dry regeneration (Japan) 
(13) absorption by barium carbonate 

slurry and reduction to sulfur (TV A) 
(14) use of metal oxide as absorbent fol

lowed by reduction in place (Shell, Esso) 
(15) SO2 absorption process using cooled 

absorbent in a high mass transfer efficiency 
controlled vortex gas scrubber (CVX) (Tailor & 
Co.) 

(16) use of potassium formate which is re
generated after recovery of elemental sulfur 
(Consolidation Coal Company) 

The process costs of the various methods for 
sulfur removal from ·flue gases are uncertain. 
While numerous approaches are being inves
tigated, there are as yet no available processes 
on a commercially reliable basis, and it is only 
recently that some large demonstration units 
were put into service. Experience from large 

prototype full-scale utility installation is 
needed to obtain more meaningful answers. 
Preliminary cost estimates, as published by 
their advocates, are summarized in Table 
10-14. Since the technologyis changing rapid
ly, the cost figures should not be taken as abso
lute but rather as comparative values. 

6.2.3 Othe.r Pollutants 

Other pollutants, such as aldehydes, 
polynuclear hydrocarbons, carbon monoxide 
and gaseous hydrocarbons are a very small 
proportion of the total emissions from power • 
plants because of the highly efficient combus
tion achieved. The major pollutants from the 
power industry, in addition to particulates 
and sulfur oxides, are nitrogen oxides. Nitro
gen oxides removal systems are in the early 
stages of research and development. Present 
sulfur oxides removal systems are not consid
ered effective for removal of nitrogen oxides. 
Nitrogen oxides (NOx) from coal combustion 
represent. about one-fourth the pollutants 
formed by sulfur oxides (SOx). 

Nitrogen oxides, under the influence of sun
light, undergo a chemical reaction to· form 
photochemical smog and ozone which are 
highly irritating to the eyes and damaging to 
vegetation. In fog, nitrogen dioxide may com
bine with water to form nitric acid which can 
cause corrosive damage to plants and mate
rials and irritate the lungs. 

Nitrogen oxides emitted from power plants 
are caused by the high furnace temperature 
and nitrogen content of the air in the combus
tion zone. Other factors affecting nitrogen 
oxides formation are fuel type, manner of fir
ing, and amount of excess air. It is difficult to 
achieve control ofNOx in power plants because 
of the interacting effects of other pollutants. If 
attempts are made to reduce nitrogen oxides 
by reducing the amount of excess air, an in
crease in the amounts of carbon monoxide, 
particulates and hydrocarbon compounds 
may result. 

Controls for the NO, produced by coal-fired 
systems have not been studied extensively on 
a commercial scale. Tall stacks for better dis
persion of flue gases may help to reduce 
ground level concentrations of NO, as well as 
other pollutants. This may be a practical in
terim solution until other methods are per
fected. More research is required to develop 
technology that will effectively resolve the 
problem. 
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TABLE 10-14 Estimated Costs of Sulfur Dioxide Removal Processes 

Capital Cost Operating Coat 
U/kW) i$ J!!r ton of coal~ 

Sulfur No Bi-Product Credit Wi"th B::t:-Product Credit Products 
·Process in Coal soo.., 1000 HW • 500 MW 1000 MW 500 MW 1000 MW Providing Credit 

Alkalized Alumina 3.0'4 25,30 24.41 3.28 3.12 2.21 2.05 Sulfur@ $35/ton 

Catalytic Oxidation 3 .O't 25.00 1.75 Sulfuric acid at 
(Honeanto) $13.50/ton 

Lime a tone - Dry 3.~ 6,32 3.95 0.98 0.86 None 
(TVA) 

Limestone - Wet 3. 5'%. 10.85 8.21 1.11 0.64-0.90 None 
(TVA) 

Limestone - Wet 3.07. 2.22 0.45 None 

(Combustion Engineering) 

Wellman-Lord, Inc. 3.07. 11.40 8.20 1.09 0.88 0.02 0.01 so2 @ $15.60/ton 

Chemico 3.ot s:00-1.00 s.00-1.00 0.75-1.00 o. 75-1.00 not not Sulfuric acid or 
available available Sul fut 

Note: The price of sulfur fl_uC_tuatea widely. The price has ranged from $24.00 per long ton in 1962 to 
$42.00 in 1968. Sulfuric acid prices may vary from $5.00 to $20.00 per ton. The uncertainty of 
sulfur --3ulfuric acid- markets makes estimation of product credits difficult. 

6.3 Environmental Aspects of Nuclear Power 
Plants 

The potential mJurious effects of nuclear 
power plants to man and his environment 
have recently gained prominence and 
threaten to delay or forestall the progress of 
the industry. Acceptance of nuclear power by 
the public will depend largely on increased 
knowledge of the principles and safeguards 
involved. This will allay their fears concerning 
the safety of the plants .. To many, an atomic 
power plant is synonymous with an atomic 
explosion. However, ther.e is no atomic explo
sion in the generation of electricity. Essential
ly, the nuclear reactor in a power plant is a 
heat source used to generate steam, and re
places the furnace in a fossil plant. The re
mainder of the generating facilities are the 
same in both. The nuclear power plant is 
fueled with low-enriched fuel, whereas the 
bomb uses highly enriched materials. All ex
perts agree that under no circumstances can 
the nuclear power plant explode. The main 
concerns of the knowledgeable public are: 

(1) In case of a catastrophic accident, even 
though no explosi9n occurs, what about the 
release of radiatio-n? 

(2) Are the standards governing the -con
trolled radioactive releases adequate? 

(3) Are the radioactive wastes handled 
safely? 

(4) Will the cooling water discharged from 
nuclear power plants O\(erheat the receiving 
water bodies? -

6.3.1 Catastrophic Accident 

The most likely causes of catastrophic acci
dents are from human error, or an electro
mechanical malfunction. To prevent these ac
cidents, the plant is designed to withstand an 
earthquake. It also has special safeguards 
against human or electromechanical failures. 
Safety control rods automatically shut down 
the plant if any abnormality occurs. This pre
vents the meltdown of the reactor fuel core, 
which is the only effect of a malfunction-not 
an explosion. Also, duplicate coolant systems 
are provided to further assure against reactor 
meltdown from failure of the coolant system. 
In addition, if the remote possibility of a melt
down did occur, an air-tight containment 
building surrounds the entire system to pre
vent any released radioactivity from escaping 
into the atmosphere. Some critTcs are not 
satisfied and warn that there is no absolute 
guarantee that the containment structure 
could hold a major meltdown, despite the built-
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in safeguards and assurances of AEC to the 
contrary. 

6.3.2 Controlled Radioactive Releases 

More controversy is centered around the 
controlled radioactive releases from nuclear 
power plants than the unlikely contingency of 
a meltdo~n. Small quantities of radioactive 
gaseous and liquid wastes are routinely re
leased from nuclear plants. The gaseous waste 
is released to the atmosphere through a stack, 
and the liquid waste is diluted and released to 
the water ,body supplying the plant. The re
maining solid waste is collected and trans
ported to offsite burial grounds. 

The controlled waste releases must not ex
ceed limits set by Federal safety standards. 
All radioactive wastes are monitored and ana
lyzed prior to release for conformity with the 
standards. In addition, constant surveillance 
is maintained in and around the nuclear plant 
to make sure no radiation limit is exceeded. 
Actual experience with operating nuclear 
plants has shown that, generally, radioactive 
materials released are quite minor, and any 
radiation exposure to an individual from a 
power plant is less than the person receives 
from normal background radiation. Radiation 
is, and always has been, part of man's natural 
environment. Natural radiation emanates 
from cosmic rays entering the earth's at:rnos
phere, from radioactive materials in the earth 
and air, and, surprisingly, from within man's 
own body tissues. Hen~e, exposure to radia
tion is not a new phenomenon. 

Despite the low level of permissible and ac
tual radiation releases, some people believe 
that if the general population received the 
amount permitted, the releases would consti
tute a health hazard. It is also claimed that 
even if total emissions may not be harmful 
today, the multiple nuclear plants to be con
structed by the year 2000 will result in an ac
cumulative effect because of the ability of 
radioactive materials to concentrate in aquat
ic life and in agricultural plants. These claims 
are vigorously denied by the Atomic Energy 
Commission which states that those factors 
were taken into consideration when the radia
tion standards were set, and continual 
monitoring of plants, animals, and aquatic life 
will alert AEC to any unusual concentrations. 

Hence, the entire question of nuclear power 
plants presenting a radiation hazard is lim
ited to finding acceptable waste release limits 
to use as standards. There are methods being 

developed that would practically eliminate 
the need to discharge gaseous and liquid 
wastes, and thus would have negligible 
radioactive releases. If successfully im
plemented, these methods would reduce the 
possibility of hazardous radioactive releases 
from normal operation of nuclear power 
plants. 

To illustrate the extent of radiation pro
duced by an actual operating nuclear power 
plant, let us take the Niagara Mohawk's Nine 
Mile Point plant on Lake Ontario near Os
wego, New York, which began operating late 
in 1969. The New York State Environmental 
Conservation Department has stated that 
monitoring in the vicinity of the plant has 

- shown no measurable increase in radio
activity since generation began. Samples of 
air, Lake Ontario algae, fish and water, and 
milk and farm products from nearby farms 
were tested regularly. Any radiation from the 
power plant was indistinguishable from 
natural background radiation. 

6.3.3 Handling of Radioactive Wastes 

The possibility of an accident causing re
lease of the solid radioactive wastes being 
transported from a power plant to a re
processing plant, and the burial of the wastes 
after reprocessing are other areas of concern. 
The wastes are shipped by truck or rail in 
70-ton tanks specially designed to withstand 
severe impact and high temperatures. The 
possibility of radioactive material escaping 
from its containment during an accident is un
likely, but ifit did, the radiation effect should 
be minimal because of the small amount of 
waste shipped at any one time. 

The usable portion of the waste is extracted 
at the reprocessing plant. The gaseous waste 
after reprocessing is released through a stack 
to the atmosphere. The remaining waste is 
required to be solidified after a period of time 
and then moved fo a permanent burial ground. 
Deep salt mines are considered the best for 
this purpose. Several sites have been con
sidered, and the one near Lyons, Kansas, ap
pears to best satisfy the requirements. How
ever, use of this site, as well as any site which 
might be chosen as a repository for radioactive 
wastes, has been opposed. Community 
enlightenment and establishment of accepta
ble guidelines are required if selection of bur
ial sites is to become acceptable to the public. 

The gaseous wastes released from re
processing plants contain radioactive isotopes 
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which, in small quantities, are not harmful 
and cannot concentrate to a great degree. 
However, the large quantity of these isotopes 
which will be released from reprocessing 
plants to satisfy the future fuel demands may 
result in a large buildup by the turn of the 
century. Techniques are being studied and 
devel<;>ped for containing these isotopes at the 
reprocessing plants. Because there is an in
terval of time before these emissions present 
an actual problem, intensive research and de
velopment should solve the problem. A pilot 
program is being conducted which may re
move more than 99 percent of one of the 
isotopes from the emissions of a reprocessing 
plant. 

6.3.4 Heated Water Discharges 

The heated discharges of water used for 
cooling in nuclear power plants also cause 
concern. Because the plants are less efficient 
than fossil-fueled power plants, more heat is 
discharged into the supplying water body. 
However, the nuclear plants of the future 
should be as efficient as the modern fossil
fueled plant. In any event, if heated water 
discharges are a problem, supplemental cool
ing systems such as cooling towers can be used 
to remedy the situation where warranted. 

6.3.5 Conclusions 

The shift to nuclear power plants is desira
ble from the view of conservation of our 
natural resources. At the present rate,of in
creased use of coal in industrial and power 
plants, it is estimated that the recoverable 
supply of coal in the nation would be 
exhausted in 100 years. Proved recoverable 
reserves of natural gas are being reduced, and 
at the current rate of production, they will last 
only 15 years. However, increased exploration 
will probably extend this considerably. Oil re
sources are also dwindling. Thus, by increas
ing the use of nuclear fuel for electric power 
production, fossil fuels will be freed for other 
vital uses. 

However, the supply of nuclear fuel is not 
without limit. The development of a commer
cial fast breeder reactor is required by the late 
1980s in order to produce enough cheap nu
clear fuel to supply the requirements of the 
nuclear power industry. A crash program for 
development of the fast breeder has been ad
vocated. 
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In addition to conservation of natural re
sources, another advantage of nuclear power 
plants is that they are much cleaner than 
fossil-fueled plants. The air pollution problem 
of fossil plants is considered by some to be 
more of a potential health hazard than the 
controlled radiation releases from nuclear 
plants. Nuclear power plants do not emit sig
nificant quantities of air pollutants. Although 
reactors employed in nuclear power plants 
produce radioactive materials, most of these 
are incorporated in solid waste prod.)lcts and 
are not factors in air pollution. These solid 
waste materials are subject to several levels of 
control, collection, and treatment. A small 
amount of low-level radioactive gases is re
leased into the atmosphere under carefully 
controlled conditions. The radiation level ,md 
quantity of releases are measured and limited 
to regulated amounts. The release limits used 
are based ori radioisotope concentration 
guides which have been established by inter
national and national radiological authorities. 

If a person somehow were exposed to a large 
amount of radiation produced by a nuclear 
power plant, "sudden death" would not au
tomatically result. It has been estimated that 
the annual radiation exposure which could be 
fatal for an individual would have to be almost 
1000 times the permissible release limit used 
as an exposure standard in 1970, and almost 
100,000 times the design basis for nuclear 
power plants. The annual exposure required 
to produce even nausea or discomfort in an 
individual is 200 times the permissible 1970 
release limit and 20,000 times the design basis. 

6.4 Aesthetics 

In addition to concern about the impact of 
power facilities on the quality of air and water, 
increasing concern has been expressed by var
ious groups at the Federal, State and local 
levels about their effect on the appearance of 
the cities and countryside and the protection 
of natural, historic, scenic, and recreational 
values. The problem of aesthetics of power 
facilities falls into three general categories
distribution, transmission, and generation. 

6.4.1 Distribution Facilities 

There are many overhead distribution lines 
in exisience with multiple crossarms, numer
ous conductors, and conspicuous .appurte
nances which may be deemed unattractive. To 
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- overcome objection to the construction of 
these lines, manufacturers and utilities have 
developed many new designs, materials, and 
concepts which have improved the appear
ance of overhead facilities. Some of these are: 

(1) keeping the number of conductors on 
one pole line to a minimum 

(2) eliminating crossarms 
(3) replacing wood poles with concrete or 

steel poles 
(4) making hardware components and 

supports from-fiberglass and in more attrac
tive shapes 

(5) using colors which blend more compati
bly with the sky and surroundings in the con
struction of substations, insulators, trans
formers, poles, and other distribution eq.uip
ment 

(6) careful routing of distribution lines, 
making greater use of natural screening to 
soften harsh silhouettes and improve the ap
pearance of the surrg_undings 

Another solution is to put distribution lines 
and faci-lities underground. Underground sys
tems have been confined to high load density 
areas. such as the downtown sections of large 
cities. Underground systems require designs 
and equipment with an extremely high degree 
of reliability and capability for growth with
out major changes. The costs of these systems 
are comparatively high. Lower cost under
ground distribution systems have recently 
evolved which are being used in residential 
and other low load density areas. Many new 
residential subdivisions, apartment develop
ments, and shopping centers are· now em
ploying underground systems. 

Conversion of existing overhead systems to 
underground systems is very _costly. It has 
been estimated that the cost of converting all 
existing overhead distribution to under
ground would be $150 billion. This compares 
with the present total investment in distribu
tion facilities of approximately $40 billion. 
Thus, the conversioh of all existing facilities 
does not appear practical, but it may be done 
on a selective basis. 

6.4.2 Transmisslon Facilities 

Transmission systems differ from distribu
tion systems because they generally transport 
large blocks of power greater distances and at 
higher voltages. The problem of protection of., 
the natural, historic, scenic, and recreation 
values in the design and location of transmis
sion right-of-way and facilities is ofmajorcon-

cern. To solve this problem, guidelines have 
been recommended which include: 

(1) the selection and clearing of right-of
way routes 

(2) the location of transmission towers and 
overhead lines 

(3) the design of transmission towers 
(4) the maintenance of transmission line 

right-of-way 
(5) possible secondary uses of right-of-way 
(6) the location of .appurtenant above

ground facilities 
Compliance with these recommended 

guidelines would minimize the impact of 
transmission facilities on environmental val
ues. 

New designs for transmission towers such 
as tapered poles can improve their appear
ance. Choice of colors and materials can also 
aid their appearance. Joint use of rights-of
way should be emphasized in future planning 
and acquisition programs to minimize land 
use conflicts. 

Underground high voltage electric trans
mission lines for long distances are not 
technologically or economicallyfeasible at the 
present time. There are currently approxi
mately 2,000 miles of underground lines of 
69-kV and higher, but these represent less 
than one percent of the total high voltage 
transmission system. They are generally lo-

-cated in densely populated areas where over
head right-of-way is not available or is pro
hibitively expensive. They are also of com
paratively short lengths. There are major 
technical problems in the - construction of 
underground transmission lines and facilities, 
and the cost is many times that of overhead. It 
has been estimated that in suburban areas, 
underground lines cost 8½ times the cost of 
overhead lines at 138-kV and 15 times at 345-
kV. Consequently, it is not expected that many 
transmission facilities will be installed under
ground in the next decade or so. 

6.4.3 Generation Facilities 

Hydroelectric plants can be improved in ap
pearance by blending the structures with the 
natural features of the site. The architects, 
designers, contractors, and landscape plan
ners should work together to achieve a unified 
design and compatibility with the surround
ing landscape. Current licenses for hydro
electric projects being'-issued by the Federal 
Power Commission contain specific provisions 
requiring the applicant to preserve and en-



hance aesthetic values in the plans for project 
works. 

Steam-electric plant site selections involve 
the consideration of many factors. The need to 
improve the appearance of power facilities to 
reduce the adverse impact upon the environ
ment is now generally recognized as one.oft he 
factors to be considered. The aesthetic nature 
of power plants, both fossil-fueled and nuclear, 
can be improved by good architectural design 
and landscaping treatment. Nuclear plants 
have an aesthetic advantage over fossil-fueled 
plants by not requiring large fuel storage 
areas, ash disposal areas, and tall stacks. 

In the construction of cooling. systems as
sociated with power plants one must also con
sider aesthetics. A flow-through system in
volves the least noticeable change in the 
natural environment. The required struc
tures are generally located at the edge of a 
stream or reservoir, with a major part of the 
installation being placed underground or 
underwater. 
· Cooling ponds are similar in structural re

quirements to flow-through systems and may 
provide -recreational opportunities. However, 
both ponds and flow-through systems may 
have adverse aesthetic effects because 
warmwater discharges may promote the 
growth of algae and also induce fogging. 

Wet, natural-draft cooling towers involve 
large structures which are usually considered 
unsightly. Many are 400 feet or more in height, 
making it difficult to blend them into the 
natural environment. The large quantities of 
moisture given off can cause fogging in warm 
weather and icing in winter. Mechanical draft 
towers are not as tall as natural draft struc
tures and can therefore be more easily 
obscured. However, they release moist .air at 
lower elevations which creates greater fog
ging and icing problems. Dry type towers 
would eliminate the fogging and icing prob
lems, but because they are comparatively 
larger in volume than the wet type, it would 
be more difficult to blend them into the sur
roundings. The large volumes of warm, dry 
air released could possible affect local weath
er conditions. 

6.5 Federal Legislation Affecting Power Plant 
Siting 

The environmental and ecological problems 
accompanying the siting of power plants has 
increased the concern of environmentalists, 
conservationalists, the public, Federal and 

/ 
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local agencies, and the electric utilities. Con
gress officially recognized the water pollution 
problem by enacting the Federal Water PoUu
tion Control Act in 1956 .. This Act was 
amended in 1961, i965, 1966, 1970, and 1972 
with shifts in administration of the Act from 
the Public Health Service to the Department 
of Health, Education, and Welfare and to the 
Department of the Interior. The objective of 
the original Act, as amendedin 1961, was the 
enhancement of the quality and the value of 
the nation's water resources and the estab
lishment· of a national policy for the preven
tion, control, and abatement of water pollu
tion. The 1965 amendment (Water Quality Act) 
allowed the States to establish water quality 
standards for interstate streams and coastal 
waters, subject to approval by the Secretary of 
the Interior and the Environmental Protec
tion Agency. The 1966 amendment (Clean 
Water Restoration Act) authorized Federal 
financial assistance for research and de
velopment of water pollution control mea
sures, and for the construction of waste 
treatment works. 

On January 1, 1970, the National Environ
menta!Policy Act of 1969 (Public Law 91-190) 
was enacted. The purposes of the Act are: "To 
declare a national policy which will encourage 
productive and enjoyable harmony between 
man and his environment; to promote efforts 
which will prevent or eliminate damage to the 
environment.and biosphere and stimulate the 
health and welfare of man; to enrich the un
derstanding of the ecological systems and 
natural resources important to the Nation; 
and to establish a Council on Environmental 
Quality." 

Another act, Public Law 91-224, was passed 
by Congress on April 13, 1970. Under Sec. 
21(b)(l) of Title I (the Water Quality Improve
ment Act of 1970) of PL 91-224, any applicant 
for a Federal license or permit to conduct any 
activity which may result in any discharge 
into navigable waters shall provide the licens
ing or permitting agency a certification from 
the State, or from the interstate water pollu
tion control agency having jurisdiction. State 
certification will assure that such activity will 
be conducted in a manner which will not vio
late applicable water quality standards. No 
license or permit shall be granted until the 
required certification has been obtained (un
less it has been waived), or if certification has 
been denied. 

Title II of Public Law 91-224 is known as the 
"Environmental Quality Improvement Act of 
1970." The purposes of this Act are: 
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(1) To assure that each Federal department and 
agency conducting or supporting public works ac
tivities which affect the· environment shall imple
ment the policies established under existing law; and 

(2) to authorize an Office of Environmental Qual
ity; which,' notwithstanding any other provision of 

. law, shall provide the professional and administra
tive staff for the Council on Environmental Quality 
establish_ed by Public Law 91-190. 

In addition to water pollution legislation af
fecting construction of power plants, the 
Atomic Energy Act of 1954, as amended, re
quires licensing of all nuclear plants. This Act 
gives the Atomic Energy Commission (AEC) 
the authority to license and regulate nuclear 
plants with respect to protection of public 
health and safety from radioactive dis
charges. 

More recently, the President's Reorganiza
tion Plan No. 3 of 1970 was announced on July 
9, 1970 consolidating the major pollution re' 
sponsibilities of the Federal government. This 
removed the Federal Water Quality Ad
ministration (FWQA) from the Department of 
Interior and the National Air Pollution Con
trol Administration (N APCA) from the De
partment of Health, Education, and Welfare 
and incorporated them into a new agency, the 
Environmental Protection Agency (EPA), ef
fective December 2, 1970. Also transferred to 
EPA is the function of the Atomic Energy 
Commission pertaining to the establishing of 
environmental standards for the protection of 
the environment from radioactive material. 

Following the formation of EPA, Executive 
Order 11574, Administration of Refuse Act 
Permit Program, was issued on December 23, 
1970. The purpose of the Order is to control and 
reduce pollution of the nation's waterways by 
establishing a new, coordinated program of 
water quality enforcement under the Refuse 
Act of 1899. All persons and firms proposing to 
commence or to continue the discharging or 
depositing of any material into the navigable 
waters of the United States or their 
tributaries must obtain a permit. Any person 
or firm failing to apply for or not receiving a 
permit will be liable to criminal or injunctive 
proceedings. 

Prior to the formation of EPA, the NAPCA 
was the principal Federal agency concerned 
with administering programs concerned with 
air quality. In 1955 1Congress authorized the 
Department of Health, Education, and Wel
fare (HEW) to conduct research into the ef
fects of pollutants. The Clean Air Act of 1963 
authorized a broad program of Federal re
search, technical assistance, and other aids to 

State and 1·ocal air pollution control programs. 
It also contained specific mandates for HEW 
to conduct research on sulfur oxides, to de
velop criteria on air pollution agents, and to 
conduct abatement proceedings . 

The Air Quality Act of 1967 amended the 
Clean Air Act and provided an inter
governmental program for the prevention and 
control of air pollution on a regional basis. 
HEW was required to designate air quality 
control regions and issue quality criteria and 
reports on control techniques. State govern
ments were then to establish ambient air qual
ity standards for the air quality control re
gions and to adopt plans for implementation of 
the standards and submit them to HEW for 
review and approval. NAPCA has delineated a 
number of air quality control regions and has 
also issued criteria and control documents for 
sulfur oxides, particulates, carbon monoxide, 
hydrocarbons, oxidants, and nitrogen oxides. 
This was to be followed by States adopting air 
quality standards and implementation plans 
under provisions of the 1967 Act. 

The more recent Clean Air Act amendments 
of 1970 (PL 91-604), approved December 31, 
1970, greatly strengthened the Federal air 
pollution control authority. Following enact
ment, the Administrator of the newly formed 
EPA was directed to issue national primary 
and secondary ambient air quality standards. 
Primary standards were defined as standards 
required to protect the public health. Secon
d!lry standards were defined as standards to 
protect public welfare from any known or an
ticipated adverse effects. EPA has proposed 
standards for sulfur oxides, nitrogen oxides, 
and particulates. After adoption of the stan
dards, the States are required to submit 
implementation plans to the Administrator 
within nine months. In the case of primary 
standards, these plans are to be carried out 
within three years, unless an extension is 
granted. Special attention is given in the _Act 
to new stationary sources such as new power 
plants. This requires that the Administrator 
list categories of stationary sources and pro,, 
pose regulations establishing Federal stan
dards of performance for new sources which 
reflect the degree of emission limitation 
achievable through the application of the best 
system of emission reduction which has been 
adequately demonstrated. Each State must 
then develop procedures for implementing 
and enforcing the standards. If these stan
dards are adequate, the EPA Administrator 
delegates authority to the State to implement 
and enforce the standards. 



Because of the aforementioned water and 
akpollution acts, the Federal Power Commis
sion, on October 22, 1970, adopted a new rule 
requiring electric utilities to annually submit 
FPC Form 67, containing air and water qual
ity control data which will provide a basis for 
the development of effective environmental 
quality control programs. The Federal Power 
Commission also issued Order No. 415 on De
cember 4, 1970, implementing the National 
Environmental Policy Act which requires 
licensees to supply detailed information relat
ing to environmental factors. 

In addition to water and air pollution legis
lation which affects siting of electric power 
plants, other Federal acts have been passed 
relating to the protection of fish and wildlife, 
the preservation of wild, scenic, recreational, 
and historic areas and the preservation of aes
thetic values. Compliance with these statutes 
is required of hydroelectric licensees by the 
Federal Power Commission. 

The previously mentioned Federal acts 
have resulted in corresponding actions by the 
State and local governments. Many have es
tablished air quality criteria for sulfur oxides 
and are exploring criteria for nitrogen oxides 
and carbor,t monoxides. All States have sub
mitted water quality standards for their 
interstate and coastal waters for approval by 
the Office of Water Quality of the EPA. 

In addition, there were a number of bills 
pending before Congress during its 1971 ses
sion concerning power plant siting. It seems to 
be the general consensus that some sort of 
legislation on this matter will be passed but its 
terms cannot be defined at this time. 

6.6 State and Local Authority Affecting Power 
Plant Siting 

In order to ascertain the degree of control 
that State and local governments exercise 
over the siting of power plants and routing of 
~ransmission lines, in early 1970 the Federal 
Power Commission surveyed the utilities in 
each FPC power region. The following is a 
summary of the survey for each State in the 
Great Lakes Basin. In some cases where 
known changes have occurred since early 
1970, these are included in the summary. 
However, the increased attention to environ
mental matters by the States has caused 
numerous recent changes in their internal 
structure which may not be included. Addi
tional information on the subject can be found 
in Appendix F20, Federal Laws, Policies, and 
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Institutional Arrangements, and Appendix 
S20, State Laws, Policies, and Institutional 
Arrangements .. 

