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ABSTRACT
POWER PLANT SITING ISSUES AND POLICIES
FOR THE GR#AT LAKES COASTAL ZOKE
By
Chris A. Shafer

Projections for future energy requirements necessitate increases in
energy production. Electric energy production and thermal power cooling
Tepresents a vitally important use of the water resources of the Great
Lakes. However, accelerated energy production in the Great Lakes Basin
will result in increased competition for land and water resources.through—
out the Basin. The coastal zone of the Great Lakes is projected to be the
principal problem area due to the huge amounts of water requiréd for large
thermal plants. The location of power plants, as well as the water and
land resource utilization of those plants, may be in direct conflict‘with
recreational demands, ecological stability of the littoral zones of the
Great Lakes, and aesthetic requirements. Increased energy productién has
certain inherent potential environmental impacts, including aquatiec,
terrestrial, meteorological, and social, economic, and institutional
impacts.

Environmental impacts of electric power generation can be minimized
through intelligent power plant siting policies. Power plants should be
prohibited from certain environmentally critical areas, and sited in areas
most capable of assimilating the additional environmental stresses. State
pover plant siting laws, in conjunction with certain Federal licensing and

permitting systems, represents a mechanism for controlling the location of



Chris A. Shafer
power plant sites and transmission ccrridors.l State coastal zone manage-
ment programs and a variety of extemsive research programs are vitally
concerned with power plant siting, and should provide essential informa-
tion to direct the location of power plants in the coastal zone.

This paper discusses and analyzes the many issues and pol:!.cies
relevant ‘to the complex problem of power plant siting in the Gréé:'Lakes
Region. The'paper represents a state—of-the-art.assessment designed to
be of value to managers and policy makers who mu%t resolve energy issues

throughout the Great Lakes Region.

US Department of Commereca T
NORA Coastal ©-+-'~~~ Canter Library
2232 South 1o° -t
Charleston, SC  Lowvo-ooli3



ACKNOWLEDGMENTS
The author extends special thanks to those representatives of state

and Federal agencies, universities, utilities, and consulting firms who

generously contributed much of the information contained in this paper.

il



Table 1

Table 2

Table 3

Table 4

Figure 1

LIST OF TABLES

Great Lakes Basin Power Region--Summary. . .

Proposed Locations of Nuclear Power Plants

on the U.S. Side of the Great Lakes . .

Main Provisions of Great Lakes States
Power Plant Siting Laws .

Federal Statutes and Regulations Related to

°

Siting of Electrical Energy Facilities. . . . .

Great Lakes Basin Generating Plants 10 MW and Over
Existing and Scheduled. . .

[T

LIST OF FIGURES

vi

62

71-72



PREFACE

The intent of the author 1is to discuss and analyze issues and policies
relevant to power plant siting in the Great Lakes Region. The reader of this
paper should nét infer that the author condones continued proliferation of
nuclear energy production. The environmental implications of increased
reliance on nuclear energy production, including an increase in background
radiatisn, the dangers of sabotage or accidents,-the dubious safety guarantees
of the Emergency Core Cooling System, the large number of highly respected
scientists vehemently opposed to nuclear energy production, and perhaps most
.gignifiéantly; tﬁe.tranéport aﬁ& ulﬁimate diséosal af extremely ;oxic and
hazardous raﬁioactive wastes, raise at.least a reasonable doubf as to the
deéirability and prudence of nuclear energy production.l Consequently, I
support the concept of a moratorium on nuclear power plant construction
contained in the Michigan House Bill No. 6126, introduced in the 1974
1egislative session. This Bill would completely halt construction of nuclear
power plants for a period of five years or until such time as the unresolved
issues_regafding'qﬁclear power production are irrefutably and unequivocally
resolved. Through energy conservation measures, increased production
efficienc& and increased reliance on'solar energy, our society can accommodate
reasonable increases in electric power demands, without depending on nuclear
power. However, even if a complete moratorium on nuclear power plants was
implemented, additional conventional fossil fuel plants, possibly including
coal gassification or solvent refined coal, will be required and therefore,
additional power plant sites must be identified and acquired.

The author is cognizant of the practical reality that this country

is virtually commited to nuclear energy production. Therefore, this paper

1Gofman, John W. and Tamplin, Arthur R., Poisoned Power, June 1971.

vii



. addresses the issue of nuclear power plant siting. However, in the words of _
Arnold Reitz, "An environmentalist having to write of nuclear-powered generating .)
plants is a bit like a devote Hindu having to choose between hamburger or

common meatballs--except that in the case of atomic energy, all choices are

poisonous. nl

‘ 1Reitz, Arnold, Environmental Planning: Law of Land and Resources,
1974, pp. 17-71. g)

viii



II.

III.

IvV.

TABLE OF CONTENTS

PREFACE. © © + « o o o o o o = o = = o « s « o « « «
INTRODUCTION . « « o « o o o o o o « o o« o o o o o =

Problem Statement. « « « « « « « © « © © ¢ » s a o =

Purpose of Paper . ¢ « « ¢ o s o o ¢ ¢ o o o 8 o o .

Methodology. + « = « o s © = = « « o o a o s s s o o

ENERGY SUPPLY-DEMAND PROJECTIONS AND RESOURCE REQUIREMENTS

Energy Supply and Demand Projections . « . . . « « «

Projected Location of Additicnal Power Plants in the
Great Lakes Region. . + ¢« ¢ ¢ « « o ¢ o o « o o o

Alternative Energy Futures « . « « « « o « = « o o o

ENVIPONMENTAL IMPACTS CAUSED BY POWER PRODUCTION AND
THERMAL DISSIPATION--OPERATION AND CONSTRUCTION .

The Coastal Zone-~Pressures and Principles . . . . .
Aquatlic Impacts Caused by Power Plants . . . . . . .
Terrestrial Impacts. . . ¢ . ¢ ¢ ¢« ¢« o« « « o = o = =
Meteorological Impacts « ¢ s « o « « o © o o o » = &
Social, Economic, Institutional Impacts. . « « « « &«
Construction IMPacts « . + o v 4+ « & o o o = o « o @
Environmental Impact Assessment--Tools and Methods .

MINIMIZING ENVIRONMENTAL IMPACTS THROUGH PROPER
POWER PLANT SITING. + « ¢ « ¢ o s+ o o o o o o o o

Of fshore Power Plant Siting. . . . . « & o « o & o &
Transmission Corridors . . ¢« . ¢ ¢ ¢ & o o « o o o '»

Land Capability Analysis . . . ¢ ¢ « & o o o s o« & =

vii

10

13
15
19
23
24
28
30
33

38

43

45

46



v.

Vii.

VIIII

TABLE OF CONTENTS (continued)

POWER PLANT SITE AND TRANSMISSION CORRIDOR

SELECTION METHODOLOGY, ¢ « s « o

The Utilities' Selection Process. . .

A Consulting Firm Approach to Site Selectiom. .

New York State Site Survey. . . « . .
STATE POWER PLANT SITING POLICIES .

State Siting Policies in General. .

- The Maryland Siting Process . . . . .

Great Lakes States Power Plant Siting
Illinods . « . ¢ ¢ ¢ ¢ « ¢ « o o &

Indiana. « ¢« ¢« ¢ o ¢ o © © &« & o o

Minnesota. . ¢ ¢ ¢ ¢ ¢ e o ¢ o o o .

New York « =« & o ¢ ¢ « 6 ¢ o o o o
Ohio ¢ ¢« ¢« o ¢ ¢ ¢ ¢ ¢ ¢ 0 o o o &

Pennsylvania. ,

Wiscons iIl - L] L L ° L] L L] o L ] - L] L] L

FEDERAL LAWS AND LICENSING PROCEDURES
POWER PLANT SITING . . . - . . + .

oooooooooo

RELEVANT TO

Federal Influence imn Power Plant Siting e e o o

Proposed Federal Power Plant Siting Legislation

COASTAL ZONE MANAGEMENT AND POWER PLANT SITING.

The Coastal Zone Management Act of 1972 . . . .

Great Lakes States Coastal Zone Management Programs

and Power Plant Siting Issues. . .

iv

49
49
52
33
57
57
59
61
63
64
64
65
65
66
67
68
70
70
79

79

83



TABLE OF CONTENTS (continued)

CURRENT POWER PLANT SITING RELATED RESEARCH
IN THE GREAT LAKES REGION. . . . . . . . &

State Research Activities . « . « ¢« o & o o &
Federal Research Activities . . . . . . . .

University Research Activities. . . . . . . .
Private Reséarch Efforts. . . . ¢« ¢ ¢ ¢ o« o
CONCLUSIONS AND RECOMMENDATIONS . . . « « o :

Conclusions ¢« « ¢ o o« ¢ ¢ © © o o a o o o o o

~ Recommendations . .« . .« ¢ c ¢ v . e o o o o o

87
87
88
91
92
94
94
95



CHAPTER ONE
INTRODUCTION

Problem Statement

The Laurentian Great Lakes, which cover approximately 95,000 square
miles of surface area, constitute the world's largest body of fresh water.
These Great Lakes are a major natural resource of North America and are
vital té the economy of both the United States and Canada. The Great Lakes
are presently utilized to satisfy a wide variety of demands placed upon them
by the Basin residents. Electric energy production and thermal power cool-
ing represents a vitally important use of thg water resources of the Great
Lakes. There are many important aspects of energy production that impinge
upon water quality and which may degrade the water sufficiently so as to
preclude further or multiple use. Numerous institutional dimensions, such
as intense opposition to inter-Basin diversions, legal cemplexities of the
ripérian doctrine, and the diverse mix of governmental entities with goals
which are often conflicting, are very important in relation to water for
energy production. Accelerated energy production in the Great Lakes Basin
will result in increased competition for land and water resources throughout

fiythe Basin. The location of power plants, as well as the water and land
Tesource utilization of those plants, may be in direct conflict with recrea-
tional demands, ecological stability of the littoral zomes of the Great
Lakes, aesthetic requirements, and municipal and industrial water supplies.
Increased energy production also has certain inherent potential environmental

impacts. Environmental implications of increased nuclear power production,

ecological impacts of thermal discharges, power plant blow-down, pelagic

organism entrainment, and the possible alterations of meteorologic systems



due to thermal discharges or supplemental cooling systems are environmental
concerns of great magnitude. |

Projections for future energy requirements necessitate increases in
energy production. In order to accommodate these reasonable increases and
yet assure maintenance and enhancement of a high quality enviromment, while
minimizing confliicts in land and water resource utilization, intelligent
policy considerations and management options must be formulated. Power plant
siting policies and criteria, thermal impact assessment, efficient clean
energy production, and energy conservation methods are needed to accommodate
energy production while minimizing detrimental envirommental impacts.

The problems inherent in energy production are compounded by the com-
plexity of the issues. These include economic, technological, social,
) -environmental, and ecological dimensions. It should be stated at the outset
'that power plant siting criteria and policies are only one aspect of the - ':’
extremely complex energy production scenario. Additional critical facets
of this scenario include: accurate energy supply and demand projections to
Justify the need for additional power production;l total energy efficiency
systems analysis;z and a comparative environmental impact assessment of
alternative fuels and meaﬁs of production. All of these should precede siting
considerations. These factors must be considered at least at the regiomal
level and preferably at the national level, as they cannot be accurately

factored into an individual site-specific resolution or justification.

lPersonal communication, William A. Blinn, Secretary of Ohio Power
Siting Commission, December 14, 1974.

2Persona1 communication, Dr. Herman Koenig, Professor at Michigan State
University, October 14, 1974.



Purpose of Paper

The purpose of this paper is to discuss and analyze issues and policies
relevant to power plant sitiné in the Great Lakes region. fﬁis will include
supply-demand projections, resource requirements, environmental impacts,
siting criteria, site selection methodologies, power plant siting policies at
both the State and Federal levels, the relationship of coastal zone management
and powér plant siting, a discussion of current energy related research in
the Great Lakes region, and finally, a set of recommendations pertaining to
future energy policy and planning requirements. The intent of the paper is
to distill a voluminous amount of information down to a reasonably comprehen-
sive, albeit not exhaustive, document. It is hoped that this state-of-the-
art assessment will be of value to managers and policy makers who must resolve
energy issues throughout the Great Lakes.

Methodology

A combination of literature review and personal interviews of State,
Federal, and university experts in energy policy and coastal zone management
was utilized to compile the information contained in this report. Due to the
sheer vélume of infdrmation and the excellent assistance of many people, the
primary difficulty encountered was in "wading through" and organizing the
reference material and information derived from interviews into a hopefully
cogent and concise presentation. The information contained in this report
was assembled during the period extending from July 1, 1974 to January 7,

1975,



CHAPTER TWO
ENERGY SUPPLY-DEMAND PROJECTIONS AND RESOURCE REQUIREMENTS

Energy Supply and Demand Projections

In order to assess the total number of required power plant sites,
accurate energy supply and demand projections must be made and the size
of the plants must be known. Electric emnergy consumption is primarily
related to the population size and per capita raée of consumption. In the
recent past, both the growth of population and rates of per capita energy

consumption have been increasing exponentially. While the Great Lakes

Basin occupies only 4Z.of the U.S. land area, it contains about isz of the
U.S. population. The vast majority of this population is concentrated in
major urban-industrialized centers located along the southern shores of the
Great Lakes. The abundance of water for use in manufacturing and in trans-
portation of raw materials, made possible by the natural waterways, has
enabled the Great Lakes region to develop into a major industrial area.
Many heavy energy-using industries including the steel industry, the petro-
chemical ind;strﬁ;_and the automobile indus;ry, have concentrated in the
Great Lakgs Basin.

Thermal electric plants now comprise approximately 88% of all the
electric generating capacity in the Great Lgkes region.1 That portion is
expected to increase to 907 by 198Q. Predictions of the patterns of genera-
tion beyond 1980 are complicated by several factors, not the least of which
is the accuracy of estimating power requirements beyond that date. Historically,
the electric power industry has been one of the most dynamic in the United

States, having experienced an annual growth rate of more than 5% compounded

1Great Lakes Basin Commission Framework Study, Appendix No. 10, Power,
Draft No. 3, November 1971, p. 57. '
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annually for a number of years. The technology of electric power generation
and supply has been changing rapidly, resulting in a trend towards larger
and larger production units.

In 1971, the Great Lakes Basin Commission Power Work Group completed

projections for future energy requirements for the Great Lakes Region. They

" projected that the annual energy requirements would increase to 2,193 billion

kWwh by 2020, from 160 billion kWh in 1970.1 This projection represents an increase

of -5.47% average annual compound growth rate for the 50-year period. In view
of the present energy situation, this rate of growth is probably unreasonably
high. The rate of population growth has decreased slightly since these pro-
jections were made, and it is reasonable to anticipate some decrease in per
capita energy consuﬁption as the cost of energy escalates and conservation
measures are implemented. The National Water Commission warns, however,

"Electrical emergy demands will continue to grow, even if not at the present

ftate of doubling every ten years. It has been pointed out that even assuming

near zero population growth, a drop to one-half the present rate of growth
and individual wealth, and a corresponding 50% reduction in the current rate

of increase in power use in the next decade, the United States consumption

of electricity will still triple by 1990."2 The existing and most recent,

—— P

e IO

albeit somewhat inflated, projected power requirements and supply for the
Great Lakes region are summarized in Table 1. The Federal Power Commission
is currently completing revised energy supply-demand projections. These

3
projections for the Great Lakes Basin should be available early in 1975.

1

L//}bid., p. 58.
2National Water Commission, Water Policies for the Future, l973, P 171.

3Personal communication, Herbert Rinder, Federal Power Commission,
December 13, 1974. :
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Table 1
GREAT LAKES BASIN POWER REGION

SUMMARY

Fower Requirements and Supply

1965 1970 1980 2000 2020
Annual Peak (MW) 6 20,641 27,944 50,138 150,769 364,639
Annual Energy Reqaonta.(10" kWh) 118,606 161,303 294,807 901,076 2,192,872
Annual Load Factor (%) 65.6 65.9 66.9 68.0 68.5
Inatalled 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 264,942 32,812 61,387 181,227 459,275
Ret Generation (106 kWh) <%
Thermal 98,538 129,704 287,455 949,461 2,434,475
Hydro 21,060 26,274 25,163 26,761 32,274
Total 119,568 155,978 312,618 976,222 2,456,729
Composition of the Thermal Power Supply
Capacity Capacity
Energy Pactor Capaclity Energy Factor Capacity
(10° 1m) O (10® wm) @) )
1965 1570
Noncondensing S61 24 269 1,736 11 1,744
Possil 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 S2 28,745
1980 2000
Noncondensing 5,761 21 3,190 26,283 20 14,948
Foasil Fuel 145,565 sl 32,482 73,763 28 29,670
Nuclear 136,129 78 19,775 849,415 15 129,709
Total 287,455 59 55,447 949,461 62 174,327
2020
Houncondensing 75,333 20 42,858
Fossil Fuel 36,090 43 9,500
Nuclear 2,323,052 67 396,718
Total 2,634,475 62 449,076

Source: Great Lakes Basin Framework Study, Appendix 10, Power
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. It is interesting to note, however, that the Federal Power Commission still

projects the same conversion trend to nuclear power embodied in Table 1,
despite mounting support for a moratorium on nuclear energy production.1

Projected Location of Additional Power Plants in the Great Lakes Region

s====;:EE;;j With respect to energy production, the principal problem area in the

CGreat Lakes is projected to be the coastal zone of the Lakes. The majority

of future thermal electric plants are expected to be installed at or near
/f%“the shoreline of the Great Lakes because they will require huge amounts of
r :-} water for cooling purposes. For the steam generating capacity projected to

be installed in the Great Lakes by 2020, contalned in Table 1, the amount of

t .

land requlred for thermal plants would be about 69,000 acres. This assumes

S - et T Tt

| that 150 to 200 plant sites are required. If all of these sites are situated

on the lakeshore, a maximum of 200 miles of shoreline would be required out

‘ of about 4,000 miles of existing mainland shores'.2 In addition to the amount

e

of land required for projected power plants, the circuit miles of transmission
' lines planned by 1980 will require an addit10nal 74 000 acres of land, and

e ——— P —

those contemplated between 1981 and 1990 will require another 34,000 acres.3

As can be seen from Figure 1 the vast maJorJ.ty of eumshting and pro;ected pover
plant sites are indeed along the Great Lakes shoreline. A more recent proiection
of nuclear power plant siting along the Great Lakes, contained in Table 2,
further serves to indicate that the coastal zone of the Great Lakes will

continue to be utilized for power plant siting in the near future.

lPersonal communication, Herbert Rinder, F.P.C., July 13, 1974:

2Great Lakes Basin Commission Framework Study, Appendix No. 10, Power,
Draft No. 3, November 1971, p. 62.
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U In addition to the large amounts of land required for future energy
. Tproduction, large volumes of water are also required for thermal power
cooling. In 1970, 19,308 mgd'of water were utilized for thermal power cool-
ing. At the rate of energy production contained in Table 1 for the year 2020,
assuming once-through cooling systems, 249,734 mgd of water would be withdrawn.
Assuming all supplemental cooling, 3,963 mgd of water would be withdrawn in
the yea; 2020.l In addition to the water withdrawals, the consumptive use

of thermal power cooling water is also important. In the year 2020, with

once-through cooling systems, 1,947 mgd would be consumptively used, and with

all supplemental cooling, 3,032 mgd would be consumed.2 The water supplies from
Great Lakes sources, inland lakes and streams, groundwater, and instream or

offstream reservoir storage are projected to be sufficient to meet these

water withdrawal requirements. This will remain true, provided that water

‘ quality remains high enough to enable efficient and economic resource utili- /
e e s ot . e T ! e s £ S e #
zation. The criteria for land use, In conjunction with water use, should /Lﬁ

) /A
not be underestimated. This may be the single most important factor in ¢ /)

facilitating or restricting increased energy production and water resource

utilization for the future in the Great Lakes Basin.

