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1.....uing March and April- of 1975 ithe Department of: Environmental Sciences 

and Engineering of 'the University of North Carolina conducted the second, on

campus session of its International Program in Environmental Aspects of Industrial 

:Development (IPEAID). As with the 1973 Session IPEAID was sponsored by the, 

Office:of Science and Technology, U. S. Agency for!International Development. 

And as in 1973, ten of the thirty participants were sponsored-by the United 

:Natibns",Industrial Developnent Organization. 

. The participants, primarily frcm developing countries, were mid-career 

andsenior level officials with responsibilities for planning, praroting,, iregu-

Iating, or administering industrial operations, including education, research 

and development as well as manufacturing and mining. Although the participants 

1were -allprofessionals and included engineers, scientists, economists, and 

administrators, they had limited background and experience in environmental 

aspects of industrial developmenL.
 

IPEAID was and is intended to improve the participants' comprehension 

and understanding of the environmental issues, effects, alternatives, and 

technologies associated with industrial levelopment. Economics and public 

policy, technology, and human health effects were substantial components of 

the courses. Methodologies for anticipating and assessing potential environ

mental impacts of industrialization were stressed and reviewed in several 

case studies.
 

IPEAID and these volumes do not include detailed instruction for the 

technical specialist concerned with a specific pollution control or industrial 

manufacturing process. IPEAID does, however, provide an overview of available 

pollution control alternatives and technologies at a level of detail appropriate 

for individuals concerned with industrialization in general. 
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Although the course materialsi(and field*trips) draw heavily on UniteL
 

,State ,pienceIPEAID recognizes the differing sociopcltural-econmic
 

onditions and development priorities -in the developing countries. The variow 

institutional and legal approades to pollution control in industrialized 

countries are presented not as normative or sole solutions but to provide an 

.mopportunity to examine the experience gained in trying alternative approaches. 

: .,Ib supplement the classroom lectures, seminars, and field trips; to rein

force the learning experience and help overcome language barriers; and to pro

vide :a basic reference library for permanent retention by the participants, 

,	IPEAID assembled an extensive collection of readhig references. These are, in 

part, collected in these five volumes. Some were specially prepared by IPEAID 

staff, others were used with permission. They are published primarily in theii 

original form; this ompiler apologizes for the lack of uniform editorial fonm 

but believes this deficiency is outweighed by their usefulness. 

In addition to the materials of these five volumes, each participant re

ceived copies of the following books or monographs: 

Agency for International Development. Environmental Assessment 
Guidelines Manual. Washington, D.C. 159 pp. 1974. 

Chanlett, Emil T. Environmental Protection. McGraw-Hill, Inc., 
New York. 569 pp. 1973.
 

Panel of Experts Convened by the Secretary-General of the United 
Nations Conference on the Human Environment. Founex Report on 
Development and Environment. Founex, Switzerland. 1971. 
As published in International Conciliation, No. 586, pp. 7-83, 
with commentaries by four panel members. January 1972. 

Pescod, M.A. and Okun, D.A., Editors. Water Supply and Wastewater
 
Disposal in Developing Countries. Asian Institute of Technology,
 
Bangkok. 309 pp. 1971.
 

Stone, Ralph & Company, Inc. Decision-Makers' Guidebook for 
Industrial Pollution Control. Preliminary Edition, Volume I.
 
U.S. Agency for International Development in Cooperation with: 
United Nations Institute for Training and Research, U.S. Depart
ment of Commerce, U.S. Environmental Protection Agency. 128 pp., 
includes several comprehensive bibliographies. February 1975. 

1-vi 



Stone, Ralph &Company, Inc. Decision-Makers' Guidebook for 
Industrial Pollution Control. Preliminary Edition, Volume II. 
U.S. Agency for International Development in Cooperation with: 
United Nations Institute for Training and Research, U.S. Depart
ment of Commerce, U.S. Environemntal Protection Agency. 337 pp.,
includes several comprehensive bibliographies. February 1975. 

United Nations Industrial Development Organization. Industrial 
Development and the Environment. Vienna. 1972. International 
Program in Environmental Aspects of Industrial Development.
University of North Carolina, Chapel Hill, North Carolina, 55 pp. 
1975. 

World Bank. Environmental, Health, and Human Ecologic Considera
tions in Ecoiuic Development Projects. Washington, D.C. 142 pp. 

The additional reading references are assembled by subject in five vol

umes: 

1. Environmental Planning 
2. Water Quality Management/Solid Wastes 

3. Air Quality Management
 

4. Industrial Pollution 

5. Resources and the Environment 

These five volumes plus the above listed items were intended to provide 

broad coverage of the environmental aspects of industrial development. 

These volumes were prepared for IPEAID participants. A limited number 

of sets are available for libraries of international organizations. 

F. Eugene McJunkin
 

Chapel Hill, North Carolina 
February 1976
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A DEDICATION 

These five volumes are dedicated .to"George E. Barn'e's 

Pr6fessor Emeritus of Sanitary Engineering, in appreciation 

of his many contributions to international programs at the 

-university of North Carolina. 
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ENVIRONMENTAL MANAGEMENTo ECONOMIC DEVELOPMENT AND SOCIAL WELFARE 

r1' (TheEconom6dic Basis',f6rtEnvironmental Considerations in Socio

e Development Policies and Planning)
 

Rdmi Barr4 
Civil Engineer, Graduate Student 
Dept. of City and Regional Planning 
University of North Carolina 
Chapel Hill, North Carolina 

Objectives -ofithe Paper 

This paper is aimed at giving the framework of a rationale for:
 

1. 	Including environmental considerations in planning for development.
 

2. 	Deciding the degree of environmental protection consistent with
 
the overall objectives of a particular society.
 

3., 	Choosing the policies and procedures best suited for this task.
 

'Itwilltbe rather conceptual in nature in order to be adaptable to a wide
 

variety of politico-economic situations, but concrete enough An its results
 

in order to be relevant in terms of action.
 

The word "environment" will have here the broad but precise meaning:
 

all the natural (within a country or internationally) resources, which is
 

to say: air, water, and land. So, here environment is neither the totality
 

of the biosphere nor Nature, with a capital "N": the former is too broad,
 

loosely defined, and the latter too value-loaded, to be the object of a
 

scientific approach.
 

Note: 	 The term "social optimal point (or degree) of pollution" is often
 
used. It has almost the same meaning as "complete set of pollution
 
standards" which would be consistent with the overall economic,
 
social, environmental, and redistribution objectives of a society;
 
in fact, reflecting those societal objectives whatever their relative
 
weight.
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SWhen anything is free, there is a tendency to consume it without
 
...
regard for future consequences, but with water and air, as with
 

a limit to the amount available to,theconsumer,
free love, there is 

and after a time, there is a risk of exhaustion.
 

M. I. Goldman, "The Convergence of Environmental Disruption."
 

in Science, Vol. 170, 1:3953, Oct. 2, 1970.
 

"-
As the earth becomes more crowded, there is no longer an 'away '
 

one person's trash basket is another person's living place.
 

National Academy of Sciences, Environmental Quality and
 

Social Behavior, Strategies for Research, 1973, p. 17.
 

For most people, life is pretty drab already, so why not add a
 

little frisson to it by imagining that we are really on the brink
 

we can then either go down bravely in an orgy of last
of disaster; 

minute revelry or rush about busily from conference to conference
 

urging everybody to stop the music and get down to the serious
 

business of saving the "spaceship earth" from imminent catastrophe.
 

Wilfred Beckerman, Environment and Development (the Founex
 

Report), International Conciliation, January 1972, no.586,
 

p. 58.
 

1-61
 



I 

,Introduction* ,, 4-, K" *(' 

!,,.For,-the 'last, few.,years there has, been a, growing concern about the 

environment and, , since, 1973 and '.the, "energy crisis," ideas -like!zero-growth 

and- ecological. balance: have been-widely, discussed in the U. S. and, then in 

Europe., Those' ideas gained;substantial political support andpartial 

jlegislative recognition, especially in the U.S., where the Natural Environ

imental Policy Adt' of I969 requires to take account Of the.,environmental 

quality in any public-action. Those issues became the center of discussion
 

and controversies in the European Economic Community too, in 1972, when
 

its;'then-Secretary General, Mr. Sicco Mansholt made public his ideas about
 

,zero-growth.- Then, too, the legislations have begun to evolve with, among 

other things, the creation of a Ministry of the Environment in France, at
 

that time.
 

The conference of Stockholm held by the U.N. in 1972 about the En

vironment officially gave international recognition to the problems raised

and showed, too, how widely different and even contradictory the positions 

of the different countries were. 

.Along with that, the increasing prices of crude oil and various raw
 

materials raised intense concern to the question of natural resources and
 

energy, which have been dealt with in a growing number of international
 

';conferences--in international trade legislation, the use of international
 

natural resources (the Caracas conference in 1974), the food production
 

(Rome, 1974), the population increase (Budapest, 1974), plus many oil
 

related meetings (Copenhagen, 1974).
 

The least one can say is that there is widespread disagreement and
 

even distrust- in the international community about all these questions.
 

In fact, the questions themselves are often ambiguously termed and the
 

*see bibliography, Parts IX,X, XI, XII
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IV
 

motivations behind many spectacular position statements ;are!iinotrquite clear.
 

To put, it, simplyj the -concerns 'have been: put , forward 'by- the developed 

.nations: at a: moment when, as a matter' of coincidence, the'thirdr world is 

,becoming more. conscious of its resources potential, of,its, perfect'right to 

.-use :them in' thebest of its interests,' and.when the. greater assimulative 

* capacity of pollution of its environment-is on' the verge of givingit a 

i'substantial "comparative advantage" in the' international' trade"of some 

)polluting industrial products. It is quite normal, therefore,. that the
 

developed nations have been suspected of :taking pretext of particular problems
 

they have to impose worldwide dramatization over the danger of development
 

and industrialization and legislative,action for environmental protection
 

in order to keep this supremacy. Their ambiguous position on the relation
 

between natural resources, pollution, gross national product growth,
 

population control, energy, etc. greatly helped the initial split to sharpen,
 

the issues to be mixed, the misunderstanding to develop. The suspicion of
 

the developing countries is indeed legitimate--when one sees for example
 

the enormously increased profit of the oil companies and the extremist
 

position of certain conservationist groups--but, in our opinion, it is not less
 

true that some of the questions initially brought to the attention of the
 

international community are legitimate ones--indeed vitally relevant issues.
 

Among those issues, the one we are going to discuss here is namely the
 

increasing pollution of air, land, and water al1' around the world.
 

*,,The present paper is aimed at providing a rationale--a consistent
 

framework to deal with this issue. It will therefore especially address the
 

question of (i)what is value-judgement, (ii)what depends on,the specific 

,,conditions--natural and socio-politico-economic--of each country,.and (iii) 
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v 

what is technical matter in the whole problem of pollution, including that,
 

though there may be differences of interest between poor and rich countries
 

with respect to what is the optimal environmental policy within each
 

country, it is not necessarily true chat this creates any genuine conflict
 

of interest. It is our hope that, by bringing some material of that kind
 

into this paper, some of the further discussions on environmental pollution
 

can be a little better focused--precisely on those issues which indeed are
 

matter of political judgement, putting aside what is irrelevant.
 

In a first chapter we quickly establish the framework and main
 

results of the classical economic theory with specific mention of the place
 

of the environment in it. In a second one, we discuss in some detail the
 

question of externalities (the economic significance of pollution) and how
 

they relate to a socially determined "optimal degree of pollution."
 

Chapter three goes at the heart of the question of measurement of costs of
 

pollution--that is the question of how a particular society defines social
 

welfare--which leads us to specify the relation between this "social
 

optimum" and the economic efficiency objective. Chapter four deals pri

marily with the kind of policy instruments one can think of in this area.
 

In the conclusion we put some of the results and consequences of what have
 

been discussed which seem particularly relevant in terms of the objectives
 

of that paper as stated earlier. Finally, in the appendix, we gathered some
 

of the main issues concerning the relationship between environmental
 

protection and international trade. A substantial bibliography will be
 

found at the end. This paper has been based on two main sources: Environ

mental Economics, by Seneca and Taussig (Prentice-Hall, 1974) and the work of
 

A. Kneese at resources for the future, mainly in his following article:
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" Environmental Quality and International Trade," International Organization, 

Vol.26:2,Spring 1972,found also in Resources for the Future, RepAlnt 102 

aAnother source is the article "Pervasive external'costs response of 

society ":Resources for the Future,Reprint 80, and Management Science, 

Vol. 19, No 10, June 1973, "management Science ,Economics and Environmental 

Science ". We would like to express our thanks, too, to Professor'F. Eugene 

McJunkin who reviewed the manuscript andisuggested useful corrections. 
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2I S ' €ital Welfare in a, Pivate1 Maket Economy and, Itbs Relation to-ithe 

Environment 

1.1 Some DefinitionslG
 

An economic good or service is anything that is scarce--i.e. the
 

demand 
 for it exceeds its supply at zero price. Almost all resources-

which are defined as anything that contributes to making desired goods and
 

services available for consumption--are limited relative to the desires
 

of man to consume. Economic welfare is measured by the value of the
 

consumption of economic goods and services over some period of time.
 

Certainly such aggregate figures to measure welfare have been argued to be
 

misleading. In fact welfare depends, too, on the compostion and distri

bution of economic goods and services. A procedure, the allocation of
 

resources in the production process, for example, will be said economically
 

efficient if it allows the maximum production or consumption of goods and
 

services for any given available amount of resources.
 

The benefit of goods and services are their value to the consumer--and
 

can be measured by market prices .* 
For the public goods, and services,
 

that is, the goods and services for which there is no determined
 

price (national defense, public education, recreation areas), the benefits
 

must be inferred by some less direct method. 
Costs are foregone benefits
 

from the consumption of some good or service--that is, are essentially
 

opportunity costs. Households attempt to maximize their welfare, given
 

their income, by buying a combination of goods and services from the firms
 

which major goal is the maximization of profits, that is, the difference 

between the costs of productive services they had to hire in order to
 

produce the desired goods and services (expenditures) and the benefits from
 

* Or by administrative price ,in a centrally-planned economy 
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salet07thp' .'usto,sthelr : (re of firm).p. Firms .an ,households inter

act through the market,' institution through which potential,buyers and 

sellers exchange the input and output of the productionprocess: firms are 

.vuppliers 
 of ,consumer goods and services (output), and households are
 

.;demanders-conversely, households supply the services of their labor and
 

-,capitalto firms (input), and firms are demanders.,
 

1.2 General Equilibrium in a System of Private Markets 

Here, we will only give briefly the results of.the general equilibrium
 

(neo-classical) economic theory-with emphasis on those which will be rele

vant for our discussion of the interference between the economic system
 

*.and,the environment.
 

.,It can be shown that, at the equilibrium, in an hypothetical system
 

,,of: perfectly competitive markets, given the level of technology, the tastes
 

ofthe households, and the distribution of all resources among individuals,
 

the price of all goods and services in input and output markets are de

termined simultaneously so that, through a complex system of iterative
 

interactions which we won't get into here, individual households maximize
 

their welfare and the firms, their profits. This is the state of general
 

equilibrium. In this hypothetical system, the individual welfare depends
 

on individual household evaluations of the consumption goods and services
 

.
each is able to consume, exactly as the benefits and costs are evaluated
 

*in relation to the individuals' preferences which have been aggregated.
 

We can therefore talk of social welfare as well as social benefits and
 

-"social costs, when referring to the welfare, benefits and costs defined in
 

this hypothetical system.
 

It can be shown that the General.Equilibrium defines a state of
 

economic efficiency in the whole society-that is,a state of maximum
 

for non-marlket-economies ,see discussion on page 18
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?sdiat welfare.-, In!'this. state of equilIbrium, itis!impossible to make
 

.any readjustment of production or consumption arrangement that would make
 

even one household better off without making some otherhousehold worse
 

off. This state is often called a Pareto Optimum. .
 

'In the 'state of general equilibrium:-,
 

i. The various inputs contribute at the margin to the production of
 

output in the proportion of their prices.
 

ii. Consumers are wi.lling at the margin to give up producteXfor
 

product Y in a proportion which is equal to the ration of their prices.
 

Iii. The prices of all goods and services on the market are equal to
 

their marginal cost of production, that is the cost of the last unit pro

duced, and the price system provides a set of perfectly adequate signals so
 

that all the resources of society will be allocated in the production
 

process in an optimal way (to provide maximum welfare or utility to the
 

consumer and maximum profits for the firms). This iswhy the costs and
 

benefits computed with this perfect set of prices are called social costs
 

and benefits. This is another way of approaching the concept of social
 

costs and benefits: they embody somehow the notion of optimal allocation
 

of resources. In this chapter, we consider that utility-welfare-is only
 

constituted of the consumption of marketable goods and services sold for
 

money in the market by firms of consumption goods-then we can legitimately
 

use the term "social"; when, in Chapter 2, we broaden the scope of the meanit
 

of welfare, we will have to broaden the definitions of costs and benefits,
 

if we still want to refer to social costs and benefits. We use the term
 

"social" when costs and benefits relate to the general (social) welfare
 

in~asocietyi,however this society chooses to define its social welfare.
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... oWhichGeneralt Equilibrium Theory. is.,Based',TheAssumpionsan' 

as 
,JV:Ab'-As,important the:,results of theory, itself :is the;,explicit esab

fAIisliment of the, assumptions on. which it is, based. kThe assumiptionsjare 

the following:
 

i. Consumers and producers are perfectly rational. (that is: follow
 

Vperfectly'the'ebehavioral'assumption of maximization of welfare and profit).
 

Furthermore, the utility functions are independentfrom one another, and
 

has a constant marginal utility (that is, the lastdollar of his
income 

!,income)spent,by the individual,brings him as much satisfaction as, the
 

ifirst 'one).
 

S i i. The market-is perfect, that is, all information concerning
 

;-technology, the supply and demand, related to each good and servicel, is
 

There
,fully;'and instantaneously transmitted to producers and consumers. 


.
isalso'the assumption of perfect mobility of labor and capitali 


'iii. There are no monopolies, 'that is, a buyer or seller who has the
 

power to affect a specific market price, which means that there is no
 

It can be shown that the monopolistic 'firmwould.-produce
'competition. 


less,'(and therefore at higher prices) than would competing firms--which
* 


'would'not lead tothe most efficient equilibrium.
 

iv, 'There is a scale for,the production'process'of each,good and
 

service at which the marginal benefit begins to decrease,(law of-decreas

; ing returns to scale).
 

v. There is full employment of,resources_ so'that.-the costs. and
 

.. are not only .the social costs-and behefits, but, equally,!i the
,benefits 


op:,6Oportunity costs and benefits. '! ' ' 

isealth,- acceptable and,vi. The initial distribution of .considered 


satisfying.
 



Svi-i 'a'Ally they goody andservices produced swe1l eu s.,used 

are' lriiately marketable, that is , provi'ded. to or taken frqm onl those 
Swho rare: willing to pay or get'paid for.:,:.n,,other words,, there are no
 

externalities involved in the production/copsumption.,process.
 

SEconomists have~long been? searching for a minimal set of assumptions
 

which!are-sufficent.for markets to attain Pareto Optimality, and; it is
 

doubtful that: the,endplof thesearch is anywhere in sight. But we will
 

f focus here)only.on those which are relevant-to our purpose. 

.1.4The Relevance of the General Equilibrium Theory Framework*
 

-''Clearly, no economy ever approached the conditions required to which
 

the theory can strictly hold. Still, this theory provides a useful frame

work, even if it has many shortcomings. Furthermore, even if the General
 

Equilibrium theory is the ecunomic rationale of the capitalist system, it
 

is important to see that it still provides a meaningful framework not only
 

for the understanding of the economy of those countries where the firms are
 

K.almost entirely in the hands of the private sector, like in the U.S., but
 

,!alsoto a wide variety of countries where the public sector has a signifi

.,cant ,or even a major role in the economy (France or Italy, for example). 

.,In these cases, one uses corrected market prices, so that one gets a good
 

approximation of the real social costs. A classical correction consists in
 

assigning a cost lower than their money cost to all the goods and services
 

used in a project and which would have otherwisebeen unemployed. But
 

there are countries, and among them many developing countries, where the
 

above assumptions are violated particularly strongly and pervasively; one
 

can then value the resources, goods and services by systematic shadow
 

prices instead of taking the market prices, which might not even exist.
 

These shadow prices are stated in terms of their contribution to overall
 

*see bibliography part III
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bf,'the. economy, target-output 

levels "i- that"i $; these "hadow prices', are, basedi oni the: -marginall,plysical
 
arte"of" ransfo-rmtion (how much.'jni-t' of X' should be? sacrificedIn ordei
 

,d.ve16p oiit~go expressedAn physical 

to get 1 extra unit' ofLY)-4
 
. ,inaly we cank.say that the"chosen framework'.Is relevant;.to a wide
 

- variety of., politifo-'eondonic situations.',We will: see'.further :hat. the 
• c raised and the general problematic: suggested I.is ,.,relevant,.Itooquestion 

for centrallyplanned economies,' although the 'solutions.suggested; should 

be:adapted for those particular cases, ,Anyhow,,.,it.is, clear that the kind 

of' conceptual problems raised here--how to dealrationally withk externali

'ties--has not yet been really, handled by: any; economic_ system..- The, solu-

itons differ, but the problems same.. This means, too,, thatmight are ,the: 

at conceptual 'and theoretical levels, a rlot of, elements, are relevant! inde

pendently of'a specific economic syste
 

,.~" ' T'.5" Introducing the Environment
 

"We will focus on the last assumption. Basically, it.'says 'that'f there 

iare'no 'public goods or public resources* First,of 'all,.it,means that goods
 

'and-resources are provided to ,or brought from only those -who'are',willing to 

pay' or be paid 'for; and secondly', this means that 'each consumption'land 

'pr6ductlon process not affected by external production and conisumption 

'processes (independence of all production functions and independence of
 

all utility functions). The effects'which are the reason why thbse,-assump

tions of independence do not 'hold'are called external effects'and are
 

.onceptually closely related to the environment, which is firstly'alresource 

for which there is no market and which is typically a public good, and 
secondly the medium by which the adverse external effects are carried and 

',transmItted. " -' .. 

http:Anyhow,,.,it.is
http:relevant;.to
http:framework'.Is


7 

-wv i-We wil ; nowv examine. in sme u theI generai- prblem of themoe' detai1 

lexternalities sJ and -eipecially- thoseassociated, with" the environment'. Later
 

on 4we' williz c6me back other assump tions "which have' indirect 'relation', to- the 


ship with' the, environment ''or policies for environmental prbtection,
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2. Externalities,,Economic Efficiency and Environmental Management*
 

, *, Fromnow.on, theterms)costs, benefitsf-welfare,, efficiency will re

Jt~to9 the. ovyerall social-welfare ,as defined.;In.aparticular.; society,
 

?whatever,#t.tmay bpe;,,wewill- alwaysmean social costs,,benefitsjiwelfare
 

and,.efficiency.,,exactly.as defined,in,paragraph 1..2,- even-if'we do,,not
 

specify it each time. The only difference is now that this welfare might
 

not only depend on the maximization of consumption of goodsand services
 

which are the output of firms and which you can buy with money, as it was
 

implicitly assumed so far.
 

2.1 	The Concept of Externality
 

The effect of the purchase and consumption of certain products upon
 

persons or decision units that were no parties to the exchanges are called
 

externalities. A first class of externalities are the pecuniary externalities

that is the change in price of a commodity which resultsfrom the individual's
 

decision to purchase it or not. Usually the change is negligible but not
 

always;theoretically, those externalties are not a problem and do not con

cern us here. A second class of externalities are the technological ex

ternalities. Typical of such externalities are the noxious smoke and
 

polluted water emissions of modern industrial plants. If we suppose that
 

there is no smoke-control legislation, a steel manufacturer, for example,
 

will choose the method of production which is most profitable without re

gard for the associated level of smoke discharge since there is no motiva

tion to limit the use of the resource which might be called smoke disposal.
 

But, although the discharge of smoke can be viewed as a free resource by
 

the firm, it.iacertainly not so for those residing in the neighboring
 

communities, which will bear the extra costs of cleaning, maintenance and
 

repair of buidings, and, probably too, of increased health problems,
 

which we can call the external costs (external to the firm) because they
 

*see bibliography. Parts 1. I1. and IV
 

1 

http:efficiency.,,exactly.as
http:Fromnow.on


.9
 

-are o societyoutside'the market system and ,arenpt,reflected in 

'retiie'market prices. ,Furthermore, this&smoke may kill the birds, that 

'peple of this ;community used to hunt, and some of thesebirds might be
 

very rare species of birds which some people are holding as very precious.
 

'Allthese are,real costs 'to this community, even though all these ,costs are
 

not' directly 'computable in dollars (we will come back later to this 

problem)'; ;In other words, to the comunity at large, the discharge of
 

smoke into the atmosphere is not a free resource, and the steel manufac

turer does not bear the full cost of his actions. The social cost of pro

ducing steel defined previously (or: opportunity costs), which lead to
 

the optimal allocation of resources, is the sum of the private cost-

actually born by the steel manufacturer--plus certain external costs,
 

which, in our example, he does not bear. There is an almost infinite number
 

of examples of this kind one can give, in the fields of air and water
 

pollution, land and landscape degradation, and so forth. There are similarly,
 

external benefits, which can be denoted as desired external effects.
 

We can define now better what are those characteristics of the environ

ment which put it at the heart of the external costs question.
 

i. The environment has an economic value, for example by providing
 

waste disposal resources.
 

ii. It cannot be reduced to individual ownership and does not enter 

the market. ' -' . . 

iii;.. There are patterns of use of the environment which,.may,, ipair
 

its value, and therefore,,cause external costs.
 

2.2 	The Pervasiveness of Externalities
 

Because physical matter cannot be destroyed, 'the.'final 'outpiti'of
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I e~:h~'ecohoy ~atrth'y ihave-been -;,consumed.,, (that. Is,., aft6 tP4! #,,sevices 

are utilized), Ialso reappear in various,waste-for-in the environment. The 

'laws.;of:dConservation fof, matter and energy, tell us, that.:these residual 

'wastes will ,,beivirtually,identical in amount :to the ,physical',masses of all 

the Inputs. As'.the waste ,isoften discharged in the environment without
 

anything charged for the value of,that resource input to -the production
 

process, 'external costs are often associated with wasteldisposal. ,A
 

the expense.of the
 

', 


L'scarce good (waste,disposal).is used at zero price at ..


rest.-of -society.,
 

gaseous wastes particulate wastes
 

wastes energy
 
Senergy conversion
 

useful energy refined fuels useful
 
energy
 

production processes consumption
 
organic input goods
 

gaseous
' " " 


waste 
solid gaseous , liquid recycled ,solid liquid 
wastes wastes wastes wastes waste waste 

the Flow of Materials
 

Some wastes may be recycled into the production process as inputs,
 

hi may' be rebonverted 'ininput- through natural,biological processes;
 

the distribution of the residual wastes among the various forms (liquid,
 

solid, gas) is largely defined by society-this being the problem of
 

efficient waste disposal.
 

To review the points briefly:
 

11 9n 

http:waste,disposal).is
http:expense.of


c . 'Tedhnoldgidal external, diseconomies, are tan7inherent and,';ibrmal 

"d 	-parti'oftprduction and :condumption.'i These ,diseconomies are opportunity 

costs&for the society--that are "real" cos ts of, foregone benefits 

ii. They become progressively, more important, as the population 

rises ;and the level-of,output increases..:
 

-ii. They cannotbe, properly dealt with by considering environmental 

media such as air and water in isolation from each other.
 

It is important to note that even if a particular type of production
 

activity does not directly utilize inputs from the environmental sector,
 

it may do so indirectly through its demands for intermediate products from
 

sectors that do. In fact, it is difficult to imagine any economic activity 

which does not directly or indirectly contribute to demands on the un

priced environmental sector. And if this is true, a nearly universal di

vergence between prices and social costs is implied. Let us specify again
 

what we really mean in this paper by costs, because it is at that point
 

that lie many potential misunderstandings. A cost is anything that has
 

an adverse effect on social welfare as defined by a particular society through
 

its institutions. The most simple costs to handle are of course the money
 

costs--which are basically opportunities of marketed production and consumption
 

foregone. There are also costs which cannot be directly translated to money
 

costs, corresponding to things one cannot buy with money in the market, and
 

which depend very much on the value system of an individual or a society,
 

like the cost of the disparition of all whales from the earth. For some
 

societies this cost will just be zero but not for others; in other words, the
 

presence of whales on the earth will be included in the social welfare function
 

of some societies, and not in some others. And among those which include it,
 

the degree at which they are included is variable. Nonetheless, in a general
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lt he6retical discussion of costsj,we 
cannot decide:"a,priori" to exclude
 

,
tthem. We will see in kpart;3,fthat, the political process idetermines ithe
 

value to,give ,to, these costs, 'butrconceptually it is very important to
 

.
make ithe,difference between a,,
cost which a,society decides not 'to consider 

(or consider as inexistent, or null). and acost which neveriexists. 

:3Between:!these two extremes,- there is a continuousrspectrumf of "types of 

costs (see paragraph 3.1).
 

iThe existence of those pervasive: externalities has led economists 

.,likeA. V. Kneese and R. D. d'Arge to write:
 

,Ii	We see an urgent need to develop more relevant and operational
 
economic models for dealing with pervasive externality phenomena.
 
A few economists have observed that external diseconomies increase
 
rapidly (nonlinearly) and pervasively with economic and population
 
growth, but comparatively little has been done to formulate
 
analytical or normative models based on this insight . . . In our
 
opinion, ezonomic theorists face no more urgeat task than to devise
 
improved models for the analysis of environmental pollution, urban
 
congestion, landscape deterioration, and the host of other ex
ternality phenomena which accompany economic growth.
 

But, even without these new economic models which are called for, we still
 

can 	replace the externality phenomenon in the General Equilibrium frame

work, in order to analyze the precise economic meaning of this important
 

departure from the basic assumptions on which the General Equilibrium
 

model rests.
 

2.3 The Economics of Externalities
 

The economic effect of an externality can best be illustrat-d by an 

example; let us assume that a farmer grows corn and irrigates his land with 

the water of the nearby river, and that the corn yield is sufficient to 

keep the land and the farmer from turning to alternative production. Let us 

assume a paper mill is built upstream, degrades the water quality to a 

point that lessens the productivity for the farmer downstream. Let us 
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has ,paneffect Qnly ,on the crop,,,,of the-polluted;ater
t2assume, too, that ,the 

-the'net social' gain ifrom,:,thepaper productionfarier, and ronnothing,-else; 


is equal to the excess of the value of-the paperiover .thevalues of the
 

factors,6 f,'productiniin their best alternative uses (net benefit of the 

paper mill, in the General Equilibrium framework) .,,The,external diseconomy 

The netof paper production is measured by the farmer's net income loss. 


social gain of the partial or total substitution from corn to paper 
produc-


We see here that externalities
tion is not necessarily greater than zero. 


can lead to make decisions which result in net social loss.
 

More specifically, a firm which operates on the basis of its private
 

costs and not of the social costs (like in the example of the paper 
mill)
 

will not make an optimal allocation of resources, from the point of 
view
 

of the whole economy.
 

price per 
unit of 

marginal 
social cost 

marginal 
private cost 

output 

P 

K 
A quantity of 

output produced 

B A 

Figure 1: Equilibrium of the firm reconsidered
 

In the General Equilibrium theory, a firm produces up to the point
 

where its marginal cost of production is equal to the prevailing 
price
 

of the good on the market. In our example, the firm would produce a quantity
 

OA of paper (see figure 1). But, if the external costs inferred per unit
 

of output is KK', we see that the really optimal policy
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would it only aquantity OBIof Lpaper uto
,produce rbecause the inputsqused
 

dt the' additlonal BAquantity :of ;Paper wouldrhave ,,a, bettepr, alternaproduce 
Attiveuseielsewhere in -the economy. -

A4i, iLet -us now take all-the paper mills: altogether, supposing,they all 

cause :the same degree of external diseconomies..-, 

price per social supply
 
unit of schedule
 
outputace
 

private supply
 
schedule
 

demand
 
curve quantity of.r output
 

0 B A
 

Figure 2: Equilibrium of the industry reconsidered
 

The private (respectively: social) supply schedule here indicates
 

the quantity of output which would be produced by the industry for each
 

level of market price, if the industry takes the private (respectively:
 

social) costs of its production into consideration (see Figure 2).
 

We see here that the paper industry would produce more paper and at
 

a lower price than socially desirable-the resource allocation is not
 

optimal, the costs of paper does not reflect its true opportunity cost for
 

society, and it would have been socially more efficient to use some

where else the resources used to produce the extra BA amount of paper.
 

The existence of externalities leads rational decision makers to
 

misallocate the resources because the costs computed are the private
 

costs, not the social costs or opportunity costs, and therefore give
 

misleading indications on what ought to be produced, at what price, in
 

what quantities.
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2-...The'Social Optimal Degree of Pollution Concept
 

SLe us now suppose'that we can compute the cost of pollution _(cost
 

as-defined'inparagraph 2.2); this is to say, the benefit'to'society of
 

each "unit of'pollution" removed. We will discuss later, in paragraph 3.2
 

the problems involved with the measure of those social costs and benefits.
 

Let'us suppose, too, that we can compute the cost of treatment for each
 

degree of environmental purity.
 

Following with our example of the paper mill, let us furthermore sup

pose that the social benefit for society (or the downstream farmer in our 

example) is proportional to the number of "units of pollution" removed 

from the river and that the marginal cost of treatment increases linearly 

(see Figure 3). 

benefit to 	society
 
per unit of pollution
 
removed (marginal benefit 	 marginal cost of
 
of depollution) 	 treatment
 

N H 

G el 

0q number of "units 

B 
no treatment 
(total pollution) 

A 
total treatment 
(zero-pollution) 

of pollution" 
removed by the firm 

Figure 3: 	 The socially optimal degree of waste-water treatment for
 
a firm
 

In Figure 3,we see that if the paper mill removes OB units of
 

pollution, itwill cost it a price represented by the surface OBG, and
 
P 

the benefit for society will be represented by the surface OBFN. It
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follows easily that ,the,4egree of depollution such as,theidifference be

,,tweenbenefits and costs pf depollution ismaximum, is at point A, where
 

,the marginal cost of treatment is equal to the marginal benefit of treat

ment. In other words, the most efficient policy would be to remove OA 

"units of pollution" and leave the rest of it. 

FWecan; generalize this result. for the whole economic.system, and 

draw the benefits and cost curves of depollution (see Figure 4)., 

Jthis curve isscilotvalue of costs the sum of social cost
 
or benefits the 2 oh of pollution


2 ophers atthe 


depollution isminimum
 

social benefits
 
zero of depollution 

0 or: degree of 

depollution A social cost depollution 
of pollution
 

Figure 4: The socially optimal degree of pollution (or depollution)
 

The social optimal point of depollution will be such as the total
 

costs are minimized. It can be shown that this approach gives exactly the
 

same results as the previous one. If costs are defined as in paragraph
 

2.2, this optimal point of pollution will reflect all that that society
 

values--in other words, it will be consistent with its definition of
 

social welfare. If a society decides to count as costs only the direct
 

money costs, the social optimum point of pollution corresponding to that
 

society will, too, correspond to its definition of social welfare, which
 

would be Just to minimize immediate expenditure (we will see later that
 

this does not correspond to maximum economic efficiency). Therefore, the
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Sgoal-ofrany consistentipolicy iwould.be to-induce .thfirs ,to depollute 

unt:L point -A,;at a supplementary cost which would,.represent the external
 

r-costi. -Thus, this external cost would be "internalized" by the, firm, 

-adding it'to its private cost in order to make its decisions now with the
 

real social costs of production, which woulditheoretically remove an
 

important cause of non-efficient allocationof resources in the economy.
 

An optimalsolution infact means some deterioration of environmental
 

quality, because there is no reason why point A should be at zero

pollution level.
 

2.5 	The Theoretical Solution to Reach the Point of Social Optimal
 

Pollution
 

The problem is to find some means of achieving a socially efficient
 

resource allocation in the presence of externalities. We have seen in
 

2.4 that social efficiency, in our General Equilibrium framework, re

quires that each firm depollutes its residuals up to a point where the
 

marginal cost of depollution (cost of depollution of the next higher de

gree) is equal to the marginal social benefit of that depollution (marginal
 

social cost of pollution). Therefore, the solution consists in inducing
 

firms to internalize the external effects of their production activities
 

so that they make decisions which include the real social cost of their
 

waste disposal--in other words: socially optimal decisions. In order
 

to reach this previously defined optimal depollution point there are two
 

solutions:
 

The firm can be charged at the rate equal to the marginal social
-


cost of the pollution it causes--per unit of pollution imposed.
 

- The firm can be paid at a rate equal to the marginal social
 

benefit of the depollution made--per unit of depollution achieved.
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t@. t~o o.lutions are1ondepully deiCal -thepractical~aspeqts will
 

lid: r4'4idwed in paragraph:4 .12. : Their aonsequsnces are .farireacliing, 

,p6tentially as ehavB'seen, therewill be ashiftin,the'iresource allo

iction hn"the ,production process6from non-optimal,,to optimal, changes in
 

,pricesconequently.changes in the.total output of the economy favoring
 

'he goods'andlservices which involve,the smaller externalities and, in the
 

iiigr'run, the development of technologies which otherwise would not have
 

i
been ',considered ("soft" ztechnologies).
 

As in paragraph 1.4 we can say here that even though thereare some
 

politico-economic contexts in which the basic assumptions of our framework
 

do not hold at all, one can make two remarks:
 

1. As argued in paragraph 1.4 it is not fundamental for the whole 

externality question that the prices are determined by the free market, as
 

long as there is a relative value of all commodities in terms of production
 

goals and production opportunities foregone.
 

2. Whatever the way prices and values are derived, the question
 

of this higher degree of social and economic rationality meant by the in

clusion of externalities in the rationale of the decision making process,
 

has similar conceptual characteristics, and addresses itself to the same
 

kind of problems--even though the practical policies considered as
 

solutions might of course differ.
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3. The Measure of Costs and Benefits Assoclated~wth the Environment*
 

c

So far, we have taken for granted'thd'various 

sO'ial benefits and costs
 

related to the environment to draw the curves of Chapter 2, in order to
 

theoretical aspects of the problem. But
 

in fact, the measure of social costs and benefits ismu'ch more than a
 

technical problem, because'we*defined them in"relation'to the overall
 

concentrate on the conceptual tnd 


io'ial welfare. What are exactly the elements to include in the computa

a certain extent a value judgement
etio -of social costs and benefits is tc 

because the definition of social welfare varies from society 'to society.
 