6.6.1 Illinois 

Prior to the construction of a new thermal 
electric power plant certification by the Illi
nois Commerce Commission under Section 55 
of the Illinois Public Utilities Act is required 
showing that the public convenience and 
necessity require such construction. A similar 
certificate is required before construction of a 
new transmission line. 

A certificate is required in the above cases 
whether or not the right of eminent domain is 
to be exercised. Prior to exercising the right of 
eminent domain, Illinois public utilities must 
receive a separate order from the Illinois 
Commerce Commission pursuant to Section 50 
of the Public Utilities Act. , 

In 1970 the General Assembly passed the 
Environmental Protection Act to control, pre
vent, and abate pollution of the surface and 

/ underground waters in the State and to en
hance the quality of the environment in other 
aspects as well. The Illinois Environm.ental 
Protection Agency (IEPA) is designated as the 
pollution control agency of the State under the 
Act, and a Pollution Control Board was estab
lished to determine whether pollution exists. 
The IEPA presents technical information as 
evidence before the Board. The IEPA has 
broad powers for controlling pollution of the 
State's waters through rules adopted by the 
Board. Permits must be obtained from the 
Agency before persons may construct, install, 
or operate any equipment, fac,ility, vessel, or 
aircraft, or before increasing the quantity or 
strength of any discharge of contaminants. 
Other permits may also be required. 

The Act makes it illegal to discharge into the 
environment any contaminant that causes or 
tends to cause pollution or violates standards. 
The Board may seek cease and desist orders 
for violations of the Act or Board Rules and 
Regulations, specifying the conditions and 
time for accomplishment. It may also impose 
monetary penalties or revoke permits. 

The regional organizations in the Illinois 
area which exercise responsibility in en
vironmental matters include the Four-State 
Enforcement Conference on Lake Michigan 
Pollution (Illinois, Indiana, Wisconsin, and 
Michigan), the Chicago Metropolitan Air 
Quality Region (six northern Illinois counties 
and two northern Indiana counties), and the 
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St. Louis Metropolitan Air Quality Region 
(counties from Illinois and adjacent counties 
from Missouri). 

The Four-State Enforcement Conference on 
Lake Michigan Pollution was called together 
by the Federal government at the request of 
the State of Illinois. It is a continuing body. 
Specific authority rests with each State, but 
final authority can be exercised by the Fed
eral government. 

The Metropolitan Air Quality. Region 
groups are essentially ad hoc and act only in 
an advisory capacity. Action on a decision is 
handled by the individual State air quality 
control boards, their technical staff, and ad
visors, but there is no binding agreement be
tween States that assures mutual decisions 
will be acted upon. 

The Metropolitan Sanitary District requires 
a permit for any discharge of industrial wastes 
into .the waterways of Cook County, Illinois, 
which can cause pollution. It also requires a 
permit for all construction within or directly 
adjacent to the Sanitary and Ship Canal, the 
Calumet-Sag Canal, portions of the North 
Branch of the Chicago River, and the North 
Shore Channel. 

Permits are also required for the construc
tion of stacks and for process and stack emis
sions. In several instances local governments 
have applicable ordinances, but State re
quirements still prevail as the minimum stan
dards. 

6.6.2, Indiana 

Only the Public Service Commission of In
diana can grant a new utility the right to con
struct a thermal electric power plant. This is 
done by obtaining a Certificate of Public Con
venience and Necessity. 

Wjth regard to existing utilities, no specific 
Certificate of Convenience and Necessity is 
required to build a th'ermal electric power 
plant. However, the Commission is required to 
approve construction plans and expenditures 
by an existing utility if the existing utility can 
show that the public interest will be served by 
that construction and expenditure. 

,Prior to the use of the waters of the State of 
Indiana for cooling purposes in generating 
stations, authority must be obtained from the 
Indiana State Board of Health through the 
Stream Pollution Control Board. Information 
on the effect of construction within a floodway 
and removal of water and material from a 
stream must be submitted to the Indiana De-

partment of Natural _Resources in order to ob
tain approval. In addition, approval of the 
Federal Aviation Agency must be obtained for 
the height of smoke stacks on generating sta
tfons. Local zoning regulations may also ap
ply. 

No specific certification is required from the 
Public Service Commission of Indiana for the 
purposes of obtaining the right of eminent 
domain except in cases involving a second util
ity coming into the territory of an existing 
utility. The right of eminent domain is granted 
to existing utilities by statute, and the exer
cise of the right is determined by the courts of 
Indiana. 

In the past the Public Service Commission of 
Indiana has made no attempt to exercise its 
authority with respect to environmental re
view and it has no specialized staff for such 
purposes. However, such factors are within 
the statutory powers of the Commission, and 
its present staff could be utilized to discharge 
this responsibility. The Department of 

·Natural Resources is fully staffed to discharge 
its responsibilities on matters of thermal ef
fects on water of the State. The Air Pollution 
Board of the State Board of Health is fully 
staffed to treat matters of air pollution. 

Regional organizations have been for
malized for environmental matters: the Ohio 
River Valley Sanitation Commission; the 
Great Lakes Commission; the Wabash Valley 
Interstate Commission; and the Ohio Valley 
Interstate Commission. These bodies are con
tinuing bodies- constituted under specific 
multi-State compacts. 

6.6.3 Michigan 

Before constructing a thermal electric 
power plant, an electric utility must obtain an 
air use approval from the Air Pollution Con
trol Commission and a permit from the De
partment of Natural Resources for any dredg
ing or filling in the bottomland of any naviga
ble lake or stream. Before operating such a 
plant, an electric utility must obtain an 
operating permit from the Air Pollution Con
trol Commission and an Order of Determina
tion from the Water Resources Commission. 
Full information as to the nature of the 
effluent. involved must be furnished to the re
spective Commission. The Order of Determi
nation of the Water Resources Commission 
must include such <'restrictions as in the 
judgment of the Commission may be neces
sary to guard adequately" against "discharge 



into the waters of the •State any substance 
which is or may become injurious to the public 
health, safety or welfare; or which is or may 
become injurious to· domestic, commercial, in
dustrial, agricultural, recreational or other 
uses which are being or may be made of such 
waters; or which is or may become injurious to 
the value or utility of riparian lands; or which 
is or may become injurious to livestock, wild 
animals, birds, fish, aquatic life or plants or 
the growth or propagation thereof be pre
vented or injuriously affected; or whereby the 
value offish and game is or may be destroyed 
or impaired." The Water Resources Commis
sfon has promulgated water quality standards 
which have been approved by the Federal Sec
retary of the Interior. These cover everything 
except temperature standards. Public hear
ings on new temperature standards were held 
by the Commission in 1970 and in 1971. Re
vised standards have been adopted and have 
been transmitted to EPA for approval. ' 

The Water Resources Commission Order 
must also approve of any construction or fill
ing within the. flood plain, stream bed, or 
channel of any stream. 

The Department of Natural Resources is re
sponsible for the protection and development 
of the State's natural resources. In this capac
ity, it reviews plant development plans for . 
their adequacy, particularly with respect to 
fish, wildlife, and recreation resources. The 
Department of Natural Resources·cooperates 
with the Bureau of Sport Fisheries and Wild
life and provides comments and rec
ommendations on the preservation and pro
tection of fish and wildlife resources approp
riate under the Fish and Wildlife Coorilination 
Act. 

The Air Pollution Control Commission per
mit "continues in effect as long as the installa
tion performs in accordance with the condi
tions upon which the permit is based." 

Local air pollution approvals or permits are 
required by some local ordinances. Local ordi
nances may sometimes be more restrictive 
than the State statute. 

Other State approvals and permits include 
approval by the Department of Aeronautics 
on lighting of certain tall structures, approval 
by the Department of Public Health as to the 
sanitary sewage system, a Boiler Permit from 
the Department of Labor and a Railway and 
Highway Crossing Permit from the Public 

• Service Commission. No State agency has 
jurisdiction over plant siting, but applicable 
environmental regulations and standards 
must be met. 
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An electric utility must obtain a certificate 
of convenience and necessity from the Michi
gan Public Service Commission before con-. 
structing an electric transmission line only if 
it is to be constructed in the territory of • 
another electric utility. However, such con
struction-is subject to local zoning ordinances 
under Michigan law. 

The Michigan Department of Public Health 
radioactivity ·standards are essentially the 
same as those of the Atomic Energy Commis
sion. 

6.6.4 Minnesota 

There is no specific certification required 
from a single Minnesota agency before an 
electric utility can construct a thermal power 
plant. However, several State and local agen
cies have degrees of control over plant siting. 
Permits are required from the Department of 
Natural Resources to utilize surface and 
ground waters, and from the State Pollution 
Control Agency to discharge wastes, build in
dustrial facilities in accordance with planning 
and zoning regulations, build tall structures, 
and accomplish aspects of a similar nature. As 
for transmission lines, there is no single Min
nesota agency which can grant certification. 
Several State and local governmental entities 
must be approached to obtain the required 
land-use and building permits, and permits to 
cross public lands and waters. 

In 1967 the Minnesota Legislature created 
the Pollution Control Agency to deal directly 
with problems relating to water and air pollu
tion. The Pollution Control Agency was the 
successor of the Water Pollution Control 
Commission, and all duties and powers for
merly vested in that commission were trans
ferred to the new agency. These included the 
administration and enforcement of all laws re
lating to water pollution, the investigation 
and gathering of data required for adminis
tration and enforcement of the pollution laws, 
establishment of water pollution standards, 
and the issuance, continuance, or denial of 
permits for discharge of wastes. • 

In addition to the Great Lakes Basin Com
mission, there are two other river basin com
missions that have major functions in Min" 
nesota. One is the Minnesota-Wisconsin 
Boundary Area Commission, a State organi
zation similar to that of Wisconsin. The other 
is the Souris, Red, Rainy River Basin Commis
sion, a Federal-State organization. Both of 
these organizations were constituted under 
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specific State legislative authority, but their 
functions are advisory rather than regula
tory. 

A regional authority in the Minneapolis-St. 
Paul metropolitan area was established 
under State legislative authority. It is known 
as the Metropolitan Council and has coor
dinating and advisory functions. 

Many counties in Minnesota have com
prehensive planning and zoning boards, es
tablished under authority of the State Legis
lature. These boards have regulatory author
ity over thermal plants and transmission 
lines. 

Under the terms of a Flood Plain Manage
ment Act passed by the Minnesota Legisla
ture, the Minnesota Commissioner of Conser
vation establishes standards for flood-plain 
zoning to be implemented by counties. These 
standards affect thermal plants and trans
mission lines. 

6.6.5 New York 

Under the Public· Service Law. no utility 
urider the jurisdiction of the Public Service 
Commission may begin construction of an 
electric plant in territory where it has not pre
viously been authorized without first having 
obtained the permission and approval of the 
Commission (P.S.C. Law, Art. 68). 

Under the Siting Bill (Laws of 1970-
Chapter 272), no person sha)l, after July 1, 
1970, commence the preparation of a site for 
the construction of a major utjlity transmis
sion facility in New York State without having 
first obtained a Certificate of Environmental 
Compatibility and Public Need issued with re
spect to such facility by the Public Service 
Commission. 

A "major utility transmission facility" is de
fined as an electric transmission line of 125 kV 
or more, extending one mile or more, or 100-kV 
to 125-kV extending more than ten miles (ex
cept for underground lines in cities of 125,000 
population); and a gas transmission line of 
more than 125 psi extending 1000 feet or more. 

The Condemnation Law as amended by 
Chapter 272 of the Laws of 1970 states that it is 
no longer necessary to show the necessity of 
the acquisition of property for public use if the 
property is to be used for construction of a 
major transmission facility, to which a Certifi
cate has been issued by the Public Service 
Commission. 

Certain functions of the Department of 
Health, the former Water Resources Commis-

sion, and the former Department of Conserva
tion have become part of a new Department of 
Environmental Conservation. The handling of 
air and water po)lution controls and the set
ting of water quality designations, and protec
tions against encroachment of State waters 
are among the functions of the new Depart
ment. 

Under recently enacted legislation the Gov
ernor has the power to appoint a Council of 
Environmental Advisors to advise the Gover
nor with respect to environmental matters. A 
State Environmental Board has been estab
lished to coordinate the interests of various 
State agencies. Local environmental councils 
function in an advisory capacity to local 
municipalities to review all projects which will 
affect the environment. 

The State of New York has given its Atomic 
and Space Development Authority significant 
control over nuclear generating sites. A law 
enacted in May 1968 authorizes the authority 
to designate plant sites and then acquire, de
velop, prepare, and furnish them by sale or 
lease to electric utilities. 

The State Public Service Commission does 
not require a utility to obtain a certificate be
fore constructing steam-electric power plants 
within the utilities' own existing franchised 
areas, but such certification is necessary for 
construction of plants outside such areas. 

In 1970 the legislature passed and the Gov
ernor signed bills effecting a reorganization of 
the Public Service Commission and the dele
gation of additional powers to the Chairman. 
Another measure proposed by the Governor 
would establish, within the Commission, a 
vehicle to resolve in one proceeding, without 
undue delay, questions growing out of the lo
cation of major utility generating stations. 
The legislation was not pass·ed in the 1971 
session. 

6.6.6 Ohio 

The Ohio Constitution authorizes laws 
adopted to encourage forestry and to conserve 
the natural resources of the State. The State 
Public Utilities Commission does not require 
the issuance of certificates for the construc
tion of either steam electric power plants or 
transmission lines. Nevertheless, the Ohio 
Water Ponution Control Board has the power 
to issue, revoke, modify, or deny permits for 
the discharge of sewage, industrial waste, or 
other wastes into Ohio waters after consider
ing the technical feasibility and economic 



reasonableness of removing the _polluting 
properties from such wastes. 

In 1951, Ohio adopted the Water Pollution 
Control Act of Ohio. This. Act directs the Ohio 
Water Pollution Control Board to: 

(1) conduct water pollution research and 
study 

(2) develop programs to prevent, control, 
and abate water poUution 

(3) issue, modify, or revoke orders prohibit
ing discharge into Ohio waters, requiring con
struction of new disposal systems, and pro
hibiting additional connections or extensions 
of a sewerage system when the same would 
result i~ additional pollution discharge into 
State waters 

(4) issue, revoke, modify, or deny permits· 
for discharge of sewage as aforesaid 

(5) establish water quality standards 
(6) investigate alleged acts of polluting ac

tivities 
In the absence of a permit the Act proscribes 

all water pollution discharge as a public nui
sance. 

In 1967 Ohio ·adopte_d the Air Pollution Con
trol Act. The Act provides that the Ohio Air 
Pollution Control Board may: • 

(1) conduct research and studies. relevant 
to the air pollution control 

(2) develop programs to prevent, control, 
and abate air pollution 
. (3) recommend ambient air quality stan

dards for various areas of the State 
(4) recommend air contaminant emission 

standards to achieve established air quality 
standards 

(5) require emission reports to be filed with 
the Board 

(6) establish air pollution monitoring sta
tions within the State 

(7) require the SU bmission of plans and 
specifications for proposed installations that 
may cause air pollution and 

(8) advise, consult, and cooperate with any 
governmental or private agency in furthering 
the purposes of the Air Pollution Act. 

The Act further provides that violations 
shall be prosecuted by the State Attorney 
General. . 

In the fields of both air and water pollution 
control, Ohio cooperates with other States as 
well as with the Federal government. Ohio is a 
member of the Ohio River Valley Sanitation 
Commission (ORSANCO) which is an in
terstate compact agency created by the States 
in the Ohio River Valley and the Federal gov
ernment to maintain and enhance water qual
ity in the streams of the valley. In 1969, Ohio 
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and West Virginia ratified an interstate com
pact to establish an interstate agency to pre
vent, abate, and control .air pollution. This 
compact has been approved by the Federal 
government. Under the Federal Air Quality· 
Act of 1967, four _air quality control regions 
have been established in Ohio (Cincinnati, 
Cleveland, Steubenville, and Dayton), and a 
fifth region will ultimately be established (To
ledo). 

6.6. 7 Pennsylvania 

Formal authorization must be obtained 
from the Public Utility Commission before a 
thermal power plant and transmission lines 
can be constructed where eminent domain 
proceedings are required, or if a municipal 
system proposes work outside its normal 
boundaries. A public hearing is required by 
law in all such cases. 

A newly organized Department of En
vironmental Resources has taken over the au
thority formerly vested in the Department of 
Health regarding air and water pollution. The 
new department's Environmental Quality 
Board reviews all matters pertaining to the 
environment and issues construction permits 
for water related structures. 

6.6.8 Wisconsin 

Certification is required by the Public Ser
vice Commission before any electric utility can 
construct any generating station, prime 
mover, or principal steam or electric generat
ing unit, or any equipment designed to change 
materially the rated or nominal output 
characteristics of existing generating units. 

Certification is also required before any 
electric utility can construct any electric line 
which will connect with the system or facilities 
of another electric utility, or which will bring 
in a new power supply to its own system in an 
incorporated city or village or other principal 
load center. Certificati,on is also necessary if 
the cost exceeds $1,000 or 2 percent oft he utili
ty's gross electric operating revenues for the 
last preceding calendar year, whichever is 
greater. 

In 1967 the Wisconsin Legislature created a 
Department of Natural Resources which has 
the primary functions of providing an 
adequate- and flexible system for the protec
tion, development. and use of forests, fish, 
gafue, lakes, streams, plant life, flowers and 



62 Appendix 10 

other outdoor resources in the State of Wis
consin; and organizing a comprehensive pro
gram for the enhancement of the quality, 
management and protection of all waters of 
the State, ground and surface, public and pri
vate; and other vital environmental factors 
such as solid waste disposal, quality of the air, 
protection of shorelines, flood plains, and open 
spaces. 

The Department of Natural Resources, 
headed by a Natural Resources Board, has 
approximately 1,400 employees and is or
ganized with a Secretary of Natural Re
sources and several bureaus and divisions. 
One of these divisions is the Division of En
vironmental Protection which has the Air and 
Water Polh1tion Control Bureaus. Advisory 
groups include an Air Pollution Control Coun
cil (a group of seven individuals appointed by 
the Governor which advises on matters per
taining to air pollution and solid waste dispos
al). 

Certain matters relating to radiation are 
under the jurisdiction of the Wisconsin De
partment of Health and Social Service which 
is also organized with a number of bureaus 
and divisions. 

There are two regional organizations 
operating in the State of Wisconsin having re
sponsibility in environmental matters. The 
Wisconsin portion of the Minnesota-Wisconsin 
Boundary Area Commission was created in 
1965 and is composed of five members ap
pointed by the Governor with Senate confir
mation for staggered 5-year terms. The Com
mission is assisted by the Legislative Advis
ory Committee, consisting of 10 legislators, 
and a Technical Advisory Committee, consist
ing of two members appointed by the Governor 
and one member from each of seven State 
agencies. Their functions are to conduct 
studies and to develop recommendations re
lating to the present and future protection, 
use, and development in the public interest, of 
the lands, river valleys, and waters which 
form the boundary between the two States. 
The second organization, the Wisconsin Great 
Lakes Compact Commission, was created in 
1955. The members of this commission, con
sisting of five individuals 'appointed by the 
Governor, are Wisconsin's represe_ntatives on 
the Great Lakes Commission, the interstate 
agency carrying out the functions authorized 
by the compact. The commissioners direct and 
execute a program,ofeducation .in support of 
developmental projects for the St. Lawrence 
Seaway and the Great Lakes. Their efforts 
also provide mutual research and discussion 

in 14 broad fields of water resource problems. 
There are also two control boards in the 

State. The Milwaukee County Department of 
Air Pollution Control was created in 1961 to 
regulate the emission of smoke, solids, liquids, 
gases, fumes, acids, burning embers, sparks, 
particulate wastes or dusts, into the open air 
within the territorial limits of Milwaukee 
County. In addition the Department is empow
ered to regulate the construction, recon
struction, repair, use of, additions to proces
ses, control equipment, devices, and the appli
cation of fuels and raw materials to equipment 
and processes. The Milwaukee County Air Pol
lution Advisory Board was appoii,ted by''the 
County Executive to advise the Director of the 
Milwaukee County Department of Air Pollu
tion Control and the County Board of Super
visors on technical matters. All of the 
aforementioned organizations are continuing 
bodies constituted under specific authority. 

6. 7 Effects of Legislation on Generating In
stallations 

The illcreased attention to the environmen
tal impact of thermal and hydroelectric power 
plants and transmission facilities has caused 
delays in the installation of required generat
ing capacity. For instance, the first large nu
clear plant to be constructed on Lake Michigan, 
the 812-MW Palisades nuclear plant \of the 
Consumers Power Company, was completed in 
time for the summer peak load in 1970, and 
was ready for loading pending receipt of an 
operational license from AEC. However, the 
operation license was held up until after July 
21 because of a public hearing on June 23 re
quested by conservation groups concerned 
with thermal pollution and radioactivity0 Sev
eral subsequent continuations of the hearings 
were called and operation ,of the Palisades 
Plant was delayed. Under an agreement with 
the environmentalists blocking AEC's ap
proval of the plant, the utility will construct 
cooling towers and other facilities, and the en
vironmentalists will withdraw their objec
tions. The utility insists that the pollution 
control facilities are not required, but agreed 
to their installation because the delay in 
operating the plant was costing more than 
could be saved even if the utility won the dis
pute. The added facilities will cost approxi
mately $15 million to construct and are ex
pected to cost $3 million annually to operate. 

The Donald C. Cook 2200-MW nuclear plant 
in Michigan, scheduled for completion in 1972, 



has also come under criticism. At a hearing 
concerning the Environmental Effects of 
Energy Generation of Lake Michigan in 
Grand Rapids, Michigan, on March 30, 1970, 
conservationists objected to both the poten
tial thermal and radioactive effects of nuclear 
plants, and they also objected to the effects on 
adjacent shore areas of jetties built in connec
tion with the plants. 

The conferees of the Lake Michigan En
forcement Conference are representatives of 
the four Lake Michigan States, Illinois, Indi
ana, Michigan, and Wisconsin, and EPA. The 
purpose of the Conference is to develop un
iform water quality standards for the States 
bordering Lake Michigan. Recommendations 
of the conferees would require modification of 
many existing generating plants and the use 
of costly supplemental cooling systems on 
most new plants, as well as expensive back
fittings on some plants under construction. 
For example, the addition of wet mechanical 
draft cooling towers to the Zion Nuclear Plant 
in Illinois would add an estimated 10 to 69 
cents per month to the average bill of the util
ity consumer. 

In addition to these postponements, another 
problem is availability of fuels for generating 
plants. Although the amount of total fuels 
may be adequate, the right kind of fuels to 
comply with local regulations on sulfur con
tent are not always readily obtainable, and 
prices for "clean" fuels have greatly in
creased. 

6.8 Conclusions 

Environmental problems have become a 
challenge to the electric utility industry. They 
can be solved, but the costs will be con
siderable. It is estimated that in 1970 the elec
tric utility industry spent $250 million on air 
quality control, $120 million for water quality 
control, and $383 million on underground 
lines, or a total of approximately three
quarters of a billion dollars. Thus, billions of 
dollars will be required in the future for pro
tection of the environment, which will in
crease the cost of power ,production. 
, Solutions will also require time and addi

tional research. The recent impetus on im
mediate remedies-ta' the environmental pro
tection problem have caused disruption to the 
orderly additions of required generating 
capacity, which could culminate in an 
inadequate -power supply and in serious pow-
er shortages. 
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Zealous conservationists, public officials, 
and others, in their eagerness to protect the 
environment, have sometimes not recognized 
all aspects of the problem. Permissible rise of 
water temperature and air contamination 
standards should consider all relevant uses of 
the natural resources concerned. The use of a 
natural resource for the production of electric 
power is of such importance to the health and 
well-being of the inhabitants of an area and to 
the economy that it should be given at least 
equal consideration with other uses when set
ting standards which might preclude the de
velopment of such power. 

Alternatives to each use should be investi
gated, including associated costs and the 
short- and long-term benefits or detrimental 
effects of each. The socioeconomic impact 
should also be investigated. The ability of the 
existing power supply to meet the near-future 
requirements should be established before 
imposing criteria that would delay the addi
tion of necessary generating capacity. 

The proper use of a natural resource dic
tates its conservation. Since flow-through sys
tems consume less water than other systems, 
the use ofa water body for flow-through cool
ing may be the best use of that resource. Be
fore requiring the expenditure of large 
amounts of capital for facilities that may not 
be required, we should determine whether a 
crisis is imminent. Current environmental 
studies, as well as additional ones, including 
actual monitoring, collection, and analysis of 
environmental data, should be investigated. 
If these studies warrant it, generating plants 
not yet committed to operation can be rede
signed to comply with the findings of these 
investigations and existing ones can be 
phased out or modified during a transition 
period. 

Although much is known about the control 
of pollution, there are large gaps in our avail
able knowledge. Additional research and de
velopment programs should be initiated. 
These would aid in eliminating or reducing the 
adverse effects of power plants on the envi
ronment. Such programs could i.nclude the fol
lowing investigations: 

(1) flue gas desulfurization, mine-site coal 
washing, coal gasification 

(2) water effluent mixing methods and 
criteria for heat rejection 

(3) beneficial use of waste heat for agricul
tural and aquicultural purposes, space heat
ing, and use in sewage treatment plants 

(4) undergrounding transmission systems 
(5) the treatment and disposal of gaseous, 
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liquid, and solid waste of fossil and nuclear 
plants. 

aesthetics, and land use. To avoid undue delay 
in construction of necessary facilities, Federal 
legislation is required to provide _the 
mechanism for resolution of conflicting re
sources use. There are several bills currently 
before Congress to obtain this end. If the pros
perous growth of the Great Lakes Basin is to 
continue in the decades ahead, passage of ap
propriate legislation in the near future is re
quired to provide the legislative framework 
for public agencies to assure timely public dis
closure and review utility plans for consis
tency with established environmental stan
dards. 

Many of these investigations are being ac
tively pursued. Table 10-15 lists some Lake 
Michigan thermal effect studies completed 
and currently under way. 

The power supply situation in the Great 
Lakes Basin, as well as throughout the nation, 
has recently become extremely tight with the 
potential threat to shortages in the near fu
ture. A significant factor increasing costs and 
limiting growth of capacity is the vigorous op
position to plans for new power facilities be
cause of their possible effects on air, water, 

TABLE 10-15 Lake Michigan Thermal Effects Studies 

Title or Subject 
of Study 

Great Lakes Basin 
study 

Thermal pollution 
study 

Studies Completed 
Area 

Investigated 

Lake dynamic-s-biological, 
physical, chemical 

Thermal plume-Waukegan 

Study 
Performed By 

FWQA 

FWQA 

Study 
Dates 

1964 

1968 

Waukegan-Zion study 

Waukegan-Zion 

Thermal plume-Waukegan Dr. w. o. Pipes 1968 

field sampling 

Potential Zion effects 

Waste heat effects 
at Zion plant 

Study of Oak Creek 
plant and vicinity 

Study of Traverse
City plant 

Study of Campbell 
plant 

Study of Big Rock 
plant 

Study of Campbell 
plant 

Study of Campbell and 
Big Rock plants 

Bottom organisms and 
temperature measurements FWQA 1969 

Heat and rad-wastes Dr. L. P. Beer 1968 

Math model to predict 
effects Dr. D. W.-Pritchard 1970 

Biological and water Wisc. Div. of 
temperature survey Env. Protection 1970 

Measurement of thermal Mich. Water Res. 
plume Connn. 1968 

Measurement of thermal Mich. Water Res. 
plume Connn. 1968 

Measurement of temper- Mich. Water Res. 
ature and biological Connn. 1968-69 
factors 

Biological Survey Mich. Water Res. 
Connn. 1970 

Infra red aerial survey Consumers Pwr. Co. 1969 
of thermal plumes 
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, TABLE 10-15(continued) Lake Michigan Thermal Effects Studies 
Studies Under Way 

Title or Subject 
of Study 

Continuous monitoring 
at Waukegan plant 

Phytoplankton studies 
at Waukegan plant 

Tank studies on fish 
at Waukegan plant 

Preoperational studies 
at Zion plant 

Lake dynamics at 
Waukegan and Zion 

Zooplankton studies 
at Waukegan plant 

Zion organisms study 

Biological measure
ments of Palisades 
plant 

Biological sampling 
at Campbell plant 

Ecofogical studies 
at Cook plant 

Area 
Investigated 

Measure changes in 
temperature and oxygen 

Evaluate thermal shock 
of algae in- condenser 

Determine fish response to 
intake and discharge temp. 