Alternative Energy Futures

As suggested earlier, several factors may influence the future energy
supply-demand curve and, therefore, reduce the number of projected required
power plant sites. Increased prices of electricity amnd stringent energy
conservation measures will probably reduce the per capita rate of

energy consumption and thereby reduce the overall energy requirements.

1Great Lakes Basin Commission Framework Study, Appendix No. 10, Power.
‘ Draft No. 3, November 1971, p. 83.

2Ibid.
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In concluding its three-year Energy Policy Project, the Ford Foundation (1974)
reports that eneréy growth can be cut to 27, or less than ha;f the current
rate, without adversely.effecting the economf or amenities of American
lifestyles. Technological innovations, including increased efficiency of
energy production and alternative production fuel sources, could also dras-
tically alte;.the future energy requirements. One very real possibility is
the use 6f solar collectors for heating and cooling of homes and office
buildings. Barry Commoner asserts that, "There presently exists opera-
tional technology for using solar energy for space heating and hot water,
"ﬁﬁiéh would represent 20% of the national eneréy budget."1 He also indicates
that solér collectors could be manufactured very easily in auto plgnts, and
thereby reduce the cost substantially from the present $4,000 cost for an
average home solar collector.z' Further evidence of the reality of
solar energy coilectors is that Pittsburgh Plate Glass Industries now
commercially markets solar.collector cells which would be used for heating
and hot water.3 Although electric generation by solar energy is much further
in the futuré, rapid technological improvements are being made. One concept
that is being adfoéated by researchers at the University of Arizona is known
as snlar farms. The proposal involves covering 5,000 square miles of relatively
unused land in the southwest with solar film panels which would collect the
sun's heat and then be convertéd iﬁto electficity by huge turbines. The
researchers submit that such a solar farm could harvest a billion kilowatts

of electricity, which would be a substantial fraction of our energy needs

1Ann Arbor News, December 12, 1974.

2Ibid.

-3Environmental Science and Technology, November 1974, p. 976.

11



in the year 2000.1' At the present time, a National Science Foundation
demonstration house in Minnespta, a University of Delaware demonstration
house, a Maryland school, and a Denver, Colorado office building are
successfully utilizing solar energy for heating and cooling and supplemental
energy production.2

Although predictions regarding future energy requirements are difficult
to make, and at best tenuous estimates, it is essential for power planning
and site identification and acquisition that improved projections be made.
These projections should include allowances for the influence of energy
conservation measures, price increases, and technological innovations, all
of which may reduce the total amount of energy required and the number of
‘ sites needed. This energy planmming and projection formulation should be
conducted on the regional level and related to national and international
projections in order to encompass entire energy systems and regional demands
and supplies. This will increase the overall energy system reliability and
facilitate a regional planning and policy perspective and analysis. This is
essential to identify regional resource trade-offs and resolve possible

interstate conflicts over siting or energy production considerations.

1National Wildlife, August-September 1974, p. 20.

2N.0.A.A., April 1974, pp. 7-13.
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CHAPTER THREE
ENVIRONMENTAL IMPACTS CAUSED BY POWER PRODUCTION AND
THERMAL DISSIPATIéN——OPERATION AND CONSTRUCTION

Potential impacts of thermal dissipation from power production, known
as "thermal pollution" has been a significant issue for several years. In
1969, the National Symposium on Thermal Pollution concluded that, "A large
share of research has dealt with effects on individual species and not on
biotic communities or ecosystems. Alterations should be directed toward
knowing how a natural community is established and how natural aquatic
ecosystems are structured and function."1 The topic of thermal discharges
was the central theme for discussion at the Michigan Governor's Conference
on Thermal Pollution, held July 18, 1969. Thermal power cooling systems,
power consumption projections, potential impacts on aquatic systems,
and feasible solutions to thermal dissipation were discussed at this con-
ference.2 Lake Michigan has specifically received a great deal of attention
by the United States Department of the Interior. The economic and engineering
feasibility of alternative cooling methods and their impacts on the environ-
ment were discussed in a 1970 publication.3 In a second document by Dept. of
Interior, the physical and ecological impacts of thermal dissipation into
Lake Michigan were examined. This document agserted that thermal dissipation
into Lake Michigan could warm a significant portion of the littoral zone of

the Lake and could accelerate eutrophication of the littoral zone in areas

1Krenkel and Parker, Biological Aspects of Thermal Pollution, 1969, p. 384.

2Governor's Conference on Thermal Pollution, 1969, pp. 4-8.

3U.S. Dept. of Interior, Feasibility of Altermative Means of Cooling
for Thermal Power Plants Near Lake Michigan, September 1970.
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vhere nutrients are approaching critical levels.1 Based on the evidence
discussed in this report, the Fish and Wildlife Service councluded that only
slightly elevated temperatures, if improperly timed and sufficiently long,
could be critical to the life stages of Lake Michigan species.2 In 1972,

MIT investigated issues in electric power production, shoreline recreation,
and air and water pollution of relevance to New England and the nation.3

Also completed in 1972 was an excellent document written by the National
Academy of Engineering. This document analyzes issues of environmental
protection and energy production, power plant siting and transmission

-é6rrido£ selectién; and the relationship betwéén energy and econémic growth.4
In 1973, the Council on Envirommental Quality published a book which discussed
impacts of energy production, factors causing increases in energy consumption,
and total energy systems impact analysis.5 An extensive and comprehensive
analysis of environmental issues caused by energy productién was completed

in October 1973 by John Clgrk. This document analyzes the value of coastal
ecosystems and impact on these systems, both internal and external, to power

plant siting and-opération.6 The United States Geological Survey, in 1974,

1U.S. Dept. of Interior, Physical and Ecological Effects of Waste Heat
on Lake Michigan, September 1970, pp. 86-87. i

21 pid., p. 90.

Massachusetrts Institute of Technology, Power, Pollution and Public Policy,

1972.

4NationallAcademy of Engineering, Engineering for Resolution of the
Energy-Environment Dilemma, 1972.

5Council on Environmental Quality, Energy and the Environment--Electric
Power, August 1973. :

6Clark, John, Electric Power Plants in the Coastal Zone: Environmental

Issues, October 1973.
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completed an analysis of water requirements for expanding energy development
throughout the nation. This analysis of water demands incluﬁes steam electric
generation, oil shale production, coal gassification-liquifaction, and extraction
transport and refining parameters.1

Thermal power production impacts the environment in many ways during
both construction and operation phases. Impacts on aquatic environments,
terrestéial ecosystems, meteorological systems, and social and economic impacts
are all extremely important dimensions of the energy production scheme. These
impacts, as well as common impacts resulting from construction of power plants,
will be discussed in the sections that follow.

The Coastal Zone--Pressures and Principles

The pressures for resource utilization, competition among conflicting
demands, and the threat of imminent destruction of an invaluable resource is
perhaps stronger within the coastal zone than is evident elsewhere with our
land and water resources. With over 4,000 miles of Great lLakes shoreline,
the coastal zone of the Great Lakes represents a tremendous natural resocurce.
The coastal zone of the Great Lakes is utilized extensively for harbors and
marinas, industrial location, power plant sites, second-home subdivisions,
valuable fish and wildlife habitat, and a wide spectrum of recreational
demands.

The coastal zone is the interface between the water resources and the
adjacent shoreland resources. Determination of the coastal zone boundary
depends on the location along the shoreline and the specific state which
the shoreland lies in. Many states have adopted a rather arbitrary definitgfl//

of the coastal zone which extends 1,000 feet beyond the 'Tigk-sfier revel.

-
—— L -
N / -

==

. .'“ —
1U.S. Geological Survey, "Wat-. sémands for Expanding Energy Development",
Circular 703, 1974,

-

~
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Other states are looking at a more physical definition of the coastal water-
shed as a delineation for the coastal zone. The coastal wgtgrshed is defined
as a "drainage basin ilmmediately adjacent to coastal waters, which is comprised
of lands, all or some of which drain directly into coastzl waters, and does
not include lands of drainage basins that drain wholly into tributary channels
to coasgal watets".l These shorelands are included in the definition of the
coastal zone because they have a potential for significant impact on coastal
waters. These shorelands must be included in any coastal zone management
" program in order to protect coastal waters from degradation by sediment,
" nutrient and toxichpollutants, to maintain thé-hydrologic balance of the coastal
zone, Or to ﬁreserve the source of coastal beach materials.

The ecosystems of the coastal zone are usually ecologically complex
and exceptionally rich. Characteristically, the coastal zone tends to be
more productive than either the open water on one side or Ehe adjacent land :>
on the other.2 Several exgremely important ecological parameters of the
coastal zone are: the ecological systems integrity; water as a linkage
transport medium; inflow of water into the coastal zone; coastal zone water
circulation; flow ;ﬂd amount of available energy; capabilities for energy
storage; concentration of available nutrients, principally nitrogen and
phosphorus; depth of light penetration; temperatures; and dissolved oxygen
content. Additional physical parameters of.importance in the coastal zone
include: beach composition; impacts of waves and winds; the importance
of littoral sediment transport; impacts of storms; and the disruption of

the natural physical processes by man, including breakwaters, groin structures,

lClark, John, Coastal Ecosystems, p. 167, 1974.

\ S0k

2Odum, E. P., Fundamentals of Ecology, 1971.
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jetties, and other shore protection devicés.1 These physical and biological

parameters of the coastal zone are combined in many ways to provide for an

almost infinite variety of coastal systems. Barren sand dunes, rocky shores

and bluffs, fertile estuarine systems, and semi-enclosed coves, are examples

of the great hetercgeneity of coastal ecosystems. Each of these various

types of coastal ecosystems has its own inherent tolerance for development,

and each must be managed accor&ingly and individually. This diversity

inherent 1in coastal ecosystems is impartant in another dimension. Ecologists

frequently speak of the "health" or stability of an ecosystem and measure this

stability in terms of the ability of the ecosystem to resist disturbance, or

maintain itself from extermal perturbations.2 Habitat and species diversity

are critical factors in an ecosystem's ability to tolerate external pressures.

These pressures may be natural, such as a temporary change in climate, or

they may be man-caused, such as dredging and filling activities, or a temporary

influx of nutrients. The greater the diversity of both habitat and species

of the ecosystem, the higher the probability of the ecosystem maintaining

its stability. According to Cooper, "Any form of landscape planning must

consider the stability characteristics of the resident ecological systems.",

and this certainly applies to management of the coastal zone.3
The coastal zone contains many of the most ecologically valuable

components to be found in the Great Lakes. In many areas of the coastal zone,

1U.S. Army Coastal Engineering Research Center, Shore Protection Manual,

Volume I, pp. 1-21, 1973.

2Odum, E. P., Fundamentals of Ecology, 1971.

Cooper, William E. and Vlasin, Raymond D., "Ecological Concepts and
Applications to Planning", in Environment: A New Focus for Land Use Planning,
National Science Foundation, 1973.
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such as Saginavw Bay, take St. Clair, Green Bay, and Maumee Bay, extemnsive wetlands
pravide invaluable ecological functions, such as prime breeding grounds
for many species of fish and wildlife, valuable wildlife habitat, nutrient
and sediment buffer zones which purify surface run-off, and the rooted
aquatic plants provide a natural mechanism for shoreline procection.l A
wide variety of estuarine ecological systems are also found along the
coastal zone of the Great Lakes which serQe many.of the same functions as
wetlands. Both estuaries and wetlands are areas of critical envirommental
and ecological value. The rooted aquatic vegetation found in wetlands and
égtuaries aiso pfo;ides.a valuaﬂle ﬁydrologic.function in that tHey serve
to regulate fhe flow of run-off water.2

In addition to the ecological value of the coastal zone, there is
an extremely important economic dimension. An intense competition for shoreland
resources exists among industrial complexes, thermal power generation plants, ')
and the desire for recreational and residential developments along the
shoreline. It should be stressed that the recreational pressures on the
shoreline répreseng a significant source of'competition for resource utili-
zation. The ecological significance of the coastal zone and the desire
for publié access and recreational fécilities, as well as quality sport
fishing, are vitally important to the Great Lakes Basin economy, as well
as to the resident's enjoyment. Therefore, the location of industrial
complexes and power plants may be in direct conflict with the recreational

demands, ecological values, and intelligent natural resource management.

lClark, John, Coastal Ecosystems, p. 68, 1974.

2Ibid., p. 68.
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,
. \quuatic Impacts Caused by Power Plants
While water availability, per se, does not represent a significant
obstacle to increased energy production in the Great Lakes, several other
facets of water resource development represent potential constraints to
méreased energy production. There are many aspects of energy production
that impact upoﬁ water quality and may degrade the water sufficiently so
as to preclude further use. The discharge of perr plant cooling water
into lakes or streams, sometimes known as thgrmal pollution, may degrade
_ water quality suff;ciently to affect either species diversity or abundance.
The envirommental impacts of waste heat are very difficult to completely
determine because heat is not persistent and does not build up in the
water like chemical pollutants such as nutrients or pesticides. Another
important dimension is that receiving waters naturally undergo daily and
. seasonal temperature flucuations which are quite often very pronounced.l
Temperature is an extremely important water quality parameter which regulates
the life cyc_le of many organisms in the aquatic environment. The United
States Environmental Protection Agency has summarized the detrimental
impacts of artificial temperature increases as follows:2
"l. Heat affects the physical éroperties of water such as density,
viscosity, vapor pressure, and solubility of dissolved gasses. Con-
sequently, such processes as the settling of particulate matter,
stratification, circulation, and evaporation can be influenced
by changes in temperature. Since the solubility of oxygen in
water decreases as temperature increases, thermal pollution re- A.:'ﬂ

duces the oxygen resources. Most aquatic organisms depend on -
dissolved oxygen to maintain growth and reproduction.

1Michigan Water Resources Commission, Thermal Discharges and Water
Quality Control, June 1974, p. 5.

N 2U.S. Environmental Protection Agency, "Proceedings in the Matter of
. Pollution of Mt. Hope Bay and Its Tributaries", (2 volumes), 1972.
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2. Heat affects the rate at which chemical reactions progress, and

it can speed up the formation of undesirable compounds or change
dynamic chemical equilibria. It also effects the biochemical reac-
tions and can result in a more rapid depletion of the oxygen resources.
If sufficient heat is added, temperatures can be elevated enough to
sterilize the environment by killing all living organisms.

3. Environmental temperatures are important to the living resources.
Physiological processes such as reproducticn, development, and
metabolism are temperature dependent. The range of many species

of fishes and the species composition of the communities are governed
to a great extent by the environmental temperature. Temperature
anamolies also can block the passage of anadromous fish, greatly
reducing future populations. An increase in temperature can result
in synergistic actions; that is, the simultaneous effects of

separate agents is greater than the total sum of individual

effects. Prime examples are increased toxicity of some materials,
increases in susceptibility of fish to diseases, and increased
virulence of fish pathogens.

4. Thermal pollution affects other aquatic organisms such as the
aquatic plants, the benthos, and the bacterial populatioms.
Increased temperatures may reduce the number of species in the
community and stimulate excessive populations of individual
species to nuisance conditioms."

One other potential water quality problem associated with cooling

1

water usage is the use of chlorine to keep aquatic growths from "fouling'
. N
the plumbing of the plant. Chlorine is discharged with the cooling water
~ v’/
and, if the residual concentration is great enough, may have detrimental

1 . 4 .
waters.” This "blow down' water is frequently concentrated in supplemental

e o

M
cooling systems. When released from the plant, this water represents a

significant potential contribution to water quality degradation. Further
research conducted by the National Environmental Research Center in
Corvalis, Oregon demonstrated that zinc and chromium compounds, which are
frequently included in blow down water, are also very toxic components,

~and that synergistic effects may occur in other mixtures containing a

1 . .
Michigan Water Resources Commission, '"Calculated Residual Chlorine
Concentrations Safe for Figh“. April 1973.
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variety of compounds.1

For many years, the primary ecological concern about power plants, other
than the dangers of nuclear energy, was thermal pollution. A recent inves-
tigation into the impacts of power plants in the coastal zone concluded
that the preoccupation of environmentalists with thermal pollution was not
Justified and that the most detrimental impact to aquatic ecosystems was
the ekcremely high mortality of organisms suspended in the water and drawn
into the powér plants with the cooling_water.z The environmental impacts
and larval stages of many fish species, in combination with the impingement
of large fish on intake screens, is of great magnitude. Many species of fish
are quite commonly attracted to the vicinity of power plants in colder seasons
of the year due to the higher temperatures of the effluent waters. Once
these fish are near the plant, they are extremely vulnerable to impingement
and almost certain death on the intake screen. Many species of fish, par-
ticularly the smaller species, become entrapped on the intake screem, simply
because they are unable to overcome the force of the water being pumped .
It appears that.éﬁhaustion, suffocation, and external and internal mechanical
impacts are the primary mechanisms of fish mortality caused by impingement
on power plant screens.

Many forms of life small enough to go through the power plant screens
face several lethal hazards in passage through the cooling system. The resulting

loss of organisms is frequently referred to as entrainment kill. As the

1Gartin, R. B., "Biological Effects of Cooling Power Blow Down", 1973.

. 2Clatk, John, Electric Power Plants in the Coastal Zone: Environmental
Issues, 1973, p. 1.
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cooling water passes through the plant, theltemperature increases drastically ‘)

as it passes through the condensor tubes, dissolved oxygen is usually greatly

reduced, and increases in pressure and nitrogen often result in a gas imbalance.

Fish larvae and plankton organisms are greatly stressed and often suffer almost

complete mortality.1 This problem is especially dramatic in estuaries and

coastal.zones habitats because a substantial portion of species stock can

be eradicated by this entrainment kill. Estuarine species and coastal zone

species typically have suspended young stages that are vulnerable to entrain-

ment and are frequently concentrated in limited areas within the coastal zone.

