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FOREWORD 

At best, any cool used for environmental assessment involves 
subjective judgments. The proposal to use the Index of the Composite* 
Environment (ICE) as an environmental assessment tool does not arise 
because of the anticipation that subjectivity can be averted. What we 
hope to provide is a systematic assessment method that will enable chose 
concerned with fair assessment to see where the subjective judgments are 
made, how they affect the environmental balance, and whether they are 
rational. The method will hopefully provide a means for the layman who 
must ultimately make environmental judgments to cope with both the 
environmental technology and the jargon which has evolved over a short 
time from a wide variety of overlapping technologies and sciences-
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INDEX OF THE COMPOSITE ENVIRONMENT (ICE): 
A BASIS FOR EVALUATING ENVIRONMENTAL EFFECTS OF 

ELECTRIC POWER GENERATING PLANTS IN RESPONSE TO NEPA 

Abstract 

A method of evaluating the environmental impacts of 
electric power generating plants that can be correlated 
with economic considerations for environmental analysis 
is developed in this study. The impacts, having no com-
mon set of measurement units, are quantified by using an 
index of the composite environment (ICE) to measure the 
environmental effects. The ICE values can be varied by 
using engineering alternatives as a means of controlling 
potential damage when the environmental effects warrant 
amelioration. A monetary benefit-cost analysis is per-
formed in parallel with the ICE by using busbar electric 
power costs as the value basis and varying these costs 
by selecting engineering alternatives. The ICE values 
and the benefit-cost values are paired to show the incre-
mental monetary effect of a change in the ICE resulting 
from the use of an alternative. The result is an eco-
nomic quantification of the ICE that can be used to sat-
isfy requirements of the National Environmental Policy 
Act. The ICE is oriented to the needs of regulatory 
agencies that must provide detailed environmental impact 
statements to show how environmental effects have been 
assessed: 

1. INTRODUCTION 

The National Environmental Policy Act (NEPA) of 19691 has introduced 

a new dimension to the decision process related to federal actions. The 

stated purposes of NEPA are as follows. 

"... to declare a national policy which will encourage produc-
tive and enjoyable harmony between man and his environment; to 
promote effects which will prevent or eliminate damage to the 
environment and biosphere and stimulate the health and welfare 
of man; to enrich che understanding of the ecological systems 
and natural resources important to the nation; and to estab-
lish a Council on Environmental Quality." 1 
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While all federal agencies have found NEPA to require that unusual 
attention be given to matters outside their normal province, the need is 
especially acute in the Atomic Energy Commission's (AEC) licensing process 
for nuclear electric power plants. Essentially, NEPA requires that every 
important federal action be examined with respect to environmental impacts 
in the broadest sense and that a reasoned basis for attaining "enjoyable 
harmony between man and his environment" be shown. The AEC response to 
NEPA has resulted in a widespread call for suitable methodology capable 
of dealing with the very complex safety, e c o l o g i c a l a n d economic consid-
erations related to nuclear electric power generation and its alternatives 
in accord with NEPA requirements. The AEC approach to environmental 
evaluation has been to use benefit-cost analyses to show how environmental 
effects are harmonized with respect to various alternatives. 2 Both 
monetary and non-monetary factors are evaluated in these analyses. 

Benefit-cost analysis techniques are difficult to apply for environ-
mental analysis purposes because the recipients of benefits and the 
bearers of costs often come from different sectors of society. The 
benefits and costs cannot therefore be summed in such a way that a 
single net difference can be used to determine the most desirable alter-
native. Hence, the AEC benefit-cost approach is currently used only in 
a qualitative sense, mainly to identify the costs and benefits for the 
purposes of determining their sensitivity to various alternatives. 

This study was undertaken primarily for the purpose of developing 
a systematic methodology for the quantification of environmental effects 
resulting from the construction and operation of nuclear electric power 
generating plants. To serve this purpose, a method is needed to 
correlate environmental costs with the monetary costs of electric power 
generating systems. 
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2. HISTORICAL BACKGROUND 

Before the enactment of NEPA, the AEC as a regulatory body was under 
no statutory obligation to be concerned with the adverse environmental 
effects resulting from the operation of nuclear power plants. Under the 
Atomic Energy Act of 1954, 3 the direct regulatory responsibility of the 
AEC is limited to nuclear-related regulations. The Commission's main 
concern has therefore been with the environmental hazards of radionuclide 
effluents. Aside from radionuclides, the most important non-monetary 
environmental effect of nuclear power plants is the thermal-hydraulic 
effect on water and air. Environmental quality standards for water and 
air being established in many scate:; are enforced by other public agencies. 

With the passage of the National Environmental Policy Act of 19691 

and the subsequent Calvert Cliffs interpretation,4 the AEC recognized a 
need for rigorous evaluation of environmental effects related to nuclear 
power plant licensing that extended beyond the assurance of public safety 
protection from radionuclide hazards. While the regulatory powers of the 
AEC were not extended by the Calvert Cliffs decisions, the obligations of 
the AEC in granting a nuclear power plant license were redefined to 
require a careful examination of all environmental effects and a finely 
tuned and timely evaluation of alternatives to assure a reasoned environ-
mental balance. Before granting either a construction permit or an 
operating license or even making a regulatory ruling relative to a 
proposed plant, the AEC must first show compliance with the NEPA by 
developing a detailed environmental statement indicating how the 
purposes of NEPA will be implemented throughout the exercising of its 
regulatory responsibilities. 

The detailed environmental statement required by NEPA for any major 
federal action affecting the quality of human environment must include 

1. the environmental impact of the proposed action, 

2. any adverse environmental effects which cannot be avoided should the 
proposal be implemented, 

3. alternatives to the proposed action, 
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4. the relationship between local short-term uses of man's environment 

and the maintenance and enhancement of long-term productivity, and 

5. any irreversible and irretrievable commitments of resources which 

would be involved in the proposed action should it be implemented.1 

Implications of NEPA Requirements 

The requirements of NEPA are directed toward striking a balance 
between long-term social benefits from actions affecting the environment 
and the resulting environmental degradation. When conflicts between 
environmental values and other values result from a proposed action, 
NEPA requires that environmental quality be maintained. The Calvert 
Cliffs interpretation 4 demands consideration of alternatives to a 
proposed action that account for those factors affecting the "harmony 
between man and his environment." If no suitable alternatives exist 
that would avoid the adverse environmental effects of a proposed action, 
the proponents of the action must show that the long-term social bene-
fits of the action outweigh the long-term environmental costs. In 
doing this, the environmental effects must be minimized by timely con-
sideration of alternatives. 

Thus, the requirements of NEPA extend the decision-making process 
beyond conventional monetary economic considerations. Where previously 
;he suppliers of electrical power were governed in their decisions mainly 
'sy financial considerations and influenced only by coercive forms of 
regulation, a broader form of decision evaluation is now required. Such 
•an evaluation cannot be divorced from monetary economics, but non-
monetary and even non-quantifiable factors must be integrated with 
Taonetary considerations. Market imperfections, economic externalities 
•.associated with both production and consumption, shifting value criteria 
,:or non-monetary considerations, cultural viewpoints, and technological 
changes affecting both resources and energy availability must all be 
factored into the economic decision. The addition of new environmental 
requirements associated with the previously uncontrolled use of land, 
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air, and water further complicate the selection of a proper economic 
decision that is in accord with the requirements of NEPA. 

For AEC regulatory purposes, the problem is mainly one of integrating 
electric power economics with the AEC environmental responsibilities under 
NEPA. The need is to show that all environmental effects resulting from 
a proposed action or from alternative actions directed toward eliminating 
or minimizing adverse environmental effects have been assessed with due 
consideration to monetary economics. Much of what appears necessary 
under NEPA is already a part of the electrical utility decision process, 
but the requirements of NEPA demand that the provincialism associated 
with electrical power franchise not be allowed to bias decision actions 
in an environmentally undesirable way. All of these considerations are 
addressed in the AEC environmental statements, but the included benefit-
cost analyses do not provide a quantification basis that is well suited 
to the balancing requirements of NEPA. For our purposes, these require-
ments may be thought of in terms of two functions: (1) the balanced 
control of environmental effects through the use of technological 
options to attain the least damaging environmental alternative and 
(2) the evaluation of non-monetary environmental effects and monetary 
economics necessary for application of the social balancing test 
required to show that social benefits outweigh social costs. 

Benefit-Cost Analysis 

In the AEC's application of benefit-cost analysis, attention is 
directed toward monetary economics; useful commodities, of which 
electrical energy is the most important; non-monetary environmental 
factors; and by inference, public health and safety. Benefit-cost 
analysis has traditionally been used to evaluate economic investor 
decisions, but the AEC's application is more comparable to the recent 
usage to measure the relative value of alternative courses of public 
action. 5 Examples of this recent use include determination of whether 
public funds invested in welfare would be better spent on job training 
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or child education and whether one type of weapons system would provide 
better defense return per unit of public funds expended than another. 

Since the usual terms of value are monetary, the measurement of 
benefits and costs is normally converted into monetary units. However, 
some recent views 6 of benefit-cost analysis have tended to belittle its 
usefulness because the monetary scale of values is narrowly conceived 
and the results are often interpreted in a distorted form to affirm a 
preconceived course of action. While much of this criticism is warranted, 
the method is faulty only when it lacks a suitable value basis. In some 
form, benefit-cost analysis provides the basis for all rational decisions. 
In using the benefit-cost approach for environmental analysis of electric 
power alternatives, the basic need is to establish a value system appro-
priate to the application. 
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3. ENVIRONMENTAL QUANTIFICATION 

The need for a quantitative basis for assessment of environmental 
effects was emphasized by the Council on Environmental Quality in its 
third annual report. 7 A number of techniques for quantification are 
conceivable to provide a basis for consideration of both monetary and 
non-monetary values. Where life survival is the main consideration, 
the impact on human environment could be measured as a damage function. 
When the issue is environmental improvement, an enhancement factor could 
be applied. Such approaches require a cause and effect relationship 
that is usually complex and necessarily deals with only a narrow range 
of values. For example, it might be relatively simple to determine the 
damage function for S 0 2 concentration in the air to fjrest damage, but 
it would be extremely difficult to correlate effluents from all fossil* 
fuel energy sources with pine forest health throughout continental 
North America. Importance of the damage, proximity of the environ-
mental hazard, and complexity of control actions could all influence 
the problem. Nevertheless, the AEC demands quantification of environ* 
mental effects as a basis for its regulatory actions. 

As of August 1972, nuclear power plant license applicants are 
required to provide information on environmtntal effects in a format 
established by the AEC. e The environmental effects,, as given in 
Table 1, are classified according to their impact on land, air, and 
water with reference to chemical, biological, human, and cultural 
values. The format provides for both quantitative and qualitative 
assessment of impacts. This format encourages quantification wherever 
possible but does not demand any common value basis. While the approach 
is realistic in recognizing that all environmental factors cannot be 
converted into an equivalent-value basis, it begs the question of how 
to balance the environmental factors in accord with NBPA's interest in 
harmony between man and his environment. The evaluator is asked to 
judge the most favorable balance of environmental factors from the 
alternatives presented for consideration. 
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Table I. Quantitative and Qualitative Environmental effects 

Q u a n t i t a t i v e E f f e c t Unit of Measurement 

N a t u r a l S u r f a c e W a t e r B o d y 
1 4 Cooling-water Intake structure 

l . M Fish 

1 . 2 P a s s a g e t h r o u g h t h ® c o n d e n s e r a n d 
retention in closed-cycle cooling 

1.2.1 Primary producers an4 consumers 
1.2.2 Fish 

1 . 3 

1 . 4 

Discharge area and thermal plume 
I.J.I Water quality, physical 

Oxygen avafi lability 
biota 

Wildlife, including birds, 
a m p h i b i o u s 

and reptiles 
Fish, migration 

Chemical effluents 
1.4.1 Water quality, chemical 

Aquatic biota 
Wildlife, including birds, 
aquatic & amphibious mammals, 
a n d r e p t i l e s 

1 , 5 

1.3.2 
1 . 3 . 3 
1.3.4 

1.3.5 

1.4.1 
1.4.-3 

1 . 4 ^ 4 

Radionuclides discharged to water body 
l.S. I Aquatic, organisms 
1.5.2 People, external 
1.5.3 People, ingestion 

Consumptive use (evaporative losses) 