In this chapter, we will differentiate the various types of costs associated
 

with the environment, and then classify those costs into categories, from
 

the least to the most subject to value judgement when measured.
 

We will not refer to benefits in this chapter, because we will
 

consider them as negative costs.
 

3.Des-aggreaatinof Social Costs in Components Characterized by
 

a Type of Measurement and Type of Cost
 

-Ws will define a first way of breaking down into elements the social
 

costs associated with the environment (paragraph 3.1.1) which we will call
 

axis, or the "monetary vs. non-monetary" axis.the"measurement type" 

Then we will define another way-of breaking down the social costs associ

ated with the environment'into elements (paragraph 3.1.2)1 which we will
 

cail the "pollution vs. de-pollution costs" axis. 'Finally, .we will 

,ibsgregate the social costs according to both axes at the sameime 

(paragraph 3.1.3).
 

3.11 The "measurement-type"or monetary vs. non-monetary" Axis
 

i. Certain goods and services.are marketable, Follo ing
 

*see bibliography Part II and VII
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our initi-. assumptiois.,their value will be'their market
 

Vvalue,jn. dolars.(They are,sometimes, called consumption 

goods.)
 

Others are non-marketed or non-marketable but divisible anu
 

I
easurable,like the 
provision of recreation facilities.
 

Various.methods ,like the willingness to pay methodpermits 

the estimation of money valued benefits for that type of goods 

and services. 

,Others are measurable public goods and services--that is,if
 

provfiion of the gdods and services is given.to an individual
 

it is then necessarily given to a group of individuals ,possibly
 

the whole nation. Clear air is an example. The measure which
 

characterizes the goods or services exists but it is not in
 

dollar terms. We include here the costs of disparition of rare
 

species,increaaed ecological instability ,aesthetic losses,etc.
 

We will call those measurement types of goods and services measurement
 

itype I,2,and 3.Their value is increasingly difficult to assess,from
 

ItypeI,:l itoi,3,wth less and less firm criteria for objective decision on an 

fevaluation,asmeasurement of the cost. In other words,from measurement
 

;	type lT to 3, i:the differences in the.definitions of social-welfare from one 

Gociety toanother has more and more impact on the measure of the cost of 

the relatedr element., oricomponent i.e. the social cost associated to the 

lpollution-,of the environment
 

3.1.2 The pollution vs. depollution costs axis
 

.We~can break down the social costs associatedtwith thetienvironment ini
 

the following way
 

1 ) 

http:given.to
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•p61ulonii vpreention Icost',(representedij .... all..d
by t , 


"1costs of deio]1I'iibbon' iiV"Figure14) ) wh&ichare h'osinuedt 

" d~vdxt eor that :wou)d otherwise resultpaitially entirely the pollution 

. ron.mm.a consumption of :production activity. "Thesercosbts are usually 

,,easily..computable in dollar terms.since the goods and.services involved 

are.exchanged in the market. These costs have many secondary effects, 

like pecuniary externalities (changes in prices, etc.), and input on the
 

distribution of income, which is to be taken into account later. In the
 

line with changes in prices, due to the costs of depollution-one must mal 

a distinction: if we analyze the present state of a country, those
 

changes in prices have already occurred and are irrelevant now. But, if
 

we imagine a dynamic situation--for example, ifwe try to evaluate the
 

cost of new standards of pollution in a country, we would have here not
 

only to count the costs of the technological devices used, but the non

monetary costs induced by the fact that maybe some firms would go out of
 

business (unemployment, etc..). As we saw in paragraph 2.4, prices of
 

some products would rise, which would affect segments of the population.
 

This, too, would have to be included.
 

Pollution costs which can be broken down in (i)the expenditure
 

undertaken to avoid pollution damage once pollution .has already occurred:
 

,thosecosts are municipal building cleaning, individual protection from
 

noise, additional water treatment. Those costs are linked to goods and
 

,services from valuation type 1 to 3, and involve, too, significant dis

tributional effects., The other aspect of pollution costs are (ii)the
 

welfare damages of pollution,, from direct costs to other users or pro

ducers, to recreational and aesthetic losses. They are derived from
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ao.s and services ,of .type li1to, 3 a ,spiinueiyaluatioi costs that 

q uncertain,.long:,term, pputl1e(andcomplex toestablish.. 

1The~dsum of ,those costs is the .costso pollution" ,curve Son.Fgure 4. 

,3,3,.3 Desegregation pertype of measurement and pervPeof cost
 

type of mea- marketable non-marketable non-marketable 
Y< Otmsurement (consumption divisible prices measurable 

axis goods) meas. type #2 public good
4 meas. type #1 meas. type #3 

pollution treatment costs unemployment
 
prevention anti-pollution change
 
costs devices [in dynamic sit

uation only] _ _ _
 

costs of individual pro- migration of
 
avoidance of tection devices people to the
 
pollution suburb
 
damage
 

cost damages to crops recreation aesthetics
 
of pollution health hazards opportunity psychologic e
 

economic cost losses ecologic
 

direct $ measure indire:t $ mea- measure through
 
by economic surement; economic political process
 
process and political
 

process
 

3.2 Introducing the Multiple Objective Welfare Function
 

.We see that for all those costs of measurement type lthere should
 

ot be'too many measurement problems. For costs like loss of recreational
 

opportunities, there will be large differences among societies, but they
 

:an'still be measured in dollars. For type 3, the measure in dollar terms
 

is almost impossible. In that case, it is better not to try to'segregate
 

those costs by a prioridollar value, because that leads to submerge the
 

iail issues behind a facade of faulty measurements. We keep i hese costs 

s6parated, 'to 'confront the choidd of imeasures open and explicit. In other 

1-32
 



23 

-wordswe,irecognize ,-our,impossibility fto 'translate; those elements .of 

m the ktotal-costs ,of ienvirdnmental,pollution into dollars. Theyarepart 

of the total cost, relative toca society!s definition of :socialwelfare, 

lo 'butthey-cannot be accounted for in dollars. We will count them separately, 

-4withotherunits of measurements. These costs, of measurement type: 3, 

are grouped in a few broad categories. Each category corresponds to one 

type of unit of measurement, for example, some kind of ecological scale,*
 

some kind of social well-being scale. Each scale refers to an objective,
 

which was previously hidden in the overall social welfare function. Let
 

us stress here that a cost in the ecological sector, but which could have
 

been measured in dollars would not appear under the ecological scale, but
 

the dollar scale. The entire set of these objectives and their relative
 

importance is the way this particular society defines its social welfare.
 

(see Figure 5) The multiple objective problem exists because of limitation
 

in our techniques for assigning values. The multiple objective problem
 

is a valuation problem.
 

division by division by type corresponding
 
measurement of scale to objective*
 
type measure costs
 

total" 
social 
costs of 

1 plus part of 2 
(money measures) - ' 

dollars 
l s 

economic 
efficienc
"eflleCY social 

environ- 3 plus part of 2, )ecological _ environmental wel

ponta-
pollu- (other types of 

measure) 
units 

social 
well-being 

quality 
social well
being 

are 

equity units equity 

Figure 5: Social costs as they relate to social welfare through a
 
multiple objective function which solves the measurement
 
problem
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We save-.'O the ;6bjectiives 4.their :taditional names ,ibut this;might ,be 

-misleading'. ,For exmple, environmental quality here, irefers only to those 

*edological elements which are .not, measuredinS. ,i i
 

The social costs of environmental pollution is therefore the sum of
 

alllthose.elementary costs, each one measured along its specific scale.
 

How,,this sum is made, iswhat we examine next.
 

1 - .
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... 33 ,The Process of Determinationof the Social, Optimal Degree of 

j ' &: Pollution* 

O"'The final cost assessment, which requires,a-relative weighing of the
 

objectives, appraisal of the trade-offs, can only be done through the
 

political process., We will not address ourselves here-to the question of
 

the ability of the political process to articulate unambiguously and co

herently the conflicting patterns of individuals' preferences and wishes.
 

But'this problem has given rise to a whole body of knowledge, and the
 

English economist K. Arrow won the Nobel Prize for his work in this.area.
 

We do not say here that actually the political process, when debating
 

for example about an anti-pollution legislation, formally discusses the
 

*eights of objectives and importance of the trade-offs. But indirectly,
 

these are the issues, even if not explicitly mentioned.
 

At this point, therefore, an hypothetical rational society has
 

determined its socially optimal pollution point after having computed the
 

various costs functions through the channels of economic analysis and
 

political negotiations--optimal point which can be seen as a complete set
 

of pollution standards. The ultimate task is to design the policies and
 

procedures best adapted to bring the society to those standards. This is
 

the object of Chapter 4. But before, let us investigate closer one key
 

aspect of our socially optimum (efficient) pollution point: what is the
 

relation between the social efficiency point and the economic efficient
 

pollution point?
 

*see bibliography Part II
 
*see Appendix B
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e othe Economically Efficient 'Dee,. o,. Poiucion 

We are interested now in maximizing economicwelfare that is, the
 

welfare derived from the consumption of the goods and services' which have 

an economic value--a direct money value, or we are interested inmaximizing 

the .production of consumption goods. Therefore, we will look for the pollu. 

tion-!point determined by our two cost curves, but they will be computed
 

only with the costs of measurement type 1--the dollar costs. iNow, are con

sidered as costs only the costs which are actually, in reality, paid in
 

A society which would be at the pollution
dollars, by someone in society. 


But this
degree found-this way would maximize its revenue in dollars. 


point is not as.simple to find as itmay seem for two reasons:
 

A. -Thosedollar costs are all the dollar costs attributable to
 

pollution, not only those spent directly for pollution: if fishermen take
 

less fish because a river is polluted, this is a dollar cost. If somebody
 

gets sick because of air pollution and goes to the hospital, this is a
 

Of course, if the person did not go to the hospital, and was
dollar cost. 


.previously unemployed,:this sickness vould be of zero dollar cost. But
 

still,,we,have to take account of all dollar costs to be consistent.
 

Furthermore, if a firm is obliged to pay an effluent tax to meet the
 

ieconomically efficient degree of pollution and gets out of business, this
 

will not be considered as a loss: it would show that the resources former]
 

,usedbythis firm would be more efficiently used elsewhere in the economy.
 

This would be a zero dollar cost operation.
 

In short, the task of measuring the dollar costs, only them, but all
 

of them, is complex enough to give room, in fact to some value judgement
 

(where do you stop in measuring secondary, tertiary costs?). But, it is
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important to notethat the cost,curve found'woldbejhuigher injscale ,than 
the one ourtpresent state: of Pollution;assumes,±in.many countries, because 

i,;,really only ajvery small part of the dollar costs are atthe moment con
sidered. The other costs exist, are paid by society, but are forgotten 

when one calculates the cost of pollution. Therefore, the~economically
 

efficient point of pollution is 
a less polluted point than the actual one,
 

even inmany developing countries.
 

ii. The other problem rises with long term considerations. For
 
sure, for example, the pollution of the oceans has not resulted in dollar
 

costs, except in very special cases. 
But in the long run? Are we not
 
short-sighted, so that one day, we will discover that we are faced with
 
catastrophic ecological problems, not thought of before, not valued in
 
economic terms, but which result in catastrophic economic losses suddenly?
 

Are we sure we value economically all that we should in
a process like the
 

one described in i ? 
 (which would already take into account much more
 
than is actually taken). 
 In the short run, the answer is "yes"--But in
 

the longer run?
 

In conclusion, we see here a sort of continuum between the dollar
 
measures and some of the others: 
 some of the non-dollar measures have an
 
economic value, if 
one looks a little farther ahead in time. 
But, the
 

distance you look ahead is, too, very much a 
value-choice, which every
 

society makes for itself. Therefore, even the concept of economic effi
ciency isnot so clear-cut as it may seem, and its definition may vary from
 
one society to another, according to accuracy of the dollar-costs one can
 
get, and to the time-horizon one chooses. 
We will see in the conclusion
 

other reasons why the optimal point of pollution varies from society to
 

society.
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Instruments ,ofAllocations of Environmental Costs*)1
 

,4 l'Aiming at; the "Second Best" Instead of the Optimum
 

It isnot presumed that any policy instrument would achieve complete
 

,,:4correction for all deviations from the socially optimum point., What we
 

v.look'for,"inreality, is a partial removal of deviations between social
 

:4. pdlicies'P 

and: private costs',for environmental services--in other words--we look for
 

a "second best" point. For simplicity of exposition, we will continue to
 

The goal.is now clear: to reach the point
talk of the!'social optimum." 


of socially optimumdegree of pollution, socially meaning that this point
 

is coherent with the overall objectives of that society, whatever these
 

:objectives may be. It can very well be only the economic efficiency
 

objective. In that case, the social optimum is the same as the economic
 

But, to reach that point, there are several types of policies
optimum. 


linstrument possible, which are theoretically equivalent. The question is
 

,to choose among them the one which, in practice, is the best suited. The
 

towards the
fundamental idea is that a policy instrument will bring us 


optimal point by allocating "well" the social costs of pollution. To
 

evaluate the accuracy of an environmental management and control policy
 

instrument, one has always to refer to the concrete cases at which it is
 

It depends whether the policy is aimed at internalizing
directed. 


externalities between two producers, or producers and consumers, or between
 

In the first two cases, it will depend, too, on the
 consumers themselves. 


number of producers involved. The policy instrument, too, will depend on
 

the degree of centralization of the economy, and the administration,
 

,",depend on the fact whether the external effectsconsidered are reversible
 

or irreversible; therefore, here again, there is not just one solution.
 

In the next paragraph, we will review some possible policy instruments and
 

see bibliography, Parts II and IV
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shortly comment on each of them.
 

.2 The Allocation of Environmental Costs
 

4.2.1 	The market solution
 

There is a motivation for a private party to act to
 

bribe the creator of an externality to decrease or discontinue its harmful
 

activity. If the bargaining is perfect, the briber will propose to bid up
 

his bribe as long as the bribe needed to induce the externality creator to
 

reduce its discharge is less than the damage inflicted. This leads
 

theoretically to the point of optimum pollution. But, this solution is
 

possible only if:
 

i. The two parties can effectively meet.
 

ii. The two parties have roughly the same power.
 

iii. The two parties are of sufficient rationality and
 

good faith.
 

iv. The damages can be evaluated easily.
 

4.2.2 	The regulation solution. The problems of environmental
 

quality standards
 

This solution supposes the existence of a governmental
 

environmental protection commission whose first task would be to determine,
 

through economic analysis and the political process (cf. paragraph 3.3),
 

theoptimal pollution point of that particular society. This point de

termines the relevant environmental standards for air, water and land
 

quality. Thus the Agency should determine the relationship between current
 

emission flows of any pollutant and the equilibrium level of that pollutant
 

in the environment, and then determine how to allocate the necessary total
 

pollution reduction among the different demanders for waste disposal in
 

the various media in the target area, which is indeed a difficult task,
 

1 _



involving a lot of arbitrary. There is the possibility to force eacipol
 

polluter to reduce its pollution by a certain percentage. But this is an
 

inequitable solution because the marginal cost of reducing the pollution
 

is certainly widely different from one polluter to the other . But to
 

force differential pollution reduction will raise endless problems ,under
 

alleged inequity of differential standards . This type of solution is not
 

flexible enough to bring optimality ( cars' emission control devices are not
 

neededin rural areas, for example ) and would require regular inspection of
 

all pollution prevention devices to make sure of the working order
 

because the polluters have no incentive to do it themselves.
 

4.2.3. Solution by prohibition
 

This is a solution only for those pollutants having
 

quasi infinite damage potential or which threaten the entire ecological
 

balance supporting human life, like nuclear wastes, DDT or Mercury, that
 

is , the pollutants for which the optimal point is zero level of presence
 

in the environment.
 

4.2.4. Solution by taxation and effluent changes
 

A policy of effluent charges is the establishment
 

of property rights as air and water resources ,and determines the
 

price that must be paid for their use. It creates an incentive to
 

the firm to evaluate the alternative costs associated with avoiding the
 

tax, to adopt the minimum cost solution which may involve a combination
 

of waste treatmentoutput, reduction,and payment of the effluent charge as we
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havsi~ep ,h; eff!uent charges per upit_ shouldb,equaktot, th 1 mrginal 

cost).Pfpollution for society at the optimal point. As.at" that.point, it 

is equal to, the marginal cost of pollution reduction, thef!rmwill be in

duced 	toreduce its pollution until that point, and pay the,effluent charge
 

for its 	,remaining pollution. 

This solution is the one most often endorsed by economists but bears
 

the danger of hitting strongly the functioning of the economy because,
 

here again, if an across-the-board policy is adopted, some firms will have
 

very high costs of effluent charges, even if they behave rationally.
 

Strictly speaking, there should be a differential effluent charge
 

embodying the geographic differences in the social costs of effluents.
 

Rural areas discharge fees should be lower than already relatively pol

luted regions. 
But this policy is politically and administratively diffi

cult to implement.
 

4.2.5 	Solution by Subsidies
 

This solution is similar to the previous one except that
 

instead of being taxed per unit of pollution discharge, the firm is paid
 

by unit of pollution removed. 
But such a policy can be distorted by firms
 

going into the waste-making business, and being subsidized to close down.
 

The other main difference is the distributional effect: here the cost of
 

pollution reduction i 
borne by all taxpayers whereas previously it was
 

directly borne by the firm and therefore by their customers.
 

4.3 	Criteria for Evaluation of These Policies
 

Even though, theoretically, these proposed solutions have the 
same
 

effect-wto bring society to its optimal pollution point-they in fact are
 

not equivalent and ought to be evaluated upon the various criteria on
 

which they differ.
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. Distributiohal -impact Who.bearB the costs bf th' internalized''r1
 

'*'
 
The objective of equity is here'in'consideration, "extetnalities? 


Some solutions are more easily '
- Administration feasibility. 

enforceable than others. The overall problem is in fact to'
 

minimize the total costs of pollution, pollution prevention and
 

enforcement.
 

-Incentive they providefor technological improvement. 
This is : "
 

important because for a given society, all things being 
equal, the"
 

more efficient in antipollution technology, the cleaner will 
be-';
 

its optimal pollution point.
 

Society is not anybetter off
 - Comprehensiveness of'the-policy. 

if all waste water residuals are discharged in the air instead. 

The more adaptable the policy can be to-Plexibility,;of application. 


the geographical difference in social costs of pollution, and
 

the polluters' marginal cost of pollution reduction, the closer
 

'it'can bring society to its optimal pollution point.
 

- Amount of information it needs to be determined 

see bibliography Part vI 
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1. There,,exists in all societies an overall social optimum point of
 

ollution which has no reason to be reached bychance-- "Optimum" point
 

n,terms of the overall objectives of that society.
 

2., This point is determined partially by pure value judgment (de

ermining the acceptable trade-offs between objectives not measurable in
 

cllars and dollar costs) and therefore can neither be imposed by come
 

Duntries upon others on the Rround of economic rationalitv nor of any
 
3tionality.
 

3. Given the lack of knowledge about the long-term effects of the 

socio-economic systems on the environment, it may well be that this optimal 

anint determine' by the political and economic system is still, in the 

long run, threatening the ecosystem's equilibrium.**
 

4. There are no more reasons why any society should be at the pollu

tion point which would be optimal in terms of only the first objective,
 

that is, only the dollar measurable pollution costs and benefits
 

(economically optimum point). Actually, the present degree of pollution
 

in all societies corresponds to a point which embodies a part of the dollar
 

measurable costs and benefits, -andunclearly determined parts of the other
 

objectives.
 

5. The economically optimum point of pollution is, too, value
 

loaded: it simply gives a zero weight to all non-dollar-measurable
 

elements. Therefore, there is no rationale why international legislation
 

should be based on that either. There is no "value-free" determination of
 

the optimum.
 

* see bibliography part III 

** see bibliography part XI and XII 

L.13.
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6. This optimal pollution point is also'dependent on .the available
 

antipollution technology, the relative costs of factors of production,
 

the value of outputs, and the assimilative capacity of'the environment of the
 

country (that is, the amount of pollution the environment can absorb' at
 

zero social cost).
 

7. Even the economically optimum point ok*pollution would therefore
 

be different from a country to another. This is even more so 's'ince the
 

economic optimum depends on the chosen time horizon. .
 

8. It is almost certain that all countries are at a point Of pollu

tion which is higher than the economically optimum, and that the departure
 

from that point increases with time.
 

9. Countries impose external costs on each other and therefore mis

allocate their resources at the earth's level. The reasons this paper
 

has exposed which urge for national legislation for internalizing the
 

external costs are valid exactly similarly at International level.
 

10. So, exactly as for a country, the International community will
 

have to go through its own "international political process" to determine
 

the relevant international standards and find, for that matter, an agreement
 

on some overall weighing of the objectives. Even if only the economic
 

optimum would be taken in consideration, there would still' be a need for
 

international legislation and negotiation in order to be efficient in those
 

terms.
 

11. The kind of policies designed to implement move towards the optimal
 

point imply value-judgments too. It means that this step, too, will have

to be decided through some international political process.
 

* see bibliography part X, XI, and XII 
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12. 
 Finally, it is hoped that, if anything, this paper has shown 

that the first--and possibly only--thing on which there is no possible 

discussion, is precisely that, in any case, there is a need for national 

and international policy and legislation making because presently, man's 

use and management of his environment is.totally inconsistent with its 

objectives, whatever these objectives are, for a simple reason: there is
 

no linkage between the two.
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International Trade, Developing Countries and Pollution
 

1. Introduction
 

During the past few years, there has been'a growing concern, in the
 

developed countries, and especially in the United States, about the environ

ment, and more specifically about pollution. The classical answer to that
 

'problem is the "internalization of the externalities" by the principle of
 

"the polluter pays." Given the partially subjective appreciation of what is
 

an acceptable level of pollution (or: what is the cost of pollution), there
 

are, therefore, theoretically, differcnt "efficient" levels of pollution for
 

different countries (and different income groups in each country, but we will
 

not discuss that aspect here). Those "efficient" levels of pollution, which
 

we will call "optimal pollution point" are different for another reason, an
 

objective one, which is the differential assimilative capacities of the
 

environment of different countries, for example Holland vs. the Amazon region.
 

The recognition of the necessity of the factor of production which we
 

could call "waste disposal," in some developed countries, has potentially
 

very important international trade implications, and therefore implications
 

for the development of third world nations, because the recognition of differ

ent "optimal point of pollution" for different countries, developing countries
 

having generally a higher optimal level of pollution, is the recognition of
 

a new "comparative advantage" for those developing nations. This recognition
 

has been called the theory of "pollution havens"-This position is, of course,
 

strongly opposed by developed countries, on the grounds of ecology and equity
 

(why should the Indians of the Amazon breathe more S02 than we 40).
 

Actually, the draft text of the U.S. Advisory Committee for the final resolu

tion of the U.N. conference on the human environment held in Stockholmin/
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Jup 2 d Fevopd, jhe pri.ncpleopposing the exploitation of pollution 

havens,', point which has been chal enged by,a panel of experts advising the 

Secretary General of that same conference, which concluded that "environ

mental standards and costs are likely to be quite different in the 'developed
 

and developing world, so that developing countries may still possess a com

parative advantage in some of these (polluting) industries." 2 As a matter 

.of fact, the new Brazilian plan for the development of the Amazon region is
 

described as stating that "the objective is (...) to attract large firms 

in order to get the best of the comparative advantages" of the forest
 

,3 

Various international conferences have studied the implications of the
 

recognition of the finiteness of natural resources in 
terms of international
 

legislation for the exploitation of the oceans (Caracas, 1974), energy
 

(Copenhagen, 1973), population (Budapest, 1974), 
trade agreements (GATT), or
 

food supply (Rome, 1974), and, in each case, irreconcilable positions between
 

developed countries and developing countries have appeared (so far, the input
 

of socialist countries has been relatively minor, except in Budapest).
 

Undoubtedly different theories of development, of relationships between
 

developed and developing nations, of the appraisal of ecological dis

,,equilibrium, are in confrontation.
 

As the Founex report puts it "inevitably the environmental concern
 

will cast its shadow on all international economic relations, and one can
 

IReport of the Secretary of State's advisory committee on the 1972
 
U.N. conference on the human environment, Stockholm and Beyond, U.S. Govern
ment Printing Office, Washington D.C., p. 118.
 

2Environment and Development (the Founex report), published by the
Carnegie Endowment for International Peace, Jan. 1972, No. 586, p. 32.
 
3Charles Vanhecke, "Le gouvernement lance un nouveau plan de 
mise en
 

valeur de l'Amazonie, Le Monde, 10-11, Nov. 74.
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perceive theseimplicatibns oly a lteamy dfiil atths ia . et " 

n 
sthlltryto lo1k at some of these mplications' theiradi emPcatid " 

Trade Implications
 

The Two Positions 'in Presence' 

we have seen, very broadly speaking, the posfition of 'the'devel!opedAs 

countries is to call for some kind of international pollution anI environ

emental standards, considering it is the interest of all nations to protect
 

the environment, and that it is just fair no one can profit by having less
 

stringent environmental standards to become more competitive on the world
 

market. There is a correlation between pollution and the rate of growth.
5
 

On the other hand, developing countries do support the notion of "pollution
 

havens" and the notion of the fairness of the comparative advantage they
 

would enjoy, given their less high environmental standards resulting in a
 

different trade-off between economic growth and environmental quality and a
 

better assimilative capacity of their still relatively unpolluted environ

ment-arguing that their only real environmental problem is the one of poor
 

water supply, deficient nutrition, bad housing conditions, sickness and
 

disease. They argue their comparative advantage is "exactly as fair as the
 
"5
 

one 	France has to produce wine and the U.S. to 
produce wheat and computers.
 

2.2 	 General Effects of the Settling of Environmental Standards in
 

Developed Countries
 

In general terms, the problem is to "internalize the externalities"
 

created by pollution; it is possible to achieve that, either to subsidize
 

The 	Founex Report, op. cit., p. 27.
 

4 Nake M. Kamrang, "Economic Growth and Environmental Impact," Socio-


Planification Science, Vol. 7, pp. 37-53, Pergamon-Press.
Economic 
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the firmSu 8for each unit. of. p6lldtion renmoved', 9irt t"taxo themfor each unit 

bf pollution left,. ,In, fact:,, the repercussions, are very differntlif one 

chooses one of the other policies, as shown,inthe next paragraph,-whichwas
 

inspired by Kneese and d'Arge.
6
 

The discussion taxes vs. subsidies shows thatthe-subsidy policy-to
 

meet environmental standards would result in the long run inaccumulative
 

misallocation of resources, thus threatening global efficiency, exactly as
 

tariffs barriers opposing international trade would do, because the private
 

costs would systematically differ from the social costs, becoming distorted
 

prices and cost signals. Anyway, whatever the policy, it will deeply affect
 

international trade which will be partly determined by each country's
 

preference for environmental quality and Environmental Assimilative Capacity.
 

Efficient world-wide allocation of resources requires that the social cost
 

of an export product, including environmental taxes, should be reflected by
 

export prices, even if the taxes are widely different from country to
 

country due to different optimal pollution point.
 

The effects of a specific policy will depend, too, whether the good
 

produces externalities when being produced or being consumed, if the export
 

industry produces under conditions of increasing, decreasing or constant
 

costs per unit of product, if the elasticity of demand for the product is
 

greater or not than one: in short, there is not a simple one-to-one
 

correspondence between pollution control costs and changes in export prices.
 

Nor is there a one-to-one relationship between changes in export prices and
 

evolution of the export with time.
 

6A. V. Kneese and R. C. d'Arge, "Environmental Quality and Inter

national Trade," International Organization, Vol. 26:2, Spring 72.
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, i2,3jEffects of Environmental Standards on Developing Countries%, 

YAnimportant aspect, of the question discussedihere is that,, even if 

:ionlydeveloped countries set environmental or pollution standards, this, 

might do much harm to developing countries, along the following lines, which 

,can partly be deduced from the previous paragraph: 

i, Those goods which produce pollution while they are~fabricated (as
 

.opposition to those who pollute during or after consumption) will be sold,at
 

,,higher prices.
 

i , 1ii.Some goods exported by developing countries might be prohibited
 

,on the ground of environmental standards (for example, traces of DDT in
 

agricultural products). And these standards can be sometimes seen as non

tariff barriers, like in the following example: Germany has restricted the
 

lead content of gasoline to 0.15 grams per liter. German vehicles can easily
 

be adjusted to low-lead gasoline, but several major Italian and French
 

automobile makers' high compression engines cannot be so easily adjusted. Is
 

this a non-tariff barrier?
 

iii. Some fear that aid might be reduced, as the high environmental
 

standards in developed countries might induce governments to subsidize some
 

of their national industries, or that design and approval of projects
 

financed by international or bilateral aid would be much longer and difficult.
 

iv. The technologies which would appear in developed countries would 

not be really suited for developing nations: machines would generate less 

pollution but would cost more, which is not what developing nations look for. 

Furthermore, all the technology of depollution will have to be imported,
 

without a possibility of a "multiplier effect," thus increasing the dependency.
 

3. Conclusions
 

R. C. d'Arge and A. V. Kneese argue that, for the U.S., the effects,
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of ref L ngtrue6 sotiflwco4s' in export'prices, would not-globa l ly affect 

the7international trade of that country, but would affect certainly heavily 

some specific industries (paper mills, for example). Such studies have not
 

been systematically done for all countries, so that it is still difficult
 

to assess what are the trade-offs involved between the balance of payments'
 

situation and environmental quality-which indeed would be a major indica

tion for a country to decide its optimal social pollution point. On the
 

side of developing nations, the effects are still much more uncertain; this
 

of course exacerbates the debate over international trade and specifically
 

environmental legislation at international level, since "just as with dis

armament, perhaps even to a greater extent, the dynamic of competition leads
 

to an endless search for relative advantage"8-and precisely, it is a new
 

distribution of the comparative advantages among countries which is at stake
 

here.
 

One of the most puzzling points, for the economist, however, is the
 

obvious lack of a useful international trade theory, since the classical
 

theory predicting progressive equalization of prices of factors of production
 

(the Heckscher-Ohlin theory) is inadequate and makes unrealistic assumptions
 

and the neo-Marxist theories 9 still lack empirical verification.
 

In the words of Myrdal:
 

(. .) there will have been salvaged many familiar arguments
and theorems now harbored in the broad framework of our general 
theories, including the theory of international trade, adjusted 
and fitted into the new structure. 

7A. V. Kneese and R. C. d'Arge, op. cit.
 
8Richard A. Falk, "Environmental Pollution as a World Order Problem,"
 

in Environmental Policy, Albert A. Utton and Daniel H. Henning, eds.,
 
Praeger Publishers, 1973, p. 146.
 

9Arrighi Emmanuel, Unequal Exchange.
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; eI :.lThe changed political situation in the world, the compulsion, 
implied in this changed political situation, to focus attention on 

,;,...-enttrelynew and very different problems (. .) are bound to repre-, 
sent the beginning of a revolution also in the social sciences 

-,wideningour horizon and radically redirecting our thinking."
1 0 

.
 

The consciousness of the inherent limitations of "spaceship earth" is
 

certainly an excellent illustration of that. 

10Gunnar Myrdal,' Economic Theory and Underdeveloped Regions, Harper
 

Torchbooks, p. 162.
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On Efficiency in a Multi-objective Planning Context*
 

As we have tried to make clear in this paper, atany point in time,
 

a choice has to be made by any society between the various components**
 

of the overall social welfare, namely, between consumption goods, environ

mental quality, social/psychological well-being, and equity. This choice
 

has to be made because resources to satisfy human needs are in short supply.
 

Let us consider, for example, the two first components:
 

consumption 	 curve showing the possible
 
"socially optimal pollution point"
for a given society--any point on
 

the curve means that the necessary

A condition for rationality 	is
 

fulfilled
 

environmental
 
quality
 

Figure 6
 

Owing to the scarcity of resources, we are confronted with the basic
 

problem of efficiency and optimal resource allocation (i.e. best possible).
 

First, to be efficient, we have to be on the curve (see Figure 6),
 

not in the area inside it. Being on the curve means that the economy is
 

working at full capacity in such a way that the supply of one of the com

ponents of social welfare cannot possible be increased without a decrease
 

in the supply of another component. Here, itmeans that to improve the
 

environment we have to sacrifice a certain amount of consumption and vice

versa. Any point on the curve shows that a necessary condition for
 

rationality is fulfilled. Any point on the curve embodies a different
 

* 	 Inspired by "Problems of Environmental Policy in Relation to General 
Economic Policy," in ECE Symposium on Problems Relating to Environ

ment, United Nations, New York, 1971, pp. 263-269. 
** We define these components exactly as in Chapter 3. 
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choice of the definition of social welfare by this particular society.
 

Let A be this point. Point X is inefficient, point Y is no coherent
 

with the objectives, point Z not feasible. If we take the four objectives,
 

the curve becomes an hyper plan in the four dimensional space, which is
 

a simple extension of the two-dimensional space.
 

Two different societies will have two different curves, due to
 

differences in geographical, technological, economical differences, and
 

two different optimal points on each of the curves, due to different pre

ferences and definition of social welfare. This shows clearly, too, that
 

two different countries can have very different consumption opportunity
 

costs per unit of environmental quality, i. e. would have to pay very
 

different dollar prices in order to improve by one unit their environ

mental quality. (This price, or marginal consumption cost of one unit of
 

environmental quality is represented by the negative of the slope at each
 

point of the curve (see Figure 6).
 

consumption Country A
 

BA 


, b 	 B
.Country
Alto :B1
 

Figure 6: Consumption/enviornmental quality effieiency curves for
 
two countries and their two optimal points of pollution
 

Note: 	 Even though country B is aiming at a higher environmental quality
 
point than A (because B is on the right side of A). Country.B values
 
less environmental quality in relation to consumption than A because
 
the negative of the slope in point B is smaller than in point A.
 
It simply means that in this particular case, technological conditions,
 
socio-economic gecgraphical determinants had more importance than the
 
differences In values regarding the weight to give to the environment.
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PART i
 

INDUSTRIALIZATION, POLLUTION, AND THE PLANNING DISCIPLINES 

introcuction 

At a time when the world community is developing on 

all fronts at breakneck speed, the peoples of that community
 

are being made more and more aware of the fact that they are
 

,truly members of a "global village"; that they are, in fact,
 

,part of a closed ecosystem; and that they do, in fact, affect
 

that system with each intrusion upon it. It should be very
 

clear that the impacts of human development on the ecosystem
 

are directly related to advancement of the developing technolo

gies. In this point lies the fundamental question we are
 

facing today. As the leaders of the world communities make
 

technological advances in industrial methods, the less advanced
 

countries profit to the extent that with methodological refine

ment, their processes are passed on to the world community
 

at large.
 

With the development of this "global village", due
 

mainly to increased communication linkages and information
 

handling, a new phenomenon has presented iteelf which must be
 

taken into account. This is the irreparable damage being done
 

by man to his irreplaceable environment. When the world is
 

viewed as a closed system, our formerly "free" natural resources
 

of air, water, and land must take on immense value as
 



irreplaceable and finite elements. To misuse them or to use
 

them carelessly invokes irreversible damage to the entire eco

system affecting not only the 4mnediate environment but also
 

the world environment; not only the local populations but also
 

the world populations. The effects which can more easily be
 

seen and apreciated at the local level can have, nevertheless,
 

far-reaching consequences to the world as a whole. It is within
 

te scope of this paper to discuss the effects of this problem
 

of industrial pollution primarily at the local scale. In
 

particular, this problem will be irvestigated with regard to
 

roles played by the land use planning and environmental pro

cesses as they apply to the impact of industrialization. It
 

Will be assumed that, given industrialization, there are un

avoidable consequences of environmental pollution which result.
 

These consequences have not only immediate health and safety
 

impact and danger on the local environmental context, but
 

also on the world at large. These health and safety impacts
 

can be appreciably reduced by effective land use and environ

mental planning policies and controls.
 

A The Land Use Pcinning Process: An
 

introduction.
 

The Land Use Planning Process can be generally viewed
 

as a three-part process broken down as follows: Problem
 

Identification and Analysis and Review ot Objectives; Planning
 

Analysis and Review; Implementation and Development.
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A-i jroblem Identification and Analysis; Review of Objeotives
 

Problem Identification and Analysis consists, very
 

'IimplyI of defining existing problem contexts and inventorying
 

,the state of the physical community at that point in time.
 

IJt is on the basis of this inventory that one sets goals
 

(after having-defined needs of the people), develops objectivei
 

.reduced from the goals, and operationalizes these objectives
 

* in terms of some evaluation criteria and planning principles
 

'rnd standards. During the phase of defining the planning con

text all physical data necessary is massed using the "tooling
 

up" techniques of the profession. Minimum requirements here
 

are: population, existing and projected; employment, existing
 

and projected; energy needs; varied and renewal land inventory;
 

stock of dwelling units; summary of substandard dwelling units.
 

In light of this data and an overview of the definition of
 

the problem a review of objectives is held either with or
 

without local level citizen imput. Citizen imput is much
 

preferred here.
 

A.2 Planning Analysis and Review
 

Planning analysis based on the data at hand is carried
 

out by an indepth projection of actual physical needs, balanced
 

with actual holding capacities of the environment, balanced
 

with the socio-economic criteria describing the market
 

forces of these variables. Given variations in these factors
 

(either real or anticipated) a set of alternative plans is
 

developed, tied together and substantiated by policy guides
 

and action instruments as proposals of alternative courses
 

of action. Based on internal feasible criteria or external
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.ut
,theplans are.adopted or reJected
 

A.3 Implementation and Development
 

If adopted, action decisionimplementation steps are
 

'taken based on the proposal action instruments and codes are
 

prepared and developed to see the plan into actual physical
 

development. This, of course, takes place after 
extension
 

'policy and action instrument review and approval. Onceimple

mentation is under way new inputs from the physical world are
 

monitored and the whole process changes or recycles as the
 

c!€ontext changes due to these imposed changes.on it,.
 