Entrainment kill of these suspended organisms appears to be an extremely

serious impact of power plants with once-through cooling systems that are

located in estuaries or prime coastal zone breeding areas. The magnitude of

this impact is illustrated by the case of the Indian Poinc Power Plant, located

on the Hudson estuary. Up to 30% or more of the annual brood of an estuarine j)

spawning fish, such as the Striped Bass, can be killed by the operation of one

1,000 megawatt plant located in a2 prime breeding area such as the Hudson estuary.2

The overall combination of thermal shock ané power plant entrainment kills a

great deal of fish food in the littoral zone as well as reducing the numter
/j?\gf viable fish larvae. The littoral zomes of the Great Lakes represent the

most biologically productive portion of the Basin. The possibilities of dis-

ruption of the food chain, impacts on fish populations, alteration of species

diversity-abundance relationships, and the reduction of ecological systems

stability of the littoral zone are all extremely important ecological con-

siderations.

1Marcey, Barton C., "Survival of Young Fish in the Discharge Canal of
a Nuclear Power Plant", in Journal of Fisheries Resources, p. 1058, 1971. ;)

Atomic Energy Commission, Final Environmental Impact Statement--—
Indian Point No. 2, 1972.
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b/;errestrial Impacts

Accelerated energy production in the Great Lakes Basin will result
in increased competiticn for land resources throughout the Basin. For

example, recreational pressures on the lake's shorelines represent one

significant source of competition for resource utilization. The ecological

significance of the littoral zone, as well as the public's desire for
access to it for recreation and sport fishing, make it vitally important
to the economy and quality of life in the Basin. Many people go to the
shorelands of the Great Lakes seeking a psychologically rejuvenating
experience. Therefore, it is obvious that the location of power plants,
as well as the water and land utilization of those plants, may be in

direct conflict with recreational desires and demands.

— i -

Another very significant potential area of conflict is in relation !

1/Jﬁ¢."

f"""'j‘

r, et

to land use allocations for power plant sites and transmission line corridors.

As indicated earlier in this report, the projected requirement of as much

as 200 miles of Great Lakes shoreline, as well as thousands of acres of

land throughout the Basin for transmission corridors, represents a significant

"

demand on the land resources in the Basin. At the same time, there is
]

/dramatically increasing demand for agricultural output, forestry products,

]

! wetland preservation, and residential and urban expansion. It is readily

It should also be emphasized that the construction and location of a power

\should a power plant be located on prime agricultural land, this land would
be lost from agricultural productivity. This might be especially important

in areas where the micro-climatic conditions, created by the lakes along

apparent that conflict among these various competing land uses is imminent.

plant are essentially irreversible commitments of land resources. Consequently,

the shoreline, provide the necessary environment for very lucrative viquards

—

and cherry and apple orchards.
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Additional terrestrial impacts resulting from power plant location
include possible wildlife habitat destruction or alteration, adverse aesthetic
impacts, and the disruption aﬁd alteration of the coastal watershed hydrology,
résulting in artificial flow characteristics and increased sediment and

nutrient input. Power plants located along the coastal zone frequently

have jetties or harbor-like structures protruding into the littoral zonme.

These structures frequently disrupt the natural littoral sediment transport

patterns, resulting in accelerated shoreline erosion down drift from the

e - —

structure. Countless examples of this accelerated erosion can be found

- ettt i e

‘along the Great Lakes shcreline by examining the numerous harbor and groin

structures.ll Between 1970 and 1974, the period of recent extreme high

lake levels, a tremendous amount of erosion and property loss has occurred
along nearly all of the coastal area of the Great Lakes. Lakes Erie, Huronm,
and particularl? the east coast cf Lake Michigan, have been the location of
severe shoreline recession; Many millions of dollars in property loss and
damage from both erosion and flooding has been suffered by public facilities
and private real estate. The disruption of the natural littoral drift
patterns can resulf-in very severe consequences and represents a significant
impact to shoreland resources?

Meteorological Imnacts

Electric energy production exerts preésures on many aspects of complex
meteorological systems. Operation of conventional fossil fuel plants usually
results in the increased discharge of various air pollutants including

particulate matter, oxides of sulphur, oxides of nitrogen, carbon monoxide,

L/,f:;rson, Curtes E., "The Cultural Variable and Shore Erosion Along the
Illinois Shore of Lake Michigan', December 1972, p. 3.

2Ibid., p. 20.

24



and many hydrocarbons.l A major source of mercury in the environment is
the tremendous quantity of mercury released each year from consumption
of fossil fuels. This significant source of mercury 1s laféely discharged
to the atmosphere, and may reenter the terrestrial or aquatic environments
by fallout or precipitation.2

The total impacts of power plant thermal discharges and supplemental
cooling'systgms on various meteorological systems are not well understood.
As more and more power plants are located along the shoreline, the potential
for substantial alteration of the meteorological systems of the Great Lakes
- ‘becomes more significant. It is possible that these long-range potential
hydrologic and meteorological alterations represent more deleterious emviron-
mental consequences than those experienced by once-through cooling systems.3
Presently, the atmospheric effects of waste heat dissipation are currently
observed to be of only slight significance. However, the Atomic Energy
Commission is currently evaluating about a dozen sites for power parks, where
huge amounts of power.will be generated in concentrated locations. The energy
released in the form of sensible heat combined with the moisture dissipation
from thése power parks may result in very significant meteorological impacts.
Until these relationships are thoroughly understood, these operations
should be vieved with coﬁcefn and consideraticn given to possible

constraints on this form of concentrated energy production. The

potential for weather modification, including cloud formation, increased

—

lNational Academy of Engineering, Engineering for Resolution of the
Energy-Environment Dilemma, 1972, p. 36.

Donaldson, William T., Mercury in the Environment, December 1973, o. 3.

Personal communication, Dr. William Cooper, Mich. State University,
October 3, 1974.

4 .
Hanna, Stephen R., "Research Needs Related to Hydrometeorologic Aspects
of Future Energy Production’, November 1974, p. 120.
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precipitation, fogging and icing, as well as the alteration of the growing

seasons, represent environmental consequences of great magni;ude. Accelerated
thermal dissipation into the éreat Lakes Basin must not be allowed to occur
until the consequences of such actions are fully understood.

All of the various cooling methods available for installation today
have certain inherent advantages and disadvantages. Flow-through cooling
systems "have the lowest economic cost and the least consumptive use of
water, but have an inherent danger of exceeding the natural thermal assimilative
capacity of the receiving water, with resulting ecological damages. Potential
entraimment problems are also greatest with flow-through cooling systems.
Cooling ponds can be used for multiple-use purposes, including recreation,
but have extremely large land requirements and are relatively inefficient in
dissipating thermal heat, especially during extremely humid or hot climatic
conditions. Wet cooling towers, either natural draft hyperbolic towers or ')
mechanical draft towers, reduce the cooling water temperature, but increase
dramatically the consumptive use of water, result in increased energy
consumpﬁion and large capital e#penditures, contribute greatly to aesthetic
quality deterioration and have a significant potential for fogging and icing.
Another possible cooling altermative is the spray canal system. This has
several advantages, including reduced land requirements and efficient thermal
dissipation, but presently the systems require tremendous maintenance costs
and do not adequately control thermal discharges.1 Another cooling option,
dry cooling towers, greatly reduce the consumptive use of water, but are

tremendously expensive and greatly increase energy allocations to the cooling

lCroley, Thomas and Kennedy, John, "Research Needs Related to Heat
Dissipation from Large Power Plants", November 1974, p. 120.

&

26



process which detract from the overall power plant productivity.1

It is obvious that the Great Lakes contain a tremendpgs body of
fresh water. A dimension of the Great Lakes that is frequently overlooked
is that the natural thermal assimilative capacity 1s a natural resource
and should be utilized, provided that detrimental environmental impacts
are adequately controlled and/or mitigated. According to the National
Water Cémmission,"The capacity of water to absorb and dissipate heat is
a valuable resource which, under many conditions can be safely used."2
The Commission further asserts that "Using water bodies to accept waste
heat provides two major benefits:

1. Water as a solution, dispersion, and dissipation medium is four

and one~half times more efficient than air on a weight basis and forty-two

times more efficient on a volume basis, and

2. The improved efficiency of the cooling process reduces the allo-

cation of resources and the production of energy otherwise required for this ;
function.” !

—ww‘In view of the potential detrimental environmental impacts and increased
requirements of capital and energy of the various cooling alternatives, once- ZEL \

through cocling systems should not be arbitrarily eliminated from consideration.

Properly 31ted and de51gned power plants, ut11121ng once—through coollng systems

e et ar—— e e

along Great Lakes shorellnes could result in fewer adverse env1ronmental 1mpacts,

reduced energy and economic costs, and result in eff1c1ent resource utilization.

e e e

1Furlong, Don, "The Cooling Tower Business Today", in Environmental
Science and Technology, August 1974.

2National Water Commission, Water Policies for the Future, 1973, p. 175.

31bid., p. 176.
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Social, Economic, Institutional Impacts

In the case of power plants, as with any important installation,
there are numerous social, economic, and institutional dimemsions, both
positive and adverse. In many sections of the Basin, reliable energy
sources are vitally important to the region's economy. Real or perceived
energy-related needs can exert a tremendous influence on a community. The
intense opposition or adament support for nuclear power production can

completely fragment the community's social and economic foundation. It

Cie extremely important that adequate technical assistance  be provided to

~—

1oca1 politlcal bodies which would lead to an early 1dentiflcat10n of

economic dls—beneflts to local interests, as well as beneflts, and lead to

the establishment of a more equal distribution of benef1ts and costs.1

Several important direct and indirect impacts of construction and opera-

tion of a power plant on loczl public facilities.are increased school

enrollment, increased demand on police. fire, and recreational facilities, and

increased demand for housing, which frequently results in temporary increases

in rental payments. Positive economic impacts of the facility on the local

community include increased payroll and employment opportunities, increased

property tax revenues, and increased demand for service and supply businesses.
Secondary impacts on the local socio—economic structure resulting

from energy facilities snould also be considered. These may include an

influx of new industries into the area due to the availability of assured

energy supplies at a reasonable price. These additional industries may

exert significant pressures on the community's sewage treatment plant and

municipal water supply systems. Therefore, it is not sufficient to analyze

lWilliams, J.S. and Spiegel, S., Socio-Economic Impact of Estuarine
Thermal Pollution, 1974. .
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only the immediate site-specific impacts, but it is important to look at
entire community-ﬁide impacts, both primary and secondary. Such Impacts

as Increased air pollution, higher levels and greater intensities of

: ﬂ;I;;:)aesthecic deterioration of the community, destruction of important
‘historical and archaeological sites of the community, are all critical ;
i
4 7). ,facets that should be considered in a comprehensive analysis. \
(LA L
JT oAt . _
LA An institutional conflict of long standing in the Great Lakes Basin

n':

5 is the issue of inter-basin diversions. Historically, the opposition to

inter-basin transfer often has varied inversely with lake levels. As the

lake levels have increased, more and more people have become amenable to

the idea of diverting excess water out of the Basin. However, when the

lake levels recede, residents intensely oppose the loss of lake water through

inter-basin diversions. Future proposals for additional inter-basin diversioms,

as well as suggestions for Federal jurisdiction over water rights in order

to facilitate alledgedly more efficient water resource utilization, will

meet with strenuous opposition from many private and governmental entities

throughout the Basin. In addition, the constitutional implications of

Federal jurisdiction over water rights are extremely complex and serious.
Another potential institutional problem area is associated with the

legal concept of riparian rights in the Great Lakes Basin. Under the

Riparian Doctrine, all water withdrawals must be reasonable in their

scope. They cannot contribute significantly to water quality degradation,

nor can they interfere with other legitimate riparian interests. Therefore,;

any dramatic increase in consumptive use or degradation of water quality »7r:ﬁ::ff—'

due to water utilized for energy production in the Basin will be in direct

conflict with this doctrine.l

1Walker, William R. and Cox, William E., "Legal Aspects of Water for
Coal Gassification", November 1974.
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The diverse mix of governmental institutions operating on several

levels within the Great Lakes Basin also represents a potential problem

‘area with respect to energy production. Conflicting goals, uncoordinated

planning, and poor management of policy formulation all prevent efficient
and beneficial resource utilization in the Basin. The planning and manage-
ment of water and related land resources relating to increased energy pro-
duction throughout the Basin is an example of an area in which the Great
Lakes Basin Commission should be intimately involved. The Commission should
facilitate socially desirable, environmentally compatible, economically
feasible, and politically tenable resource policy and plan formulation.

The Commission is charged, under the Water Resources Planning Act of 1965
(P.L. 89-80), to coordinate the land and water resources planning within

the Great lLakes Basin and to prepare a comprehensive coordinated joint plan.
Energy-related planning and policies are an integral part of this comprehensive
coordination and planning effort.

Construction Impacts

According to John Clark, '"The disruptions consequent to power plant

' . o ses nl
< construction are a potential source of significant adverse effects.”

L

X Estuaries and adjacent wetlands are especially vulnerable to impacts from

shoreland construction, such as destruction of wetlands and bay bottom
habitat; degradation of wetlands through alteration of the hydrologic
Tegime; and a detioriation of water quality resulting from agitation and
suspension of sediment and an influx of nutrients. Several major potential

disturbances to coastal ecosystems are set forth by Coutant as follows:2

1Clark, John, Electric Power Plants and the Coastal Zone ! Environmental
Issues, 1973, p. 12,

" ) .
“Coutant, Charles, "Evaluating the Ecological Impact of Steam Electric
Stations on Aquatic Systems', December 1972.
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"Dredging for an intake channel or discharge pipeline is the con-
struction activity which can have the greatest impact on aquatic
biota. Removing sediments from fresh water is known to have
potential for biological-damage to populations (1) in the immediate
area of dredging (by disruption of bottom organisms in the habitat);
(2) in areas of intentional disposal of dredge materials (by covering
existing bottom organisms and modifying habitats); (3) in unexpected
areas within the general region where water quality may be altered
(increased turbidity, reduction in quantity of dissolved oxygen due
to suspension of oxygen-demanding sediments, release of toxic
materials, etc.) or bottom organisms that are covered by smothering
siltation. Dredging new channels in water bodies or marshes, or as
outlets for bays, may significantly change existing circulation
patterns and greatly modify aquatic habitats."

The extensive estuarine or coastal zone marsh landscapes offer especially
attractive sites for power plants, particularly nuclear sites because the
price per acre of marsh land is relatively low and frequently a high degree
of isolation is possible. Power plant siting in these areas conflicts with
state and national programs for the protection of critical wetlands. The
many policy alternatives for regulating development in these critical eaviron-

mental areas will be discussed in subsequent chapters.
P T
v \' r) -
.~ Hit*man Associates prepared a general environmental guideline for
Nm—— e i

evaluating the effects of nuclear power plant site preparation and trans-

mission corridor construction for the Atomic Industrial Forum, ! They point
out that the various construction operations involved indite preparation .

and plant construction constitu&f»ncn-point sources of various types and

amounts of air, land, and water pollutants. The various phases of power

plant construction include the following: pre-construction activities,
site work, permanent facilities construction, and project close-out. The primary

measures to be employed during earth work include control of storm water

L//iAtomic Industrial Forum, ''General Environmental Guidelines for Evaluating
and Reporting the Effects of Nuclear Power Plant Site Preparation, Plant and
Transmission Facilities Construction”, February 1974.
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drainage, soil erosion by water and wind, downstream damages from sediment
and increased stream flow volumes. Perhaps the most seriogg impact of site
work on water resources are tge effects of dewatering on the groundwater
supply, and on adjacent wetlands or other vulnerable aquatic ecosystems.
Any of the pre-construction and ccnstruction impacts inherent in power
plant preparation may also be relevant to transmission corridor construction.
Frequené irretrievable commitments of resources resulting from these types
of construction include impairment of the natural physical environment,
such as the loss of wildlife habitat; destruction of nesting, breeding or
nursing areas; interference with migratory patterns; loss of valuable or
aesthetically valued areas; and the expenditure of directly utilized land,

water, and building resources.l In order to reduce the total impact,

_Hittman Associates‘suggests proper power plant site location and general

T m—

e T

v protective measures including the following: seasonal timing of construc-~ ‘)

tion activities to avoid mass clearing and grading operations during

seasons of the year when heavy rainfalls can be expected; staging of con-

struction operations and activities so that all clearing, grading, and
stabilizing operations are done in each area before moving on to another;

utilization of vegetative filter strips, contour strips, and uncleared portiomns

of stage development projects to filter sediment and nutrients; exposed

soil stabilization, inc¢luding seeding, mulching; sediment basins and diversion

——

structures to contain run-off and sedimenc; and streambank and shoreline

protection measures, including maintenance of original vegetation and

possibly regrading and immediate revegetation.2

. 1Atomic Industrial Forum, "General Environmental Guidelines for Evaluating
and Reporting the Effects of Nuclear Power Plant Site Preparation, Plant and
‘ Transmission Facilities Construction', February 1974, p. 47. ',”)

2Ibid., D 1-20.
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. Environmental Impact Assessment-=-Tools and Methods
Accurate environmental impact assessment is a critical phase of

predicting the consequences of power plant construction and operation.
According to Dr. Andrews, two principal tasks of an impact assessor are

to "identify what functions of the affected resources would be modified

by each alternative proposal and to predict reliably the directions and
magnitudes of the modifications likely to result from each alternative'.
Historically, many impact assessors have gathered voluminous amounts of
information and data on a wide spectrum of potential areas of environmental

_ pact. However, 1f envirommental impact assessment is to serve the needs

of decision makers, it must gather information selectively and clarify

impacts on valued resources and natural resource systems rather than

8accumulating vast bodies of empirical data. This large collection of

T~
=y

—ry

. emp.irical data often does not serve to facilitate sound decision making.".-".' )
There are a great many problems inherent in environmental impact

assessment. Perhaps the foremost of these problems is the significant
degree of uncertainty and a lack of knowledge of what many of the inter-
relationships are in the natural systems that may be impacted. Several of
the reasons for this uncertainty are a general lack of knowledge, areas
in which impacts are only probabilistic in nature, and others, such as the
continued exposure to low level radiation, the accumulative effects of
which are simply not known. A second significant problem encountered in
impact assessment is deciding which alternatives and impacts should be
studied and in what detail. This is an area in which the multi-disciplinary

impact assessment team can be of great assistance in delineating the critical

‘ Andrews, Richard N. L., "A Philosophy of Environmental Impact Assess- a
ment", 1973, p. 198.
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potential impacts of the various alternatives. Costs and time are always
critical factors‘in deciding the amount of detail that is feasible and
attainable. '

Environmental impact assessment is a very sophisticated task, requiring
a great deal of professiomnal skill, scientific knowledge, and predictive
insight. Many of the environmental impact assessment methodologies developed
in receﬁt years have not reflected the required degree of sophistication to
ascertain accurately the consequences of developments or actions impinging
on the natural environment. It is imperative that impact assessment clarify
the conéequences of public decisions. This process should communicate,
unequivocall&, the implications of choosing one action over amother, with
respect to all competing users of the resource systems affected. It is
important that the process be an on-going one, continuing from the initial
definition of a planning problem, through the entire course of implementing
the project or program. Without this continual cognizance of environmental
impacts and modifying projects and programs accordingly, impact assessment
1s "at gorst'a paperwork problem, and at best an expensive subsidy for
consultants".l

With the tremendous proliferation of environmental impact assessment
. methodologies, it has become increasingly necessary to review and critique
" these methods. One of these reviews of impéct assessment methods has been
conducted by contract with the Environmental Protection Agency.2 This review

divides the various methodologies into five types, based on the way impacts

1Andrews, Richard N. L., "A Philosophy of Environmental Impact Assess-
ment", 1973, p. 203. :

2
Warner, et. al.,."A Review of Environmental Impact Assessment
Methodologies',”April 1974.
———_—
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' are identified. These classifications are:

~ .
[‘JF/’ 1. Ad hoc--These methods provide a rather superficial guidance to
Impact assessment, merely delineating broad areas of possible impacts.