Inventory of biological, 
physical, chemical factors 

Continuously monitor 
current, water tempera
ture, meteorology 

Estimate deleterious level 
of thermal shock on 
organisms 

Background study of 
organisms .at Zion plant 

Before and after measure -
ments of effects 

Measure biological forms 
at plant 

Pre and post operational 
ecological studies 

Study 
Performed By , 

Ind. Bio-Test 

Study 
Dates 

(Dr. W. o. Pipes) 1970-71 

Ind. Bio-Test 
(Dr. W. O. Pipes) 1970-71 

Ind .1 Bio-Test 
(Dr. w. o. Pipes) 1970-71 

Ind. Bio-Test 
(Dr. W. o. Pipes) 1970 

Ind. Bio-Test 
(Dr. W. o._ Pipes) 1970-72 

Ind. Bio-Test 
(Dr. W. o. Pipes) 1970-72 

Env. Parameters 
Res. Organ. 

T~ W. Beak 
Consultants 

T, W, Beak 
Consultants 

Univ. of Mich. 

1968-71 

1968-72 

1968 

(Dr. J.C. Ayers) 1969 



SUMMARY AND CONCLUSIONS 

In 1970 there were 365 utilities located 
either totally or partially within the Power 
Region. These utilities consisted of 233 munic
ipal and other publicly owned systems, 59 
cooperatively owned systems, 63 privately 
owned systems, and one Federally owned sys
tem. During 1970, these utilities produced 
156.0 billion kilowatt hours (kWh) of electric 
energy, slightly less than the Region's re
quirement of 161.3 billion kWh. The installed 
capacity amounted to 32.8 million kW, or 4.9 
million kW more than the annual peak load of 
27.9 million kW. 

Bulk power transfers within the Power Re
gion are readily accomplished by means of an 
existing 345-kV Extra High .Voltage (EHV) 
transmission grid. During the next dec,ade, 
based on projections mlj,de by members of elec
tric utilities within the Region, the existing 
transmission will be further strengthened by 
the construction of additional 345-kV lines as 
well as the construction of 765-kV lines, some 
of which are already in operation. For pur
poses of this study, it has been assumed that in 
the next decade, the pattern of EHV transmis
sion and resulting coordination capability will 
continue. 

Major coordination of the electric supply in 
the Region is being carried out by five of the 
nine recently-formed reliability councils, 
which together encompass the entire U.S. In 
addition to these, there are numerous smaller 
coordination and planning groups operating 
within the Power Region. 

The major hydroelectric power has been iri 
the eastern areas of the Power Region. In 1970 
the installed hydroelectric capacity located in 
the Basin totalled 4,067 megawatts (MW). Al
though there are a number of potential con
ventional hydroelectric sites in the Region, 
their economic justification has not been es
tablished, and therefore, they have not been 
included in the future supply. In addition to 
conventional hydroelectric power, con
sideration must also be given to the possible 
development of hydroelectric pumped-storage 
projects. At the present time there is one 
existing pumped-storage project in the Region 
with an installed capability of240 MW. A 1,872 
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MW· development is under construction. Be
cause of its topography and water resources, 
New York has numerous potential pumped
storage hydroelectric sites. Because there is a 
projected need for both peaking and reserve 
capacity that can be met by such develop
ments, it has been assumed that 960 MW of 
pumped storage will be developed in the Lake 
Ontario West river basin group by 2000 and an 
additional 1,200 MW in the period after 2000. It 
was also assumed that the Lake Ontario Cen
tral ri.ver basin group would have an installa~ 
tion of 2,100 MW by 2020. The economic feasi
bility oftJ:iese projects has not yet been_,estab
lished. If they are not built, their.absence will 
not materially affect the overall power supply 
of the Region nor the conclusions of this re
port. 

Thermal-electric generation currently ac
counts for 83 percent of the Region's electric 
supply, primarily in the form of fossil-fueled 
steam-electric generation. Fossil-fueled gen
eration is projected to increase through the 
next decade, and nuclear generation is pro
jected to become the primary fuel source by 
the year 2000. This trend is now becoming evi
dent with increasing importance being given 
nuclear generation in the Power Region. 

The Power Region is currently importing a 
small net amount of electric energy. Because 
this is only approximately three percent of its 
energy requirements, and because back and 
forth transfers occur from year to year, it has 
been assumed that the Power Region will be 
self-sufficient in meeting the projected elec
trical requirements throughout the period of 
study. Known firm transfers, as indicated in 
the report, have been accounted for in the de
termination of the projected power supply. 
This is expected to result in a net export of 
electric energy by 2020 of274 billion kWh, or 11 
percent of the power produced in the Region. 
Based on this and our analysis of the Region 
requirements, electric power installations and 
energy production are projected to amount to 
459 million kW and 2467 billion kWh by, the 
year 2020. This corresponds to power require- · 
ments of 365 million kW and 2193 billion kWh. 
The average annual compound rate of growth 
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Qf the power requirements for the fifty-year 
period, 1970-2020, is assumed to be approxi
mately 5:3 percent. 

In 1970 steam-electric generation located in 
the Power Region relied almost exclusively on 
the use of flow-through type condenser coo Ii rig 
systems, a process in which cooling water is 
diverted from a large lake or river s9urce, 
passed through the plant's condenser, and 
returned to the original water source. 

Approximately 19 million acre-feet of water 
were diverted for electric generation in 1970. 
The consumptive use, resulting from in
creased evaporation, amounted to 184 
thousand acre-feet. Based on continued use of 
flow-through type cooling as the primary type, 
diversion could increase to about 250 million 
acre-feet annually by 2020 with the evapora
tion loss increasing to 1947 thousand acre
feet. 

As an alternative to flow-through cooling, 
supplemental cooling systems could t,e used. 
However, they would involve both higher cap
ital and operating costs. If supplemental cool
ing systems were used, the amount of diver
sion required would be greatly reduced, and 
the evaporation loss would be somewhat great
er. Using supplemental cooling, diversion by 
2020 would amount to 3963 thousand acre-feet 
per year and consumptive use to 3032 
thousand acre-feet per year. 

Supplemental cooling has been used only in 
areas of limited water availability. It now ap
pears likely that present interest in limiting 
the impact of thermal discharges will result in 
reevaluation of the use of supplemental cool
ing. In the future, the process of reconciling 
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ecological and environmental values with 
construction of additional electric generating 
facilities will require the coordinated joint ef
fort of the power industry and area resource 
planners. While there will be a sufficient vol-

• ume of water available within the Great Lakes 
Basin Power Region to meet the projected 
water needs for steam-electric generation 
throughout the study period, it is not yet re
solved whether future large generating sta
tions will be able to comply with still-to-be
established water quality criteria if flow
through cooling is used; Failure to arrive at 
ecological • ,and environmental standards is 
causing delays in the timely construction of 
needed generating facilities. The use of a 
natural resource for production of electric 
power is of such importance to the health and 
well-being of the inhabitants of an area and to 
the economy that it should be given at least 
equal consideration with other uses when set
ting standards which might preclude the de
velopment of such power. The ability of the 
existing power supply to meet its near-term 
requirements should be established before 
imposing criteria which would delay the addi
tion of necessary generating capacity. 

Regardless of the ultimate cooling method 
that evolves, there is an adequate water sup
ply to develop the needed electric generation 
to meet the projected requirements of the 
Great Lakes Basin. The primary requirement 
to insure a continuing electric power supply in 
the Great Lakes Basin is the establishment of 
compatible ecological, environmental, and 
land use criteria. 



GLOSSARY 

acre-foot (ac.ft,)-an area of one acre covered 
to a depth of one foot. 

boiler makeup water~water required ·to re
place the loss of circulating water ·in the 
boiler system. 

British thermal unit (Btu)-the standard unit 
for measurement of the amount of heat 
energy, such as the heat content of fuel. 
Equal to the amount of heat energy neces
sary to raise the temperature of one pound 
of water one degree Fahrenheit. 

capacity factor-the ratio of the average load 
on the generating plant for the period of 
time .considered to the capacity rating of the 
plant. 

condenser cooling water-water required to 
condense the steam after its passage from 
the steam turbine. 

cooling water consumption-the cooling water 
withdrawn from the source supplying a 
generating plant which is lost to the atmos
phere. Caused primarily by evaporation due 
to the temperature rise in the cooling water 
as it passes through the condenser. The 
amount of consumption (loss) is dependent 

· on the type of cooling employed; flow
through, cooling pond, or cooling tower. 

cooling water load-heat energy dissipated by 
the cooling water. 

cooling water required-the amount of water 
needed to pass through the condensing unit 
in order to condense the steam to water. 
This' amount is independent of the type of 
cooling employed for a given temperature 
rise of the cooling water. 

generator efficiency-the ratio of the power 
output of the generator to the power input. 

gross static head-the difference of elevations 
between the water surfaces of the fore bay 
and tailrace under no-flow conditions. 
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heat equivalent of .electric generator output
the amount of heat energy equivalent to one 
-kilowatt-hour of electric energy. 3413 
Btu=one kilowatt-hour of electric energy 
output of the generator. 

heat loss from boiler furnace-heat energy loss 
from the combustion chamber through the 
stack. This energy is not part of the cooling 
water load. 

heat loss from electric generator-heat lost in 
converting the mechanical turbine energy 
into generator electric: energy. This heat 
energy is generally dissipated by a fluid 
flowing in a closed circuit which is cooled by 
water. Thus, it is a part of the cooling water 
load. 

heat rate-a measure of the thermal efficiency 
of a generating station. It is computed by 
dividing the total Btu content of the fuel 
burned (or heat released from a nuclear 
reactor) by the gross energy generated, 
generally expressed as Btu per kilowatt
hour. 

kilowatt (kW)-the electrical unit of power of 
rate of doing work, which equals 1,000 watts 
or .a 1.341 horsepower. 

kilowatt hour (kWh)~the basic unit of electric 
energy. It equals one kilowatt of power 
applied steadily for one hour. 

megawatt (MW)-one thousand kilowatts. 

megawatt-hour (MWh)-one thousand kilo
watt-hours. 

net heat rate-a measure of the thermal effi
ciency of a generating station including sta
tion use. It is computed by dividing the total 
Btu content of the fuel burned (or of heat 
released from a nuclear reactor) by the net 
energy generated, generally expressed as 
Btu per net kilowatt-hour. 
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peak load-the maximum load in a stated 
period of time. Usually it is the maximum 
integrated load over an interval of one hour 
which occurs during the year, month, week, 
or day. It is used interchangeably with peak 
demand. 

plant efficiency-the ratio of the energy deli
vered from the plant to the energy received 
by it under specified conditions .. 

reserve capacity-the difference between the 
peak load and the generating capacity 
available. 

thermal efficiency-the ratio of the amount of 
energy produced to the total Btu content of 
the fuel consumed, usually expressed as a 
heat rate (Btu per kWh). 



BIBLIOGRAPHY 

Bergstrom, R. N., and Hayes,J. T. "Predicting 
Hydrothermal Behavior of Cooling Water 
Sources," ASCE Meeting. Chicago, Illinois, 
October 13-17, 1969. 

I 
Cootner, P. H., and Loff, G. 0. G. "Water De
mand for Steam Electric Generation: An 
Economic Projection Model," Resources for 
the Future, Inc., Johns Hopkins Press: Balti-,_ 
more, Maryland, 1965. 

Council on Environmental Quality, First An
nual Report Transmitted 'to Congress. "En
vironmental Quality," August 1970. 

Edison Electric Institute. "Electric System 
Load Forecasting," Publication No. 57-3, 1957. 

Hauser, L. G., and Oleson, K. A. "Comparison 
of Evaporative Losses in Various Condenser 
Cooling Water Systems," American Power 
Conference, April 21-23, 1970. 

Office of Science and Technology, the Energy 
Policy Staff. "Electric Power and the Envi
ronment," August 1970. 

71 

U.S. Federal Power Commission, Staff Report. 
"Air Pollution and the Regulated Electric 
Power and. Natural Gas Industries," Sep
tember 1968. 

Bureau of Power. 
"Federal Power Commission Interests in En
vironmental Concerns Affecting the Electric 
Power and Natural Gas Industries," 1969. 

___________ "Hydroelectric Pow
er Evaluation," 1968 and-Supplement No. 1, 
1969. 

"Hydroelectric 
Power Resources of the United States, De
veloped and Undeveloped," January 1, 1968. 

Bureau of Power. 
"Problems in Disposal of Waste Heat from 
Steam-Electric Plants," 1969. 

"The 1970 Na-
tional Power Survey." 



ADDENDUM 

Tables 10-16 through 10-130 in the Adden
dum present existing and projected power and 
water demand for the entire Great Lakes 
Basin and for each river basin group. Tables 

10-131 through 10-170 present the same data 
by' State. Table 10-171 presents undeveloped 
conventional hydroelectric power sites by 
river basin group. 

TABLE 10-16 Power Requirements and Supply-Great Lakes Basin Power Region 

1965 1970 1980 2000 2020 

Annual Peak (MW) 20,641 27,944 50,138 150,769 364,639 
Annual Energy Reqmnts.(106 kWh) 118,606 161,303 294,807 901,076 2,192,872 
Annual Load Factor ('X.) 65.6 65.9 66.9 68.0 68.5 

Installed Capacity (MW) 
Thermal 20,867 28,745 55,447 174,327 449,076 
Hydro 4,075 4,067 5,940 6,900 10,200 

Total 24,942 32,812 61,387 181,227 459,276 

Net Generation (106 kWh) 
Thermal 98,538 129,704 287,455 949,461 2,434,475 

' Hydro 21,060 26,274 25,163 26,761 32,254 
Total 119,598 155,978 312,618 976,222 2,466,729 

TABLE 10-17 Composition of the Thermal Power Supply-Great Lakes Basin Power Region 

Capacity Capacity 
Energy Factor Capacity Energy Factor Capacity 

(106 kWh) ('X.) (MW) (106 kWh! fl,l {MW) 

\. 561 
ill.2 1970 

Noncondensing 24 269 1,736 11 1,744 
Foasil Fuel 97,796 54 20,523 / 123,702 56 25,173 
Nuclear 181 28 75 4,266 27. 1,828 

Total 98,538 54 20,867 129,704 52 28,745 

1980 2000 
Noncondensing 5,761 21 3,190 26,283 20 14,948 
Fosail Fuel 145,565 51 32,482 73,763 28 29,670 
Nuclear 136,129 78 19,775 849,415 75 129,709 

Total 287,455 59 55,447 949,461 62 174,,327 

2020 
Noncondensing 75,333 20 42,858 
Fosail Fuel 36,090 43 9,500 
Nuclear 2,323,052 67 396,718 

Toi:al 2,434,475 62 449,076 
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TABLE 10-18 Steam-Electric Generation by Type of Cooling-Great Lakes Basin Power Region 

Year 

1965 
1970 
1980 
:2000 
2020 

1965 
1970 
1980 
2000 
2020 

1965 
1970 
1980 
2000 
2020 

Flow 
Through 

96,798 
126,517 
263,161 
904,814 

2,343,859 

12,864,399 
19,303,707 
35,193,304 

116,631,208 
249,707,982 

12,864,399 
19,303,707 
35,193,304 

116,631,208 
249,707,982 

CASE I l CASE II 2 

Supplemental Flow Suppl~ntal 
Cooling Total Through Cooling Total 

(Million kWh) 
, 1,179 97,977 96,798 1,179 97,977 
1,451 127,968 126,517 1,451 127,968 

18,533 281,694 141,317 140,377 281,694 
18,364 923,178 45,807 877,371 923,178 
15,283 2,359,142 2,359,142 2,359,142 

Condenser Cooling Water Requirements 
(acre-feet per year) 

171,684 13,036,083 
241,490 19,545,197 

2,890,192 38,083,496 
2,386,045 119,017,253 
1,630,238 251,338,220 

12,864,399 171,684 13,036,083 
19,303,707 241,490 19,545,197 
17,306,138 20,777,358 38,083,496 

5,466,093 113,551,160 119,017,253 
251,338,220 251,338,220 

Required Diversions 
(acre-feet per year) 

2,750 
3,863 

45,886 
38,032 
26,167 

12,867,149 
19,307,570 
35,239,190 

116,669,240 
249,734,149 

12,864,399 
19,303,707 
17,306,138 

5,466,093 

2,750 
3,863 

322,744 
1,777,751 
3,962,527 

12,867,149 
19,307,570 
17,628,882 

7,243,844 
3,962,527 

11970 through 2020 assumes all flow through cooling except for 
known supplemental-cooling systems as of December 31, 1970. 

21970 through 2020 assumes all supplemental cooling except for 
known flow through systems as of December 31, 1970. 

TABLE 10-'19 Cooling Water Consumption-Great Lakes Basin Power Region 

CASE I l CASE II 2 

Flow Supplemental Flow Supplemental 
Year Throu2h Cooline Total Throutth Coolilllt 

1965 99,563 2,104 101,667 99,563 2,104 
1970 181,077 2,956 184,033 181,077 2,956 
1980 268,604 35,108 303,712 131,822 246,985 
2000 896,698 29,098 925,796 41,922 1,360,177 
2020 1,927,275 20,021 1,947,296 3,031,774 

Total 

101,667 
184,033 
378,807 

1,402,099 
3,031,774 



Addendum 75 

TABLE 10-20 Summary of Steam-Electric Power Water Use-Great Lakes Basin Power Region 

CASE I l CASE II 2 

Condenser Cooling Condenser 
Cooling Water Required Water Cooling Water 

Year Reauire-nts Diversions Consumotion Reauiremeota 
1965 13,036,083 12,867,149 101,667 13,036,083 
1970 19,545,197 19,307,570 184,033 19,545,197 
1980 38,083,496 35,239,190 303,712 38,083,496 
2000 ll9,017,253 ll6,669 ,240 925,796 ll9,017 ,253 
2020 251,338,220 249,734,149 1,947,296 251,338,220 
11970 through 2020 assumes all flow through cooling except for 

known supplemental cooling systems as of December 31, 1970. 
21970 through 2020 assumes all supplemental cooling except for 

known flow through systems as of December 31, 1970. 

Required 
Diversions 
12,867,149 
19,307,570 
17,628,882 

7,243;844 
3,962,527 

TABLE 10-21 Power Requirements and Supply-River Basin Group 1.1 

1965 1970 1980 2000 
Annu'!l Peak (MW) 314 510 • 980 3,500 
Annual Energy Reqmnts.(106 kWh) 1,673 2,946 5,700 20,500 
Annual Load Factor(%) 60.8 65.9 66.2 66.7 
Installed Capacity (MW) 

Thermal 380 404 436 3,941 
Hydro ~ 88 88 ~ 

Total 468 492 524 4,029 

Net Generation (106 kWh) 
Thermal l, 398 1,920 2,100 20,261 
Hydro ~ ___ill_ ~ 429 

Total 1,916 2,371 2,529 20,690 

TABLE 10-22 Composition of the Thermal Power Supply-River Basin Group 1.1 

Cooling 
Water 
Consumption 

101,667 
184,033 
378,807 

1,402,099 
3,031,774 

2020 
8,760 

51,500 
66.9 

9,906 
~ 
9,994 

so, 572 
429 

51,001 

Energy Capacity Capacity Energy Capacity Capacity Factor Factor 
(106 kWh) / (%) (MW) (106 kWh) (%) (MW) 

1965 1970 .~ 

Noncondensing 21 20 12 22 17 15 
Fossil Fvel 1,377 43 368 1,898 56 389 
Nuclear 

Total 1,398 42 380 1,920 54 404 

1980 2000 
Noncondensing 24 20 14 339 20 193 
Fossil Fuel 2,076 56 422 2,923 25 1,329 
Nuclear 16.999 80 2.419 

Total 2,100 55 436 20,261 59 3,941 

2020 
Noncondensing 2,006 20 1,142 
Fossil Fuel 
Nuclear, 48.566 g 8,764 

Total, so, 572 58 9,906 
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I 

TABLE 10-23 Steam-Electric Generation by Type of Cooling-River Basin Group 1.1 

Year 

1965 
1970 
1980 
2000 
2020 

1965 
1970 
1980 
2000 
2020 

1965 
1970 
1980 
2000 
2020 

Flow 
Through 

1,377 
1,898 
2,076 

19,922 
48,566 

/ 

256,752 
349,365 
226,429 

2,530,070 
5,180,535 

256,752 
349,365 
226,429 

2,530,070 
5,180,535 

CASE I l 
Supplemental Flow 

Cooling Total Through 
(Million kWh) 

1,377 1,377 
/l,898 1,898 

2,076 1,848 
19,922 
48,566 

Condenser Cooling Water Requirements 
(acre-feet per year) 

256,752 256,752 
349,365 349,365 
226,429 201,561 

2,530,070 -
5,180,535 

Required Diversions 
(acre-feet per year) 

256,752 
349,365 
226,429 

2,530,070 
5,180,535 

256,752 
349,365 
201,561 

CASE II 
2 

Supplemental 
Cooling 

228 
19,922 
48,566 

24,868 
2,530,070 
5,180,535 

397 
40,331 
83,153 

11970 through 2020 assumes all flow through cooling except for 
known supplemental cooling systems as of December 31, 1970. 

21970 through 2020 assumes all supplemental cooling except for 
known flow through systems as of December 31, 1970. 

Total 

1,377 
1,898 
2,076 

19,922 
48,566 

256,752 
349,365 
226,429 

2,530,070 
5,180,535 

256,752 
349,, 365 
201,958 
40,331 
83,153 
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TABLE 10-24 . Cooling Water Consumption-River Basin Group I.I 

CASE I l CASE II 2 , 

Flow Supplement'!l Flow Supplemental 
Year Through Cooling Total Through Cooling Total 

1965 1,957 1,957 
• 1970 2,666 2,666 

1980 1,728 1,728 
2000 19,411 19,411 
2020 39,946 39,946 

1,957 
2,666. 
1,538 304 

30,858 
63,621 

1,957 
2,666 
1,842 

30,858 
63,621 

TABLE 10-25 Summary of Steam-Electric Power Water Use-River Basin Group I.I 

CASE I l CASE II 2 

Condenser Cooling Condenser 
Cooling Water Required Water Cooling Water Required 

Year· Requirements Diversiol1s Consumption Requirements Diversions 

1965 256,752 256,752 1,957 256,752 
1970 349,365 349,365 2,666 349,365 
1980 226,429 226,429 1,728 226,429 
2000 2,530,070 2,530,070 19,411 2,530,070 
2020. 5,180,535 5,180,535 39,946 5,180,535 

11970 through 2020 assumes all flow through cooling except for 
known supplemental cooling systems as ·of December 31, 1970. 

2 • 
1970 through 2020 assumes all supplemental cooling except for 
known flow through systems as of December 31, 1970. 

256,752 
349,365 

'201,958 
40,331 
83,153 

Cooling 
Water-

Consumption • 

1,957 
2,666 
1,842 

30,858 
63,621 
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TABLE 10-26 Power Requirements and Supply-River Basin Group 1.2 

1965 1970 1980 ~ 2020 

Annual Peak (MW) 199 283 510 1,600 3,860 
Annual Energy Reqnmts.(106 kWh) 1,153 1,614 3,100 9,800 23,800 
.Annual Load Factor (%) 66.l 65.1 69.2 69. 7 70.2 

Installed Capacity (MW) 
.Thermal 185 255 490 1,805 4,367 
Hydro 42 42 42 ~ ~ 

Total 227 297 532 1,847 4,409 

\ Net Generation (106 kWh) 
Thermal 955 1,412 2,538 8,029 22,987 
Hydro ____!ll ~ 174 ~ 174 

Total 1,140 1,586 2,712 8,203 23,161 

TABLE 10-'27 Composition of the Thermal Power Supply-River Basin Group 1.2 

Capacity Capacity 
Energy Factor Capacity Energy Factor Capacity 

(106 kWh) (%) (MW) (106 kWh) (%) (Mw) 

1965 1970 

Nonconde~eing 71 19 42 22 6 40 
Fossil Fuel 884 71 143 1,390 74 215 
Nuclear - ' 

Total 955 59 185 l ,'412 63 255 

!2J!Q. 2000 

Noncondensing 148 20 84 220 20 125 
Fossil Fuel 2,390 67 406 1,821 25 828 
Nuclear 5,988 80 _!!,g 

Total 2,538 59 490 8,029 51 1,805 

2020 

Noncondensing 796 20 453 
Fossil Fuel 
Nuclear 22,191 65 3,914 

Total 22,987 60 -4,367 
/ 
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TABLE 10-28 Steam.Electric Generation by Type of Cooling-River Basin Group 1.2 

Year 

1965 
1970 
1980 
2000 • 
2020 

1965 
1970 
1980 
2000 
2020 

1965 
1970, 
1980 
2000 
2020 

Flow 
Through 

884 
1,390 
2,390 
7,809 

22,191 

147,838 
228,266 
260,677 
972,306 

2,367,114 

147,838 
228,266 
260,677 
972,306 

2,367,114 

CASE I1 
CASE n 2 

Supplemental Flow Supplemental 
Cooling Total Through Cooling• 

(Million kWh) 

884 884 
1,390 1,390 
2,390 1,176 1,214 
7,809 202 7,607 

22,191 22,191 

Condenser Cooling Water Requirements 
(acre-feet per year) 

147,838 • 
228,266 
260,677 
972,306 

- 2,367,114 

147,838 
228,266 
128,266 

20,694 

Required Diversions 
(acre-feet per year) 

147,838 
228,266 
260,677 
972,306 

- 2,367 ;114 

147,838 
228,266 
128,266 

20,694 

132,411 
951,612 

2,367,114 

2,119 
15,176 
37,994 

11970 through 2020 assumes all .flow through cooling except for 
known supplemental cooling systems as of December 31, 1970. 

~21970 .through 2020 assumes all supplemental cooling except for 
known flow thro.ugh systems as of December 31, 1970. 

Total 

884 
1,390 
2,390 
7,809 

22,191 

147,838 
228,266 
260,677 
972,306 

2,367,114 

147,838 
228,266 
130,385 

35,870 
37,994 
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TABLE 10-29 Cooling· Water Consumption-River Basin Group 1.2 

CASE 1
1 CASE II

2 

Flow Supplemental Flow Supplemental 
Te11r Thr.ough Cooling Total Through Cooling Total 

(acre-feet. per year) 

1965 ,1,131 1,131 1,131 1,131 
1970 1,741 1,741 1,741 1,741 
1980 1,989 1, 9.89 979 1,621 2,600 
2000 7,457 7,457 158 11,611 11,769 
2020 18,252 18,252 29,070 29,070 

TABLE 10-30 Summary of Steam-Electric Power Water Use-River Basin Group.1.2 

CASE 11 CASE II2 
Condenser Cooling Condenser Cooling 
Cooling Water Required Water Cooling Water Required Water 

Year Requirements Diversions Consumption Requirements Diversions Consumption 

(acre-feet per year) 

1965 147,838 147,838 1,131 147,838 147,838 1,131 
1970 228,266 228,266 1,741 228,266 228,266 1,741 
1980 260,677 260,677 1,989 260,677 130,385 2,600 
2000 972,306 972,306 7,457 972,306 35,870 11,769 
2020 2,367,114 2,367,114 18,252 2,367,114 37,994 29,070 

1 • 
1970 through 2020 as.sumes all flow through cooling except for 
known supplemental cooling systems as of December 31, 1970, 

2 . . 
1970 through 2020 assumes all supplemental cooling except for 
known llow through systems as of December 31, 1970. • 
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TABLE 10-31 Power Requirements and Supply-River Basin Group 2.1 

1965 1970 12..!!Q 1QQQ. 2020 

Annual Peak (MW) 895 1,248 2,290 7,000 16,810 
Annual Energy Reqmnts. (106 kWh) 5,189 7,581 13,900 43,200 104,100 
Annual Load Factor(%) 65.2 69.3 69.l 70 .3 70.5 

Installed Capacity (MW) 
Thermal 

, 
675 1,560 2,695 8,786 21,155 

Hydro 
' 152 150 150 150 150 

Total 827 1,710 2,845 8,936 21,305 

Net Generation (106 kWh) 
Thermal 2,427 4,648 15,149 47,968 109,593 
Hydro ---1l!l 712 712 712 712 

Total 3,155 5,360 15,861 48,680 110,305 

TABLE 10-32 Composition of the Thermal Power Supply-River Basin Group 2.1 

Capacity Capacity 
Energy Factor Capacity Energy Factor Capacity 

{106 kWh) (%) (MW) (106 kWh) {%) (MW) 

1965 1970 

Noncondensing 2 5 5 85 21 47 
Fossil Fuel 2,425 41 670 4,530 52 989 
Nuclear -1l l ~ 

Total 2,427 41 675 4,648 34 1,560 -, 
1980 2000 

Noncondensing 246 20 140 666 20 379 
Fossil ,Fuel 4,130 46 ,1,022 5,364 25 2,439 
Nuclear 10 I 773 80 1.533 41.938 80 5.968 

Total 15,149 64 ~·2,695 47,968 62 8,786 

2020 
'-

Noncondensing 2,192 20 1,248 
Fossil Fuel 
Nuclear 107 .401 61 19.907 

Total 109,593 59 21,155 
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TABLE 10-33 Steam-Electric Generation by Type of Cooling-River Basin Group 2.1 

r 

CASE r1 CASE II2 / 
Flow Supplemental Flow Supplemental 

Year 

1965 
1970 
1980 
2000 
2020 

~ 
1965 
1970 
1980 
2000 
2020 

1965 
1970 
1980 
2000 
2020 

Through 

2,425 
4,563 

14,903 
47,302 

107,401 

407,301 
749,565 

2,207,858 
6,052,646 

11,456,465 

407,301 
749,565. 