B. Land Use as Viewed by the Planner
 

It is an undeniable goal of the land use planning pro

fession to guide development in such a way as to make optimum
 

use of the context (the land and environment) and not to destroy
 

it by overusing or misusing. Immediately this goal is operative
 

at two distinct levels of development: the regional and the
 

urban local level. At the regional level of land use planning
 

activity, one generally accepts the viewpoint that land use is
 

resource oriented. That is, that land use management is con

servation and/or custodially oriented. The objectives are
 

regional or national management of normally limited natural
 

resources, typically land, water, air, mineral wealth, forests,
 

etc.; conservation and use for the present and future. The
 

local viewpoint is at times conflicting with the regional
 

since the emphasis here is development oriented and therefore
 

physically land use oriented. Major factors involved are
 

land exchange, economic development in the form of industriali

zation and land degradation from pollution caused by these uses.
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Itis at this local,,scale that problems of environmentalpollu

,tion become critical atthe same time they become treatable-

at the source of the pollution.
 

O& Land Use-Planning as Viewed by the Environmeratalist
 

These considerations suggest the fact that land use
 

planning can be viewed from two different perspectives. The
 

above detailed point of view is that of the land use planner
 

himself who sees his goals as generally market oriented in
 

which land is a commodity to be allocated to the general public
 

through the market mechanism. From his point of view environ

mental objectives appear as constraints which have to be con

sidered in achieving the general land use goals. The second
 

point of view is that of the environmentalist. His objectives
 

are to preserve the important natural features of the environ

ment, provide for diversity in use of the environment without
 

degradation thereof, and to enhance natural renewable resour e
 

quality to the greatest extent possible by recycling maximi

zation of nonrenewable resources. It should be obvious that
 

the environmentalist is also very much concerned with the
 

question of the role of economics in the planning process.
 

In fact, it is the environmentalist who, through his concern
 

for the natural processes, acts as a watchdog for mankind
 

to prevent the misuse and consequent deterioration of depletable
 

natural resources to piovide for their continued and economically
 

efficient use; and who can call attention to spin-off effectc
 

of industrial development which often cause excessive and un

planned costs to the developer and society. From this point
 

of view, the land use planning process becomes a means of
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il 1memnting and achieving environmental objectives and goals.
 

That is, land use control decisions and regulations can be
 

the means by which environmental objectives are realized.
 

D. Summa
 
Relevance of L.U.P. and Environmental Planning to Developing
 

Countries
 

In summary then, we are dealing here with two levels
 

of planning, the regional and local; and two viewpoints of
 

planning, that of the environmentalist and that of the land
 

use planner. As was alluded to above, man as the social animal
 

functions in a context of processes of development (environ

mental) which is economic and political. A second functional
 

context, the ecological context, however, is evolutionary.
 

This has important ramifications for industrialization, and
 

development in general, because the resources required by
 

man originate in the ecological context and most always return
 

to it--usually in the form of wastes. Obviously, since land
 

is the medium which will retain these wastes, usually trans

ferred from fluid media, the capacity of the environment to
 

assimilate the wastes is determined by topographic, and geo

physical characteristics. This assimilative capacity should
 

be one of the key criteria for industrial siting, a point
 

to be developed more fully below. Land use planning methodolo

gies seek to balance the human sector factors of development
 

and the ecological sector factors by guiding development into
 

regions of high assimilative areas. It follows that planning
 

should provide a generally good climate for development, in
 

that it directs and guides to the extent possible the type
 

and spatial location of development, as well as identifies
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the beat lands for industrial location based on the regional
 
!or local level objectives. The inventorying and analysis of
 

this information in itself provides the community (local
 

or national) with an invaluable base of information on which
 

to build and expand in an orderly more systematic way.
 



PART II
 

PFACTOP GENFRLLY GOVERNING PLANT LOCATION AND DEVELOPMENT
 

With the foregoing general overview of planning from
 

the land use and environmental perspectives, the Epecific factors
 

generally governing industrial plant location and development
 

will be outlined in the following pages. These factors will
 

be discussed in terms of criteria for siting and resultant
 

environmental impacts. In order to have a complete understanding
 

of the meanIng of these factors, four perspectives on these prob

lems dill be presented. These are the viewpoints of the industria:
 

developer, the urban center, the region (or nation) and the
 

environmentalist.
 

A. 	Plant Location Governing Factors
 

A-1. The Industrial Developer Point of View
 

In looking for an industrial plant location the developer
 

is directed almost entirely by the economic efficiency objective.
 

Whether it is a multinational corporation doing an international
 

development project or a local manufacturer establishing a
 

new production center, his primary motive is profit, and the
 

site he chooses will reflect this attitude. With this in
 

mind, there are fourteen generally accepted basic location
 

factors which will guide the developer in making a site
 

decision. These factors, in no special order, are:
 

1. The location of production materials
 

2. Labor
 

3. Sites (availability choices)
 

4. Fuel sources 

5. Transportation net
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6. 	Distribution facilities
 

7. 	The Market
 

8. 	Availability of water
 

9. 	Availability of power
 

10. Availability of housing, communities
 

11. Prestige of location and services
 

12. Favorable climate
 

13. Laws and regulatory agencies
 

14. Tax structures
 

One can be certain that the developer will consider a balance
 
of all these factors in some form of cost/benefit analysis
 

to determine the best possible location to maximize his land
 

cost benefits. A brief analysis of the factors treated as
 

a series of questions follows:
 

1. 	Location of production materials--what materials
 

necessary for use are to be found in the areas
 

under question? In what balance? In what quality?
 

And 	how easily accessible?
 

2. 	Labor--what is the quality of labor in the area
 

under question? What is the quantity of the
 

labor force: The character of the labor force?
 

The seasonal changes of the force'?
 

.	 Sites--how much land is available? What are
 

thL topographic and soil characteristics? What
 

support facilities are and will be available?
 

What does the land cost? What is the availability
 

and general state of available structures?
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Fuel 	sources- what are the existing dependable
 

(over 	long range planning spaces) and cost
 

accepable fuels available in the area?
 

5. 	Transportation net- what facilities and services
 

are available? flow do they compare in rate and
 

time/distance terms with other industrial areas?
 

6. 	Distribution facilities - what agencies and support
 

services are available?
 

7. 	Market - what is the market quality and service
 

area under consideration?
 

8. 	Availability of water - what is the additional
 

industrial carrying capacity of the existing
 

water supply? What is the cost and quality of
 

water?
 

9. 	Availability of power, - what kind of power, fur

nished by whom, is available? Is the power source
 

dependable over a long term planning period? What
 

does it cost?
 

10. 	 Availability of housing and amenities - what
 

are the existing available facilities and service
 

amenities and are those facilities adequate?
 

11. 	 Prestige of location - does the location offer
 

opportunity for se'f-advertisement and/or otherwise
 

lend stati.s tc the region?
 

12. 	Climate - what are the area climatic characteristics,
 

What, if any, effect do they have on production?
 

.13. 	Laws and regulatory structures - what are the signi

ficant restrictions concerning industrial develop

ment and its impact on the area?
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14. Tax structures -to what degree is the tax atruo

ture favorable to industry?
 

:,:02. The ban Center Point of View
 

The point of view of the urban center changes the char

acter and relevance of the above mentionod factors considerably,
 

depending upon the planning goals and objectlvan to which 
it
 

It is here that a multiple objective function of
holds. 


planning comes into play and a real balance of amenities 
is
 

a growing number of situations,
sought. In the extreme, but in 


particularly in the highly industrialized areas of the 
world,
 

not always
industrialization has become a phenomenon which is 


sought after regardless of the potential economic gain to the
 

In these instances, costs of industrial pollution,
area. 


congestion, and urban sprawl (to mention a few conniderations)
 

to the society are juged too great a cost to pay for the
 

normal benefits of industrialization. Obviously, some of
 

the factors drop out of consideration in this situation 
and
 

are simply absorbed as existing givens in the society situation.
 

By and large. the phenomenon whibh takes place is that
 

essentially the same questions are asked but the objective
 

The urban center policy for
is different as alluded to above. 


development is directed toward balancing objectives of economic
 

efficiency, health and welfare, environmental considerations,
 

etc., for the broad population. Although all of the factors
 

are present to be analyzed from this point of view, trade

offs among them are much more prevalent. The questions are
 

not directed toward the suport of development per e, but
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are directed 'toward the social, political and economic Welfare 

of the community as a whole. For'example, a community might 

choose to develop an industrial park outside the center at' 

additional cost rathliArthan ,,:4dis'rup.tr s4d#nces-and ..urban 

;tra~fi'c' and~living :'patterns. within;,,the existing structure. 

A-3. TMle Urban Region voint or view
 

Consideration of the urban region as a whole can: be
 

viewed in a similar manner. Again the objective function of
 

planning is a multiple objective function which addresses the
 

question of land resource allocation to achieve general social,
 

,,political,and environmental goals for the general welfare.
 

One of the problems which can arise here is that one part
 

of the region may contain a vastly different urban center
 

resource base. This imbalance requires that equity distribution
 

within the entire region become a major focus of planning. An
 

example would be the situation where industry is located not
 

in a high resource area of a region but in a high labor source
 

area which is depressed and to which a transportation net is
 

built to accommodate the imput of resource. In this case,the
 

transporation net and the industry will stimulate growth and
 

build up the income base of the two areas.
 

-:.A-;4 'The Environmentalist Point of View 

A fourth viewpoint to be considered is that of the 

environmentalist. This is a rather unique position from which 

-to view development planning because the goals seem on the 

-:surface to be in opposition to those of the aforementioned 

'actors. This poses no problem, however, since they actually 
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se .o maximize .(i ar:pmltjpe objective way) benefits,for
 

he;general.welfare..he,en;vironmentalist does not discourage
 

,industrializationand/or development,per se but only to the
 

extent.tha} the, effects of development,do not misuse or damage
 

.the,;world'.s irreplaceable,resources including air water, minimal
 

,eserves,-,etc. ,,Technology, at the same,.time,that it has ad

,arced.development,; has advanced.techniques for monitoring the
 

pOlluting wastes ,resulting therefrom, and has developed maximum
 

,resource.use techniques in recycling,procedures. Even with
 

these developments, however, industry continues to have detri

mentl impacts on the environment which are.of major concern
 

to the health and safety of the world at large--the addition
 

of pollutant gases to the air, the heating.'of waters used for
 

cooling purposes, the lowering of water tables and drying up of
 

water sources are 'buta few examples.''In actions such as these,
 

man wantonly destroys the ecosystem over time because the environ

meit cannot assimilate the wastes dumped into it. This is
 

the'major constraint on his development activities. It is
 

the environmentalist's viewpoint that as man demands 'of his
 

environment to produce greater energy and materials, he
 

automatically increases the costs of any effort to 'stabilize
 

the ecosystem and :to predict its reaction to new impacts.
 

His concern, then, is with the capacities of the environment
 

to absorb and assimilate the resulting impacts of his development.
 

In a particular case, the developer's questions become: Can
 

the environment support the industry? Is there enough water?
 
Is the soil sufficiently stable? 
Can the "atmosphere assimilate
 

additional waste gases? The locational factors for industry
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iihat .ae 'mportaht- to the envi rnmentVat,' and toT t11 dloper
 

° 
i-ilf, are derived1fr these issues. oever, the questions
 

tr' a The,environmentalist-would
posed in diffferent manner. 


rit only ask if there was sufficient wae:r for th& industry but
 

ould also'ihvestigate the effects of the i-ndustry on using the
 

water'. He would want to know if,the environmental carrying
 

Wapacity of the available water was such that it'could'assimi-


Late tbe industrial demands on the hydrologicsystem completely
 

Dr.at'least without harmful effects to the environment. The
 

ame analysis would carry through to 'all environmental features
 

imposed on by the industry.
 

A-.• Summary
 

One finds, then, that there are four points of view
 

Trrom which one can view the industrial location problem. These
 

.are: the industrial developer point of view; the urban center
 

view; the regional (or national) view; and the environmenta

list view. The developer is generally and very simply profit
 

motivated,, the urban center is motivated by a development poten

tial balanced by public welfare objectives, depending on its
 

,,,,state of affluence; the urban region (or national region) is
 

largely development encouraging with some welfare objective
 

structure,depending on the state of development of the region;
 

and the environmentalist is conservation-protection oriented
 

with his objective function placing great demands on balanced
 

resource use and maximum use of resource potentials through
 

,recycling processes. With these thoughts in mind, it is now
 

necessary to address the question of criteria for industrial
 

siting.
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'B 'Criteria',for IndustrialSitingt 

W.'.B-. .Statement of Criteria 

-' As in the previous discUssioni USA Lou IU 

'it : is; useful., to review the criteria for industry, 

%UJ.uAP.L41 

from, three 

.viewpoints.- These are: -.the .industrial developer view;- the 

1,comunity,viewpoint (the persons directediaffected); and 

t.the ecological viewpoint.' -There are five generally accepted 

criteria under consideration in the choosing of an industrial
 

location. These are: health and safety criteria; economic
 

criteria; aesthetic criteria; environmental quality criteria;
 

and equity in the distribution of general benefits. The
 

following is an outline of these five criteria for siting
 

as they apply to the three points of view under consideration.
 

B-2:,!L.I The Industrial Developer Point of View 

The industrial developer is primarily investment oriented.
 

He is interested in maximizing his profits and will always
 

'set as his objective that of economic efficiency ofconstruc

ti6n and operation. His criteria for plant location will seek
 

to minimize locational costs. Environmental criteria dictate
 

that he seek to minimize damage from the natural phenomena
 

such as floods. He will invest in soil analyis to determine
 

the danger of weak foundation support and he will generally seek
 

a site that will pose few construction problems (i.e., topo

tgraphic changes, earth moving, etc.). In these cases where
 

there is large dependence on raw materials, economic effit ency
 

criteria will hinge on questions concerning proximity to.
 

natural resources as opposed to shipping costs.
 

1 - 89 



16 

The industrial developer is concerned with the addi-


L.LLL. criteria largely cast, they, relateto efficienyrof opera

tion and not necessarily Thesecriteria;tcsieocatonw 

'ehter'"more; ,:impirtantly: in' the, actual ,plant-; design once the 

site, is choserVor are. imposed onithe ,developer! in> hisi, site 

icho'ie ,,One might, ;be; led..to view the ,criteriaby. the community .
 

other than ,ec'onomic efficiency, as subsets of those whibh, :are
 

actually constraints-on the 'deVeloper-industrialists, imposed
 

fremothe outside.

B-3. The Cnammunity Point of View
 

The community view of industrial location criteria is
 

much more complex. At some point all of the criteria outlined
 

above come into play because the community represents a wider
 

range of interests with many objectives for development. It
 

is helpful to look-at the ,question as an effort to :balance
 

the socio-political forces of;society against the economic force 

.n terms .ofnet gross for the general public welfare.,., For 

':example, the :location of industry in a community will prqvide 

j6bs for'the residents and increased economic surplus :for'the
 

,1area"(in the first development 'cycle). Depending.,on .thetin

-dustry, this may cost the community in terms of increased
 

-vehicular circulation and congestion; crowding .due to:influx of
 

!new employees; less clean air due to industrial pollution prob

lems;' a less pleasing visual environment in the site area due
 

to industrial architecture; and also,depending on the industry,
 

an unequal distribution of employment opportunity, misuses,
 

and other related factors, Healthand safety'factors ,alone
 

play a critical role i.n site Selection choice from the point
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of view when one considers the high risk danger industries such
 

as biochemical and nuclear related developmentWprojec'ts or the
 

noise intensive developments such a airports and highways. The
 

point is that one cannot simply justify the location of new
 

indu3try in a community in terms of economic efficiencycri

teria. The real costs to the community may come from factors
 

other than those which will not be felt until long after the
 

initial investment is made, but which will have greater and
 

longer lasting effects on the general welfare than could ever
 

be justified for simple economic gain in the short ' un'' When
 

one considers thet with each new industrial development project
 

secondary and tertiary cycles of development follow, this
 

problem takes on an even greater significance.
 

In the case of a primary extraction industry, for ex

ample, secondary supply industries will follow'it'into an
 

area as well as user industries. These will again raise em

ployment, but will cause a new influx of people into the area,
 

cause more congestion, more pollution, more visual degrada

tion and so on. If the development is desirable (which in
 

most cases it is), it then becomes the mandate of the community
 

to minimize these costs by planning in advance how the develop

ment will take place and what trade-offs are necessary to
 

make that growth efficient and least costly for the general
 

welfare in the short and long term.
 

B-4. The Ecological/Environmental Point of View
 

Ecological consideration of industrial location cri
,teriaprovide the third viewpoint from which to view s te
 

choice. There are essentially two points to this view.
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. ". ... ' .... ~.. * -4~,.- .,, ~ j't44 ~ the."i~tqjW 

The first concerns the environmental impact of the intial
 

construction phase; and the second concerns the environmental
 

,impacts due to continued operation of the industry. The pri

,.mary concerns here are the maintenance of environment and the
 

,reduction of all degradation of the environment to the extent
 

that it is technologically feasible. The criteria for site
 

choice are essentially environmental quality, health and safety,
 

and aesthetic criteria with trade-offs often taking place in

volving economic efficiency and equity. This does not mean,
 

.however, that the economic efficiency for siting is any less
 

important. Because to be most effective in chossing a site
 

for industry, these other factors are best expressed'in terms
 

of,,economic efficiency in order to compare the advantages and
 
disadvantages of site choice in terms of a concrete monetary
 

unit. The short run effects due to the construction phase
 

of industry include such impacts as noise, silting of drainage
 

,,chanhels, destruction of vegetation and displacement of animal
 

.,(and human)habitats within the specific site area. These impacts
 
,are generally confined and normally restricted to the period
-

of construction with environmental restabilization"taking place
 

.once the construction period is over. The displacement of
 

human habitat and current use of the land can have significant
 

effects here in economic efficiency terms if the displaced
 
populations are large or if the current land use is economically
 

intensive.as. in prime: agricultural: areas. , .
 

:; It i i the second area of concern that,,.ecological
 

86h4siriationi"iis"of major importanceandenvironmentaL.quality
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19 
quality controls become critical to plant siting. 
It is here
 

that one must account for long term degradation of the environ
ment through the industrial disch f 
 m turing'prodicarge from manufactulgpo
 

cesses, waste disposal, heat generation, and gaseous and parti

culate emissions, to mention only a few. 
As noted earlier,
 

there is also the latent danger of total environmental destruc

tion in some of the more high risk industries (biochemical and
 

nuclear). 
 Even though this danger may be exceedingly small,
 
statistically the psychological, social, political, and real
 

impacts Of the siting of such industries is of paramount impor

tan'e and must be carefully considered. This becomes a cri

teria of relative importance in remote, unique and scenic areas
 
where failure of industrial controls could render the adjacent
 

areas unfit for further human use. 
The case alluded to pre

viously in discerning the community biases for industrial siting
 

criteria is the more obvious case in point here. 
The high risk
 
industries are, in most cases, forced to seek sites in remote
 

desolate areas where the risk to human life is completely mini

mized or restricted to the "operational accident,, type of
 

risk.
 

Luna B. Leopold, with the aid of others, has developed
 

a very convenient environmental impact evaluation matrix 
which
 

,can;provide the developer with an impact evaluation guide when
 

making-a site selection choice. The guide, which is to a large
 

extent subjective in its categorization of causes and effects,
 

.Leopold, et al., 
A Procedure for Evaulating Environmental
 
Impacts, Washington: U.S.G.., Circ. b45,1971. 
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crossranks "!Proposed Actions Which May,Cause Environmental Impacts"
 

with "Existing Characteristics and Conditions of the Environment".
 

These major categories are then subdivided into two progresively
 

smaller divisions in an attempt to list all possible major impact
 

areas and to define points where conflict may occur between
 

various elements. Areas of conflict are noted on the matrix
 

and the conflict is then subjectively ranked from 1 to 10 in
 

terms of the Magnitude and Importance of the particular effect
 

in question.
 

Due to the subjectivity factor in the model and the fact
 

that project variation can be very great, the model cannot possi

bly be universally applicable. The point is, however, that it
 

does provide a very simple method for defining the relatively
 

greatest environmental impacts as viewed by those who are
 

assessing a given project. The advantage of using such a ma

trix form lies ;.n the fact that it provides a ready checklist
 

of the range of actions proposed and their respective impacts.
 

Once the impact range is established this information can be
 

used as input into a cost/benefit type of analv.ir tn fiirthAr
 

aid in the development of siting choices.
 

,C.0 The Effects of Environmental Degradation
 

...
C-Introduction
 

In the foregoing discussion of:siting factors'1andcri

teria for site choice, the problems-of pollution have been
 

1aliuded to and in some cases developed in-some detail., It is
 

important at thds :point to outline the major pollution vehicles
 

under consideration and analyze briefly their effects on human
 

life. For this purpose the followirig six pollution subjects
 

will be discussed:
 

1 
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1. air
 

2. water
 

3. solid wastes
 

4. noise
 

5. heat
 

6. vision
 

Although it is recognized that some ol Tnese can oe zreatea
 

together under the general goal umbrella of environmental
 

quality criteria, it seems more comprehensible here to dis

cuss these issues separately for reasons of simplicity.
 

C-2 Air Pollution Effects
 

The envelope of air which surrounds the world was thought
 

until recently to be unaffected by the products of industry or
 

the artificial environment which man was creating for himself.
 

With the development of concentrated industry, however, man
 

suddenly found that he was dumping gaseous and particulate
 

wastes into the air in enormous quantities which was having
 

a detrimental effect on his health and life style. The
 

oxides of sulfur, nitrogen and other chemicals escaping into
 

the air as plant waste products were found to be killing
 

vegetation in their path. Particulate matter concentration in
 

urban areas was linked to emphysema and cancer as caustive
 

elements, and radioactive particles escaping from nuclear
 

facilities found their way into milk supplies and eventually
 

human consumption resulting in sickness and in unique instances
 

of death. In recent months research has uncovered a potentially
 

pollutant in the gaseous propellant used in aerosol sprays.
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Studies indicate that this gas attacks the vital ozone
 

layer of our atmosphere and in so doing, has the potential
 

of'completely destroying the earth's primary protection against
 

solar radiation. The list of examples of air pollution sources
 

and effects is long and growing. The point to be made here
 

is that where any industrial development takes place air pollu

tion is present and should be planned for at the micro and
 

the macro scale. The effects can be felt at the local level
 

in terms of such phenomena as smog, but the final effects will
 

be at the macro scale in a general degradation of the world's
 

total air supply.
 

0-3. Water Pollution Effects
 

The effects of localized deveiopmenz on water rubuuL-co
 

is much more localized. Pollution of water can take place in
 

generally two ways: the dumping of liquid or solid wastes
 

into the hydrologic system; or by the addition of heat to the
 

system. In the former case, the wastes can directly kill the
 

life in the water supply by poisoning it or it can overload
 

the biological oxygen demand of the stream,effectively elimi

nating the natural characteristics of the water system to
 

assimilate organic waste matter by natural biological processes.
 

Probably the prime concern in the question of water pollution
 

is the effect it will have on the water sources for personal
 

consumption. Obviously, if pollution were to be allowed to
 

go totally unchecked, the changes to human life through poisoning
 

would be immeasurable. The addition of heat to a water source
 

comes primarily from the use of water as a coolant in
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inmanufacturing~processes ' Up:to a~ point heat~.cants.mulate
 

biolgic growth"in a 'water supply n,
 

burden on the assimilatiVe Capacities of 4 he supply. The addi

tion of too much heat to such a supply will kill the organic
 

life in'it, destroying the whole water ecology. This problem
 

of heat dissipation through a natural water system has pro

duced some interesting environmental assimilation experiments,
 

however. The heated water is used to stimulate growth of
 

certain types of fish and other aquatic lifewhich would
 

normally life in warm climates, -thus providing possible new
 

food sources.
 

CC-4. Solid Waste Pollution Effects
 

The largest sources of solid waste problems are mining,
 

,mineral processing, agriculture and animal raising.
2 However,
 

industrialization and urban development in general produce
 

substantial input to the total waste management problem. This
 

problem is, and has been since time began, a problem of collec

tion and disposal of waste. The normal attitude toward the
 

subject has been one of laissez-faire which has added to
 

the problem. It has always been a labor intensive operation
 

and directed by an ,,out-of-sight-out-of-mind" general public
 

attitude, two factors which are at the base of the dificulties
 

now facing society.
 

The specific effects of these problems on the popula

tion are several and may be thought of as follows: land
 
2"What's Ahead in Solid Waste Management", Battelle
 

Research-Outlook, Vol. 3, No. 3 (1971).
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seeffects due to incineration.and,,organjc decay;, water :pollution
 

r6m leaching processes in whicI. ground water-sources are
 

pollited and'visual pollution due,to dump sites, torname only a
 

1few.'It should be,obvious that in practically 
all of these
 

.sources of pollution, the general health and welfare of 
the
 

The concentration of wastes
 adjacent populations is affected. 


-in one area such as described here, for what 
ever reason i:.,

stantly lends itself to the propogation of 
disease and health
 

society. In a world
 
contamination effects detrimental to 


society which is fast developing attitudes 
of general wasteful
 

consumption in the sense of a use-once-and-discard 
philosophy,
 

one loses sight of these effects. The groundwork and, in
 

fact, some of the most advanced thinking concerning 
waste
 

management approaches have been done by Resources 
for the
 

3,4,5,6
 
The basic idea of management developed
Future, Inc. 


is to expand the context of the problem to include 
the entire
 

product generation cycle from raw material extraction 
to
 

It is for this reason that the World Bank
 product disposal. 


in its environmental impact guidelines 
concerning waste
 

management suggests that emphasis be placed 
on materials and
 

their assimilative capacities back into the 
environment as a
 

last resort. Treatment (collection and disposal) should not
 

-- 3Knare, Ayres and D'Ange, Economics and the Environment:
 

A Materials Balance Approach, Resources for 
the Future, Inc.
 

(Baltimore:Johns Hopkins Press, 1970).
 
4Bower, et al., Waste Management: Generation and Disposal
 

York Region, New
 
of Solid, Liquid, and Gaseous Wastes in New 


York: Regional Planning Association, 1968.
 

5Walter Spofford, "Solid Residuals Management", National
 

Resources Journal, Resources for the Future, Inc., V TTrTl1973)
 
6Blair Bower, "Integrated Residuals Management", Resources
 

for the Future, Inc., mimeo, February, 1972.
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• thought of 'as a; final,solution, but :as a part of the solution 

in making materials reusable or more~easily-assimilated by the 

environment. The result will be a greatLreduction in solid 

waste materials and a correspondinglyJigreat reduction of.ithe 

entire problem,. 

,G-5. Noise Pollution Effects
 

The problems dealing with noise pollution have oniy
 

recently come to the forefront of environmental quality analysis
 

even though the problem has long existed on the industrial
 

frontier. Here it has been generally recognized as an annoyance
 

and actual health problem since the industrial movement got
 

under full swing. As ci lined in the Environmental Protection
 

Agency, Report to the President and Congress on Noise, (Washington:
 

U.S. Government Printing Office, 1972), the effects of noise over

load on the general health are as follows:
 

1. 	Minor to permanent damage to the inner ear resulting
 

in malfunction or total deafness.
 

2. 	Intermittent hearing loss to permanent chronic
 

damage to hearing with repeated exposure to noise
 

overload.
 

3. 	Disruption of speech communication and the
 

perception of auditory signals.
 

4. 	Sleep disruption.
 

5. 	Interference with the ability to perform complex
 

tasks, particularly when dealinwith speech and
 

auditory reception.
 

-

6. 	Annoyance and disruption of thought processes.
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,
7 
 Souirce- ofmad'.disruptoniad~generalt+4,. p banQe 

6 prevalentsource of inoise-,pollution is,,,gr und trans

oi tatibn whil& the7'1most intensive,is-;that pausedt by aircraft.
 

The major remaining sources are construction,. industry,and
 

finally, residences. Unfortunately, the development trends of
 
society favor the growth 6f-the firs two groups--largely for
 

cost-efficient reasons. Air and ground transport are growing
 

larger due to the obvious economics of scale involved, and with
 

them the increased pollution problems. With the definition of
 

these problems, one is faced with the tasks of finding appro
"priate solutions and some means of implementing them. Probably
 

the greatest stumbling block in this process is that the
 

,solutionmust be primarily cost efficient and at the same time
 

account for the other inherent pollution abatement criteria,
 

particularly the health and welfare functions. In terms of
 

land use planning this suggests a very small and difficult
 

solution field to obtain since transportation arteries, in

dustrial complexes, and construction in general are developmental
 

areas which must traverse the quieter environments. In other
 

words, they are self-concentrating to a great extent. Even
 

air transport facilities, although generally located outside
 

urban areas, are growth generating and soon find themselves
 

intensifying noise pollution through second generation growth
 

,,.,.Cbmmittee on Environmental Quality, Noise-Sound without
 
Value (Washington: U.S. Government Printing Office, 19b8), p.
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adacent,.,to the ,facility site. In a situation such as this,
 

pone, i.s, confronted :with the unfortunate realization that those 

,ramifications and .general consequences of noise pollution are 
,not understood bythe public at large who will choose to 

,,,"sufferwith noise" in order to maximize some other function
 

such as short home to work travel time--an excellent example
 

of.,the way in,whch education and planning should go hand in 
hand-to increase the general welfare function through increased
 

general knowledge.
 

*
C-6- Heat Pollution-Effects
 

' "The effects of heat on the world ecological system are
 

becoming more and more a source of'concernfor the population.
 

Eseetially all industrical processes pollute the environment
 

with some residual quantity of heat ranging',from~practically 

none to a residual heat production in =uclear power stations 

off two parts heat produced for every one part electricity.
 

'The heat, no matter how generated or processed, eventually
 

ends up' in the atmosphere from radiation as an air pollutant.
 

In this capacity the heat damage can manifest itself in

changes of the micro and macro climates which can have major
 

detrimental effects'on crop production cycles, for example.
 

Since electric power generation accounts for more than 80
 

iercent :of the cooling water use in the U.S., 
one can immedi

ately see that it is in the heating of water systems that the
 

nore ,significant effects can occur. 
Here the primary detri

nental effects are twofold: 1) the increased temperaturer -

;imply kill aquatic life processes, such as growth and
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reproductive patterns. in addition to the outright "physio 

e 
logical effects of heat on aquatic life in'(1)aibove;"
 

myriad ramifications of (2), which are "difficult t"nadyze 

and practically impossible tpredict, are probaly"the most 

This is because minor changes in .o'nre6"'d'ckdh,for
critical. 

example, can result in destruction of highly 6i.l. e""6logical 

balances of far greater consequence to other species in'the 

environment. The overall picture is, however, not beyond the
 

range of remedy, especially in the 'heat intensive industries,
 

where economies of scale can be realized' Proposals have been
 

made, for example, using the heated water in intentiVe ,,Industria'
 

Agriculture"techniques which use water for coolingto use
 

!the heated water to stimulate crop growth which furnishes raw
 

imaterials input for food processing and/or animal production,
 

which, in turn, furnishes a nutrition base for the production
 

?of organisms (like protein-rich algae), using waste asa
 
9
 

substrate. Concerning land planning activities, the major
 

effects of heat pollution result from those industries using
 

water as a cooling agent--primarily the electric power industries
 

Here is.the simple planning concern for space. On the nuclear
 

power.site, the space is needed for large cooling ponds, and
 

forreasons of health and safety, to assure great distances
 

f'om urban.populations; coal intensive utilities need
 

777 8J. B. Hobby and B. J. Copeland. "Biological Effects of
 

Heat Added to Natural Waters," N. C. Nuclear Environmental
 
Workshop. Pinehurst, North Carolina (October, 1970).
 

9L. Boersma. "Warm Water Utilization". Presented before
 
the Conference on Beneficial Uses of Thermal Discharges spon
.soredby the New York State Department of Environmental
 
Conservation, Albany, Few York (September, 1970).
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.enormous space for cooling ponds, as well as for the storage of
 

qoal and for the elimination of waste ash. Even when cooling
 

towers are used, which seems to be the trend depending on the
 

plant size and tower efficiency, the enormous heat outputs
 

largely determine location due to the need for placement near
 

'water resources.
 

C-7. 'Visual Pollution Effects
 

Visual degradation of the environment is, and has always
 
been, difficult to assess and until recently has been accepted
 

a. one of the costs of industrial development. In essence,
 

the visual impacts of development can be grouped into two
 

types: those due to construction and the general visual dis

ruption of the existing site state by it; and the visual impact
 

of the development after it is in operation, the continuous
 

visual pollution. The former type is relatively short-lived,
 

depending on the scale of the development project, and consists
 

generally of degradation of the site ecology by disruption of
 

animal habitats; the destruction of flora and fauna; air pollu

tion in the form of dust, smoke and noise due to site clearing,
 

earth moving, and construction of temporary or permanent access
 

roads; water pollution in the form of clouding and solid waste
 

addition due to silting and disruption of the natural hydrologic
 

system in thu area, especially where water is an important raw
 

material); and visual pollution through these combined pro

cesses which destroy the ordered natural environment or contrast
 

with the urban environment whether it be ordered or not. Visual
 

degradation of the more permanent form is a more complex problem
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with which to cope since its roots are found in a definition
 

of what is aesthetically beautiful or,, at least, unoobecjionable
 

to the human eye in terms of amenity. It would 's4°m that
 

three philosophies are at work'here. The one is to develop
 

with no regard to either the surroundings or' -he ..
form-05f'
 

'
the industry so long as it is economically efficient."-The
 

second and third are variations of the idea to Minimize visual
 

impact by 1) making the deyelopment.-to look .physically like
 

its,;surroundings, or.; at, least not intrude ,upon,,them by gross 

and exaggerated differences inl form, color,,-etc. or 2). hiding
 

the.structure far,from the population,or.within a confining 

enclosure;, Obviously, the third alternative has important 

land:.use ramifications since it implies isolation in the. 

landscape--a situation relatively difficult to find and 

normally expensive to support. 
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PART III 

BENEFITS FOR THE FUTURE 

In the foregoing discussion the purpose has been to
 

describe, the"?land environmental planning processes
huse ,and 

: and'toindicate some of the advantages of following their 

respective methodologies in the siting of industrial facilities.
 

These advantages"have been pointed out by illustrating both
 

the types of harmful industrial pollution effects which can
 

beavoidedias well as some of the multipurpose benefits 

which can be gained by careful planning consideration.
 

''It should be clear at this point that as our world
 

-
society becomes more and more complex, the land use and
 

environmental determinations of one locality, region, or
 

nation can often have profound consequences for the citizens
 

of other areas, as well as those immediately affected. However,
 

through a proper balancing and planning for these determinations
 

muchlof.,the future resource waste and,lost: effort indevelopment
 

should be avoided.
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g' TEEOOI T;j~MPACT 'OF' ENVi RONMENTAti PR~dflM' 

The Council on Environmental Quality (CEQ) has, since its'
 
inception, taken a major responsibility for assessing the
 

-economic abatement costs the Nation can expect to face as a 
<result of current Federal environmental legislation.1 The
 
Council carries out other in-house analyses or contracts for"
 
studies concerning the economic impact of these programs.
 
This memorandum summarizes CEQ's 1974 estimates and analyses.
 
Additional supporting papers are available upon request.
 
(See page 24.)
 

1974 Abatement Cost Estimates
 

The CEQ's estimate of abatement costs for the ten-year poriod
 
1973 through 1982 are given in Table I. These "incremental"
 
abatement costs are those abatement costs projected to meet
 
the requirements of Federal environmental legislation enacted
 
since the mid-sixties, beyond what the Nation would have spent
 
for the same purposes in the absence of this legislation.
 
Four types of costs are shown:
 

"Investment costs" (for the period 1973-1982) which
 
are the estimated expenditures which will be made
 
on capital equipment for pollution abatement by both
 
public and private sectors.
 

"Capital costs" which include interest charges on 
pollution control investments and the depreciation

of the capital equipment.
 

'- "O&M costs" which are the costs of operating and 
'A maintaining the pollution abatement processes.
 

- "Annual costs" which are the sum of the capital costs 
and the O&M costs. The last column in Table I shows 
the sum of annual costs projected for each of the 
ten years 1973, 1974,...1982. 

These abatement costs are estimated primarily from data provided
by the Environmental Protection Agency (EPA) and other Federal
 
agencies. The air pollution abatement costs are based primarily
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on th; 197,4 edition of The, Costrof CieavnAir2 and the privatewater~pO11ution abatement costs are based primarily upon the1973 edition of The Economics of Clean Water.3 
 The cost estimates predominantly assume the installation of "end-of-thepipe" treatment for air and water Pollution abatement, arnd thusunderstate potential for less costly production process- modifications ahich also satisfy legislated abatement requirements.
-,.For this reason, and because.CEQ's unit cost assumptions are
generally high, the cost estimates are 
considered to define,
,honthe basis of current knowledge, the maximum likely costs
the Nation will experience. However, not all of thc costs
associated with meeting the 1983 goals of "best available technology" are included because of uncertainty about the degree of
abatement that will be required for many industries. 4
 

Cumulative abatement costs (in constant 1973 dollars) over the
1973-82 period are estimated to be $194.8 billion. 
This estimate
:is.approximately $42.1 billion ( 2 8.percent) higher than last 
year's estimate. However, only $10.1 billion of this increase
 ...
represents a net increase in real cost estimates 
(primarily
statiunary air pollution control). 
 The rnan,- '. 4 . 
resulted from:
 

Changing the estimating period from 1972-
 $20.5 billion

81 to 1973-82 (in essence, dropping 1972,,
a: relatively low cost year, .and adding
1983, a higher cost year).
 

Inflation.(changing -from 1,972 dollars to 
 $11.5 billion
 
dollars).;
 

Distribution ofCosts bySector: 
Approximately $77 billion
of"J*he cumulative costs (mobile sources and, solid waste collec.tion costs) is paid for directly by the 
consumcr. Another
$32 
billion is initially paid by government and passed through
to taxpayers., Of the remainder, $32 
billion will be paid by
electrical utilities and the rest by other industries. These
costs will be Predominantly passed on to the consumer in the.
form of higher electricity and product prices.,
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TABLE I 

ESTIMATED INCREMENTAL POLLUTION 
CON\" rDL EXPENDITUR S1 

[In billions of 1Q7 2 dollars] 

_____ . ...1973 1982 If,_ Cumulative - 1973-82 
P'- u .ant...... . o& ,Capita 3 Total 2 Cipital Total Capital I Total4 

Pllutant/edium . . .&. . co-st annua I 0E. costs 3 annual invert- O&M2 annual 
CO~t costs =~Ent-Icosts 


Air pollution .. 1 - .. 
Public .1 .1 .2 .5 .2 .7 1.7 3.8 5.4 
Private. 