1 . 6 + 2 

1.6 

G r o u n d w a t e r 
2.1 Raising/lowering of groundwater levels 

2.1.1 People 
2.1.2 Plants 

2.2 Chemical contamination of groundwater 
(excluding salt) 
2.2.I People 
2-2.2 Plants 

2.3 Radionuclide contamination of ground-
water 
2.3.1 People 
2.3.2 Plants and animals 

Fish/year killed 

Number/year 
Number/year 

Acres acre-ft 
Acre-ft 
Number/year 
Acres 

Number/year 

Acre- ft 
Number/year 
Acres 

tJscr-days lost 

Han-rem 
Man«rem 
Man-rem 

Gal/year 
Acre-ft/year 

Gal/year 
Acres 

Gal/year 
Acres 

Han-rem/year 
Rad/year 
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Table I (continued) 
Quantitative Effect Unit of Measurement 

3. Air 
3 * 1 

3.2 

3,3 

Fogging and icing caused by evaporation 
and drift 
3.1.1 Ground transportation 
3.1.2 Air transportation 
3.1.3 Water transportation 
3.1.4 Plants 

Chemical discharge to ambient air 
3.2.1 Air quality, chemical 
3.2.2 Air quality, odor 
Radionuclides discharged to ambient air 
3.3.1 People, external 
3.3.2 People, ingestion 
3.3.3 Plants and animals 

Hours/year 
Hours/year 
Hours/year 
Acres 

Pound/year 
Statement 

Man-rem/year 
Man-rem/year 
Rad/year 

4. Land 
4.1 Salts discharged from cooling towers 

4.1.1 People 
4.1.2 Plants and animals 
4.1.3 Property resources 

Qualitative Effect 
5 Water 

5.1 Plant construction 
5.1.1 Water quality, physical 
5.1.2 Water quality, chemical 

6. Land 
6.1 Site Selection 

6.1.1 Land, amount 
6.2 Construction activities 

6.2.1 People, amenities 
6.2.2 People, accessibility of 

historical sites 
6.2.3 People, accessibility of 

archaeological sites 
6.2.4 Wildlife 
6.2.5 Land, erosion 

6.3 Plant operation 
6.3.1 People, amenities 
6.3.2 People, aesthetics 
6.3.3 Wildlife 
6.3.4 Land, flood control 
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Table I (continued) 

Qualitative Effect Unit of Measurement 
6 .4 Transmission route selection 

6*4.1 Land, amount 
6*4.2 Land use and land value 
6.4.3 People, aesthetics 

6 .5 Transmission line construction 
6.5.1 Land adjacent to right-of-way 
6.5.2 Land, erosion 

6 .6 Transmission line operation 
6.6.1 Land use 
6.6.2 Wildlife 

6 .7 Transportation of fuel and effluents 
6.7.1 Transportation 
6.7*2 Handling of wastes 

The difficulty of balancing can be appreciated by considering only 
a few of the items in Table 1. Item 1.1 identifies fish-kill effects 
resulting from the performance characteristics of the cooling water 
intake structure to be reported as pounds of fish killed per year or 
percent of the fish population affected. Item 1.5 quantifies radiation 
effects in man-rem per year without interpretation of mortality effects 
or genetic considerations. Certain effects on water, as given in items 
5 and 6, are reportable only in qualitative form without numerical values. 
Since there are no common units of value for the above items, a direct 
summation for balancing purposes is impossible. 

The difficulty is compounded by the fact that even when •/ .'nerical 
values are required, the data needed to provide such values are often 
meager, of uncertain reliability, and difficult to interpret. Frequently, 
all that the license applicant can offer is a plan to develop the data 
after the license has been granted and the power plant placed in opera-
tion. The lack of information can hardly be a rational basis for denying 
or controlling licensing actions. In many cases, the lack of data stems 
mainly from the insignificance of the environmental effect. In other 
cases, the effect can be controlled by operational provisions and all 
that is needed is a commitment by the applicant to exercise suitable 
care. 
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Thus, the quandary of the evaiuator has to be resolved by establishing 
some meaningful way of determining the equivalence of these factors. The 
evaiuator needs a mean-5 of understanding the importance of an effect, its 
magnitude, and its controllability. He needs to know this for each 
alternative under consideration. Where he has uncertainty about such 
knowledge, he must take the risk of error into account. 

A simple quantification approach that has been used for some environ-
mental control purposes is to assume a linear relationship between damage 
effects and causal factors end assign & monetary value to the damage 
based on the cost- of removal of the causal factors, This method is now 
being applied to municipal sewage treatment and does provide a value 
basis for regulatory actions. Unfortunately, it is arbitrary and provides 
no means for dealing with value assessments that may arise from alterna-
tive actions when a variable level of environmental damage may be 
tolerated. It is really only a means of defining how public funds may 
be recovered from private users of public facilities. It would be 
totally ineffective where a variety of causal relationships have to be 
satisfied and where the public is both the recipient of the damage and 
the bearer of ultimate economic costs. 

A more refined approach to value judgment has been suggested by 
Battelle Memorial Institute,9 With this approach, a set of qualitative 
factors is used to describe the relationship between various environ-
mental effects. The approach deals with a variety of human and ecological 
considerations. It identifies such diverse interests as endangered 
species, cultural views (human and aesthetic), mood-atmosphere, life 
patterns, and so on, that are normally beyond conventional economic 
consideration. It brings a different and highly useful perspective to 
evaluation of specific sites where environmental considerations are 
important. The effects are evaluated in terms of magnitude and impor-
tance. The evaluation is organized inco a matrix form that provides a 
cross relationship between environmental factors. In simplified form, 
it has been used t«-> evaluate engineering alternatives for one power 
plant site10 where alternatives were correlated with a form of 
economic analysis. As applied thus far, the method does not bring a 
sense of economic proportion to the environmental analysis that is so 
necessary for balancing purposes. 
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Several agencies have attempted to use environmental indices as a 
measure of environmental impact. Air pollution effects are now reported 
in this form, and the approach has been considered for measurement of 
water pollution, pesticide distribution, land use, wildlife protection, 
and toxic hazards. In most cases, an index is used to gauge a limited 
range of factors without direct correlation to broader environmental 
considerations or to economic factors. In theory, however, an index 
could be used to deal with all environmental matters on a common value 
basis. But to be useful, it would have to be meaningful to all who must 
interpret it. 

To use an index to measure environmental effects of electrical power 
plants, many complex variables must be treated for each installation. 
The environmental effects on land, water, and air associated with each 
plant must be treated. Several energy technologies, notably natural gas, 
coal, oil, and fissionable uranium energy sources, with varying 
environmental effects are involved in this treatment. The availability 
and geographical location of the energy source also influence the environ-
mental considerations. The technological status is changing rapidly, 
and time factors are involved in the environmental choice. Since market 
demand is the principal motivation for new power generating installations, 
electrical power market economics must account for these environmental 
cons iderat ions. 

What must be provided is a framework in which economic decisions 
can be dealt with in an environmental context. Recognizing that economic 
analysis already provides an established monetary basis ftr decision 
making, an environmental index would have to be related to the current 
economic decision process. With the proper relationship, however, it 
would be possible to show a balance between environmental effects and 
economics in accord with the requirements of NEPA. 
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4. THE INDEX OF THE COHFOSITE ENVIRONMENT 

When an index is used to show a balance between environmental effects 
and economics, the index must be compatible with the monetary cost evalua-
tion technique that is used to assess the alternatives. The relative 
importance of various environmental values, both quantitative and qualita-
tive, must be shown in such a way that a monetary measurement of the will-
ingness and ability of the public to pay the costs can be related to 
environmental effects, thereby enabling the evaluator acting in the public 
interest to see the balance in both an environmental and a monetary sense. 
The system evolved b> the AEC for assigning environmental values, as 
identified in Table 1, offers a framework upon which an Index of the Com-
posite Environment (ICE) can be established as a tool for environmental 
balancing in response to NEPA. 

The ICE for a particular power plant alternative (j) is a weighted 
sum of the relative values of the 21 effects identified in Table 1. It 
is defined mathematically as follows. 

n 

ICE, = ) DC. .CV. . J k, j — I (1) ICE ' 
o / 

k=l 
where 

ICE. = index of the composite environment for a particular alterna-
J tive (j), 

DC. . = damage characteristic value assigned to effect k for alterna-
'J tive j, 

CV- , = controllability value assigned to effect k for alternative j, 
K , J and 

ICEQ = index of the composite environment for a reference plant. 

Computation of the ICE results in a set of values that can be used 
1. to provide an overall comparison of the environmental impact of a 

specific energy system on a specific site with a reference system 
and site of recognized environmental quality, 
to show the distribution of impact factors affected by damage 
characteristics (DC) and controllability values (CV) , 

2. 
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3. to identify each effect separately for the purpose of determining 

whether it satisfies the environmental constraints of the ICE, 
4. to show whether the environmental effects are properly balanced so 

that they will be fairly distributed with respect to recipients of 
environmental damage and beneficiaries of energy systems without 
undesirable concentrations of effects on one portion of the environ-
ment, and 

5. to permit the comparison of several sites and energy systems on an 
item-by-item basis with respect to environmental effects. 

In this approach, the knowledge of environmental specialists is 
used to quantify the anticipated damage potential or characteristics 
(DC) related to the environmental effects of a specific energy system 
on a specific geographical site. Controllability values (CV) for these 
effects are then assigned by considering the technological alternatives 
that could ameliorate environmental damage. Certain constraints must be. 
satisfied to assure a realistic environmental assessment. Local or 
site-related constraints are established by the permissible level of 
each controllability value in combination with an assigned damage 
characteristic. Thus, the ICE is a measure of damage potential (DC) and 
damage control (CV) summed for the listed environmental effects. 

The derived ICE will reflect conformance with regulatory limits 
through application of the local or site-related constraints and, where 
appropriate, the degree to which environmental damage is lessened beyond 
regulatory limits. Comparisons are made with an arbitrarily defined 
reference basis (ICE 0) that provides a standard against which each 
environmental effect can be judged. The use of a reference basis for 
comparison is intended only to assure a consistent relationship among 
environmental impact values. Its arbitrary selection is a computational 
convenience and is not intended to establish a criterion of environmental 
adequacy. Instead, adequacy is determined by reviewing the ICE of a 
number of acceptable sites already authorized for nuclear power plant 
installations. 

Constraints on resources and monetary economics must also be 
applied. These overall or non-site-related constraints are assigned in 



15 

terms of resource limits (R r) and monetary limits (R c). The ICE does 

not deal directly with monetary economics but is correlated by iden-

tification of the monetary values associated with each technological 

alternative related to an environmental effect. Benefit-cost analysis, 

a separate requirement, is applied only to those considerations that can 

be assigned monetary values. The net monetary benefits included in the 

benefit-cost analysis are paired with the ICE value for each alternative 

under consideration, and all alternatives are compared to evaluate the 

environmental balance. Incremental changes in the Index resulting from 

alternative actions are associated with monetary costs of the actions to 

determine whether an environmental gain or loss has important economic 

significance. Regulatory action would then result from determination of 

how environmental and economic considerations should be balanced. 

In summary, the ICE for a particular system and site is a function 

of environmental damage characteristics (DC), controllability values 

(CV), and regulatory limits subject to resource (R r) and monetary (Rc) 

constraints. 

Damage Characteristics 

The extent to which some characteristic of a power plant is environ-

mentally damaging depends upon site considerations, engineering features, 

and regulatory limits. The damage threat is accounted for in the damage 

characteristic (DC) portion of the Index. The main purpose of the DC is 

to indicate the threat posed by an environmental effect. For example, 

it is obvious that if radionuclide effluents are uncontrolled, the 

potential effect on the environment could be catastrophic. Hence, if 

uncontrolled, the DC value of such effluents is maximized. On the 

other hand, if the regulatory agency imposes a severe limit on effluent 

discharge, the effect can be made negligible. The "as low as practicable" 

requirements for radioactive effluents are intended to produce negligible 

environmental damage although the effect cannot be zero. 

The damage potential is identified by a DC value range from 0.0 

to 1.0; the upper value being that associated with the worst conceivable 
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environmental effect; for example, extensive human destruction. The 
range of values is illustrated on a linear scale in Fig. 1. This 
scale is arbitrary and is intended only to indicate the degree of con-
cern about the environmental effect. The selected scale sets a DC 
value of 0.5 as the highest tolerable value for which no corrective 
action is required. The range between 0.5 and 1.0 is intended to suggest 
the level of significance of intolerable effects. For example, the 
maiming of one person Is unacceptable, but it is still a lesser damage 
than 10 deaths by other causes. 

The range between 0.0 and 0.5 suggests human tolerance for acceptable 
environmental damage, thus indicating human willingness to accept environ-
mental degradation. The acceptability in such cases is influenced by 
resource abundance, ecological sensitivity, and cultural attitudes. The 
value scale is intended to permit expert opinion to deal with a range of 
factors that have no direct value relationship except through human 
response; that is, the outcry in response to improper resource use, 
cultural degradation, or ecological destruction. Thus, the scale of 
values in Fig. 1 is shown as a function of human attitudes. The values 
below 0.5 may involve subjective judgment, but their assignment can be 
fairly indexed if expert opinion has suitable reference circumstances 
or data for comparison purposes. 