2,207,858 
6,052,646 

11,456,465 

Cooling Total Through 

(Million kWh) 

2,425 2 ,425,' 
4,563 4,563' 

14,903 7,539 
47,302 726 
107,401 

Condenser Cooling Water Requirements 
(acre-feet per year) 

407,301 
749,565 

407,301 
749,565 

Cooling 

7,364 
46,576 

107,401 

- 2,207,858 
- 6,052,646 
-11,456 ,465 

1,013,381 1,194,477 
74,379 5,978,267 

- 11,456,465 

Required Diversions 
(acre-feet per year) 

407,301 
749,565 

2,207,858 
- 6,052,646 
- 11,456,465 

407,301 
749,565 

1,013,381 
74,379 

18,885 
95,303 

183,888 

11970 through 2020 assumes all flow through cooling except for 
known supplemental cooling systems as of December 31, 1970. 

2 . 
1970 through 2020 assumes all supplemental cooling except for 
known flow through systems as of December 31, 1970. 

Total 

- 2,425 
4,563 

14,903 
47,302 

107,401 

407,301 
749,565 

2,207,858 
• 6,052,646 
11,456,465 

407,301 
749,565 

1,032,266 
169,682 
183,888 
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• TABLE 10.:.34 Cooling Water Consumption-River Basin Group 2.1 

CASE I 1 CASE II2 
Flow Supplemental Flow Supplemental 

Year Through Cooling Total Through Cooling Total 
(acre-feet per year) 

1965 4,435 4,435 4,435 4,435 
1970 5,720 5,720 5,720 5,720 
1980 16,883 16,883 7,745 14,499 22,244 
2000 46,447 46,447 568 72,917 73,485 
2020 88,337 88,337 140,695 140,695 

TABLE 10-35 Summary of Steam-Electric Power Water Use-River Basin Group 2.1 

CASEI1 CASE II2 
Condenser Cooling Condenser Cooling "--
Cooling Water Required Water Cooling Water Required· Water 

Year Reguirements Diversions ConsumEtion Reguirements Diversions ConsumEtion 
(acre-feet per year) 

1965 407,301 407,301 4,435 407,301 407,301 4,435 
1970 749,565 749,565 5,720 749,565 749,565 5,720 
1980 2,207,858 2,207,858 16,883 2,207,858 1,032,266 22,244 
2000 6,052,646' 6,052 ,.646 46,447 6,052,646 169,682 73,485 
2020 11,456,465 11,456 ,1+65 88,337 11,456,465 183,888 140,695 

1 1970 through 2020 assumes all flow through cooling except for 
known supplemental cooling systems as of December 31, 1970. 

2 , 
1970 through 2020 assumes all supplemental cooling except for 
known flow through systems as of December 31, 1970. 
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TABLE 10--36 Power Requirements and Supply-River Basin Group 2.2 (Total) 

1965 1970 1980 2000 2020 

Annual Peak (MW) 
6 

2,002 2,935 5,960 18,900 46,160 
Annual Energy Reqmnts,(10 kWh) 11,382 16,281 35,462 114,600 281,200 
Annual Load Factor (X) 64.9 63.3 67.7 69.0 69.4 

Installed Capacity (MW) 
Thermal \ 5,059 6,408 11,686 36,576 104,904 
Hydro 

Total 5,059 6,408 11,686 36,576 104,904 

Net Generation (106 kWh) 
Thermal 22,994 29,769 58,920 208,044 599,222 
Hydro 

Total 22,994 29,769 58,920 208,044 599,222 

TABLE 10-37 Composition of the Thermal Power Supply-River Basin Group 2.2 (Total) 
Capacity Capacity 

Energy Factor Capacity Energy Factor Capacity 

(106 
kWh) (%) (MW) (106 

kWh) (%) (MW) 

1965 1970 

Noncondenaing 27 51 6 300 12 283 
Fossil Fuel 22,967 52 5,053 29,469 55 6,125 
Nuclear 

Total 22,994 52 5,059 29,769 53 6,408 

1980 2000 

Noncondenaing 1,358 20 775 3,216 20 1,830 
Po88il . Fuel 32,362 50 7,325 12,125 22 6,219 
Nuclear 25.200 ~ 3.586 192,703 77 28.527 

Total 58,920 57 11,686 208,044 65 36,576 

~ 

Noncondenaing 11,156 20 6,350 
Poaail Fuel' 
Nuclear 588.066 68 98.554 

Total 599,222 65 104,904 
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TABLE 10-38 Steam-Electric Generation by Type of Cooling-River Basin Group 2.2 (Total) 

Year 

1965 
1970 
1980 
2000 
2020 

1965 
1970 
l980 
2000 
2020 

1965 
1970 
1980 
2000 
2020 

Flow 
Through-

22,967 
29,469 
57,562 

204,828 
'588,066 

2,904,324 
3,594;164 
7,640,599 

26,528,694 
62,729,000 

2,904,324 
3,594,164 
7,640,599 

26,5_28,694 
62,129,000 

CASE 1
1 

CASE n 2 

Supplemental Flow Supplemental 
Cooling Total Through Cooling 

(Million kWh) 

22,967 22,967 
29,469 29,469 
57,562 22,040 35,522 

204,828 2,076 202,752 
588,066 588,066 

Condenser Cooling Water Requirements 
(acre-feet per year) 

2,904,324 
3,594,164 
7 ,'640,599 

26,528,694 
62,729,000 

2,904,324 
3,594,164 

_2,403,903 5,236,696 
,:-2r2 ,68'1 ,,2b,316 ,007 

62,729,000 

Required Diversions 
(acre-feet per year) 

2,904,324 • 
3,594,164 
7,640,599 

26,528,694 
62,729,000 

2,904,324 
3,594,164 • 
2,403,903 

212,687 
83,226 

419,451 
1,006,870 

1 .. 
1970 through 2020 assumes all flow through cooling except for 
known supplemental cooling systems as of De.cember 31, 1970, 

2 1970 through 20?0 assumes all supplemental·cooling except for 
known flow through systems as of December 31, 1970. 

Total 

22,967 
29,469 
57,562 

204,828 
588,066 

2,904,324 
3,594,164 
7,640,599 

26,528,694 
62,729,000 

2,904,324 
3,594,164 
2,487,129 

632,138 
1,006,870 
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TABLE 10-39 Cooling Water Consumption-River Basin Group 2.2 (Total) 

CASE r1 
CASE n 2 

Flow Supplemental .Flow Supplement,;tl 
Year Through ... Cooling. Total Through Cooling. Total 

(acre-feet per year) 
1965 22,257 22,257 22,257 22,257 
1970 27,429 · 27,429 . 27,429 27,429 
1980 58,387 58,387 18,346 63,677 82,023 
2000 203,628 203,628 1,624 320,927 322,SSl 
2020 483,603 483,603 770,367 770,367 

' TABLE 10-40· Summary of Steam-Electric Power Water Use-River Basin Group 2.2 (Total) 

CASE r1 CASE n 2 

Condenser Cooling .Condenser Cooling 
Cooling Water Required Water Cooling Water Required Water 

Year Requirements Diversions Consumption_ Requirements Diversions Consumption 

(acre-feet per year). 

l96S 2,904,324 2,904,324 22,257 2,904,324 2,904,324 22,257 
1970 3,594,164 3,594,164 27,429 3,594,164 3,594,164 27,429 
1980 7,640,599 7,640,599 58,387 7,640,599 2,487,129 82,023 
2000 26,528,694 26,528,694 203,628 26,528,694 632,138 322,551 
2020 62,729,000 62,729,000 483,603 62,729 ,ooo 1,006,870 770,367 

1 1970 through 2020 assumes all flow through. cooling except for 
known supplemental cooling systems as of December 31, 1970. 

2 1970 through 2020 assumes all supplemental cooling except for 
known flow through systems as of December 31,. 1970. 
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TABLE 10-41 Power Requirem,mts and Supply-River Basin Group 2.2 (Wisconsin) 

1965 1970 1980 2000 2020 

Annual Peak (MW) 1,284 1,780 3,270 10,010 24,110 
Annual Energy Req-ts.(106. .kWh) ... 6.,752 9,109, . 18,000 .-56,100 . . 135,600 . 
Annual Load Factor(?) 60.0 58.4 62.7 63.8 64.0 

lnstall•d Capacity (Kl) 
Thermal 2,160 2,809 4,497. 11,523· 27,508 

. Hydro . 
'Total 2,160 2,809 4,497 11,523 27,508 

Net Generation (106 kWh) 
Thermal 8,736 12,762 20,159 55,291 138,797 
Hydro 

Total 8,736 12,762 20,159 55,291 138,797 

TABLE 10-42 Composition of the Thermal Power Supply-River Basin Group 2.2 (Wisconsin) 

Capacity Capacity 
Energy Factor Capacity Energy Factor Capacity 

(106 kWh) (%) (MW) (106 kWh) (%) (MW) 

1965 illQ. -,-
I 

6 56 8 84 Roncondenaing 27 51 
Foesil Fuel 8,709 46 2,154 12,706 53 2,725 
Nuclear 

Total 8,736 46 2,160 12,762 52 2,809 

1980 2000 

Noncondenaing 1,209 20 690 1,986 20 1,130 
Fossil Fuel 13,328 50 3,0071 8,985 25 4,086 
Nuclear 5,622 80 800 44,320 80 6,307 

Total 20,159 51 4,497 55,291 55 11,523 

lliQ. 

lloucondensing 6,588 20 3,750 
Fossil Fuel 
Nuclear 132,209 63 23,758 

Total 138,797 57 27,508 
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TABLE 10-:-43 . Steam-ElectrkGeneration h)' Type of Cooling-River Basin Group 2.2 (Wisconsin) 

'tear 

1965 
1970 
1980 
2000 
2020 

1965 
1970 
1980 
2000 
2020 

1965 
1970 
1980 
2000 
2020 

Flow 
Through 

8,709 
12,706 
18,950 
53,305 

132,209 

1,025,961 
1,469,957 
2,370 ;c802 
6,736,183 

14,102,734 

1,025,961 
1,469,957 
2,370,802 
6,736,183 

14,102,734 

CASE 1
1 

CASE II
2 

Supplemental Flow Supplemental 
Cooling Total Through Cooling 

(Million kWh) 

8,709 8,709 
12,706 12,706 
18,950 12,669 6,281 
53,305 1,286 52,019 

132,209 132,209 

Condenser Cooling Water Requirements 
(acre-feet per year) 

1,025,961 
1,469,957 
2,370;802 
6,736,183 

- 14,102,734 

1,025,961 
1,469,957 
1,381,808 

131,751 

Required Diversions 
(acre-feet per year) 

1,025,961 
1,469,957 
2,370,802 
6,736,183 

- 14,102,734 

1,025,961 
1,469,957 
1,381,808 

131,751 

988,994 
6,604,432 

14,102,734 

15,700 
105,301 
226,365 

11970 through 2020 assumes all flow through cooling except for 
known supplemental cooling systems as of December 31, 1970. 

21970 through 2020 assumes all supplemental cooling except for 
known flow through systems as of December 31, 1970. 

Total 

8,709 
12,706 
18,950 
53,305 

132,209 

1,025,961 
1,469,957 
2,370,802 
6,736,183 

14,102,734 

1,025,961 
1,469,957 
1,397,508 

237,052 
226,365 
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TABLE 10-44 • .Cooling Water Co;msumption-River Basin Group 2.2 (Wisconsin) 

CASE 11 CASE n 2 

Flow Supplemental Flow Supplemental 
Yoar Through Cooling Total Through Cooling Total 

(acre-feet per year) 
1965 7,848 7,848 7,848 7,848 
1970 11,218 11,218 11,218 11,218 
1980 18,110 18,110 10,546 12,012' 22,558 
2000 51,677 51,677 1,006 80,567 81,573 
2020 108,660 108,660 _, 173,194 173,194 

TABLE 10-45 Summary of Steam-Electric Power Water Use-River Basin Group 2.2 (Wisconsin) 

CASE 11 CASE II2 

Condenser Cooling Condenser 
Coo ling Water Required Water Cooling Water 

Year Requirements Diversions Consumption Requirements 

(acre-feet per year) 

1965 1,025,961 1,025,961 7,848 . 1,025,961 
1970 1,469,957 1,469,957 11,218 1,469,957 
1980 2,370,802 2,370,802 18,110 • 2,370,802 
2000 6,736,183 6,736,183 51,677 6,736,183 

• 2020 ·14,102,734 14,102,734 108,660 14,102,734 

11970 through 2020 assumes all flow through cooling except for 
known supplemental cooling systems as of December 31, 1970. 

2 ' . 1970 through 2020 assumes all supplemental cooling except for 
known flow through systems as of December 31, 1970. 

Required 
Diversions 

1,025,961 
1,469,957 
1,397,508 

237,052 
226,365 

Cooling 
Water 
Consumption 

7,848 
11,218 
22,558 
81,573 

173,194 
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TABLE 10~46 Power Requirements and Supply-'--River Basin Group 2.2 (Illinois) 

1965 1970 1980 2000 2020 

Annual Peak (MW) 
Annual Energy Reqmta.(106 kWh) 
Annual Load Factor(~) 

Installed Capacity (MW) 
Thermal 1,108 1,181 2,928 17,673 59,039 
Hydro 

Total 1,108 1,181 2,928 17,673 59,039 

Net Generation (106 
kWh) 

Thermal 4,946 5,212 18,030 116,430 363,022 
Hydro 

Total 4,946 5,212 18,030 116,430 363,022 

TABLE 10-47 Composition of the Thermal Power Supply-River Basin Group 2.2 (Illinois) 

Capacity Capacity 
Energy Factor Capacity Energy Factor Capacity 

. (106 kWh) (%) (MW) (106 kWh) (%) (MW) 

1965 illQ 

Noncondensbig 87 9 113 
Foasil Fuel 4,946 51 1,108 5,125 55 1,068 
Nuclear 

Total 4,946 51 1,108 5,212 50 1,181 

1980 2000 

Noncondenaing 
Foasil Fuel 3,273 45 828 
Nuclear 14,757 80 2,100 116,430 75 17,673 

Total 18,030 70 2,928 116,430 75 17,673 

ill.Q. 

Noncondenaing 
F01&il Fuel 
Nuclear 363,022 Z!! 59,039 

Total 363,022 70 59,039 ) 
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TABLE 10-48 Steam-Electric Generation by Type. of Cooling-River Basin Group 2.2 (Illinois) 

Flow 
Year Through 

1965 4,946 
1970 5,125 
1980 18,030 
2000 116,430 
2020 363,022 

1965 662,840 
1970 649,440 
1980 2,764,295 
2000 15,277,945 
2020 38,723,557 

1965 
1970 
1980 
2000 
2020 

662,840 
649,440 

2,764,295 
15,277,945 
38,723,557 

CAS!i I
1 

CASE II2 
Suppleomental Flow Suppleom<ental 

Coolinr; Total Through Cooling 

(Million kWh) 

4,946 4,946 - 5,125 5,125 
18,030 3,273 14,757 

116,430 .116,430 
363,022 363,022 

Condenser Cooling Wa~er Requirements 
(acre-feet per year) 

i -
662,840 662,840 
649,440 649,440 . 

2,764,295 356,986 
15,277,945 
38,723,557 / 

Rcc1uj_red Diversions ; 
(acre~feet per yea'r) 

662,840 
649,440 

2,764,295 
15,277,945 
38,723,557 

' \ 

662,840 
649,440 
356,986 

2,407,309 
15,277,945 
38,723,557 

38,189 
243,478 
621,556 

11970 through 2020 assumes all flow through cooling except for 
known supplemental cooli.:1g systems as of December 31, 1970·. 

21970 through 2020 assumes all supplemental cooling except for 
known flow through systems as of December 31, 1970 .. 

Total 

4,946 
5,125 

18,030 
116,430 
363,022 

662,840 
649,440 

2,764,295 
15,277,945 
38,723,557 

662,840 
649,440 
395,175 
243,478 
621,556 
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TABLE 10-49 Cooling Water Consumption-River Basin Group 2.2 (Illinois) 

CASE r 1 CASE II2 

Flow Supplemental Flow Supp'lementsl 
Year Throunh Cooling Total Through ·cooling Total 

(sere-feet per veer) 
1965 5,099 5,099 5,099 5,099 
1970 4,956 4,956 4,956 4,956 
1980 21,141 21,141 2,724 29,219 . 31,943 

117,303 2000 117,303 186,288 186,288 
2020 298,586 298,586 475,559 475,559 

TABLE 10-50 Summary of Steam-Electric Power Water Use-River Basin Group 2.2 (Illinois) 

CASE I 1 CASE II2 

Condenser Cooling Condenser 
Cooling Water Required Water Cooling Water 

1rear Requirements Diversions Consumption Requirements 

(acre-feet per year) 

1965 662,840 662,840 S,099 662,840 
1970 649,440 • 649,440 4,956 649,440 
1980 2,764,295 2,764,295 21,141 2,764,295 
2000 15,277,945 15,277,945 117,303 15,277, 94S" 
2020 38,723,557 38,723,557 298,586 38,723,557 

11970 through 2020 assumes all flow through cooling except for 
known supplemental cooling systems as of December 31, 1970. 

21970 through 2020 assumes all supplemental cooling except for 
known flow through systems as of December 31, 19701.-

Required 
Diversions 

662,840 
649,440 
395,175 
243,478 
621,556 

Cooling 
Water 
Consumption 

5,099 
4,956 

31,943 
186,288 
475,559 
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I 
TABLE 10-51 Power Requirements and Supply-River Basin Group 2.2·(1ndiana-Michigan) 

1965 -1970 1980 2000 2020 

Annual Peak (MW) . 718 1,155 2,690· 8,890 22,050 
Amtual Energy Requmte,(106 kWh) 4,630 7,172 17,462 58,500 145,600 
Annual Load Factor (t) 73,6 70.9 73.9 74.9 75.2 

Installed Capacity (Mil) 
Thermal 1,791 2,418 4,261 7,380 18,357 ' Hydro 

Total 1,791 2,418 4,261 7,380 18,357 

Net Generation (106 kWh) 
Thermal 9,312 11,795 20,731 36,323 97,403 
Hydro 

Total 9,312 11,795 20,731 36,323' 97,403 

TABLE 10-52 Composition of the Thermal Power Supply-River Basin Group 2.2 (Indiana-
Michigan) 

Capacity Capacity 
Energy Factor Capacity Energy Factor Capacity 

(106 kWh) (%) (MW) (106 kWh) (%) (MW) 

1965 1970 

·Noncondensing 157 . 21 86 
FoBSil Fuel 9,312 59 1,791 11,638 57 2,332 
Nuclear 

Total 9,312 59 1,791 • 11;795 56 2,418 . 

1980 ~ 

Noncondensing 149 20 85 1,230 20 700 
FoHil Fuel 15,761.: 51 3,490 3,140 17 2,133 
Nuclear 4.821 80 686 • 31.953 80 4.547 

Total 20,731 55 4,261 36,323 56 7,380 

~ 

Noncondenaing 4,568. 20 2,600 
Foaail Fuel 
Nuclear 92,835 67 15,757 

Total 97,403 60 18,357 
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TABLE 10-53 Steam-Electric Generation by Type of Cooling-River Basin Group 2.2 (lndiana
Michigan) 

Year 

196S 
1970 
1980 
2000 
2020 

196S 
1970 
1980 
2000 
2020 

1965 
1970 
1980 
2000 
-2020 

Flow 
Through -

9,312 
11,638 
20,582 
3S,093 
92,835 

1,21s;s23 
1,474,767 
2,505,S02 
4,S14,S66 
9,902,709 

1,21S,S23 
1,474,767 
2,50S,S02 
4,S14,S66 
9,902,709 

CASE 1
1 

CASE n 2 

Supplemental Flow Supplemental 
Cooling To-tal Through Cooling 

(Million kWh) 

9,312 9,312 
11,638 11,638 
20,S82 6,098 14,484 
3S,093 790 34,303 
92,83S 92,83S 

Condenser Cooling Water Requirements 
(acre-feet per year) 

1,21S,S23 
1,474,767 
2,SOS,S02 
4,S14,S66 
9 ,,902, 709 

1,215,523 
1,474,767 

665,109 
80,936 

Required Diversions 
(acre-feet per year) 

1,21S,S23 
1,474,767 
2,SOS,S02 
4,514,S66 
9,902,709 

l,21S,523 
1,474,767 

66S,109 
80,936 

_l,840,393 
4,433,630 
9,902,709 

29,337 
70,672 

1S8,949 

119'70 through 2020 assumes all flow through cooling except for 
known.supplemental cooling systems as of December 31, 1970. 

21970 through 2020 assumes all supplemental cooling except for 
known flow through systems as of December 31, 1970. 

Total 

9,312 
11,638 
20,582 
3S,093 
92,835 

1,215,523 
1,474,767 
2,505,502 
4,S14,S66 
9,902,709 

1,215,523 
1,474,767 

694,446 
151,608 
158,949 



Addendum 95 

TABLE 10-54 Cooling Water Consumption-River Basin Group 2._2 (Indiana-Michigan) 

CASE I 1 
CASE n 2 

Flow Supplemental Flow Supplemental 
Yenr Through Cooling Total Through Cooling Total 

(acre-feet per year) 
1965 9,310 9,310 9,310 9,310 
1970 11,255 11,255 11,255 11,255 
1980 19,136 19,136 5,076 22,446 27,522 
2000 34,648 34;648 618 54,072 54,690 
2020 76,357 76,357 121,614 121,614 

TABLE 10-55 Summary of Steam-Electric Power Water Use-River Basin Group 2.2 (Indiana
Michigan) 

CASE Il CASE II2 

Condenser Cooling Condenser 
Cooling Water Required Water Cooling Water 

Year Requirements Diversions Consumption Requirements 

(acre-feet per year) 

1965 1,215,523 1,215,523 9,310 1,215,523 
1970 1,474,767 1,474,767 ll ,'255 1,474,767 
1980 .2,505,502 2,505,502 19,136 2,505,502 
2000 4,514,566 4,514,566 34,648 4,514,566 
2020 9,902,709 9,902,709 76,357 9,902,709 

1
1970 :..::·irough 2020 assut.1cs all ·flow through cooling except for 
known supplemental cooling systems as of Dccer..bcr 31, 1970. 

2
197G ;__;1roug>1- 2020 assur:-ics all suppl2mental cooling except for 
knowr. [low_ through sys_tems as of December 31, 1970. 

Required 
Diversions 

1,215,523 
1,474,767 

694,446 
151,608 
158,949 

Cooling 
Water 
Consumption 

9,310 
11,255 
27,522 
54,69.0 

121,614 



96 Appendix 10 

TABLE 10--56 Power Requirements and Supply-River Ilasin Group 2.3· • 

1965 1970 1980 2000 2020 

Annual Peak (MW) 2,089 2,896 5,320 16,150 38,870 
Annual Energy Reqmts.(106 kWh) 11,803 16,268 30,700 96,000 234,000 
Anaual Load Factor(~) 64.5 64.1 65.7 67.l 68.5 

Installed Capacity (MW) 
•• Therul 1,412 2,333 ·5,055 22 ,.305 52,868 
Hydro 42 36 36 36 36 

Total 1,454 2,369 5,091 22,341 52;904 

Net Generation 6 (10 kWh) 
Therul 5,022 8,870 28,630 122,369 282,932 
Hydro 167 125 138 138 138 

Total 5,189 8,995 28,768 122,507 283,070 

TABLE 10-57 Composition of the Thermal Power Supply-River Basin Group 2.3 

Capacity Capacity 
Ener.gy Factor Capacity Energy Factor Capacity 

• (106 kWh) (%) (MW} (106 kWh) (%) (flw) 

~ ~ 

·Noncondenaing 155 22 • 80 180 9· 2i7 
FoHil Fuel 4,867 42 1,332 8,690 47 2,116 
Nuclear -

Total 5,022 41 1,412 8,870 43 2,333 

ill.Q. !QQQ. 

Noncolldeneiag • 339 20 193 2,663 20 l,Sr.6 
Fos■il Fuel 7,125 • 44 1,850 3,42T 17 2,327 
Nuclear 21.166 80 • 3.012 . 116 .279 72 18.462 

Total 28,630 64 5,055 122,369 62 22,305 

2020 

Boncolldensing 11,156 20 6,.350 
FoHil Fuel 
Nuclear 271. 776 67 46.518 

Total 282,932 61 52,868 
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TABLE 10-58 Steam-Electrjc Generation by Type of Cooling-River Basin Group.2.3 

Yl~.:ir 

1965 
1970 
1980 
2000 
2020 

1965 
1970 
1980 
2000 
2020 

1965 
1970 
1980 
2000 
2020 

Flow 
• Throniih 

3,688 
7,239 

25,829 
116,072 
256,493 

490,582 
1,204,787 
3,961,403 

15,156,051 
27,360,108 

) 

490,582 
1,204,787 
3,961,403 

15,156,051 • 
27,360,108 

C\SE Il CASE n 2 

Supplemental Flow Supplemental 
Coolin!l Total Through Coolin!!, 

(Milliott kWh) 

1,179 4,867 3,688 1,179 
1,451 8,690 7,239 1,451. 
2,462 28,291 4,663 23,628 
3,634 119,706 722 118,984 

15,283 271,776 271,776 

Condenser Coo"ling Water Reauirements 
(acre-feet per year) 

171,684 662,266 
241,490 1,446,277 
268,530 4,229,933 
453,175 15,609,226 

1,630,238 28,990,346 

490,582 
1,204,787 

508,593 
73,969 

~equired Diversions 
(acre-feet per year) 

2,750 493,332 
3,863 l,208,6SO 
4,296 3,965,699 
7,228 15,163,279 

26,167 27,386,275 

490,582 
1,204,787 

508,593 
73,969 

171,684 
241,490 

3,721,340 
15,535,257 
28,990,346 

2,750 
3,863 

59,071 
247,595 
465,327 

1
1970 through 2020 assumes all flow through cooling except for 
krrown sapplemental coolittg systems as of December 31, 1970. 

2
1970. t~1rough 2020 _assumes all sU:Pplemental c·ooling f!xcept for 
knoi-rn flow through systems as of December 31, 1970. 