2, overlays--This is the McHargian approach, in which a set of maps
of environmental characteristics are prepared for the project area and then
overlayed to produce a composite characterization of the regional environment.

3. checklists~-These methods present a specific list of environmental
parameters to be analyzed for possible impacts, but often do not require
the establishment of direct cause and effect linkages.

4. matrices--This method incorporates a list of project activities
in addition to the checklist of potential impacts and links the two together
in a matrix, which alleges to identify cause and effect relationships.

5. networks--This type of assessment method deals with a list of
project activities to establish cause-condition-effect networks. This is
designed to identify a series of impacts, which may be triggered by a
particular project action.

and Standards for Planning of Water and Related Land Resources, have attempted

.

. to establ}ish"a'—type of environmental impact assessment. These Principles
and Standards require, for each alternative plan, that a complete display
or accounting of the relevant beneficial and adverse effects on the national

economic development and environmental quality will be prepared, The beneficial

and adverse effects are to be measured in either monetary or non-monetary terms.
These accounts are established in order to measure and display in appropriate

terms the net changes or potential impacts, with respect to the two objectives,
that are generated by the alternative plans.l-——-—_-—?f; I’i:"'"f ‘
- In order to accurately assess environmental impacts and predict conse-

quences of these impacts, a great deal of data is required. Collecting this

data requires a combination of various tools available to the impact assessor.

. 1Volume 38 of the Federal Register, Monday, December 10, 1973.
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The use of aerial photographs is a very important tool for obtaining a
significant amount of physiog;aphic, geologic, soils, vegetation, water
resources, and ecological habitat information. A skilled aerial photo
interpretor can derive a great deal of valuable information from black
and white photographs. For a thorough discussion of this tool for impact

1 ...
assessment, see Terrain Analysis by Douglas S. Way.  Similar types of

data and information on a much larger scale can be derived from remote
sensing photographs such as those derived from the ERIS satellite, the
Skylab operation, and the high altitude RB 57 aircraft.2 The principal
advantage of this remote sensing is that it utilizes a multi-spectoral
scanner which differentiates between bands of various radiation, and allows
a more detailed analysis of land forms and water resources. In addition,
the thermal band contained on the Skylab and the RB 57, as well as the
lower altitude sensing devices, greatly facilitates data collection and
environmental impact assessment relevant to power plant discharges and
thermal anal&ses.

The use of modeling in impact assessment has increased greatly in
recent years. Both mathematical modeling and hydraulic modeling or scale
modeling have been utilized to predict the consequences ;f particular
developments on the natural resources systems. Scale modeling is much
more accurate for ascertaining potential impacts on small scale developments.

However, these hydraulic models are usually quite expensive and do not always

lDowden, Hutchinsen, and Ross, Inc., 1973.
2Personal communication, Fabian Polcyn, ERIM, July 18, 1974.

3Sollars, Scott C. "Nature's Dynamics: An Elevated Perspective", 1973.
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accurately represent the natural systems. It should also be noted that
they are primarily limited to'physical parameters and cannot accurately
represent biological systems. Mathematical modeling, on the other hand,
is used to simulate both the‘physical and biological processes.l However,
the predictive capabilities of this type of modeling are greatly curtailed

when adequate data is not available to verify the model. Also, the state

of the art for biological modeling, and particularly ecological systems

e

modeling, is’?%fy primitive.2 However, both these types of modeling are
valuable tools to utilize for environmental impact assessment.

The environmental impact assessor should realize that there are a
wide variety of potential tools for data collection. Aerial photography
and remote sensing data collection are valuable methods. But on-site
inspection and detailed field work are often required to verify results
derived from photographs. It is also axiomatic that field work must be
conducted to accurately assess biological communities, ecological relation-
ships, such as species diversity and abundance, and critical breeding and
resting areas for a wide variety of aquatic'species. It is, therefore,
Imperative to utilize field work, sometimes laboratory analysis, aerial
photography and remote sensing, and mathematical and scale modeling, to
accurately determine and predict environmental consequences of proposed

actions.

1Hydroscience, Inc., Limnological Systems Analysis of the Great Lakes,
March 1973.

2Personal communication, William Cooper, Professor--Michigan State
University, October 10, 1974.
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CHAPTER FOUR
MINIMIZING ENVIRONMENTAL IMPACTS THROUGH
PROPER POWER PLANT SITING
In addition to energy conservation measures, which would reduce the
total amount of electrical energy consumption, intelligent power plant

siting policies represent another alternative for minimizing environmental

'démage.' A generalized site selection criteria should include a thorough

analysis of the following parameters: electric power demands and load

center identification; seismic, geological, and soil stability characteristics;
dispersion climatology; hydrologic characteristics; ecological dimensions,
including prime breeding areas, species migration, and temperature-sensitive
aquatic species; surrounding land use patterns and population density; unique
natural resource areas and important historical or archaeological sites;

and aesthetic considerations, including transmission corridors and the

actual power plant site. Proper location of a power plant represents an
extremely complex problem and requires an extensive environmental analysis

and inventory of various processes and resources within the coastal zone.

The construction and operation of a power plant facility is essentially a short to
moderate term (30 to 40 years) irreversible commitment of capital, land, and
natural resources.1 The improper location of a power plant may result in
disastrous environmmental impacts, such as increased air pollution, inadequate
dissipation of thermal effluents, severe depletion of planktonic species

and fish larvae, and in the case of nuclear power production, continuous

exposure to low level radiation. For these reasons, 1t is imperative that

1Fisher and Krutilla, "Valuing Long-Run Ecological Consequences and
Irreversibilities', 1974, p. 98.
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power plants not be located in wetlands, estuarine areas, and other areas )
of critical envirommental importance, such as prime breeding grounds or
waterfowl sanctuaries.

Specific power plant siting criteria may be found in several sources.
The following criteria were prepared by Battelle Memorial Institute, Columbus
Laboratories, for utilization by the Atomic Energy Commission. Their recom-
mended criteria mclude'1

1. General seismic and geological characteristics--adequate information

on selsmic and geological characteristics of a proposed site should be avail-

able in order to provide a reasonable degree of assurance that the plant can
be constructed and operated without suffering damage that will have adverse
impact upon the environment.

2. Soil stability and topography--preferred sites for power plant
location are in areas with good soil stability, adequate drainage and limited :;
topographic relief, and in areas where there is no danger of subsurface sub-
sidence.

3. Floods"and waterwaves-—power plants should be located in areas where

they are removed from danger resultlng from storm lnduced waves, floodlng, severe

—

shoreline erosion, or on the Great Lakes, inr1=ased water 1evels due to

precipitation or barometrically induced selches

4. Climatological dispersion--a proposed site should provide adequate

atmospheric dispersion of low level radiocactive emissions, waste heat, and
various air pollutants, sufficient to protect the surrounding envirounment

from degradation.

-

L//// lBattelle Memorial Institute, General Environmental Siting Guides for
Nuclear Power Plants, Draft, December 1973. E)

39



5. Atmospheric dispersion--shoreline sites, proposed sites should be
located in areas where maximum mixing and dissipation of thermal effluents
can occur. |

6. Fogging and icing--power plant sites which would utilize cooling
towers, cooling ponds, or spray canals should not be located in areas which
would result in unacceptable fogging and icing.

7; Adequate water supply--an adequate water supply must be available
to provide for continued plant operation over the design life of the facility.
Presumably, any site along the Great Lakes shoreline would satisfy this
requirement. Utilization of.groundwater reserves is not generally recommended for
thermal power cooling due to the dangers of exceeding the natural recharge

rate of the aquifer and, therefore, causing a lowering of the regional water

table.

8. Stratified water bodies~-water bodies or areas within the littoral
zone which are stratified at any time of the year need special consideration
for their vertical mixing characteristics in order to maintain efficient
cooling capacity while not exceeding the thermal assimilative capacity.

9. Ecological parameters--power plants should not be located in critical
environmental areas where the effects of entrainment or thermal dissipation
may have deleterious impacts on the p;pulations. Areas specifically to be
precluded from siting of power plants include prime estuarine and wetland
breeding habitats, species migration areas for anadromous spawning species, or
waterfowl resting or breeding grounds.

10. Land use dimensions--the proposed site should be in an area in which
the plant will be compatible with existing land uses. Specific consideration
should be given to possible secondary increases in development due to the

operation of the power plant,
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11. Human interest factors--unique natural resource areas, historical D
areas, archaeological sites, and important fossil and rock deposits should
be avoided when siting power plants.
‘ 12. Aesthetic considerations--special architectural design and landscape
screening or placement should be considered in relation to both power plants

and transmission corridors to minimize the impact on the aesthetic quality

of the environment.

The Atomic Energy Commission has recently released draft site suitability
criteria for nuclear power stations.1 These proposed criteria are substantially
the same as those formulated by Battelle, but include a more extensive section
on social and economic impacts similar to those discussed in Chapter Three.

The AEC proposed regulations also emphasize the issue of population density
,JTsﬁrrounding a proposed nuclear power station and state, "As set forth in 10 CFR

. !Part 100, a nuclear power plant site must have a low population zone immediately )
{

surrounding the exclusion area in which the population is sufficiently limited
in number and distributed in such a way that there is a reasonable probability
that appropriate measures could be taken in their behalf in the event of a

. . 2 .. .
serious accident."” The AEC regulatory staff has found that a minimum exclusion

e ST wm—

i
distance.of 0.4 mile usually provides assurances that engineered safety features
Ny 7T L

can be designed to allow only ''reasonable emissions of low level radioactive

e e e e

particles. In addition to the regulations proposed by the AEC, the Federal
Power Commission has released general environmental impact criteria for hydro-

electric and pumped storage facilities.3 The FPC variables are very similar

1U.S. Atomic Energy Commission, Regulatory Guide 4.7 Draft, September 1974.

21bid., p. 4.7-7.

. 3Federal Power Commission, Order No. 485, June 7, 1973. : D
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to those included in the AEC guidelines.

John Clark has proposed'the following as recommended constraints to

power plant siting: 1
"]. Wetlands, and other vital areas are inappropriate sites for power
plants.

2. Open cycle cooling is acceptable only for open coast or offshore
Great Lakes and ocean sites, away from areas of environmental concern, and
then only if appropriate safeguards are employed in the design of cooling
water systems and the location of intakes and outlets.

3. Closed-cycle cooling 1s required for all power plants located on or
adjacent to estuaries, bays, lagoons, and other areas of environmental
concern.

4. Power plants are not to be located on or adjacent to vital areas
regardless of cooling system—-and these areas are to be delineated in biotic
surveys and set aside as zones of exclusion for power plants and other instal-
lations with a similar potential for environmental disturbance."

In addition to the proper location of power plants, Clark further
acknowledges that EEE_Broper desxgn of cooling systems to minimize entrainment
and implngment of aquatic organisms on intake structures, and power plant

—_— S

Operatlng strategies, including the ellmlnatlon of chlorlne as a fouling

agent, utilizing instead mechanical devices or back flushlng of thermally

heated water to kill undesirable species or organisms, would serve to

- R . . . 2
significantly minimize adverse envirommental impacts of power plant operation.

lClark, John, Coastal Ecosystems, 1974, p. 140, 141.

2Clark, John, Electric Power Plants in the Coastal Zone: Environmental
Issues, p. VIII-1.
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L An interesting power plant siting option for Lake Erie has been proposed _ ﬁ}
H

| :
by Dr. Richard A. Cole, Michigan State University. He suggests that in view

fof the shallow and gentle bottom slopes of Lake Erie, the potential exists

[

d for building cooling ponds into the lakes. Dikes could be constructed around

many of the power plant sites so that a cooling pond is created which would

result in a potential increase of shoreland values. The cooling pond con-

struction could possibly be utilized for public recreational purposes, marsh

{ development which could be used by water fowl and other marsh species, and

i of course, a reduction of thermal dissipation into the open lake.l Dr. Cole

asserts-that managément of heated discharges with cooling ponds would "protect
the enVironmént much more effectively than cooling towers which requirz more
makeup water, kill everything that enters the cooling system, requires more
additives {biocides, anti-scale), and may locally degrade some aquatic resources

and cause more local fogging and cooling".2

e

Offshore Power Plant Siting

Offshore siting of nuclear power plants has heen proposed as an alter-
natiQe whicﬁ allegeély would alleviate concérns about the environmental impacts
of power plants. Aﬁother potential advantage of offshore siting of power
plants is.the capability to locate tﬁe power plant close to the load centers,
but not directly within densély populated areas. Two types of offshore power
plants are the floating nuclear power plant-and the artificial island concept.
According to Joseph Stadelman, vice-president of Qffshore Power Systems, "The
floating nuclear power plant offers a siting flexibility which is new and

unique."3 Water depths of about 40 to 50 feet are required for offshore siting

L//i:!ole, Richard A., Environmental Changes in Lake Erie and Their Future
Impacts on Lake Resources, 1973, p. 74, 75.

ﬁiﬁ

21bid., p. 75.

3Stadelman, Joseph, "Floating Nuclear Power .Plants, A Case in Point",
September 1974, p. 64.
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of nuclear power plants. The marine coastline appears to be more condusive
for offshore power plant siting due to the presence of tides which would be
used to dissipate the thermal discharges. The Atomic Energy Commission has
conducted studies to determine the engineering feasibility and safety of
floating nuclear power plants, and apparently endorse the concept.

While the offshore power plant siting concept appears to have some
advantages, it also has some rather significant disadvantages. Impacts of
extensive dredging and filling activities, damages resulting from storms or
ships colliding with the facility, and the hazards of transporting radio-
active materials both to and from the offshore facility are important con-
siderations. As in the case of improperly located shoreline power plants,
offshore siting could result in significant impacts due to entrainmeant or
thermal discharges. Therefore, offshore siting of power plants should not
be considered a panacea for resolving the siting dilemna.

Presently, it appears that offshore power plant siting, especially
for the Great Lakes region, will not become a reality in the near future.
The leading proponent of offshore power pla;t siting, Offshore Power Systems,
has recently announced that it is postponing for three years its production

of floating nuclear power plants. Offshore Power Systems is located in gD e
Jacksonville, Florida, and is jointly owned by Westinghouse Electric Corpéra;ion

and Teneco, Incorporated. The firm cited a breakdown in negotiations and the |
current economic climate as the explanation for the delay. The delivery date

for the first floating power plant is now anticipated to be May 1985.2 It is

unlikely that a floating nuclear power plant could be delivered to the Creat

lAtomic Energy Commission, A Survey of Unique Technical Features of the
Floating Nuclear Power Plant Concept, March 1974.

2Coastal Zone Management Newsletter, December 4, 1974, p. 2.
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Lakes region until a much later date, if ever. The restrictions of the
'?ét. Lawrence Seaway would make it virtually impossible to float a nuclear
/ power plant into the Great Lakes, and it will be many years before a pro-

duction plant would be located within the Great Lakes region.1

Transmission Corridors

4 Many of the land use, aesthetic, and construction impacts inherent
, in power plant siting are also relevant to transﬁission corridor planning.
\
}Here again, however, intelligent planning and locational policies can minimizs
~1 adverse envirommental impacts. Preservation of natural landscapes and mini-
ﬁizing éonfiict wiEh present and planned land_uses should be imp;rtant criteria

for the selection of transmission corridors. Power plant siting decisions

should also consider the disturbances of land uses resulting from acquisition

of land for transmission line corridors. In addition to these impacts, extra

high voltage transmission lines frequently result in several electrical
environmental effects. These may include radio and television interference,
audible noise resulting in noise pollution, induced voltages on ground objects
which may résult‘;ﬁ impairment of public safety and comfort, and increased
quantities of onné which may affect the ambient air quality.

Transmission line corridor selection criteria should include the

following dimensions: impacts on natural ecosystems resulting from construction

processes and permanent installation of transmission facilities should be

i minimized; areas of population concentration and intense activity should be

\avoided; future .land uses should be considered and areas of future population

\

:concentration and intense activities should be avoided; areas of important

!
aesthetic or cultural values should be avoided; and, where possible, existing

Personal communication, Dr. Steven Long, Maryland Power Siting Commission,

December 18, 1974.
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‘ o é}\d proposed rights-of-way should be utilized. The visual impacts of
; transmission corridors can be'minimized through a variety of techniques.
i Selection of colors for structures which blend in with the natural land-
I scape tend to minimize visual impact. Visual screening, through the use

. of natural vegetation or topographical features such as ridges, can also

\ minimize aesthetic impact.l Technology is developing rapidly which utilize
{

compressed gdsses as an insulation medium, thereby enabling underground

! 2
- transmission lines to become a reality. Another alternative which deserves

‘more attention is the usage of common rights-of-way for utility corridors,

iwhich could include power, water, gas, and telephone lines. Transmission
; corridors may also be used for recreational activities such as cross country

é skiing and hiking.3 This recreational potential of transmission corridors

f should definitely be analyzed further, and may represent a "'true multiple
{

. use” approach to natural resources management.

Land Capability Analysis

A potentially far-reaching concept implicit in this discussion of
power plant-siting.;riteria is a fundamental change of attitude towards
our environment. We must accept that the enviromnment has its own inherent
laws which present intrimsic opportuﬁities and constraints to human use.
It is all too clear that man cannot continue to manipulate natural systems

in a detrimental manner without suffering dire consequences. While this

1National,Academy of Engineering, Engineering for a Resolution of the
Energy-Environment Dilemma 1972, p. 258.