Mobile 1.2 . .2. 1.4 8.4 - 4.9 13.3 31.3. 49.9 74.4 
Induastrial .5 .7 1;2 1.3 1.1 2.4 8.4 11.6 24.5
Utilities .5 . . ..... .8 2.7 . .2 .4.0 7.91 

-. 3- -- 12 40 7919.6 ;9290

Total 	 2.3 1.3 3.6 12.9 7,4 20.4 49.3 -84.9 

Water pollution 	 -- "
 
Public 

Federal .2 NA A .2 NA NA 1.A A 
State and local 1. . 1. 1.4 1.3 2.7 - 14.8 12.8. 24.4 

Privaue " 
Industrial .5 - .5 1.0 ,1.5 1.2 2.6 9.8 12.3 23.1 
Utilities 0' 0 .01 .4 .3 .7 4.4 2.2 3.S 

rnTotal 1-a 6 2-1 3 .5 2 .8 6-.0 30-A 27-3 .. .51.0 , 

Radiation , 
Nuclear nowerplants' - fz NA- ,im .05 -05i .3 .3._,

Folid waste . 
Public .l .2 .3 .1 4 1.0 2.2' 2.9 
Private :1 C.05 .1 -5 .05 2.3 2.3 

Ttal '.. .j . .8 . 1.0 .S . 
Land reclamation 5 " " Surface mining .3 0 .3 	 0. -6 0 5.0 .•Noiseb NA .1 NA 	 .0-1.4 6.0-. NA.A NA 

Grand total 6 4.6 2.0 6.3 18.8 10.4 J8.081.4 121.8 194.8 

_/ 	 Incremental costs are expenditures made pursuant to /O&M plus capital costs. 
Federal environental legislation, beyond those that 
would have been made in the absence of this legislation. 

2/ 	 Operating and maintenance costs. _Not included in grand total. 

1_ Interest and depreciati-n.
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TAPLE II
 
INVESTMENT FOR AIR AND WATER
 

.POJIAITION ABATEMENT BY INDUSTRIES# 1973
 

Pollution abatement investment
 
End-of-the-pipe Process chango 

All industries 

Total plant & 
expenditures 

& process chan 
otal Air Water 
,100076.938 3,176 1,762 

Tottl 
1,169 

.o. 
Alr 
724 

. . 
Wit_, 

'44 

Manufacturing --- 38,003 3,153 2,050 1,103 712 446 2G(b 

Durable goods ---------------- 19,389 579 1,207 372 321 220 1
 
62 25
3,481 814 712 101 112 


Primary metals 
 56 1 19
 
Blast furnace, steel works------------ 1,407 230 163 67 75 


'9
1,679 523 492 31 29 19 
21
Nonferrous-----------------------------


2,895 129 44 85 35 14 

Electrical machinery--------------------
 12
 
Machinery, except electrical------------- 3,478 60 52 28 36 24 


74 37 20 1,3,063 170 96

Transportation equipment------------------ 35 192,244 143 81 62 

Motor vehicles----------------------- ;0 0
531 20 11 10 

Aircraft------------------------------


1,503 144 123 22 50 42
 
Stone, clay, & glass 
 37 i5
4,969 243 180 63 52 

Other durables -------------------------


226: 1I5
18,614 1,574 843 731 391 

Nondurab]e goods ------------------------- 24
68 84 49 25 ' 


Food including beverage----------------- 3,040 152 

X1 8
787 29 9 20 


Textile----------------------------------
 161 14 7 71,893 355 174 

Paper----------------------------------- 61
213" 149 8 
-- 4,324 416 203 

Chemical--------------------------------
 151 94 r7 - 5,409 555 352 203 

Petroleum--------------------------------
 b
-1,567 48 26 23 12 6 

Rubber-----------------------------------


1,586 19 12 7' 5 4
 
Other nondurables ----------------------


659 ;457 21 )79

62,073 1,785 1,126


Nonmanufacturilng----------------------------


]5 520

2,759 91 41 50 


Mining---------------------------------- 2

1,939 16 5 11 - 3 


Railroad-------------------------------
 4 2 2 02,413 15 12 

Air transrirtation----------------------
 5 :4 3 1


1,605 11 6 

Other transportation--------------------- 386 226 10"921 530
19,087 1,451

Public utilities-------------------------
 372 223 141!


16,250 1,409 906 503 

Electric------------------------------
 14 3 ii


2,837 42 15 27 

Gas & other -------------------------- 41 33 Ito
 

34,270 201 142 58 
jCommunication, conorcial, & other 

-

ic Analynis. Survey'ofIcurrent Busineslt,
 
Sources U.S. Department of Commerce, Dureau of Econo 
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Distribution over Time: 
 In terms of the timing of expenditures,
 
investments are expected to increase steadily up to a peak in
 
1976 in order to meet the 1971 goals of the Clean Air Act and
 
the Federal Water Pollution Control Act. Annual costs are
 
expected to increase at a rapid rate through 1977 after which
 
they will level off.
 

Distribution between Investment and O&M Costs: 
 In terms of
 
real resource costs, CEQ estimates that there will be $81.4
 
billion invested in capital equipment and $121.8 billion
 
spent on operation and maintenance costs over the 10-year period.
 
As noted earlier, this estimate of investment costs is thought

to be too high because of the emphasis placed on "end-of-the
pipe" capital investments as opposed to less investment-intensive 
process charges. The Bureau of Economic Analysis (Department 
of Commerce) in a recent survey of pollution abatement invest
ments (see Tables II and III) found them to be somewhat lower
 
than the CEO estimates. 5
 

As Tables II and III indicate, the BEA survey provides the first
 
information about the relative importance of process change as
 
opposed to "end-of-the-pipe" treatment for pollution abatement.
 
In 1973 and 1974, 23 percent of the total investment for pollution

abatement was expected to be allocated for process changes.
 

Macroeconomic Impacts
 

The macroeconomic impacts of environmental expenditures were
 
analysed by CEQ, with the help of the Chase Econometrics, Inc.,
 
macroeconomic model.6
 

In 1974, the estimated incremental real resource (investment

plus O&M) abatement costs amounted to approximately 0.7 percent

of the U.S. Gross National Product. This proportion is expected
 
to increase to approximately 1.4 percent in 1976, and then
 
decrease thereafter as investment costs decrease and GNP continues
 
to grow.
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TABLE 111-

INVESTMENT FOR AIR AND IWATERIPOLLUTION'
! 3 ' :AaATEMENT BY INDUSTRIES: 1974 

Pollut ion .abatemen invost: ent 

Efnd-of-the-pipe Process, chat1nge
Total ." &process change ' " oilty
plant and - _ . 
expenditur s Total 
 Air Water Total Air I-41tr-

All indutrea ------------- ---------- - 112,114 6,543 4,-4- 2,19 1,465 003 4(,i 

'MandUfacturing ----------- -- :44,404 4,446 2,929 1,517 '1,042 721 321 

Durable goods--------------------------------
Primary metal- ..- ..... ._--_-_-_-._.. 
Blast furnance,steel works ----- ---
Nonferrous--------------------------------

Electrical machinery-----------------------

22,611 
4,337 
1.712 
2,156 
3,179 

2,063 
1,003 

361 
553 
175 

1,523 
841 
304 . 
469 

53 

540 
163 
778 
83 

122 

499 
250 

'114 
1418, 
'46 

397 
' "239 

+109 
ll 
1.6 

j02 
"]I 

4 
G 

30 
Machinery, xc'ept electrical----------------- 3,975 118 74 44 42 27 15 
Transportation equipment---------------------. 
Motor vehicles-----------------------------

3,570 
2,682 

195 
178 

112 
103 

83 
75 

.29 
28 

- 17 
17 

1.2 
12 

Aircraft----------------------------- + 580 
Stone, clay, & glass------------- -------------- 1,683 

13 
282 

7 
244.. 

6 
39 

-

8, 
0 

4 
0 

10 
Other durables ..........- 5,867 290 200 90 73 

Nondurabln goodb----------------------------- 21,793 2,383 1,406 977 543 ,: 324 220 
Food including beverage----------------------
Textile--------------------------------------
Paper..----------------------------------------
Chemical--------------------------------------
Petroleum-----------------------------------
Rubber .-------------------------------

3,276 
773 

2,484 
5,249 
6,888 

'1,580 

230 
43 

500 
608 
926 

51 

112 
17 

326 
293 
610 
33, 

118 
26 

174 
316 
316 

18 

67 
7 

31 
188 
239 

' 8 

35 
3 

16 
10'j 
153 

' J 6 

32 
4 

15 
79 
FJ6 

2 
Other nondurabo .----------------------------..1,543 24 16 , 2 2 

Non.manufactu ri n ------------------------------ 67,710 2,097 1,418 679 423"' 203 141) 

Mining --------------------------------------
R3zi'road -------------------------------------
Air transportation -------------------------
Other transportation -----------------------
Public utilities -----------------------------
Electri -.---------------------------------

Gas . othr -------------------------------. 
Conununiciai.jon, comm.rcial, & other -----------

3,143 
2,272 
2,160 
1,617 

22,163 
18,808 
3,355 

36,355 

100 
19 

9 
17 

1,696 
1,651 

.46 
256 

53 47 
'-3' 16 

4 , :..:,5 
10 7. 

1,179 518 
1 160 491 

19 , 27 
170 87 

28 
3' 

, 1 
5 

307 
.95 
.11 
80 

, 
; 

22 
2 
0 
3 

200 
197 

2 
57 

6 
2 
0 
2 

107 
91I 

9 
23 

Sources U.S. Department of Conuorca, Bureau of Economic Analysis, Survey of Current Dusinosa, 
 ._
 
Vol. 54. Julv 1974.
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,t.jniueu praivate poJ-ucion control investments (excluding 
mobile sources) amount to approximately 3 percent of gross
 
private domestic investment and 6 percent of business invest
ment in plant and cquipment in 1974. These ratios are expected
 
to remain approximately constant through 1976 after which they
 
will fall.
 

ImpRct on Inflation: The impact of these expenditures on the
 
rate of inflation has bee' stimated in two ways. One estimate 

, comnpar);s1 the !price. increases expected in different economic 
sectors hs a result of pollution control expenditures with the
 
contribution of these expenditures to the rate of inflation.
 
As Figure I indicates, much of the increase in the wholesale
 
price index (WPI) over the past year has occurred because of
 
increased energy (predominantly oil) and food prices. The cost
 
of producing crude oil and unprocessed food is virtually unaf
fected by pollution control expenditures. Calculating the impact
 
of the remaining sectors involved weighting the contribution of
 
each to the increase in the WPI by the price increase expected 
in each sector as a result of direct and indirect pollution
 
control costs. These calculations indicate that pollution control
 
expenditures were responsible for approximately 0.5 percent (one
fortieth of the total increase of 17 percent) in the WPI from 1973
 
to .974.
 

This result was confirmed by three separate analyses using
 
sophisticated macroeconomic computer models. The first was the
 
1973 Chase Econometrics macroeconomic analysis which predicted
 
an increase in the WPI of 0.5 percent during 1974 as a result 
of pollution control expenditures. 7 Two other similar analyses
 
have been run by the Brookings Institution and by Data Resources, 
Inc.8 Both show inflation rates of 0.3 percent to 0.5 percent
 
per year reshlting from pollution control expenditures. The
 
Chase projections of price increases resulting from pollution
 
control expenditures are given in Table IV.
 

Impact on Investment, Productivity, and Economic Growth: One 
of the concerns currently being expressed about environmental 
programs is that the substanticl investments they require will 
displace investments that firinr* would otherwise be making to 
expand or modernize their procuction capacity. Such a substi
tution, if it were Lo occur widely, could have an adverse impact
 
on the rate of increase in labor productivity because firms 

.119
 



FIGURE I
 

Percent Contribution;to Change in Wholesale Price Index,

'April 1973-April 1974,
 

(by Major Commodity Groupings)
 

Pulp, p'p r allied products,5% Lumber & wood 1.8% 

_ ',;.iiY ' + i* } ,' 'i : :, ++ 
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TABLE IV 

PERCENTAGE CONTRIBUTION
 
OF POLLUTION 1ABATEMJNT EXPENDITURES 

!, pRROJECTED ,.CHANGES,, IN PRIICE,, INDICES 

GNP 
CPI WPI deflator 

Increase 1975/76 0.5% 2.0% 0.9%
 
:umulative increase to 1976 0.8% 2.6% 1.2%
 
wverage increase 1973/76 0.3% 0.9% 0.4%
 
[ncrease 1981-82 -0.2% -0.1% 0.0%

,umulative increase to 1982 0.3% 2.4% 0.9%
 

verage increase 1973/82 .03% 0.2% 0.1%
 

!PI = Consumer price index
 
TPI = Wholesale price index
 

;ource: Based on Chase Econometrics, Inc., (1974) estimates.
 

would be operating with older, less productive equipment.
 
And this reduced productivity growth would result in a lower
 
rate of economic growth for the Nation.
 

The available data indicate that such effects are likely to
 
be minimal. The maximum projected investment for environmental
 
purposes by U.S. industries is unlikely to exceed 6 percent of
 
their total plant and equipment expenditures in any one year,
 
and should average approximately 3 percent of these expenditures
 
over the 10-year estimating period.
 

The pollution control expenditures will, of course, place
 
increased demands on the capital market and will displace some 
private investment, but the Chase Econometrics analyses conclude
 
that the displacement will predominantly be in areas other than 
plant and equipment expenditures, such as residential construction. 9 

This conclusion is at least partially confirmed by the results
 
of the first Bureau of Economic Analysis survey of pollution contro
 
expenditures, in which only 2 percent of the firms sampled claimed
 
that pollution control expenditures had displaced any of their 
planned investments for expanding or modernizing their production
 
capacity.
 



FIGURE II.+t 

.Projected Economic Growth,1974-1982 
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FIGURE III
 
,Projected Unemployment Rates, 1974-1932
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The BEA report concluded, "While it is possible that in some 
in d'd:-4£ries 'pollution abatement'restrictions have caused a reduc
tion in investvcnt, the low level of positive response to this
 
question indicates that business as a whole does not think of
 
pollution abatement regulations as reducing investment in new 
plant equipment. 11i0 

In light of these findings, pollut*ion control expenditures are 
not expected to delay significantly the expansion or modernization 
of industrial capacity for producing goods and services, and 
therefore are not expected to have a measurohl.o adverse impact on
 
labor productivity.
 

If environmental expenditures have an insignificant impact on
 
plant and equipment expenditures and therefore on productivity,
 
they will have virtually no impact on the rate of growth of
 
the "full employment GNP." However, according to the 10-year
 
forecast by chase Econometrics, the anticipated peaking of
 
environmentally related expenditures prior to 19*78 will create
 
a minor business cycle which will affect the actual growth rate
 
in GNP. These expenditures are expected to stinulate the economy
 
prior to 1976 so that the GNP in current and constant dollars
 
will be higher than it otherwise would have been. After 1976 the
 
slightly higher prices resulting from pollution control expendi.
tures will have a minor depressing effect on the economy, causing

the real GNP to dip belo., the level expected without environmental 
expenditures. By 1982 this depressing effect is expected to dis
appear, so GNP be the icvel itthat the will at same as would .
been without environmental improvement proqram.;. The projicttrl 
GNP levels are sLumarized in Figure II. 

Impact on Employment:- The impact of environmental expenditures 
on employment is projected to be insignificant. In the macro
economic analyses the impact of unemployment is expected to mirror
 
the impact on GNP: before 1976 there will be less unemployment
 
than there otherwise would have been, from 1977 to 1980 there
 
will be somewhat more; but by the end of the decade there will be
 
no significant impact on unemployment. Projected employment
 
rates are given in Figure III.
 

These macroeconomic analyses do not take account of plant clos-ings

caused by environmental regulations, however. EPA, which maintains
 
an "Economic Dislocation Early Warning System" on such closings,
 
had received reports of 69 firms which claimed that they had been
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TABLE V 

CLOSINGS WIIEIE POLLUTION; CONTROL COSTS.WERE ALLEGZD, 
TO BEFACTOR, JANUARY 1971-JUNE 1974N-

V Em pl oyees 
A- IU 

U4 

1.01 W~U ant 

-1 o e 

A 


610010 
, U anU 

2 
2 

1 
3 1 3 11 
1,536 44 1,450 102 

2 

400 610
4 __ 

1 1 

_33 148 78 


2 5 

500 1,379 


3 
540 ___ 

_n__n - h 

1u2 

___ --

2 
1400 

3 
033 - ___38 

10 12 7 

2 

105
-390 
____ : 

37050. 


3 3 

165 24
3 


-1 


-

2 2 

- 148 

1 

3,822,511,2,138 410 1303 


JU 

to,
 

Wo5. 145 . 14 

ne IV 3 I Ao 6 
#-4 AJ
) 1 0 

14 	 -A4 1 W4 
035 ,4 141 1 2 
tpyoees 


r 

3 

-

25 .133 


.
 
390 11105
 

0i- TOTAL 
1 6
 
95 1,108 
8 18
 
11.30C 4.598
 

3 7
 
_ ". . ' V 4 1,105 

2 
226 

- 1 
1 
, 

14 
2,4279 

__ 45 
4 

-1585 

-

208 1 
3 
208 

1 
1f35 __n529 

2 8 
1,112 

- 1___ 

2 
1_250 

6 
11.121 

4 
268 

4 
1133 

118 68 
2,617 12,342 

b/islocation involving less than 25 jobs in not reported.
 
12/'"Other industrious" includeis all- dislocations where the combined "actual" and, 

::j"threatened" plants amouti to' fewer than six. 

Source: 	 Environmental PioLtection Agotic"l, Office of tlec Administrator, 1974 Second 
Ouarter Rc rort oC the lEconomic Dislocation carly Warninq System. 
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forced to close plants from January 1971 through June 1974, at
 
least in part because of environmental regulations. Those planbt
 
iepresented a total of approximately 12,000 jobs (about .015 
percent of the current labor force). The details on these cloeuros 
are given in Table V. 

It should be noted that the increase in unemploymunt cauued by 
these plant closings will be less than the 12,000 jobs thzA" 
the plants themselves represen'ted. The lost production will be 
shifted to other plants, sometimes within the °-ame firm, and as 
a result more jobs4 will be created at these other plants. 'Pitarc 
in probably some not loss in jobs because the plants which increa"s. 
production are likely to be more efficient than the plants whiclh 
close. It is the rel.at.ive inefficiency of these plants --- they 
are likely to be oder, smaller facilities which are only w;r'gi-. 

nally profitable even without the requirement that they install 
environmental controls -- that leads the firm -o conclude that 
they should be closed rather than modernized. Tn many instances 
they would have been closed soon anyway, and onvironmental regu]-
lations tend only to accelerate an otherwise inivitable process. 

However, the problem of plant closures should not be understated. 
As Table V indicates, there is some geographical. concentration of 
the plants which have closed. Many of these plants are also often 
located in older, industrial towns already suffering relatively 
high unemployment rates. Their closures can b a serious blow to 
the local economy and particularly to the workers who may have 
serious difficulty finding other employment.
 

Im act on Govornment Financo.: The major sources of governei'nt 
expunditures associated with, the implementation of Federul enviro',
mental legislation are for municipal sewage treatment plants, 
solid waste collection and disposal, and air and water pollution 
abatement from publicly owned facilities. At the Federal level, 
the EPA sewage treatment grants program has become the second 
largest public works activity exceeded only by the Federal high
way program. Nevertheless, as indicated in Table VI, environ-
mental oe;penditures still account for only 1.0 percent ot total 
Federal outlays in FY '74 and 1.3 percent in FY '75. 

On the state and local levels, because the Federal Government 
is presently paying a large proportion (up to 75 percent) of 
the, invostments rnquired for municipal sewage collection and 
treatment works, CEQ projects local government environmental 
oxpend.i.tures to be lower than they would have been in the absonce 
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TOLE VI 

BUDGET OUTLAYS BY FJNCTION 
1973 ACTUAL AND 1974-76 ESTIMATED 
U.S. 

•.1 [(in billionas of dollars) 

.. 1974
1973 


estimate

ecritioactual 


Function: 76.0 80.6

Nation ,ldefense: 


3,0 3.9
intornatio nil affAirefl 

& finance
 

3..2 

,c,oarch & technology 	 3.3 

6.2- 4.0 
Sixct 


& rural devolopment 
.6 .6 !::-

Agricult.-urp 

V
NATIRAL r :ROUtCES . NiONVNT 

13.1 13.5
CnomoerCU & transportation 
4.1, 5.4
Community development & housing 


Educat .on & anpower 
 10.2 10.8 

10.4 23.3


lealth 

73.1 85.0


Inconm security 

12.0 13.3


Veterans bnnefits & services 

22.8 27.8


Intero3t 

5.5 6.8 


General government 

6.6 6.1
General revenue sharing 

-- .3
Allaaance 


-8.4 -10.0

Undistributed intragovernmental , 


transactions-- 24 

246.5 274.7
Total 


1975 . 

ectimato 

87.7 

4.1 


3.3 


2.7 


,3.1 .
 

13.4 

5.7' 


11.5 

26.3 

100.1-

13.6' 

29.1 

6.8 


6.2 

.1.6 


--104T 

'C 


3
 
304.4 


1976
 
estimate
 

94.8
 
4,31
 

3.4
 

4.1
 

4.
 
13.7
 

"
 7.4
 
:12.3
 
28.6,
 
107.2
 

13*8 
30.4
 
6.9
 

63
 
4o4.
 

!11.6
 

-329.4'
 

RESOURCES AND ENVIRONMENT 

[in Alilions of dollars]' 

DETAIL FOR NATURAL 

1973 " 1974 1975
 

actual 
 estimate estimate.
 

$1.1 $2.6 $4.0
 

.6 .8 


Pollution control and abatement 


.8
 
RecrQeational resources 


2.9 2.9, 3.0

W~tor resources and power 


.9 1.0 2.1

Land management 


3 A1 " 
' 3 7;Mineral resources 


Other natural resource programs '..
 

9.4,
5.8 7.0
subtotal all programs 

Deduction for offsetting receipts -5.2 -7.2 -6.3
 

$3.1
$0.6 $0.6
Net total 


The Rudget of the United States Covernment:
Source: Office of 14anaqement and Budget, 
Fiscal Year 1975 (U.S. Government Printing Office, 1974), p. 86. 
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of Federal legislation. The fiscal impact of local expenditures

will al.o be reduced by the fact that many of these costs 
e.g., 
for sewage treatment and solid waste collection -- are
 
lihely to be financed out of user charges rather than gene .ml 
revenues. 11 

Impact on Foreign Trade: Analyses conducted by the Departmc'nt
of Commerce, other Federal agencies, and independent analyst.s 
have not succeeded in identifying any significant impact of our 
environmental regulations on our foi.eign trade and balance of 
payments. 1 2 Some U.S. exports will become slightly more expen:ivc,
 
and some imports will become more competitive, but the total.
 
effect is small. This is largely attributable to a) the rela
tively small price increases for U.S. goods as a result of
 
environmental requirements; b) the lack of import competition
 
for many commodities which may experience price increases because
 
of the weight, bulk, or U.S. quality requirements for those goods;

and c) the enactment by many competing countries of stringent
 
environmental regulations that will reduce any comparative advan
tage their industries might have over U.S. firms.
 

Impact on the Distribution of Income: CEQ and EPA have sponsored 
studies of the impact of pollution control programs on the distri
bution of income. These analyses are presently being updated by

1 3 CEQ. They show that the medium income family paid approxim~ate.y
0.5 percent of its family income for incremental pollution control.
 
expenditures in 1972 in the form of higher products prices, higher 
tax revenues, and increased service charges for government sorvices. 
In 1976, this percentage is expected to increase to about 2.0 percent,
falling slightly by 1980. In 1976 and 1980 the increased costs 
are expected to be relatively evenly divided between higher auto
mobile expenditures, higher prices for other goods and services,
 
and higher taxes. 

The distributional impact of these expenditures is expected to 
be mildly regressive. That is, lower income families will pay 
a slightly higher proportion of their income (although a much 
smaller dollar amount) for pollution control expenditures than 
higher income families. 

Impacts on Spec.ific Industries 

The previous analyses indicated that there was unlikely to be 
any significantii macroeconomic impact of environmental programs. 
However, the impacts are not spreead evenly across all sectors. 
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FIGURE IV 
Pollution Abatement Expenditures for New Plant and 

Equipment by Selected Industries, 1973 

ruIuuIn ooatemenm c-ipenditures As a 
Pollution Abatemet Expenditurns Percentage of Plant ad Equipment 
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Some industries pollute much more heavily than others and will 
therefore have to undertake significantly greater efforts to
 
abate their pollution to acceptable levels. Figures IV and v
 
summarize the BEA findings about the relative leavel of inveul2ment
being made for pollution control among different industries.
 
Clearly, the industries which would appear to be most signifi
can'tly0 affocted are: 

Electric utilities
 
Petroleum refining
 

Iron and steel
 
Pulp and paper
 
Nonferrous and primary. meras.s, 
Stone, clay, glass, and cement-
Chemicals 
Food and kindred products 

These eight industrial groupings acount for folir-fifths of the 
total estimated private pollution control investments in 1974. 
The proportion of total plant and equipment investment spcnt 
for pollution control purposes in these industries -- ranging 
from 10 to 20 percent -- is substantially above the national 
average -- less than 6 percent. Of course, a high propor!-ion 
of total plant and equipment expenditures being allocated to 
pollution control may indicate only tha the particular industry 
is investing relatively little for capacity expansion in the
 

United States.
 

As Tables II and III indicate, all of these industries ar2 expoctil)
 
to increase their pollution control investments substantially in
 
1974 over the 1973 levels. Specifically, the expected increase
 
will amount to:
 

17% for electric utilities
 
67% for petroleum refining
 
65% for iron and steel
 
39% for pulp and paper
 

- 6% for nonferrous and primary metals 
100% for stone, clay, glass, and cement 

20% for chemicals 
52% for food and kindred products 

CI.0Q and EPA estimates indicatej that tlarse industries will 'emtin'c 
to uxperi-n':c, rclativ,]y heavily pollution control expend it u:eis. 
tiroughout the decadc. 
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FIGURE V
Pollution Abatement Expenditures for New Plant and
 

Equipment by Selected Industries, 1974
 

Pollution Abatement Expenditures As a 
Pollution Abatnment Expenditures Percentage of Plant rnd Equipment 
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Other important characteristics of the industries are that:
 

they are all "basic industries,."Which'imeans that
-

these price and ,supply problems.irip le?'through the 
economy. 

- they are generally energy-intensive industries
 

and,(excluding electric utilities) account for
 

more than 73 percent of all energy consumed by
 

all industries, and nearly 20 percent of total
 

U.S. energy consumption. In these industries energy
 

is a significant cost element accounting for nearly
 

144 per dollar of value added, compared to the
 

average of all industries of 4. per dollar of value
 

added. 1 3 Therefore these industries face serious
 

cost problems because of high energy prices in
 

addition to the costs added by environmental regu

lations (see Table VII).
 

Table VIII, however, indicates that even in those relatively
 

most seriously affected industries, environmental expenditures
 

are not a large pronortion of total value added in the industr
 

and therefore should not have a substantial impact upon 
prices
 

or output.
 

Such projected increases and output reductions would not
 

cause for alarm. However, because of the impornormally be 

tance of these industries to the functioning of the economy,
 

the possibility of very tight capital markets' limiting the
 

availability of investment funds, and in some cases, 
a recent
 

history of depressed profits, further analysis is clearly
 

required. CEQ and EPA are presently in the process of spon

sorinq such studies.
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MANUFACURING ENEGY CONSt!4pTION, -SELECTED INDUSTRIES, 1967
 

industry 

Energy consumed 
per $ of output 

(MBTU/$) 

energy 
consumption 
(Trillion Btus) 

% 
Manufacturing;7 

Consumption 
.' U. S-; 

'Consumption> 

Cement 
Petroleum 
:-zetais 

463.0 
495.2 
250.1 

463 
2537 
4080 

3.1% 
17.4 

.27.9-

0.9% 
5 0O 
8.l-

Pp
Chericals 

140.l 
138.3 

1156-
2460 -

7.9 
16.8 

2l5S' 

Subtotal 10,596 73.3 2 '.2 

All other manufacturing. 20.9 3914 26.7 7.7 ' 

Total industrial (69.7)1/ 14,608 100%; 8.9% 

1/ Represents the average
 

Source:
 
Energy and Environmental Analysis,, Inc., "Energy Managene.t inManufacturing'

1967-1990," 1974, prepared, for CEQ. 



TABLE VIII
 

POLLUTION CONTROL EXPENDITURES AS A PERCENTAGE ,. 

OF VALUE OF SHIPMENTS, SELECTED INDUSTRIES, 1973 an& 1 9 8 0,

. costs / as a percentage of_ . 
I Value of shipments ($ million)1/ value of shipments 

1980
1980 1973
SIC Industrial sector 1973 


26 Paper & pulp $28,167.4 $39,715.5 0.42% 0.88%
 

80,456.7 0.40 0.86

28 Chemical 57,061.5 


0.9929 etrosu- refining 28,602.2 40,329.1 0.43 


32 Stone, clay & glass 21,430.0 30,216.3 0.25 0.56
 

33 Primary metals 58,276.5 82,169.9 0.80 2.00
 

* (Five industry average) _ _"_" 0.50 1.00 
0.20 0.50
(All manufacturing average) 


i_ 5% annual increase 1973-80.
 
i_ Calculated on basis of annual costs.
 

Souarces: Value of shipments 5igures-fori. 1973 are from thb Department of Commerce 
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Notes on Methodology
 

Incremental costs were assumed to equal total costs in the 
following areas: 
noise, radiation, land reclamation, utilities,
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public sources (solid waste and sewage sludge incineration),
 
and mobile sources.
 

The selection of the discount rates to be used in amortizirn
 
capita]. costs affects the annual cost estimates. In general,
 
a rate of 8 percent has been used for private investment,
 
10 percent for mobile sources, and 6 percent for public invest
ment. 
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these rates tends to understate the financial costs o1 invest
ments made daring such high interest rate periods. However, not
 
all investimentc are financed by borrowing. The assumption that 
they all. are, which underlies the CEQ cost analyses, tends to 
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O IT S T DARDS:
 
DEPINITIONTS AID THE NEED FOR INTERAT OIAL HARMONIZATION( 1) 

PREFACE 

1. The Organisation for Economic Co-operation and Development, in carrying out its task of promoting economic development
in Member countries, is concerned both with the qualitative'and
quantitative aspects of economic growth. 
The i7nvironment

Committee of the OECD is responsible for:
 

(i) investigating,the problems of preserving or improving
man's environment, with particular reference to their

economic and trade implications:
 

(ii) reviewing and confronting actions taken or proposed

in Member countries in the field of environment,

together with their economic trade implications;
 

(iii) proposing solutions for environmental problems that
would as far as possible take account of all relevant
factors, including cost effectiveness:
 

(iv) ensuring that the results of environmental iniestigations can be effectively utilised in the wider framework of the Organisation's worlr 
on econo-mic policy

and social development.
 

In the implementation of its manCdate, 
the Committee is assisted
by a number of delegate groups concerned with policy development
in specific sectors of the overall environment problem. 
Such
groups are established in respect of Air, Uater, Chemicals and
Urban problems. Co-ordination and development of economic
aspects are the responsibility of a Sub-Committee of Economic
 
Experts.
 

2. This document gives precise definitions of the various
environmental standards, describes the factors to be considered
in fixing them, and discusses how far it would be desira.ble to
harmonize the standards internationally. 
On this last point,
the document also deals with the lessons to be learned from the
Environment Committee's latest reports on pollution control in
 
a number of lields.
 

3. Attention is drawn to the summary and conclusions of the
report which include recommendations as to ways in which emissions
of fluorine compounds can be controlled.
 

(1) The decision to derestrict the Dresent document was taken on
 

22nd November, 1974.
 

10. 50*1
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A., 	 Typoogy of envlronmeital standards
 

i. Factors to be considered in fixing environmental standard
 

C. 	 The problem of harmonizing standards internationally in
 
the light of Member cotutries' positions
 

D.:, 	-Lessons to be learnt from the Environment Committee' s 
Slatest repor.. 

2. 	 Conclusions
 

Annex:* Definitions used by the ELiuropean Commu.ities and the 
United Nations. ,,
 

For the convenience of the reader, the main points in
 
this paper are summed up in the following paragraphs headed
 
;'Summary and Conclusions".
 

1-1': 4
 



-3

(a) Environmental standards, comprising quality standards,
 
emission standards, process standards and product standards,
 
have specific features which distinguish them from one another
 
and from other kinds of standards. Some approach the notion of
 
objectives (quality standards), whereas emission, process and
 
product standards are instruments serving environmental quality
 
objectives. Thus enviiBonniitaY1standards are the parameters of
 
a policy, both at target level and at instrument level, and
 
harmonizing them can contribute to harmonizing environmental
 
policies.
 

(b) Environmental standards are'not necessarily uniform through
out the same country, but may vary in many respects from one
 
area to another depending on local conditions and policy aims.
 
This point is illustrated in the reports analysed below(1).
 

(c) In general, the fact that standards may vary from country
 
to country merely reflects the relative situation of countries
 
and their collective choices. te T~e situations are due to
 
the i r7f ~Tl1ative capacities of natural environments 
and to countries' different economic structures and populations,
 
while collective choices reflect relative levels of social
 
preference regarding environmental auality. This point was
 
mentioned in the reports which countries presented at the
 
6th Session of the Environment Committee. 

(d) The fact that standards may vary from country to country 
does not therefore of itself cause distortion in international 
trade and in this connection one of the effects of the Polluter-
Pays Principle is to preserve relative situations by preventing 
the creation of artificial situations which might conceal them 
(see "Guiding Principles concerning International Economic 
Aspects of Environmental Policies", paragraph 4). 

(e) The costs of pollution control depend not only on the level
 
of these standards, but alco on such factors as the desirability
 
of recovering materials wa[e rates, etc. (see the Report on the
 
Pulp and Paper Industry), so that by applying uniform standards
 
one would not automatically ma!e the costs the same.
 

,1) 	Pulp and paper industry, fuel combustion in stationary
 
sources, eutrophication, and motor vehicles.
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-f)
In view of the foregoing, the international harmonisation
 
of environmental standards raises the following points:
 

(i) Quality standards
 

Environmental quality standards are legal
 
constraints which make it possible to achieve
 
or approach given quality objectives defined
 
for an environment. These objectives are
 
always fixed at the appropriate political
 
level according to the kind of pollution to
 
be controlled or the kind of environment to
 
be protected. In fixing them, national,
 
regional, local or international authorities
 
take account of the following factors:
 
- the basic protection levels. 

- the levels of no effects to the environment; 

-the specific conditions (ecological, economic,
,etc.) of the environment concerned;
 
-possible effects on neighbouring areas;
 

- the intended use. 

(ii) Emission and process standards
 

It would seem undesirable as a general rule to harmonis
 
emission and process stanAards internationally, especial
 
as iieir nature requires them to be varied
 
according to area. Economic efficiency demands
 
that these standards bo suited to local conditions
 
and it would be economically wasteful to impose
 
the same emission standard in areas at different
 
stages of industrialisation and having different
 
populations and environments with different
 
assimilative capacities (see part B and paragraph
 
31). In practice it often happens that emission
 
standards are fixed case by case within the frame
work of general directives (the permit system).
 
Moreover, standards change with time, which makes
 
it difficult to harmonise them internationally.
 

In addition, it is clear that the relationship
 
between the level of standards and the costs of
 
pollution control may vary from one country to
 
another (e.g. in the pulp and paper industry),
 
so that by harmonising standards one does not
 
automatically harmonise costs.
 

Rb 
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"However, as in the case of .quaiity standards, it.
 

jould seem desirable to h~rmonize these standards,.
 

when there is trzaisfrontier pollution,
-

in the case of persistent toxic substances. 

igilroducjet Standards 

When there is a large volume of trade in the products
 
affected by standards governing their composition,
 
design or use, and where the standards imposed by a
 
country are liable to raise significant non-tariff
 
barriers to trade, the trading partners should con
sider the desirability of harmonizing these standards
 
taking into consideration environmental and trade
 
constraints altogether(1).
 

(1) c.f. The Guiding Principles concerning International Economic
 

Aspects of Environmental Policies [d(72)12./.
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''TYPOLOGY OF. DIVIROIM4ENTAI STAIDAR DS
 

1. EnVironmental standards are intended to prevent the harmful
 
effects which pollution of the environment (air, water or soil)
 
may have on health, amenities, activities and natural or man
made assets. These harmful effects are of many kinds and do
 
not relate only to health and *:ell-being. For example, while
 
an air pollution standard may be laid down to protect human
 
health, it may also serve to prevent damage to agriculture
 
(the effect of fluor on maize crops), to protect materials from
 
corrosion, to enable certain industries to operate satisfac
torily (e.g. the photographic industry must work in unpolluted

air and the food industry requires a certain quality of water)
 
or to preserve natural resources. In some cases water quality
 
standards will be chosen to suit industrial needs and in other
 
cases to suit recreational and tourist requirements involving
 
an aesthetic factor.
 

These standards may be fixed by legislative authorities at
 
national, regional, or local level and in some cases may be
 
laid down in agreements between industries.
 

2. In fixing environmental standards, many factors are token
 
into account, such as the level of industrialisation, population
 
density, social preferences, and the assimilative capacity of
 
the receptor media.
 

Among these factors are the "criteria" which define "the 
relationshin between the exposure o a target to pollution or 
nuisance and the risk and/or the magnitude of the adverse or 
undesirable effect resulting fro the exposure in given circum
stances" (definition used by the European Communities).
 

3. One can distinguish four major categories of environmental
 
standards: quality standards, emission standards, process
 
standards and product standards.
 

Environmental aualit
standards
 

4. Environmental quality standards lay down the maximum per
missible levelC of pollution in the receptor media, namely air,
 
water and soil: for example, organic pollution in a river,
 
the SO2 content of the atmosphere, DDT in the soil, or the
 
noise level at the front of residential buildings along a
 
traffic artery(1).
 

Air: 	 A SO2 concentiration of 125 microgrammes per cubic 
metre of air calculated from a 24 hour sample and 
not to exceed that level for more than 30 per cent. 
of the year.
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5. Quality standards cover specific geographical areas and are, 
for,example, national regional or local. In the same way, aw&ter quality standarA may apply to an entire water course or
 
to only a part of it.
 

6. Environmental quality standards are instruments for achiev
ing or approaching quality objectives. The latter are fixed
 
geographically to suit the kind of pollution to be controlled
 
or the kind of anvironment to be protected, having regard to a
 
basic protection level, to the use made of the environment and
 
to particular conditions in it. Quality standards should also
 
be set so as to avoid transfrontier pollution.
 