Total 

4,867 
8,690 

28,291 
119,706 
271,776 

662,266 
1,446,277 
4,229, 93:) 

15,609,226 
28,990,346 

493,332 
1,208,650 

567,664 
321,564 
465,327 
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TABLEl0-59 Cooling Water Consumption-River Basin Group.2.3 

CASE 1
1 CASE II

2 

Flow Supplemental Flow Supplemental 
Year Through Cooling Total Through Cooling Total 

(acre-feet per year) 

1965 3,754 2,104 5,858 3,754 2,104 5,858 
1970 9,194 2,956 12,150 9,194 2,956 12,150 
1980 30,296 3,287 33,583 3,881 45,196 49,077 
2000 116,355 5,530 121,885 565 189,438 190,003 
2020 210,965 20,021 230,986 356,027 356,027 

TABLE 10-60 Summary of Steam0Electric PQwer Water Use-River Basin_ Group 2.3 

CASE 11 CASE II
2 

Condenser Cooling Condenser 
Cooling Water Required Water Cooling Water 

Year Re'quirements Diversions Consumption Require~entS 

(acre-feet per year) 

1965 662,266 493,332 5,858 662,266 
1970 1,446,277 1,208,650 12,150 . 1,446,217 
1980 4,229,933 3,965,699 33,583 4,229,933 
2000 15,609,226 15,163,%79 121,885 15,609,226 
2020 28,99,0,346 27,386,275 230,986 28,990,346 

' 

11970 through.2020 as,sumes all flow through cooling except for 
known supplemental cooling systems as of Decemb.er 31, 1970. 

21970 through 2020 assumes all supplemental cooling except for 
known flow through systems as of December 31, 1970. 

Required 
Diversions 

493,332 
1,208,650 

567,664 
321,564 
465,327 

Cooling 
Water 
Consumption 

5,858 
12,150 -
49,077 

190,003 
356,027 
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I 
TABLE. 10-fil Powe.r Requirements and Supply-River Ba!!in Gro11p 2.4 (Total) 

1965 1970 1980 .2000 2020 

Amlual Peak (MW) . . . . . 419 556 .l ,030 3,000 7,070 
Amlual Energy aeqmnts.(l06 kWh) 2,331 3,175 5,900 18,000 43,200 
Amlual Load Factor (t) 63,5 65,2 65.2 68.3 69.6 

Inatalled Capacity (MW) 
Thermal 671 758 722 1,058 5,110 
Hydro 91 87 1,960 1,960 1,960 

Total 762 845 2,682 3,018 7,070 

Nat C.eneration (106 kWh) 
thermal 3,257 3,775 3,038 5,793 31,646 
Hydro 314 273 2,527 2,527 2,527 

Total 3,571 4,048 5,565 8,320 34,173 
't' 

TABLE 10-62 Ci,mp'osition of the Thermal Power Supply'-River Basin Group 2.4 (Total) 
Capacity Capacity 

Energy Factor Capacity Energy Factor Capacity 

(106 kWh) (%) (MW) (106 kWh) (%) (MW) 

!ill. !illl 

.. llonconclenaing 83 35 27 30 5 67 
Fossil Fuel 2,993. · 60 569 3,383 63 616 
Nuclear ____ill_ 28 75 362 55 75 

Total 3,257. 55 671 3,775 57. • 758 

ill!!. · • •. 2000" 

Noncondenaing 86 20 49 44 20 25 
Fouil Fual 2,425 •. 46 598 401 17 272 
Jluclear _ill M 

. 
75 • .5,348 80:. _ill. 

Total 3,038 48 722. 5,793 62. 1,058 

2020 

Noncondaneing 
Fouil Fuel 
Jluclear 31.646 71 5,110 

Total 31,646 n 5,110 
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TABLE 10-63 Steam-Electric Generation by Type of Cooling-River Bashi Group 2.4 (Tot1d) 

CASE I 1 CASE II2 

Flow Supplemental Flow Supplemental 
Year Through Cooling Total Through Cooling Total 

1965 
1970 
1980 
2000 
2020 

1965 
1970 
1980 
2000 
2020 

1965 
- 1970 

1980 
2000 
2020 

3,174 
3,745 
2,952 
5,749 

31,646 

440,603 
527,908 
350,465 
742,847 

3,37,5,679 
I 

440,603 
527,908 
350,465 
742,847 

3,375,679 

(Million kWh) 

3,174 3,174 -3,745 3,745 
2,952 2,952 
5,749 69 5,680 

31,646 31,646 

Condenser Cooling. Water Reguirements 
(acre-feet per year) 

440,603 440,603 -527,908 527,908 
350,465 350,465 
742,847 7,069 735,778 - 3,375,679 3,375,679 

Reguired Diversions 
(acre-feet.per year) 

440,603 440,603 
527,908 527,908 -350,465 350,465 
742,847 7,069 11,728 

3,375,679 54,183 

11970 through 2020 assumes all flow through cooling except for 
known supplemental cooling systems as of December 31, 1970, 

21970 through 2020 assumes all supplemental cooling except for 
known flow th,ough systems as of December 31, 1970. 

( 

3,174 
3,745 
2,952 
5,749 

31,646 

440,603 
527,908 
350,465 
742,847 

3,375,679 

440,603 
527,908 
350,465 
18,797 
54,183 
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TABLE 10-64 ' • 
Cool/ng Water_Consumption-River Basin _Group 2.4 (Total) 

CASE 11 CASE n 2 

Flow Supplemental Flow Supplemental 
Year Th•ro.ugh Cooling •. Total Through Cooling Total 

(acre-feet per year) 

1965 3,366 3,366 3,366 3,366 
1970 4,029 4,029 4,029 4,029 
1980 2,677 2,677 2,677 2,677 
2000 5,702 5,702 54 8,973 9,027 
2020 26;029 26,029 41,456 41,456 

TABLE 10-65 Summary of Steam-Electric Power Water Use-River Basin Group 2.4 (Total) 

CASE 11 CASE 
Condenser Cooling -COndenser 
Cooling Water Required Water Cooling Water 

Ye~r Requirements Diversions Consumption Requirements 

(acre-feet per year) 

1965. 440,603 440,603 3,366 440,603 
1970 527,908 527,908 4,029 • 527,908 
1980 350,465 350,465 2,677 350,465 
2000 742,847 742,847 5,702 742 ;847 
2020 3,375,679 3,375,679 26,029 3,375,679 

11970 through 2020 assumes all flow· through cooling except for 
known supplemental cooling systems as of December. 31, 197D, 

2 1970 through 2D20 assumes all supplemental cooling except for 
knovn flow through ayatems aa of December 31, 1970, 

II2 
Cooling 

Required Water 
Divers_ioµs Consumption 

440,.603 3,366 
527,908 4,029 
350,465 2,677 
18,797 9,027 
54,183 41,456 
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TABLE 10-66 Power Requirements and Supply-River Basin Group 2.4 (Lower Michigan) 

1965 1970 1980 2000 2020 

Annual Peak (MW) 
(106 kWh) 

368 505 910 2,600 6,130 
Annual Energy Reqmnu. 2,086 2,924 5,300 15,900 38,300 
Annual Load Factor ('L) 64.7 66.l 66.3 69.6 71.l 

Installed Capacity (MW) 
Thermal 640 72T 691 1,058 5,110 
Hydro 89 85 1.958 1,958 1,958 

Total 729 812 2,649 3,016 7,068 

!let Generation (106 kWh) 
Thermal 3,132 3,625 2,944 5,793 31,646 
Hydro 309 ~ 2,522 2.522 2.522 

Total 3,441 3,893 5,466 8,315 34,168' 

TABLE 10-67 Composition of the Thermal Power Supply-River Basin Group 2.4 (Lower Mic hi-
gan) 

Capacity Capacity 
Energy Factor Capacity Energy Factor Capacity 

(106 kWh) (%) (MW) (106 kWh) (%) (MW) 

!ill. !.ill. 
lloncoudene ing 83 38 25 29 5 65 
Foe■ il Fuel 2,868 61 540 3,234 63 587 
lluclear 181 28 75 _.ill. 55 75 

Total 3,132 56 640 3,625 57 727 

1980 2000 

lloncondensing 82 20 47 44 20 25 
Fouil Fuel 2,335 47 569 401 17 272 
lluclear 527 80 ...11 5,348 80 761 

Total 2,944 49 691 5,793 62 1,058 

~ 

lloncondenaing 
Fouil Fuel 
lluclear 31.646 71 5.110 

Total 31,646 71 5,110 
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TABLE 10-68 Steam-Electric Generation by Type of Cooling-River Basin Group 2.4 (Lower 
Michigan) 

l\~ar 

1965 
1970 
1980 
2000 
2020 

1965 
1970 
1980 
2000 
2020 

1965 
1970 
1980 
2000 
2020 

Flow 
Through 

3,049 
3,596 
2,862 
5,749 

31,646 

415,625 
. 499,166 

340,649 
742,847 

3,375,679 

415,625 
499,166 
340,649 
742,847 

3,375,679 

CASE Il CASE II 
2 

Supplc,mental Flow Supplemental 
Cooling • Total Through Cooling 

(Million kWh) 

3,049 3,049 
3,596 3,596 
2,862 2,862 
5,749 69 5,680 

31,646 31,646 

Condenser Cooli.n"5 Water Requirements 
(acre-feet per year) 

415,625 
499,166 
340,649 
742,847 

3,375,679 

415,625 
499,166 
340,649 

7,069 

Reauired Diversions 
(acre-feet per year) 

415,625 
499,166 
340,649 
742,847 

3,375,679 

415,625 
499,166 
340,649 

7,069 

735,778 
3,375,679 

11,728 
54, 18l 

11970 tJ.~irough 2020 asswues all flow t:i1rough cooling except for 
knowr:. supplemental cooling sys terns as of Decemb2r 31, 1970. 

21970 t,,rough 2020 assumes all supplem.ent;,.l coolir,g except for 
known flow through systems as of December 31, 1970. 

Totccl 

3,049 
3,596 
2,862 
5,749 

31,646 

415,625 
499,166 
340,649 
742,847 

3,375,679 

415,625 
499,166 
340,649 
18,797 
54,183 
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TABLE 10-69 Cooling Water Consumption-River Basin G:roup.2.4 (Lower Michigan) 

CASE I 1 CASE n 2 

Flow Supplemental Flow Supplemental 
Year Through goolins Total Through Cooling Total 

(acre-feet per year) 

196S 3,174 3,174 3,174 3,174 
1970 3,810 3,810 3,810 3,810 
1980 2,602 2,602 2,602 2,602 
2000 S,702 5,702 S4 8,973 9,027 
2020 26,029 26,029 41,456 41,456 

TABLE 10-70 Summary of Steam-Electric Power Water Use-River Basin Group 2.4 (Lower 
Michigan) 

CASE I 1 CASE 
Condenser Cooling Condenser 
Cooling Water Required Water Cooling Water 

Year Requirements Diversions Consumption Requirements 

(acre-feet per year) 

196S 415,625 415,625 3:174 41S,62S 
1970 499,166 499,166 3,810 499,166 
19$0 340,649 340,649 2,602 340,649 . 
2000 742,847 742,847 ·s,102 742,847 
2020 3,37,,679 3,375,679 26,029 3,375,679 

l . 
1970 through 2020 assumes all flow through cooling except for 
known supplemental cooling systems as of December 31, 1970. 

2 .. 
1970 through 2020 assumes all·supplemental cooling except for 
known flow through systems as of December 31, 1970. 

II2 
Cooling 

Required Water 
Diversions Consumption 

415,625 3,174 
499,166 '3,810 
340,649 2,602 
18,797 9,027 
S4,183 41,456 

I 
I 
' 
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TABLE. 10-71 Power Requirements and Supply-River Basin Group 2.4 (Upper Michigan) 

1965 1970 1980 2000 2020 

Annual Peak (MW) 51 5.1 120 400 940 
Annual Energy lleq-te.(106 kWh) 245 251 600 2,100 4,900 
Annual Load.Factor (l) 54.8 56.2 56.9 59.8 59.3 

Inatalled Capacity (MIi) 
Thermal 31 31 31 
Hydro 2 2 2 2 2 

Total 33 33 33 2 2 

Met Generation (10, kWh) 
Thermal 125 150 94 
Hydro -2 5 -2 -2 _5 

Total 130 155 99 5 5 

TABLE 10-72 Composition of the Thermal Power Supply-River Basin Gri>up 2.{ (Upper Mic hi-
gan) 

lloucODdcaing 
PoHil Puel 
Nuclear 

Total 

NcmcondeDSing 
Poaail Pual 
Nuclear 

Total 

NoucODdeDSing 
Pouil Pael 
Nuclear 

Total 

Energy 

(106 kWh) 

125 -
125 

4 
90 

94 

Capacity 
Factor 

(%) 

1965 

49 -. 
46 

1980 

23 
35 -
35 

2020 

Capacity 
Capacity Energy Factor Capacity 

, (MW) (106 kWh)· (%) (MW) 

1970 

2 1 6 2 
29 149 59 "29 
- - -

31 iso 55 31 

.!!!.QQ. 

2 
29 - -

31 -
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TABLE l()c.73 Steam-Electric Generation by Type of Cooling~RiverB11sl_n Gro11p 2.4 (Upper 
Michigan) 

CASE Il CASE II2 

-Flow Supplemental Flow- Suppleraental 
Year 

196S 
1970 
1980 
2000 
2020 

196S 
1970 
1980 
2000 
2020 

1965 
1970 
1980 
2000 
2020 

Tl1rough 

12S 
149 

90 

24,978 
28,742 

I 9,816 

24,978 
28,742 
9,816 

Cooling Total Through 

(Million kWh) 

125 12S 
149 149 

90 90 - -

Condenser Cooling Water Requirements 
(acre-feet per year) 

24,978 
28,742 
9,816 

24,978 
28,742 
9,816 

.Required Biversions 
(acre-feet per year) 

24,978 
28,742 
9,816 

24,978 
28,742 
9,816 

Cooling 

l . - . . -
1970 tl1rough 2020 assumes all flow through cooling except for 

/ ' . . . . 
known supplemental cooling. systems as of December 31, 1970. 

2 ' 
1970 through 2020 assumes all supplemental cooling except for . 
known flow through systems as of December 31, 1970. 

Total 

12s 
149 

90 

24,978 
28,742 
9,816 

24,978 
28,742 
9,816 
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TABLE 10-74. Coolh1g.Water Consumption~River Basin Group 2A (Upper Michigan) 

CASE 11 CASE II2 

Flow Supplemental Flow Supplemental 
YE'ar Through Cooling Total Through Cooling Total 

(acre-feet per year) 
1965 192 192 192 192 
1970 219 219 219 219 
1980 75 75 75 75 
2000 
2020 

TABLE 10-75 Summary of Steam-Electric Power Water Us~River Basin Group 2.4 (Upper 
Michigan) 

CASE 11 CASE II2 

Year 

1965 
1970 
1980 
2000 
2020 

Condenser 
Cooling Water 
Requirements 

24,978 
28,742 

9,816 

Required 
Diversions 

24,978 
28,742 
9,816 

Cooling 
water 
ConsumptiOn 

Condenser 
Cooling Water 
Requirements 

(acre-feet per year) 

192 24,978 
219 28,742 

75 9,816 

11970 through 2020 assumes all flow through cooling except for 
known supplemental cooling systems.as of December 31, 1970. 

2 -1970 through 2020 assumes all supplemental cooling except for 
known flow through systems as of December 31, 1970. 

Required 
Diversions 

24,978 . 
28,742 

9,816 

Cooling 
Water 
Consumption 

192 
219 

75 
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TABLE 10-76 Power Requirements and Supply-River Basin Group 3.1 (Total) 

1965 1970 1980 2000 2020 

Annual Peak (MW) 208 270 520 1,520 3,580 
Annual Inergy Reqmta,(106 kWh) 1,032 1,392 2,700 8,000 19,300 
Annual Load Factor (t) 56.6 58.9 59.l 59.9 61.4 

Inatallad Capacity (MIi) 
Thermal 9 99 117 110 
Hydro 110 110 110 110 110 

Total m 209 227 220 wi 

Net Generation (106 kWh) 
Thermal 10 172 200 191 
Hydro 629 602 606 606 606 

Total 639 774 806 797 606 

TABLE 10-77 Composition of the Thermal Power Supply-River Basin Group 3.1 (Total) 
Capacity Capacity 

Energy Factor Capacity Energy Factor Capacity 

(106 kWh) (%) (MW) (106 kWh) (%) (MW) 

till ll1!!. 

RoncondenainB 10 13 9 172 20 99 
Foaail Fuel 
Ruclear 

Total 10 13 9 172 20 99 

ill!!. 2000 

■oncondenaia.g 200 20 117 191 20 110 
Poaail Puel 
Ruclear 

Total 200 20 ill y 191 20 110 

~ 

RoncondenaiDg 
Foaail Puel 
Ruclear 

Total 
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TABiE 10_-78 Ste_arri-Electric Generation byType'of Cooling~River Basin Group 3.l(Total) · 

1965 
1970 
1980 
2000 
2020 

1965 
1970 
,1980 
2000 
2020 

1965 
1970 
1980 
2000 
2020 

. 1 2 
CASE I CASE II 

FJow Supplemental Flow Supplemental 
Through· • Cooling Through Cooling 

• (Million kWh) 

co·ndenser ·Cooling water Reauirements 
(acre-feet per year) 

Reauired Diversions 
(acre-feet per year) 

11970 through 2020 assumes all flow through.cooling except-for 
known sc:pplemental·cooling systems as of December 31, 1970 .. 

2 1970 through 2020 assumes all supplemental cooling except for 
known flow through systems as of Dec-ember 31, 1970. 

Total 
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TABLE 10-79 Cooling Water Consumption-River Basin Group 3.1 (Total) 

CASE t 1 

Year 
Flow 

Through 
Supplemental 

Cooling Total 
Flow 

Through 
Supplemental 

Cooling Total 

J 
1965 
1970 
1980 
2000 
2020 

(acre-feet per year) 

TABLE 10-80 Summary of Steam-Electric Power Water Use-River Basin Group 3.1 (Total) 

CASE 11 CASE II2 

Year 

1965 
1970 
1980 
2000 
2020 

Condenser 
Cooling Water 
Requirements 

Cooling 
Required Water 
Diversions Consumption 

Condenser 
Cooling Water 
Requirements 

(acre-feet per year) 

11970 through 2020 assumes all flow through cooling except for 
known supplemental cooling systems as of December 31, 1970, 

21970 through 2020 assumes all supplemental cooling except for 
known flow through systems as of December 31, 1970. 

Required 
Diversions 

Cooling 
Water 
Consumption 
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TABLE 10-81 Power Requirements and Supply-River Basin Group 3.1 (Lower Michigan) 

1965 1970 1980 2000 2020 

Annual Peak (MW) 156 213 390 1,100 2,600 
Annual Energy lleqllllts. (106 kWh) 843 1,167 2,200 6,400 15,500 
Annual Load Factor (1.) 61.7 62.5 64.2 66.2 67.9 

Installed Capacity (MW) 
Thermal 4 95 113' 109 
Hydro 50 50 50 50 50 

Total 5/i 145 163 159 50 

Net Generation (106 kWh) 
Therlllll 10 172 200 191 
Hydro ill 183 175 175 175 

Total 199 355 375 366 ill 

TABLE 10-82 Composition of the Thermal Power Supply-River Basin Group 3.1 (Lower Mic hi-
gan) 

Roncondeusing 
Foasil Fuel 
Nuclear 

Total 

Noncondensing 
Foasil Fuel 
Nuclear 

Total 

Noncondendng 
Foasil Fuel 
Nuclear 

Total 

Energy 

(106 kWh) 

10 

10 

200 

200 

Capacity 
Factor 

(%) 

ill1 

29 

29 

1980 

20 

-
20 

2020 

Capacity 
Capacity Energy Factor Capacity 

(MW) (106 kWh) (%) (MW) 

1970 

4 172 21 95 

4 172 n 95 

2000 

113 191 20 109 

113 191 20 109 
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TABLE 10-83 Steam-Electric Generation by Type of Cooling-River Basin Group 3.1 (Lower 
Michigan) 

CASE Il CASE II2 

Flow Supplemental Flow Supplemental 
Yt';1r 

1965 
1970 
1980 
2000 
2020 

1965 
1970 
1980 
2000 
2020 

1965 
1970 
1980 
2000 
2020 

Through Cooling Total Through 

(Million kWh) 

Condenser Cooling Water Reauirements 
(acre-feet per year) 

Required Diversions 
(acre-feet per year) 

Cooling 

11970 through 2020 assumes all flow through cooling except for 
known supplemental cooling systems as of December 31, 1970. 

21970 through 2020 assumes all supplemental cooling except for 
known flow through systems as of December 31, 1970. 

Total 
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TABLE 10-84 Cooling Water Consumption--,River Basin Group 3;1 (Lower Michigan) 

CASE 11 CASE II2 

Flow Supplemental Supplemental 
Year Through Coolin& Total 

Flow 
Through Cooling Total 

1965 
1970 
1980 
2000 
2020 

(acre-feet per year) 

TABLE 10-85. Summary of Steam-Electric Power Water Use-River Basin Group 3.1 (Lower 
Michigan) 

CAS.E 1
1 CASE n 2 

Year 

1965 
1970 
1980 
2000 
2020 

Condenser 
Cooling Water • 
Requirements 

Cooling 
Required Water 
Diversions Consumption 

• Condenser 
Cooling Water 
Requirements. 

(acre-feet per year) 

11970 through 2020 assumes all flow through cooling except for 
known supplemen.tal cooling systems as of December 31, 1970: 

2· 1970 through 2020 assumes all supplemental cooling except for 
known flow through systems as of-December 31, 1970. 

,Required 
Diversions 

Cooling 
Water 
Consumption 

-
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TABLE 10--86 Power Requirements and Supply-River Basin Group 3.1 (Upper Michigan) 

1965 1970 1980 2000 2020 

Annual Peak (MW) 52 57 130 420 980 
Annual Energy ieqmnts.(106 kWh) 189 225 500 1,600 3,800 
Annual Load Factor(\) 41.5 45.l 43.8 43.4 44.l 

Installed Capacity (MW) 
Thermal 5 4 4 l 
Hydro 60 60 60 60 60 

Total Ts 64 64 61 To 

Net Generation (106 kWh) 
Thermal 
Hydro 440 419 431 431 431 

Total 440 419 431 ill 431 

TABLE 10--87 Composition of the Thermal Power Supply-River Basin Group 3.l(Upper Michi
gan) 

Noncondelllling 
Fouil Fuel 
Nuclear 

Total 

Noncondensing 
Fossil Fuel 
Nuclear 

Total , 

Noncondanaing 
Foasil Fuel 
Nuclear 

Total 

Energy 

(106 kWh) 

Capacity 
Factor Capacity 

(%) (MW) • 

!ill 

5 

-5 

1980 

4 

4 

2020 

Capacity 
Energy Factor Capacity 

(106 kWh) (%) (MW) 

1970 

4 

4 

~ 

l 

1 
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TABLE 10-88 Steam-Electric Generation by Type of Cooling-River Basin Group 3.1 (Upper 
Michigan) 

Year 

1965 
1970 
1980 
2000 
2020 

196'i 
1970 
1980 
2000 
2020 

1965 
1970 
1980 
2000 
2020 

Flow 
Through 

1
1 

CASE 
Supplemental 

Cooling Total 

2 
CASE II 

Flow Supplemental 
Through Cooling 

(Million kWh) 

Condenser Cooling Water Requirements 
(acre-feet per year) 

Required Diver~ions 
(acre-feet per year) 

1
1970 through 2020 assumes all flow through cooling except for 
known supplemental cooling systcus as of December 31, 1970. 

2 . 
1970 through 2020 assumes all supplemental cooling except for 
known flow through systems as of December 31, 1970. 

Total 
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TABLE 10-89 Cooling Water Consumption-River Basin Group 3.1 (Upper Michigan) 

CASE n 2 

Year 
Flow 

Through 
Supplemental 

Cooling Total 
Flow 

Through 
Supplemental 

Cooling Total 

1965 
1970 
1980 
2000 
2020 

(acre-feet per year) 

TABLE 10-90 Summary of Steam-Electric Power Water Use-River Basin Group 3.1 (Upper 
Michigan) 

CASE II2 

Year 

1965 
1970 
1980 
2000 
2020 

Condenser 
Cooling Water 
Requirements 

Cooling 
Required Water 
Diversions Consumption 

Condenser 
Cooling Water 
Requirements 

(acre-feet per year) 

11970 t:1rough 2020 assumes all flow through cooling except for 
known supplemental cooling systems as of Dece:nber 31, 1970. 

21970 ti1rough 2020 assumes all supplemental cooling except for 
known flow through systems as of December 31, 1970. 

Required 
Diversions 

Cooling 
Water 
Consumption 
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TABLE 10-91 Power Requirements and Supply-River Basin Group 3.2 

1965 1970 1980 2000 2020 

Annual Peak (Ml) 
6 1,034 1,393 2,550 7,300 17,240 

Annual Energy Reqmnts.(10 kWh) 5,805 8,027 14,900 44,300 106,400 
Annual Load Factor(%) 64.l 65.8 66.5 69.l 70.3 

Installed Capacity (MW) 
Thermal 1,314 1,608 6,887 26,808 75,157 
Hydro --1!. _lQ _lQ 10 10 

Total 1,325 1,618 6,897 26,818 75,167 

Net Generation (106 kWh) 
Thermal 6,670 7,340 36,546 148,765 416,084 
Hydro -1.!!. ~ 23 23 23 

Total 6,708 7,376 36,569 148,788 416,107 

TABLE 10-92 Composition of the Thermal Power Supply-River Basin Group 3.2 

Capacity Capacity 
Energy Factor Capacity Energy Fa,ctor Capacity 

(106 kWh) (%) (MW) (106 kWh) (%) (MW) 

1W. !.21Q 

Noncondenaing 81 40 23 223 11 242 
Fossil Fuel 6,589 58 1,291 7,117 59 1,366 
Nuclear 

Total 6,670 58 l, 314 7,340 52 1,608 

1980 2000 

None on dens ing 1,091 20 621 4,457 20 2,537 
l"oSBil Fuel 9,588 42 2,585 2,152 17 1,441 
Nuclear 25,867 80 3,681 142,156 71 22,830 

Total 36,546 60 6,887 148,765 63 26,808 

2020 

Noncondensing 12,652 20 7,202 
Fossil Fuel 
Nuclear 403,432 68 67,955 

Total 416,084 63 75,157 
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TABLE 10-93 Steam-Electric Generation by Type of Cooling-River Basin Group 3.2 

Year 

1965 
1970 
1980 
2000 
2020 

1965 
1970 
1980 
2000 
2020 

1965 
1970 
1980 
2000 
2020 

Flow 
Throtq;h 

6,589 
7,117 

25,749 
135,695 
403,432 

781,914 
839,023 

3,682,107 
17,743,984 
43,034,091 

781,914 
839,023 

3,682,107 
17,743,984 
43,034,091 

Ci\SE I 
1 

CASE II2 
Supplcmcn tal Flow Supplcmcmtal 

Cooling Total Through Cooling 

(Million kWh) 

6,589 6,589 
7,117 7,117 

9,706 35,455 3,877 31,578 
8,613 144,308 180 144,128 

403,432 403,432 

Condenser Coolin-1; Water Requirements 
(acre-feet per year) 

781,914 
839,023 

1,583,340 5,265,447 
1,130,198 18,874,182 

- 43,034,091 

781,914 
839,023 
422,864 

18,441 

Required Diversions 
(acre-feet per year) 

781,914 781,914 
839,023 839,023 

25,118 3,707,225 422,864 
18,012 17,761,996 18,441 

- 43,034,091 

4,842,583 
18,855,741 
43,034,091 

76,905 
300,509 
690,744 

1 1970 through 2020 assumes all flow through cooling except for 
known supplemental cooling systems as of December 31, 1970. 

21970 through 2020 assumes all supplemental cooling except for 
known flow through systems as of December 31, 1970. 