The damage characteristic (DC) identifies potential environmental 
damage with respect to a specific technology under specific site condi-
tions. Hence, an effect that might be in excess of 0.5 in one location 
might approach zero in another. For example, the use of a large tract 
of land for an exclusion area in the middle of a metropolitan community 
might involve so much valuable land (resource) that its damage character-
istic would be 0.7, while the use of the same quantity of land for the 
same purpose in a remote undeveloped location might be of negligible 
significance and have a DC value of 0.1. Although lethal effects from 
unregulated releases of radioactive effluents have a DC value of 1.0 
in most sites, they might be assigned a DC value of 0.1 for releases in 
and underground desert site. Thus, the DC value gives the evaluator an 
indication of the sensitivity of a site to specific forms of environmental 
damage with respect to a specific technology. 
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Damage Characteristic 
None 

t 

Not detectable; negligible effects 

Detectable; effects not defined but small and 
generally acceptable 

Slight loss of value, mainly of local significance 

Noticeable loss of human values with regional or 
national importance 

Maximum acceptable effect on human life or values 

Degradation of human values, including ecosystems, 
to an extent beyond current public acceptance 
levels but recoverable with time 

Significant degradation of human health or degra-
dation of ecosystems or resources to irrecover-
able levels 

Some lethal effects (< 50%) on human life in local 
areas of low-population zone 

Lethal effects (> 50% but < 100%) on human life in 
local areas of low-population zone 

Catastrophic lethal effects (100%) on human life 
in high-population zone 

1. Range of Damage Characteristic Values. 
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Controllability Values 

Damage potential does not necessarily lead to environmental damage. 
But the greater the potential, the greater is the need for damage control. 
In many cases, the damage potential can be made negligible by suitable 
environmental controls in the form of engineered features specified by 
regulatory requirements or by voluntary action. Environmental damage 
that cannot be controlled within acceptable limits is of course 
intolerable. The controllability value (CV) of the ICE is used to indicate 
the ability to keep the environmental damage potential within acceptable 
limits. 

The values assigned for controllability indicate the status of a 
specific installed arrangement with respect to the environmental assess-
ment. A range of values between 0 and 20 is assigned to show the effec-
tiveness of environmental control. The highest value of 20 indicates 
that nothing can be done to control the effect. A value of 15 indicates 
that control is possible but something beyond that identified in the case 
under study is required. A value of 10 indicates that effective controls 
are to be provided. Incremental values between 10 and zero suggest the 
degree to which the controls ameliorate the potential damage resulting 
from the environmental effect. 

Like the damage characteristic (DC), the controllability value (CV) 
can vary with the specific site and is a function of the practicable 
alternates. As a convenience to the evaiuator, a set of controllability 
values has been developed to cover a range of site characteristics and 
technological options typical of most fossil-fueled and nuclear plants 
to be evaluated under the AEC regulations related to NEPA. These values 
are given in Tables 2 and 3, and the sites in these tables have been 
classified according to their relationship with population centers and 
natural settings. 

The range of controllability values associated with the site class-
ification and fuel source categorization is based on experience in pre-
paring environmental impact statements for a number of power plant 
installations. The use of these values permits a quick screening of 



Table 2. Range of Controllability Values for Nuclear-Fueled Power Plants 
Freshwater Once Through Seawater Once Through Wiet Cooling Tower Dry Cooling Tower 

Environmental Effects ""un3 R-Ab U-Rc U-Id Un R-A U-R U-I Un R-A U-R U-I Un R-A U-R U-I 

1. Natural surface water body 
1.1 Cooling water intake structure 0-20 0-20 0-20 0-20 0-20 0-20 0-20 0-20 0- 5 0- 5 0- 5 0- 5 0 0 0 0 
1 • 2 Passage through condenser 6> re ten-

tion in closed-cycle cooling system 
0-20 0-20 0-20 0-20 0-20 0-20 0-20 0-20 0- 5 0- 5 0- 5 0- 5 0 0 0 0 

1.3 Discharge area and thermal plume 0-20 0-20 0-20 0-20 0-20 0-20 0-20 0-20 0-10 0-10 0-10 0-10 0- 5 0- 5 0- 5 0- 5 
1.4 Chemical effluents 0-10 0-10 0-10 0-10 0-10 0-10 0-10 0-10 0-10 0-10 0-10 0-10 0- 5 0- 5 0- 5 0- 5 
1.5 Radionuclides discharged to water 

body 
1.6 Consumptive use (evaporative losses) 

0- 5 

0-10 

0- 5 

0-10 

0- 5 

0-10 

0- 5 

0-10 

0- 5 

0 

0- 5 

0 

0- 5 

0 

0- 5 

0 

0- 5 

0-20 

0- 5 

0-20 

0- 5 

0-20 

0- 5 

0-20 

0- 5 

0 

0- 5 

0 

0- 5 

0 

0- 5 

0 
2. Groundwater 
2.1 Raising/lowering of groundwater 

levels 
2.2 Chemical contamination of 

groundwater 
2.3 Radionuclide contamination of 

groundwater 

0- 5 

0 

0- 5 

0- 5 

0 

0- 5 

0- 5 

0 

0- 5 

0- 5 

0 

0- 5 

0 

0 

0- 5 

0 

0 

0- 5 

0 

0 

0- 5 

0 

0 

0- 5 

0-10 

0 

0- 5 

0-10 

0 

0- 5 

0-10 

0 

0- 5 

0-10 

0 

0- 5 

0 

0 

0- 5 

0 

0 

0- 5 

0 

0 

0- 5 

0 

0 

0- 5 

3. Air 
3.1 Fogging & icing from evap. & drift 0 0- 5 0-15 0-20 0 0- 5 0-15 0-20 0 0- 5 0-15 0-20 0 0- 5 0-15 0-20 
3.2 Chemical discharge to ambient air 0 0- 5 0-10 0- 5 0 0- 5 0-10 0- 5 0 0- 5 0-10 0- 5 0 0- 5 0-10 0- 5 
3.3 Radionuclides discharged to ambient 0- 5 0- 5 0-10 0-10 0- 5 0- 5 0-10 0-10 0- 5 0- .5 0-10 0-10 0- 5 0- 5 0-10 0-10 

4. Land 
4.1 Salts discharged from cooling 

towers 
0 0 0 0 0 0 0 0 0-15 0-20 0-20 0-20 0 0 0 0 

5. Water 
5.1 Plant construction 0-10 0-10 0- 5 0- 5 0-10 0-10 0- 5 0- 5 0-10 0-10 0- 5 0- 5 0-10 0-10 0- 5 0- 5 

6• Land 
6.1 Site selection 0- 5 0-10 0-20 0-20 0- 5 0-10 0-20 0-20 0- 5 0-10 0-20 0-20 0- 5 o-to 0-20 0-20 
6.2 Construction activities 0-20 0-15 0-15 0-15 0-20 0-15 0-15 0-15 0-20 0-15 0-15 0-15 0-20 0-15 0-15 0-15 
6.3 Plant operation 0-10 0- 5 0- 5 0- 5 0-10 0- 5 0- 5 0- 5 0-10 0- 5 0- 5 0- 5 0-10 0- 5 0- 5 0- 5 
6.4 Transmission route selection 0-20 0-15 0-15 0-20 0-20 0-15 C-15 0-20 0-20 0-15 0-15 0-20 0-20 0-15 0-15 0-20 
6.5 Transmission line construction 0-15 0-15 0-15 0-15 0-15 0-15 0-15 0-15 0-15 0-15 0-15 0-15 0-15 0-15 0-15 0-15 
6.6 Transmission line operation 0-15 0-15 0-15 0-15 0-15 0-15 0-15 0-15 0-15 0-15 0-15 0-15 0-15 0-iS 0-15 0-15 
6.7 Transportation of fuel & effluents 0- 5 0- 5 0-10 0-10 0- 5 0- 5 0-10 0-10 0- 5 0- 5 0-10 0-10 0- 5 0- 5 0-10 0-10 

aUn = Uninhabited bR-A = Rural-Agricultural CU-R = Urban-Residential dU-I • Urban-Industrial 



Table 3. Range of Controllability Values for Fogstl-Ftieled Power Planta 
Freshwater Once Through Seawater Once Through Wet Cooling Tower Pry Cooling Tcvcr 

Environmental Effects Una R-Ab U-Rc U-Id Un R-A U-R U-I Un R-A U-R U-X Un R«A U-R tt-l 
1. Natural surface water body 
1.1 Cooling water intake structure 0-20 0-20 0-20 0-20 0-20 0-20 0-20 0-20 0- 5 0- 5 0 - 5 0- 5 0 0 0 0 
1.2 Passage through condenser & reten-

tion in closed-cycle cooling system 
0-20 0-20 0-20 0-20 0-20 0-20 0-20 0-20 0- 5 0- 5 0- 5 0- 5 0 0 0 0 

1.3 Discharge area and thermal plume 0-20 0» 20 0-20 0-20 0-20 0-20 0-20 0-20 0-10 0-10 0-10 0-10 0- 5 0- 5 0- 5 0- 5 
1.4 Chemical effluents 0-10 0-10 0-10 0-10 0-10 0-10 0-10 0-10 0-10 0-10 0-10 0-10 0- 5 0- S 0- 5 0- 5 
1.5 Radionuclides discharged to water 

body 
1.6 Consumptive use (evaporative losses) 

0 

0-10 

0 

0-10 

0 

0-10 

0 

0-10 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0-20 

0 

0-20 

0 

0-20 

0 

0-20 

0 

0 

0 

0 

0 

0 

O 

0 
2. Groundwater 
2.1 Raising/lowering of groundwater 

levels 
2.2 Chemical contamination of 

groundwater 
2.3 Radionuclide contamination of 

groundwater 

0- 5 

0-10 

0- 5 

0- 5 

0-10 

0- 5 

0- 5 

o-ie 

0- 5 

0- 5 

0-10 

0- 5 

0 

0-10 

0- 5 

0 

0-10 

0- 5 

0 

0-10 

0- 5 

0 

0-10 

0- 5 

0-10 

0-10 

0- 5 

0-10 

0-10 

0- 5 

0-10 

0-10 

0- 5 

0-10 

0-10 

0- 5 

0 

0-10 

0- 5 

0 

0-10 

0- 5 

0 

0-10 

0- 5 

0 

0-10 

0- 5 

3. Air 
3.1 Fogging & icing fromevap. & drift 0 0- 5 0-15 0-20 0 0- 5 0-15 0-20 0 0- 5 0-15 0-20 0 0- 5 0-15 0-?0 
3.2 Chemical discharge to ambient air 0-20 0-20 0-20 0-20 0-20 0-20 0-20 0-20 0-20 0-20 0-20 0-20 0-20 0-20 0-20 0-20 
3.3 Radionuclides discharged to ambient 0- 5 0- 5 0- 5 0- 5 0- 5 0- 5 0- 5 0- 5 0- 5 0- 5 0- 5 0- 5 0- 5 0- 5 0- 5 0- 5 

4. Land 
4.1 Salts discharged from cooling 

towers 
0 0 0 0 0 0 0 0 0-15 0-2C 0-20 0-20 0 0 0 0 

5. Water 
5.1 Plant construction 0-10 0-10 0- 5 0- 5 0-10 0-10 0- 5 0- 5 0-10 0-10 0- 5 0- 5 0-10 0-10 C- 5 0- 5 

6. Land 
6.1 Site selection 0- 5 0-10 0-20 0-20 0- 5 0-10 0-20 0-20 0- 5 0-10 0-20 0-20 0- 5 0-10 0-20 0-20 
6.2 Construction activities 0-20 0-15 0-15 0-15 0-20 0-15 0-15 0-15 0-20 0-15 0-15 0-15 0-20 0-15 0-15 0-15 
6.3 Plant operation 0-15 0-15 0-15 0-15 0-15 0-15 0-15 0-15 0-15 0-15 0-15 0-15 0-15 0-15 0-15 0-15 
6.4 Transmission route selection 0-20 0-15 0-15 0-15 0-20 0-15 0-15 0-15 0-20 0-15 0-15 0-15 0-20 0-15 0-15 0-15 
6.5 Transmission line construction 0-15 0-15 0-15 0-15 0-15 0-15 0-15 0-15 0-15 0-15 0-15 0-15 0-15 0-15 0-15 0-15 
6.6 Transmission line operation 0-15 0-15 0-15 0-15 0-15 0-15 0-15 0-15 0-15 0-15 0-15 0-15 0-15 0-15 0" 15 0-15 
6.7 Transportation of fuel & effluents 0-20 0-20 0-20 0-20 0-20 0-20 0-20 0-20 0-20 0-20 0-20 0-20 0-20 0-20 0-20 0- 20 

aUn = Uninhabited bR-A = Rural-Agricultural CU-R = Urban-Residential dU-I » Urban-Industrial 
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environmental effects and controls to be considered in an environmental 
evaluation of a specific site with reference to the technology prevalent 
for the period 1972 to 1977. The evaiuator still has the task of select-
ing the controllability value for each environmental effect, but when 
correlated with the DC values, the range of controllability values will 
indicate where control is needed and is attainable. Useful sites can be 
readily identified and inadequate ones can be just as readily rejected. 