E~ ission standards 

7. The purpose of emission standards is to specify the quantity
 
of pollutants (or their concentration in effluents) which may
 
be discharged from a given source per unit of time or during a
 
given cycle of operations (e.g. weight of BOD per day for water
 
pollution.)
 

Emission standards apply to stationary sources (factor
ies and domestic heating).
 

8. From one point of view it might be more logical to make a
 
finer distinction between stationary and mobile sources by put
ting in one class the umission and process standards applicable
 
to stationary sources and in another class those applicable to
 
mobile sources, so that one would then speak of the emission
 
standard for a motor vehicla and not of the product standard.
 
In this case the product standard would not affect the emissions
 
and procasses connected with the product concernad.. The disad
vantage of such a narrow definition of a product standard is
 
that it does not clearly distinguish between products which
 
normally enter into international trade and products which do
 
not, so that there would bo a danger of confusion if one re
ferred to emission standards applicable to products. Since it
 
seems to be generally agreed that emission and process standards
 
are for stationary sourcos, i.e. equipment which is not usually
 
traded internationally, it would be better to keep to the wider
 
meaning of product standard which, although not so strict,
 
proves more convenient in use.
 

(1) ... continucd from page 6. 

Drinkin watar: 	 maximum of 3 coliforms for 100 ml of watnr;
 
maximum of 45 mg/l of Nitrates (NO3)
 

Noise: 	 68dBA at the front of residential build
ings, not to be exceeded for more than
 
10 per cent of the time.
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Emission standards sim imose an obligation to achieve
 
a result and leave the polluter :1ree to cWoo16e6W w he will comply
 
wiltMW. For example, a paper pulp factory might choose to
 
change its production process or to install water treatment
 
plant. Emission standards, in fact, simply put a quantitative
 
limit on discharges of polluting matter, irrespective of the
 
means used to keep within that limit(1).
 

9. It should also be noted that emission standards may vary
 
in many respects with time and place. For a given quality
 
objective, an emission standard may vary from one area to anothex
 
depending on the number of polluters and the assimilative capa
city of the environment. A standard may also be temporarily


,,,ightenedup in an emergency (e.g. in particularly bad weather
 
conditions).
 

Process standards
 

10. 	 The purpose of process standards is to lay down, with
 
.reference to environmental protection targets, a set of speci
fications to which stationary sources must conform.
 

The specifications may consist in standardizing the design,
 
construction and operation of such sources, e.g. by prescribing
 
,a certain production process for a factory.
 

11. Thus, unlike emission standards, process standards impose
 
an oblif.ation to use certain methods and do not leave the
 
polYTher reeto choose how he'iftabate his emissions.
 

12., It should be noted that process standards may prescribe a
 
specific production process, or mode of operation, or type of
 
waste treatment plant.
 

Product standards
 

c13. Product standards aim at prescribing within various tolez
 
:rance limits:
 

(a) 	the physical or chemacal properties of a product (with
 
particular reference to its content of polluting or harm
ful matter):
 

(1) The authorities responsible for emission standards normally
 
fix them to suit certain criteria and the resulting quality
 
objectives, but there remains the problem of how to deter
mine the exact relationship between these criteria, the
 
quality objectives and the emission standards for achieving
 
them, because there are immense difficulties, not yet sur
mounted, in the way of establishing this relationship.
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(b):-.the rules for making up, packaging or,presenting a product
 
,:so as to ensure consumer proteotlon and make the product

identifiable;
 

(c) 	the maximum permisssible polluting emissions from the
 
product during its use.
 

;14. It should be noted that product standardization is wide
spread and serves many purposes, including health safeguards, 
wholesomeness and public safety. It is often used in industry, 
when its purpose may be to facilitate mass production and mass 
consumption and where standards are not usually fixed by public 
authorities. Some product standards are more particularly 
intended to protect the environment, but owing to the wide
spread interaction between environmental protection and public 
heatth it is not always easy to distinguish between a standard 
which is specifically for public health and a standard connected 
with the environment. In the case of food products, for example, 
the ban on certain additives, colouring matter, preserving 
agents, etc. is entirelya public health measure and has no con
nection with protecting the environment. On the other hand, 
the fixing of maximum amounts of DDT in milk products or of 
mercury in fish is both a public health measure and an environ
mental policy measue, since the harmful substances have found 
their way into these foodstuffs through the environment as a 
result of an ecologicai phenomenon, i.e. through the food chain. 
In the first case the addition of toxic substances to the food
stuffs is deliberate, while in the second case their presence 
is uninten e 

15. A product may also have harmful effects on the environment
 
when it is discharged in the form of solid, liquid or gaseous
 
wastes. This happens, for example, with products containing
 
polychlorinated biphenyls, phosphate detergents or certain
 
packaging materials which cause pollution when they are destroyed
 
The standard then aims at minimising the polluting effects by

restricting the use of polychlorinated biphenyls, controlling
 
the biodegradability of detergents, banning certain types of
 
packaging, banning certain pesticides, etc.
 

16.' 	Lastly, a product may affect the quality of the environ
ment 	when it is put into use, e.g. the noise and pollution
 
produced by motor vehicles and the noise made by domestic elec
tric appliances.
 

17. Regulations governing products may take various forms. A
 
standard may specify the composition of a product or what it may
 
emit. It may also take the form of a list of substances whose
 
inclusion in certain products is forbidden (mercury in seeds).
 
Sometimes the regulations dispense with standards and operate
 
through general provisions which, wihhout expressly banning the
 
use of certain substances, empower the authorities to intervene
 
at any moment, or make the marketing of certain types of product

subject to prior authorisation.
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Standardization may include procedures for checking4whether
 
products comply with a standard, e.g. the driving cycle for
 
measuring motor vehicle pollution and noise (there is a
 
"European cycle" and an "American cycle").
 

19. Product standards may be laid down by public authorities,
 
but may also be decided by other bodies, professional or other
wiSe. Thus the CATT distinguishes between "mandatory standards"
 
imposed by a legal authority and "voluntary standards" which
 
have no legal force.
 

20. For commercial reasons product standards are often less
 
subject to regional variations because it is important not to
 
have a variety of standards which would handicap the marketing
 
of products and raise costs which would be kept down by mass
 
production. But, for environmental reasons, product standards
 
may be subject to regional variations as, e.g. the sulphur
 
content of fuels or the formulation of detergents.
 

B. FACTORS TO BE CONSIDERED IN FIXING ENVIRONMENTAL STANDARDS 

21. Environmental standards are based on numerous parameters
 
which decide their level and coverage. These parameters include
 
the effects of pollution and disamenities on man, the structure
 
of the environment, social preferences, population structures,
 
economic structures, and the geographical setting.
 

22. As the criteria are based on scientific data, they should
 
be recognised internationally. They serve as a basis for fixing
 
national standards, and are an indispensible starting point for
 
international harmonization. The fact that they can give rise
 
to standards which vary from country to country is due to
 
differences of environment, of social choice and of economic
 
structure(1).
 

The structures
 

23. The environment
 

Since the quality of the environment depends on its capa
city for assimilating pollutants, standards will clearly have
 
to be made to fit this capacity, which is why emission standards
 
may vary from one area to another within the same country. Such
 
area variations mainly affect emission standards, but might also
 
affect product standards to the extent that the products con
cerned go straight back into the environment or themselves emit
 
pollution.
 

(1) For example, difierent social customs can lead to different
 
degrees of exposure to pollutants. If, for example, a
 
countryts feeding habits involve eating twice as much fish
 
containing mercury as another country eats, the first
 
country will require stricter standards for mercury.
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24, Socialppreeenc es 

The fixing of a standard also depends on collective choices
 
made by a country and reflected in a scale of priorities. For
 
example, a country might accept a higher degree or greater risk
 
of pollution for the sake of securing other benefits such as a
 
higher level of employment. It will usually do this by fixing
 
quality objectives for an environment, or part of an environment,
 
to suit the purpose which the environment is intended to serve.
 

25. n structure
 

The degree of exposure to pollution and the likelihood of
 
damage to individuals are connected with the distribution and
 
density of the population in a given territory.
 
26. Economic structures
 

Regulations for protecting the environment are only one of
 
the constraints with which an economic transactor has to cope.

Production costs are burdened by wage payments, social security

contributions and many other factors, whose level may vary from
 
one country to another, so that the relative burden of pollution

control may vary between countries, even if the standards are
 
the same.
 

27. ThLe eozjaic al- settLnz 

The fixing of standards assumes a different importance

depending on whether they are intended for a geographical area
 
comprising a number of adjacent and relatively similar countries,
 
or for a vaster area comprising largely heterogeneous countries.
 

Whether at regional or local level, if different oualit.
 
standards are adopted for two areas on either side of a frontier,
 

more polluted population may press for its quality standard
 
to be revised upwards with reference to the neighbouring area.
 

o. THE PROBLEU1 OF Hi.RLONIZIiG STAND.MDS INTERNATIONALLY IN 

Eniomna otuali y st1,andards 

28. As environmental quality standards are by definition
 
instruments for achieving or approaching quality objectives
 
which have been assigned to a given environment, they will be
 
fixed to match these quality objectives. They must be set at
 
the appropriate geographical level.
 

29. Quality standards thus vary from one country to another or
 
from one area to another.
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30. Here, however, there is scope for inte nat onal:
 
co-operation:
 

(i) Xor an international,control-of-persistent toxio ,
 
substances;
 

(ii) 	in seeking basic protection levels for the-A &Jor
 
pollutants, with particular reference to their
effects on man;
 

(iii) when the environment to be protected is common to
 
several countries, and when transfrontier pollution
 
may occur, countries should jointly fix their quality
 
objectives. When several countries decide to join
 
together in an economic and/or political union, there
 
will logically be a certain common basis for deter
mining and implementing the environmental quality
 
objectives.
 

iv) when countries implememt programmes to improve
 
environmental quality progressively according to the
 
Guiding Principles which stipulate that "it is
 
desirable to strive towards more stringent standards
 
in order to strengthen environmental protection
 
(paragraph 7)".
 

Emission standards
 

A. Emission standards are instruments for reaching a target

and if they are to be effective they must be suited to their
 
targets. Consequently, it is natural for emission standards
 
to exhibit many variations depending on the time and place.

Even if a quality objective covers the whole of a country, the
 
emission standards may vary from one area to another with local
 
conditions, so that it would probably be economically wasteful
 
to harmonize these standards(1). It is no less clear that the
 
environment is only one of a number of cost factors, or in other
 
words, that the cost of pollution control is only a fraction of
 
an industry's total e:xpenditure, so that even if emission stan
dards were all identical, this would not suffice to make the
 
conditions of competition equal.
 

32. This problem of the differences between the factors on which
 
standards depend is mentioned in paragraph 6 of the "Guiding
 
Principles concerning International Economic Aspects of
 
Environmental Policies"(2), and paragraph 7 goes on to say that
 
because of these factors "... a very high degree of harmoniza
tion of environmental policies which would be otherwise desirable
 
may be difficult to achieve in practice". Whatever type of
 

(1) The notion of harmonization assumes a certain measure of
 
agreement without necessarily meaning that the standards
 
are identical. Uniform standards are a particular case of
 
harmonrOi fsandards.
 

(2) 0(72)123.
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standard is being considered, harmonization ccordingly assumes
that the parameters are identical, whereas in reality they are

divergent.
 

33'. The result is that disparities between standards in different countries and the consecuent differences in costs do not
of themselves cause distortion in trade, but merely reflect the
comparative advantages of different countries. 
Moreover, it is
thanks to these comparative advantages that international trade
takes place. Is it 
not one of the effects of the Polluter-Pays
Principle to.preserve these comparative advantages by preventing
the creation of artificial situations which would conceal them?
 
34. The Committee would accordingly seem to have agreed that,
with certain exceptions, it would not be realistic to try to
achieve a systematic general harmonization of emission standards.
 
35. Where there are transfrontier areas with similar characteristics and problems, the argument in favour of harmonizing
quality standards may call for some harmonization of emission
standards. Besideo, harmonization may be necessary when there
are,persistent toxic substances, since the stubborn and enduring
character of these substances creates a permanent threat of

transfrontier pollution.
 

36. Finally, one may consider that it would be desirable to make
technical, economic and financial studies of the industries
threatened by distortion of competition, an example of which is
the study made of the pulp and paper industry. International
co-operation in studying the techninues and costs of po*lution
control in certain particularly polluting industries could provide a firm basis for the rational management of environmental
 
resources, thus assisting in preventing distortions of competition and might be of value in the consideration of the harmonization of emission and process standards.
 

Process standards
 

37. The purpose of process standards is to abate polluting
emissions, so that what has already been said about emission

standards applies to them also.
 

However, it may be imagined that the particularly restrictive nature of process standards would make them more difficult
to harmonize, since they impose an obligation to use a means

rather than to achieve a result.
 

Because emission standards leave the choice of ways and
 means free, they provide more flexibility and countries can agree
on rates of emission while allowing the use of a whole range

of processes for keeping to them.
 

In certain sectors, however, international co.operation
in pollution control techni'ues could lead to the adoption of
 
oommon process standards.
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Product standards'
 

38. If there is no harmonization, product standards may vary
 
from country to country or from State to State owing to diffe
frences between the factors on which they are based.
 

39. These variations may give rise to non-tariff barriers to
 
trade, when the products concerned enter into international
 
trade, e.g. canned tunny-fish from country A will be refused
 
by country B, if it does not meet the latter's standards or a
 
country will be unable to export its motor vehicles if their
 
emission levels do not comply with the standards in the importin6
 
countries. Noreover, it might be very expensive for a producer
 
to have to diversify his products unduly in order to make them
 
fit the requirements of importing countries, so that one might
 
suppose that an international harmonization of product standards
 
would reduce production costs (in large scale plants) and maxi
mise the benefits from international trade. One must also pre
vent standards from being imposed for protectionist purposes.
 
For all these reasons, various international organisations are
 
trying to harmonize product standards in general, whether they
 
affect the environment or not.
 

40. As regards the environment, however, the question arises
 
whether measures adopted for reasons of trade policy might not
 
jeopardise the protection of the environment. If, for example,
 
one relaxed a standard for trade reasons, the results might be
 
damaging to the environment.
 

Other factors which should be assessed are the importance
 
of the relevant products in foreign trade and the adaptability
 
of the various manufacturers, in order to see whether it would
 
be feasible a task to diversify production for export so as to
 
comply with different standards.
 

41. But, when it is deemed that the differentiation in product
 
standards could lead to significant obstacles to trade, harmoni
zation would be desirable as indicated in paragraph 10 of the
 
Guiding Principles.
 

42. There is indeed wide agreement in the Environment Committee
 
on the need to consider harmonization of product standards when
 
necessary, taking into account environmental and trade con
straints. As it is important to prevent the creation of non
tariff barriers, the harmonization should apply to products in
 
which there is a large trade, and apart from trade considerations,
 
harmonization could be demanded for toxic substances, the use
 
of which is a permanent danger to man and the environment(1).
 

(1) In this nonnection reference may be made to the Decision of
 
the Council on Protection of the Environment by Control of
 
Polychlorinated Biphenyls jU(73)1(Final.)7.
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BBiTE T BVIRONIM,'T OOMITTMESLESSONS TO IT ' O Ifl 	 OE 

'I The Pulp nd PapeI 

Reference-	 "Pollution by the Pulp and raper Industry" 
(OECD - Paris 1973) 

43., In the 	pulp and paper industry the question is whether
 
lessons can 	be learnt from the report referred to with regard
 
to the possibility and desirability of harmonizing emission and
 
process standards internationally. Product standards are not
 
involved.
 

The ad hoc Group's Report does not deal with this problem,
 
but instead points out the differences between the situations
 
in different countries.
 

Diversity of manufacturing Drocesses
 

44. The report examines the va-rious processes for manufacturing
 
paper pulp with reference to the pollution they cause, and also
 
the processes for controlling the different forms of pollution
 
(water and air pollution). Some processes are more polluting
 
than others and the costs of waste treatment techniques vary
 
with the processes.
 

45. If, however, the structure of production in the paper pulp
 
industry varies from one country to another with the relative
 
importance of the various processes found in it, this is not
 
because of pollution, but because each process yields a different
 
product. Thus, sulphite pulp is generally used for making news
print, whereas sul hate pulp is mainly used for making wrapping
 
paper (Kraft paper).
 

46. Consequently one cannot expect a uniform process to be
 
adopted, since the processes used depend on the pattern of pro
duction. Nevertheless some modernisation of sulphite plants is
 
taking place, a number of them being small and out of date.
 

47. Another trend is the growing proportion of sulphate plants,
 
which is beneficial to the environment to the extent that in
 
treating the liquid effluent a high proportion of materials is
 
recoverable, which makes the treatment less expensive, Hcwever,
 
the sulphate process has the disadvantage of polluting the
 
atmosphere more noticeably than other processes, because it
 
emits gas with a pungent, disagreeable smell.
 

Anyway, it would seem to be neither possible nor desirable
 
to harmonize manufacturing processes.
 

Divtesit of emission standards and costs
 

48. The report also brings out the disparities in the regula
tions for controlling pollution in the pulp and paper industry, 
which include prescribing the beot available technology method, 
the use of uniform riminum standards, case-by-case authorisation, 
the levying of pollution charges, etc. Furthermore these various 
regulations are undergoing amendment. I - 157 



49. Again, emission standards vary from one country to another.
 
The widespread use of a system of case-by-case authorisation to
 
discharge waste makes it particularly difficult to harmonize
 
these standards, since each case, whilst being covered by a set
 
of minimum national standards and/or general guidelines, is
 
treated separately in the light of local economic conditions and
 
the assimilative capacity of the receptor media, so that one
 
wonders whether a harmonization of minimum standards or guide
lines would really lead to harmonizing conditions of competition.
 

50. It should also be noted that agreement on standards is
 
made particularly difficult by the existence of so many different
 
methods of measuring pollution.
 

-1. As there are so many disparities, it is to be expected that
 
the costs 3f pollution control will vary from one country to
 
another, and indeed they vary greatly (especially as the United
 
States puts the costs considerably higher than the other coun
tries do ior the industry as a whole, including sulphate pulp).

However, there is much less variation in costs in the sulphate

pulp industry, which "has a similar structure throughout the
 
world" (paragraph 369).
 

52. But differences in standards are not the only cause of dis
parities in costs. For example, the cost of waste treatment may

be considerably affected by the possibility or desirability of
 
recovering heat and energy in the treatment of semi-chemical and
 
sulphite pulp effluent, and whether the recovery of heat and
 
energy will pay or not will depend on the price of energy in.
 
the different countries.
 

Concentration o a jroduction
naer nul1 


53. It should further be noted that it may not be so useful to
 
harmonize standards, because the production of paper pulp is at
 
present concentrated in only a few countries. Indeed, the report
 
says that 77 per cent of the OECD's production of semi-chemical
 
pulp is concentrated in only two countries, while exports were
 
no more than 2 per cent of the total output of pulp in 1970
 
(paragraph 367). .s regards sulphite pulp, four countries share
 
65 per cent of the production and 06 ner cent of the interna
tional trade in it (paragraph 36). A bigger part is played in
 
international trade by puphate pulp, since 20 per cent of the
 
production is exported, representing 67 per cent of total exports

of all kinds of pulp (paragraph 370). Nine countries share from
 
97 to 90 per cent of the total output of sulphate pulp, which in
 
turn accounts for 68 per cent of the production of all kinds of
 
pulp(1).
 

54. All in all, the report does not seem to Justify pleading
 
in favour of an international harmonization of pollution stan
dards in the pulp and paper industry.
 

(1) Exoluding mechanical pulp.
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II. 	 Fuel combustion o sourcs,
 

References: 6 "Report and Conclusions'of the Joint
 
ad hoc Group on Air Pollution from
 
Fuel Combustion in Stationary Sources"
 
.(OECD, Paris, 1973)
 

tv" "Reco-n=rendatinn or Guidelincs
 
for Action to Reduce nii"sions of
 
Sulphur Oxides and Particulate Matt.'r
 
from Fuel Combustion in Sationnry
 
Sources - C(74)16 1st Revision"
 

55. There ara two dimensions to the problem of standards for. 
fuel,combustion in stationary sources, namely 3mission and/or 
process standards, and product standards when the sulphur content 
of fuel requires them.
 

56. As in the case of the pulp and paper industry, the Joint
 
Group's report finds a widz vtrioty of policies for controlling 
air pollution, duo to differencos in processes, the connection 
with energy supplies, the r0lc of regional planning policy etc. 
The report th'.reforU stress3s the need to adapt olicin3 to local 
factors (paragraph 43) and th-: ftct that "pollution control 
strategies should also be different and lead to diff;)rent priori
ties in the development of abate meat methods" (paragraph 2), so 
that it is "unlikely that common action throuhout th- UCD 
uuturiie~i will b. a sati iyinG 6ouuiu" (parav .ph 130). 

The document /2/ likewisa stresses the fact that the
 
different situations in different countries call for 'flexible
 
policios' (appendix).
 

.57. It is accordingly not a question of harmonising standards, 
but of adopting, if possible, comnon principles. "It would b
very desirable if every country were to use the same conception 
of air pollution control on which to bases its action" (Joint 
Group's Report, paragraph 130). 

58. Moanwhilo, several uidelines are proposed in paper ,___,
including r:.commandation (C) for a'd.agree of standardisation by

setting 'maximum limits to the sulphur content of distillation
 
fuels', in which case harmonisation would be applied to a pro
 
standard.
 

59. In addition, it is str sad that States should ensure that
 
thair activities do not cause trans rontior pollution.
 

III. EArolphiocatip,
 

Rafornccs: ZL-/ 	Report by tho Water Management Sector
 
Group on Eutrophication Control (OEOD
 
Paris, 19'4)
 

" 7 	 Impact of firtilisers erd agrict.itural 
waste produ,:ts on the quality of waters 
(OECD, Paris, 1975) 
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L i Waste water treatment processes for phosphorous.and nitrogen removal. (OECD, Paris 1974).
 
Lv" Report of the Expert Group on Detergents (0ECD,
¢ Paris, 1973).
 

L37 
 Reportion Agreed Projects for Water Supervision as
Part 	of Eutrophication Control - OECD, Paris, 1973.
 
60. 'The agricultural sector is involved to a considerable extent

in'the eutrophication problem, since it is estimated that this
sector discharges on average 30 per cent of the phosphorus which
is the main cause of the eutrophication of Water.
 

Industry also is involved, because it manufactures detergents
which account for some 35 per cent of the phosphorus discharged

into 	water.
 

Consequently an international harmonization of standards
would affect farming practice (but could one then speak of
process standards?) and product standards for detergents.(1)
 

Recommendations regarding processes
 

61. Eutrophication occurs locally depending on the particular
circumstances of each case, which is why the need is repeatedly
stressed to adapt the remedies or combinations of remedies to
 
A"...AA%A L, "_ that i-,C rangc of ±.
ayJ& "A " 	 hcthdscontrol of outrcphication exists, and Member.countrics will need
to choose the most appropriate combination of solutions which
match their particular circumstances', (paragraph 36). 
 In
aticulture action should be taken on the same lines (report


~J, paragraph II 41).
 

62. 
 As a result, the various Expert Groups, after completing

their technical studies, have concentrated in their conclusions,
on the effectiveness of the different methods of controlling

eutrophication. 
In agriculture a number of recommendations are
made regarding the practices to adopt in given circumstances

(report E7) and in its report ff7 the Wdater Management Scctor.

Group states general conclusions regarding the process of
 
eutrophication and the methods for dealing with it.
 
63. It is 
not in fact a matter of harmonizing ed.ission standards.
Instead, the Report on Treatment Processes /7 makes a critical
analysis of the different processcs and arrives atc conclusions
.wilth *egard to their relative cffectiveness. 
Thus Member countries
have a list from which to choose the most suitable processes in
the circumstances, and their ability to make a choice based
 on their joint studies is in itself a starting point for
 
harmonization.
 

(1) 	It should be recalled that 30 per cent is an average ar tha

this v:lus may vary from district to district.
 

1- 16n
 



- 19 

64. Furthermore, certain agricultural practices and
 
industrialised livestock farming processes could perhaps be
 
harmonized, but the reports quoted do not point to this
 
possibility. Here again the studies made on the subject lead
 
to a series of conclusions concerning the effectiveness of a
 
number of different methods which are intended to be combined 
and 'applieddn varying dpgrees according to circumstances. 

Product standards
 

65. The Expert Groups have clearly established that the
 
phosphates contained in detergents are an important cause of
 
eutrophication and in this connection the report on detergents

/7 is a valuable guide for finding new formulas for detergents.

Without advocating any particular formula, it does at least
 
list the products which should not be used and stetes clearly the
 
pros and cons of the best substitutes for them, as well ad their
 
doubtful features (paragraphs 56 to 93). In addition, as the
 
polluting effect of phosphates depends largely on the "hardness"
 
othe water they are discharged into, the report on detergents

747recommends "that the formulation of detergent products should
 
be more closely matched to the hardness of the water in the area
 
of use..." (conclusions, paragraph 10).
 

66. Perhaps some standardization could be devised on the
 
basis of a limited number of water hardness criteria, but one
 
would have to make sure whether the use of a variety of formulas
 
for detergents would create genuine commercial problems. In
 
point of fact, it seems to be fairly easy to change formulas for
 
detergents at the manufacturing stage, which in any case is
 
usually carried out locally, and international trade is concerned
 
more with the ingredients.
 

Transfrontier pollution
 

67. When there is transfrontier pollution it is recommended
 
that, as with fuel combustion, control methods should be
 
harmonized, in this case for controlling eutrophication.
 

Harmonization of measurement systems
 

68. It should further be noted that one of the aims of the
 
agreed projects for water supervision 7 is to "promote a
 
common system of measurements (covering parameters and methods)

with which to make valid comparisons of data on surface water
 
eutrophication in different countries" (parp 2),
 

:t is oertain that a common system of measurements would
 
make it much easier to reach aLreeitent on criteria and standards.
 
Generally speaking, the harmonisation of pollutant monitoring and
 
analysis techniques constitutes ,An essential basis for any harm
onisation effort at the level of standards.
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IV. >ktor Vehicles 

Reference: Environmental implioations .o± options .n; 
urban mobility (OECD, Paris 1973). 

69. Motor vehicles would seem to be a case in which one might
 

study the problem of harmonizing product standards, in particular
 

with regard to air pollution and noise.
 

70. The report referred to raises the question whether there
 

should be uniform standards throughout the world (Chapter I). It
 

agrees that in the short term the existing diversity of standards
 

maybe explained by differences in environment, climate, levels
 

ofcar ownership,etcbetween countries, but in the long term it
 

detects in most countries a steady trend towards increased
 

urbanisation and motorisation and this common trend could lead to
 

the adoption of common standards by a number of countries.
 

71. The advantage of common standards would be that non

tariff barriers would be removed and motor vehicle manufacturers
 
'would not have to make their vehicles for export comply with
 

numerous different standards, although the long list of costs which
 
manufacturers have to meet would clearly mean that common standards
 
would not by any means make their respective costs equal.
 

72. The report concludes that "regional harmonization" is
 
required, i.e. "among countries whose environmental conditions
 
and levels of car ownership are similar", and that the general
 
adoption of common standards might follow in the long term.
 

73. The report also recoLwU1xUcw
 

- that international agreement be sought on adopting 
uniform test procedures (for measuring pollution and 
noise; 

--that countries should mutually recognise and accept
 
the results they obtain from test measurements of
 
emissions (pollution and noise);
 

-that the standards for the lead content of motor
 
vehicle fuels should be brought into line.
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ANNEX 

ENVIRONMENTAL STANDWIDS: DEFINITION AND TERMS USED 

Definitions used by the United Nations Conference
 

on the Human Environment* and by the World Health
 

Organisation.
 

- exposure: the amount of a particular physical 
or chemical agent that reaches the target; 

- target: (or receptor): the organism, population
 
or resource to be protected from specified risks;
 

- risk: the expected frequency of undesirable effects
 
Iaring from a given exposure to a pollutant;
 

-criteria: (or exponure-effect relationships): the
 
quaniative relations between the exposure to a
 
pollutant and the risk or magnitude of an undesirable
 
effect under specified circumstances defined by
 
environmental variables and target variables;
 

- primary protection standard: an accepted maximum 
level of a pollutant (or its indicacor) in the target, 
or some part thcreof, or an accepted maximum intake 
of a pollutant or nuisance into the target under 
specified circumstance5; 

_ derived working levels (or limits): maximum
 
acceptable levels of pollutants in specified media
 
other than the target designed to ensure that under
 
specified circumstances a primary protection standard
 
is not exceeded; (derived working levels are known
 
by a variety of names, including environmental or
 
ambient quality standards, maximum permissible limits
 
and maximum allowable concentrations. When derived
 
working levels apply to products such as food or
 
detergents, they may be known as product standards).
 

- the maximum acceptable release of a pollutant from 
a given source to a specified medium under specified 
circ,'mstances may be termed a discharge (or effluent 
or emission) standard or a release limit. Effluent 
charges levied on the release of pollutants and
 
materials taxes or price adjustments levied on
 
materials which may become pollutants may also be
 
used to limit the release of pollutants; (in order
 
to meet discharge standards or release limits, it
 
may be necessary to set various types of technological
 

* "Identification and Control of Pollutants of Broad 

International Significance" - A/CONF/48.8, page 44.
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standards or codes of pr'actice concerned with the 
performance and design of those technologies or 

operations leading to the release of pollutants). 

- derived working levels and the various means used to 
meet them are collectively termed derived standards and 
other controls; 

- action level: the level of a pollutant at which 
specified emergency counter-measures, such as the 
seizure and destruction of contaminated materials, 
evacunt16n of the local population or closing down the 
sources of pollution, are to be taken. 

B. Definitions used by the European nloi i 

1 Criteria 

1.1. The term "criterion" signifies the relationship between 
the exposureoftarget to pollution or nuisance, and 
the risk and/or the magnitude of the adverse or undesirable 
effect resulting from the exposure in given circumstances. 

1.2. 	"Tarret" means man or any component of the environment
 
actually or potentially exposed.to pollution or nuisance.
 

1.. 	 The "exposure" of a target, envisaged in this relationship,
 
shouldbUe expressed as numerical values of concentration,
 
intensity, duration and frcquency.
 

1.4. 	"Risk" is the probability of occurrence of adverse or
 
undesirable effects arising from exposure to a pollutant
 
or nuisance considered alone or in combination with others.
 

1.5. 	The "adverse or undesirable effect" envisaged in this
 
relationship may be either a direct or indirect, early or
 
late, simple or combined action on a target. The risk and
 
the magnitude of this effect should be expressed, whenever
 
possible, in quantitative terms.
 

1.6. A harmonization of the methods of evaluating the parameters
 
describing exposure and adverse or undesirable effects
 
should be attempted to ensure the comparability of the
 
results from studies and research on criteria.
 

2. 	 Quality objectives
 

2.1. 	The "quality objective" of a medium refers to the set
 
of requirements which must be fulfilled at a given time,
 
now orin the future, by a given medium or particular part
 
thereof.
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2.2 	 In Betting this,objective, account may be taken of:
 

a "asic Protection level" such that man or another
 
,targiTis not exposed to ny unacceptable risk;
 

(b) 
a "no-effect level" such that no identifiable effect 
wil be caused to the target. 

!These two levels are determined on the basis of the
 
cri teria described above.
 

Account is also taken, where appropriate, of the specific

-conditions of the regions, of possible effects on neigh
bouring regions as well as of intended use (1).
 

3. 	 Environmental protection standards
 

3.1. 	 "Standards" are established in order to limit or prevent
the 	exposure of targets and may thus constitute the means

of achieving or approaching quality objectives.

Standards are directly or indirectly addressed to indiv
iduals or responsible bodies and set levels of pollution
or nuisance that may not be exceeded in a medium, a
target, a product, etc. 
 They may be established through

legislative, regulatory or administrative action or by

means of mutual or voluntary acceptance.
 

3.2 	 Standards include:
 

3.2.1 	 "Environmental qualitY standardq" which prescribe, with
legal force, the levels of pollution or nuisance not to

be exceeded in a given environment, medium, or part

thereof.
 

N.2.2 	 "Product standards" (the ter product is used here in its
 
broadest meaning) which:
 
(a) 	set levels of pollutants or nuisances not to be
 

exceeded in the composition or in the emissions
 
of a product;
 

(b) 
or specify properties or characteristics of
 
design 	of a product;
 

(c) 	or are concerned with the way in which products
 
are used (2).
 

Product standards may include, where applicable, testing,
 
package markin, or labelling specifications.
 

1) 
See 	item 1.5 of the preceding observations.
 

2) 	Such methods of use and specifications may be issued in
 
the form of "codes of practice".
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3,0'2,3' 	Standards for stationary installations, sometimes
 
""called "process standards" such as:
 

(a) '"eission standardsl' which set levels of'pollutants
+ 	
or nuisances not to be exceeded in emissions from 
stationary installations; 

(b) "installation design standards", which determine
 
he requirements to be met in the design and
 
construction of stationary installations in order
 
to protect the environment;
 

i+ Co) 	 "operating standards", which determine the . 
requirements (1) to be met in the operation of 
stationary installations in order to protect the
 
environment.
 

'On occasion it may be appropriate to set standards even
 ''though related criteria and quality objectives have not
 
-'yet been formulated.
 

General
 

In all instances, as knowledge develops, criteria,
 
objectives, standards and codes of practice will need
 
to be periodically reviewed and, where appropriate,
 
modified.
 

(1)-Such methods of use and specifications may be issued in-the

form of "codes of practice".
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FOREWORD
 

These papers represent a staff response to'a series of inter
related questions I have raised, on a number of occasions and in
 
a variety of contexts, about matters that concern all of us. How
 
.can we know if the quality of life--the totality of things that
 

,,"really concern us--is improving? How do quality changes in one
 
area relate to changes in another? What effects do government
 
programs have, and how can we change government policies and
 
processes to improve the quality of life? If substantial in
creases in government intervention into our daily lives are
 
necessary, how can citizens assure treatment responsive to their
 
individual problems? How can we compare quantitatively such
 
effects?
 

These questions arise most dramatically in the context of current
 
environmental problems, in which we are inevitably forced to
 
trade off some economic output as measured by the GNP to maintain
 
and improve nonmonetary but equally real environmental quality..
 
And an additional part of the trade off lies in the adverse
 
effects of the increase in government bureaucracy and intervention
 
that environmental improvement requires. How do we know what
 
to consider, and how to measure its effects, let alone where
 
to strike a balance? Within and among the areas of health,
 
education, income maintenance, and social services, the same
 
issues arise, albeit somewhat less visibly and dramatically.
 
These questions become even more complex when we consider that
 
our social concerns and how we handle them cannot be divorced
 
from our environmental, economic, and political concerns and
 
policies.
 

When I asked my staff for help in grappling with these questions,
 
I had hoped that some breakthrough might be possible. These
 
papers argue that this is unlikely, and provide a substantial
 
rationale for their conclusions, which is itself a useful con
tribution. However, the papers are tentative and exploratory,
 
and cover only a part of the larger set of questions. Because
 
these matters are so important, and to further additional ana
lysis and exploration, I am making the papers available in
 
this form. I hope that others who are concerned with these
 
questions will find them as thought-provoking as I have.
 

Elliot L. Richardson
 
Secretary
 

January, 1973 
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A REPORT ON HEASUREMENT AND THE QUALITY OF LIFE
 

A. "Introduction
 

The advances in social statistics and social science over the last hundred
 
years have so facilitated our ability to recognize and diagnose societal
 
problems, and the advances in the hard sciences have so tantalized our as
pirations, that our current inability to come to analytic grips with key

social issues is almost as frustrating as political and institutional con
straints on action. Indeed, breakthroughs in measuzing the quality of
 
life might of themselves serve important political purposes by catalyzing

attention and action in much the same ways as our most widely used social
 
indicator, the unemployment rate. An only slightly less exalted vision
 
sees such measurements as the key to effectiveness analysis of social
 
programs.
 

This report explores and attempts to place in perspective the possibility

of improving radically the measurement of the quality of life (i.e., of
 
social welfare construed broadly). First, we discuss briefly some recent
 
and current efforts at improvement to set the agenda and institutional
 
stage. Second, we discuss the impediments--some inherent and some sur
mountable--which plague efforts to make significant progress. Third, we
 
list--without detailed analysis--several poRAible apprnarheP rn hanvina
 
the intensity or direction of current efforts.
 

The conclusions which emerge from the report are that:
 

o 	There is at present a very substantial effort, both here
 
and abroad, devoted to improving measurement of social
 
conditions and social welfare.
 

o 
There is no immediate prospect of a dramatic breakthrough
 
in achieving intellectually respectable broad-gauge measure
 
of the quality of life. The realistic expectation is for
 
gradual improvements in measuring particular problem areas
 
(e.g., health, poverty, environment) rather than any grand
 
synthesis.
 

o 
Efforts in this area have been hampered primarily by two
 
factors. First, we are largely ignorant of the causal
 
mechanisms underlying social behavior, and thus of what
 
to measure, and find it difficult to quan.i'y even when
 
we know what we want. This makes the development and
 
linkage of unambiguous quality of life measures
 
extraordinarily difficult. But progress is possible.
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Second, we do not have a theoretical basis to aggregate
 
individual measures to enable us to measure objectively
 
whether and to what degree the world is a better place
 
today than yesterday. Progress is not likely since
 

,ultimately arbitrary judgments are at stake.
 

Our report is detailed and its tone negative because it is important,to
 
,avoid well-intentioned but unavoidably disappointing efforts, to be aware
 
fof. the pitfalls in this area. It does not follow, however, that current
 
HEW or Administration efforts should not be expanded or drastically re
directed and we present several possibilities in the report.
 

;B. Current Efforts to Improve Measuring the Quality of Life
 

We have not attempted a comprehensive survey of current efforts. In HEW
 
.alone there are numerous past and present examples. The following illus
trative items, however, provide some notion of the types of interests
 
and efforts recently completed, now underway, or currently proposed.
 

In 1969, HEW published an excellent little volume called Toward a
 
Social Report. The Social Report was prepared under the direction
 
of then Deputy Assistant Secretary for Planning and Evaluation,
 
Mancur Olsen, with the advice and help of some of the best social
 
scientists in America.
 