Total 

6,589 
7,117 

35,455 
144,308 
403,432 

781,914 
839,023 

5,265,447 
18,874,182 
43,034,091 

781,914 
839,023 
499,769 
318,950 
690,744 
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TABLE 10-94 Cooling Water Consumption-River Basin Group 3.2 

CASE r1 CASE II
2 

Flow Supplemental Flow Supplemental 
Year Through Cooling Total Through Cooling Total 

(acre-feet per year) 
1965 5,948 5,948 5,948 5,948 
1970 6,403 6,403 6,403 6,403 
1980 28,150 19,218 47,368 3,227 58,841 62,068 
2000 137,237 13,781 151,018 141 229,923 230,064 
2020 335,756 335,756 528,496 528,496 

TABLE 10-95 Summary of Steam-Electric Power Water Use-River Basin Group 3.2 

CASE r 1 CASE 
Condenser Cooling Condenser 
Cooling Water Required Water Cooling Water 

Year Requirements Diversions Consumption Requirements 

(acre-feet per year) 

1965 781,914 781,914 5,948 781,914 
1970 839,023 839,023 6,403 839,023 
1980 5,265,447 3,707,225 47,368 5,265,447 
2000 18,874,182 17,761,996 151,018 18,874,182 
2020 43,034,091 43,034,091 335,756 43,034,091 

11970 through 2020 assumes all flow through cooling except for 
knm-;rt supplemental cooling systems as of Decerabc.r 31, 1970. 

, 21970 through 2020 assumes all supplemental cooling except for 
known flow through systems as of December 31, 1970. 

II2 
Cooling 

Required Water 
Diversions Consumption 

781,914 5,948 
839,023 6,403 
499,769 62,068 
318,950 230,064 
690,744 528,496 
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TABLE 10-96 Power Requirements and Supply-River Basin Group 4.1 

1965 1970 1980 2000 2020 

Annual Peak (MW) 
6 

4,208 5,805 10,360 29,750 70,140 
Annual Energy Reqnmta.(10 kWh) 23,388 32,455 59,900 178,800 429,100 
Annual Load Factor (t) 63.4 63.8 65.8 68.4 69.6 

Installed Capacity (MW) 
Thermal 4,800 6,560 11,028 17,980 27,600 
Hydro 

Total 4,800 6,560 11,028 17,980 27,600 

Net Generation (106 kWh) 
Thermal 25,130 33,998 43,876 84,853 141,119 
Hydro 

Total 25,130 33,998 43,876 84,853 141,119 

TABLE 10-97 Composition of the Thermal Power Supply-River Basin Group 4.1 

Capacity Capacity 
Energy Factor Capacity Energy Factor Capacity 

(106 kWh) (%) (MW) (106 kWh) (%) (MW) 

1965 1970 

Noncondensing 8 46 2 547 13 477 
Fossil Fuel 25,122 60 4,798 33,439 63 6,013 
Nuclear 12 ..1. ---12. 

Total 25,130 60 4,800 33,998 59 6,560 

!2J!Q 2000 

Noncondensing 1,662 20 1146 3,066 20 1,745 
Fossil Fuel 34,168 44 8,937 7,310 17 4,895 
Nuclear 8,046 80 1,145 74,477 75 11,340 

Total 43,876 45 11,028 84,853 54 17,980 

2020 

Noncondensing 6,148 20 3,500 
Fosail Fuel 
Nuclear 134,971 64 24,100 

Total 141,119 58 27,600 
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TABLE 10-98 Steam-Electric Generation by Type of Cooling-River Basin Group 4.1 

Year 

1965 
1970 
1980 
2000 
2020 

1965 
1970 
1980 
2000 
2020 

1965 
1970 
1980 
2000 
2020 

Flow 
Through 

25,122 
33,451 
42,214 
81,787 

134,971 

3,287,081 
4,312,973 
5,039,248 

10,521,782 
14,397,357 

3,287,081 
4,312,973 
5,039,248 

10,521, 782 
14,397,357 

CASE I 
1 

CASE n 2 

Supplemental Flow Supplemental 
Coo.ling Total Through Coo.ling 

(Million kWh) 

25,122 25,122 
33,451 33,451 
42,214 15,464 26,750 
81,787 2,786 79,001 

134,971 134,971 

Condenser Cooling Water- Requirements 
(acre-feet per year) 

3,287,081 
4,312,973 
5,039,248 

10,521,782 
14,397,357 

3,287,081 
4,312,973" 
1,713,256 

285,426 

Required Diversions 
(acre-feet per year) 

3,287,081 
4,312,973 
5,039,248 

10,521,782 
14,397,357 

3,287,081 
4,312,973 
1,713,256 

285,426 

3,325,992 
10,236,356 
14,397,357 

53,043 
163,161 
231,093 

1
1970 through 2020 assumes all flow through cooling except for 
known supplemental cooling systems as of _December 31, 1970. 

2 . 
1970 through 2020 assumes all supplemental cooling except for 
known flow through systems as of December 31, 1970. 

Total 

25,122 
33,451 
42,214 
81,787 

134,971 

3,287,081 
4,312,973 
5,039,248 

10,521,782 
14,397,357 

3,287,081 
4,312,973 
1,766,299 

448,587 
231,093 



122 Appendix 10 

TABLE 10-99 Cooling Water Consumption-River Basin Group 4.1 

CASE J'1 CASE n 2 

Flow Supplemental Flow Supplemental 
_Year Through Cooling Total Through Cooling Total 

(acre-feet per year) 

1965 25,067 25,067 25,067 25,067 
1970 32,915 32,915 32,915 32,915 
1980 38,482 38,482 13,077 40,584 53,661 
2000 80,752 80,752 2,178 -124,836 127,014 
2020 111,014 111,014 176,812 176,812 

TABLE 10-100 Summary of Steam-Electric Power Water Use-River Basin Group 4.1 

CASE 11 CASE 
Condenser Cooling Condenser 
Cooling Water Required Water Cooling Water 

Year Requirements Diversions Consumption Requirements 

(acre-feet per year) 

1965 3,287,081 3,287,081 25,067 3,287,081 
1970 4,312,973 4,312,973 32,915 4,312,973 
1980 5,039,248 5,039,248 38,482 5,039,248 
2000 10,521,782 10,521,782 80,752 10,521, 782-
2020 14,397,357 14,397,357 111,014 14,397,357 

11970 through 2020 assurr.es all flow through cooling except for 
known supplemental cooling systems as of December 31, 1970. 

21970 through 2020 assumes all supplemental cooling except for 
known flow through systems as of December 31, 1970. 

II2 
Cooling 

Required Water 
Diversions Consumption 

3,287,081 25,067 
4,312,973 32,915 
1,766,299 53,661 

448,587 127,014 
231,093 176,812 
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TABLE. 10-101 Power Requirements and Supply-River Basin Group 4.2 

1965 1970 1980 2000 2020 

Annual Peak (MW) 1,753 2,583 4,660 15,858 39,896 
Annual Energy R.eqamts .(106 kWh) 10,398 16.,460 27,689 94.,332 237,318 
Annual Load Factor ('X.) 67.7 72. 7 67.6 67. 7 67.7 

Installed Capacity (MW) 
Thermal 907 1,282 2,103 15,537 38,750 
Hydro 

Total 907 1,282 2,103 15,537 38,750 

Net Generation (i06 kWh) 
Thermal 4,080 4,994 12,409 82,884 208,108 
Hydro 

Total 4,080 4,994 12,409 82,884 208,108 

r 

TABLE 10-102 Composition of the Thermal Power Supply-River Basin Group 4.2 
.. 

Capacity Capacity 
Energy Factor Capacity Energy Factor Capacity 

(106 kWh) (%) (MW) (106 kWh) (%) • (MW) 

!ill. 1970 

Noncondeneing 57 15 42 84 7 134 
Fossil Fuel 4,023 53 865 4,910 49 1,148 
Nuclear 

Total 4,080 51 907 4,994 44 1,282 

ill.!!. 2000 

Noncondenaing 226 20 129 3,540 20 2,015 
Fossil Fuel 5,818 62 1,068 3,345 17 2,271 
Nuclear 6,365 80 906 75,999 77 11,251 

Total 12,409 67 2,103 82,884 61 15,537 

2020 

Noncondeneing 8,879 20 5,054 
Fossil Fuel 
Nuclear 199,229 ll 33.696 

Total . 208,108 61 38,750 
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TABLE 10---103 Steam Electric Generati<Jn by Type of Cooling-:-River Basin Group 4:2 

CASE 1
1 CASE II

2 

Flow Supplemental Flow Supplemental 
Y ... ~ar 

1965 
1970 
1980 
2000 
2020 .. 

1965 
1970 
1980 
2000 
2020 

1965 
1970 
1980 
2000 
2020 

Through 

4,023 
4,910 
5,818 

73,227 
199,229 

563,889 
998,975 
634,569 C 

9,512,612 
21,251,757 

563,889 
998,975 
634,569 

.9,512,612 
21,251,757 

Cooling Total Through Cooling 

(Million kWh) 

4,023 4,023 
4,910 4,910 

6,365 •12,183 5,818 6,365. 
6,117 79,344 3,345 75,999 

199,229 199,229 

Condenser Cooling Water Requirements 
(acre-feet per year) 

1,038,322 
802,672 

-

16,472 
12,792 

563,889 563,889 
998,975 998;975 

1,672,891 634,569 
10,315,284 342,696 
21,251,757 

Required Diversions 
(acre-feet per year) 

563,889 
998,975 
651,041 

9,525,404 
21,251,757 

563,889 
998,975 
634,569 
342,696 

1,038,322 
9,972,588 

21,251,757 

16,472 
158,933 
341,114 

11970 through 2020 assumes all flow through cooling except for 
known supplemental cooling systems as of December 31, 1970. 

21970 through 2020 assumes all supplemental cooling except for 
known flow through systems as of December 31, 1970. 

Total 

4,023 
4,910 

12,183 
79,344 

199,229 

563,889 
998,975 

1,672,891 
10,315,284 
21,251,757 

563,889 
998,975 
651,041 
501,629 
341,114 
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TABLE 10-104 Cooling Water-Consumption-River Basin Group 4.2 

CASE 11 CASE 11
2 

Flow Supplemental Flow Supplemental 
Year Thro'!gh Cooling Total Through Cooling Total 

(acre-feet per year) 

1965 4,303 4,303 4,303 4,303 
1970 11,976 11,976 11,976 11,976 
1980 4,829 12,603 17,432 4,829 12,603 17,432 
2000 73,190 9,787 82,977 2,606 121,601 124,207 
2020 163,368 163,368 260,990 260,990 

TABLE 10-105 Summary of Steam-Electric Power Water Use-River Basin Group 4.2 

CASE 11 CASE 
Condenser Cooling Condenser 
Cooling Water Required Water Cooling Water 

Year Requirements Diversions Consumption R~quirements 

(acre-feet per year) 
I 

1965 563,889 563,889 4,303 563,889 
1970 998,975 998,975 11,976 998,975 
1980 1,672,891 651,041 17,432 1,672,891 
2000 10,315,284 9,525,404 82,977 10,315,284 
2020 21,251, /57 21,25~757 163,368 21,251,757 

1 1970 through 2020 assumes all flow through cooling except for 
known supplemental cooling systems as of December 31, 1970. 

21970 through 2020 assumes ell supplemental cooling except for 
known flow through systems as of December 31, 1970. 

112 
Cooling 

Required Water 
Diversions Consumption 

563,889 4,303 
998,975 11,976 
651,041 17,432 
501,629 124,2~7 
341,114 260,990 
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TABLE 10-106 Power Requirements and,Supply-River Basin Group 4.3 . 

1965 1970 1980 2000 2020 

Annual Peak (MW) 2,795 3,707 6,638 21,172 52,700 
Annual Energy Reqnmts.(106 kWh) 16,296 21,941 39,549 126,112 313,938 
Annual Load Factor ('%.) 66.6 67.6 67.8 67.8 67.8 

Installed Capacity (MW) 
Thermal 2,595 3,419 4,069 16,119 45,300 
Hydro 

Total 2,595 3,419 4,069 16,119 45,300 

Net Generation (106 kWh) 
Thermal 11,624 14,267 24,898 89,536 235,653 
Hydro 

Total 11,624 14,267 24,898 89,536 235,653 

TABLE 10-107 Composition of the Thermal Power Supply-River Basin Group 4.3 
Capacity Capacity 

Energy Factor Capacity Energy Factor Capacity 

(106 kWh) (%) (MW) (106 kWh) (%) (MW) 

1965 l21Q 

Noncondensing 36 29 14 51 8 74 
Fossil Fuel 11,588 51 2,581 14,216 49 3,345 
Nuclear 

Total 11,624 51 2,595 14,267 48 ;l ,419 

1980' lQQQ. 

Noncondensing 296 46 74 5,044 20 2,871 
Fossil Fuel 24,602 70 3,995 2,281 17 1,549 

' Nuclear 82,211 80 11,699 
Total 24,898 70 4,069 89,536 63 16,119 

2020 

Nonc011densing 13,352 20 7,600 
Fossil Fuel 
Nuclear 222,301 67 37,700 

Total 235,653 59 45,300 
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TABLE 10-108 Steam-Electric Generation by Type of Cooling-River Basin Group 4.3 

CASE Il CASE II2 

Jllow Supplemen~al Flow Supplemental 
Year 

1965 
1970 
1980 
2000 
2020 

1965 
1970 
1980 
2000 
2020 

1965 
1970 
1980 
2000 
2020 

Through 

11,588 
14,216 
24,602 
84,492 

222,301 

1,564,380 
2,854,353 
2,683,340 

11,021,415 
23,712,848 

1,564,380 
2,854,353 
2,683,340 

11,021,415 
23,712,848 

Cooling Total Through Cooling 

(Million kWh) 

11,588 11,588 
14,216 14,216 
24,602 24,602 
84,492 2,281 82,211 

222,301 222,301 

Condenser Cooling Water.Requirements 
(acre-feet per year) 

·-,-- 1,564,380 1,564,380 
2,854,353 2,854,353 
2,683,340 2,683,340 

- 11,021,415 233,688 
- 23, 71·2,848 -

Required Diversions 
(acre-feet per year) 

1,564,380 
2,854,353 
2,683,340 

- 11,021,415 
- 23,712,848 

1,564,380 
· 2,854,353 

2,683,340 
233,688 

-
~ 

10,787,727 
23,712,848 

171,920 
380,61] 

11970 through· 2020 assumes all flow through cooling except for 
known suppl·emental cooling systems as of December 31, 1970. 

2 • 
1970 through 2020 assumes all supplemental cooling except for 
known flow through sys.terns as of Dece~ber J-1, 1970. 

Total 

11,588 
14,216 
24,602 
84,492 

222,301 

1,564,380 
2,854,353 
2,683,340 

11,021,415 
23,712,848 

1,564,380 
2,854,353 
2,683,340 

405,608 
380,617 
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TABLE 10-109 Cooling Water Consumption-River Basin Group 4,3 _ 

CASE 11 
CASE 112 

Flow Supplemental Flow -supplemental 
Yenr Through Cooling Total Through Cooling Total 

(acre-feet per year) 

1965 11,935 11,935 11,935 11,935 
1970 34,544 34,544 34,544 34,544 
1980 20,120 20,120 20,120 20,liO 
2000 84,812 84,812 1,779 131,538 133,317 
2020 182,289 182,289 291,214 291,214 

TABLE 10-llO Summary of Steam-Electric Power Water Use'-River Basin Group 4.3 

CASE 11 CASE II2 
Condenser Cooling Condenser Cooling 
Cooling Water Required Water Cooling Water Required Water 

Year Requirements Diversions Consumption Requirements Diversions Consumption 

(acre-feet per year) 

1965 1,564,380 1,564,380 11,935 1,564;380 1,564,380 11,935 
1970 2,854,353 2,854,353 34,544 2,854,353 2,854,353 34,544 
1980 2,683,340 2,683,340 20,120 2,683,340 2,683,340 20,120 
2000 11,021,415 11,021,415 84,812 11,021,415 405,608 133,317 
2020 23,712,848 23, 712,848 182,289 23,712,848 380,617 291,214 
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TABLE 10~111 Power Requirements· and Supply-River Basin Group 4.4 

1965 1970 1980 2000 2020 

Annual Peak (MW) . 1·,2110. 1,594 2,286 6,154. 14,631 
Annual ·inergy .. Reqmnts. (106 kWh) .7,004 9,443 12,782 34,483 81,833 
Annual Load Factor (t) 62.5 67.6 63.7 63.8 63.7 

Installed Capacity (MW) 
Thermal 1,579 1,580 2,680 ·8, 794 29,809 
Hydro --- !/ - 1/ __ -!/ - 1/ - !/ 

Total 1,579 1,580 - 2,680 8,794 - 29,809 

Net Generation (106 kWh) 
Thermal 8,517 7,765 15,615 57,116 165,196 
Hydro 2 2 2 2 2 

Total 8,519 7,767 15,617 57,118 165,198 

TABLE 10-112 Composition of the The.rmal Power Supply-River Basin Group 4.4 
Capacity Capacity 

Energy Factor Capacity Energy Factor Capacity 

(106 kWh) (%) (MW) (106 kWh) (%) (MW) 

1965 1970 

Noncondensing 10 29 4 12 27 5 
Fossil Fuel 8,507 62 1,575 7,753 56 1,575 
Nuclear -

Total 

" 
8;517 62' .1,579 7,765 56 1,580 

1980 .2000 

Noncondenaing 9 20 5 1!42 20 468 
FoHil Fuel 7,878 • 57 . 1,575 17,130 71 2,7~. 
Nuclear 7,728 80 1,100 39,144 80 5,592 

Total 15,615 66 2,680 57,116 • '74 8,794 

2020 

Noncondensing 2;079 20 1,155 
F.osail • Fuel 15,950 43 4,200 
Nuclear 147,167 ·69 24,454 

Total 165,196 63 29,809 

1/ 
- Less than 1 megawatt. 
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TABLE 10-113 Steam-Electric Generation by Type of Cooling-River Basin Group 4.4 

CASE I 
1 

CASE n 2 

Flow Supplemental Flow Supplemental 
Year Throul!ih Coolinl!i Total Through Coolinl!i 

1965 
1970 
1980 
2000 
2020 

1965 
1970 
1980 
2000 
2020 

1965 
1970 
1980 
2000 
2020 

8,507 
7,753 

15,606 
56,274 

163,117 

1,148,445 
1,646,704 
2,119,922 
6,891,445 

17,262,042 

1,148,445 
1,646,704 
2,119~922 
6,891,445 

17,262,042 

(Mill1on kWh) 

8,507 8,507 
- 7,753 7,753 

15,606 7,878 7,728 
56,274 56,274 

163,117 163,117 

Condenser Cooling Water Requirements 
(acre-feet per year) 

1,148,445 
1,646,704 
2,119,922 
6,891,445 

- 17,262,042 

1,148,445 
1,646,704 

859,253 

Required Diversions 
(acre-feet per year) 

1,148,445 1,148,445 
1,646,704 1,646,704 
2,119,922 859,253 
6,891,445 

- 17,262,042 

1,260,669 
6,891,445 

17,262,042 

12,626 
103,905 
276,991 

1 - . 
1970 through 2020 assumes all flow through cooling except for 
known supplemental cooling systems as of December 31, 1970 .. 

2 
1970 through 2020 assumes all supplemental cooling except for 
known flow through systems as of December 31, 1970. 

Total 

8,507 
7,753 

15,606 
56,274 

163,117 

1,148,445 
1,646,704 
2,119,922 
6,891,445 

17,262,042 

1,148,445 
1,646,704 

87,l,879 
103,905 
276,991 
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TABLE 10-114 Cooling Water Consumption-River·Basin Group 4.4 

CASE I 1 CASE n 2 

Flow Supplemental Flow Supplemental 
Year Through Cooling Total Through Cooling Total 

(acre-feet per year) 
1965 8,762 8, 76~ 8,762 8,762 
1970 20,090 20,090 20,090 20,090 
1980 16,199 16,199 6,539 9,660 16,199 
2000 52,896 52,896 79,499 79,499 
2020 132,640 ,132,640 211,929 211,929 

TABLE 10-115 Summary of Steam-Electric Power Water Use-River Basin Group 4.4 

CASE I 1 CASE II2 

Year 

1965 
1970 
1980 
2000 
2020 

Condenser 
Cooling Water 
Requirements 

1,148,445 
1,646,704 
2,119,922 
6,891,445 

17,262,042 

Required 
Diversions 

1,148,445 
1,646,704 
2,119,922 
6,891,445 

17,262,042 

Cooling 
Water 
c,msumption 

Condenser 
Cooling Water 
Requirements 

(acre-feet per year) 

8,762 1,148,445 
20,090 1,646,704 
16,199 2,119,922 
52,896 6,891,445 

132,640 17,262,042 

l I 
1970 through 2020 assumes all ,flow through cooling except for 
known supplemental cooling systems as of December 31, 1970. 

21970 through 2020 assumes all supplemen~al cooling except for 
known flow through systems as of December 31, 1970. 

Required 
Diversions 

1,148,445 
1,646,704 

871,879 
103,905 
276,991' 

Cooling 
Water 
Consump t·ion 

8,762 
20,090 
16,199 
79,499. 

211,929 
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TABLE 10-'HG Power Requirements and Supply-River Basin Group 5.1 

1965 1970 1980 2000 2020 

Annual Peak (.._,.) . 
6 1,986 2,315 3,715 10,010 23,712 

Annual Energy ReqllDlts.(10 kWh) 10,821 12,270 20,804 55,103 131,985 
Annual Load Factor (1.) 62.2 60.5 63.8 63.4 63.4 

Installed Capacity (MW) 
Thermal 471 1,025 2,025 7,125 18,809 
Hydro 2,255 2,251 2,251 3,211 4,411 

Total 2,726 3,276 4,276 10,336 23,220 

Net Gener,a tion (106 kWh) 
Thermal 2,299 4,200 11,633 35,031 95,214 
Hydro 11,679 15,584 12,434 14,032 16,028 

Total 13,978 19,784 • 24,067 49;063 111,242 

TABLE 10-117 Composition of the Thermal Power Supply-River Basin Group 5.1 
Capacity Capacity 

Energy Factor Capacity Energy Factor Capacity 

(106 kWh) (%) (MW) (106 kWh) (%) (MW) 

1965 1970 

Noncondenaing 7 2 38 
Fossil Fuel 2,299 56 471 2,021 49 470 
Nuclear 2,172 48 --2!2 

Total 2,299 56 471 4,200 47 1,025 

1980 2000 

Noncondensing 67 20 38 1,330 20. 764 
Fossil Fuel 2,264 55 470 5,566 52 1,210 
Nuclear 9,302 70 1,517 28,135 62 5,151 

Total 11,633 65 2;025 35,031 56 7,125 

~ 

Noncondensing 3,274 20 1,875 
Fossil Fuel 7,980 43 2,100 
Nuclear 83,960 64 '14,834 

Total 95,214 58 18,809 
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' TABLE 10-118 Steam-Electric Generation by Type of Cooling-River Basin Group 5.1 

CASE I
1 CASE n 2 

Flow Supplemental Flow Supplemental 
Year Through Cooling ~Total Through Cooling 

(Million kWh) 

1965 2,299 - . 2,299 2,299 
1970 4,193 4,193 4,193 
1980 11,566 11,566 11,566 
2000 33,701 33,701 8,286 25,415 
2020 91,940 91,940 91,940 

Condenser Cooling Water Reguirements 
(acre-feet per year) 

1965 310,365 310,365 310,365 
1970 825,441 825,441 825,441 
1980 1,764,369 1,764,369 1,764,369 
2000 4,262,111 4,262,111 1,087,289 3,174,822 
2020 9,738,372 9,738,372 9,738,372 

' Reguired Divers:Lons 
(acre-feet per year) 

1965 310,365 310,365 • 310,365 
1970 825,441 825,441 825,441 
1980 1,764,369 1,764,369 1,764,369 
2000 4,262,111 4,262,111 1,087,289 31,875 
2020 9,738,372 9,738,372 97,805 

11970 through 2020 assumes all flow through cooling except for 
known supplemental cooiing systems as of December 31; 1970. 

21970 through 2020 assumes all supplemental cooling except for 
known flow through systems as of December 31, 1970. 

Total 

2,299 
4,193 

11,566 
33,701 
91,940 

310,365 
825,441 

1,764,369 
4,262 ,Hl 
9,738,372 

310,365 
825,441 

1,764,369 
1,119,164 

97,805 
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TABLE 10-119 Cooling Water Consumption-River Basin Group 5.1 

CASE r1 
CASE II 2 

Flow Supplemental Flow Supplemental 
Year Through Cooling Total Through Cooling Total 

(acre-feet per year) 
1965 2,368 2,368 2,368 2,368 
1970 10,070 10,070 10,070 10,070 
1980 13,507 13,507 13,507 13,507 
2000 32, 757 32,757 8,369 24,388 32,757 
2020 74,832 , 74,832 74,832 74,832 

TABLE 10-120 Summary of.Steam-Electric Power Water Use-River Basin Group 5.1 

CASE r1 CASE rr2 

Condenser 
/ 

Cooling Condenser 
Cooling Water Required Water Cooling Water 

Year Requirements Diversions Consumption Requirements 

(acre-feet per year) 

1965 310,365 310,365 2,368 310,365 
1970 825,441 825,441 10,070 825,441 
1980 1,764,369 1,764,369 13,507 1,764,369 
2000 4,262,111 4,262,111 32,757 4,262,111 
2020 9,738,372 9,738,372 74,832 9,738,372 

11970 through 2020 assumes all ·flow through cooling except for 
known supplleniental cooling systems as of December 31, 1970. 

2 . 
1970 through 2020.assumes all supplemental cooling except for 
known flow through systems as of December 31, .1970, 

j 

Required 
DiversiOns 

310,365 
825,441. 

1,764,369 
1,119,164 

97,805 

Cooling 
Water 
Consumption 

2,368 
10,070 
13,507 
32,757 
74,832 
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TABLE 10-121 Power Requirements and Supply-River Basin Group 5.2 

1965 1970 1980 2000 2020 

Annual l'eak (MW) 6 799 1,079 1,894. 5,008 11,897 
Annual Energylteqmnts.(10 kWh) 5;390 6,582 11,235 29,610 69,930 
Annual Load Factor(%) 77 .o 69 .6 · 67.5 67.3 66.9 

Installed Cap~city (MW) 
Thermal 807 1,453 5,454 7,383 15,341 
Hydro ...li _M _M _M 2,186 

Total 883 1,539 5,540 7,469 17,527 

Net Generation (106 kW) 
Thermal 4,155 6,574 31,903 38,621 76,149 
Hydro - 247 298 266 266 / 3,763 

Total 4,402 6,872 32,169 38,887 79,912 

TABLE 10-122 Composition of the Thermal Power Supply~River Basin Group 5.2 
Capacity Capacity 

Energy Factor Capacity Energy Factor Capacity 

(106 kWh) (%) (MW) (106 kWh) (%) (MW) 

1965 1970 

Noncondensing 1 2 5 __J 
Fosail Fuel 4,155 59 807 4,886 69 806 
Nuclear 1,687 30 642 

Total 4,155 / 59 807 6,574 52 1,453 

1980 2000 

Noncondensing 9 20 5 665 20 370 
Fossil Fuel 10,739 55 2,229 9,918 52 2,156 . 
Nuclear 21.155 75 3,220 28.038 66.· 4,857 

Total 31,903 67 5,454 38,621 60 7,383 

2020 

Noncondensing 1,643 20 929 
Foasil Fuel 12,160 43 3,200 
Nuclear 62,346 63 11,212 

Total 76,149 57 15,341 
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TABLE 10-123 Steam-Electric Generation by Type of Cooling~River Basin Group 5.2 

YL~.:.11'." 