ICE Constraints 

The data in Table 2 and 3 indicate how the controllability values 
(CV) are correlated with the site and energy system of a particular plant. 
The value classification system used in these tables suggests the range 
of controls that can be involved, while at the same time identifying 
recognized limits brought about as a result of technological practices 
imposed by the regulatory authority. This classification system accounts 
for the fact that some regulatory requirements, especially those affect-
ing surface water, are site dependent, while other requirements, such as 
those affecting radiochemical effluents, are system dependent. 

Site-Dependent Constraints 

Experience in the evaluation of a number of sites indicates that the 
controllability of environmental effects is associated largely with site 
characteristics. In a broad overview, predominant site characteristics 
can be categorized in terms of the type and proximity of available heat 
sinks (ocean, lake, or river) and by the setting (natural, rural, urban, 
or industrial). 

Experience has also shown that the controllability value range for 
certain combinations of site characteristics is predictable without 
detailed study. For example, the effect on groundwater rarely requires 
significant environmental control when a seashore site is being evaluated, 
and aesthetic considerations seldom require significant controls in an 
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industrial setting where appearance is already dominated by existing 
installations. However, for other combinations of site characteristics, 
a great deal of attention must be devoted to the control elements. This 
is exemplified by aesthetic and groundwater considerations in the selection 
of a site on a small but important river in a scenic natural setting. 

The value ranges given in Tables 2 and 3 were prepared to indicate 
to the analyst those site features which normally require careful 
environmental control attention. Even though alternatives can be used 
to vary the controllability value (CV) of an effect at a specific site, 
certain limiting constraints must be recognized. The first of these 
is that statutory regulations must be satisfied and the CV value cannot 
be less than 20 if there is no way to meet the regulations. The second 
constraint is that whenever the DC value exceeds 0.5, the maximum value 
not requiring control, there must be a way of exercising sufficient 
control over the impact to hold the CV value to 10 or less. The third 
constraint is that the ICE value must be less than a nominal value 
indicative of well balanced and minimum environmental damage. These 
environmental constraints will assure that environmental impacts are 
truly controllable at the site being considered. 

System-Dependent Constraints 

Energy systems (nuclear and fossil fueled) have certain inherent 
peculiarities that dominate the environmental impact considerations. 
Most fossil-fuel sources require that attention be given to noxious 
gaseous and particulate effluents, such as S02, N0X, and fly ash, and 
both nuclear and solid fossil fuel plants release some radiochemicals. 
The noise characteristics of gas turbines are important considerations 
for some sites. Transportation considerations for a given site are also 
a function of the fuel system used. Hence, the energy system can usually 
be identified with explicit environmental control considerations. 

The values in Tables 2 and 3 indicate how the environmental controls 
can be varied within the regulatory framework relative to the energy 
system used. These values take into account the fact that some 
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regulatory requirements force environmental control actions that are 
well beyond minimum environmental acceptability (as in the case of 
radionuclide releases), while others arbitrarily establish limits which 
may range from the provision of inadequate environmental protection (as 
in the case of water treatment chemicals) to the provision of vague 
controls over water temperature rise where adequacy is determined by 
selection of the size of the thermal mixing zone. As is the case for 
site-related considerations, the energy system effects suggested in 
Tables 2 and 3 cannot be followed blindly, but when used for judging 
sites where precedential regulatory examination has occurred, these 
tables will give a fair picture of the avilable environmental control 
range that can be considered. The tabulated information could be 
modified and expanded to cover a wider range of energy options at the 
discretion of the using agency. The major concern is to make certain 
that the site-related and energy-system considerations included do pro-
vide a meaningful set of environmental effects to be controlled. 

Economic and Resource Constraints 

Not all of the environmental considerations are controllable by 
site-related actions. Notably beyond such controls are the effective 
use of fuel resources and the economic availability of electric power. 
It makes little sense to encourage the use of a short-lived resource to 
reduce environmental effects when the end result will be shortening of 
the time period at the end of which there must be a reversion to the use 
of the energy source whose environmental impact was being avoided. For 
example, natural gas is in short supply and may be available for genera-
tion of electrical power only at the expense of residential heating uses. 
Hence, its selection as a means of reducing the environmental effects 
resulting from the use of nuclear fuel is illogical since it will only 
lead to the earlier use of some other less desirable source of energy 
such as high-sulfur-content coal. 

Neither does it make sense to consider such expensive environmental 
control actions that the cost of electric power will exceed the value 
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which will permit it to be used for the benefit of the public. For 
example, the marketability of aluminum is highly sensitive to the energy 
component of its production cost. An energy supply burdened by expensive 
environmental controls would increase the power cost and could cancel 
the economic advantage of aluminum production in the region under con-
sideration, barring some diseconomy in the power price structure that 
shifted the incremental cost to other users. 

The resource availability and market price considerations therefore 
require the imposition of constraints on the environmental assessment 
that cannot be incorporated in the ICE but must be included in the monetary 
evaluation and correlated with the ICE. A constraint on resource avail-
ability (N r) must be selected to account for the availability of an 
energy source over the time period of interest, with due consideration 
being given to the environmental effects of the energy sources being 
considered. This resource constraint is defined as 

N r = f(AICEr, F a ) , (2) 

where 
AICE r = incremental reduction in the ICE over that of the next most 

available energy source at a competitive site, and 
F a = availability of fuel supply over the specified time period. 

Similarly, the market price constraint (N c) must be selected to 
account for marketplace factors affecting the usefulness of the energy 
supplied, with due consideration being given to environmental effects. 
The market price constraint is defined as 

N c = f(AICE c, E c ) , (3) 

where 
AICE c = incremental reduction in the ICE over that of the next most 

competitive energy source, and 

E c = cost of electric power generation. 

These constraints involve national economic policy and must be 

defined by the evaluation agency. But even when undefined, these 

constraints are implicitly limiting in the consideration of any energy 

use alternative. 
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Weighting the ICE Elements 

The foregoing cannot have meaning if every environmental effect is 
considered to have equal significance. The judgments require that the 
effects be measured not only for their controllability but for their 
importance to the composite environmental picture. Often, an effect 
which is held within certain limits has insignificant value to the 
composite and becomes important only when the limits are exceeded. In 
other areas, even the worst effect is tolerable, but in the composite 
it may loom large if allowed to reach its upper limit. For example, 
radionuclide dispersal within regulatory limits has trivial importance, 
and exceeding these limits to some extent may be tolerable. However, 
releases without control are lethal. By contrast, the architectural 
appearance of a power plant in the center of a national forest is 
physically tolerable at its worst, but it may not be acceptable by 
cultural standards. The regulatory judgments are concerned primarily 
with the effectiveness of environmental controls (CV) that are to be 
correlated with the damage characteristic (DC). Clearly, it is 
unnecessary to control an environmental effect whose damage character-
istic is zero regardless of its controllability. It is equally clear 
that when the damage characteristic exceeds acceptable levels 
(DC > 0.5), the damage must be controllable (CV < 15). 

The treatment of extremes is so obvioud that the regulatory decision 
process can easily cope with them. But intermediate situations between 
these extremes involve time-sensitive public reactions. Often the 
"finely tuned" proportioning of costs and benefits results in an evalu-
ation whose fairness is dependent upon subjective viewpoints. These 
are not easily assessed. For instance, it is not easy to decide whether 
development, of a public nature park on utility property represents fair 
compensation for disruption of the natural habitat of wildlife to which 
the local community has had free and uncontrolled access regardless of 
ownershipv The same problem has been faced on much broader grounds 
with respect to national park land without effective resolution. In 
this case, what must be determined is whether the few members of 
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society who have had the free use value of the area mainly because they 
intrude insufficiently to disturb its natural qualities are entitled to 
retain their privileges in preference to a broader segment of society 
who would use the area more frequently but without realizing the full 
depth of value associated with less regulated use. The balance could 
be one involving economic growth of a tourist attraction, educational and 
recreational value of a perhaps under-utilized resource, and infringement 
on the traditional freedoms of a local community that might even be in 
conflict with property rights under common law. 

These considerations with respect to land sometimes follow an 
opposite extreme with respect to water. Here, the privilege of every 
Sunday-afternoon fisherman often has to be protected because of Fish 
and Wildlife regulations relative to public waters, irrespective of 
whether there is convenient access to a large number of equivalent 
alternative resources. This privilege is protected by the installation 
of supplemental power plant cooling facilities whose monetary cost is 
incurred by users of the power generated regardless of whether or not 
they are Sunday-afternoon fishermen. 

In many cases, the whole value system is distorted by the conventions 
of traditional utility planning. Some of the first nuclear power plant 
owners elected to provide at capitalized expense a public display center 
in which the virtues of electrical power generated by nuclear energy 
were explained and often extolled. The cost of the facility is absorbed 
in the electric power bill and passed on to the consumer in the same way 
that some utilities provide free light bulb replacements. The question 
arises as to whether such provisions are a cost or a benefit, and judgment 
must be made on the basis of usefulness, value to the local community, 
and alternative use of such funds. It is entirely conceivable that the 
local community would receive more benefit from a non-site-located 
community center with no energy education orientation than from the 
usual type of power plant information center. 

If a community is entitled to compensatory benefits for localized 
environmental costs, as might be interpreted from the language of NEPA, 
the matter of weighted proportioning of benefits and costs with respect 
to alternatives requires deeper understanding than tradition provides. 



27 

The weighting of the ICE elements is therefore a relative matter by 

which one alternative course of action can be compared with another if 

the ICE constraints are satisfied for each alternative. The regulatory 

agency must establish a policy basis for summing the ICE elements. This 

overall policy needs further study, but the following considerations 

deserve careful attention. 

1. Local communities deserve some bargaining prerogatives in site 

selection that the regulatory agency can count in the ICE. The compen-

satory benefits should have significant weight if the ICE constraints 

are satisfied. 

2. Regulatory constraints directed toward limiting minor environ-

mental damage (DC < 0.4) with costly monetary expense that might other-

wise provide compensatory benefits should be given low weight in the 

site selection process to encourage effective use of compensatory 

benefits. 

3. The resource constraint involves many considerations and should 

account not only for energy resources but for competitive use of water, 

air, and land. The DC values should therefore be used as a gauge of the 

weighting of ICE elements (the weight assigned an ICE element should 

decrease in significance as the DC is reduced). 

The preceding list may be incomplete, but it does indicate how the 

significance of an impact can be judged when the evaluation agency is 

obliged to determine impact significance with respect to alternative sites. 

Since the DC and CV values may not effect the proper emphasis, an addi-

tional weighting factor (S) may be needed to account for such considera-

tions. For the above purposes, weights could be assigned to each 

environmental effect to accentuate or devalue the importance of that 

effect in light of the site and community circumstances. However, the 

individual weighting of each effect might prove cumbersome. A more con-

venient method is to assign significance factors to the three categories 

of environmental effects: water, air, and land. Where each is equally 

precious and environmentally vulnerable, the significance factor would 

be assigned to equalize the numerical range of the ICE values resulting 

from environmental effects on water (ICEjj), air (ICE^), and land (ICEL)• 



n <.0 

If one of these categories were more sensitive than another, the 
significance factor would be assigned to heighten its importance in the 
ICE evaluation. 

For example, in a heavily used river basin with ample land resources, 
more importance should be assigned to effects on water than to those on 
land when environmental degradation is evaluated even though all the basic 
environmental constraints have been satisfied. Conversely, if the water 
were plentiful but the land under consideration had unusual community 
value for aesthetic, recreational, or even economic purposes, it would 
be desirable to give greater weight to the environmental effects on the 
land than to those on the water. One might even consider the importance 
of the effects on air in terms of their contribution to the cumulative 
pollution from other sources, as in the case of a metropolitan community 
where chemical pollutants already exist to such an extent that they 
narrow the margin between acceptable and unacceptable pollution levels. 
In this case, more importance would be assigned to the impact on air 
than to that on water or land if neither infringe noticeably on the 
environmental margin. 

This rationale leads to a proposed weighting factor which would 
modify the mathematical definition of ICE as follows. For a specific 
alternative (j) at a given site, the index of the composite environment 

n n n 

k=l k=l k=l 

where S = significance factor and the subscripts W, A, and L indicate 
the environmental impact of individual effects (k) related to water, air, 
and land, respectively. The significance factor (S) is the product of an 
equalizing factor (E) and a weighting factor (F). 