Toward a Social Report attempted to develop new social indicators
 
and to use both new and old indicators to evaluate social con
ditions. Of course, existing social indicators are used constantly
 
in a wide variety of analytical context3 and in some sense this
 
effort was of no great profundity, in spite of its substantive
 
merit. Partly for this reason, the Social Report was disappointing
 
to many critics, who found little in the way of new theoretical
 
insights and little progress in development of indicators.
 

One legacy of the Social Report was a current effort by the Office
 
of Management and Budget, which will publish a compendium of
 
existing social indicators this winter. This effort, however,
 
includes no attempt at analysis or assessment of the data.
 

Another legacy of the Social Report was the National Goals
 
Research Staff in the White House, whose Toward Balanced Growth
 
(1970) focused largely on discussion of major quality of life
 
issues, with no real attempt to quantify their dimensions.
 

The National Science Foundation has for about a decade funded
 
social indicator work (now at several million dollars annually)
 
with a major focus on conceptual work and experimental approaches
 
to measuring social change. Starting this fall, NSF is funding a
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>'TR cleringhouse,for social indicator work.
 

.0' The Health Services and Mental Health Administration of HEW
 
recently held an informal seminar on population health indices,
 
'at which some conceptual progrcss on several approaches to an
 

_overall health index was demonstrated by several researchers.
 
However, the consensus was that a really useful index was about
 
five years off (due to the need to resolve major conceptual
 
questions, design survey instruments, field test and validate,
 
etc.).
 

'o 	The Council on Environmental Quality and Environmental Protection
 
Agency have efforts underway to develop improved environ
mental quality data and indices. This is a primitive area at this
 
time, partly because of substantial technical as well as conceptual
 
problems (see "The Quest for Environmental Indices," a chapter in
 
the Third Annual Report of the Council on Environmental Quality).
 
The bulk of the environmental work is now devoted to gathering
 
and interpreting discrete physical data (i.e., comparable to
 
Public Health knowledge of specific disease incidence) rather than
 
developing broad measures of environmental "health."
 

o 	The OECD countries, including Japan and the U.S., are jointly 
devqIinping a standard set of social indicator categories (e.g., 
health, employment) and measures which wlJ ilikeiy lil L 0C'"C 
publication of international comparisons of such data. 

o 	The Japanese are initiating work on a variety of fronts including
 
improvement of the national income accounts and development of
 
supplementary social indicators. They hope to publish a "net
 
national welfare" index.
 

o 	The Senate passed in July of 1972 a "Full Opportunity and National
 
Goals and Priorities Act" (S.5). This act would (among other
 

things) create a Council of Social Advisors, whose principal
 
function would be to prepare a series of social indicators and
 
an annual social report. The Administration testified against
 

this bill last year, principally on the grounds that the state
 
of the art is so primitive that a social report would be pre
mature and perhaps misleading, that the proposed Council would
 

present jurisdictional problems, and that other agencies were
 

already doing much the same things.
 

One difficulty in expanding such a list is that the borderlines are unclear
 

among separately labeled welfare measurement work, normal efforts at
 

collecting and developing social statistics, ongoing social science research
 

in general, and interpretation of existing social data by analysts. In
 
1072, the Federal government spent some $200 million on ongoing demographic,
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labor, price, production, and national income statistical programs (one
f£ourth in HEW), not counting the remaining work on the 1970 Census. And
 

:.most evaluation work involves quality of life measures at least implicitly.
 

Indeed, the size of the current effort as compared to our lack of apparent
 
breakthroughs is indirect evidence of the intractability and complexity
 
of improving quality of life measurement..
 

C. Conceptual and Practical Difficulties: Generic Approaches
 

The following sections discuss both generic approaches (e.g., National
 
Income Accounts) and specific problems (e.g., absence of causal knowledge)
 
in analyzing difficulties in measuring the quality of life. These two.
 
organizing principles overlap, but we expect to gain concreteness and
 
clarity at some expense in logical nicety.
 

1. The National Income and Product Accounts (NIA)
 

-TheNIA, by summarizing the diverse economic life of a nation into a con
sistent set of figures all measured in the common rubric of the dollar,
 
presents a grand achievement in social measurement. Forgotten in the
 
rush to equate increases in GNP with social welfare, and in the criticisms
 

- "-" ,, " .,*L **, = .. ... .. int.nJ.A n-.* ,*A =' t 
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provide measures of social or economic welfare. The NIA, and its most
 
famous single index, the GNP, are instead measures of market activity-
of sales and of income--and provide structured data for economic models
 
and macroeconomic policy.
 

Nonetheless, the NIA measures so much of what a grander vision would encom
pass that a partial list of its "failings" is both possible and instructive.
 
Government activities are valued at the cost of salaries and other inputs,
 
with no allowance whatsoever made for the value to the consumer of govern
ment services. Other non-market "economic" activities, such as leisure,
 
pollution and congestion, are similarly ignored. Peace, freedom, and other
 
"non-economic" values play no role at all. The accounts treat income dis
tribution by counting all dollars equally, whether earned by a Rockefeller
 
or a sharecropper. The outputs of the economic system are measured over
 
time arbitrarily because different mixes of goods and services at different
 
prices present indexing problems soluble only arbitrarily. Most fundamen
tally, only the most naive utilitarian would equate goods and services or
 
dollar income of consumers directly with psychic satisfaction, yet GNP
 

and other NIA figures are used continually for welfare comparisons which
 
implicitly commit this fallacy.
 

One possible response to the inadequacies of the NIA as a measure of social
 
welfare is to attempt to substantially improve the coverage of the accounts
 
by incorporating a number of non-market activities not now priced, such as
 
the costs of pollution and the benefits of leisure. One exploratory effort
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,h1ch does this has just been published by the National Bureau of Economic 
,Research (Economic Growth, by James Tobin and William Nordhaus). This book
 
terms its reestimates unreliable, and disavows any pretense at an all
inclusive welfare measure. Nonetheless, its reestimates are of some
 
interest: the authors' comprehensive measure of the value of household
 
consumption is roughly twice as large per capita as the GNP, but has grown
 
,over the past four decades at a somewhat lower rate. The largest single
 
adjustment by far is for leisure, which the authors price (somewhat un
realistically) at the wage rate earners command while at work.
 

Other economists argue strenuously against trying to "improve" the NIA
 
towards a more comprehensive measure of social welfare (see Arthur Okun,
 
"Social Welfare Has No Price Tag," in the July, 1971, Survey of Current
 
Business). Okun discusses specific difficulties in detail, arguing, for
 
example, that leisure is one of the many good things which do not bear a
 
reasonably determinate price tag. But the core of Okun's argument is
 
that attempts to "improve" the NIA toward a better measure of social wel
fare might have the misleading and disastrous consequence that the accounts
 
would be increasingly accepted as an all-inclusive welfare measure. In
 
fact, the accounts would still suffer from the insuperable difficulty that
 
human welfare simply cannot be measured objectively in dollars or any
 
other units. Ultimately, all our efforts founder on the essential impos
sibility of measuring subjective states of mind, and of finding a value
neutral method of adding up "happiness" across people and over time. As
 
Okun says, this is a job tor philosopher-kings.
 

This is not to say that dollar measures cannot be useful approximations
 
to human welfare in specific contexts. It is possible to obtain estimates
 
of what people would be willing to pay, on the margin, to achieve changes
 
in the environment. Such estimates, more or less arbitrarily weighted
 
for income and geographic incidence, can offer more than a little help in
 
justifying the types and costs of pollution control activity which people
 
should bear. But such estimates are of no use in assessing overall social
 
welfare.
 

Making due allowance for Okun's arguments, we would still conclude that
 
experimental efforts to "improve" the accounts are worthwhile. While the
 
GNP will never be an all-inclusive welfare measure, it might become a
 
better social indicator with minor adjustments or at least better knowledge
 
of what such adjustments would entail. Indeed, if we view the GNP figures
 
modestly, as a particular type of social indicator, there is nothing
 
inappropriate about looking at changes in GNP (i.e., dollar value of goods
 
and services produced) as at least a partial proxy for changes in human
 
welfare. Certainly it would be as naive to ignore material consumption
 
as to make it the apex of human welfare.
 

In spite of the fundamental defects of the GNP an a measure of welfare,
 
economists are as prone to use it as politicians. Implicitly, the judgment
 
is made that all other things of importance are in fact equal. If we are
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ab'e to maintain our environmental, politca.,and incomedtrtion
 
.iirformances,,.increases in GNP-arenot unreaqonably taoenI:to riiean improve
ment in the quality of life.
 

2.' "National Social Accounts"
 

-The-same fundamental difficulCies which preclude Lhe development of the
 
National Income Accounts into true measures of social welfare apply to
 
any alternative scheme of "national social accounts." We can imagine
 

,such a scheme metaphysically, and can delineate some of the properties

that it should have, such as the possibility of interpersonal aggregation,
 
aggregation across the entire array of life experiences, and reflection
 
of the causal systems which determine social outcomes. This vision
 
remains just that, and no author who has seriously considered the possibility
 
has been able to make any concrete,defensible suggestions as to how to pro
ceed to develop such a system. For example, the GNP weights goods and
 
services by relative prices--what weighting scheme can we use to aggregate
 
freedom, peace and alienation? Proposals founder on the rocks of mysticism,
 
degenerate into arbitrarily weighted aggregates of social indicators, or
 
amount to calls for individual social indicators rather than a single, coni
prehensive measure of social welfare.
 

bome authors have weighted individual itdiucLUi L M LLLuLUcj6aCiL 

measure (see section D.5 below); this is mechanically possible. But even 
if people agree on desirable directions of change, indicator by indicator, 
this in no way implies that people agree that the indicators are additive. 
Doing better on one indicator often means doing worse on another, and even 
if the model takes this into account, people will disagree on the relative 
importance of e.g., reducing poverty versus maintaining self-reliance and 
private consumption. So there is no connon rubric independent of the 
author's prediliction. 

This does not mean that arbitrary aggregations cannot have uses. If a
 
sunnary measure is explicitly presented as illustrative and the sensitivity
 
of the results to alternative weights is clearly demonstrated, this may
 
help people understand and change their valuations. However, even this
 
approach would be misdirected if the causal tradeoffs were not known (see
 
section D.4 below) or if the particular measures involved simply did not
 
capture these relationships. For example who could specify the causal
 
relationships between consumption as measured by the NIA and political
 
participation as measured by voter turnout or voter surveys?
 

3. Social Indicators
 

Lowering our vision from a grand scheme which aggregates social welfare in
 
common units, we can seek to devise "social indicators" which measure
 
progress or problems in particular areas of social concern. In Toward a
 
Social Report a social indicator was defined as:
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a statistic of direct normative interest which facilitates.....
 
udgments about the condition of major aspects of a society,
 
It is ..... a direct measure of welfare and ..... if it changes in'
 
the right direction, while other things remain equal.....'
 
people are "better off." Thus statistics on the number of
 
doctors or policemen could not be social indicators, whereas
 
figures on health or crime rates could be. (p.97).
 

We doubt that any social indicator will ever meet Lhe criterion of "a 
'direct measure of welfare" in the strictest sense. Even ignoring funda
mental epistemological issues, we face serious conceptual and practical 
difficulties. 

For example, what is health? A positive feeling of mental and physical
 
well-being, normal functioning in society, or absence of pain and disease?
 
Depending on our definition, we might develop considerably different
 
indicators (e.g., self assessment of well-being on subjective rating scale
 
vs. objective" counts of disability-free days). Similarly, if we accept
 
disability-free days, how do we measure them--by counting days outside of
 
hospital beds (see Social Report, p. 3) or, as subsequent researchers
 
have proposed, by counting days in which no impairment of normal functioning
 
occurs? The difference is substantial, since Americans average about 2
 
years of institutional bed disability and 5 years of impaired functioning.
 

Thus social indicaLuLs at ufLeLt 1ilLed proxica for what " rcl ....
 

to measure and, in the narrowest sense, are "mere" social statistics such
 
as "the number of doctors per 1,000 population." Of course, such data
 
can be extraordinarily useful, as in the use of physician visits to
 
measure improved access to health care by the poor, and coliform counts
 
to serve as a measure of potentially harmful micro-organisms in water. But
 
the data are not direct measures of welfare.
 

A major cause of this reliance on proxies, is, of course, not only con
ceptual. Some things are just hard to measure, however they are defined.
 
Edward R. Murrow used to say that a cash register doesn't ring when a man
 
changes his mind for freedom. Nor do we have good ways to measure privacy
 
or government responsiveness or a host of other attributes of life quality.
 

These difficulties mean that lists of social indicators simply do not speak
 
for themselves, independent of context. The very labeling of data as "social
 
indicators," with the normative implications which labeling carries, may be
 
misleading in its implications. Indeed, the omission of items which can not
 
be measured is itself a major bias--often the most important facts about sociaJ
 
conditions are qualitative, derivative, or interactive.
 

D. Conceptual and Practical Difficulties: Specific Problems
 

In what follows we discuss problems specifically in the context of social
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Indca ors,$" However, all. these difficulties.apply_ t9 Any,apoach to
 
measurlng'the quality of life.
 

i. Which Direction Is BetterT
 

Related to the surrogate nature of most social indicators is the diffi
culty of interpreting their message simply and unambiguously. Is an
 
increase in the divorce rate a bad Lhing, because it indicates increasing
 
decay,in the family structure, is it a good thing because it means that
 
fewer unhappy couples are forced to stay together, or do we evaluate it
 
at an even higher level and question the very notion of a husband/wife
 
family structure? Is an increase in years of educational attainment a
 
measure of increased skill development, of changing tastes or income avail
ability for consumption, of future discontent as unrealistic aspirations
 
are dashed, or of all three?
 

The divorce example presents primarily a problem of valuation. People
 
disagree about goals, and social indicators are not value neutral. A
 
Marxist and a businessman might both want to see unemployment go up,
 
because the former believes it hastens the day of revolution, and the
 
latter that it reduces the rate of inflation and disciplines labor unions.
 
Similarly, a little unemployment might be a good thing in most people's
 
view, bu a 1uL !iV1tL4iL. 3V. wLil, JiL A-. ,s Let dcpd:; bcth.Wt 

on where we are, and on our fundamental values. The measure itself is 
not an "objective" test independent of our beliefs. 

The education example presents another problem. The phenomena that indi
cators measure have many facets, and a single indicator thus represents
 
multiple outputs both good and bad. Some of these outputs are subtle or
 
indirect, and often not well known. Perhaps only a few economists and
 
sociologists fully appreciate the dangers of continued increases in edu
cational attainment for income distribution and social turmoil. And
 
perhaps they are wrong. But the indicator cannot be accepted at face
 
value simply because it is widely perceived to represent an important
 
benefit.
 

Many examples of indicators ambiguously representing multiple outputs are
 
found in a "White Paper on Living Conditions," published by the Economic
 
Planning Agency of Japan. One indicator used by this document is a
 
measure of "social security" representing the ratio of government income
 
maintenance programs to the GNP. The U.S. ranks low, implicitly because
 
we provide a less adequate incoue maintenance system than the developed
 
countries to which we are compEred. In fact, this measure primarily reflects
 
the American reliance on a prrgressive income tax, which reduces the need
 
for direct transfers, and the relatively large role of private health insur
ance in this country. Surely we would not be improving our income mainten
ance performance if welfare and unemployment, payments increased during a
 
recession, or if we raised taxes on lower incomes and had to increase Social
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Security and other benefits to leave beneficiaries as well, off as before-

but ' rise,.biirratio would 

"2',:'How .DoWeMeasure It?
 

Even if we agree on values, and multiple outputs are not a problem, devel

opment and interpretation of indicators prescnt substantial conceptual and
 

practical difficulties. Some countries measure unemployment by the number
 

of people visiting state unemployment services, a procedure roughly as
 

valid as measuring crime by reports from the police to the FBI (which we do)
 
(which we do not). In this context,
or poverty by number of welfare cases 


a health index based on deductions for hospital bed days would look worse
 

as we increased access to health services for the poor.
 

The avoidance of such "institutional" indicators does not prevent rouidering.
 

The unemployment rate counts rich teenagers looking for summer jobs in
 

resorts as well as fathers who cannot feed their families. But it omits
 
And the employment
those so discouraged they have quit searching for work. 


and unemployment data omit entirely the dimension of Job satisfaction,
 

except as it is reflected (along with other things such as increased oppor-

Of course, where we are sensitive to
tunities) in high turnover rates. 


the limits of possible indicators, these deficiencies can be reduced by
 

improving measures and/or careful use for any particular indicator. So
 
tn dpvelop improved indicators.
 . .- 4c 

Sometimes such improvement is difficult. Less widely known but more
 

important than the deficiencies in the unemployment rate are some major
 

biases in our income distribui on statistics. For example, independent
 

evidence (such as total unemployment benefits paid) shows that the cash
 

income of the lowest (and highest) income groups is under-reported sub

stantially in the Census and Current Population Surveys. Moreover, certain
 

the cash value of Food Stamps and Medicaid--are
kinds of income--such as 

This means that the total number of
 not counted at all in these surveys. 


poor people and the "poverty gap" are exaggerated substantially in the 
offi-


This bias might not matter per se--on the grounds that
cial poverty data. 

poverty is relative--except that the most under-reported items have increased
 

Therefore, our trend data are
especially rapidly in the last decade. 

substantially biased over time, and policy decisions concerning such issues
 

as the relative balance between more money versus improved incentives 
and
 

equities may be distorted. Unfortunately, the conceptual (where should we
 

draw the line on what we count as income?) and practical (how can we correct
 

the data?) problems in improving the data are severe.
 

But even perfect measurement has its limitations. Our data on annual
 

income are broken out in great demographic detail. These data show that
 

the gap between median black and white incomes decreased substantially
 
terms of absolute
 on a percentage basis in the 1960's, but increased in 
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Depending on their political proclivities, andon the .issue
dollars. 

at hand, various social !omientators use one measure of progress 

or the
 

(The most honest use both if they have space for 
explanation.)


,other. 

,There is'simply no unambiguous measure of progress in this area, or
 

probably in any other.
 

3. Measuring It Higher and Enjoying It Less 

improving measures of the quality c.-------....'One approach to 

o1b6jective" social indicators and test our progress against subjective per

'ceptions. In some ultimate sense we cannot measure'psychic satisfaction
 

(What does it really mean if two people both
 directly or satisfactorily. 

tell us they are "very happy"--perhaps one of them has been stunted 

in
 

aspiration and the other in potential, and does "very" mean the same
 

to both?) But we can elicit states, attitudes and values from public
 

opinion surveys and avoid some of the interpretive problems of the objective
 

counts (though surveys present other dangers--as evidenced by the under
reporting of income). Divorce is good for some people and bad for others-

why not just ask?
 

One serious danger lurking behind the subjective approach was, as usual,
 

described tirst and best oy de locqueviii.
 

The evil which was suffered patiently as inevitable seems
 

unendurable as soon as the idea of escaping from it crosses
 

All the abuses then removed call attention
men's minds. 

to those that remain, and they now appear more galling. The
 

evil, it is true, has become less, but sensibility to it
 

has become more acute. (Quoted in Social Reoort, p. xii.)
 

Such a phenomenon may account for much of tne malaise of our times
 

(Crane Brinton has argued plausibly that most revolutions occur at times
 

when conditions are improving rapidly, and Schumpeter has argued that the
 

very successes of capitalism will create a class of alienated intellectuals
 

who will destroy capitalism). The problem this phenomenon presents is that
 

all our social indicators might be rising but public disaffection increasing.
 

Is the quality of life, then, rising ox falling?
 

Perhaps the dilemma will not occur. Cantrill's Hopes and Fears of the
 

American People shows that in 1971 virtually all groups in society, including
 

blacks and youth, believed that their personal lot had improved in the 1960's
 

and would improve in the 1970's (the exception is the poor, but since there
 

is'substantial turnover in the poverty pool, this probably reflects the
 

problems of those most recently displaced). Yet, seemingly inconsistently,
 

but perhaps reflecting "intellectual" opinion, every single group except
 

blacks believed that the country as a whole had lost ground in the recent
 

past.
 



4.:,Causal Ignorance and Social Indicators
 

4uch.of this problem of ambiguity of meaning for social indicators, even
 

hose which have the most surface plausibility, lies in our lackof under

3tandifig of cause and effect in human behavior, particularly over long
 

periods of time and in complicated situations. Even ifwe had the best
 

lmaginable indicator for positive health, how would it be affected by, and
 

relate to, indicators of'environmental quality, unemployment and 
alie.nation?
 

Since the underlying phenomena are linked in various more or less direct ways7,
 
But what ifwe cannot measure, let alone
so too are the indicators linked. 


understand, the links?
 

Even in the "simplest" cases we become trapped in causal quagmires. If we
 

plumb black/white income statistics, for example, we become faced with 
the neel
 

to control for age, education, region, family size, and labor force partici

pation to attempt to get a meaningful measure of the residual gap related
 

"solely" to race. This residual itself mi~Lt be due to discrimination,
 

motivational differences, quality of education or a variety of complicating
 

if blacks face discrimination they may rationally
interactias (a.g., 


restrict their job search, which lowers their exposure to good on-the-job
 

which lowers their future earnings and reinforces black decisions
experience , 

to invest less in education and white decisions to discriminate). 

Is
 

Moynihan right in calling attention to the income parity that young, 
married
 

black couples in the north have recently reached with their white 
counterparts
 

a =ti tic which implicir 
1y -nntrn1 many variables, or would a critic be
 

right who emphasized that smaller proportions of young, northern 
blacks are
 

married couples, and that more of the black wives work?
 

It is no wonder, then, that as ambitious an attempt at exploring 
causal
 

so
 
linkages as The Limits to Growth has been judged by many 

critics to be 


oversimplified as to be, fundamentally misleading. Indeed, the very force
 

of Limits' conclusions derives from its use of supposedly fundamental
 

physical properties, and the model completely ignores 
the price system, the
 

political system, evolution in values and customs, and 
other processes of
 

social and economic adjustment. It is as incomplete as models which assume
 

that because the HEW budget goes up, educational attainment 
of children
 

goes up, ignoring the complicated real world forces which 
mediate the process,
 

Limits could be viewed as a strictly hypothetical projection 
rather than a
 

prediction (we doubt, though, that the authors are 
so modest in intention),
 

but on either interpretation its causal modeling is 
primitive.
 

We mention these deficiencies in Limits to illustrate how 
difficult causal
 

analysis is. Nobody else has a well-developed counter model capable of
 

producing reliable predictions covering the same variables 
as Limits, let
 

alone a model which deals with broader dimensions of 
the quality of life.
 

One example of an area in which even simple feedback 
loops of the kinds
 

used by Limits could aid our understanding substantially lies 
in manpower
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f!tai#zing -rehabilitation, and job placement. Virtually without exception,
 
niianalyst of the benefits:and costs of such investments has made a,serious
 
a'tempt to'deal with the "displacement" effect--the filling of.a job by a
 
newly trained worker may mean that another worker continues unemployed.
 

"That this effect occurs to some substantial degree, especially during periods
 
of high unemployment, can scarcely be doubted. And to some extent we may
 
want displacement. The problem is, how much occurs, and under what circum
stances, for whom? Unfortunately, standard procedures for evaluating training
 
result in attributing greater net benefits the greater the displacement and
 
the larger the program, since the comparison is with persons who did not receive
 
training or other services--part of the group made worse off. Similarly,
 
the eccnomic benefits of higher education may be due substantially to dis
placement from better paying jobs of those with only a high school education,
 
regardless of real differences in skills (for an extended argument making
 
this and related points, see Lester Thurow, "Education and Economic Equality,"
 
in The Public Interest, Summer, 1972).. Of course these problems in no way
 
vitirte the real benefits of training and education--but no one knows even
 
approximately where the balance lies.
 

As a final example, the Coleman Report's (Equality of Educational Opportunity,
 
1966) main contributions were to document the lack of measurable inequality
 
of inputs in our schools, to shake naive faith in the benefits of increased
 
educational resources, and to stimulate rethinking of the meaning of "in
equality." But even so sophisticated an analysis has misled (primarily
 
through reviewers) innumerable people into believing that its findings imply
 
that socio-economic integration will improve disadvantaged student performance.
 
Perhaps integration will, but statistical correlation does not imply causation
 
(even had the Coleman statistical procedures been fully adequate) and the
 
Coleman Report, like social science research in general, is a very thin reed
 
to rely on.
 

Lacking such causal knowledge, the validity and usefulness of any set of
 
social indicators (or social statistics) for policy diagnosis becomes suspect.
 
Policy analysis becomes an art rather than a science. Straightforward quanti

*tative measures of progress are inadequate not only because they fail to
 
disclose the underlying processes but also because they may even obscure them.
 

5. Mathematical Manipulation and Social Indicators
 

Even if we had the most perfect indicators imaginable, how do we present the
 
numbers? What criteria should guide us? This problem has at least three
 
dimensions--the selection of the indicator, its quantitative presentation,
 
and quantitative procedures used to link it to other indicators. Each
 
presents substantial problems.
 

One recent effort at measuring the quality of American life illustrates well
 
all these problems (Michael Spautz, "The Socio-Economic Gap," in Social Science
 
Research, June, 1972). The summary indices of this article appear in the
 
figures reproduced below (with permission of the publishers). They look
 

.....
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reasonable. Yet Spautz commits every single fallacy we'discuss and his
 
results are capticious (he makes clear in his article that he is aware of
 
the dangers and that his results are illustrative--in which spirit the
 
following criticisms are made).
 

;.., o ... . I Index of licinomlc Health 

Soclo*.Economlc cap 

Index of Social Health 
to 

1I:g. I.The Socio-I:conomic Gap. 

13o tWelfare 

Eucation170210;' 


m tO, - ----- ' Health> --


eo 

'U70 

60 

Fig. 2. The Area Indicators. (Note: Each of these five Area Indicators Is the 

arithmetic mean of several components. In t'rn, the arithmetic mean of the five Area 

Ilncaiors constitutes the overall Index of Social Health, which is shown in Fig. 1. See 

Tables 1-3 for numerical data and information on sources.) 

Spautz prepares each of his "area" indicators on the basis of a large
 

number of items selected from standard statistical series. It should not be
 

surprising, therefore, that many of his individual indicators stand out for
 
Isa big increase in draftees medically disqualified
ambiguity or error. 


a sign of decreasing health (S,?autz), of increasing skill among cooperating
 

lawyers, doctors, and drafteer5, or of decreasing morale? Is the increasing
 

size of social welfare expenditures (the HEW budget) a measure of welfare
 

(Spautz), of increasing problems, of Parkinson's law, or of anything important
 



Is the rise in the medical care CPI a measure of decreasing
at all? 

health (Spautz), of our inability to adjust this and other service price
 
indices for subtle quality increases, or of increasing access to health
 

by the poor? Does anyone seriously'believe that changes in the number of
 

addicts reported to the Bureau of Narcotics and Dangerious Drugs by police
 

and hospitals is an approximately accurate measure of changes in addiction?
 

While these are among the most glaring questions, every single indicator
 
he picks could be similarly challenged.
 

But even supposing each indicator were "perfect," problems remain. Spautz
 
has no explicit basis other than expediency (and if he had one, no supportable
 
basis) for the particular indicators he picked versus a larger or smaller
 
number of entirely different indicators. Why'not use Cantrill's ladder
 
index of personal satisfaction to measure morale? Why exclude measures of
 

fre.edom and political participation and thus give these dimensions of life
 
quality a zero weight? Changes in the ratio of social to defense expendi
tures have been dramatic in recent years, in spite of the war, but surely
 
this duplicates in large part separate indices of defense and social ex
penditures.
 

Given an indicator, and a set of raw data for it, how should it be quantitied
 

for presentation? Spautz presents indices which show changes each year from
 

a base value of 100, to provide a common format for the data (a pro
cedure which is unobjectionable in itself). But by what mathematical pro

cedure should the data be transformed? Linearly or logarithmically, using
 
the raw data or the data expressed as percentages, or what? To take an
 
extreme case, his work stoppage rate index goes from 100 to 0 because the
 
percentage of days lost from strikes doubled in 9 years. -Yet the actual
 
change, from .14% to .28% of worker time lost, could have been expressed as
 
a decrease from 99.86% of to 99.72% of worker time not lost, and the index
 
would have shown a drop from 100 to only 99.9 on this basis.
 

Finally, in aggregating individual indices to his area and gap indices,
 
Spautz weights each indicator equally. This is a natural and "obvious"
 

procedure, but logically indefensible. Would anyone defend the notion that
 
the percent of the population in the military is exactly as important a
 

measure of "welfare" as the poverty rate, or that economic consumption is as
 

important, alone, as all other aspects of society?
 

Some of the absurdities could be eliminated. Better measures could be
 
developed. But the inherent arbitrariness would remain. Using different
 
weighting procedures alone, and accepting every other element of Spautz's
 
paper, every single aggregated index could have been shown to decrease substan
tially. If any single component of the morale index had risen, different
 
weighting could have resulted in the overall morale index rising. The
 
danger is that the better the surface plausibility of the various indicators
 
(i.e., the better each appears to meet the Social Report criterion of "a
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'
 
direct measure of welfare"), the less obvious'wuld bethe arb itrariness
 

of the overall index. In constructingioverall indices bf social'welfare
 

eIack a theoretical basis (such as we might have for black/white income
 we 

differences) which even allows a point of departure.
 

6. The Dangers of Belief
 

Because a set of social indicators, or even a singie inaicaror, Is
 
We may delude
inherently arbitrary it presents a special political danger. 


ourselves into believing that the index really measures what 
it purports to
 

This danger increases in proportion to the claims made or
teasure. 

inferred for the indicator--as in the case of the GNP.
 

This is a danger over and above the normal use or abuse of statistics in the
 

political process, increasing with the honesty, competence, and good will
 

of the authors. For example, the CEQ annual reports question the wisdom of
 
Special
current environmental policies only in the most oblique ways. 


part of the United States Budget never address the
Analyses printed as 

benefits of various social programs, even to the point of admitting our
 

Consuner Reports has never told its readers that its automobile
ignorance. 

ranking system is completely arbitrary nor that very minor changes in weights
 

or test results would change the rankings substantially.
 

When we consider the need for political expediency together with the
 

probability that those who prel-re social indicators will feel impelled 
to
 

defend their effort, the possibilities for misleading results multiply.
 

One can imagine how a Council of Social Advisors would have wrestled 
five
 

years ago among more or less apocalyptic versions of social collapse 
and
 

One need hardly guess
more or less strident calls for the Great Society. 


just how much scholarly investigation or even speculation such a Council
 

would have devoted either then or today to such questions as the effects 
of
 

One can wonder whether Toward a Social
the Vietnam War on American murale. 

Report could have preserved its objective, analytic tone had it tried 

to
 

examine critically the effects of HEW programs on various social indicators
 

or attempted an overall assessment of the quality of life. Indeed, Toward
 

a Social Report was originally intended to be a social report 
without the
 

"Toward." Because of difficulties of the kinds we have been discussing,
 

this ambitious goal was dropped and an explicitly exploratory approach 
was
 

taken.
 

The greatest danger comes from committing the easiest sins of 
all--thse of
 

Economists footnote in their texts the dangers of interpreting
omission. 

the GNP as a welfare measure (and sometimes don't even bother 

since this is
 

taken for granted), but this is much like selling prescriptions 
without wrap

around labels giving directions for use.
 

A related danger lies in ignoring things which have not, or can
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e"not,.be'measured., Virtually every benefit-cost study states in passing
 
thatmany important outputs are not taken into account because'they are
 

1 Inon-quantifiable, and defends its approach on the impeccable ground that
 
any reduction in ignorance is useful. What other posture can be taken
 
in a world in which at best we can gain partial understanding? So we ignore

displacement, self-respect and alienation, and crime reduction, in a long
 
list of the unmeasured consequences of training programs. The problem, of
 
course, is that a little bit of the truth is sometimes taken for the whole-
half right analysis can be worse than none.
 

These propensities are compounded because truth is contextual--who is to
 
say where to draw the line, and must the universe be surveyed in every
 
statement? Few would argue that the failure of the Census to publish
 
,prominently "corrected" estimates of poverty (and of income at the upper
 
end) or at least to suggest the magnitude of error is reasonable, and
 
most would agree that Food Stamps should be counted as if they were cash.
 
But where do we stop--do we insist on counting the cash value of all
 
government services, correcting for tax incidence, and adding in the "value"
 
of leisure? The official definition of poverty is itself arbitrary, as is
 
the decision to use annual average rather than monthly or lifetime income
 
data. The problems are paralyzing, and were we to insist on accuracy, let alone
 
theoretical nicety or contextual "exposure," we would still be waiting for
 
nnvprtv rints.
 

It could be argued that in spite of the inherent pitfalls and inescapable
 
political overtones, social indicator efforts would hardly be likely to
 
leave us worse off than we are now. Surely the Council of Economic Advisors
 
and Council on Environmental Quality have raised the level of economic and
 
environmental debate. The dangers of actively but unintentionally misleading
 
attempts can be coped with--there is rarely a shortage of critics as the
 
authors of The Limits to Growth have discovered. And the need for better
 
assessment of where we are going is patent. But truth does not necessarily
 
win, and the prospect of major advance is small.
 

E. Conclusions
 

1. Prospects
 

Taken together, the preceding analysis of impediments to substantive
 
advance in measuring the quality of life portrays a dismal picture. It is
 
hard to believe, for example, that the Japanese are likely to achieve any
 
striking conceptual success in their attempt to develop a "net national
 
welfare" index (which is not to say that they will not produce some sort
 
of measures). -But if the prospects for advance are small, the potential
 
reward is great. Pessimism about success is insufficient reason not to try.

(We have deliberately avoided an attempt to enumerate the benefits of
 
success. We believe them to be largely self-evident). But a well-meaning
 
response is not Justified simulv because a need exista. 

1-190
 



17
 

raised, weare sure, more questions than we have answered. Hope-
We *ae' 

gully', this will at least help in clarifying the nature of our problems.
 

Thus, the limitations in our ability to measure social welfare have impli

cations for our ability to develop effectiveness measures for Federal
 

programs. Effectiveness measures may require not only measures of welfare,
 

but also additional knowledge about the "production process" by which program
 
We need to know, for example, whether
inputs are translated into impact. 


HEW doctor training programs actually increase the supply of doctors (the
 
"number of students aided" is clearly not such a measure), whether the
 

doctors enter practice, and whether increases in practicing doctors improve
 

health. Only the last step requires a measure of health--but not necessarily
 
welfare
 as perfect or complete a measure of health as we would want for a 


index. Moreover, if alternative programs would have equally large doctor
 

outputs at lesser cost, then we need not have any measure of health at all to
 

decide on desirable changes. While production and efficiency questions are
 

often as hard as (or inseparable from) output and valuation questions, they
 

at least offer us alternative approaches to particular problem areas.
 

2. Next Steps
 

This report is intended to be thought-provoking rather than action forcing.
 

We are not sure where HEW's interest lies, to say nothing of the Federal
 

onvprnment's. Therefore. we do not present a considered analysis of possible
 

Indeed, our current posture of relaxation and monitoring may be
 next steps. 

the optimal strategy until and unless someone (the Japanese?) makes 

such a
 

clear advance that the benefits of stepped-up government action of some 
kind
 

This would not be to accept no progress, but would merely
become obvious. 

no clear, known path as yet to anything grander
recognize that there is 


than marginal improvements in particular problem areas.
 

Therefore, we list the following ideas as
 Nonetheless, steps are possible. 

They are not considered alternatives.
suggestive possibilities. 


The government could institute a major, institutional effort
 o 

(CounCil of Social Advisors?) at measuring the quality of life,
 

producing an annual Social Report based on existing and newly
 

developed data as well as research and analysis.
 

The government could publish something less ambitious. This
 o 

could range from a socially oriented version of the Statistical
 

Abstract (the Labor Department publishes a Handbook of Labor
 
no comparable HEW or government-wide
Statistics but there is 


document) to a document containing analysis of the data short
 

of an overall assessment.
 

o The government could institute an official, central clearing
 

house for social indicator and related work to improve information
 

and research sharing.
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G'bovernment agencies-could jointly or separately attempt to
 
"
 6
improve the relevance of existing statistical efforts to
 

quality of life measures. Such an effort might be better
 
conceived as part of a more general overhaul of statistical
 
efforts on a variety of fronts, including better axploitation
 
of existing data and filling of gaps.
 

Social science tesearch devoted to quality of life measures and
 
underlying causal mechanisms could be expanded. Again, this is
 
only one of a wide variety of issues concerning the size and
 
scope of Federal social science research.
 

Clearly, each of these possibilities raises a wide range of organizational
 
issues (to say nothing of money--the ORB compendium has only one full-time
 
professional author, which is why this relatively simple compilation effort
 
is 'taking about three years). Most important, no single agency (existing
 
or proposed) can claim the full scope of responsibility, mission, aiin com
petence that the more ambitious efforts would entail.
 

In lieu of these steps, each of which is substantially oriented towards 
measurement of quality of life, we could simply improve our research and 
a 'isoffrFr at- d4wn-,rring Pnd iinderstandln- causal relationshios 
and interpreting data in an appropriately sceptical Iut imaginative fashion. 
This kind of improvement does not necessarily require more time or effort, 
.but rather more skill and discernment, qualities which are in shorter supply
 
than money, but whose payoff may be much greater. Unfortunately. our know
ledge about how to improve the quality of on-going efforts at research and
 
analysis is especially limited.
 

It would be tempting to suggest that no government or government-supported
 
document concerning social problems or programs be issued without accompanying
 
rebuttals by various critics--but this idea's appeal is exceeded only by its
 
practical shortcomings. Alternatively, authors of such documents could be
 
expected to critique their own work far more than at present. For example,
 
preliminary documents prepared by OECD concerning its social indicator work
 
raise serious questions about the validity and interpretation of possible
 
indicators--will the published documents make the same points? In a larger
 
context, government publication of statistics conmmonly used in fact (regardless
 
of intention) for social diagnosis would be more valuable if "labeled" with
 
,brief discussions of possible bias, problems of causal inference, and possible
 
improvements. Again, it is hard to see how such a change could be brought
 
.about.
 

Whatever stepswe take, our problems in developing overall measures need
 
.,!not hamper us in achieving those small advances in ability to diagnose
 
.,and prescribe which, cumulatively but unmeasurably, mark our progress in
 
improving the quality of life.
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THE IMPLICATIONS FOR GQVERNkNT ACTION OF'THE LIMITS TO GROWTH 

A. Introduction
 

Only a fool or a madman could fail t?,recognize the possibility of imminent
 
catastrophe as prophesied in Limits.- The book may have performed a signal

service if it provokes action tp prevent the horrors it predicts. Perhaps
 
a similar contribution was the most enduring legacy of Marx. But what if
 
Limits is mistaken in its conclusions, and stimulates the government to
 
•over-react and drastically and unnecessarily reduce the quality of life?
 