21b1d., p. 252.

3Stewart, Ronald, "Helping Power to be a Good Neighbor', N.O.A.A.,
April 1974, p. 18.

46



~

‘ET”

3

-

fundamental attitude change is primarily a philosophical one, 1t can be
translated into policy measures to serve as useful tools for implementing
desired programs. One approaéh to this environmental planﬁiﬁg involves
analyzing the land to ascertain its potential for economic development.
The tool that is employed for this purpose is similar to Ian McHarg's concept
of ;hysiquggﬁ}g_ﬁgpggg}g}§g.1 The natural processes that are examined include:
topography and subsurface geology, surface and groundwater, climatic and
hydrologic relationships, floodplains, soils, and vegetation. A set of
physiographic principles are then formulated. The principles indicate the
categories of development and densities that are environmentally acceptable.
Examples of these principles are: essential agricultural lands should
be preserved; development should be prohibited over prime aquifer recharge
areas; 100-year floodplains should be exempted from all development, save
agriculture and recreation; and slopes of 257 or greater should be prohibited
for development. Utilizing a natural systems approach to planning facilitates
rational and intelligent guidance of development. Development in consonance
with physiographic opportunities and liabilities allows the preservation of
valuable natural systems and the enhancement of the quality of life by accom-
modating required development while ensuring the highest level of amenity.
The State of Ohio Department of Natural Resources is currently utilizing this
land capability analysis in conjunction with sophisticated computer programming
to formulata coﬁnty land use plans, develop wild and scenic river corridor plans,
and analyze the Lake Erie coastal zone.2

A second approach to envirommental planning involves ecological systems

analysis to determine regional tolerances for development. Ecological analysis

1McHarg, Ian, Design With Nature, 1970, p. 81.

2Ohio Department of Natural Resources, Lake County Land Capability
Analysis, October 1974,
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considers: biological communities; ecological irreversibilities; ecological
potentialities for production and assimilation capacities; fragile systems

such as estuaries and shoreliﬁes; and energy and materials.éosts and flows.1
John Clark utilizes this ecological systems analysis to categorize coastal
zones into either preservation areas which should not be developed, develop-
ment areas which are comparatively suitable for development, and conservation
areas which serve as buffer areas between the preserved and developed areas.2
Ecologist Eugene Odum has proposed four landscape compartments: the productive
compartment, which is composed of agricultural or managed forest lands; the
‘protective compartment, which contains those areas which serve a vital function
in environmental protection; the urban-industrial compartment, which includes
land already intensively developed or best suited for such development; and the
compromise or multiple use compartment, which includes all lands not falling
exclusively into one of the other compartments and which cah serve several

uses simultaneously. These various approaches are certainly not the only way
of dividing up the landscape, but serve as a reasonable and useful framework
for ecological land use planning.

Tﬁe goals an&'objectives of the ecological approach to land use planning
are basically the same as those of the physiographic method. The ecological
approach accommodates economic development goals while maintaining wvaluable
ecological systems and processes. In both cases, however, the overall guiding
criteria is that man must learn to live with nature and conform to certain

immutable environmental laws.

Cooper, William and Vlasin, Raymond, "Ecological Concepts and Applications
to Planning", 1973, p. 200.

2Clark, John, Coastal Ecosystems, 1974, p. 91.

48



CHAPTER FIVE

POWER PLANT SITE AND TRAN?MISSION CORRIDOR SELECTION METHODOLOGY
Selection of a preferred power plant site or transmission corridor

from a wide array of alternative cholces is a complex and difficult process.
Public and private utilitles, consulting firms, and State agencies are all
involved in this site and corridor identification, inventory, and selection
process; This chapter will briefly analyze three methods for selecting
preferred sites that have a number of similarities and differences. However,
each is essentially a selective screening process.

The Utilities' Selection Process

Historically, utilities based site selection primarily on engineering and
economic factors. Subsequent to the passage of a National Environmental Policy
Act, the utilities were compelled to include environmental concerns in their
selection studies. Due to the long lead times required for major power plant
construction, many utilities had heavy financial commitments to sites selected
prior to the passage of NEPA. Many initial environmental reports were "backfit"
additions to the previous economic and engineering siting studies. Most utilities
realize today that the success or failure of the licensing process for a
proposed new facility is greatly influenced by the quality of the initial siting
study; and therefore, utilities are amenable to spending a great deal of money
for this work. Utilities may conduct "in-house" siting studies, or may rely
on private consulting forms for accomplishing this work.

Many of the larger utilities have extensive "in-house" capabilities
for environmental studies and siting analyses. Consumers Power Company,
one of two major utilities in the State of Michigan, has both an environmental
section and a power plant siting section. During the past two years
Consumers Power has completed an extensive analysis and inventory of potential

power plant sites, both inland and within the coastal zones. Consumers Power
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Company utilized the services of Commonwealth Associates, a consulting firm, ‘}
for an initial assessment of potential sites-and then completed the siting
inventory with their own staff. This siting inventory involved 140 potential

sites which were eventually narrowed down to 14 which may be purchased.1 This
particular site inventory was a continuous screening process which took

place over a number of years and involved increasing levels of detailed

analysis. Potential sites were initially identified on a map on the basis

of water availability and projected load centers. Many of these sites were

then either flown over or driven by to observe any obvious impediments to

site development. The most desirable of these sites were then field surveyed

to ascertain construction and environmental capabilities.2 This siting

inventory, as are most utility's siting studies, was carried out in con-

fidence. The utilities seek to avoid an escalation of land prices, possible
speculation, and full public exposure of sites before engineering and environ- T’
mental issues are fully evaluated.

Commonwealth Associates have recently completed a study for the Atomic
Industrial Forum which analyzes the general siting procedures frequently utilized
by utilities.3 This generalized process involves an iterative eyaluation of
potential areas with each additional evaluation increasing in detail. The
initial area of evaluation is the region of interest which usually represents
the total service territory for the utility. Candidate areas withian the

region of interest are then investigated for potential sites. Potential sites

lPersornal communication, Robert Gerzetich, Consumers Power Company,
December 18, 1974.

Ibid.

Commonwealth Associates, Inc., Nuclear Power Plant Siting--a Generalized
Process, August 1974. . :
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are then identified within the candidate areas for preliminary evaluation
leading to the designation of candidate sites. Candidate sites are suit-
able for evaluation as alternatives in the selection of the proposed site.
. . X 1

The proposed site is that site identified in the license application.
The factors involved in the increasingly detailed evaluation include:
systems planning, safety, engineering, environmental, institutional, and
economic dimensions. In the early stages of siting evaluation, an accept-~
ability/exclusion screening process may be utilized to eliminate undesirable
sites. Cooling water availability, suitable accessability to transportation
routes, population density, or conflicting land uses are common screening
considerations. The remaining sites may be successively screened, compara-
tively evaluated, or classified and numerically rated. At this stage, the
comparative cost analysis and balancing of costs and environmental impacts
are extremely important and formalized numerical rating systems may be
utilized to ascertain which sites is the most desirable.2 The Commonwealth

. 3
Associates' study concludes:

"In the final analysis, there is no one method for site

selection and evaluation which can be considered superior to

the others or which can represent a single standard method for

nuclear power plant site selection. The considerations in-

volved in evaluating sites are diverse and complex. Fach

siting regimen must evolve based upon the characteristics

of the area, characteristics of the utility, and stage of

the siting process. It must be recognized that the nuclear

power plant site selection and evaluation is an evolving pro-

cess involving a relatively new source of energy for power

production. Accordingly, the need for continued study and

updating of these techniques is considered desirable as

industry and government strive to achieve a common goal of
acceptable and timely sites for nuclear power plants.”

1
Commonwealth Associates, Inc., Nuclear Power Plant Siting~-a Generalized
Process, August 1974.

21bid., p. 44.
3bid., p. 4.
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A Consulting Firm Approach to Site Selection

Commonwealt£ Associates,_located in Jackson, Michigan, has been involved
in power plant siting aﬁd transmission corridor studies for many years.
In addition to innovative environmental impact assessment methodologies,

Commonwealth's formalized numerical rating methods are a significant contribu-

tion to facility siting technology. These techniques are essentially a
structuged-quantitative analysis of a number of highly diverse consideratioans.
Commonwealth has also developed what it calls its "ENVIRO" family of com~
puter programs which provide a sensitivity analysis of the most significant
impacts, as well as great flexibility in the ability to analyze 2 number of
sites and a variety of impacts. The numerical rating method and sensitivity
analysis are extremely useful in the final selection of a proposed site from
a number of candidate sites.

Sophisticated computer programming, in addition to numerical rating
techniques, are used to develop a gggggfiffnfétingmgfﬂfggglVimpact. It should
be recognized that all specific impacts are not equally important and, therefore,
the assignment of importance weights is a very crucial determination. It is
possible, by varying the importance weights on alternative impacts, to represent
different perspectives and develop an array of alternative decisions. This
alternative weighting system and sensitivity analysis is a valuable analytical
tool for decision making among groups with divergent opinions.1

In addition to its usefulness for power plant siting decision making,
sensitivity analysis and Fogputgr mapping are extremely valuable tools for

identifying alternative transmission corridors. In a study completed for

1PerSOnal communication, Halden Smith, Commonwealth Associates, Inc.,
December 18, 1974.
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Consumers Power Company, Commonwealth Associates identified environmentally

: LA
. suitable transmission routes to connect the Millington and Blackfoot sub- - /_v,-' Y
L . - i
--~stations in Michigan. The following five basic objectives were established
!

7

!" to guide the analysis of the proposed transmission route: protection of

| natural systems; compatibility with existing land uses; evaluation of pro-
posed land uses and population densities; impacts upon culturally significant
areas; and the opportunity for right-of-way sharing. A multi-disciplinary
team of investigators was utilized to collect relevant information., Computers
were then utilized to translate the information into computer maps which were
utilized to identify alternative transmission corridors. A reasonably objec-
tive analysis, including numerical rating and computer sensitivity analysis,
is then combined with information from those who live or work in the area

and State, regional, and local governmental officials to finalize the selection

‘ of an acceptable corridor.
Sophisticated computer analysis is a2 tremendous tool for power plant
site selection and transmission corridor location. But this tool is extremely

expensive and accentuates the need for physical, ecological, and land use

m——— -

-— N

data and inforp_at:__ion. Information such as high resolution aerial photographs,

[N

topographic and existing land use maps, community comprehensive development

plans, soi

1 surveys, and field surveys are required for site selection and
corridor location. Site selec‘t;'Lon‘ and corridor location require, as in the
case Ait-'*-c‘anvirc.anmental impact assessment (discussed in Chapter Three), a
combination of analytical tools aund utiliz_ation of a variety of data and

information sources.

New York State Site Survey

This past summer, the Office of Environmental Planning of the New
‘ York Department of Public Service completed a twelve county pilot site
survey. The main purpose of the study was to locate sites for thermal
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power plants which can be developed with little apparent likelihood of environ-
mental damage, at an acceptable cost. The first step in the survey is a land :)
use screen. The New York State Land Use and Natural Resources Inventory,

kilometer cells throughout the state, was used for the screening process.

A computer program was utilized to eliminate cells containing land uses
which wére judged to be incompatible with power plant development or in which
75% or more of the area was covered by surface water. Cells that survived
the land use screen were then analyzed for slope. All cells having slopes
of 107 or greater covering 76% or more of their total area were eliminated
from further consideration. The remaining cells were inspected in the field
for incompatible topographical features or land uses that had developed
since the collection of data for the LUNR Inventory.1

The cells that survived the field check were given a terrestrial ecology :)
uniqueness rating. This rating considered the number and extent of different
habitats and the ecological value and scarcity of the habitats. These remaining
cells were also given an aquatic vulnerability rating. This vulnerability
rating included pofential disruptions that could result from generating
facility construction and operation. Larger areas were evaluted for air
quality and meteorological conditions which reflected extrapolated levels of
NO, 502 and particulates, as well as the topography and extrapolated inversion
potential. The cells that survived the field check were also evaluated to

determine the incremental cost and envirommental impacts of four cooling

/

| lNew York State Public Service Commission, Draft Report on the Hudson
River Valley/Long Island Pilot Area Site Survey, July 1, 1974, p. 3.
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alternatives. In the final analysis and rating, the terrestrial ecology,

aquatic ecology, and water quality and hydrology scores of the cells were

converted to a common scale and summed to produce a composite score. One-

hundred and twelve cells were identified as potential locations for power
. 1

generating facilities.

The New York State Power Plant Site Survey is intended to provide
assistance to electric utilities in their search for environmentally sound
plant sites. The survey, when completed, will encompass nearly the entire
area of the state and will have identified a large number of potential sites
throughout the state upon which steam electric generating facilities could
be located with minimal environmental damage. In the future, many of the
potential sites will be further evaluated for specific environmental and
engineering compatibility. According to the survey report,2

"The site survey is not intended to be a substitute for

the environmental impact studies required by Article VIII of

the Public Service Law. The purpose of the survey is to identify

a number of promising sites which deserve more intensive examina-

tion. The survey systematically applied a number of carefully

chosen criteria to a very large number of possible sites. There

is no guarantee that a detailed study-.of a particular site may

not reveal characteristics not identified using this survey

methodology."

The New York State Site Survey represents an extensive effort to
identify potential power plant sites. This information, in combination

with sites identified by public utilities, consulting firms, and other state

agencies, represents a wealth of information pertaining to site selection.

lNew York State Public Service Commission, Draft Report on the Hudson .
River Valley/Long Island Pilot Area Site Survey, July 1, 1974, p. 6.

2Ibid., p- 9.
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The need for cooperation and coordination among the various governmental

L

and private entities concerned with site selection and corridor location
cannot be sufficiently emphasized. Federal, State, and local governmental
agencies, the utilities, university researchers, and the general public are
all important resources that should be included in information collection

and site selection procedures.
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CHAPTER SIX

STATE POWER PLANT SITING POLICIES

State Siting Policies in General

In the past several years, power plant siting has become an increasingly
important issue for state legislation. As of September 1974, 18 states had
passed power siting legislation and a significant number will consider such
policie; during their 1975 legislative sessions. According to Reitz, "regu-
lation by states of power plant siting or placement of transmission lines is
far from uniform, and is in a condition of flux, as states continually add
or amend regulation systems or initiate them."l Many states have realized
that the location of energy facilities influences the location of industrial
complexes and urban expansion, and therefore, power plant siting policies
become a key element in land use planning. In general, state power siting
policies can be categorized into either reactive processes or preview processes.
The New England River Basins Commission defines the reactive process as "a
process when a state council or bﬁard must act upon an application for con-
struction of a particular power plant without a formal process for advance
consideration of utility long range plans or suitable sites".2 The preview
process requires advance analysis of public need for power and environmental
evaluation of proposed sites prior to property acqﬁisition.

Several factors apparently enter into a state's decision to either
establish a separate power plant siting program, or include this as part of
a more encompassing management program. According to Bradley and Armstrong,
these factors include: "the immediacy of the threat of damage from unregulated

location of power plants, the likelihood of passing more comprehensive management

lReitz, Arnold, Environmental Planning: Law of Land and Resources,
1974, p. 15-4.

2New England River Basins Commission, Draft Report on Power Siting
Siting Legislation, August 1974, p. 1l.
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legislation, the desirability of focusing onm power production as a particularly
high impact industry, and the type of regulatory program established by the

passage of the legislation at the Federal level."1 The factors to be included

in a power plant siting program, as defined by Bradley and Armstrong, include:2

.
f"an intensive procedure for mandatory review of potential sites;
! an adequate research program to investigate the environmental,
general land use, and social factors involved; a method of
sufficient funding; explicit guidelines safeguarding environ-
mental 'and social interests upon which decisions for approval
/ are to be made; provision for review of these decisions when
necessary; sufficient staff to administrate the program; and

| procedures for enforcement of the provisions of the program."

It has also been suggested that if siting control is vested in a state level

agency, that agency, in general, should not be the existing state-public
utility commission.3 The contention here is that an agency charged with
insuring reliability and a continuity of service has a built-in bias which

may tend to favor reliability over environmental protectionm.

A key feature of successful state power siting legislation is the
simplification of various permitting and licencing procedures. This so-
called "one-stop' licensing procedure requires coordination of agency review
and delegates th; final decEEEEE_EQEEEEEE¥~Egnggi_iggggy. According to a
public utility executive, "It is absolutely imperative that this agency

have the authority to overrule other state agencies and the state procedure

must be compatible with the Atomic Energy Commission licensing regulations.4

lBradley,_Earl and Armstrong, John, A Degcription and Analysis of the
Coastal Zone and Shcreland Management Programs in the United States, March
1972, p. 49.

21bid., p. 49.

3MiCnick, Barry end Weiss, Charles, "The Siting Impasse and a Rational
Choice Model of Regulatory Behavior: An Agency for Power Plant Siting", 1974.

Personal communication, Robert Gerzetich, Consumers Power Company,
December 18, 1974. -
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. The licensing process would be greatly simplified if state licensing decisions
were final, or at least the process involved the relevant Federal agencies
so as to reduce or eliminate redundancy in the review process.

The Maryland Siting Process

While power plant siting legislation has been enacted in several
states, -the State of Maryland has perhaps the most aggressive power plant
siting program. The Maryland Power Plant Siting.Act of 1971 directs the
Maryland Public Service Commission and the electric utilities to engage

in long-range power systems planning. The Act also directs the Department

of Natural Resources to prepare environmental statements on proposed power
plant sites énd to maintain a reservoir of state-~owned sites which are
environmentally suitable for power plant construction. The Act also
directs the Maryland Public Service Commission to conduct extensive
environmental studies, as _well as a comprehensive research and monitoring
program.1 The authority to conduct siting inventories and acquire desirable
sites presents the opportunity to assess potential environmental impacts
and to.direét thelépnstruction of power plants into areas which can hest
tolerate the additional stress, and which can assimilate the development
and operational pressures with the 1éast environmental damage.

The long-range plans and forecasts developed by the Public Service

Commission and electric utilities must include proposed power plant sites

Southern Interstate Nuclear Board, Power Plant Siting in the United
States, September 1974, p. 145.
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for at least a ten year period. Following an environmental evaluation, the
state is empowered to acquire. and hold proposed sites until the utilities
either purchase or lease the site. The utiiities have the option of choosing
one of their own sites, provided that it meets the state's criteria, or may
procure a site from the state.

In order to provide scientific and technical information relevant to
impact ;ssessment and siting decisions, the state is commited to a compre-

N,
"hensive research and monitoring program. Studies conducted under this

) [N

gprogram include the power plént air monitoring program, impact analysis of
gbrackish cooling water, thermal and entrainment impact assessments, environ-
mental and wetland mapping programs, plume dispersion studies and modeling,
and the detailed site investigations for proposed power plant sites.l

The funds required to implement the various provisions of the law
are provided by the Environmental Trust Fund, a revo}ying“fund which 1is
administered by the Secretary of Natural Resources. This money is obtained

from a surcharge on electricity generated within the State of Maryland.