SW = V w SA = V A ' a n d SL = ELFL • ( 5 ) 

The equalizing factor (E) is used to equalize the potential environmental 
impacts on water, air, and land. 

_ W + A + L 
w 3W 
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E A 
W + A + L 

3A 
W + A + L 

3L 
(6) 

and E L 

where W, A, and L represent the total number of individual effects (k) 
in each environmental category (water, air, and land). The weighting 
factor (F) has a value range of 0 to 1, and it is used to indicate the 
relative importance of the environmental categories at the site in 
question. 

Significance factors are assigned collectively to the environmental 
effects (k) comprising the impacts on water (Sy), air (S^), and land (Sĵ ) 
categories of the ICE to account for community preferences, environmental 
latitudes, and economic proportions. These weighting factors would be 
selected by the evaluating agency after consultation with community 
representatives and the agency's own environmental experts. Their use 
would enable the agency to indicate how local site circumstances and 
social preferences have been accounted for in the evaluation procedure. 
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5. CORRELATION OF ICE AND BENEFIT-COST VALUES 
FOR ALTERNATIVES 

Section 102(2)(B) of NEPA requires federal agencies to "identify 
and develop methods and procedures ... which will insure that presently 
unquantified environmental amenities and values may be given appropriate 
consideration in decision making along with economic and technical con-
siderations."1 To meet this requirement, those agencies using benefit-
cost formulas in their decision-making processes must include provisions 
in these formulas for all types of environmental values. The benefits 
and costs affecting each segment of the environment and each element of 
society should be considered to meet the environmental balancing require-
ment of NEPA. The format established by the AEC2'8 provides for the 
inclusion and subdivision of environmental values necessary for balancing 
such benefits and costs. However, there is no provision in this format 
for units of value common to environmental effects and technical and 
monetary considerations. A direct summation for balancing purposes is 
therefore impossible. 

In the environmental evaluation approach suggested herein, non-
monetary values are measured by the ICE and are paired with related 
benefit-cost monetary values. A suitable methodology must be established 
for determining the monetary values to be paired with the ICE values. 
Neither the conventional market-place approach nor the alternative cost 
approach to benefit-cost analysis provide a suitable method. 

The conventional market-place approach to benefit-cost analysis is 
totally unsuited because it could bias the analysis toward many undesir-
able environmental effects. The lowest-cost power over the lifetime of 
the installation would be the target of this approach since each appli-
cation for a power plant license must be considered on its own merit. 
The conventional market-place approach does not allow treatment of long-
term economic resource use, and the ultimate use of the power itself 
might even be biased toward marginal applications since go-no-go 
criteria would hinge on the marginal price structure. The benefit-cost 
approach needed here is one which will limit market-place considerations 
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to showing whether the previously discussed market and resource constraints 
are satisfied. Such an approach will assure that the supply and demand 
criteria are appropriate, and any other marketplace benefit-cost consider-
ations can be omitted from the environmental analysis. 

The benefit-cost evaluation of technical alternatives does provide 
some factors required for suitable environmental balancing and must 
therefore be included in the analysis. But alternative evaluation alone 
will not satisfy the "fine tuning" requirement implicit in environmental 
balancing. The lowest-cost alternative in terms of monetary considera-
tions or even in terms of the total environmental index will not neces-
sarily be one which provides the proper balance among all environmental 
effects in the ICE. The energy-system and site-related environmental 
constraints imposed by regulatory requirements obviate irreparable 
environmental damage, but the flexibility usually provided by regulations 
prevents sharp definition of alternatives suited to conventional benefit-
cost monetary treatment. Combinations of alternatives must usually be 
considered, and uncertainties related to the benefits and costs of 
alternatives often make the basis for a clear choice debatable. Trade-
offs among several environmental effect factors may be necessary to 
balance the effects even at the expense of sacrificing the highest 
incremental benefit. This complicates the selection of a rational 
weighting system. Furthermore, societal value judgments vary with time 
and locale. The prospects for establishing a universal weighting system 
applicable to benefit-cost analysis are therefore poor. 

The preceding factors lead to the conclusion that a hybrid form of 
benefit-cost evaluation of alternatives is needed to assure proper 
balancing of environmental effects. This type of evaluation method 
would 
1. show the effects of each alternative on the monetary cost of 

electric power at the market busbar, 
2. identify the distribution of monetary costs and benefits with 

respect to the ICE elements, 
3. identify the point of diminishing returns for use in the balancing 

process, and 
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4. provide a basis for selection of monetary trade-offs within the 
marketplace and resource constraints will lead to the desired finely 
tuned balance. 
The alternatives to be considered can be of several types. They 

include the energy technology and siting alternatives identified in 
Tables 2 and 3 as well as other engineering options available in connec-
tion with these alternatives. The monetary factors to be included in 
the evaluation and the method by which they are to be included are 
complex. An approach that appears rational is one in which the ICE values 
associated with each alternative are computed individually along with 
the related monetary effects on the power generation cost. The ICE 
values for the environmental options of each alternative are then com-
pared with the acceptable ICE values of an arbitrary reference plant. 
The reference plant will have a base monetary value expressed as cost 
per unit of electrical energy (mill/kWhr), and each alternative will have 
its own incremental monetary value which can be compared with that of the 
reference plant. This will permit alternative environmental effects to 
be associated with monetary values, thereby providing a basis for 
determining the monetary cost involved in changing each ICE increment 
under consideration. 

As previously noted, once the marketplace and resource constraints 
are satisfied, minimum power generation costs are the controlling con-
sideration only when incremental environmental costs are of negligible 
importance. Compliance with the ICE constraints assures that the system 
being evaluated is environmentally acceptable. Knowledge of the incre-
mental cost of each alternative will allow the analyst to appreciate the 
relative monetary importance of the environmental quality of the alterna-
tives. For example, if the monetary constraint permits a latitude of 
2 mills/kWhr to ameliorate adverse environmental effects, all those 
engineering alternatives capable of satisfying this constraint can be 
considered. But each alternative has an incremental monetary effect 
that may restrict or expand the useful purposes of the energy. Thus, 
marginal environmental improvements with high monetary costs may be 
detrimental to the end purpose. 
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Each combination of alternatives and options should then be 
identified with an ultimate power generation cost, and this power cost 
should be related to the intended uses of the power. The power is 
increasingly beneficial in an economic sense as its monetary cost is 
reduced below the economic market limit. Hence, while all those alter-
natives which satisfy the resource and economic constraints are acceptable 
when the environmental constraints are satisfied, there is still an 
economic order of preference if the other environmental values are 
equal. When there is a margin within the non-monetary environmental 
constraints, a trade off between monetary and non-monetary values 
should be considered. 

The power cost increment associated with each optional variable in 
a combination of alternatives should therefore be identifiable with its 
related ICE element. Where large differences exist between ICE values, 
the judgment would usually be made on the basis of the lowest ICE value. 
However, if the difference between ICE values is small, monetary economics 
would govern. 

The end result is not a recognized form of benefit-cost analysis. 
However, the basic features of the conventional analysis techniques are 
present, and by using correlations between the ICE values and power 
cost values, it is possible to show the balance between monetary and 
environmental considerations. A simple method would be to show the 
incremental change in power cost graphically as a function of the 
incremental change in ICE values for several alternatives. The point 
of diminishing returns could then be defined, as illustrated in Fig. 2. 

Distribution of Benefit-Cost Values 

The importance of the interrelationship between ICE values and 
benefit-cost values was emphasized in the foregoing discussion, but the 
apportioning considerations inherent to benefit-cost evaluation also 
require that monetary factors be identifiable with the recipients of 
benefits and costs. The approaches used thus far seem to require some 
double-entry accounting. For example, the local taxes paid by the 



34 

0.8 

ALTERNATE 2 

1 0 0 1 2 0 1 4 0 
AICE 

INCREMENTAL CHANGE IN INDEX OF COMPOSITE ENVIRONMENT 

Fig. 2. Incremental Change in Power Production Cost (AEC) Versus 
Incremental Change in Environmental Index (AICE). 

power producer are seen as a benefit to the plant site area, but they 
are a direct cost to the non-local power user. Federal and state taxes 
on the power are also a cost to the power user, but the funds resulting 
from those taxes may be redistributed to the power users in the form of 
governmental functions so that the net costs and benefits are cancelable. 
But as costs are increased at the expense of profits, the opportunity 
for participatory benefit from taxes by the power user is reduced. 
(Understanding of the available profit margin identifiable in the 
difference between the marketplace constraint and the power generation 
cost will serve to identify this effect.) 

These considerations suggest that for benefit-cost analysis purposes, 
a double entry for some, but not all, monetary values may be necessary. 
The summing up of power costs will always show a net monetary cost of 
power. The difference between the lowest cost and the limiting cost 
constraint is the net monetary benefit. If all other things were equal, 
the highest net benefit would determine the preferred alternative. 
Except for the double-entry accounting, the benefit-cost analysis 
approach used up to this point is relatively conventional. 
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However, economic externalities must not be overlooked. It is 
therefore necessary to associate the benefits and costs with their 
recipients. These externalities include such items as 
1. values of community improvements, 
2. costs of community services and facilities, 
3. economic stimulation as a cost and a benefit, and 
4. ameliorating actions to compensate for environmental effects. 

While many of these considerations involve non-monetary values, 
they usually have a monetary equivalence. To illustrate, the wear and 
tear on roads and streets during construction of a power plant could 
have a monetary equivalence that shows as a cost to be subtracted from 
local benefits and compensated by local taxes. The possible creation 
of recreational facilities as a by-product of the power plant could be 
assigned a monetary value equivalent to the value that would be placed 
on such facilities by the community in the absence of the power plant. 
The equivalent value is based on community evaluation and not necessarily 
actual monetary cost, which may be higher or lower than the assigned 
benefit. Economic stimulation can be given a monetary value by identi-
fying the equivalent capital investment required to provide economic 
stimulation by other industries with equivalent employment potential. 
Such data are usually available from governmental agencies. The 
equivalent capital investment is then the community benefit. The key 
to this type of benefit-cost evaluation is the use of equivalent monetary 
expenditure to show beneficial value. These by-product benefits would 
be assignable when identifiable community values are shown. 

An important feature of this approach is that it eliminates the 
speculative claims for economic values by equating power plant invest-
ment capital with the replacement investment capital required to produce 
the same result. Thus, if a power installation stimulated a large 
residential development in a previously undeveloped area, the economic 
benefit would be measured in terms of the capital needed to create the 
same result in the absence of the power plant rather than as the economic 
value of a successful real estate speculation. 

This approach does have the weakness that the availability of 
capital may be a benefit for economic development. The community might 
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attach great beneficial value to this economic aspect. When this is the 
case, the amount of local tax forgiveness, access to local facilities, 
and site appearance impacts that the community will tolerate can be a 
reasonable measure of the equivalent cost which the community will 
accept in return for the economic stimulus. 

To provide a common monetary basis, it is convenient to express 
costs as equivalent costs per unit of electric power produced. In the 
summing of costs and benefits, a by-product benefit from the power plant 
is assigned and its monetary equivalent is then subtracted from the 
power cost to determine the net power cost, which is then paired with 
the associated ICE value and used in the comparison of alternatives. 
An appropriate discount rate must be selected. This rate will vary 
with circumstances, but it should be aligned with current rates assigned 
to comparable regional facilities. This type of evaluation should permit 
benefit-cost analysis of alternatives in which economic externalities 
are accounted for and measured monetarily. 

Discount Rates for Benefit-Cost Analysis 

In the initial environmental assessment of nuclear power plants for 
AEC licensing purposes, the discount rate used was not of critical con-
cern. Only proven alternatives were considered, and technological risk 
did not have to be evaluated. The source of power was clearly identified 
with only one power supplier, and the capital resources, tax structure, 
and depreciation were constant for all alternatives under consideration. 
Market constraints were not of significance because the incremental 
addition of power to the supplier's installation was not usually large 
enough to make a substantial difference in the power rate base and 
affect the marketability of the power. But all of these factors are 
pertinent to the discount rate basis and should be considered in any 
broad benefit-cost approach. 
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Source of Capital 

Currently, privately financed organizations use a higher capital 
charge rate than publicly financed ones. Benefit-cost analyses for 
privately financed installations therefore tend to show less favorable 
monetary costs for capital-intensive environmental improvements than 
would be the case for publicly financed installations. When, for 
example, the alternatives under consideration involve power supplies 
from both public and privately financed facilities with a specified 
market price constraint on the power supply, the privately financed 
alternative shows less monetary margin for equivalent environmental 
improvements than a publicly financed alternative. Economic distor-
tions of this type tend to defeat the intent of NEPA to show a balanced 
consideration of environmental alternatives. 