1965 
1970 
1980 
2000 
2020 

1965 
1970 
1980 
2000 
2020 

1965 
1970 
1980 
2000 
2020 

~•'low 
Through 

4,155 
6,573 

31,894 
37,956 
74,506 

560,925 
1,172,183 
4,622,318 
4,695,245 
7,842,614 

560,925. 
1,172,183 
4,622,318 
4,695,245 
7,842,614 

CASE I 
1 

CASE n 2 

Supplemental Flow Supplemental 
Cooling Total Through Goaling 

(Million kWh) 

4,155 4,155 
6,573 6,573 - ' 

31,894 31,894 
37,956 25,134 12,822 
74,506 74,506 

Condenser Cooling Water Requirements 
(acre-feet per year) 

560,925 
1,172,183 
4,622,318 
4,695,245 
7,842,614 

560,925 
1,172,183 
4,622,318 
3,109,755 

Required Diversions 
(acre-feet per year) 

560,925 
1,172,183 
4,622,318 
4,695,245 
7,842,614 

560,925 
1,172,183 
4,622,318 
3,109,755 

1,585,490 
7,842,614 

17,864 
112,748 

11970 through 2020 assumes all flow through cooling except for 
known supplemental cooling systems as of December 31, 1970. 

21970 through 2020 assumes all supplemental cooling except for 
known flow through systems as of December 31, 1970. 

Total 

4,155 
-, 6,573 

31,894 
37,956 
74,506 

560,925 
1,172,183 
4,622,318 
4,695,245 
7,842,614 

560,925 
1,172,183 
4,622,318 
3,127,619 

112,748 
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TABLE 10-1 .. 24 Cooling Water Consumption'-River Basin Group 5.2 

CASE r1 
CASE II

2 

Flow Supplemental Flow Supplemental 
Year Through Cooling Total Through Cooling Total 

(acre-feet per year) 

1965 4,280 4,280 4,280 4,280 
1970 14,300 14,300 14,300 14,300 
1980 35,357 35,357 35,357 35,357 
2000 36,054 36,054 23,880 13,668 37,548 
2020 60,244 60,244 86,265 86,265 

TABLE 10-125 Summary of Steam-Electric Power Water Use-River Basin Group 5.2 

CASE r1 CASE II2 

Condenser Cooling Condenser 
Cooling Water Required Water Cooling Water 

Year Requirements Diversions Consumption Requirements 

(acre-feet per year) 
1965 560,925 560,925 4,280 560,925 
1970 1,172,183 1,172,183 14,300 1,172,183 
1980 4,622,318 4,622,318 35,357 4,622,318 
2000 4,695,245. 4,695,245 36,054 4,695,245 
2020 7,842,614 7,842,614· 60,244 7,842,614 

1 . 
1970 through 2020 assumes all flow through cooling except for 
known supp.l~mental cooling ·systems as of December 0-31, 1970.-

21970 through 2020 assumes all supplemental cooling except for 
known flow through systems.as of December 31, 19?0-

Required 
Diversions 

560,925 
1,172,183 
4,622,318 
3,127,619 

112,748 

Cooling 
Water 
Consumption 

4,280 
14,300 
35,357 
37,548 
86,265 
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TABLE 10-126 Power Requirements and Supply-River Basin Group, 5.3 

1965 1970 1980 2000 2020 

.Anaual Peak (MW) 660 770 1,425 3,847 9,313 
Annual Energy Reqmits.(106 kWh) 4,941 4,868 10,486 27,636 65,268 
Annual Load Factor (1.) 85.5 72.2 83.8 81.8 79.8 

Installed Capacity (MW) 
Thermal 3 1 
Hydro 1.208 1 •. 207 1.207 l.207 1,201 

Total 1,211 1,208 1,207" 1,207 1,207 

Net Generation (106 kWh) 
Thermal 
Hydro 6.553 8.017 7.852 7.852 7.852 

Total 6,553 8,017 7,852 7,852 7,852 

TABLE 10-127 Composition of the Thermal Power Supply-River Basin Group 5.3 

Noncondenaing 
Fouil Fuel 
Nuclear 

Total 

Noncondenaing 
Fouil Fuel 
Nuclear 

Total 

Roncondenaing 
Foaail Fuel 
Nuclear 

Total 

Capacity 
Energy Factor 

(106 kWh) (%) 

1965 

1980 

Capacity 
Capacity Energy Factor 

(MW) (106 kWh) (%) 

illQ 

3 

3 

2000 

Capacity 

(MW) 

l 

-1 



TABLE 10~128 Steam-Electric Generation by Type of Cooling-River Basin Group 5.3 

1965 
1970 
1980 
2000 
2020 

1965 
1970 
1980 
2000 
2020 

1965 
1970 
1980 
2000 
2020 

1 2 
CASE I CASE II 

Flow Supplemental Flow Supplemental 
Through Cooling Total Through Cooling 

-

(Million kWh) 

Condenser Gooling·Water Requirements 
(acre-feet per year) 

-

Required Diversions 
(acre-feet per vear) 

1 ' 1970 through 2020 assumes all flow. through cooling except for 
known supplemental cooling systems as of December 31, 1970. 

2 . ' 
1970 through 2020 assumes all supplemental cooling .except for 
known flow through systems a,s of December 31, 1970. 

139 

Total 
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TABLE 10-129 Cooling Water Consumption-River Basin Group 5.3 

CASE II2 

Year 
Flow, 

Through 
Supplemental 

Cooling 
Flow 

Total . Throm;th 
(acre-feet per year)· 

Supplemental 
Cooling Total 

1965 
1970 
1980 
2000 
2020 

TABLE 10-130 Summary of Steam-Electric Power Water Use-River Basin Group 5.3 

CASE 11 
CASE II2 

Year 

1965 
1970 
1980 
2000 
2020 

Condenser 
Cooling Water 
Requirements 

Cooling 
Required Water 
Diversions Consumption 

Condenser 
Cooling Water 
Requirements 

(acre-feet per year) 

11;70 throug~ 2020. assumes all flow through cooling except for·
known supplemental cooling systems as of- Decemb_er 31, 1970 .. 

21970 through 2.0Z0 assumes all supplemental cooling except for 
known flow through.systems as of December 31, 1970. 

Required 
Diversions 

Cooling. 
Water 
Consumption 
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_ TABLE 10-131 Pow_er Require.rrterits and Supply-Illinojs 

1965 1970 1980 2000 2020 

Annual Peak (MW) 
Annual Energy Reqanta. (106 kWh) 
Annual Load Factor (t) 

\ 
Installed Capacity (Ill) 

Thermal 1,108 1,181 2,928 17,673 _59 ,039 
Hydro 

Total 1,198 1,181 2,928 17,673 59,039 

Net Generation (106 kWh) 
Thenaal 4,946 5,212 18,030 116,430 363,022 
Hydro -

Total 4,946 5,212 18,030 116,430 363,022 

TABLE 10-132 Composition of the Thermal Power Supply,-Ulinois 
Capacity Capacity 

Energy Fact_or Capacity Energy Factor Capacity 

(106 kWh)• (%) (MW) (106 kWh) (%) (MW) 

1965 1970 

Noncondenaing ' 87 9 113 
Foeail Fuel .. ,946 51 1,108 5,125 55 1,068 
Nuclear 

Total 4,946 51 -1,108 5,212 50 1 181 : , ' ', ' 

1980 2000 

Noncoadenaing 
Foasil Fuel 3,273 45 828 
Nuclear 14,757 ~ 2,100 - - 116,430 75 17,673 

Total 18,030 70 2,928 116,430 75 17,673 

~ 

Noncondenaing 
Foaail Fuel~ 
Nuclear 363,022 l.!! 59,039 

Total 363,022 70 59,039 
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TABLE 10-133 Steam-Electric Generation by Type of:Cooling--'Illinois 

CASE 1
1 

CASE 11
2 

Flow Supplemental Flow Supplemental 
Year 

1965 
1970 
1980 
2000 
2020 

1965 
1970 
1980 
2000 
2020 

1965 
1970 
1980 
2000 
2020 

Tl.lrough 

4,946 
5,125 

18,030 
116,430 
363,022 

662,840 
649,440 

2,764,295 
15,277,945 
38,723,557 

662',840 
649,440 

2,764,295 
15,277,945 
38,723,557 

Cooling Total Through Cooling 

(Million kWh) 

4,946 4,946 
5,125 5,125 

18,030 3,273 14,757 
116,430 116,430 
363,022 363,022 

Condenser Cooling Water Requirements 
(acre-feet per year) 

662,840 
649,440 

2,764,295 
15,277,945 
38,723,557 

662,840 
649,440 
356,986 2,407,309 

- 15,277,945 
- 38,723,557 

Required Diversions 
(acre-feet per year) 

662,840 
649,440 . 

2,764,295 
15,277,945 
38,723,557 

662,840 
649,440 
356,986 38,189 

243,478 
621,556 

1 1970 through 2020 assumes all flow through cooling except for 
known supplemental cooling systems as of December 31, 1970. 

2 1970 through 2020 assumes _ _,1111 supplemental coo.ling except for 
known flow through systems as of December 31, 1970. 

Total 

4,946 
5,125 

18,030 
116,430 
363,022 

662,840 
649,440 

2,764,295 
15,277,945 
38,723,557 

662,840 
649,440 
395,175 
243,478 
621,556 
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TABLE 10-134 Cooling Water Consumption-Illinois 

CASE 11 CASE 112 

Flow Supplemental Flow ·Supplemental 
Year Through cooling Total Through Cooling Total 

(acre-feet per year) 
1965 5,099 5,099 5,099 5,099 
1.970 4,956 4,956 4,956 4,956 
1980 21,141 21,141 2,724 29,219 31,943 
2000 117,303 117,303 186,288 18.6,288 
2020 ·. 298,586 298,586· 475,559 475,559 

TABLE 10-135 Summary of Steam-Electric Power Water Use-Illinois 

CASE 11 CASE 112 

Condeni3er Cooling Condenser 
Cooling Water Required Water Cooling Water 

Year Requirements Diversions Consumption Re3uirements 

(acre-feet per year) 

1965 662,840 662,840 5,099 662,840 
1970 649,440 649,440 4,956 649,440 
1980 2,764,295, ·2,764,295 2l,141 2,764,295 
2000 15,277,945 15,277,945 117,303 15,277,945 
2020 38,723,557 38,723,557 298,586 38,723,557 

11970 through· "2020 assumes all flow througi.1 cooling except for 
knov:r: supplcrr.ental cooling -systems- as o'f De.cember:. 31, • 1970. 

21970 ~:n-ough 2020 assumes all. sllppler:iental cdoli'ng ex'cept for 
know;; flou through systems as of December 31, 1970. 

Required 
Diversions 

662,840: 
649,440 
395,175 
243,478 
621,556 

Cooling 
Water 

• . Consumption 

• 5,099 
4,956 

31,943 
186,288 
475,559 



144 Appendix 10 

TABLE 10-136 Power, Requirements and Supply-Indiana . 

1965 1970 1980 2000 2020 

Annual Peak (MW) •• 1,422 2,189 4,640 15,350 38,120 
Annual Energy ••qa,ta.(106 kWh) .. 8,730 13,189 .28,7.62 • 96,800 241,100, 
Annual Load Factor (t) 70.l 68.8 70.6 71.8 72.0 

Inatalled Capacity (MW) 
Thermal 2,237 .2,937 4,453 7,400 18,357 
Hydro 11 11 11 . 11 11 

Total 2,248 2,948 4,464 7,411 18',368 

!let Generation (106 kWh) 
Thermal 10,317 13,399 21,391 36,356 97,403 
Hydro 37 32 39. 39 ~ 39 

Total 10,354 13,431 21,430 36,395 97,442 

TABLE 10-137 Composition of the Thermal Power Supply-Indiana 
Capacity Capacity 

Energy. Factor Capacity Energy Factor Capacity 

(106 kWh) (%) (MW) (106 kWh) (%) (MW) 

1965 1970 

lloacoadeuiilg · 4 159 17 106 
Foaall Fuel 10,317 53 2,233 13,240 53 2,831 

, Nuclear - - - -Total 10,317 ~ 2,237 13,399 52 2,937 

~ 2000 

Noacoadeaaiq 175 20 100 1,248 20 710 
Foaail Fuel 16,395 51 :1,667 3,155 17, 2,143 
Nuclear 4,821 80 . 686 31,953 80 . 4,547 

Total 21,391 s's . 4,453 36,356 56 7,400 

2020 

Roacoadenaiag 4,568 20 2,600 
FoHil Fuel 
Nuclear 92,835 67 15,757 

Total 97,403 60 18,357 
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TAIILE 10-138 Steam-Electric Generation by Type of Cooling.,---lndiana 

CASE r1 CASE II
2 

Flow Supplemental Flow Supplemental 
Year. 

1965 
1970 
1980 
2000 
2020 

1965 
1970 
1980 
2000 
2020 

1965 
1970 
1980 
2000 
2020 

.. ,_.Through 

. 10,317 
13,240 
21,216 
35,108 
92,835 

1,350,410 
1,749,835 
2,601,413 
4,516,103 
9,902,709 

1,350,410 
1,749,835 
2,601,413 
4,516,103 
9,902,709 

.. Cooling Total . Through . Cooling . 

(Million kWh) 

lQ,317 10,317 
13,240 13,240 
21,216 6,732 14,484 
35,108 805 34,303 
92,835 92,835 

Condenser Cooling Water Requirements 
' (acre-feet per year) 

1,350,410 
1,749,835 
2,601,413 
4,516,103 
9,902,709 

1,350,410 
·l, 749,835 

,,761 ,020 l, 840,393 
82,473 4,433,630 

9,902,709 

Required Diversions 
(acre-feet per year) 

1,350,410 
1,749,835 
2,601,413 
4,516,103 
9,902,709 

1,350,410 
1,749,835 

761,020 
82,473 

29,337 
70,672 

158,949 

11970 through .2020 assumes all flow through c_ooling except for 
known s,,pplemeni:al cooling systems as of December 31, 1970. 

/1970 through 2020 assumes all supplemental cooling except for 
.known flow through systems as of December 31, 1970. 

( 

.To.tal 

10,317 
13,240 
21,216 
35,108 
92,835 

1,350,410 
1,749,835 
2,601,413 
4,516,103 
9,902,709 

1,350,410 
1,749,835 

79.0,357 
153,145 
158,949 
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TABLE 10-139 Cooling Water Consmhption-Indiana 

CASE 11 
CASE u 2 

Flow Supplemental Flow Supplemental 
Year Through Cooling Total Through Cooling Total 

(acre-feet per year) 
1965 10,342 10,342 10,342 10,342 
1970 13,550 13,550 13,550 13,550 
1980 19,870 19,870 5,810 22,446 28,256 
2000 34,660 34,660 630 54,072 54,702 
2020 76,357 76,357 121,614 121,614 

TABLE 10-140 Summary of Steam-Electric Power Water Use-Indiana 

CASE 11 CASE u 2 

Condenser Cooling Condenser 
Cooling Water Required Water Cooling Water 

Year Requirements Diversions Consumption Requirements 

(acre-feet per year) 

1965 1,350,410 1,350,410 10,342 1,350,410 
1970 1,749,835 1,749,835 13,550 1,749,835 
1980 2,601,413 2,601,413 19,870 2,601,413 
2000 4,516,103 4,516,103 34,660 4,516,103 
2020 9,902,709 9,902,709 76,357 9,902,709 

1
1970 :.:::.Lv,,g:1 2020 assumes all flow throu;;h cooling except for 
'.znow, :;,,:;:.:,lc;:;.ental cooling systems as of December 31, .1970. 

0 
-1970 ; ,1L·0ugh 2020 assut~c:s all r;upplcne!li:al cooling except for 

kr.owi, flew through systems as of December 31, 1970. 

Required 
Diversions 

1,350,410 
1,749,835 

790,357. 
153,145 
158,949 

Cooling 
Water 
Consumption 

10,342 
13,550 
28,256 
54,702 

121,614 
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TABLE 10-141 Power Requirements and Supply-Micltigan 

1965 1970 1980 2000 2020 

Annual Peak (MW), . • 7,813 10,660 19,300 55,990 132,450 
Annual Energy Req-u.(106 kWh) 43,564 59,833 _111,600 335,300 _ 806,SOil 
Annual Load Factor(~) 63.7 64.1 65.8 68.2 - 69.3 

Installed Capacity (MW) 
Thermal 8,001 11,225 24,152 70,068 165,102 
Hydro 296 285 2,158 2,158 2,158 

Total 8,297 11,510 26,310 72,226 167,260 

Net Generation (106 kWh) 
Thermal 40,215 54,195 114,247 370,004 894,768 
Hydro 1,356 1,249 3,489 3,489 3,489 

Total 41,571 55,444 117,736 373,493 898,257 

TABLE 10-142 Composition of the Thermal Power Supply-Michigan 
Capacity Capacity 

Energy Factor Capacity Energy Factor Capacity 

(106 kWh) (%) (MW) (106 kWh) (%) (MW) 

!.2ll- 1970 

Noncondenaing 416 25 187 1,183 12 -1,148 
Fosail Fuel 39,618 58 7,739 52,638 61 9,932 
Nuclear 181 28 75 374 29 145 

Total 40,215 57 8,001 54,195 55 11,225_ 

1980 ~ 

• Noncondenaing 3,535 20 2,015 10,645 20 6,060 
Foesil Fuel 55,106 44 14,224 15,111 18 9,763 
Nuclear 55,606 80 7,913 344,248 72 54,245 
. 

Total 114,247 54 24,152 370,004 60 70,068 

2020 

Noncondenaing 30,752 20 17,505 
Foaail Fuel 
Nuclear 864,016 67 147,597 

Total 894, n,8 62 165,102 
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TABLE 10-143, Steam-Electric Generation by Type of Cooling-Michigan 

CASE 1
1 

CASE 112 

Flow Supplemental Flow Supplemental 
Year. Through .,, Cooling Total- "Through .• Cooling 

1965 
1970 
1980 
2000 
2020 

1965 
1970 
1980 
2000 
2020 

1965 
1970 
1980 
2000 
2020 

38,620 
51,561 
98,544 

347,112 
848,733 

5,036,679 
6,882,843 

13,202,788 
45,136,970 
90,534,349 

. 5,036,679 
6,882,843 

13,202,788 
45,136,970 
90,534,349 

(Million kWh) 

1,179 39,799 38,620 1,179 
1,451 53,012 51,561 1,451 

12,168 110,712 27,542 83,170 
12,247 359,359 3,959 355,400 
1.5,283 864,016 864,016 

Condenser Cooling Water Requirements 
(acre-feet per year) 

171,684 
241,490 

1,851,870 
1,583,373 
1,630,238 

2,750 
3,863 

29,414 
25,240 
26,167 

5,208,363 
7,124,333 

15,054,658 
46,720,343 
92,164,587 

5,036,679 
6,882,843 
3,032,332 

405,599 

Required Diversions 
(acre-feet per year) 

5,039,429 
6,886,706 

13,232,202 
45,162,210 
90,560,516 

5,036,679 
6,882,843 
3,032,332 

405,599 

171,684 
241,490 

12,022,326 
__ 46,314, 744 
92,164,587 

2,750 
3,863 

191,138 
738,169 

1,479,341 

, 11970 through 2020 assumes all flow through cooling except for 
known supplemental cooling systems as of December 31, 1970. 

2 
197G through 2020 assumes all supplemental cooling .except for 
known flow through systems as of ·December 31, 1970. 

Total. 

39,799 
53,012 

110,712 
359,359 
864,016 

5,208,363 
7,124,333 

15,054,658 
46,720,343 
92,164,587 

5,039,429 
6,886,706 
3,223,470 
1,143,768 
1,479,341 
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TABLE 10-144 Cooling Water Consumption-Michigan 

CASE 11 CASE 112 

Flow • Supplemental Flow Supplemental 
Year Through Cooling Total Through Cooling Total 

(acre-feet per year) 
1965 38,414 2,104 40,518 38,414 2,104 40,518 
1970 52,526 2,956 55,482 52,526 2,956 55,482 
1980 100,897 22,505 123,402 23,144 146,242 169,386 
2000 347,503 19,311 366,814 3,096 564,781 567,877 
2020 702,016 20,021 722,037 1,131,861 1,131,861 

TABLE 10-145 Summary of Steam-Electric Power Water Use-Michigan 

'. 
CASE 11 CASE 

Condenser Cooling Condenser 
Cooling Water Required Water Cooling Water 

Year Requirements Diver.sions Consumption Requirements 

(acre-feet per year) 

1965 5,208,363 5,039,429 40,518 5,208,363 
1970. 7,124,333 6,886,706 55,482 7,124,333 
1980 15,054,658 13,232,202 123,402 15,054,658 
2000 46,720,343 45,162,210 366,814 46,720,343 
2020 ·92,164,587 90,560,516 722,037 92,164,587 

11970 1 :1rough 2020 assuirie.s ail flo~:r through Cooling exce7t for 
L<.r10w1 . .:,upp_:._~mC!ncal_ cooling systems as of Dec.ember_ 31, 1970. 

21970 tbrot,;gh 2020 assumes all,--- supp.:J.,c.r..e.ntal -cooli.ng except for 
know.< flow through systems as of December 31, 1970. 

112 

Required 
Diversions 

5,039,429 
6,886,706 
3,223,470 
1,143,768 
1,479,341. 

Cooling 
Water 
Consumption 

40,518 
55,482 

169,386 
567,877 

1,131,861 
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TABLE 10-146 Power Requirements and Supply----'Minnesota 

1965 1970 1980 2000 2020 

Annual Peak • (MW) 274 466 880 3,200 7,900 
Annual Energy Reqnmta.(106 kWh) 1,471 2,661 5,100 18,700 46,400 
Annual Load Factor(~) 61.3 65.2 66.0 66.5 66.9 

Installed Capacity (MN) 
'ntermal 293 315 348 3,544 8,802 
Hydro 83 83 83 ___fil_ ___fil_ 

Total 376 398 431 3,627 8,885 

Net Generation (106 kWh) 
n.ermal 1,106 1,533 . 1,686 19,388 44,832 
Hydro 482 418 ~ 401 · 401 

Total 1,588 l, 951' 2,087 19,789 45,233 

. TABLE 10-14 7 Composition of the Thermal Power Supply-Minnesota 
Capacity Capacity 

Energy Factor Capacity Energy Factor Capacity 

(106 kWh) (%) (MW) (10
6 

kWh) .(%) (~fl,/) 

1965 • · 1970 

Roncondenaing 13 21 7 13 19 8 
Fouil Fuel 1,093 44 286 1,520 51 307 
•Nuclear -Total 1,106 43 293 1,533 56 ill 

1980 2000 

Roncondenaing 14 • 20 8 300 20 171 
Pouil Fuel 1,672 56 340 2,089 ... 25 954 
Nuclear 16.999 80 2.419 

Total 1,686 55 348 19,388 62 3,544 

2020 

Roncondenaing 1,806 20 1,028 
Foadl Fuel 
Nuclear 43.026 63 7.774 

Total 44,832 58 8,802 
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TABLE 10-148 Steam-Electric Generation by Type of Cooling-Minnesota 

CASE 1
1 

CASE 112 

How Supplemental Flow Supplemental 
Year Thr<iugh Cooling Total Through Cooling 

1965 
1970 
1980 
2000 
2020 

1965 
1970 
1980 
2000 
2020 

1965 
1970 
1980 
2000 
2020 

1,093 
1,520 
1,672. 

19,088 
43,026 

203,798 
279,84~ 
182,364 

2,424,136 
4,589,540 

203,798 
279,841 
182,364 

2,424,136 
4,589,540 

(Million kWh) 

1,093 
1,520 
1,672 

19,088 
43,026 

1,093 
1,520 
1,444 228 

19,088 
43,026 

Condenser Cooling Water Requirements 
(acre-feet per year) 

203,798 
279,841 
182,364 

- 2,424,136 
- 4,589,540 

( 

203,798 
279,841 
157,496 

• Required Diversions 
(acre-feet per year) 

203,798 
279,841 
182,364 

- 2,424,136 
- 4,589,540 

203,798 
279,841 
157,496 

24,868 
2,424,136 
4,589,540 

397 
38,642 
73,667 

1 1970 through 2020 assumes all flow through cooling except for 
known supplemental cooling systems as of December 31, 1970. 

2
1970 through 2020 assumes all supplemental cooling except for 
known flow through systems as of December 31, 1970. 

Total 

1,093 
1,520 
1,672 

19,088 
43,026 

203,798 
279,841 
182,364 

2,424,136 
4,589,540 

203,798 
279,841 
157,893 

38,642 
• 73,667 
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TABLE 10-149 Cooling Water Consumption-Minnesota 

CASE 1
1 CASE. II2 • 

Flow SupJ.)lenwntal Flow Supp'lemental 
Yc;1r Through Cooling Total Through Cooling Total 

(acre-feet per year) 

1965 1,553 1,553 1,553 1,553 
1970 2,135 2,135 2,135 2,135 
1980 1,392 1,392 1,202 304 1,506 
2000 18,598 18,598 29,566 29,566 
2020 35,389 35,389 56,363 56,363 

TABLE 10-,150 Summary of Steam-Electric PQwer Water Use'--Minnesota 

CASE 11 CASE ·n2 

Condenser Cooling- Condenser Cooling 
Cool.i.ng Water Required Water Cooling Water Required Water 

Year Requirements Diversions Consumption Requirements Diversions Consur.1ption 

(acre-feet per year) 

1965 203,798 • 203,798 1,553 203,798 
1970 279,841 279,841 2,135 279,841. 
1980 182,364 182,364 1,392 182,364 
2000 2,424,136 2,424,136 18,598 2,424,136 
2020 4,589,540 4,589,540 35,389 4,589,Y.O 

1 .••. ·. • • . . . 
1970 tl1rough 2020 assumes all flow through cooling exceJ)t fo,r 
kno\.lI1 supplemental COOling systems as of- December 31, 1970. 

2 . . 
1970 through 2020 assumes all supplemental coo],..:j..I),g except for 
known flow through systems as of December 31, 1970. 

203,798 1,553 
279,841 .2,135 
157,893 1,506 

38,642 29,566 
73,667 56,363 
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TABLE 10-151 Power Requirenients and Supply---,-New York 

1965 1970 1980 2000 2020 

Annual Peak (t!W) 4,463 5,391 8,552 22;101 53,933 
Annual Energy Reqamta.(106 kWh) 26,703 31,077 50,932 134,232 .317,016· 
Annual Load Factor (t) 68.3 65.8 67.8 67.3 66.9 

Inatalled Capacity (MW) 
Thermal 2,737 3,936 10,035 23,302 63,959 
Hydro 3.539 3.544 3,544 4,504 7,804 

Total 6,276 7,480 13,579 27,806 71,763 

!let Generation (106 kWh) 
Thermal 14,503 17,952 58,725 130,768 336,559 
Hydro 18.481 . 23,901 20,554 22,152 27.645 

Total 32,984 41,853 79,279 152,920 364,204 

TABLE 10-152 Composition of the Thermal Power Supply.-New York 
Capacity Capacity 

Energy Factor Capacity Energy Factor Capacity 

• (106 kWh) (%) (MW) (106 kWh) (%) (MW) 

1965 llZQ. 

lloncondenaing 3 8 2 45 
Foaail Fuel 14,503 61 2,734 f4,085 59 2,732 
lluclear ·3.859 38 1,159 

Total 14,503 60 · 2,737 17,952 52 3,936 

• 1980 •. 2000 
Noncondenaing • 76 zo;- 43 2,837 zo;- 1,602 
Foaail Fuel 20,464 56 4,155,.,. 32,614 • 61 6,100 
Nuclear 38.185 74. 5,837 95,317 70 15,600 

Total 58,725 67 10,035 130,768 64 23,302 

illQ. 