Again, the analogy to Marxism is possible.
 

This paper explores the possibility that Limits is drastically incorrect in
 
its conclusions, as well as the implications for government action that
 
follow from either Limits' or this paper's diagnosis.
 

We seek to show, first, that the no-growth implications of the specific
 
computer runs reported in the book are based on assumptions so conservative
 
as to be unreasonable in the extreme. Specifically, the unsupported as
sertions that pollution and resource use per unit of output can at most
 
WC .ZC y a fazCI- r Cf fCur are hV-r=
duC 1 prysent economic and
 
technical capabilities. These assumptions, in turn, produce the near
 
term catastrophes which give the book its drama.
 

While the authors purport to present a wide range of alternatives, they do
 
not. 
Had the authors used a wider range of alternative assumptions, the
 
model could have produced radically different results. Under the more
 
likely assumptions, the average standard of living allowed in what Limits
 
calls a "stabilized world" could be several times the present U.S. level,
 
rather than half the present U.S. level. The direct and indirect implications

of this finding for the quality of life for the majority of mankind are, of
 
course, immense.
 

Second, we briefly explore the implications for government action of both
 
our findings and Limits'. We conclude that neither diagnosis is sufficienr
grounds for extreme action, but that neither diagnosis is necessary to
 
jusiify some kinds of action. The question becomes what kinds of actions
 
are best at reducing environmental damage, and what are the full costs of
 
each alternative? We suggest that direct controls over consumption, and
 
bureaucratic planning of production are less desirable than effluent charges

and other indirect incentives for pollution control and resource conservation.
 
The key variables affecting this conclusion are such hard to measure
 
dimensions of life quality as 
consumer freedom to choose, and institutional
 
responsiveness to such choice. Essentially, we must choose between treating
 
people as averages or as individuals, whatever degree of clean-up we want.
 

1/ The Limits to Growth, A Potomac Associates Book, by D.H. Meadows, D.L. Meadows,
 
J. Renders, and W.W. Behrens, III, New York: Universe Books, 1972.
 
Figures from the book are reproduced below with the permission of the
 
publishers. 1 - 2
 



B., The Limits of Limits
 

We wish to criticize Limits on its own grounds, bypassing as much as
 

possible the issues of whether the type of computer simulation modeling
 

used by Limits may or may not be an appropriate or useful computational or
 

analytical technique in addressing "global" economic and social dynamics.
 

Instead, we ask whether reasonable changes in assumptions within the logical
 

confines of the model would change the nature of the results and thus
 

invalidate the conclusions.
 

A number of authors have criticized Limits in larger contexts, and on
 

broader grounds, than thove we present here.A/ For example, technologies
 

for expanding resources have been growing exponentially in the past, and
 

Limits' modeling does not capture even the possibility of continuing expunentla
 
growth in technology. Similarly, many exponentially growing systems do no0
 

lead to catastrophic equilibria, depending on the fine tuning of the mathemitic
 

model and/or real world parameters. The plausibility of Limits underlying
 
ideas--food supply does limit population--covers its failure to specify
 

just what the causal relationships are. Finally, Limits simply does not
 

incorporate basic processes of social adjustment such as price changes into
 

its model.
 

Our more limited agenda and task is complicated by the lack of detailed
 

information--Meadows has not yet published his appendices, and Limits fails
 

to provide numerical scales for its tables. However the task is simplified
 

by the logic that drives Limits--everything depends on the initial assumptions
 

and parameter constraints, with the computer runs themselves necessary only
 

where the feedbacks become excessively complicated. To criticize Meadows'
 

assumptions is to criticize Meadows' results.
 

To simplify the analysis which follows, we assume that population stabilizes
 
through reduced birth rates to zero population growth or near ZPG. This is
 

a heroic assumption but Limits claims that ZPG does not change its results.
 

ZPG clearly allows sufficient land aad food production, so these constraints
 

should disappear and our analysis is simplified. Indeed, Limits shows an
 

incredible rise in per capita food consumption in one of its ZPG scenarios
 

(p. 140, reproduced on next page), which seems to imply a world of obesity.
 

(This apparent anomaly may be explained when the appendices are published,
 
but a reasonable guess would be that Meadows did not impose a constraint on
 

food consumption comparable to, say, present American standards.) In the
 

ZPG scenarios, food production eventually declines but this is due to feed

back from the exhaustion of resources (e.g., fertilizers and tractorb)
 

necessary to maintain land productivity and/or (unspecified) effects of
 
pollution on land yield.
 

1,/ Among the better critiques are Allen Kneese and Ronald Ridker, "Predicament
 
of Mankind," The Washington Post, March 2, 15,72; Peter Passell, Marc
 
Roberts, and Leonard Ross, untitled review, The New York Times Book Review,
 
April 2, 1972; and Carl Kaysen, "The Computer That Printed Out WOLF,"
 
Foreign Affairs, July, 1972.
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Figure 42 WORLD MODEL WITH "UNLIMITED" RESOURCES,
 
POLLUTION CONTROLS, INCREASED AGRICULTURAL
 

BIR'IH CONTROL
PRODUCTIVITY, AND "PERFECT" 

resources
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model in an attempt to avoid the growth-and-collapse behavior of previous 
are re-

Four simue,aneous technological policies Introduced In the world 

runs. Resources are fully exploited, and 75 percent of those used 

cycled. Pollution generation is reduced to one-fourth of its 1970 value. 

Land yields are doubled, achievementand effective methods of birth control are made 
available to the world populatioin The result is a temporary 

per capita thatof a constant population with a world averageIncome 

reaches nearly the present US level. Finally, though, industrial growth Is 
accu

hatted, and the death rate rises as resources are depleted, pollution 

mulates, and food production declines. 

We
 
We also simplify our analysis by focusing only on 

"predictable" events. 


do not discuss the risks of unforeseen, "accidental" 
ecological catastrophes,
 

such as plague or chemical poisoning. Accidental risks, like nuclear war,
 

may be the greatest ones of all (some scholars have argued that the decline
 

of Rome was primarily due to lead poisoning from 
pipes and pottery glazes).
 

one of the great possible benefits of the environmental
Their dimFnishment is 

a long time). But Limits does not
 movmment (though the FDA has been with us 


Similarly,

include these items on its explicit agenda and we shall not either. 


we do not address the substantial probability that serious, localized
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disruptions will occur (e.g., a natural gas shortage in the U.S.). Such
 
risks and such disruptions are not directly relevant to the arguments of
 
Limits, until we get to the question of government action.
 

1. Technology
 

Imagine a world in which "physical" resources are unlimited but not costless
 
and pollution only a bad dream. This world would still require technological
 
advance to produce per capita growth in output. Such advance would involve,
 
essentially, making more productive the output of human labor through improve4
 
education, organization, and ultimately increases in knowledge. There is no
 
reason to believe that such advances can continue forever. In this sense
 
there may well be a limit to growth.
 

But this limit would not relate specifically to resource exhaustion and pollu
tion as these phenomena are modeled by Meadows. Moreover, no one would
 
argue that we should voluntarily seek such a limit by (say) ending research
 
or limiting innovation. Therefore, to argue that Limits is urrng in its
 
pessimism about pollution control is not to argue that we can grow forever
 
or even that some ultimate limit is unaffected by the costs of pollution
 
control or resource extraction.
 

In what follows we deliberately cowmit, alung with Limits, the fallacy of
 
ignoring znls iarger context. Thisomission is not so fundamental, however,
 
as to cause substantial worry about the next several hundred years. If
 
all the world could reach the output levels of the United States (which it
self continues to grow exponentially), we will have substantially exceeded
 
the limits postulated by Meadows. And this achievement seems readily
 
attainable if Limits is incorrect in its assuuptions--"growth" policies are
 
hardly unpopular.
 

The overall drama of Limits is caused by its assertion that it uses in its
 
scenarios "even the most optimistic estimates of the benefits of technology"

(p. 145). But these "optimi3tic" estiwates would allow only a quartering 
of pollution per unit of output (p.135), and only a quartering of usage 
rates per unit of output for "scarce" resources (p.133). The following 
sections address these specific assumptions. 

We are not interested in asserting thi inevitability or even the probability
 
of major technological advance either requiring new knowledge (e.g., fusion
 
reactors) or depending on unforeseen, radical applications of "existing"

knowledge. Instead, we believe that rather conservative estimates of the
 
potential benefits of existing or immediately foreseeable technology would,
 
if 4ncorporated in Meadows' model, postpone the day of reckoning considerably.
 

Since the word "technology" has negative connotations, we might be better
 
served by another. However, it is a convenient word and we will use it.
 



Let us illustrate. Later in the paper we mention solar cells as a source
 
of power. This sounds and is futuristic. To provide electric power with
 
solar cells would require at this time inputs of resources--labor and
 
materials--costing not less than 2 to 4 times at current prices what the
 
same output would require if produced through conventional means (few investi
gators have paid enough attention to solar power to discover that the common
 
belief that it is 1,000 times as expensive as conventional power is mistaken).
 
But if fossil fuels rise in price sufficiently, solar power would become
 
"economic" and could be used. 
Lake Mead, if covered by solar cells which
 
can be purchased today, would produce 300 million kilowatt hours of electricity
 
a day, some ten times its current cutput. To be sure, there are engineering
 
problems involved in widespread use of solar power which would have to be
 
solved. These problems are in some sense comparable to those involved in
 
bringing (say) the steam car into commercial production. But they do not
 
require any fundamental discoveries. Both solar cells and the steam car
 
are roughly as advanced as television was in the 1930's. They are primarily
 
laboratory phenomena far removed from commercial success but presenting no
 
-real technological impediments though (as it usually turns out) becoming
 
commercially successful partly because of continued improvements.
 

In this paper we use no other examples as far out as solar power. but the
 
essential argument is similar even when we consider substituting fiber-glass
 
for steel in auto bodies; or rock wool insulation for gas furnaces in home
 
heating. All these examples depend on changes in prices, production, processes,
 
and possibly consumer habits. Some will occur before others, and some that
 
are technically possible will never occur.
 

In fact, where we differ from Meadows and company lies entirely (in this
 
paper) in the degree of optimism about such possibilities. We present argu
ments and examples which have convinced us that a twenty-fold improvement is
 
readily attainable in a growing world economy faced with severe pollution
 
and resource exhaustion problems. We would even regard a hundred-fold
 
improvement as a not unreasonable projection from current knowledge.
 

Ultimately, this is a matter of probabilities. It is crucial to understand,
 
however, that Limits' computer modeling sheds no light at all on these
 
probabilities, and Meadows' verbal arguments shed very little. Meadows made
 
a judgment that the relevant range for improvement, even including new dis
coveries, was between zero and four-fold. Given this range, the computer
 
projects near-term disaster. With a broader range, the results would have
 
been substantially different. Our essential argument is that there is a
 
prima facie case that Meadows' judgment was unduly restrictive.
 

2. Resources
 

The question of resource exhaustion is troublesome since some particular
 
resources of great importance (e.g., natural gas) seem inescapably destined
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for exhaustion within a hundred years or so (gas manufactured from coal.
 
could extend this time perhaps another century in Limits' exponential

world). As a general proposition, however, the notion of physical resource
 
exhaustion is sheer fantasy. 
 The entire mass of the earth is ultimately

:at our disposal. With sufficient energy (in a world of what we would call
 
technological "optimism") we could tap even diffused metals (e.g., iron
 
rust winding up in sea water) and recycle virtually anything. But the

opportunities for reducing use of source materials need not depend on
 
optimism.
 

The first flaw in Limits' presentation of resource availability is its 
use
 
of a "known reserves" concept in predicting imminent shortages of many

common resources 
(pp. 56-60). Known'reserves is a misleading concept be
cause it is based on reserves which are economic to mine at current prices.

Limits says that aluminum reserves will last only 31 years (absent new
 
discoveries). 
 In fact, this estimate is based solely on supplies at current
 
prices and does not take account of the probability that reserves will rise
 
exponentially with arithmetic increases in prices. 
 For example, one
 
currently uneconomic deposit in Wyoming is larger than all the world's
 
bauxite "known reserves" combined (for this and other examples, 
see
 
Edmund Faltermayer, "Metals: 
 The Warning Signals Are Up," Fortune, October,
 
1972). 
 While Limits appears to guard against such discoveries by its
 
assumption that there is a 500 year supply, at 1970 usage rates, of all
 
resources (p. 12b), 
this is hardly an optimistic projection. Aluminum makes
 
up 8 percent of the earth's crust, an amount which dwarfs Limits'estimate.
 

In addition to its "optimistic" assumptions about increases in resource
 
reserves, Limits allows recycling to reduce resource input per unit of output

by three-fourths. Thus, Meadows recognizes that as reserves are depleted,

prices will rise and make recycling more and more feasible economically.

However, even more effective recycling on each pass-through of a product

(e.g., reclaim 90% of each auto) could delay the day of resource exhaustion
 
considerably.
 

Far more important than gross amount of resources or even recycling is

substitution of less "scarce" resources for more "scarce" ones. 
 Scarcity

is ultimately an economic rather than a physical concept, and substitutes for

materials include people and knowledge. We will follow Limits, however,

and stick to "physical" examples. 
Limits did not include sand as a resource.

Yet, sand can make cement, ceramics, glass, and fiber-glass, materials
 
which can replace bulk uses of steel, aluminum, and virtually all other
 
metals. 
Other kinds of substitution are less obviously "technological"-
carpooling saves rubber, steel and gasoline; and higher prices reduce
 
use in production and consumption. Since the possibilities for substitution
 
are virtually limitless, any assertion of general scarcity becomes virtually

meaningless. Particular items will become scarce and be replaced, and if

they cannot be replaced we will do without. Doing without, however, is
 



not possible in all cases. This is why Limits picked food as a major
 
variable: substitutes for calories are nonexistent. But substitutes
 
for land are not--e.g., greenhouses--and even ZPG is not necessary for
 
ample food.
 

All resources that we can think of (with the possible exception of fossil
 
fuels--see below) would meet at least one of the following tests: total
 
extractable reserves with current technology but not current prices will
 
last for many thousands of years; an alternative resource meeting the
 
first test is available as a substitute in the production process; or a
 
substitute for the consumption process or good is available. Certainly
 
Meadows presento no counter example. Meadows mentions these criteria
 
(p. 63) and produces examples of violations of the first. But he presents
 
no example of a resource for which there are no substitutes if and when
 
reserves are depleized.
 

,	Energy resources provide a major test for our argument. Without fossil
 
fuels (whose expected availability is measurable only in hundreds or at
 
most thousands of years, depending on prices) current energy use patterns are
 
in for traumatic change. And fossil fuel ccanot be recycled (except through
 
phot4 ae).a=ry l !a abbcfqntim1 hut nnr Pnden Rhubtitutes--we could 
well accept that the possibilities for home insulation, walking to work, use 
of low energy fabricating technologies (e.g., no aluminum) and the like are 
even more limited than for recycling (which itself may be a substantial 
energy drain). So will energy become the limiting resource? Not very 
likely. There are at least tens of thousands of years of uranium reserves. 
(This depends on breeder reactors. Experimental breeder reactors are already 
in operation and thus technically feasible, and current research and devel
opment is directed at improvements, especially those related to reducing
 
costs.) Solar photovoltaic electric power is now used in a few high-cost
 
applications and if energy prices rise by some multiple (4? 107) solar
 
cells will be able to irovide tens of thousands times current world energy
 
consumption "forever." We need not even consider truly new technology
 
such as fusion.
 

These examples should show that it is not reasonable to assume that general
 
resource exhaustion will reduce industrial output ever, let alone within
 
a few hundred years. It it; in fact probably impossible to document a single
 
physical substance for which we cannot substitute. Presumably Meadows'
 
counterargument would be that substitution requires robbing Peter to pay
 
Paul and that he includes all relevant substitutes. But he does not, as the
 
sand, uranium and solar examples show. Meadows does allow a four-fold reduc
tion in total resources use per unit of output in some scenarios, but this is
 

is thousands of
a trivial concession. The amount of sand, uranium, etc., 

timis the quantities of the items listed by Meadows.
 

Therefore, we can conclude that reasonable assumptions as to resource
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availability could have extended our limits by at least thousands of
 

years, even without new technology. Moreover, in.a number of scenarios,
 

Meadows does not show resources as a near-term constraint,even with his
 

estimates.
 

3. Pollution
 

In several of its scenarios (p.132, see below) Limits makes some slight
 

;provisions for reduced resource utilization (but not, as it claims, pro

,visions that are "more optimistic than realistic"). This scenario controls
 

,population by deaths caused by pollution, the other 
major limiting factor
 

(the cause of death is never specified!).
 

Figure 37 WORLD MODEL WITH "UNLIMITED" RESOURCES 
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'Lmits treatment of pollution control is subject to the same' 
criii'sms
 
as its treatment of resources. 'We are able to reach virtual 1OZremoval
 
of mercury, DDT, radiation, particulates, carbon monoxide, etc., with
 
existing technology (due to lags existing sinks will last in some cases,
 
of course). As a modest example, a switch to steam cars would reduce all
 
auto effluents by 99% or more (the clean-up of the internal combustion
 
engine will probably never be so successful, reaching at most about 90% or
 
95% at substantial cost, which casts in doubt our current auto air pollution
 
strategy).
 

We may not even need to improve our current performance in some areas.
 
Limits presents some frightening-looking figures (p.75) on radioactive
 
emissions but fails to mention that (barring the accidents or war which
 
we have excluded from consideration) the exposure of humans to radiation
 
from nuclear plants will be hundreds of times less than exposure from
 
natural background radiation, to say nothing of x-rays and commercial
 
aviation (a single coast-to-coast flight presents radiation exposure several
 
times greater than a year living beside a nuclear plant).
 

Limits asserts (p.135) that particularly intractable problems are
 
PLebetLeU by LhLuL~ yJuiiLLuLlw, ZUL. ~urtoff, radiat-I.-, ac.--

particles from brake linings. Runoff is a tough problem to solve, but is
 
not likely to grow exponentially nor necessarily inimical to human life
 
or production. Thermal pollution is less bothersome than radiation (except

for very localized effects) on the basis of arguments which we need not
 
develop here. Asbestos is a classic case: we can eliminate it simply by
 
not using it for brake linings!
 

Even the currently most intransigent set of effluent problems, associated
 
with water pollution, can be reduced many times by the year 2,000, in spite

of an expanding economy, simply by application of current most advanced
 
technology (see table on next page from the 1972 CEQ Report). And these
 
CEQ estimates (which amount, for example, to over a 95% reduction in bio
chemical oxygen demand per unit of output) make no allowance for sub
stitution in consumption as prices of polluting products rise, or for
 
new technology.-


Overall, the probability of successful pollution control on the order of
 
95% or even 99%, seems much higher than the probability of only 75% or
 
less as assumed by Limits. Since going from 75% to 95% control is actually
 
an 80% reduction in what is left, this is a greater achievement than the
 
simple percentages indicate. But it hardly seems an unlikely achievement or
 
even one requiring a high degree of optimism.
 

Finally, it should be remembered that itis by no means self-evident that
 
substantially greater amounts of many effluents will in fact be damaging

to human beings, directly or indirectly. Limits assumes this to be the
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ld prudence argues for minimizing the risks. But that (say)
.case, 

substantial increases in C02 will reduce the habitability of the earth
 .-


Limits seems to be saying that if one effluent
is hardly a known fact. 

Perhaps, but why not substitute less
does not get us, another one will. 


for more harmful pollutants?
 

Figure 6 

Water Pollution, Year 2000 
Under Alternative Assumptions 
In billions 
of pounds 
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4. uOSs'
 

The underlying reason for Limits' pessimism about prospects for resource
 
and pollution improvements is costs, and Limits refers repeatedly to costs
 

as the basis for its assumptions. Limits point is correct abstractly. If
 

we needed solar power to survive, and its installation displaced 100 times
 

the goods and services displaced by conventional power, then our consump

tion of other goods and services would be drastically reduced. In parti

cular, Limits' argument on pollution control is that it is increasingly
 
expensive on the margin (e.g., the dramatic example given at p. 134 on
 

the costs of controlling water pollution from a sugar beat plant).
 

But this view is much too simple. Relatively small changes in relative
 

prices may bring about "radical" shifts in production and consumption
 
processes, though such shifts are almost impossible to foresee, and
 

causes and effects are often complicated. If sugar beet plants cannot be
 

cleaned up except at exorbitant cost, then several outcomes are likely in
 

some unknown combination: the price of sugar will rise and consumption will
 

decrease; alternative sources of sugar presenting less intransigent pollution
 

problems will be used; the need fo: dentists will decrease; and some clever
 

engineer will invent a new process for reducing effluent from beet plants.
 

We need not be wholly agnostic in these matters, however. Many pollution
 

reduction expenses actually reduce costs. For example, studies have shown
 

that had Albany and other Hudson River cities cleaned up their effluents,
 

New York City could have solved its water crisis and avoided costs several
 

times larger which were incurred in new reservoir construction. Often pollu

tion reduction has been achieved already and is reflected in current costs-

nuclear power does not cost less than conventional power partly because we
 

have already built an expensive but effective set of radiation controls.
 

Finally, marginal costs of cleaning up are not always high. The real world
 

includes easy cases as well as the sugar beet cases.
 

We can be even less abstract. CEQ recently estimated that the incremental
 

cost of meeting existing air, noise, water, radiation, etc., environmental
 

standards over the decade of the 1970's would be about $200 billion (Third
 

Annual Report, p. 281), an amount somewhat less than 2% of expected GNP
 

over the period. These estimates are subject to numerous qualifications
 

(e.g., no allowance is made for substitution in response to changing prices,
 

or for those offsetting benefits which will show up in the GNP), but
 

represent a reasonable, order-of-magnitude estimate. It would be fair in
 

our judgment to say that existing standards represent close to a 75%
 

reduction in pollution per unit of output on an overall basis from levels
 

of the 1960's. (This is so crude as to be ultimately figurative--what is a
 
"unit of output"; three-fourths from what "base"? But Limits uses this
 

terminology and so shall we. A somewhat sounder conception would be to
 

say that "we will reduce volume of pollutants weighted by dollar value of
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harm by three-fourths per dollar of GNP.") Some pollutants, such as air
 
emissions, will be reduced somewhat more, others such as water somewhat
 
.less. But if this is true this means that Limits' four-fold "optimistic"
 
estimate will have been achieved in one decade at a cost which is if not
 
inconsequential at least not overwhelming,
 

Since current standards and these estimates are based largely (with the maj
exception of auto standards) on what is termed sometimes "best practicable
 
technology" rather than "best available technology," to say nothing of sub
stitution or new technology, they understate considerably the potential. Also,
 
necessary costs are overstated because current approaches to air and water
 
standards are in general highly protective of existing industry and require
 
substantial extra costs over the amounts that would be involved if we were
 
willing to accept more temporary dislocation and disruption. These conside a
tions lead us to conclude that Limits' bold assumption that "reduction to
 
less than one-fourth of the present rate of pollution generation is probably
 
unrealistic because of cost" (p.135) is not warrented.
 

5. Implications for Growth
 

More important, in the final analysis, than the relative strength of our
 
conclusions versus Limits', is the nature of the dispute. We are not arguiI g
 
about the century in which crisis will overtake us, or even if the type of
 
m=dclin- ucd by U~t craoa~.Wcac run b a ac ,1vr 
complicated factual questions as to the magnitude of the costs necessary
 
to enable economic growth. It is not even really an argumenm, since Limits
 
presents no real basis for its contrary conclusions. And our side of the
 
"debate" can hardly be considered more than impressionistically inductive.
 
But at the very least we believe that our arguments are sufficient to rebut
 
any presumption in favor of Limits' assumptions and hence conclusions.
 

Our arguments are largely ones of degree. We believe that Limits is extra
ordinarily pessimistic rather than optimistic in its assumptions as to
 
current, let alone future capabilities. But even granting that our esti
mates are more probable, are the authors not correct when they tell us
 
that their results are insensitive to differences in assumptions? They
 

are not. A matter of degree turns out to be of revolutionary importance
 
in terms of results and corollary policy implications.
 

Limits itself presents a run (p.165, see next page) in which the world doc
not end by 2100 or any time soon thereafter (though it implies an eventual
 
crisis as resources are depleted). But in this run industrial output for
 
the world as a whole is sharply curtailed and grows to only half the present
 
U.S. average. If Limits is extraordinarily pessimistic about existing cap;
 
bilities, this scenario becomes extraordinarily misleading. Suppose that
 
we could measure improved resource utilization and pollution control capa
bilities in terms of Limits' model, and that the attainable improvements
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Technological policies are added to the growth-regulating policies of the 
previous run to produce an equilibrium state sustainable far into the future. 
Technological policies Include resource recycling, pollution control de
vices, increased lifetime of all forms of capital, and methods to restore 
eroded and infertile soil. Value changes include increased emphasis on 
food and services rather than on Industrial production. As in figure 45, 
births are set equal to deaths and industrial capital investment equal to 
capital depreciation. Equilibrium value of industrialoutput per capita Is 
three times the 1970 world average. 

we have discussed were twenty-fold rather than four-fold (i.e., 95% rather
 

It appears to us that this would allow about a five-fold increase
than 75%). 

in industrial and food outputs over Limits' estimates. But a five-fold
 

increase in per capita income means that the entire world (on the average)
 

would rise to 2 1/2 times the present U.S. level. This by no means optimistic
 

assumption implies the exact opposite of no-growth policies.
 

Unfortunately, it is difficult to be sure if this conclusion would follow
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automatically, from a five-fold reduction in the constraints imposed by
 
-pollution and resources, without a new set of calculations from Limits'
 
computer. Our conclusion seems consistent with the behavior of the computer
 
runs presented in Limits, but there maybe some arbitrary feature of the
 
model as set up which would preclude this outcome. Therefore, a more
 

tempered conclusion would be that there are reasonable variations in the
 
specific parameters of the Limits model, and in the specific assumptions
 
about resources and pollution, which would have led to dramatically increasil
 
estimates of per capita income possible in the future.
 

.C. Implications For Government Action
 

We have shown that nothing in Meadows' underlying model requires catastrophe.
 
More reasonable but still conservative assumptions as to use of existing
 
technology and substitution would have shown at least some possible benefic !i
 
futures. But some futures, especially those involving high population
 
growth, would still be bleak. Bangladesh is here now. The possibility of
 
substantial disruption, to say nothing of "accidental" (i.e., non-assumablo
 
events, is always present. Most important, the assumptions used are really!
 
conclusions. Nothing ordains even a quartering of pollution.
 

Therefore, while Limits does not prove the case for government action to
 
halt growth, it in no way obviates it. Despite its claims, Limits is not
 
surely correct. Indeed, it is almost surely incorrect insofar as it relater
 
to the 22nd century. But our fate should not depend on glib projeccions 1
 
either way.
 

1. Growth Policy
 

What should be done? Here we must part company with Limits' policy prognosis.
 
For Limits implies that the government should act now to reduce growth, and!
 
act now to impose strict discharge controls (never mind that clean-up requi es
 
growthl). This presents a serious set of moral and political problems for
 
it would be intolerable to leave three-fourths of the world's population in
 
poverty forever. So we must redistribute income, even at the cost of (or ,
 
because of) war and revolution. In most respects, this future is as desperate
 
as the one Limits prognosticates directly. We can tinker on the margins
 
but are faced with Scylla and Charybdis if we believe Limits' conclusions.
 

This is a false dilemma. Limits is wrong on its timing if nothing else.
 
Because Limits' time frame is wrong, we can afford to grow; indeed we must,
 
A slow-growth world is considerably more tolerable if incomes are well
 
above current world or even U.S. levels. If per capita income rises at
 
2% a year, the arithmetic of exponential growth shows a doubling every 36
 

'
 years. In two centuries incomes could be some 30 times as high as they ar 


now. With the human development that it would enable, this is a future to
 
be welcomed, not deplored, assuming that pollution and population control
 
can be successfully implemented.
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To'put this issue another way, how does one reduce growth? Limits clearly
 
does not recommend stopping all growth, and suggests that any activity "that
 
does not require a large flow of irreplaceable resources or produce severe
 
environmental degradation might continue to grow indefinitely" in its
 
"equilibrium state" (p.175). But 'most such activities suggested by Limits
 
(e.g., research, art and education, but not leisure) are measured by the
 
GNP, and Limits is in fact arguing for a different mix in the GNP. The
 
problem, then, is not how to reduce growth but how to rechannel it.
 

2. Regulating The Mix Of Goods and Services
 

Limits does not suggest the means by which we could best rechannel growth,
 
and argues for more data and analysis. It does call, however, for a
 
simu-taneous "ongoing program of action" (p.182), and correctly suggests
 
that taking no action is equivalent to taking strong action.
 

The Club of Rome sponsors are equally vague as to means, in a Conmentary
 
chapter, but emphasize the need for "a fundamental revision of human behavior
 
and ..... of the entire fabric of present day society" (p.190). They call for
 
"an overall strategy," a "joint venture," and achievement of a "harmonious
 
state." The basic argument, and a common one, is that because everything
 
in the world is causally interrelated, we should act on the ::wnoie, which
 
requires at the very least "comprehensive" planning and administration. A
 
recent article in the New York Times Magazine (Bertram Murray, Jr., "What
 
The Ecologists Can Teach The Economists," December 10, 1972) carried this
 
kind of argument to an equally common conclusion--a world economic system

"managed by an international team of planners, most reasonably organized by
 
the United Nations" or at the very least a domestic economic system run by
 
government through detailed regulation and/or direct ownezship and designed
 
to eliminate the allegedly harmful results of competition and profits.
 

Such arguments commonly fail to recognize major problems with their recommen
dations. First, while democracy, liberty and responsiveness may in principle
 
be compatible with state-run economic systems, there are strong theoretical
 
and historical grounds for believing that the greater the involvement of the
 
bureaucrats with the myriad of day-to-day human problems and decisions, the
 
greater the dangers. Second, the record of state-run and/or strongly
 
regulated industries is one of near-universal inefficiency in the large,
 
amply documented in many studies (remember the Penn-Central and Lockheed,
 
to say nothing of experience in Eastern Europe and many LDC's). Such
 
inefficiency means, of course, resource waste and extra pollution. Third,
 
our ability to understand and measure, let alone adequately control, the
 
incredible diversity of economic links is extraordinarily limited. How
 

'many ecologists would claim that they could improve on nature in managing
 
Ithe hourly life of each insect on a half-acre plot? A number of socialists,
 
in fact, believe that socialism requires a competitive system of "free"
 
(albeit state-owned) enterprises, prices, and consumer decisions to work
 
well.
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Hostfundamentally, the calls for grand planning and regulation fail to
 
1,,,
recognize that economies are miniature ecological systems, with many self
..regulating feedbacks. We need not manage every item, as such, to control
 
the overall direction of the'system. We can harness natural forces (such
 

.:as self-interest) to our mutual advantage. For example, simply by reducing
 
taxes we can reduce unemployment, and even though we cannot begin to inter
vene intelligently in each of the millions of individual buying and hiring
 
decisions which lead to this result, we do not need to.
 

Our problem, then, becomes one of deciding when and how to intervene
 
selectively to reduce the bad outcomes. It is precisely because pollution
 
costs are not borne by consumers in the normal price system that we must
 
act (what economists term "internalizing the externalities"). But the
 
necessary actions may be as limited as restricting (by quota or taxes) effluents
 
directly, and ignoring the myriad processes of adjustment by which the overall
 
level of pollution is reduced.
 

For example, some people advocate clamping down on production of resource
using and pollution-producing goods as such. This requires a rationing
 
apparatus in which a bureaucrat decides who gets what, according to rules
 
which can never capture the idosyncracies of individual needs, precisely
 
because they must be reasonably simple and "fair." Queuing features are like
 
to eat into all that leisure we are supposed to be gaining, and the consumer
 

......r o ,, hd o nf the bureaucracy. This also requires tracing ot
 

the materials and energy and pollution involved in each good and service. ThJ
 
is not only a near-impossible task, but also one which may present some
 
surprises. If the sum total of materials and energy involved in increasing
 
medical services were traced out, they might well turn out to be greater
 
than those of autos. Mass transportation on any significantly larger scale
 
than at present requires more steel and energy by far than automotive trans
port per trip (except for big cities' rush-hour commuting, most trips would
 
involve large trains or buses carrying only a few passengers at a high per
 
mile cost), may stimulate far greater city densities, and if accompanied
 
by automobile restrictions, will reduce substantially consumer job and
 
recreational mobility. "Services" such as air transport involve more
 
materials-energy use per dollar than "industrial" outputs such as furniture
 
and clothing.
 

The crucial point is that government need not involve itself in deciding
 
such complicated investment details, fnr all goods and services, on the
 
basis of resource and environmental impacts if it limits effluents directly
 
through taxes or regulations. If everybody who uses up clean water must
 
pay, then we can largely ignore precisely what products and services are
 
affected.
 

This is an oversimplification, of course. Pollution control administration
 
is in general tricky and complicated, and there are numerous special cases.
 

1-208
 



17
 

:But even:with the FDA, with its limitless and complicated set of respon
sibilities, exposure to political pressures, and impact on the consumer
 
(when did any of us last eat swordfish?) has discharged its duties
 
tolerably well. We are reasonably well protected from dangerous food
 
and drugs with a reasonable minimum of direct intervention in production
 
and consumption, and at a negligible direct dollar cost. We are not
 
protected against completely unforeseeable catastrophes--but any system
 
carries that risk. We may need special international arrangements for
 
whales and DDT--but the Hudson River scenery is essentially a local problem.
 

Similar arguments apply to natural resources. If copper becomes more expen
sive, it will be self-rationing, and the scarcity will stimulate the search
 
for production substitutes, as well as reduce consumer purctiase of copper
intensive products. We can foresee a small number of particularly acute
 
potential problems--such as natural gas shortages--and th.ts may argue for
 
targeted intervention to reduce future demand (a tax to raise gas prices,
 
higher home insulation standards, or research into coal gasification).
 
Indeed, careful, early intervention should reduce the need for later measures
 
of desperation, such as deciding which consumer has his home or job cut off.
 

Thp havv hand nf anvprnmenrt I far more'visible in the draft, in local zoning, 
and a host of other "direct" contacts with the citizen than in the near
 
invisible impact possible with effluent charges and standards. Moreover,
 
the rate-setting functions of the ICC have more impact on geographic location
 
of industry than EPA will probably ever have. Government regulation is im
perfect, often disastrous both substantively and equitably, and unfortunately
 
we can expect more rather than less. But the degree of "more" reasonably
 
foreseeable hardly seems likely to require revolutionary changes in the way
 
citizens and public and private organizations carry out their daily business,
 
let alone in fundamental value systems. The most important and pressing
 
issues lie in the degree of clean-up, and in the relatively subtle implemen
tation questions such as effluent charges versus effluent quotas.
 

Indeed, if the prices of goods and services included the full costs of
 
resource exhaustion and pollution, we would not need to bother with
 
"controlling" growth. If technological progress and population growth
 
stopped, we could reach a natural no-growth equilibrium without further action,
 
just as we could in a world without pollution problems. If technological
 
progress continued, we would be so much the better off. As Limits states,
 
a "stabilized world" without imminent catastrophe is possible.
 

D. Conclusions
 

We can conclude, as a first and tentative approximation, that the direct
 
and indirect messages carried by Limits are neither necessary nor sufficient
 
giounds f,3r radical action at this time. The possibility is there, but at
 
the very least the current verdict on Limits' specific conclusions should
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be "not proven." Even if the balance of the probabilities were on Limits'
 

side with respect to the imminence of disaster there would still be an
 

overwhelming argument for further delay--we can afford to waste another
 

decade even if we only have another century--simply because the consequences
 
The infringements on
of a mistake would be so grave if Limits were wrong. 


human freedom and material well-being brought by strict no-growth policies
 

enforced by government edict and government bureaucracy would probably be
 

overwhelming, in spite of any attempts at amelioration. And they could
 

well be unnecessary.
 

Some things--such as controlling population growth and reversing the growth
 

-,of pollution--shoui be on any reasonable man's agenda at this time. But
 

, attempts at halting or directly rechanneling growth, or immediately
 
"eliminating" pollution, should not be on the agenda, unless a far more
 

compelling case can be made. Prudent men do not govern their lives by
 

attempting to hedge every risk, if for no other reason than that such
 
The costs and risks of no-growth i
 hedging carries costs and risks of its own. 


policies appear unacceptably large.
 

Moreover, the problems of effectively reducing pollution within the existing
 

system of human values and institutions are large enough, though not politicaliy
 

or practically impossible, so that utopian calls for revolution may divert
 
aLMel
 our energy from what we can do. The greatest irony of all wuuld 6= L: 


to solve all our problems simultaneously, and to fail not only in the larger
 

effort but also in the particulars.
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URBAN LAND USE PLANNING FOR INDUSTRIAL DEVELOF 

Thepurpose ofi this paper i s toprovider those 1n. the (.industrial,development 

a glImpse of .the local, governmental 


nn planning ,for .lndustria I. government. I .am not tryJng to present this view,,
 

fiel.d .withl land:'use 'planner's.,perspective,.
 

as good or bad, rightor wrong;- only to.present itthe way It is.C,The.purpose;
 

is toincrease your.understandIng of land use planning and its rolet in-Indus

trial development 'and by virtue of your response, the understandingof this
 

land use planner. My hope isthat our discussion may lead inthe direction of
 

mutuol professional growth.
 

A few points of clarification: .the views presented are meant to represent
 

those-of-the land use planning profession working at the local level of govern-.
 

merit'r possibly.at the metropolitan level; not those of the economic develop

ment planner, regional planner, social pol'icy planner concerned with providing
 

compensatory social services, nor those of the private consultant on Industrial
 

deve'lopment strategy or sire developmont. For-purposes of this discussion, Indus

trial development-includes manufacturing and wholesaling activity but not the
 

extraction of raw materials or the retail distribution of goods and services.
 

I. The Urban Land Use Planner's Conceptual Model of Industrial Development
 

This urban land use planner conceives of the industrial development plan

ning problem as consisting of three related parts: the Industrial development
 

decision system, the community's urban development guidance system by which
 

the planner hopes the community may Influence the course of Industrial
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development toward community welfare objectives, and thirdly the means by
 

wh ch',.industrl'ialdeVelopmentioutcome,may be)eva Iuatedi for! ifs' Impact on ,com. 

muniltytwel fare.1 -The, Ilndustrial; development-,system itself.,consists of three 

pasfd 4thd decision ,process;,!factors whIch influence that process, and the 

outcome,ofthe decislon process. :Fgure-l diagrams the way inwhich these 

components ofthe'industrial development mode I relate to each other In the 

perspect Ive !of'-the,Aanduse'p I anner. 