At the beginning of January 1972, the rate was 0.1 mil per kilowatt hour
generated. The surcharge can be raised slightly but cannot exceed 0.3 mil.
In 1973, the 0.1 mil generated approximately $3 million.

The Power Plant Siting Law stipulates that a minimum of four and a

maximum of eight potential power plants sites should be in the land

bank inventory. The state is currently in the process of purchasing two

sites and possibly a third for inclusion in their power plant site land

2
bank. Under Maryland's Power Plant Siting Act, the state has the power

. lMaryland Dept. of Natural Resources, Egcor& of the Maryland Power
Plant Siting Act, Volumes 1l-4, 1972-1974.

2Persona1-communication, Steven Long, Maryland Power Siting Commission,
December 18, 1974.
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‘The licensing process is further coordinated by the involvement of Federal

ofhgp%qept domain for site acquisition, and therefore, is required to pay
fair market value. The power of eminent domain is a critical aspect of an
overall power plant siting acﬁuisition program. Frequently; once a site is
designated as a desirable one, the land values will skyrocket and without the
power of eminent domain, the state is forced to pay an exorbitant price.
After several years of experience, the Maryland power plant siting
program is viewed as a success by many people. The utilities are very much
in favor of the program because of its simplified one-stop licensing process

and by utilizing state-owned sites, they avoid local zoning difficulties.1

. Asl

. . £ i -bvR
agencies. In the Douglas Point site proposal, the U.S. Atomic Energy ~;.“..T;ﬁn“ﬂ‘
e -

Comission is reviewing sites simultanegusly with the state and state and -.' ¢ »:¢fr
&

'/’1 ) " Z - r/_: .I
AEC officials have expressed support for joint Douglas Point proceedings, ~~° s
L o 4N rI:)

both to avoid duplication of effort and to provide a single forum for public rs

\= -"l //
. 2 3. fﬂ'ﬂ
hearings. The Maryland power plant siting program apparently is a successful ™"
-j.t EZAr ot .
one and may serve as a model for other states to follow. Under the Marqundﬂ“”""*’
ﬁ”x~3 Axhwﬁj
program, the state has a wider choice of sites and has accurate information
. 6"'__)1 TS g oe

. rectt YT
on sites early in the planning procedures. The power companies also benefit

by acquiring sites which have been thoroughly evaluated for siting feasibility.

Great Lakes States Power Plant Siting Policies

Presently, three of the eight Great Lakes States have power plant siting
laws and several others have pending legislation. The main provisions of these
laws are depicted in Table Three. None of the Great Lakes States' power plant

siting laws are as comprehensive as Maryland's siting program. The Great Lakes

1Personal communication, John Dorsey, Maryland Public Service Comm1551on,
October 12, 1974.

2Maryland Dept. of Natural Resources, Record of the Maryland Power Plant
Siting Act, May 1974, p. 1.
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States' siting programs and proposals will be briefly discussed in the following
paragraphs.

Illinoils - While tae State of Illinois does not have a formal power
plant siting law, utilities must obtain a certificate of public convenience
and necessity from the Illinois Commerce Commission prior to construction of
3 new generating plant. The Illinois Enviromnmental Protection Act of 1970
addresses the subject of power plants as'pqtential sources of pollution.
Although no specific state siting legislation has been introduced in recent
years, increasing state-wide interest in power plant siting problems may
lead to legislative proposals in the 1975 session. The Illinois State
Atonic Energy Commission held hearings in 1974 on the siting of energy con-
version facilities. Discussions centered around such factors as oﬁe stop
certification, long-range planning, envirommental considerations, and lead
agency designation.1

A real issue in Illinois and especially along Lake Michigan, is not
where to locate power plants, but whether the heavily urbanized and indus-
trialized environment can.tolerate the addifional stress of power generation.2
Considerations of ambient air and water quality and noise levels are paramount

in this region. Consequently, there is a very real need for consideration of

[

sharing power production between states. This situation highlights the need

PO [ U

for regional power planning and coordination among Great Lakes states.

1Southern Interstate Nuclear Board, Power Plant Siting in the United
States, September 1974, p. 98.

Personal communication, Ralph Fisher, Illinois Dept. of Conservation,
December 15, 1974.
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Indiana - The State of Indiana does not presently have a power )
plant siting law. 1In 1974, a bill was introduced into the General Assembly
of Indiana which provided for one~stop siting approval for power facilities.
The proposed measure would also have reqﬁired every utility to prepare and
file a ten-year plan with the Public Service Commission of Indiana.1 This
bill did not pass the legislature, but may be introduced during the 1975
session.

Michigan - Although the State of Michigan does not presently
have a power plant siting law, several siting bills have been introduced
in recent years. In 1971, a bill passed the Senate which would have required
electric utility companies to obtain certificates of public convenience and
necessity from the Public Service Commission, but this bill died in the House;
Several siting bills were introduced in the 1974 legislative session. HB 5887
would have established a nine-member council within the Miéhigan Department of )
Commerce to regulate the location of power facilities within the state. The
bill also would have required electric utilities to submit plans for proposed
power plant sites and obtain certification from the council prior to site
acquisition and development. Another bill, HB 6253, was proposed by the
Michigan Public Service Commission. This bill would have granted the Michigan
Public Service Commission the power to review plans, forecasts, and expansion
of electric utilities and to regulate the location, construction, and operation
of electric generating plants. Under this bill, the utilities would have to
obtain a certificate of pﬁblic convenience and necessity and environmental

compatibility for proposed electric facilities. Neither bill passed during

Southern Interstate Nuclear Board, Power Plant Siting in the United
States, 1974, p. 101.
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the 1974 legislative session, but prospects for passage during the 1975

session appear to be better. The Public Service Commission has concluded

that control of power plant siting by permit systems simply does not work,

and therefore, they will continue to press_‘_i_fqr__giting'legislation.1

Minnesota -~ The Minnesota legislature created, in 1973, the

Minnesota Environmental Quality Council. This Council has the authority

Eiggrs. Utilizing long-range forecasts provided by the utilities, the
Council intends to develop an inventory of power plant sites and transmission
line corridors.2 The criteria for siting power plants and routing trans-
mission line corridors promulgated by the Council place a heavy emphasis

on environmental considerations. The Council's regulation include a rather
extensive exclusion criteria which prohibit powér plants or transmission
corridors from many parks and historical sites, wild and scenic river cor-
ridors, and.state wilderness areas. Further, the site selection criteria
contain many of the aspects discussed in Chapter Four of this paper. Public
participation, including a number of advisory committees pertaining to siting
and corridor evaluation is also emphasized in the regulations.

New York - Power plant siting programs in the State of New York
began in 1968 when the Atomic and Space Development Authority was empowered
to acquire and develop sites for future nuclear power plants. The
Authority was not completely autonomous 2nd did consult extensively with

concerned state agencies. The Authority's control was limited to studies

for nuclear power plants and thus excluded the question of sites for fossil

1Personal communication, Ronald Callen, Michigan Public Service
Commission, December 15, 1974.

2Southern Interstate Nuclear Board, Power Plant Siting in the United
States, September 1974, p. 187.
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fuel plants. Following a reorganization of environmental agencies in 1970,

were granted the major responéibility for power plant reguiﬁtion. In 1972,
the New York legislature passed power plant siting legislation. The Power
Plant Sitingj??é;&} who's members include the Chairman of the Public Service
Commission‘and the Commissioner of Environmental Conservation, are respgﬂgible
for reviéw and approval of proposed sites. Detailed environmental site review
and facility description and long-range need justifications are part of the
site application. The applicant is required to provide $25,000 to local
‘government for expert advice. Utilities are required to submit ten-year
plans for state review which include the number and types of facilities and
anticipated research expenditures.l

The Department of Environmental Conservation is currently involved in
the environmental review prccess for both siting of electric generation
facilities and transmission facilities. It has been suggested that DEC
develop a greater overall capability for environmental planning leadership in
power plant siting matters rather than merely reviewing the utilities' proposals.
This gréater leadefship role may evolve out of accelerated land and water
resources'pianning and coastal zone p1anning.2

Ohio - The State of Ohio has one of the most aggressive power

plant siting programs of the Great Lakes States. The Ohio Power Siting

. Commission, created in 1972, was established to control the location

-~ ———

of major utility facilities. The Ohio Environmental Protection Agency Director

lsouthern Interstate Nuclear Board, Power Plant Siting in the United
States, September 1974, p. 187.

2Personal communication, Charles Morrison, Department of Environmental
Conservation, December 17, 1974.
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serves as‘éh;irman of the Commission and several other directors of state
agencles are members. The Copmission has jurisdiction over the siting of
both electric power plants and transmission lines. Utilities must obtain
clude a proposed site and an alternate site for evaluation in their appli-
cation. The application must be filed two to five years in advance of
construction of the electric generating facility; The Power Siting Com-
mission has the final decision in the approval or denial of the utilities
application.
: Af the preseﬁt time, the Siting Commission ggg§_go;”h§ye,tﬁemstagutory
aqghgyi;y fof pre-designation of potential sites. However, an on-going
task force is currently investigating the feasibility of pre-designation
of sites and a report should be forthcoming. The task force is also evaluating
both fee simple and development rights acquisition of potential sites.1 The
Commission has a professional staff of approximately 20 people and also works
very closely with the Dep;rtment of Natural Resources and the Ohio EPA. The
Commission is cur;éntly formulating their siting criteria which will include
both economic advantages and environmental considerations, and will emphasize
the impefative need “for openness in ﬁhe entire siting process.

Pennsylvania - Thé Commonwealth of Pennsylvania does not have a

comprehensive power plant siting law. The fennsylvania Department of Environ-
mental Resources has recently completed a Draft Master Environmental Plan

for the Commonwealth which includes land capability planning. During the

1Personal communication, William Blinn, Executive Secretary, Ohio
Poewer Siting Commission, December 15, 1974,

2Ibid.
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1974 legislative session, a siting bill similar to that of Ohio was introduced
. but was not passed. One impediment to state-wide regulation of the siting of
power plants iIs the prevalence of very strong "home rule" philosophy towards

land use planning.1

= The Commonwealth of Pennsylvania currently has a number of environmental

protection and management programs. Under the Pennsylvania constitution, the

State is a trustee of all natural resources. The state is currently utilizing

encroachment on floodplains. All construction projects must comply with the
o PER

¥ .
provisions of the State Erosion and Sedimentation Act. Despite these various

permitting systems, the state feels it needs more control over development;

and land use legislation, including power plant siting legislation, will
probably be introduced in the next legislative session.
‘ Wi;sconsin ~ A one-stop power plant siting bill sponsored by )

Wisconsin Governor Lucey's office was introduced in 1972 but was not adopted
by the legislature. Three more siting bills were introduced in the 1973
legislative session but, again, none were adopted. One of these bills,
Assembly Bill 814, fequired public utilities to submit and get approval
from the Public Service Commission for comprehensive ten-year plans for
future sites and energy production. This same bill received a great deal of
attention during the 1974 legislative session, but the House and Senate
could not agree on certain provisions.

Presently, the Wisconsin Public Service Commisséon exerts a certain
amount of control over power plant siting. Utilities must obtain a_nggiﬁiqate
of Authority from the Commission which includes a need, cost, and reliability

assessment. Further, under the Wisconsin Environmental Protection Act, the

1 o ViLties e )
‘ Personal communication, William Frazier, Department of Environmental
Resources, December 15, 1974.
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Public Service Commission prepares environmental impact statements for
power production facilities and evaluates alternative sites. The Public
Service Commission works closély»w?gﬁ‘yhe_Dgpa;tment of Natural Resources

on these impact statements. The Public Service Commission's environmental
impact statement is a powerful decision-making tool. These impact state-
ments ipclude transmission line corridors and emphasize the impacts on the
environment and land use. Wisconsin does not presently have a one-stop
licensing process, but the Public Service Commission endeavors to coordinate

licensing between themselves and the Department of Natural Resources; and

the Commission does have the final determination in siting considerations.

The Public Service Commission staff utilizes existing information and data
pertaining to environmental impacts, generation alternatives, and siting
considerations where possible. The utilities may be required to collect
additional information. The Public Service Conmission is responsibie for
formulating supply and demand projections. The Wisconsin Department of
Natural Resources is currently responsible for determining the need for
supplemental cooling.

Power plant siting legislation is expected to be introduced during
the 1975 legislative session. This legislation will probably include re-
quirements for ten-year plans and alternative sites, certain energy efficiency
standards, control measures over utilities' research funding, and coordination
of licencing between the Department of Natural Resources and the Public
Service Commission.2 This siting legislation is considered to be more of

a policy tool rather than a one-stop licensing and siting control mechanism.

1 . . . . . ] e
Personal communication, Richard Timm, Wisconsin Public Service Commission,
December 17, 1974.

2Ibid.
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CHAPTER SEVEN

FEDERAL LAWS AND LICENSING PROCEDURES

RELEVANT TO POWER PLANT SITING

Federal Influence in Power Plant Siting

According to Stoel, "The Federal government has asserted only limited
general authority over energy production."1 However, several Federal agencies,
including the Nuclear Regulatory Commission (old AEC), Federal Power Commission,
Environmental Protection Agency, Corps of Engineers, and the Fish and Wild- _
life Service, are involved iq various licensing and permitting programs
" and may influence the location or design of nuclear or fossil fuel plants
and hydroelectric and pumped storage facilities. The following table
presents a summary of Federal statutory authority relevant to power plant
siting decisions. In addition to this, the Corps of Engineers and Bureau
of Reclamation construct and operate hydroelectric facilities.

The landmark piece 6f environmental legislation, the National Environ-
mental Policy Act of 1969 (P.L. 91-190) has exerted a tremendous influence
in eﬁepgy related decision making. The Act’defines, in broad terms, what
the national envi?oﬁmental policy will be, requires certain action by
Federal agencies conducting the programs that significantly affect the
quality of the environment, specifies the mechanism for implementing this
requirement, and establishes the Council on Envirommental Quality to pro-
vide-guidance and supervision with the Act's implementation. The Act hLas
been in effect ﬁor nearly four complete years, with several sets of guide-

lines for preparing environmental impact statements promulgated, and the

lStoel, Thomas, "Energy", in Federal Environmental Law, 1974, p. 961.
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TABLE FOUR

FEDERAL STATUTES AND REGULATIONS

RELATED TO SITINC OF ELECTRICAL ENERGY FACILITIES

Nuclear Power Plants

AGENCY

1)xre

2)NRC

I xre

4) NRC

3) MRC

6) Corps

7)Corps

8)Corps .

9)Corps
10)corps

11)Corps
12)Corps
13)EPA

14)Coast

Guard
15)Coast

Guard
16)FAA

17)USFWS

18)N0AA

PERMIT OR REVIEW ACT CITE
Construction permit Atomic Energy Act 42 USC
1954, See, 103 2133/2134
Operating license " " 42 USC 2134
"Impact statement (EIS) Nat. Env. Policy 42 USC 4332
Act 1969

Limired work authorizatiom
(LWA)

icenses for source, special
auclear, by-product materials

Dredgiag permit-intake & Rivers & Harbors 33 USC 403
discharge facilities Act-1899 Sec. 10 '
Dredging permit-barge " i 33 USC 403
landing facilities

Approval of construction " " 33 USC 403
Permission to install " w

structures passibly hazardous
to navigation

Permission to take soil " b 33 USC 403
samples below mean high
water level " v
Permit for disposal of FWPCA Amend. 33 USC 1344
dredged material 1972, Sec. 404

~Permit for transport of Marine Protection 33 USC 1413
dredged material Act '72, Sec. 103
Discharge peruit FWPCA Amend. 33 USC 1342

1972, Sec. 402

Permit. for construction of
obstructions to navigation

rermit for vessels to
carry explosives

Permicsion to light meteoro-
logicdl towers & structures

Review & ccnmuent on AEC Fish & Wiidlife 16 USC 661
& Corps permits actions Coord. Act 1958

Reviews actions by agerncies
which might atiect marine life, 71

REGS

10 CFR

Appendix D to
CFR part 50

33 CFR 209

33 CFR 209 *

33 CFR 209 )

33 CFR 209

40 CFR 124

33 CFR
126:19
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FEDERAL STATUTES AND REGULATIONS - continued

Fossil Fuel Power Plants

Agency Permit or Review [/ Act

1) Corps Permits for activities in or affecting navigable waters (dredging, structure
installation, etec.)/ Rivers and Harbors Act 1899 _

2) Corps Impact statement (EIS) / National Environmental Policy Act 1969

3) EPA ) Water discharge permit, air emission control (where mnational standards

apply) / FWPCA Amend. 1972, Clean Air Act 1970

4) USFUWS Reviews Corps permit granting actions and recommends stipulations to be
included in permits/Fish and Wildlife Coordination Act 1958

Bydroelectric Power Plants

Agency Permit or Review / Act
1) FeC Issues preliuinary certificates and licenses for construction and operation

of non-federal hydro projects on waters or lands subject to federal
Jurisdiction / Federal Power Act of 1920, amended 1935

2) Fo°C Impact statement (SIS) / National Environmental Policy Act 1969

3) USFWS Provides advice and assistance with regard to proposed FPC certificate
actions and rccommends stipulations

4) Forest Issues permits for use of Forest Service Lands
Service '

Transmission Lines

1) NRC: Considers power line routas in granting construction license

2) FPC: Considers power line routes in authorizing construction of primary lines from
- licensed non-~federal projects on lands subject to federal jurisdicticn C e

3) Forest Service: Grants rights-of-way across land it administers

4) Bureau of Land Manapement: Grants righte-of-way across lands it administers

5) Corps: OGrants permits for stringing of lines across navigable waters

6) FPish & Wildlife Service: Provides advice and assistance regarding proposed
right-of-way granting actions by BLM or Forest Service;
same for Corps permit granting actions

Source: Federal Environmental Law, Euvironmental Law Institurte, 1974.

Draft Report on Power Plant Siting Legislation, New England River Basins Ccmmission,
August 1974.
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Act has been litigated in hundreds of court cases which have yielded diverse
and often conflicting interpretationms.

NEPA has had very far-reaching repercussions upon the manner in which
Federal agencies consider the environmental impact of planning and implement-
ing their programs. The policies stated in the Act are backed by specific

requirements for action, including the Section 102 statements (i.e., Environ-

mental Impact Statements--EIS) which must analyze the environmental consequences

of specific actions. By requiring Federal agencies to use all available means

in protecting environmental values, NEPA has had the effect of reordering

priorities to include environmental considerations and traditiomal economic
benefit cost analysis.