Noncondenaing 6,996 20 3,959 
Foaeil Fuel 36,090 43 9,500 
Nuclear 293.473 66 50.500 

Total 336,559 60 63,959 
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TABLE 10-153 Steam-Electric Generation by Type-of Cooling-New York 

CI\SE I1 CASE II2 

Flow Supplemental Flow Supplemental 
Year 

1965 
1970 
1980 
2000 
2020 

1965 
1970 
1980 
2000 
2020 

1965 
1970 
1980 

• 2000 
2020 

Through 

14,503 
17,944 
58,649 

127,931 
329,563 

1,891,276 
3,482,773 
8,389,650 

15,848,801 
34,843,028 

1,891,276 
3,482,773 
8,389,650 

15,848,801 
34,843,028 

Cooling Total Through Cooling 

(Million kWh) 

14,503 14,503 
17,944 17,944 
58,649 50,921 7,728 

127,931 33,420 94,511 
329,563 329,563 

Condense·r Cooling Water Requirements 
(acre-feet per year) 

• 1,891,276 
• 3,482,773 
• 8;389,650 
• 15,848,801 
• 34,843,028 

1,891,276 
3,482,773 
7,128,981 
4,197,044 

Required Diversions 
(acre-feet per year) 

• 1,891,276 
• 3,482,773 
• 8,389,650 

15,848,801 
• 34,843,028 

1,891,276 
3,482,773 
7,128,981 
4,197,044 

1,260,669 
11,651,757 
34,843,028 

12,626 
153,644 
487,544 

11970 through 2020 assumes all flow through cooling except for 
known supplemental cooling systems as of December 31, 1970, 

2 1970 through 2020 assumes all .supplemental cooling except for 
known flow through systems as of December 31, 1970, 

Total 

14,503 
17,944 
58,649 

127,931 
329,563 

1,891,276 
3,482, 773 
8,389,650 

15,848,801 
34,843,028 

1,891,276 
3,482,773 
7,141,607 
4,350,688 

487,544 
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TABLE 10-154 Cooling Water Consumption-New York 

CASE c1 CASE n 2 

Flow Supplemental Flow Supplemental 
Y (•.-ir Through Cooling Total Throu0h Cooling Total 

(acre-feet per year) 
1965 13,843 13,843 13,843 13,843 
1970 42,489 42,489 42,489 42,489 
1980 63,634 63,634 53,974 9,660 63,634 
2000 121,707 121,707 32,249 117,555 149,804 
2020 267,716 267,716 373,026 373,026 

TABLE 10-155 Summary of Steam-Electric Power Water Use-New York 

CASE I 1 CASE II2 
Condenser Cooling Condenser Cooling 
Cooling Water Required Water Cooling Water Required Water 

Year Requirements Diversions Consumption Requirements Diversions Consump_tion 

(acre-feet per year) 
1965 1,891,276 1,891;276 13,843 1,891,276 
1970 3,482,773 3,482,773 42,489 '3,482,773 
1980 8,389,650 8,389,650 63,634 8,389;650 
2000 15,848,801 15,848,801 121,707 15,848,801 
2020 34,843,028 34,843,028 267,716 34,843,028 

11970 through 2020 assumes all flow through cooling except for 
known supplemental cooling systems as of ~December 31, 1970a 

21970 through 2020 assumes all supplemental cooling except for 
known flow through systems as of December 31, 1970. 

1,891,276 13,843 
3,482,773 42,489 
7,141,607 63,634 
4,350,688 149,804 

487,544 373,026 
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TABLE 10-156 Power Requirements and Supply-Ohio 

1965 1970 1980 2000 2020 

Annual Peak (MW) 4,268 5,916 10,568 34,600 86;536 
Annual Energy Reqamta.(106 kWh) 25,074 36,134 62,938 206,044 515,456 
Annual Load Factor (1) 67.l 69.7 67.8 67.8 67.8 

Installed Capacity (MW) 
ntenal 3,450 4,576 6,132 31,636 84,050 
Hydro . . 

Total 3,450 4,576 6,132 31,636 84,050 

Net C..neration (106 kWh) 
nteraal 15,536 19,038 37,237 172,387 443,761 
Hydro 

Total 15,536 19,038 37,237 172,387 443,761 

TABLE 10-157 Composition of the Thermal Power Supply-Ohio 
Capacity Capacity 

Energy Factor Capacity .Energy Factor Capacity 

(106 kWh) (%) (MW). (106 kWh) (%) (MW) 

!2ll ill!! 

Noocoodenaing 93 20 52 133 8 188 
Fouil Fuel 15,443 52 3,398 18,905 49 4,388 
Nuclear . . . 

Total 15,536 51 3,450 19,038 47 4,576 

1980 2000 

Noncoodenaiog 496 30 188 8,566 20 4,876 
FoHil Fuel 30,376 69 5,038 5,611 17 3,810 
Nuclear 6.365 80 906 158.210 78. 22.950 

Total 37,237 69 6,132 172,387 62 31,636 . 

2020 

llooc:ondenaing 22,231 20 12,654 
Pouil Fuel 
Nuclear· 421.530 67 71,396 

Total 443;761 60 84,050 
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TABLE 10-158 Steam-Electric Generation by Type of Cooling-Ohio 

Year 

1965 
1970 
1980 
2000 
2020 

1965 
1970 
1980 
2000 
2020 

1965 
1970 
1980 
2000 
2020 

Flow 
Through 

15,443 
18,905 
30,376 

157,704 
421,530 

2,104,721 
3,808,374 
3,313,110 

20,532,490 
44,964,605 

2,104,721 
3,808,374 
3,313,110 

20,532,490 
44,964,605 

CASE 1
1 CASE n 2 

Supplemental Flow Supplemental 
Cooling Total Through Cooling 

(Million kWh) 

15,443 15,443 
18,905 18,905 

6,365 36,741 30,37~ 6,365 
6,117 163,821 5,611 158,210 

421,530 421,530 

Condenser Cooling Water Requirements 
(acre-feet per year) 

2,104,721 2,104,721 
3,808,374 3,808,374 

1,038,322 4,351,432 3,313,110 
802,672 21,335,162 574,847 

- 44,964,605 -

Required Diversions 
(acre-feet per year) 

2,104,721 
3,808,374 

16,472 3,329,582 
12,792 20,545,282 

- 44,964,605 

2,104,721 
3,808,374 
3,313,110 

574,847 

1,038,322 
20,760,315 
44,964,605 

16,472 
330,853 
721,731 

11970 through 2020 assumes all flow through cooling except for 
known. supplemental cooling systems as of December 31, 1970. 

2 1970 through 2020 assumes all supplemental cooling except for 
known flow through systems as of December 31, 1970. 

Total 

15,443 
18,905 
36,741 

163,821 
421,530 

2,104,721 
3,808,374 
4,351,432 

21,335,162 
44,964,605 

2,104, 721 
3,808,374 
3,329,582 

905,700 
721,731 
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TABLE 10-159 Cooling Water Consumption-Ohio 

CASE r1 
CASE n 2 

Flow Supplemental Flow Supplemental 
Year Through Cooling Total Through Cooling Total 

(acre-feet per year) 
196S 16,058 16,058 16,058 16.;0S8 1970 45,981 45,981 45,981 45,981 1980 24,912 12,603 37 ,S15 24,912 12,603 37,515 2000 157,990 9,787 167,777 4,373 253,139 257,512 2020 345,657 345,657 552,204 552,204 

TABLE 10-160 Summary of Steam-Electric Power Water Use-Ohio 

CASE I 1 CASE II2 
Condenser Cooling Condenser Cooling 
Cooling Water Required Water Cooling Water Required Water 

Year Requirements Diversions Consumption Requirements Diversions Consumption 

(acre-feet per year) 
196S 2,104,721 2,104,721 16,osa 2,104,721 
1970 3,808,374 3,808,374 45,981 3,808,374 
1980 4,351,432 3,329,582 37 ,S1S 4,351,432 
2000 21,335,162 20,545,282 167,777 21,335,162 
2020 44,964,605 44,964,605 345,657 44,964,605 

1
1970 through 2020 assumes all flow through cooling except for 
known supplemental cooling systems as of December 31, 1970. 

21970 through 2020 assumes all supplemental cooling except for 
known flow through systems as of December 31, 1970. 

2,104,721 16,058 
3,808,374 45,981 
3,329,582 .37 ,S15 

905,700 257,512 
721,731 552,204 
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TABLE 10-161 Power Requirements and Supply-Pennsylvania 

1965 1970 1980 2000 2020 

Annual Peak (MW) ., • - · . . 262 367 768 2,318 5,620 
Annual Energylleq,mta,('106 kWh) 1,453 2,086 4,375 13;200 32,000 
Anndal Load Factor(~) 63.3. 64.9 64.9 64.8 64.8 

Installed· Capacity (Ill) 
Thermal 123 123 124 
Hydrc - - - - -

Total 123 ffi 124 - -
Net Generation (106 kWh) 

Thermal 468 587 426 
Hydro - - - - -

Total 468 587 426 - -

TABLE 10-162 Composition of the Thermal Power Supply~Pennsylvania 
Capacity Capacity 

Energy Factor Capacity Energy Factor Capacity 

(106 kWh) (%) (MW) (106 kWh) (%) (MW) 

1965 1970 

.Nonc~denaing 10 29 4 12 34 4 
F~•liil Fuel 458 44 119 575 · 55 119 
Nuclear - - - - -

Total 468 43 123, 587 54 12.3 

~ ~ 

Noncondenaing 9 20 5 
Fouil Fuel 417 40 119 
Nuclear - - - - - -- - -Total 426 39 124 

2020 

Noncondenaing 
FoHil Fuel 
Nuclear - - -- - -Total 
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TABLE 10-163 Steam-Electric Generation by Type of Cooling-Pennsylvania 

CASE 11 CASE 112 

Flow Supplemental Flow Supplemental 
Year Throush Coolins Total Through Coolins 

1965 
1970 
1980 
2000 
2020 

1965 
1970 
l,_980 
2000 
2020 

1965 
1970 
1980 
2000 
2020 

458 
575 
417 

128,459 
161,555 
116,959 

128,459 
161,555 
116,959 

(Mill"ion kWh) 

458 458 
575 575 
417 417 

Condenser Coolins Water Reauirements 
(acre-feet per year) 

128,459 
161,555 
116,959 

128,459 
161,555 
116,959 

Required Diversions 
(acre-feet per year) 

128,459 
161,555 
116,959 

128,459 
161,555 
116,959 

11970 through 2020 assumes all flow through cooling except for 
known supplemental cooling systems as of DecembPr 31, 1970. 

21970 through 2020 assumes all supplemental cooling except for 
known flow through systems as of December 31, 1970. 

-

Total 

458 
575 
417 

128,459 
161,555 
116,959 

128,459 
161,555 
116,959 
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TABLE 10-164 Cooling Water Consumption-Pennsylvania 

CASE r1 CASE n 2 

Supplemental Supplemental 
Year 

Flow 
Through Coo ling Total 

Flow 
Through Cooling Total 

1965 
1970 
1980 
2000 
2020 

l,'567 
1,971 
1,429 

(acre-feet 
1,567 
1,971 
1,429 

per year)· 
1,567 
1,971 
1,429 

TABLE 10-165 Summary of Steam-Electric Power Water Use-Pennsylvania 

CASE r1 CASE n 2 

Condenser Cooling Condenser 
Cooling Water Required Water Cooling Water 

Year Requirements Diversions Consumption Requirements 

(acre-feet per year) 
1965 128,459 128,459 1,567 128,459 
1970 161,555 161,555 1,971 161,555 
1980 116,959 116,959 1,429 116,959 
2000 
2020 

1
1970 through .2020 assumes all flow through cooling except for 
known supplemental cooling systems as of December 31, 1970. 

21970 t!>rough 2020 assumes all supplemental cooling except for 
known flow through systems .as of December 31, 1970. 

Required 
Diversions 

128,459 
161,555 
116,959 

1,567 
1,971 
1,429 

Cooling 
Water 
Consumption 

1,567 
1,971 
1,429 
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TABLE 10-166 Power Requirements and Supply-Wisconsin 

1965 1970 1980 2000 2020 

Annual Peak (MW) 2,139 2,955 5,430 16,610 40,080 
Annual Inergy Reqm,ta.(106 kWh) 11,611 16,323 31,100 96,800 234,400 
Annual Load Factor (1.) 62.0 63.1 65.2 66.3 66.6 

Inatalled Capacity (HI) 
Thermal 2,918 4,452 7,275 20,704 49,767 
Hydro 146 144 144 144 144 

Total 3,064 4,596 7,419 20,848 49,911 

Net Generation (106 kWh) 
Thermal 11,447 17,788 35,713 104,128 254,130 
Hydro 704 674 680 680 680 

Total 12,151 18,462 36,393 104,808 254,810 

TABLE 10-167 Composition of the Thermal Power Supply-Wisconsin 
Capacity Capacity 

Energy Factor Capacity Energy Factor Capacity 

(106 kWh) (%) (MW) (10
6 

kWh) (%) (MW) 

~ 1970 

Noncondenaing 29 28 12 141 12 132 
FoHil Fuel 11,418 45 2,906 17,614 53 3,796 
Nuclear 33 1 524 

Total 11,447 45 2,918 17,788 46 4,452 

~ ~ 

Noncondensi-ng 1,456 20 831 2,687 20 1,529 
Foasil Fuel 17,862 49 4,111 15,183 25 6,900 
Nuclear 16,395 80 2,333. 86,258 80 12,275 

Total 35,713 56 7,275 104,128 57 20,704 

illQ 

Noncondenaing 8,980 20 5,112 
Foasil Fuel 
Nuclear 245,150 62 44,655 

Total 254,130 58 49,767 



Addendum 163 

TABLE 10-168 Steam-Electric Generation by Type of Cooling-Wisconsin 

CASE 11 CASE II
2 

Flow Supplemental Flow Supplemental 
Year 

1965 
1970 
1980 
2000 
2020 

1965 
1970 
1980 
2000 
2020 

196'.i 
1970 
1980 
2000 
2020 

Through 

11,418 
17,647 
34,257 

101,441 
245,150 

1,486,216 
2,289,046 
4,622,725 

12,894,763 
26,150,194 

1,486,216 
2,289,046 
4,622,725 

12,894,763 
26,150,194 

Cooling Total Through Cooling 

(Million kWh) 

11,418 11,418 
17,647 17,647 
34,257 20,612 13,645 

101,441 2,012 99,429 
245,.150 245,150 

Condenser Cooling Water Requirements 
(acre-feet per year) 

- 1,486,216 1,486,216 
- 2,289,046 2,289,046 
- 4,622,725 2,439,254 
-12,894, 763 206,130 
-26,150,194 -

Required Diversions 
(acre-feet per year) 

- 1,486,216 
- 2,289,046 
- 4,622,725 
- 12,894,763 
- 26,150,194 

1,486,216 
2,289,046 
2,439,254 

206,130 

-
-

2,183,471 
12,688,633 
26,150,194 

34,585 
202,293 
419,739 

11970 through 2020 assumes all flow through cooling except for 
known supplemental cooling systems as of December 31, 1970, 

21970 through 2020 assumes all supplemental cooling except for 
known flow through systems as of December 31, 1970, 

Total 

11,418 
17,647 
34,257 

101,441 
245,150 

1,486,216 
2,289,046 
4,622,725 

12,894,763 
26,150,194 

1,486,216 
2,289,046 
2,473,839 

408,423 
419,739 
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TABLE 10-169 Cooling Water Consumption-Wisconsin 

CASE 11 CASE 112 

Flow Supplemental Flow Supplemental 
Year Through Cooling Total Through Cooling Total 

(acre-feet per year) 
1965 12,687 12,687 12,687 12,687 
1970 17,469 17,469 17,469 17,469 
1980 35,329 35,329 18,627 26,511 45,138 
2000 98,937 98,937 1,574 154,776 156,350 
2020 201,554 201,554 321,147 321,147 

TABLE 10-170 Summary of Steam-Electric Power Water Use-Wisconsin 

CASE 11 
CASE 

Condenser Cooling Condenser 
Cooling Water Required Water Cooling Water 

Year Requirements Diversions Consumption Requirements 

(acre-feet per year) 
1965 1,486,216 1,486,216 12,687 1,486,216 
1970 2,289,046 2,289,046 17,469 2,289,046 
1980 4,622,725 4,622,725 35,329 4,622,725 
2000 12,894,763 12,894,763 98,937 12,894,763 
2020 ·26,l50,,l94 26,150,194 201,554 26,1.50,194 

1
1970 tiirough 2020 assumes all flow through cooling except for 
knowr. supplemental cooling systems ·as of December 31, 1970. 

2
19'70 c.,rough 2020 assumes all supplemental cooling except for 
known ilow through systems as of Decembe.r 31, 1970. 

112 

Required 
Diversions 

1,486,216 
2,289,046 
2,473,839 

408,423 
419,739 

Cooling 
Water 
Consumption 

12,687 
17,469 
45,138 

156,350 
321,147 
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TABLE 10-171 Undeveloped Conventional Hydroelectric Power Sites 

Usable 
Average Power Gross 

River Basin Group Installed Annual Storage Static 
and Site River State Capacity Generation Capacity Head 

(kW) <1uuo kWh) (1000 ac-ft) (ft) 

1.0 Lake Superior 

Sturgeon River Basin 
Lower Plant Sturgeon Mich. 16,300 19,100 NA 90 
Big Falls Sturgeon Mich. 17,600 23,800 46 110 
Tibbet Falls Sturgeon Mich. 12,000 12,200 46 112 

45,900 55,100 

Ontonagon River Basin 
Grand Rapids Ontonagon Mich. 4,800 32,000 NA 55 
Forks Ontonagon Mich. 4,200 28,000 NA 40 
Hooper W .Br .Ontonagon Mich. 6,000 n,ooo NA 70 

15,000 83,000 

St. Louis River Basin 
Grand Rapids St. Louis Minn. 10,000 57,000 300 66 

10,000 57,000 

Minor River Basins 
Baptism B•ptism Minn. 11,400 60,000 33 598 
Lower Poplar Poplar Minn. 4,500 26,000 u 278 
Upper Poplar Poplar Minn. 7,400 38,000 93 460 
Cascade Cascade Minn. 5,600 26,800 35 663 
Brule No. 5 Bnile '·>· Minn. 6,200 33,800 u 270 
Brule No. 4 Brule Minn. 7,200 39,300 u 320 
Brule No. 3 Brule Minn. 5,100 28,400 u 230 
High Falla Pigeon Minn. 10,600 45,300 u 225 
Tahquamenon Falls Tahquamenon Mich. 4,500 30,000 NA 93 
Orienta Falla Iron Wis. 4,900 27 ,ooo 44 104 

67,400 354,600 

Total - Lake Superior 138,300 549,700 

2.0 Lake Michigan 

Manistee lliver Basin 
Anderson Manistee Mich. 10,000 25,000 NA 19 
High Bridge Manistee Mich. 6,800 16,300 NA 15 
Wilson s. Br. Manistee Mich. 8,200 20,000 NA 110 
Lower Sibley Manistee Mich. 17,000 41,000 u 55 
Sherman Manistee Mich. 16,000 38,000 u 61 
Manton Manistee Mich. 9,500 22,700 u 45 
Walton Manistee Mich. 5,600 13,300 u 31 
Sands Manistee Mich. 10,000 23,500 NA 66 
Dutch John Manistee Mich. 5,000 12,000 NA 40 

88,100 211,800 
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TABLE 10-l 71(continued) Undeveloped Conventional Hydroelectric Power Sites 

River Basin Croup 
and Site 

2.0 Lake Michigan (contd) 

Grand River Basin 
Grand Rapids 

River 

Grand 

Kalamazoo River Basin 
None 

St. Joseph River Basin 
Kings Landing St. Joseph 

Fox River Basin 
Leeman Wolf 

Menominee River Basin 
Chappie Rapids 
Pemene Falls 
Pemene Dam 
Sturgeon Falla 
Sand Portage 
Sand Portage 
Big Quinneaec 

Minor River Basins 
Bridgeton 
Bacon 
Stiles 
Roaring RaJ>ida 

Menominee 
Meilominee 
Menominee 
Menominee 
Menominee 
Menominee 
Menominee 

Muskegon 
Muskegon 
Oconto 
Peshtigo 

Total - Lake Michigan 

3.0 Lake Huron 

Saginaw RiVE!r Basin 
None 

State 

Mich. 

Mich. 

Wis. 

Mich. 
Mich. 
Mich. 
Mich. 
Mich. 
Wis. 
Mich. 

Mich. 
Mich. 
Wis. 
Wis. 

Installed 
Capacity 

(kWl 

6,700 
6,700 

0 
--0 

7.200 
7,200 

5,ooo 
5,000 

5,200 
10,000 

7,000 
1,500 
4,600 
4,600 
s,ooo 

40,900 

6,000 
15,000 

500 
9,700 

31,200 

179,100 

__ o 
0 

Average 
Annual 

Generation 
11000 kWh} 

30,000 
30,000 

0 
--0 

29.400 
29,400 

12,400 
12,400 

24,000 
40,000 
33,000 

800 
23,000 
23,000 
32,000 

175,800 

25,700 
36,000 

2,000 
49.400 

113,100 

572,500 

__ o 
0 

Usable 
Power 
Storage 
CaJ>acity 

(1 (JOO ac-ft) 

u 

u 

u 

u 
u 
u 
NA 
u 
u 
u 

u 
NA 
u 
u 

qross 
Static 
Head 
(ft} 

Ii 

18 

20 

16 
32 
28 
26 
43 
43 
92 

22 
31 

·20 
200 
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TABLE 10-171(continued) Undeveloped Conventional Hydroelectric Power Sites· 

River Basin Group 
and Site 

.3.0 Lake Huron (contd) 

Au Sable River Basin 
Thompson 
Upper Flat Rock 
Baker Bridge 
Eaton 

River 

Au Sable 
Au Sable 
Au Sable 
Au Sable 

St. Marys River Basin 
None 

Minor River Basins 
None 

Total - Lake Huron 

4.0 Lake Erie 

Cattaraugus Creek Basin 

• State 

Mich. 
Mich. 
Mich. 
Mich. 

Chautauqua Creek Chautauqua Creek N. Y. 

Huron River Basin 
None 

Minor River Basins 
Defiance Augalize 

Total - Lake Erie 

5.0 Lake Ontario 

Black River Basin 
Woods Falla 
Felts Mills 
High Falla 
Lyon Falls 
Moose River 
Fowleraville 
Shuetown 
Mill No. 3..., 
Mill No. 5..., 

Black 
Black 
Beaver 
Black 
Moose 
Hoose 
Moose 
Black 
Moose 

Ohio 

N. Y. 
N. Y. 
N. Y. 
N. y. 
N. Y. 
N. Y. 
N. Y. 
N. Y. 
N. Y. 

Installed 
Capacity 

(kW) 

12,000 
25,000 
5,500 
5,000 

47,500 

__ o 
0 

__ o 
0 

47,500 

37,000 
37,000 

0 
0 

5,000 
5,000 

42,000 

10,000 
10,000 
1,600 

ll,100 
18,800 
30,100 
34,000 
-2,255 
-2, 500 

ll0,845 

Average 
Annual 

Generation 
(1000 kWh) 

36,500 
68,000 
13,300 
10,700. 

128,500 

__ o 
0 

__ o 
0 

128,500 

108,000 
108,000 

0 
0 

8,600 
8,600 

116,600 

40,000 
85,000 

* 
64,000 
66,000 

114,000 
130,000 

-2,000 
-3,000 

494,000 

Usable 
Power 
Storage 
Capacity 

(1000 ac'-ft) 

NA 
NA 
NA 
NA 

78 

12 

u 
u 
NA 
u 
u 
u 
u 
u 
u 

Gross 
Static 
Head 
(ft) 

48 
107 

32 
48 

797 

24 

45 
44 
95 
67 

140 
195 
220 

65 
32 
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TABLE 10-l 7l(continued) Undeveloped Conventional Hydroelectric Power Sites 
Usable 

Average Power Gross 
River Basin Group Installed Annual Storage Static 

and Site River State Capacity Generation Capacity Head 
(kW) (1000 kWh) (1000 ac•ft) (ft) 

5.0 Lake Ontario (contd) 

Salmon River Basin 
Lighthouse Hill Salmon N • y • 3,750 10,000 u 65 

3,750 10,000 

Oswego River Basin 
Fulton No. 2 E.Br. Fish Creek N. Y. 10,500 37,700 u 160 
High Dam No. 6 Oswego N. Y. 1,400 4,000 u 20 

11,900 41,700 

Genesee River Basin 
Rochester Upper Falls Genesee N. Y. 16,700 137,500 u 120 
Canaseraga Canaseraga Creek N. Y. 8,000 28,000 10 390 
Mt. Morris Genesee N. Y. 40,000 95,000 72 122 
Portage Genesee N. Y. 82,000 230,000 142 410 
Station No. 2 .... Genesee N. Y. -6,500 -51,000 u 91 
Station No. 26,.... Genesee N. Y. -3,000 -16,000 NA 25 
Station No. 160,.... Genesee N. Y. - 340 • 2,900 NA 20 

136,860 420,600 

Oak Orchard Creek Basin 
None __ o 0 

0 0 

Niagara River Basin 
None __ o __ o 

0 0 

Barge Canal Basin 
None 0 0 

0 0 

St .. Regis River Basin 
Lower Parishville W.Br.St.Regis N. Y. 11,000 30,000 u 144 
Sylan Falls W.Br.St.Regis N. Y. 16,300 41,000 26 220 
Fort Jackson E.Br.St.Regis N. Y. 25,500 71,000 u 240 
Nichol ville E .Br.St.Regis N. Y. 26,900 71,000 u 260 
PariahvllleH E.Br.St.Regis N. Y. -2,400 -15,000 u 144 

77,300 198,000 

Raguette River Basin 
Sugar Island Raquette N. Y. 20,800 29,000 u 63 
Hannawa Raquette N. Y. 25,200 30,000 u 82 
Colton Raquette N. Y. 87,400 108,000 u 285 
Higley Raquette N. Y. 12,100 13,000 u 44 
Mooaehead Rapids Raquette N. Y. 29,000 66,000 u 85 
Piercefield Raquette N. Y. 9,000 12,000 u 35 

183,500 258,000 
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TABLE 10-171(continned) Undeveloped Conventional Hydroelectric Power Sites 

Riv~r Basin Group 
and Site 

5.0 Lake Ontario (contd) 

Grass River Basin 
Pyrites 
Jackson Falls 
Clarkaboro 
Rainbow Falls 
Copper Rocks Falls 
Pyrites..,. 

River 

Grass 
Grass 
S.Br.-Grass 
S.Br.Crass 
S.Br.Grass 
Grass 

Oswegatchie River Basin 
Wegatchie Osw.egatchie 
Hailesboro Oswegatchie 
Emeryville Oswegatchie 
Cotton Rapids E.Br.Oswegatchie 
Madison Chute E.Br.Oswegatchie 
Natural Dam'lrllr Oswegatchie 
Plant No. 4-lrlt Oswegatchie 
Plant No. 7-lrlt Oswegatchie 
Emeryville..,.. Oswegatchie 
Oswegatchie..,.. E.Br.Oswegatchie 
So .Edwards No·. 2-tn!t E. Br .o_awegatchie 

Total - Lake Ontario 

Total- - Great Lakes Basin 

NA - Data not available. 

Installed 
S.tate Capacity 

(kW) 

N. Y. 15,000 
N. Y. 7,900 
N. Y. 11,600 
N. Y. 11,700 
N. Y. 7,000 
N. Y. -1,400 

51,800 

N. Y. 8,000 
N. Y. 23,000 
N. Y. 9,000 
N. Y. 12,700 
N. Y. 6,400 
N. Y. ·l ,200, 
N. Y. -1,320 
N. Y. - 900 
N. Y. -1,320 
N. Y. - 560 
N. Y. -2,680 

51,120 

627,075 

1,033,975 

U - Usable power storage capacity- is less than 5,000 ac.re-feet. 

Average 
Annual 

Generation 
(1000 kWh) 

45,000 
24,000 
24,000 
25,000 
13,000 
-9,000 

122,000 

40,000 
108;,000 

42,000 
58,000 
29 ,ooo 
-3,500 
-7,200 
-5,000 
-8,000 
-6,000 

-20,000 
227,300 

l, 771,600 

3,138,900 

Usable 
Power 
Storage 
Capacity 

(1000 ac-ft) 

u 
u 
u 
u 
u 
u 

u 
u 
u 
u 
u 
u 
NA 
NA 
u 
u 
u 

* - Additional capacity at existing developed site with no additional energy generation. 
- - Exiating plants (26,375 kW and 148,600thousand kWh) subject to possible re,!evelopment 

which could be replaced.by a potential plant listed. The capacity and generation are 
shown as negative figures so .tla t only the net gain due· to the redevelopment is· in the 
total r.iver basin .group. 

Gross 
Static 
Head 
(ft) 

130 
70 

200 
200 
120 

75 

50 
150 

60 
190 
102 

20 
30 
15 
32 
10 
82 
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