The most logical course of action appears to be to establish a 
discount rate that is independent of the funding resources as a means 
of assessing monetary costs and benefits and to use this rate for 
comparing the monetary costs and benefits with the ICE values. This 
would avoid improper biasing of environmental decisions on the basis 
of a provincial discount rate when all power supply alternatives must 
satisfy the same market demand. However, the marketplace economic 
constraint would still have to be recognized and satisfied. Conse-
quently, before final selection of the most satisfactory alternative 
from the ICE benefit-cost analysis, it will be necessary to determine 
the actual market busbar production cost, using the legally established 
discount rate authorized by the licensing agency in setting the sales 
price for the power produced, and comparing this cost with the authorized 
sales price, the marketplace constraint. 

This approach does not preclude variations in the discount rate to 
allow for technological uncertainty or variable life expectancy in the 
evaluation of environmental alternatives. It would require that adjust-
ment in the rates be made only for justifiable technological reasons 
or for legitimate economic reasons independent of the capital investor's 
financial peculiarities. This use of adjusted discount rates would 
assure that the evaluation of environmental considerations is not 
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distorted by preestablished financial conventions. However, it must be 
recognized that the sale price of power could not be established from 
the adjusted rate unless permitted by regulatory practice. 

Risk Evaluation 

Most users of benefit-cost analysis recognize that uncertainty 
factors are important elements of the analysis. Where marketplace 
considerations are the basis, the discount rate can be used to allow for 
uncertainties. In this type of approach, the discount rate is increased 
with payoff uncertainty in the same way that interest rates are increased 
for risky investment ventures. 

The same approach might be used for environmental impact assessment 
of certain types of alternatives. For example, if when considering the 
use of dry cooling towers as an alternative for wet towers, the technology 
were in such a state that the assurance of successful application was in 
question, a high discount rate could be assigned to the uncertain portion 
of the plant cost to allow for the increased risk. The incremental mon-
etary contribution to the energy production cost (Ec) would then be 
associated with this source of ICE improvement leading to encroachment 
on the market price constraint (Nc). This would not necessarily invali-
date the desirability of the dry cooling tower alternative, but it 
would appear as a loss of margin available in the market price constraint 
(Nc). The same result could also be realized by estimating the capital 
investment for this alternative in a highly conservative form and 
maintaining the established discount rate on the presumption that with 
sufficient capital funding, the alternative could be made to wcrk. The 
main value of the variable discount rate is to flag the uncertainty. 

The objective of risk evaluation should be to obtain maximum value 
from risk aversion actions. The preferable alternatives should satisfy 
such risk aversion objectives as 
1. attainment of the highest degree of assurance that the selected 

alternatives will realize the desired environmental improvement, 



39 

2. provision of high probability that the imposed environmental con-
straints (regulatory or benefit-cost justified) will not penalize 
the reliability of the energy supply significantly, and 

3. provision of the maximum margin between the energy production cost 
(Ec) and the market cost constraint (Nc). 
The methodology for dealing with such risks is not yet developed. 

Consequently, only qualitative guidelines can be suggested. To satisfy 
the first of the aforementioned risk aversion objectives, all alterna-
tives under consideration must have a proved technological capability. 
If this is not possible, it should be established that a suitable 
program in an appropriate time frame is to be implemented to verify the 
capability of a questionable alternative. For example, if low sulfur 
emissions are required for a coal-fired plant, the cleanup technology 
for the effluents should be available or under aggressive development. 

To attain the second risk aversion objective, alternatives which 
have the broadest compatibility with operational contingencies should 
be selected. For example, the radioactive effluent system that can 
cope with the highest frequency of fuel failures should be preferred 
for a nuclear system, even at premium costs, in spite of the fact that 
low fuel failure rates are warranted. This will assure that the 
reliability of the power will not be penalized excessively by faulty 
warranty considerations that have meaningless monetary value to the 
power consumer. 

To attain the third of the aforementioned risk aversion objectives, 
alternatives which do not infringe excessively on the energy cost margin 
should be selected so that some latitude will be available to deal with 
other undefined cost contingencies. For example, if the market energy 
cost margin is only 0.5 mill/kWhr, it would be undesirable to encourage 
the use of environmental alternatives that used up 0.4 mill/kWhr of this 
margin unless there were virtually no other uncertainties in the energy 
cost. 

These qualitative guidelines might be converted into quantitative 
form by probability treatment in combination with risk-sensitive 
monetary evaluation practices. In the absence of such a quantification 
technique, the above criteria are usable as a means of ordering the 
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priority for selection from closely equivalent alternatives and for 
adjusting the relative merits of alternatives to allow for uncertainty. 
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6. PROCEDURES FOR DETERMINATION OF ICE VALUES 
AND CORRELATION WITH BENEFIT-COST ANALYSIS 

A set of procedures must be followed in determining the ICE values 
and correlating them with the benefit-cost analysis to assure that the 
end result is indicative of NEPA responsiveness. In following this set 
of procedures, the feasible site and energy system combinations and the 
alternatives which satisfy the ICE constraints are first identified. 
The alternatives are then treated systematically in a manner which will 
show how the environmental effects have been balanced in accord with 
the requirements of NEPA. The basic decision-making steps contained 
within this procedural framework are illustrated diagrammatically in 
Fig. 3. They comprise a four-phase environmental evaluation process 
which is outlined as follows. 

Phase I involves determination of the demand for electric power 
and the power price in the region and identification of usable site 
and energy system power generating combinations. 

Phase II involves environmental screening of the site-energy system 
combinations and calculation of ICE values for those alternatives found 
to be environmentally acceptable. 

Phase III involves calculation of monetary electrical energy 
generation costs to be correlated with the environmentally acceptable 
alternatives. 

Phase IV involves the correlation of ICE values with monetary costs 
of each alternative for benefit-cost analysis. 

Phase I; Alternative Selection 

The ^irst action to be taken under Phase I of the evaluation process 
is to justify the need for additional electric power in the region 
under consideration. If the additional demand is justifiable, the 
electric energy price structure in the region must be evaluated. The 
procedural actions to be followed in this first major step are as follows. 
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Fig. 2. Decision-Making Steps Involved in the Environmental Evaluation Process 



43 

1. The demand for electric energy is established by evaluating the 

consumption projected for the region over a specified time period and 

comparing it with the current availability of the supply. 

2. If a need for additional electric energy is indicated, the 
quantity, time of need, and type of demand (peaking or base load) is 
determined. 

3. The power price structure for the region is then evaluated to 
determine what market price will make the electric energy useful for the 
projected market demand. This is done to establish what price level for 
both peaking and base-load demand is compatible with the ICE market 
constraint (Nc) • 

4. The fuel resources that can be used to supply the market demand 
are investigated to determine which, if any, are adequate to meet the 
demand over the stipulated time span. This is done to establish whether 
the ICE resource constraint (Nr) can be satisfied. 

5. Sites that are usable with the available energy sources are 
identified and associated with appropriate energy systems for power 
generation to establish the site-energy system alternatives to be 
assessed. 

The preceding actions comprising Phase I of the evaluation process 
are summarized diagrammatically in Fig. 4. 

Phase II: Environmental Screening 

Phase II of the evaluation process involves environmental screening 
of the site-energy system alternatives. Each of the site-energy alterna-
tives identified in Phase I is considered in terms of its environmental 
effects (k), as listed in Table 1. A damage characteristic (DC) value 
is assigned to each of the 21 effects of an alternative by using the 
range of DC values shown in Fig. 1. Controllability values (CV) are 
then assigned to each environmental effect of each site-energy system 
a|herbal: I b y using the values given in either Table 2 (nuclear-fueled 
energy systems) or Table 3 (fossil-fueled energy systems). The con-
trollability values are assigned as upper and lower ranges when the 
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Fig. 4. Phase I: Alternative Selection. 

alternative has a latitude of variation in the controllability of an 
effect and as specific values when the alternative has an established 
result of known magnitude on the environmental effect. 

Once the DC and CV values have been assigned, the next step is to 
determine whether those environmental effects with damage characteristics 
greater than 0.5 have acceptable controllability (CV < 10) or a means of 
attaining controllability through engineering actions (CV < 15). Alter-
natives that do not meet the constraints on environmental damage are 
eliminated from further consideration. Others are modified to establish 
a controllability value < 10 for all effects. 
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After the site-energy system alternatives have been screened with 
respect to environmental constraints, ICE values are computed for each 
alternative passing the screening test by using Eq. 4 (page 28). This 
requires a detailed determination of the effects of each alternative on 
the environment and the eventual selection of an explicit controllability 
value relating that alternative to each environmental effect (k). For 
each combination of site and energy system, appropriate significance 
factors (S) are assigned for effects on land (SL), air (S^), and water 
(Ŝ j) • The index of the composite environment (ICE) is then computed for 
each site-energy system alternative (j) that has survived the environ-
mental screening process. These actions are summarized in Fig. 5. 

Phase III: Monetary Cost Evaluation 

To use the ICE for benefit-cost analysis, the monetary costs of 
electrical energy production (Ec) must be computed for each site-
energy system alternative under consideration. The data required for 
this computation include 
1. the thermal capacity, thermal efficiency, load characteristics, 

capital investment cost, and plant factor for each alternative; 
2. the capital discount rates (R) to be used for determination of 

the regulatory rate (Rx), the rate used in the societal benefit-
cost analysis (R2), and the rate to be used in the technological 
assessment (R3); 

3. the fuel costs associated with each alternative; and 
4. other operating costs associated with each alternative. 
These values are used to compute energy production costs in the pro-
cedure diagrammed in Fig. 6 by using the following general formula. 

Ec = (CR/8.760P) + M + F , (7) 

where 
C «* plant capital cost, $/kWhr, 
R = fixed charge rate determined by regulatory, societal, or 

technological factors, 70, 
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Fig. 5. Phase II: Environmental Screening. 

P = plant factor, 
M maintenance, operating, and insurance costs, mills/kWhr, and 
F = fuel ccsts, mills/kWhr. 
The proposed procedure involves use of the societal discount rate 

(R2) for determination of energy production costs (EC2) to be correlated 
with the ICE but requires that the energy costs (ECl and EC3) computed 



Fig. 6. Phase III: Monetary Cost Evaluation. 
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by using the regulatory discount rate (R-L) and the technological risk 
discount rate (R3) result in an electric energy selling price suited to 
the intended market. Application of this nomenclature makes it con-
venient to use the regulatory energy production cost (ECl) as the market 
price constraint (Wc) with Nc > ECl and EC3-

The last step of the procedure diagrammed in Fig. 6 calls for the 
identification of equivalent costs for economic spillovers that might be 
credited as either benefits or costs in the benefit-cost analysis. These 
values are then converted to equivalent energy production costs by using 
the following formula. 

_ Cg R 4 ... 
E C 4 = - ^ Q - * ' ( 8 ) 

where 
Cs = capital value required to realize equivalent spillover 

benefit or cost, $/kW, 
R 4 = discount rate assignable to equivalent capital, %, and 
Q = electrical energy to be produced by the site-energy system 

alternative associated with the economic spillover, kW. 
This permits application of monetary value to spillover environmental 
benefits, such as recreational and educational features, or environmental 
costs, such as road dsterioration and community service demands, that 
would be compensated by taxes in the ultimate regulatory energy cost but 
would not be covered in a standardized energy cost determined by using 
the societal discount rate (R2). 

Phase IV: Correlation of ICE and Monetary Values 
for Benefit-Cost Analysis 

In the last phase of the evaluation process, the monetary energy 
production costs (Ec2) are related to the ICE values for each alternative 
being evaluated by plotting the incremental change in the ICE (AICE), 
relative to the ICE for a reference plant, for each alternative versus 
the incremental change in the net energy production cost (£EC) , relative 
to the cost for the reference plant, for those alternatives. The net 
energy production cost 
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Ec2(net) = E C 2 - Ec4 • (9) 
Selection of the most desirable alternative is based on the best combi-
nation of energy cost and ICE values from the standpoint of minimizing 
environmental damage without excessive energy production costs. The 
actions to be takeu from Phase IV of the evaluation process are summarized 
in Fig. 7. 

Fig. 7. Phase IV: Correlation of ICE and Ec for Benefit-Cost Analysis. 

The following criteria are applicable to the selection of an 
alternative. 

1. All site and energy system alternatives that satisfy the ICE 
constraints are acceptable under NEPA requirements. 

2. The site-energy system alternatives that embody enough techno-
logical risk to provide the potential for not attaining the projected 
environmental improvement or for exceeding the proiected incremental 
costs are placed lowest in the selection order. 