The landmark NEPA case, Calvert Cliff's Coordinating Committee, Inc. v

Atomic Energy Ccmmission resolved several important issues and greatly

influenced Federal energy-related decision making.1 The csurt ordered the
Atomic Energy Commission to give more complete attention to the environment
in its internal review process. The court interpretated NEPA as a mandate

to achieve "a fihely tuned and systematic balancing analysis" in each instance
of the Eis.- In very harsh words, the court said "The Commission's crabbed
interpretation of NEPA makes_a mockery of the Act.”" Further, the court

said, "NEPA was meant to do more than regulate the flow of papers in the
Federal bureaucracy.” The court also stated that "NEPA requires that an
agency must, to the fullest extent possible under its other statutory
obligations, consider alternatives to its actions which would reduce environ-
mental damage." Thus, in very strong language, the court defined the scope

of the NEPA mandates and ordered a powerful Federal agency to comply with

1D. C. CIR. 449 F. 24 1109, 1971.
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them immediately. Other powerful Federal agencies, such as the Corps of
Engineers and the Soil Conservation Service, have subsequently revised
their environmental review précess in accordance with this court decision,
and NEPA continues to exert an influence on Federal decision making.
Energy-related activities have and continue to be influenced by the
Federal_Watér Pollution Control Act Amendments of 1972 (P.L. 92-500) which
defines a national plan for cleaning the country's waters by the early 19805.1
The impacts of thermal discharges from power plants are evaluated by the
Federal Environmental Protection Agency or by an appropriate state agency
‘where the powers under the Act have been delegated to the states. The primary
emphasis of the Act is the control and abatement of polluting discharges
through standards of technological control and of ambient water quality which
will, among other requirements, insure the protection and propogation of a
balanced population of fish and shellfish. Under Section 301 of the Act,
best practicable control fechnology is required Sy July 1, 1977 at point
source discharges, and best available technology is required by July 1, 1983.
the issue of what control technology is appropriate for thermal
discharges has Seén a complex and controversial ome. Recently, the Environ~
mental Prbtection Agency promulgated Effluent Guidelines and Standards which
stipulated that closed cycle evaporative cooling, either mechanical draft
towers, natural draft towers, or cooling pdnds, is currently considered the

best practicable technology.2 The situation is further complicated, huwever,

133 U.S.C. 1151 et. seq.

2U.S. Environmental Protection Agency, "Effluent Guidelines and Standards"
39 F.R. 196, October 8, 1974.
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by Section 316 which makes an exception to this rule with respect to thermal )
N e -

discharge;. Under Section 316, whenever the operator of a power plant can
conclusively demonstrate that a balanced, indigenous population of fish,
shellfish, and wildlife will be maintained in the water body with a greater
thermal discharge than allowed by the general regulations, the Environmental
Protection Agency or the state, depending on which issues the permit, may
allow an appropriately greater thermal discharge. Recent EPA guidelines
state that,1

"Such a demonstration may be accomplished by showing that the
desired alternative effluent limitation (taking into account

the interaction of such thermal component with other pollutants)
will assure the protection and propogation of a balanced, indigenous
community of shellfish, fish, and wildlife in and on the body of
water into which the discharge is to be made.”

According to Clark,2

"In estimating the impact of the 1972 FWPCAA, it is important

to remember that the statute is extraordinarily complex and ')

very recent. Until a background of administrative precedents

are built up in such a law, it is difficult to predict how

particular parts are to be interpretated. The enforcement

and interpretation of the FWPCAA will be further complicated

by the delegation of authority to the states.”
A fairly comprehensive analysis of the amendments is provided in the 'Federal
Water Pollution Handbook: A Citizen's Guide to the Federal Water Pollution
Control Act Amendments of 1972."3 According to an expert in thermal impact
research, a very difficult question raised by the Section 316 exemption will

be the effects of subtle changes which are occurring in aquatic environment

as a result of increased thermal dissipation.h This controversy is by no

1

U.S. Environmental Protection Agency, "Thermal Discharges”
196, October 8, 1974.

» 39 F.R.

Clark, John, Electric Power Plants in the Coastal Zone: Envirommental
Issues, p. VII-1.

3Natural Resources Defense Council, 1973. El

4Personal communication, Dr. Richard Cole, Michigan State University,
December 16, 1974
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means resolved, and certainly will be the subject of continuing dispute
and litigation for years to come.

During 1974, the Energy‘Reorganization Act of 1974 (é;L. 93-438) was
adopted at the Federal level. This Act assigns most of the non-regulation
functions of the Atomic Energy Commission to the Energy Research and
Development Administration. The Act also establishes the Nuclear Regulatory
Commission which will have major responsibilities for insuring the safety
and reliability of nuclear reactors. The main purpose of the Act is to
reorganize and consolidate certain functions of the Federal government in
order to promote more efficient and objective management of energy research and
atomic power regulation. The effective date of this Act is February 11, 1975 and
it is not yet clear what impact this legislation will have on power plant
siting or energy development in the United States.

Under_Section 207 of this Act, the Nuclear Regulatory Commission is
directed to conduct a national survey to locate and idenfity possible
nuclear energy center sites, which are often called "power parks". This survey
is to include a regional evaluation of natural resources, possible environ-
mental impacts resulting from these nuclear energy centers, and consideration
of the use of certain Federally-owned properties for energy centers. This
report is due to be published and transmitted to Congress not later than
one year from the date of enactment of this legislation. The report is to include
the Commission's evaluation of the results of the survey and any conclusions
and recommendations for legislation the Commission deems desirable.

Proposed Federal Power Plant Siting Legislation

Since 1971, several pieces of power plant siting legislation have
been introduced at the Federal levei. The Nixon Administration introduced
HR 5277 as a proposed Power Plant Siting Act of 1971. Provisions of this

bill included the establishment of a single state certifying agency which
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would review ten-year plans and five-year site inventories prepared by
utility companies. The Administrarion's bill did not provide for a one-
stop Federal certification précess, and while the bill stinlated that the
states should have the primary responsibility for power plant siting decisions,
they must follow Federally imposed criteria. Under this proposed bill, the
hypothetical Federal Department of Natural Resources would be given the
major responsibility for administration of the Act, and would also have
the final decision making authority with respect to siting of all types of
electric power plants. Extensive hearings were held on this proposed bill,
as well as three similar Senate bills.l

Several power plant siting bills were introduced in the 1974 legislative
session. Congressman McCormick introduced HR 12283 which included the
following provisions: state review and autﬁority for certificatiéh of
nuclear power plant sites, simplification of the Atomic Energy Commission
liéensing pfocedure, authorization of the AEC to consider and designate
sites in advance of need, and requirement for AEC to make a national survey
of nuclear power park sites. The Federal Energy Administration's draft
"Energy Facilities Siting and Development Act of 1974" contained provisions
for facilitating Federal processing through single composite Federal applica-
tions. This bill also authorized state program development and administrative
grants for management programs oriented to the designation of energy facility
sites and eacourages states to take the initiative in designating sites
suitable for facilities. This bill set would have established a loan fund
for states to borrow money to identify and acquire acceptable power plant

sites. This particular bill, postulated in M. 232, was never introduced to

Committee on Commerce, U.S. Senate Hearings on Power Plant Siting,
April 28, May 15, June 1, 1972.
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Congress, but may receive further attention during the next legislative
1
session.

The future of Federal power plant siting legislation is uncertain
at the present time. New Federal legislation will almost certainly be
introduced in the 1975 session in an effort to simplify the current
licensing morass and encourage states to become actively involved in
siting of power facilities. The current.trend appears to be towards
legislation similar to the proposed National Land Use Planning Act and
the present Coastal Zone Management Act. This type of legislation would
provide funds to states to encourage them to develop power plant siting
planning and ﬁanagement programs. The administration portion of this
type of legislation could conceivably provide Federal funding for acquisition
of power plant sites. In any case, the states will probably retain the

major responsibility for power plant site regulation.

1Coastal Zone Management, November 20, 1974, p. 4.
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CHAPTER EIGHT
COASTAL ZONE MANACEMENT AND POWER PLANT SITING

The Coastal Zone Managenent Act of 1972

Intelligent coastal zone management demands a comprehensive land and
vater resvources planning and policy perspective. The United States Coastal
Zone Maqagement Act of 1972 (P.L. 92-583) provides a medium for achieving
comprehensive management of the valuable coastal zomes in the United States.
The Act provides Federal funding for coastal zone planning and management
program development. The Act strives to strike a balance between the
economic values of the coastal zone and the ecological importance of the
coastal zone. The states are instructed to prepare management programs
vhich minimize ecological damage in the coastal zone, while providing the
opportunities for reasonable economic development and utilization of the
coastal zone. The Act requires that the states include laAds that have
a direct and significant impact on the coastal zone in the management pro-
grams. The waters and cecastal bottom lands designated by the Act are those
that the state has jurisdiction over.

The Act contains several very specific procedural and substantive
provisions. Section 305 of the Act authorizes the Secretary of Commerce
to make annual grants to any coastal state for the purpose of developing a
coastal zone management program. Section 306 authorizes the Secretary to
make annual grants for the administration of the state's coastal zone
management program. Section 312 makes grants available to coastal states
for the cost of acquisition, development, and operation of estuarine
sanctuaries which are to be natural field laboratories oriented towards
ecological research. A state coastal zone management program, under the

provisions of Section 305 (b) must include:
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1. an identification of the boundaries of the coastal zone subject .
to the managcment program; )

2. a definition of what shall constitute permissible land and water
uses within the coastal zone which have a direct and significant

impact on coastal waters;

3. an inventory of and designation of areas of particular concern
within the coastal zone;

4., an identification of the means by which the state proposes to
* exert control over the land and water uses, including a listing
of relevant constitutional provisions, legislative enactments,

regulations, and judicial decisions;

5. broad guidelines on priority of uses in particular areas including
specifically those of lowest priority;

6. a description of the organizational structure proposed to implement
the management program.

Of particular importance to the issue of power plant siting, Section 306 (8)
requires that the management program ''provide for adequate consideration of

the national interests involved in the siting of facilities necessary to

meet requirements which are other than local in nature." Further, Section 307 j)
(e) (1) requires that "Federal agencie< conducting or supporting activities

directly affecting the coastal zone shall conduct or support those activities

in a manner which is to the maximum extent practicable consistent with

approved state management programs.' The states are also required to incor-

porate in their management program the policies of the Federal Water Pollution

Control Act and the Clean Air Act.

Regulations recently promulgated by the Office of Coastal Zone Manage-
ment (N.O.A.A.) have served to further clarify the specific requirements of
the states' coastal zone management programs.l Several sections of these

regulations are directly relevant to the issue of power plant siting and

lU.S. Dept. of Commerce, 40 F.R., no. 6, January 9, 1975, pp. 1683-
1695. . E)

60



its relationship to coastal zone management. Section 923.4 requires that
a comprehensive management program should have considered issues pertinent
to energy generation and tranémission. Section 923.12 contains the require-
ment that the state must develop a procedure for defining "permissible land
and water uses within the coastal zone which have a direct and significant
fmpact upon the coastal waters” which should include an analysis or estab-
lishmenL of a method for analysis of the capability and suitability for
each type of resource and application to existing, projected or potential
uses, as well as an assessment of the environmental impact of these resource
‘uses. Section 923.15 includes the requirement that a state management pro-
gram must consider the siting of facilities which are greater than local
concern. This section specifically includes energy production and trans-
mission facilities, including nuclear, conventional, and hydroelectric power
plants. The regulations state, however,

"The requirement should not be construed as compelling the

states to propose a management program which accommodates

certain types of facilities, but to assure that such national

concerns are.included at an early stage in the states' planning

activities and that such facilities are not arbitrarily ex-

¢luded or unreasonably restricted in the management program

without good and sufficient reasons."
The reguiatgons also suggest that the states should consult with adjacent
and nearby states which share similar or common coastal resources to determine
how regional needs may be met.in siting of faciiities.

These regulations alsc include a discussion of the techniques foi
control of land and water uses which can be utilized by the states in
administration of the management programs. One method would be state

establishment of criteria and standards for local implementation subject

to administrative review and enforcement of compliance at the state level.
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Another mechanism would be direct state land and water use planning énd
regulation which preempts the traditional roie éf local govermment in the
zoning process involving land or waters within the coastal zone. A third
technique would be state administrative review for consistency with the
management program of all development plans, préjects, or land and water
regulations including exceptions and variances with state power of approval
or denfal. Section 923.26 of the regulations specifies that the state may
choose to utilize only one of the techniques, or more than one, or a com-
bination of them in different locations at different times.

An édditional.section of the regulations pertaining to power plant
siting is Section 923.44--App1icabili£y of Air énd Water Pollution Control
Requirements. The state management program must be developed in close
coordinatioﬁ with the planning and regulatory systems being.imélemented
under the Federal-Water Pollution Control Act and the Clean Air Act; The
regﬁlatigns point out that there is a significant opportunity for develop-
ing working relationships between air and water quality agencies and coastal
zone management programs. Several of these opportunities include joint

.development of Sectioﬁ 208 area waste treatment pianning, consolidation of
various regulator? programs, coordination of monitoring and evaluation
activities, and consultatioq regarding state water.quality standards setting.

Y
!The states' management programs should provide for continuing coordination

iand cooperation with air and water programs during program development and
management administration. According to.Reitz, the broad definition of the
terms point source and pollutant under Section 512 of the FWPCAA indicates

that virtually every activity affecting water resources of the coastal zone

will be subject to a state or Federal permit program, and therefore, a
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|significant regulatory mechanism is available to the states.1

Great Lakes States Coastal Zone Management Programs and Power Plant Siting
Issues ~ : - '

During the first year of the coastal zone planning activities, the
seven Great Lakes States involved in coastal zone management are inventorying
their coastal resburcés for oppértunities and constraints to development.
Three main types‘of inventory activities are currently underway. All seven
of the Creat Lakes States are presently analyzing their respective coastal

‘zonés for various land and water resource issues and pressures.2 This
inventory will identify various recreational and development pressures on
the coastal zone and.presents anAexcellent opportﬁnity to assess the magni-
tude of ﬁower plant siting problems. A second type of inventory that all
seven states are currently involved with is a legal and statutory analysis‘
-of state and local control over the coastal zone.3 This inventory will
idegtify existing gaps and overlapping in‘statutory authority, and presents
the oppor:unity to assess the need for additional power plant siting
1egislation; All seven states are also'curréntly involved in a physical
resources inventory of the coastal _zone.4 This coastal inventory will
include both physical and ecological processes and the evaluation of environ-

mentally critical areas, areas of particular concern such as lands subject

Reitz, Arnold, Environmental Planning: Law of Land and Resources,
1974, pp. 2-5.

Illinois, Michigan, Minnesota, New York, Ohio, Pennsylvania, Wisconsin,
Coastal Zone Management Development Program Initial Grant Applications, 1974.

3Ibid.

41pia.
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to erosion or flooding, coastal zone boundapy determination, and historiéal ' 7)?
and cultural features of significant importance. This physical inventory
presents an excellent opportunity to assess the capability and Suitability
of the various sections of the coastal zone for power plant siting considera-
tions. |

The second and third years of the Great Lakes States coastal zone
management development programs will consist largely of formulating the
desired management plan, securing the necessary additional statutory authority
for exercising control over the coastal zone, involving the public in the
planning process and obtaining public support for the management plan,
and organizing and establishiﬁg the necessary institutional méchanism for
implementation of the manageﬁent plan. The State of Michigan intends to
accomplish this manégement program development in two years and the other .
Great Lakes States will utilize the full three yéars authorized in the statute?u V)
Following approval of the management plan by the Sécretary of Commerce, the
states may secure funding for administration of the coastal zone management
program for a period not to exceed five yeays. The intent is to insure the
develbpment and implementation of a viable state coastal zone management
program, rather than the proverbial dust gathering plan which sits on a
sheif.

Thefe is obviously a very direct relationship between coastal zone
management and power plant siting issues. It is still somewhat early,
lkowever; to determine exactly what the precise relationéhips will be. All
of the Great Lakes States are aware of the importance of the power plant

siting problem, and are in various stages of resolving it. The states of

Illinois, Michigan, Minnesota, New York, and Pennsylvania intend to address
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the specific issues of power.plant siting subsequent to the cdmpletion of
their physical and legal inventorying process. The State of Indiana is
not presently involved in coastal zone management, but they are currently
considering submitting a first-year program development grant application.1
The States of Ohio and Wisconsin are analyzing power plant siting issues
in the first ye;r of their respective coastal zone management programs.

The Ohio Power Siting Commission intends to utilize the Ohio coastal zone

_management inventbry information to evaluate various utilities' proposals.

The Siting Commission and the Ohio Shorelands Division will be working

closely to develop power plant siting policies and criteria for the Ohio
coastal zone.3 |
In Wisconsin, the Public Service Commission is currently analyzing
various relationships of powef plgnt siting aﬁd coastal zone management.
Under a contract from the Office of State Planning, lead agency for
coastal zone management in Wisconsin, the Public Sefvice Commission will
éompare key impacts of power plant siting in the coastal zone as opposed
to inland siting}é _The Public Service Commission will also delineate
several élteinative‘power plant siting policies for Wisconsin's coastal
zone. The State of Wisconsin cohsidérs transmissi&n corridor'location to
be an extremely important factor and this will also be evaluated in this

study.

lPersonal-communication, William Watf, Executive Assistant in the
Office of the Governor, December 31, 1974.

2Persona1 communication, William Blinn, Executive Secretary, Ohio
Power Siting Commission, December 15, 1974.

3Personal communication, Gary Turner, Administrator, Ohio Shorelands

. Management Section, October 9, 1974.

Personal communication, Richard Timm, Wisconsin Public Service
Commission, Decomber 17, 1974. o
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Powef plant giting is an extremely jmportant issue in coastal zone
management in the Great Lakes. The states {nvolved in coastal zone manaze-
ment in the Great Lakes are aware of the importance of this problem and

fully intend to address it in thelr management program formulation.
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CHAPTER NINE'-
CURRENT POWER PLANT SITING RELATED RESEARCH
IR THE GREAT LAKES REGION
_A tremendous number of scientists throughout the Great Lakes Regionr
are conducting research programs pertinent to power plant siting issues.
The following sections present a brief overview of these state, Federal,

university, and private research activities.

State Research Activities

AAs discussed ‘in Chapter Eight, seven Great Lakes States are currently
conducting extensive physical resources and legal authorities inventories
in conjunction with their coastal zone management programs. Much of this
information will be directly relevant to power plant Siting issues. 1In
.addition, many state water quality control agencies are currently conducting
thermal impact assessment studies and may be in the process of establishing
thermal discharge standards under the FW?CAA. ‘In conjunction with this
standard setting, many state fisheries divisions are conducting inventories
to determine the matural épecies diversity 4nd abundance conditions of the
fishery resources. |

Several state public service commissions are presently engaged in
various research projects and studies related to power plant siting. The
Wisconsin Public Service Comﬁission is currently studying the impacts of
both coastal and inland power plant siting, and subsequently, will formulatea
several alternative policies for coastal zone péwer plant siting. The Ohio
Pover Siting Commission is currently analyzing the feasibility of pre-
designation of power plant siteé and is considefing both fee simple acquisi-
tion and development rights acquisition. The New Yogk Public Service_Commission

" has recently completed a pilot power plant site survey and tentatively plan to

87



@

survey the remaining portions of the state for potential power plant sites
within the next year.

Federal Research Activities

Several Federal agencies are intimately involved in power plant siting
and related research. The Environmental Protection Agency-~Region V, is
currently sponsoring a Lake Michigan Cooling Water Studies Panel which is

composed of a large number of eminent scientists concerned with various

 aspects of thermal discharges. The Panel is attempting to prepare a com—

prehensive and realistic program which analyzes the effects of cooling water

" "use on Lake Michigan and increases the fundamental ecological knowledge of

e e S |

Ahe region. ~EPA has sponsored a five-year research project investigating
4 .
the utilization of thermal ccoling water for agricultural usage, including
frost protection, undersoil heating, greenhouse applications, double cropping,
plant cdoling, and humidity control.1 The Envircnmental Protection Agency
also sponsors a number of research activities related to thermal dissipation
in the Great Lakes.
' ' The Atomic Energy Commissiom, through its Argonne National Laboratory,
has spoﬁsored se&érél regearch p;ogfams relevant to thermal discharge into
Lake Mich’:‘.génf For several years, Argonne séientists have been analyzing
the radiological and envirommental impacts of thermal discharges from
nuclear power plénts.2 The Eﬁergy and Environmental Systems division of
Argonne National Laboratory haé,ifor several years;rconducted-a research

project which attempts to analyze the cumulative impacts of thermal discharges

1U.S. Environmental Protection Agency, A Demonstration of Thermal Water
Utilization in Agriculture, Environmental Protection Technology Series, '
April 1974,

Argonne National Laboratory, Radiological and Environmental Research
Division Anpnual Report, January-December 1973.
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from power plants surfoundiﬁg Lake Michigan. The project has been concentrating
on the environméntal status of thg Lake Michigan region to establish a

baseline for the overall impact assessment. The soils, earthquake history

and measurement, and mammals of the Lake Michigén region have been compiled

and reports published during 1974, Various Argonne scientists have been
involved in thefmal plume analysis and thermal effluent modeling studies

in recent yeafs.1 Argonne National Labbratory is currently involved in

an Energy Regional Studies Program sponsored by the Atomic Energy Commission.

This program will focus on an assessment of healtlh and environmental impacts

associated with energy resource. development, energy facility siting, aﬁd
operation. The program is just now getting underway, but preliminary
indicétions are that this may.be a very useful endeavor,

Thé/égﬁncil on Environmental Quality has sponsored several investigations
of importance to energy issues in the Great Lakes. CEQ sponsoréd the develop-
ment of a data base which quantifies the eﬁvironmental effects of each component
of a large number of energy systems, and the comparative energy systems |
efficiency. Thi;'Qata base is called MEREs; which stands for Matrix of
Environméptai Residuals for Energy Systems. The Council also has recently
formulated their Half and Half Pian, which attempts to establish a2 national
energy plan which emphasizes energy conservationﬂ improved efficiency,
elimination of waste, and environmental protection. The plan calls for

half the per capital rate of growth in energy consumption to be coupled

with the energy conservation program.

1Tokr, J. V., Thermal Plumes in lakes: Compilations of Field Experience,
Argonne National Laboratories, August 1971, and Policastro, A. J., Heated
Effluent Dispersion in Large Lakes: State of the Art in Analytical Modeling,
Argonne National Laboratories, January 1972. '

2Council on Environmental Quality, Fifth Annual Report, December 1974.
pp. 475-477. | :




The United States Department of the Interior Fish and Wildlife Service
is ;urrently involved in seve§a1 energy related research activities. The
%q:h and Wildlife Great Lakes Fishery Laboratory, located in Ann Arbor,
Michigan, is investigating the impacts of temperature and food availability
on the growth of Coho salmon, respiratory and metabolic impacts of thermal
discharges, fishes attraction and avoidance of thermal discharges, impacts

of temperature increases on survival of éggs and fry‘of~Lake Trout, and

-

e

several other general fisheries.research studies. ~ The Great Lakes Environ-
mentai Research Laboratory (N.0.A.A.) also located in Ann Arbor, is'respbnsiblé
for a tremendous amount of limmological research, modeling éfforts, and CGreat
Lakes ecological studies, many of which are directly relevant to thermal
iﬁpact assessmént. The Great Lakes Environmental Research Laboratory is
also the lead U.S. agency in the International Field Year on the Great Lakes
Study of Lake Ontario, im which a tremendous amount of 1imﬁological and oo }>
ecological information was collected and is currently béing analyzed.

The Canadians are also involved in research activities relevent to
power plant siting issues. Scientists at the Canada Center for Inland Wéters
in Burlington, Ontario, are conducting extensive research into vafious physical
and ecological impacts of thermal dissipation and power plant entrainment.
At the present time, ho&ever, the data is eifher incompletely analyzed, or
Suffefing from a laék of research during certain eritical periods.l In the
near future, however, more definitive results of CCIW's waste heat research
should be available.

During March of 1975, the second Interagency Committee on Marine Science

and Engineering (ICMSE) Conference on the Greét Lakes will be held. The

1Per.sonal communication, Dr. J. R. M. Kelso, Canada Center for Inland ) »
Waters, December 4, 1974, : j)
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principal emphasis of this conference will be energy related research activiﬁies
in the Great Lakes. The tépics to be considered at the conferencevare: sources
and emissions, atmospheric :r;nsport and removal processes, aquatic transport
and removal processes, ecological impacts, and effluent control technology.

This conference will include the participation of many scientists and managzers
concerned with envirommental impacts of energy production and thermal dissipéw
tion an& should provide a tremendous amount of»valuable-information.

University Research Activities

A number of universities, including three of the four Great Lakes Sea

Grant institutions, are involved in power plant siting research activities.
The University of Wisconsin Sea Gramnt Program has five electric power research
studies presently underway. These studies are principally concerned with the
physical characteristics and biological impacts of thermal plumes. The
sedimentation and ercsion caused by a nuclear power plant has also been the
subject of a research study in the Wisconsin Sea Grant Program.1 Aerial
remote sensing of thermal pollution in Lake Michigan has been the subject
of a University of Wisconsin Institute for Environmental Studies research

R 2
project. -
. vl

Dr. John Ayers of the University of Michigan Great Lakes Research
,Division'has conductad extensive research investigations into the impacts
of thermal discharges in the Great Lakes. Researchers at the University of
)

Michigan Sea Grant Program are conducting various research projects in

Lake Michigan, Saginaw Bay; and Grand Traverse Bay, which include modeling

-

lPezzetta, John M.; "Sedimentation Off the Kewaunee Nuclear Power
Plant”, University of Wisconsin Sea Grant College Program, Technical Report
No. 221, March 1974. :

2Green, Theodore, "Thermal Plumes .in Lake Michigan', Great Lakes Basin
Commission Communicator, December 1973, p. 5.
e
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efforts, ecological gnalysis, and limnological studies, which could prove to
be very valuable for thermal impact assessment. Researchers at the Univefsity )
of Michigan Coastal Zone Labofatory are presently anaiyzing-a wide variety of
coastal processes. | ’

Scientigts~in the ﬁg;lYork Sea Grant Program are involved in several
studies reievant to power plant siting on Lake Ontario. Studies currently
underway include an assessment of state policies pertaining to power plant
siting, social-legal and organizational dilemmas in power plant siting,
environmental protection and regional economic growth regarding coastal zonme
power plants, and modeling and analy;ié of systems to utilize heated effluents.
Another very interesting feséarch project, due to be éompleted in Septembér
of 1975, is the multiple utilization of power plant buffer zones and trans-
mission corridors.1 Also scheduled fér completion in September 1975 is a
"study inveclving modeling of biological impacts of thermal discharges in ' })
Léke Ontario. Many of these thermal impact'studies conducted on Lake )
Ontario should be applicable to the other Great Lakes.

Private Research Efforts

Many private ‘entities are involved in studies relevant to power plant
siting issues. Many private utilities conduct extensive site inventories
and environmental impact assessments. In addition, utilities frequently
contract with universities for environmental impact assessments or thermal

_ v . .
research. As an example, Consumers Power Company is contracting with

- Michigan State University in a three-year study to determine the feasibility

1New York Sea Grant Program, Annual Report, 1973-1974, pp. 31-47.
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of waste heat utilizégion in agriculture, Detroit Edison is also contracting
with Michigan State University in a five-year ‘study to determine the environ-
mental impacts of thermal discharges into the west end of Lake Erie. E;;eral
Electric Company, undef a National Science Foun&ation grant, 1s conducting
an electric generating plant siting study involving dispersed sitiﬁg and
energy parks. The intent of this study is to compare the environmental
impacts and economics of these two forms of power plant siting. This study
is due to be completed in March of 1975. |

Thé/§;§ironmental Research Institute of Michigan, a noﬁ¥§rofit private
corporation, has conducted extensive research into the use of multi-spectoral
scanning and remote sensing of thermal discharges.b In a study sponsored by
the Michigan Department of Natural Resources, ERIM monitored thermal plumes
at selected locations in the southern peninsula of Michigan during several
seasons of the ?ear.l ERIM has also utilized remote sensing technolegy in
a number of coastal zone studies and limnological studies associated with
the IFYGL project.

Consulting firms represent another so&rce of environmental research
and technelogical development relevant to'power plant siting issues. Frequently,
consulting firms, as a result of contracts with utilities, develop

sophisticated environmental impact assessment and power plant siting selection

methodologies.  In addition; several consulting firms are considered to be leaders.
in the fieid of transmission corridor selection. The intense competition

among consulting firms frequently results in innovative techmological and
metﬁodological developments which leads to an ovcrali improvement of the

quality of environmental impact assessment and power plant siting decisions.

lEnvironmental Research Institute of Michigan, Power Plant Discharges
and Thermal Anomalies in Southern Michigan--Project Summary, March 1974.
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CHAPTER TEN
CONCLUSIONS AND RECOMMENDATIONS
Conclusions

Projections for future energy réquirements necéssitate increases in
energy production. Power plant siting issues, one facet of this increased
energy productién, represent extremely complex natural resources and social .
conflicts and problems. Increased energy producéion frequéntly causes
tremendous aquatic, terrestrial, meteofological, social, and economic impacts.
_ However, rational solutions for these energy related problems exist inbintelli—
gent siting and design of electric géneration and transmission facilities to
ninimize environment;al impact. Further, once-through cooling systems should‘
not be arbitrarily eliminated in the Greatvlakes. The thermal aséimilative
capacity of the Great Lakes is a resource and should be utilized provided
that no sigrnificant detrimgntal eavironmental degradation occurs. It should
be recognized that once—through cooling may have the least environmental
impaqt, and certainly has the least economic and energy cost of the alternative
cooling. syst.ems 'jar'gsently. available,

In'ordér to gécommodate reasonable increases in énergy production and
yet assure the maintenance and ehhanecment of a high quality environmcht,
while minimizing conflicts in land and water resource utilization, we must
acceleréte planning and policy implementation. A combination of intelligent
water and land resource planning and ﬁanagement, including power plant siting
and thermal impact analysis and monitoring, coupled with more efficient.energy
production and energy conservation methods, will facilitate the attainment of
thgse goalé. State power plant siting legislation and coastal zone management
programs repiesent viable mechanisms for conducting the requiredbplanniﬁg '

and management actions. It is of the utmost importance that these programs
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and planning activities be initiated at the present time while the greatest
number of possiblé alternatives is still available.

Recommendations

1. A national .energy policy which includes energy conservation measures,
comparative analysis of the relative environmental impacts and energy syétems
effiéiency'of alternative methods of energy production, and total benefit-
cost accounting is urgently needed at the present time to serve as a frame-
work for energy planning and policy formulation.

2. Investigation into the feasibility and economics of the so-called
"clean" p@wer sources such as solar energy should be acceleratea. Further,
cities should be encouraged to engage in solid waste management and resource
recovery programs designgd to utilize "'garbage™ as a supplemental source of -
energy production. In addition to reseérch into alternative energy sources,
the beneficial use of waste heat should be further investigated.. As in the
case with solid waste management programs, waste heat from power plants should
be viewed as a resource rather than an environmental liability.

3. Energy.related planning and policy making in the Great Lakes requires
a regional planning and policy perspective and analysis. Therefore, a

regional energy planning and policy study should be initiated which would

include regional energy supply-demand projections, cumulative-lakewide thermal .

impact assessment, coordina;ibn of existing research programs and state and
Féderal policies and licensing procedures, and regional reliability planning.
Representatives of the Great Lakes States, Fedéral agencies, universities,
and utilities should be involved in this study.

4. The Great Lakes States should consider the desirabiiity and political
feasibility of enacting power plant siting legislation which is similar to thé

comprehensive Maryland siting program,
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5. Presently, the uncoordinated and time-consuming process of obtaining
licenses and perﬁits, coupled with conflicting governmental authorities,
represents a formidablé obsﬁaﬁle to power piant construction. There is an
urgent need to coordinate this power plént licensing at both the state and
Federal levels. Thié licensing coordination could be conducted as part of
the regionél energy planning study and as a facet of state power plant éiting
legislaiion.

6. The Great Lakes States should consider power plant siting issues
in the early stages of their coastal zone manaéement program formulation.

The state coastal zone management divisions should also develop a close
working relationship with their state public service commissions to facilitate
cooperative and coordinated power plant siting policy formulation.

7. To enable accurate cumulative thermal impact assessment in the
Great Lakes, the thermal assimilative capacity of the Great Lakes must be
determined. It is conceivable that this information could be derived from
existing data and research sﬁudies, but additional research may be required.

8. Power plants should be prohibited from certain environmentally |
critical areas such as wetlands, prime breeding habitats, and valuable
estuarine regions. Power plants should be sited in areas most capable of
assimilating the additional environmental stresses with the least ecological
damage.

9. Power plant design and engineering must be improved to minimize
environmental impacts. This should include: intake and outlet structural design
and location to reduce organism entrainment and impingement; reduced volume and
flow rates of cooling water intake; utilization of mechanical devices,rather thaﬁ
" chlorinated compounds, to reduce organism fouling; and increased atmospheric -

dispersion of thermal discharges.
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the-Art in Analytical Modeling, Argonne National Laboratory, January
1972,

Poleyn, Fabian, Env1ronmental Research Institute of Michigan, personal
communication, July 18, 1974

Reitz, Arnold, Environmental Planning: Law of Land and Resources, North
American International 1974.

Rinder, Herbert, Federal Power Commission, personal communlcat:.on, December'
13, 1974

Smith, Halden Commonwealth Associates, Inc., personal communication,
December 18, 1974. . .

Sollars, Scott C., "Nature's Dynamics: An Elevated Perspective", Water
Spectrum, Volume 5 No. 4, 1973. S

Southern Interstate Nuclear Board, Power Plant Siting in the United btates,
September 1974, : . '

Stadelman, Joseph, "Floating Nuclear Plants—-A Case in Point', in The
Coastal Imperative: Developing a National Perspective for Coastal -
Decision .Making, U.S. Government Pr1nt1ng Office, September 1974,

,Steward Ronald, "Helping Power to be a Good Neighbor", N.0.A.A., Offlce

of Public Affalrs, April 1974.

Stoel, Thomas, "Energy", in Federal Envlronmental Law, Env1ronmental Law _
Institute, West Publishing Company, 1974,

Tiom, Richard Wisconsin Public Service Commlssion, personal communication,
December 17, 1974

Tokar, J. V., Thermal Plumes in Lakes: Compilations of Field Etperience
Argonne National Laboratory, August 1971. :

Turner, Gary, Administrator, Ohio'Shorelands Management Section, personal
communication, October 9, 1974.

U.S. Atomic Energy Commission, Regulatory Guide, General Site Suitability .
Criteria for Nuclear Power Stations, 4.7 Draft, September 1974.
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79.

80.

81.

82.

83.

84,

85-’

- 86,

87.
. 88.

89.

90.

9l.

92.

93.

94,

u.s. Atomic Energy Commission, A Survey of Unique Technical Features of ,,,,, %
the Floatij Nuclear Power Plant Concegt March 1974. v ' )

U.S. Council on Environmental Quality, Energy and the Environment-—
Electric Power, August 1973,

V.8, Council on Env1ronmental Quality, Fifth Annual Report U S. Govern-

ment Printlng Office, December 1974.

U.S. Council on Environmental Quality, "Guidelines for the Preparation - —
of Environmental Impact Statements", Volume 38, Federal Register,

Monday, December 10, 1973.

U.S. Department of Commerce, N.0.A.A., Coastal Zone Management Program
Administrative Grants, Volume 40, F.R., No. 6, January 9, 1975.

U.S. Department of the Interior, Federal Water Quality Adm1n1stration,
Feasibility of Alternative Means of Cooling for Thermal Power Plants
Near Lake Michigan, 1970..

U.S. Departmént of the-Interior, Fish and Wild Life Service, Physical
and Ecological Effects of Waste Heat on Lake Michigan, 1970.

U.S. Envircnmental Protection Agency, A Demonstration of Thermal Water

Utilizatlon in Agriculture, Environmental Protectlon Technology Series,
April 1974 : :

U.S. Environmental Protection Agency, "Effluent Guidelines and Standards™,’ ,-]3
Volume 39, F.R. 196, October 8, 1974. '

U.S. Environmental Protection Agency, "Pfoceedings in the Matter of
Pollution of Mt. Hope Bay and Its Tributaries", Volume 2, 1974.

Walker, William R. and Cox, William E, "Legal Aspects of Water for Coal
Gassification', Proceedings of the Workshop on Rsearch Needs Related'
to Water for Energy, Water Resources Center, University of Illimecis
at Urbana-Champaign, November 1974 '

Warner et. al., "A Review of Env1ronmenta1 Impact Assessment Methodologies™, -
April 1974 : S

Watt, Wllliam, Executive Assistant in the Office of the Governor, State
~ of Indiana, personal communicatiou, December 31, 1974. -

Way, Douglas S., Terrain Analysis, Dowden, Hutchinson, and Ross, Inc.,
- 1974, v .

Williams, J. S. and Spigel, S., Socio-Economi¢ Impact of Estuarine
Thermal Pollution, 1974.

Wisconsin, State of, Coastal Zone Management Development Program In1t1a1
Grant Application, 1974.
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