3. Where risks are equivalent or minimal, the site-energy system 
alternative that has the best relationship between ICE value and power 
cost is selected. Where an improvement in the ICE value is small 
relative to a significant increase in power cost, the alternative or 
option responsible for this improvement will probably be rejected. The 
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technology discount rate (Rs) is a useful gauge of this uncertainty. 
In the computational procedure, it is necessary to fix a value for R3, 
but this value will always involve technological judgments whose 
reliability is reflected in the magnitude of the assigned rate. Hence, 
if the environmental values of two technological alternatives are equal 
and the energy costs for both meet the market price constraints but one 
alternative has a very high technological discount rate and the other a 
very low one, the alternative with the lowest assigned value should be 
preferred. 
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7. SUMMARY 

The purpose of this study was to develop a rational framework for 
the evaluation of environmental effects arising from the construction 
and operation of electrical power generating plants in response to NEPA. 
It has been shown in this study that by using an Index of the Composite 
Environment (ICE) as a means of quantifying a variety of environmental 
effects that have no interchangeable set of dimensional values, it is 
possible to measure relative environmental impact as a function of 
environmental controls available through engineering and operational 
alternatives. The study further develops an approach whereby benefit-
cost monetary considerations can be correlated with the ICE to provide 
an economic basis for environmental quantification. 

The need for inclusion of both environmental and economic constraints 
in the evaluation process is emphasized in the study. Environmental 
constraints are based on regulatory requirements in combination with a 
value scale for damages which may be mitigated by appropriate environ-
mental controls. The economic constraints are related to market price 
and demand considerations with resource availability as an independent 
limitation. 

The matter of public preference and its influence on environmental 
evaluation is recognized in the study, and approaches to weighting 
various elements of the ICE are suggested to balance their significance. 
The AEC Table of Environmental Impacts 2 is used as the basis of the 
approach developed in this study, but its application is not restricted 
to this combination of environmental effects and is adaptable to almost 
any type of environmental evaluation where monetary and non-monetary 
considerations are involved. 

Risk-sensitive control actions are identified in the study as 
important factors in environmental evaluation. The lack of suitable 
methodology for appraising risk is noted, and certain qualitative 
guidelines are offered with respect to environmental decisions as a 
means of establishing a suitable risk-aversion attitude. 
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The approach developed in this study is designed to meet the needs 
of regulatory agencies which mast deal with environmental impacts. With 
some further development of detailed methodology and with proper use of 
reference experience, the approach described in this report should be 
usable in providing a rational basis for environmental evaluation for 
regulatory purposes in response to NEPA. 
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Appendix 

EXAMPLE SITE-ALTERNATIVE EVALUATION 

Seven alternative power plants are considered here to illustrate the 
procedural actions involved in computation of ICE values and the cost of 
power production for alternatives. The alternatives considered are for 
an electric power generating plant with a capacity of 2200 MW that will 
supply needed power in a specific region in the eastern part of the 
United States. Two sites are considered. Three alternative plants are 
evaluated for location at a coastal site, and four alternative plants are 
considered for location at a site on a river farther inland. Both of the 
sites are located in rural agricultural areas. 

Identification of Usable Alternatives 

Each alternative to be considered for each site must be identified 
and assigned an appropriate damage characteristic (DC) value and an 
appropriate controllability value (CV). The range of DC values is illus-
trated in Fig. 1. The assigned DC value identifies the potential damage 
for each of the environmental effects given in Table 1 with respect to a 
specific technology under specific site conditions. Hence, this value 
gives the analyst an indication of the sensitivity of a site to specific 
forms of environmental damage with respect to a specific technology. 
Since the damage potential can be controlled by suitable engineered fea-
tures, each alternative is assigned a controllability value (CV) in 
accordance with the range of values given in Tables 2 and 3. The CV is 
used to indicate the ability to keep the environmental damage potential 
within acceptable limits. 

Assignment of appropriate controllability values, as well as DC 
values, requires that each alternative be categorized as to the fuel used 
for the generating plant, the cooling system employed, and the location 
of the plant. Categorization of the fuel as either nuclear or fossil 
provides the basis for selection of either Table 2 or Table 3. 
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Categorization of the cooling system as once-through freshwater, once-
through seawater, wet cooling towers, or dry cooling towers provides the 
basis for selection of one of the major columns in the table being used. 
Categorization of the plant location as uninhabited, rural agricultural, 
urban residential, or urban industrial provides the basis for selection 
of one of the four subcolumns from which the range of controllability 
values for a particular alternative is obtained. 

Categorization of alternatives permits the use of either Table 2 or 
Table 3 to determine the range of controllability values associated with 
an energy system-site alternative applicable to each of the environmental 
effects given in Table 1. For example, from Table 2, a controllability 
range from 0 to 15 has been established for the environmental impact 
resulting from fogging and icing (item 3 in Table 1) for a nuclear power 
plant with once-through freshwater cooling in an urban residential 
location. 

The alternatives evaluated in this example are categorized as 
follows. For the coastal site (Site 1), the usable alternatives are 
1. an oil-fired steam plant with minimum emission controls and once-

through saltwater condenser cooling, 
2. a light-water-cooled nuclear reactor with once-through saltwater 

condenser cooling, and 
3. a light-water-cooled nuclear reactor with saltwater mechanical-draft 

cooling towers. 
For the inland river site (Site 2), the usable alternatives are 

4. a coal-fired steam plant without stack emission controls and with 
freshwater natural-draft cooling towers, 

5. a coal-fired steam plant with stack emission controls and freshwater 
natural-draft cooling towers, 

6. a light-water-cooled nuclear reactor with freshwater mechanical-
draft cooling towers, and 

7. a light-water-cooled nuclear reactor with freshwater natural-draft 
cooling towers. 
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Computation of ICE^ for Each Alternative 

The value of each ICE increment (ICE^) for the 21 quantitative and 
qualitative impacts identified in Table 1 is calculated for each alter-
native considered by using the formula 

ICEk -= DCk(CVk)A2m . 

The value of each ICE increment for each alternative is expressed in 
terms of a reference plant value (1000/ICEo). For the purposes of this 
example evaluation, the reference plant is one which is the least environ-
mentally acceptable within the constraints described for the ICE. From 
this standpoint, the reference plant can be described as a coal-fired 
steam plant with minimum stack emission controls and once-through fresh-
water condenser cooling that is located in an urban residential area. 
The total DC X CV value for the reference plant, ICEQ = 170 and the ref-
erence value 1000/ICEQ = 5-882. 

To illustrate the computation of the value for each ICE increment, 
the values for the 21 environmental effects given in Table 1 that resulted 
from an evaluation of Alternative 1 (oil-fired steam plant with minimum 
emission controls and once-through saltwater cooling) at Site 1 (coastal) 
are given in Table A.l. This type of evaluative computation is carried 
out for each alternative considered. J'or convenient use of the values 
and to facilitate weighting, the quantitative and qualitative ICE incre-
ments for each alternative are summed as they relate to water (ICEW), 
air (ICE^), and land (ICEL). These values for the reference plant and 
for each of the alternatives considered and the incremental improvement 
in these values for each alternative relative to the reference plant are 
given in Table A.2. These ICE values are then correlated with the 
associated power production cost for each alternative. 
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Table A.l. Example Computation of ICE Increment 
Values for Alternative 1 
Environmental 

Effect 
(from Table 1) 

DC X CV X 
1000 
ICE o 

ICE. k 

a 1. Water body 
1.1 0.4 8 5.882 18.82 
1.2 0.3 8 5.882 14.12 
1.3 0.2 6 5.882 7.06 
1.4 0.2 4 5.882 4.71 
1.5 0.1 0 5.882 0.0 
1.6 0.1 0 5.882 0.0 

Subtotal 44.71 
2. Groundwater 

2.1 0.1 0 5.882 0.0 
2.2 0.3 1 5.882 1.76 
2.3 0.1 2 5.882 1.18 

Subtotal 2.94 
3. Aira 

3.1 0.1 2 5.882 1.18 
3.2 0.5 10 5.882 29.41 
3.3 0.1 2 5.882 1.18 

Subtotal 31.77 
4. Land0 

4.1 0 0 5.882 0.0 
Subtotal 0 . 0 

5. Water0 
5.1 0.4 6 5.882 14.12 

Sub total 14.12 
6. Landb 

6.1 0.4 4 5.882 9.41 
6.2 0.4 8 5.882 18.82 
6.3 0.4 8 5.882 18.82 
6.4 0.3 6 5.882 10.59 
6.5 0.3 8 5.882 14.12 
6.6 0.1 8 5.882 4.71 
6.7 0.5 10 5.882 29.41 

Subtotal 105.88 
Total 199.5 

Quantitative effects 
^Qualitative effects 
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Table A.2. ICE Values for Alternatives i Evaluated 
ICE Value For 

Envir omental Effect On Total Total 
Alternative Water Air Land ICE AICEa 

Reference 441 147 412 1000 0 
plant 

Coastal site 
Alt. 1 (f)b 61.8 31.8 105.9 199-5 800.5 
Alt. 2 (n)° 95.4 11.2 68.3 174.9 825.1 
Alt. 3 (n) 74.2 20.6 98.2 193.0 807-0 

Inland site 
Alt. 4 (f) 71.7 35.9 117.7 225.3 774.7 
Alt. 5 (f) 76.4 11.2 128.1 215.7 784.3 
Alt. 6 (n) 86.5 20.6 97.6 204.7 795.3 
Alt. 7 (n) 84.2 14.7 87.0 185.9 814.1 

The incremental change in the index of thi composite 
environment (AICE) for each alternative = total ICE for the 
reference plant (1000) - total ICE of each alternative. 

b||(f)u indicates a fossil-fueled plant alternative, 
"(n)" indicates a nuclear plant alternative. 

Computation of Power Generation Costs for Each Alternative 

For the purpose of this example, it was assumed that each plant 
alternative considered for both sites will have the same starting date 
for commercial operation. The cost of power generation (Ec) in mills per 
kilowatt-hour is calculated for each alternative by using the following 
general formula. 

Ec = (CR/8.760P) + M + F , 
where 

C = plant capital cost, $/kWhr, 
R = fixed charge rate, 
P = plant factor, 
M = maintenance, operating, and insurance costs, mills/kWhr, and 
F = fuel costs, mills/kWhr. 
In this example evaluation, a fixed charge rate (R) of 16.6% per 

year was used for all alternatives evaluated. A plant factor (P) of 0.8 
was used in each case to yield 0.8(8760 hours/year) = 7008 hours of plant 
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operation per year for each alternative. It should be noted that all of 
the terms in the preceding relationship could vary for each alternative, 
but to simplify this example, the fixed charge rate, the plant factor, 
and the starting date for commercial operation were m?ide the same for 
each alternative considered. 

To illustrate the method used to calculate E . consic^r Alternative c 
2 at Site 1 (coastal). This is a light-water-cooled nuclear reactor 
electric power generating plant with a capacity of 2200 MW, once-through 
saltwater condenser cooling, and ? capital cost of approximately $687 
million. The capital cost portion of che power generation cost is 

0.166($687 X 106) = $114.04 X 10s per year, 

1 1 4 . 0 4 X 1 0 6 , / n . . . . / 1 T _ 

2 , 2 0 0 , 0 0 0 ( 8 . 7 6 0 ) ( 0 . 8 ) = 7 ' 4 ° m i l l s ' k W h r • 

The annual maintenance, operating, and insurance costs for this plant 
amount to approximately $6,167 million, or 

™ 6 . 1 6 7 X 1 0 s . / n . 1 1 / 1 T T U 

M = 2 , 2 0 0 , 0 0 0 ( 8 . 7 6 0 ) ( 0 . 8 ) = ° ' 4 ° m l U / k W h r • 

The annual fuel cost for the plant is about $30,835 million, or 

i7 3 0 . 8 3 5 X 1 0 6 _ _ . . . 
F = 2 , 2 0 0 , 0 0 0 ( 8 . 7 6 0 X 0 . 8 ) = 2 ' ° m i l l s / k W h r • 

The total cost of power generation for this plant 

E - 7.40 + 0.40 + 2.0 c 
= 9.80 mills/kWhr . 

The cost of power generation for the reference plant and for each 
of the alternatives evaluated and the incremental increase in power gen-
eration costs for each alternative relative to the reference plant are 
given in Table A.3. 
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Table A.3. Power Generation Costs (Ec) for Alternatives Evaluated 

Alternative 
Plant Cost 

Power Generation 
in mills/kWhr 

Cost 
for Total 

Ec A E C Alternative $10s $/kW(e) Capital Fuel 0&M 
Total 

Ec A E C 

Reference 4i8 190 4.50 4.50 0.50 9.50 0 
plant 

Coastal site 
Alt. 1 (f) 447.1 203 4.82 6.55 0-80 12.17 2.67 
Alt. 2 (n) 687 312 7.40 2.00 0.40 9.80 0.30 
Alt. 3 (n) 709 322 7.60 2.02 0.65 10.27 0.75 

Inland site 
Alt. 4 (f) 521.4 239 5.61 5.85 0-80 12.26 2.76 
Alt. 5 (f) /Q4 320 7.58 5.85 0.80 14.23 4.73 
Alt. 6 (n) 700 318 7.54 2.02 0.80 10.36 0.86 
Alt. 7 (n) 757 344 8.15 2.02 0.60 10.77 1-27 

Evaluation of Examples 

The environmental impacts of the previously categorized alternatives 
considered herein were evaluated in terms of a least environmentally 
acceptable reference plant, and the power generation costs for each of 
the alternatives were determined. In summary, the pertinent data for 
these alternatives and the reference plant are given in Table A.4. 

Table A.4. Summary of ICE and Ec Values for Alternatives 
Evaluated 

Power 
Raw ICE Value For Generation 

Environmental Effect On Total Cost 
Alternative Water Air Land ICE (mill/kWhr) 
Reference 441 147 412 1000 9.50 
plant 

Coastal site 
Alt. 1 (f) 61.8 31.8 105.9 199.5 12.17 
Alt. 2 (n) 95.4 11.2 68.3 174.9 9.80 
Alt. 3 (n) 74.2 20.6 98.2 193.0 10.27 

Inland site 
Alt. 4 (f) 71.7 35.9 117-7 225.3 12.26 
Alt. 5 (f) 76.4 11.2 128.1 215.7 14.23 
Alt. 6 (n) 86.5 20.6 97.6 204.7 10.36 
Alt. 7 (n) 84.2 14.7 87.0 185.9 10.77 
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It is interesting to note that the data in Table A.4 indicate that 
Alternative 2 is the most desirable selection from both the economic and 
the environmental standpoint. 

The ICE values for each alternative evaluated were subdivided into 
three categories corresponding to the environmental impact of the alter-
natives on water, air, and land. It is important to know how these 
environmental categories are affected by different energy systems asso-
ciated with plant alternatives at a particular site. The technological 
options chosen as alternatives for nuclear plants are often selected to 
improve the impact of those plants on water, while the choice of alterna-
tives for fossil-fueled plants is often directed toward improvement of 
their impact on air. It is also important to know whether a change in 
the impact of an alternative on one environmental category can have a 
counter effect on another category. Therefore, determination must be 
made of how each alternative influences each environmental category and 
whether an improvement in one category must be made at the expense of 
deterioration in another category. 

To evaluate these effects, the incremental increase in power gener-
ating costs (AEC), relative to the cost for the reference plant, and the 
incremental improvement in ICE values (AICE), relative to the values for 
the reference plant, were plotted for the alternatives considered in this 
example. The relationships between the power generation cost and the 
AICE values for water, air, and land for both the nuclear and the fossil 
fueled alternatives are plotted in Fig. A.l. 

The curves plotted in Fig. A.l indicated that improvements made in 
the impact of a plant on one environmental category by the use of tech-
nological options tend to be offset in varying degrees by increases in 
the severity of impacts on the other environmental categories. For the 
four nuclear plant alternatives evaluated herein, improvement in the 
environmental impact on water is accompanied by a worsening of the impact 
on air and land. For the three fossil-fueled plant alternatives, a 
decrease in the severity of the impact on air is accompanied by an 
increase in the severity of the impacts on water and land. Thus, there 
is some trade off among the effects of each alternative on water, air, 
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and land, and the overall composite effect on the three environmental 
categories must eventually be taken into account in the balance. 

It should also be noted that the increased power generation costs 
associated with given alternatives do not result in an improvement in the 
composite environmental index for all categories. Thus, a balance must 
not only be made between the importance of the environmental category 
improved and that of the categories worsened, but the monetary costs 
associated with the impacts of an alternative on the environmental cate-
gories must also be included in this balance. 

The three environmental categories (water, air, and land) should 
have equal importance if all three are essential to environmental ade-
quacy. However, examination of Table 1 reveals an inherent weighting of 
values inasmuch as the 21 major impacts listed are not distributed 
equally among the three major environmental categories. The number of 
individual effects in the water category (10) is much greater than the 
number of individual effects in the air (3) and land (8) categories. To 
relegate the impacts of each environmental category to positions of 
potentially equal importance, the values of all three categories must be 
equalized. This is done by using an equalizing factor (E) for each of 
the categories. 

W + A + L 
E W = 

EA = 

and E, = 

3W 
w + A + L 

3A 
w + A + L 

L 3L 
where 

E = equalizing factor for potential impact of an environmental 
category, 

W = total number of individual environmental effects on water, 
A = total number of individual environmental effects on air, and 
L = total number of individual environmental effects on land. 

Thus, the equalization factor 

E w = T n W = 0 , 7 5 

21 
EA = 3(37 = 2 , 3 3 > 



67 

and EL = afly = °- 8 7 5 • 

The ICE values of each environmental category for an alternative are 
equalized by application of these equalization factors to the raw dsta. 
For example, for Alternative 1 

ETT = 0.7ICE.. = 0.7(61.8) = 43.26, w w 
E a = 2.33ICEA = 2.33(31.8) = 74.09, 

and EL = 0.875ICEL = 0.875(105-9) = 92.66. 

The results of application of these equalization factors to tke raw 
ICE values for the reference plant and the seven alternatives evaluated 
are given in Table A.5 and illustrated in Fig. A.2. From Table A.5, it 
can be seen that application of the equalization factors to the raw data 
for the alternatives emphasizes the fact that the alternative with the 
lowest power generation cost (Alternative 2) has the least overall 
environmental impact (highest AICE value), making it appear to be the 
obvious selection among alternatives. 

Table A.5. Equalized ICE Values for Alternatives Evaluated 
Equalized ICE Value For 
Environmental Effect On Total Total 

Alternative Water Air Land ICE AICE 
Reference 309 343 360 1012 0 
plant 

Coastal site 
Alt. 1 (f) 43.3 74.1 92.6 210.0 802.0 
Alt. 2 (n) 66.8 26.1 59.8 152.7 859.3 
Alt. 3 (n) 51.9 48.0 85.9 185.8 826.2 

Inland site 
Alt. 4 (f) 50.2 83.6 103.0 236.8 775.2 
Alt. 5 (f) 53.5 26.1 112.1 191.7 820.3 
Alt. 6 (n) 60.6 48.0 85.4 194.0 818.0 
Alt. 7 (n) 58.9 34.3 76.1 169.3 842.7 

The curves plotted from the equalized data, shown in Fig. A.2, tend 
to accentuate the trade off between improvement in one environmental cate-
gory and degradation of other categories. A comparison of the curves 
plotted in Figs. A.l and A.2 indicates that application of the equaliza-
tion factors to the alternatives evaluated tends to lessen the severity 
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of the environmental impact on water, vSiile the severity of the impact 
on air is increased greatly and that of the impact on land is changed 
very little. Because of the increased severity of the environmental 
impact on air resulting from application of the equalization factors, 
the fossil-fueled plant alternatives (Alternatives 1, 4, and S) appear 
much worse than the nuclear plant alternatives (Alternatives 2t 3, 6, 
and 7) from an environmental standpoint. 

It has been pointed out that both the raw data given in Table A-& 
and the equalized data given in Table A.5 indicate that Alternative 2 is 
to be preferred, both economically and environmentally, over the other 
six alternatives. The indicated economic advantage is consistent with 
generally accepted opinion. That is, a light-water-cooled nuclear plant 
with a once-through cooling system affords the lowest generating costs 
available at the current level of capital and operating costs. On the 
other hand, it is not generally accepted that the once-through cooling 
system is environmentally better than closed-cycle coolittg tower alterna-
tives. This makes it clear that some weighting of impacts on the three 
environmental categories is necessary if the ICE values are to be con^ 
sistent with current views of what is environmentally acceptable. 

The importance assigned to environmental impacts on water, air, and 
land can vary with the geographical location, physical characteristics, 
and existing land use at the proposed plant site. It is this factor of 
importance for the various impacts at the specific site in question that 
has controlled current views and must be reflected in the evaluation by 
the use of a weighting system- At a coastal site, it would not be appro-
priate to place the same emphasis on water that is placed on air and land 
if the major concern related to tne water is evaporation loss from a 
large seawater reservoir. Similarly, it would be inappropriate to assign 
much weight to land in an arid and barren site if the amount of available 
land is large and its utility is minimal. 

As previously discussed, the relative importance of the environ-
mental categories (water, air, and land) can be expressed mathematically 
by application of a proposed significance factor. The significance 
factor (S) is the product of the equalizing factor (£) and a weighting 
factor (F) in each environmental category. 
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SW " FWEW' SA ** FAEA- a n d SL = FLEL " 
The weighting factor <F) for each environmental category has a value 
range from 0 to 1, and the values selected indicate the relative impor-
tance of the environmental categories at the site in question. 

The weighting factors selected for each environmental category at 
the two sites evaluated in this example, the previously described equal-
ization factors, and the resultant significance factors are tabulated 
below. 

Water A i r Land 
FW * SW f a x E A * S A fL X EL - S L 

Coastal site 0.9 0.7 0.63 0-03 2.33 0.07 0.5 0.875 0.44 
Inland site 1.0 0.7 0.70 0.06 2.33 0.14 0.3 0.875 0-26 

ThvJ results of the application of these significance factors to the 
raw data (Table A. 2) for the alternatives evaluated are given in Table 
A.6. Equalized values are given for the reference plant for comparative 
purposes. The resulting data for the fossil-fueled and the nuclear plant 
alternatives are plotted in Fig. A.3. 

Table A.6. Weighted ICE Values for Alternatives Evalu, 4 
Weighted ICE Values For 
Environmental Effect On Total Totwl 

Alternative Water Air Land ICE MCt 

Reference 309 343 360 1012 0 
plant 
Coastal site 
Alt. 1 <f) 39.0 2.2 46.3 87.5 924.5 
Alt. 2 (n) 60.1 1.0 30.0 91.1 920.9 
Alt. 3 (n) 47.0 1.4 43.0 91.4 920.6 

Inland site 
Alt. 4 <f) 50.2 5.0 31.0 86.2 925.8 
Alt. 5 (f) 53.5 2.0 33.6 89.1 922.9 
Alt. 6 (n) 60.6 3.0 25.6 89.2 922.8 
Alt. 7 (n) 59.0 2.1 23.0 84.1 927.9 
a Values given for reference plant are equalized values. 
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Fig. A.3. Environmental Impacts (AICE) on Water, Air, and Land 
Versus Power Production Costs (&EC) for Nuclear and Fossil-Fueled 
Alternatives Using Weighted ICE Values. 
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The data given in Table A. 6 and plotted in Fig. A.3 indicate that 
application of the weighting factors tends to improve (increase the AICE 
values) the relative environmental impact of those alternatives with 
higher power generating costs. This tendency is emphasized ir? ?ig. Ac4, 
in which the raw, equalized, and weighted total AICE values for the plant 
alternatives are plotted as a function of the incremental power genera-
tion cost (AEC) for the seven alternatives. Only the weighted data 
curves show reduced total environmental impacts for the more costly 
alternatives. 

The total AICE values versus the incremental power generation costs 
(AEC) for the alternatives considered for the coastal site are plotted 
in Fig. A.5, and the total AICE versus AEC for the alternatives considered 
for the inland site are plotted in Fig. A.6. In both figures, the curve 
on the left was plotted from raw data and the curve on the right was 
plotted from data weighted by application of the previously discussed 
significance factors. These plots indicate clearly the dependence of 
ICE values on weighting. They also show that in this case, application 
of significance factors made the plant alternatives with the higher 
power generation costs appear to be more environmentally acceptable than 
those with lower economic costs. 

The examples presented herein illustrate the use of the index of 
the composite environment (ICE) to combine monetary cost data and non-
monetary environmental values for impact balancing purposes. These exam-
ples indicate that some variation in the distribution of weighting 
factors should be considered when alternative sites are evaluated to test 
the environmental sensitivity of the sites to parameters of plant alter-
natives. The rationale for a particular weighting distribution can then 
be explained by the evaluator in terms of the value considerations 
peculiarly appropriate to the sites in question. 
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Fig. A.4. Raw, Equalized, and Weighted Total AICE Values Versus Power Production Costs (£EC) for 
Plant Alternatives. 



ORNL 0*5 74-74.1 

A I C E 
ENVIRONMENTAL IMPROVEMENT 

Fig. A.5. Raw and Weighted Total AICE Values Versus Power Production 
Costs (AEC) for Coastal Site Alternatives. 
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Fig. A.6. Raw and Weighted Total AICE Values Versus Power Production Costs (£EC) for 
Inland Site Alternatives. 