Figure I
 

The Planner's Conceptual Model of
 
Industrial Development
 

ComuIni t/'s 
Ur'an £ 

The Industrial Development System rEvaluation of 
Industrial 

Development Development Development Industrial Development for 
Guidance Decision lb Decision Development. Community wide 
System 'Factors Process Outcome Welfare 

It Is the mIddle part, of thIs conceptual model wIth whIch the IndustrIal
 

development organization w ll.,be.most concerned. ,That Is where such a pro

fessional Isdevoting most of his time and effort. Thus that Iswhere we will
 

beg 1'wIth-a d I scu ss Ion of decIsion factors arid decision outcomes.
 

There are three types of decision factors which arg of Interest to the land
 

use planner and hopefully to the industrial development profession: contextual
 

factors, property characteristics, and decision agent characteristics-. Each
 

type influences the decision processes inan unique manner, and each Is related
 

to the guidance system Inan unique manner.
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Contextual factors Include considerations that limit and determine the
 

overall rate and type of change In the community, determine its relative
 

attraction to industrial development compared to other communities, determine
 

the relative Impact of property characteristics on the development decisions,
 

and determine the Impact such development will have on community goals and
 

problems. Contexiual factors include such Items as tax rates, water and sewer
 

capacities, power supply, avalability of raw materials, economic structure,
 

overall characteristics of the industrial land supply, labor market, access
 

to regional markets, labor union attitudes, quality of schools and general
 

community livability.
 

Property characteristics are of three types. Physical characteristics,
 

such as topography and soil conditions, are inherent to the land and cannot
 

be changed except by direct modification of the site Itself, e.g., by grading.
 

They must generally be accepted as constraints and dannot be much Influenced
 

by the communityts policies and the action instruments of Its guidance system.
 

Locational characteristics, on the other hand, are not Inherent In the land
 

but are derived solely from the relative location of the site with respect to
 

the spatial pattern of prospective employees and markets, transportation net

works, and surrounding properties. Neighborhood quality and accessibility to
 

the regional transportation system are examples of locatlonal characteristics.
 

Changes in locational characteristics thus depend on developments occurring
 

off-site since the site itself Is fixed in space. Perhaps then we might
 

consider locatlonal characteristlcs more subject to Influence by the guidance
 

system. The third category, Institutional characteristics of the site,
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represents attributes that are applied directly to the site, but which are not
 

Inherent inthe site. Imposed by social institutions including government,
 

they Include such things as the site's zoning, parcel sizes, site cost, Its
 

Inclusion or exclusion from various service districts such as water, sewer,
 

fire protection, police protection, trash collection, and from taxing districts
 

Institutional characteristics are obviously subject to change by local govern

ment's guidance system.
 

Decision agent characteristics, including those of the predevelopment
 

landowner, the development agency, Industry type, and type of firm, are the
 

third Important set of factors influencing the location of Industries. Decisi
 

agent characteristics are not generally Influenced directly by public policy
 

inthe way that contextual factors, locational and Institutional property
 

characteristics are, short of the municipality Itself forming an Industrial
 

development agency and becoming a direct participant inthe Industrial develop
 

ment process.
 

As outputs of the Industrial development decision process we might list
 

such outcomes as type of Industry (heavy or light, history of labor problems),
 

level of activity (number of employees, output capacity), location, site and
 

plant design, wage levels, assessed value of plant and equipment, and its
 

demand for public services Including solid and liquid waste collection and
 

treatment, fire protection, power, water and so on.
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While the Industrial developer focuses directly on the decision process
 

in thp.middle of our conceptual model, playing,an activist role Intrying to
 

influence the,participants of the decision process, the urban land use planner
 

extends the model 
to Include the guidance system factors and the evaluation
 

factors. He then concentrates on these two extensions of the model rather
 

,than becoming actively Involved Inthe development decision. His Interest in
 

the guidance system derives from the purpose of planning which Isto guide
 

development so that the Interests of the general public are served. 
The
 

planner's concern for extending the model in the other direction, to Include
 

evaluation, Is based on his need to seek the answer to the question, "so
 

what?", "What isthe Impact of a potential Industrial development for
 

community welfare?"
 

The community's urbanization guidance system has two parts, decision
 

guides and action Instruments. The decision guides are the plans and policies
 

of the public decision makers (e.g., the county commissioners or city council).
 

The land use plan, which will be discussed Indetail below, isone of these.
 

Decision guides do not Intervene directly inthe industrial development process
 

by changing the Input factors but rather Indirectly through their Influence
 

on the action Instruments of local government and more subtly through their
 

persuasive power on private decision makers.
 

The direct action instruments, on tho other hand, Intervene directly In
 

the industrial development process. They consist of regulations (zoning,
 

subdivision regulations, health and sanitation codes, emission standards, and
 

so on), public Investments (highways, water and sewer systems, land acquisitions
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for Ih'dU i'l 'p~rks) centIVe/disilncentI 'Oprograms"'(eg taxation practices
 

aiivlllowances' and chargles for"development services-such'as-Water and sewer),
 

and flih'aIlythe' Informal- lro
le of the pIanner in providiing.information, advice,
 

and persuasion directly to the development decision process when the opportunity
 

arises.' It is-through this 'guidancesystem that the land use planning process
 

hopes'i to influence Industrial development to achieve-community welfare.
 

To the planer industrial development Is not an end in itself. In addition
 

to influencing the industrial development system through the guidance system
 

the planner is interested in evaluating the impact of industrial development
 

on community welfare. Thus, the evaluation of the industrial development Is
 

Here the planner Isconcerned with
included as the third part of the model. 


evaluating the Impact of the Industrial development on the local government's
 

fiscal picture (i.e., Its Implications for revenues and costs to local govern

men+), Impact on the local environment (e.g., displacement of ecosystems and
 

the residuals problems of solid wastes, liquid wastes, air pollutants, noise,
 

glare), Impact on the local economy (e.g., economic stability, per capita Income,
 

growth potential, spin-off economic growth, unemployment), and the further
 

stimulds to urbanization provided by increasing the number of jobs In the loca:
 

scene (e.g., residential development, commercial development, highwayn).
 

Figure 2 summarizes the concepts discussed to -this point Inthe paper.
 

The remainder of the paper will discuss three parts of this conceptual model:'
 

fhe"land use plan as an example of a decision guide, the action Instruments
 

coponent Of the guldance'system, and 'cost/revenueanalys's as an example of
 

-evaluation.
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I. URBAN DEVELOPMENT II. THE INDUSTRIAL DEVELOPMENT SYSTEM 1II. EVALUATION OF OUTCOME
 

GUIDANCE SYSTEM o ral velopment System
 
.F- - sde-ntliFdDeel-pment-ys ....te 

Federal Decision Decision Industrial Financial Consequences to 

State Factors Process Development Local GovernmentOutcome '
 
Regionalrevenues


Reional hIZZIIZContextual Factors Outcome 
Systemaxorat
tax rate
Local Guidance System 


A. Decision Guides water & sewer capacity Envlronmental Consequences
 
econ. structure
 

Policies Industrial land supply livability of city
 
Plans labor market construction process effects.
 

land use plan coffmunity attitude e.g., erosion, sedimen
transportation plan tatlon, displacement of
 

ecos';rtqm
type of Industry

B. Action Instruments Property Characteristic liquld astes
 

Regulatory Phical type of fIrm ~ solid wastes 
air pollutants
location 


Reg noise
zonin Dectopo
subdivision regs. oProcess level of actlvt glare
waste disposal regs. . site & plant
 

I'si&lnt Economlc consequences for
: des ign
 
Public Investments Locational a conunity
 

assessed value ount
 

transportation acces-siblilty per capita Income
 
water systems neighborhood wage levels economic stability
 
sewer systems demand for growth potential
 

Institutional servicesrmployment/unemployment
 
IncentIves/dIsIncentives zoning I
 

Amount & Pattern of stimulated
tax breaks service districts 

urban development
service charges size of parcels 


_ _._ _ _residential
 
Information, Advice e C rs
 comercial
Decision ____Charctritcsand Persuasion 


_ndPersusion ___predevel. landowner transportation 

development agency 
type of Industry 
type of fr 

FIGURE 2
 

THE URBAN LAN) USE PLANNER'S CONCEPTUAL MODEL OF INDUSTRIAL DEVELOPENT 



II. 6signing1the Long Range Land Use Plan as a Pol6cy Instrument 

Stuart Parry Walsh, President of Development Planning Associates, has
 

stated that afrequent."Initlal mistake in industrial land development is
 

neglecting to Inquire closely about future development of surrounding land.
 

"The adjoining farms may be about to produce heavy crops of subdivisions whose
 

residents will probably protest the nearby presence of an industrial tract...
 

Or the city may have one of the adjacent farms inview for a new sewage treat

ment plant. Or a new airport may be planned for a location that will be
 

considerably more distant from the property than the present one." (Walsh, 1963,
 

p. I)
 

Attention to a long range comprehensive land use plan and the planning
 

process behind Itby the community's legislative body, the Industrial develop

ment organizations and prospective firms can help avoid this mistake on the
 

part of both public and private decision makers.
 

The land use plan Is a design for the future physical form of the city.
 

The plan usually features a large-scale, map-like drawing of the long range,
 

physical design of the whole community, calibrated to a fixed point infuture
 

time (usually some 20 to 25 years hence) or to a fixed population level.
 

This physical design Isexpressed Ingeneral, not detailed terms, and covers
 

the spatial distribution and densities of land use activities Including
 

Industrial uses, public and private facilities, circulation and utilities, and
 

sometimes a civic design proposal.
 

Land use plan making Isperhaps the most traditional and may still be
 

the most common context from which an urban planner views his role InIndustrial
 

developments.
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The land use plan making process consists of three phases: "tooling
 

up" siudies, estimating future location and space requirements, and formulating
 

the land Use deslgn :plan.
 

Tooling up studies: Inpreparing for land use plan making, the planner
 

traditionally conducts a series of studies under the general heading c+ "tooling
 

up" for land use planning. Involved here are studies of the urban economy,
 

analyses and projections of employment and population, survey of resident
 

attitudes and behavior, studies of the natural physical setting and natural
 

processes occurring inthe urban region, studies of the existing man-made
 

urban physical plant (houses, utilities, etc.), and vacant land studies.
 

Of first Importance are the studies of the structure and vitality of the
 

urban economy as a key consideration ingauging the amount and the rate of
 

land development that is likely to occur ina city. Accordingly, considerable
 

attention isgiven to methods of studying the makeup and general health of the
 

urban economy. Projection of employment and population prospects for the
 

future are then made as extensions of these foundation studies. The employ

ment projections supply the actual yardsticks needed for estimating amounts
 

and rates of future land development.
 

These basic studies demonstrate the planner's recognition that the
 

growth destiny of an urban center is largely determined by Its productive
 

activity. Production and distribution activities Inthe city or metropolitan
 

area create jobs,'and employment opportunities attract people. Most fundamen

tally, then the land use planner assumes that the urban economy, especially
 

the economic base Industries, conditions the amount of future land development
 



-I0

,thoat eeds to, beaccommodated. Thus studles of basic employment are a'key
 

element inpopulation forecasts, and population estimates are then used In
 

scallng ,land requirements for urban residential and the service employment
 

.activities required by those residents. More directly, for industrial develop

mentoestimates of future land requirements for Industrial, uses are based on
 

manufacturing employment prospects.
 

It Is important to note the planner's attitude toward economic develop

ment inthis process. It Is largely passivo; he ismaking projections as a
 

step toward land use planning; he Isnot planning the amount and type of econmic
 

development.
 

With the growing concern for environmental quality now sweeping the
 

nation,.however, attempts to structure local industrial activity take on a
 

new light. Many planners can now be found among the burgeoning group who
 

question-the whole "growth" consclousness we have taken for granted in the past.
 

Perhaps this change inconsciousness of some planners and citizens Issomehow
 

psychologically associated with the concern for population explosions and
 

environmental deterioration. At any rate, we can expect planners Increasingly
 

to question Industrial development instead of merely accepting It as desirable,
 

asking how much, finding the space for It.and tracing out the land use implil

cations on.a map as he has done In the past.
 

tExamples abound. Oregon, as you know, now has a state policy to discourage
 

Inmigration. "Please come visit; but don't stay." The governor of Delaware
 

,has-Initiated action a year ago to abate the location of proposed Industries
 

along the sensitive ecological areas of Delaware's Atlantic coastline. The
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law will reportedly block the realization of several thousand Jobs and $750
 

million in planned developments including a large oil refinery (Wall Street
 

Journal, November 4, 1971). 
 Closer to home, Chapel Hill turned a cold shoulder
 

for environmental reasons to the overtures of Fiber industries to locate on
 

a nearby Orange County site. Last fall. the prospective location of Whittaker
 

Industries inNorthern Orange County caused such questioning about potential
 

environmental pollution, lack of adequate water volume in the source stream
 

and sewage treatment capacity, and the high cost of supplying public utilities
 

to the site, that the community withdrew its support. Finally, the American
 

Society of Planning Officials iscurrently preparing a Planning Advisory
 

Service report which promises to delve into "nongrowth" planning strategies.
 

(ASPO Newsletter, November, 1971)
 

In addition to those studies concerned with estimating the demand for
 

land space, the tooling up studies also include a series of Studies concerned
 

with the land and facility supply side of the picture. These include a study
 

of the existing land use pattern, a survey of the condition of present public
 

and private property Improvements, and their capacities including Industrial
 

plants; and a survey of vacant available land. These studies describe the
 

characteristics of the land supply for urban development, including industrial
 

development.
 

Estimation of future requirements for base economic activity
 

After the economic analysis and other "tooling up" studies, the second
 

step in the traditional land use plan making approach is the derivation of
 

locational principles and standards and the derivation of space using require

ments.
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Locational'requirements. These begin with statements of general prin

ciples on the location of employment. For example those suggested by Chapin
 

(1965, pp. 372-373) are:
 

Manufacturing Areas
 

i.'	Reasonably level land, preferably with not more than 5 per cent slope,
 
capable of being graded without undue expense.
 

2. 	Range of choice In close-in, fringe,and dispersed locations.
 
Extensive manufacturing: large open sites for modern one-story buildings
 

and accessory storage, loading and parking areas in fringe and dispersed
 
locations, usually 5 acres as a minimum, with some sites 10, 25, 50, or 100
 
or more acres depending on size of urban areas and economic outlook for
 
industrial development of extensive lines of activity.
 

Intensive manufacturing: variety of site sizes for modern one-story
 
or multiple-story buildings and accessory storage, loading, and parking
 
areas in close-in and fringe locations, usually under 5 acres.
 

3. 	Direct access to commercial transportation facilities; in fringe and dis
persed locations, access to railroad, major trucking routes, cargo airports,
 
and, in some urban areas, deep water channels; and in close-in locations,
 
for a major proportion of sites, access to both railroad and trucking routes,
 
with the balance adjoining trucking thoroughfares or, if appropriate, port
 
areas.
 

4. 	Within easy commuting time of residential areas of labor force and accessi
ble to transit and major thoroughfare routes directly connected with
 
housing areas.
 

5. 	Availability of utilities at or near the site such as power, water, and
 
waste disposal facilities.
 

6. 	Compatibility with surrounding uses, considering prevailing winds, possi
bilities of protective belts of open space, development of "Industrial
 
parks," and other factors of amenity both within the manufacturing area
 
and in relation to adjoining land uses.
 

Wholesale and Related Use Areas
 

I. 	Reasonably level land, preferably with not more than 5 per cent slope, capa
ble of being graded without undue expense.
 

2. 	Range of choice in close-in and fringe locations, site sizes usually under
 
5 acres.
 

3. 	Direct access to trucking routes and major street system for Incoming goods
 
and outgoing deliveries; frontage on a commercial street or in well-served
 
wholesale centers essential; railroad access for minor proportion of sites
 
or 	centers.
 

4. 	Suitability for development of integrated centers, with consideration for
 
amenity within the development and adjoining areas.
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Another example of statements of locational principles or criteria is provided
 

by a report on Industrial Land Development for the Balltmore Regional Planning
 

Council by Dorothy Muncy.' Itwas done in 1959, but isstll"representative.
 

MuncyOl959,'pp. 55-57).
 

Criteria for Future Industrial Land
 

.Objective: A planned distribution of industrial activity throughout the
 
Region, among most of the planning areas within each County and the City, to
 
avoid the Inefficiencies of Industrial congestion.
 

I. Land must be physically suitable for industry.
 

First quality industrial sites are level, well drained and accessible.
 
Cast-off land, not considered useful for any other purpose, will not qualify
 
as satisfactory (or marketable) plant sites. Therefore, swampy, hilly, remote
 
or inaccessible land does not constitute a useable Industrial land reserve.
 

The gradient usually should not be over 5%. Occasionally sites with
 
steeper grades, if well located with respect to freeways or railroads and to
 
centers of population, can be economically graded for Industrial use.
 

Exceptions:
 

a. Land near deep draft channels Is becoming so scarce that drainage and
 
load bearing problems will not be considered a serious deficiency.
 

b. Laboratories and headquarters office buildings are now beginning to seek
 
large suburban sites partly level but with some sections having rolling
 
terrain, trees, streams and other interesting natural features.
 

2. Utilities and services should be available or feasible.
 

Large Industrial establishments often drill wells for their water supply,
 
construct their own water and sewage treatment facilities, and are such large
 
consumers of power that utility lines can be extended profitably to remote
 
sites. Small industrial plants, however, are not self-sufficient, and must
 
rely upon the community for services. Inplanning for extension of future
 
water mains and sewer trunk lines, therefore, the availability and suitability

of adjacent land for industrial use must be considered.
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3., Railroad sites continue to be vital to many industries.
 

Prime railroad-served sites are land fronted by a major highway and backed
 
by the railroad. When the highway and railroad are i'mrmedlately adjacentf, re
quiring a grade crossing to reach the plant site, such a location is not prime
 
Industrial land.
 

* Sltes.to be zoned for industry along the railroad should be not less than
 
l000 feet indepth, preferably 2O00 feet or more. Shallow tracts 'under 500
 
!eet indepth restrict expansion and cannot be used efficiently'by'mos, types

of Industries requiring rail service only exceptions-are central city sites.
 

4. Prominent sites on freeways are an Important new location trend for
 
Industry.
 

-Many light Industrie; and laboratories do not require rail service at the
 
plant site allowing greater flexibility in their site selection. The standard
 
for'plant location with respect to distance from a highway formerly was within
 
one mile from a major road. Now the trend isto locate Immediately adjacent

to a limited access highway. Industries'seek the advertising advantage of a
 
prominent site for their attractive new plants, as well as the economy of an
 
uncongested route for employees driving to and from work and the availability
 
of the freeway for truck service.
 

Industry should not have to locate in back of a residential area. Back
 
of residential locations, or sites which require industrial traffic to move
 
through narrow residential streets to reach the major highway are Indicative
 
of poor community planning. Such sites cannot compete market-wise with
 
attractive prominent locations.
 

Front land along freeways and, particularly, sites at existing and possible

interchange points are prime. However, all four corners of the interchange
 
should not be zoned for major traffic generators. Freeway capacity can best
 
be preserved by distribution rather than concentration of Industry.
 

Highway sites can vary indepth from a minimum of approximately 600 to'
 
800 feet up to 2,000 feet or more. Itmust be remembered that for sites
 
fronting on freeways, space for frontage or service raods must be provided.
 

The great need inevery growing metropolitan area Iscircumferential free
ways, with the existing radial highway pattern focused upon the urban center,
 
industries locating Inthe suburbs need adequate linkage between the dispersed

communities. Such circumferential roads provide excellent sites for Industry,
 
with or without rail.
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5. 	Land adjacent to or near airports should be reserved for special airport
6riented Industries.
 

Industries which require flight test facilities, or are dependent upon

air freight for a substantial portion of their recelpts'and shipoents
 
,should have the opportunity to locate near an airport. Also, some Industrial
 
firms now seek the time-saving advantage of proximity to an airport terminal
 
because of the extensive air travel required in a headquarters office, operating
 
a laboratory (for example the Research Triangle Park), or a national service
 
center.
 

6. Land near existing or potential deep-draft channels should be reserved
 
for tanker transport industries.
 

This report has strongly recommended that large tracts of waterfront land
 
be immediately rezoned for industrial use, and that these prime sites, because
 
of their scarcity along the Eastern Seaboard, be reserved exclusively for
 
water-transport oriented industries.
 

7. 	Environs of industrial sites must be attractive, not blighted.
 

Responsible Industries, like most individual families planning to build a
 
new home, want to locate In an area that Isoind will remain attractive. Modern
 
management is speniding millions on modern architecture and landscaping for
 
new plants. Industry does not want to build next to blighted areas, whether
 
residential or Industrial.
 

8' 	Size of Industry tracts should vary.
 

Inthe pastmany communities have followed the practice of concentrating
 
all Industrially zoned land Into two or three large districts, under the
 
assumption that this segregation of Industry best protected the community.
 
Such concentrations of employment, however, can generate a traffic density
 
which will paralyze vehicular movement on adjacent highways during the morning
 
and evening changes of shift.
 

Many industries today, however, seek large open sites where they usually
 
build upon less than 20% of the land, and where they will not be crowded by
 
more densely developed Industrial neighbors. A major reason for Industry's
 
movement out of the central ciTy Is to avoid traffic congestion.
 

Therefore, the Region inselecting land for an Industrial reserve should provide

for three types of Industrial sites:
 

a. 	Individual plant sites, ranging from 25 to 10 acres or more.
 

b. 	Planned industrial district sites, minimum size of approximately 10 acres.
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c.Special sites for IndusTries requiring large lana areas, ranging trom
20tlO0omoeacres~ ............... tro
n..g.. 

A 'l laboratories, headquarters o ffices and factorlesplanned "scattering" of 
,,onindustrial sites has both physical and aestheticadvantages. A more "open
'spaced" development of the region can be obtained. 
An Individual plant or
 
laboratory, with a low structural density (i.e. land coverage) can provide
 
"a green oasis" among commercial and residential developments.
 

Too large a concentration of Industrial plants must be prevented through
 
planning and zoning. The major exception is waterfront land now served by a
 
navigable channel or with the potential of deep draft navigation. The scarcity
 
of such land, together with the low employment and structural density charac

"'teristics of the Industries which require such locations, warrant industrial
 
zoning of all such waterfront land.
 

9. "Nuisance" industries need efficient locations.
 

Every metropolitan region requires Industries often regarded as "nuisances."
 
Junkyards, open storage of construction materials, and fuel storage areas are
usually objected to first, as a hazard to health or property, and second,
 
because of their appearance.
 

Baltimore as a great steel-producing Region Isdependent upon a large local
 
supply of scrap. Coal, oil and gas will continue to be major sources to energy
 
for the industries and homes. Even with new inflatable storage domes to pro
vide cover, construction materials will require large land areas. Therefore,
 
efficient sites must be provided for these Industries.
 

While such uses are not entitled to "front" sites along the freeways,
 
proximity to major highways isprerequisite. The truck traffic generated by
 
these activities should not travel through residential areas to reach the
 
storage facilities. However, additional zoning controls will be required to
 
protect adjacent land uses.
 

The Need for Long Range Reserve
 

Industrial land must be reserved well in advance of the Region's need. Good
 
"''land should be set aside now to meet the anticipated Industrial growth inthe
 

next 10, 15 or 20 years, and even beyond. This concept of reserving land for
 
future economic activity Isnot easily understood or readily accepted.
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Chapin and Muncy are Illustrative of the kinds of factors which would be
 

covered ina-statement of guidling'princlples far the location of Industrial
 

actlvltles...
 

Sometimes the principles are refined Into a set of more specific yard

sticks called location standards. They supply more specific measurements for
 

location principles. Thus, "easy commuting time" may be converted to a con

venlence standard of "20 to 30 minute maximum commuting time." Sometimes the
 

locational principle can be converted to a performance standard, particularly
 

for industrial uses. Deriving from health, safety and amenity aspects of the
 

public Interest and neighboring private property Interests, (as opposed to
 

convenience aspects discussed above), performance standards might provide
 

criteria for evaluating the hazards or nuisances such as smoke, dust, noise,
 

glare, odor, wastes, or traffic often created by Industrial uses. ASPO's
 

Dennis O'Harrow, in 1951, bogan urging performance standards as the primary
 

basis for the location of Industrial activity. (O'Harrow, 1951; Chapin, 1965,
 

p. 378) Although largely associated with industrial zoning ordinances, per

fomance standards can also be used as criteria for delinlating industrial land
 

use zones Inthe land use plan making process Instead of the more traditional
 

approach under which Industries were grouped Into light, medium, heavy, and
 

unrestricted categories regardless of their actual operation of a particular
 

firm.
 

Trial Application of principles and standards. The location principles
 

and standards, together with major assumptions and results of the "tooling up"
 

studies may be used to outline tentative locations of Industry (and other uses)
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inpatlc form,4Byscemat!c,,waermean.hp.t!octjqnt pri ciples are":appl led 

to 	the specific urban site Inmap form to suggest a desirable land.use pattern
 

without regard yetto the amountof space, needed,. 

.Space requirements. ,The question here Is: how much space should be
 

resered.for industrial uses? residential uses?- commercial uses? public
 

facilities? This step Isone of scaling the land area required to accommodate
 

Industrial growth:as-well as the concommitant residential and commercial growth
 

overtheinext 20 to 30 years. We can break down the process of estimating
 

space requirements for industrial land uses Into three steps:
 

.1.	Analyze the characteristics of existing manufacturing and wholesale
 

uses inthe planning area with particular attention to densities, con

ditions of plants, excess site capacities, and trends In space usage.
 

2. Developlocal standards for future densities in number of employees
 

.per acres for each category of manufacturing and wholesale activity
 

- based on anticipated growth ineach category, expected and desired
 

changes in intensity of use due to modern Industrial technology, goals
 

and objectives, and location inthe metropolitan pattern (inner city
 

vs., suburban location). For example, Muncy's industrial land develop

ment.report for the Baltimore region predicted the density of Industrial
 

workers will be reduced from a regional average of 32 employees per
 

-acre to 12 employees per acre In 1980. (Muncy, 1959)
 

3 Apply the density standards for each category of manufacturing and whole

-!,.sale employment to obtain an estimate of future landtrequjrementsdln'
 

acres by category of industrial activity.
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A more detailed explanation of these steps may be obtained InChapints
 

Urban tand Use Planning text, pages 386-400.. (Chpln, 1965)
 

The land use design. The final step Inthe land use plan making process
 

isthe creative integration of the Information and understanding generated In
 

the previous steps. This procedure Includes determining how the supply of
 

vacant and renewal land, as described by the tooling up studies, matches'up to
 

the locational and space need requirements. Trial distributions of projected
 

industrial land demands are made onto this land supply by referring to the
 

location principles and standards, the schematic land use design, and the
 

estimated space needs.
 

The result of this process is a land use plan, which Includes industrial
 

uses as an Integral part of a proposed design for the future urban activity
 

pattern of the community. It is based on projected growth, the existing pattern
 

of urban uses and community infrastructure (utilities, transportation, schools,
 

parks and so on), the physical characteristics of the urban region, and certain
 

locational principles which are based on both the need for land uses to relate
 

well to each other and the need for urban activity and urban development to
 

relate to the natural processes of the land-water-air environments.
 

In addition to the general land use plan, spedial Industrial development
 

plans are sometimes made by planning agencies as part of the comprehensive
 

planning program. (For example, see Baltimore Regional Planning Council, 1959;
 

Center for Urban Studies, University of Chicago, 1966; San Diego City Planning
 

Department, 1970; New York State Division of Housing and Community Renewal,
 

1963.) Intheir general approach, none differ greatly from the rationale
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describod above. All of them however devote more specific attention to
 

particular local problems, to recommendations.for.their solution, and to the
 

Implementation of solutions.,
 

Perhaps one of the more ccmmonly used plans for reference purposes, is
 

Dorothy Muncy's, Industrial Land Development, Technical Report No. 2; Baltimore
 

Regional Planning Council, Maryland State Planning Commission, done in 1959,
 

13 years ago. The purposes of this industrial alnd study were:
 

" (a) to determine the land area requirements of industries which have 

long been basic to the Region's economy, and of new Industries growing 

froman expand;ng technology, which could advantageously locate In the 

Baltimore Region; (b) to recognize the diversity of location requirements 

of industries that are now or will be In the Baltimore region, particularly
 

noting new trends in undustrial management's location criteria; and (c)
 

to identify future locations for Industry in the Baltimore Region that
 

would be best served by the highways, deep water channels, and utility
 

extensions to be built within the next twenty years. ., The Baltimore
 

Regional Planning Council decided to look at the total land of Its Region
 

and to identify general areas (but not specific sites) which could provld
 

the most attractive and efficient sites for the factories, laboratories,
 

warehouses, and terminals to be built In the next twenty to twenty-five
 

years." (Muncy, 1959, p. 8) (emphasis added)
 

The report contains four elements: (I) an.,analysis of Industrial employment
 

and a projection for 1980; (2) an Inventory of Industrial land use and Indus

trial zoning; (3) an estimate of industrial land requirements for 1980; and
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(4)a map recommending for local consideration major areas with potential for
 

Industrial development.
 

The similarity Isobvious between this special report on Industrial land
 

and the general approach outlined above.
 

The land use plan and the process of planning Inquiry which lies behind
 

it provides some useful assistance in industrial development. Itprovides:
 

"an overall general policy statement about the pattern of future
 
development for the community. Such a plan is a useful step toward
 
identifying the land needs and a potentially appropriate land supply.
 
Nature alone cannot create good industrial sites. And industry has
 
special land and location requirements that cannot be met most
 
efficiently from land left over after residential, commercial and
 
public uses have been designated. Advanced planning for industry,
 
in the context of the full network of urban functions, is necessary.
 
Zoning, advanced land acquisition, the location of airports, high
ways, water and sewer trunklines and treatment facilities, flood
 
control projects all enhance or even largely create prime sites
 
for industry (when planned and coordinated). Conversely, planning
 
without an awareness of industry's needs, or the Implementation of
 
local governmental regulations and public investments without either
 
planning or an awareness of industry's needs, can destroy potentially
 
excellent sites from what isalmost always a limited supply."
 
(Muncy, 1959)
 

Secondly, the process of developing a land use plan provides a rich store
 

of Information and analyses for both public and private decision makers, in

cluding Industrial developers: the base maps and tables from surveys of
 

existing urban uses, densities, vacant land characteristics, natural charac

teristics, utilities and other services, and economic and population analyses
 

and projections.
 

The comprehensive planning context for Industrial development also has
 

decided limitations, however. The comprehensive plan Itself emphatically
 

focuses on ends, not'means. It describes where to be, but not how to get there.
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Theomprehensive,plan therefore, does not ordinarily include schedules,
 

priorities, cost estimates, zoning ordinance, capital Improvement program, or
 

detailed project or small area development plans.
 

,The plan is long range, usually looking ahead at least twenty years, and
 

focusing attention on the end point of that scale. Little attention Is given
 

to the Intervening time period or for ongoing development after that time.
 

Inmaintaining a high level of generality, the plan stresses the general
 

location, character, and extent of major physical components of the future city.
 

Inshort, the plan Is a generalized but scaled presentation of future
 

development at a point intime. It is not a detailed blueprint, but remains
 

always a general, schematic guide; a policy statement.
 

An Important implicit assumption exists In this traditional view. The
 

planner isassuming that the existing and future economy, with Its Implied
 

employment and population consequences, are givens. They are assumed as pro

jections or, ifcontrolled, at all, controlled only by higher order policy.
 

The scope of land use planning is to design a land use pattern to accommodate
 

the projected economic activity and the residential and retail activity It
 

generates inthe surrounding urban region. This land use design becomes the
 

principal component of the so-called comprehensive plan.
 

All In all, this comprehensive land use planning approach may be labelled
 

a passive Involvement of the land use planner In Industrial development. He Is
 

rprimarily concerned with (I)deriving the space requirements and most appro

priate location requirements for an already given level and structure of
 

economic production activity and then (2)specifying the spatial solution to
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those requirements. Itdoes not Include actively Influencing the level and
 

structure of economic activity. Implementation Instruments are viewed as
 

means to accommodate Industrial development with as little adverse impact on
 

the residential areas as possible, and to design transportation and utility
 

systems to accommodate the urban activity levels at least cost to local govern

ment.
 

Furthermore, while comprehensive planning may plan for Industrial growth
 

and may allocate sufficient and appropriately located space for Industry, it
 

does so only on paper, not inthe real world. At best, comprehensive planning
 

is a useful but very indirect Influence in the real world evolution of the
 

community. We therefore need to look to the potentially more active roles of
 

the land use planner in local government's attempts to (a) Influence the level
 

and type of industrial development, (b) Influence its location within the
 

community, and (c)control its consequences on 'the Immediately adjacent pro

perties and largercommunity environment and on the municipal government. The
 

urban land use planner plays more active roles Intwo ways: (I)as adviser
 

and participant inthe formulation of the more action oriented Instruments of
 

the local Industrial development guidance system and (2)as analyst/evaluator
 

of the Impact of public Investment and industrial development alternatives.
 

'Ill. The Action Instruments of the Guidance System as a Means to
 

Reserve and Control Land for Industry
 

Regulatory Instruments
 

Zoning. At first glance, zoning would appear to be an Ideal means to re

serve adequate space for Industry, Insuitable locations, as the real world
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counfe~rttothe spatialallocatlon rmde on'p'prby the land use pIan. But,
 

hist cally, industrIalI zoning has its, root In he concepts of hea'lth and
 

sfety and nuisance controls and not Inconcept of reservi'ng suitable' and for
 

industrial development. Furthermore, urban planners' own-natural biases place
 

emphasis on the city as a place to live and not as a production center. In
 

addition, 'the political game'of zoning further aggrevates the problem.
 

The practice of limiting industrial uses to special districts inthis
 

country began incolonial times when munitions manufacturing and storage facl

litles were prohibited from the residential areas of town--thus establishing
 

the principle of segregation of dangerous uses from residential areas. The
 

principle was extended, under nuisance law, to include those uses not only
 

dangerous but regarded as a nuisance to people at home. In 1916, New York
 

adopted the first comprehensive zoning ordinance which Introduced the need to
 

consider relations between zoning districts as a factor. More recent zoning
 

techniques are departing from the old so-called Euclidean concept by permitting
 

more fiexibility Inadministering zoning.
 

vNeVertheless, zoning began as a means to protect residential property
 

and on balance even today isstill largely practiced Inbuilt-up areas as a
 

meansof provldlng protection to residential environments and property values.
 

Since most existing zoning ordinances were written In,the 20's and 301s. In
 

most cases even before planning began Inthose cities, zoning Isnot even
 

necessarily related to planning. As a result, the zoning recipe Is In large
 

measure a mapping and reinforcement of the status quoo with considerable greed
 

and politlcs added but only a pinch or less of planning. The result of this
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zoning tradition isthat most current zoning practices are based on antiquated
 

concepts dating back to colonial times and conflict directly-with the objectives
 

of both comprehensive planning and Industrial development planning.
 

Of all the zoning practices adversely affecting Industrial development
 

two still prevalent practices stand out. One isthe practice of making zoning
 

districts progressively Inclusive (with Industrial districts being almost all
 

inclusive and inthe least preferred position Inthe hierarchy of zones). The
 

other isthe practice of selecting suitable Industries for a zone by means of
 

a "prohibited" list.
 

The practice of progressively Inclusive districts Is illustrated by the
 

typical ordinance which provides lower density single family dwellings preferred
 

protection by excluding all other uses. Each succeeding district inthe
 

hierarchy of districts then allows most if not all land uses of the preceding
 

district. Under this system, all but a few property uses permitted under the
 

zoning ordinances are allowed In the final districts -- the industrial districts.
 

Thus, single family residential districts are given maximum protection;
 

Industrial districts receive the least protection.
 

Since World War II,many ordinances have been revised to at least exclude
 

residences, except mobile homes, from industrial districts. But the fundamental
 

principle of cumulalivo permissible uses as one proceeds down the hierarchy of
 

zoning districts still holds and therefore its consequences are still felt In
 

many communities across North Carolina and the nation.
 

Progressive districting causes several problems. (Shenkel, 1964, p. 250)
 

First, zoning limits the supply of Industrial land, thereby Increasing Its
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price. The market competition for industrial space is Increased by zoning
 

because nonindustrial demands compete for industrial space while at the same
 

time Industry Is limited to Industrially zoned space alone. Thus zoning limits
 

the supply of land for Industry and the absorbtion of Industrial AItes by non-


Industrial users contributes further to the artificial limitation on the Indus

trial land supply. This situation encourages a rise In Industrial land prices,
 

to a point where these prices can become a detriment to industrial development
 

by rising above the threshold levels of some firms and discouraging others.
 

'Secondly, the same zoning practice which creates the artificial scarcity
 

of land provides little compensating protection for Industry. The industrial
 

district comes close to being an area with no zoning restrictions. A mix of
 

transitional uses, so-cal led cast-off uses such as trailer parks and Junk yards,
 

poor site planning, and traffic congestion often characterize industrial zones.
 

The catch-all nature of Industrial zones often encourages the poorest land
 

being zoned industrial inthe first place.
 

The result of such zoning practice is a limited supply of low quality
 

industrial land. The encroachment by other uses, often upon the best sites in
 

the industrially zoned district, seriously impairs the efficiency of the land
 

use and circulation pattern within the district and spoils the appearance.
 

Where the supply of suitable land for Industry Iscritical, community planning
 

principles would indicate that maximum productive efficiency for the local
 

region would be gained by providing Industry with suitable land adequately
 

protected.
 

The second problematic practice Isone of listing prohibited industrles.
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It Isobjectionable because it's obsolete (often copied from other ordinances
 

written In 20's or 301s when a less sophisticated industrIal technology pre

valled) and because many fee ,.that prohlbitionshould be based not on industry
 

type but on the operating characteristics of the parti',ular plant not of the
 

Industry as a whole.
 

SOlutionssuggested to the two practices Include subclassification of
 

industries wherein Industries are classified on the basis of intensity of use;
 

on central city vs. suburban locational propensity; or on the basis of per

formance..standards for noise, odor, glare, vibration and appearance. Solutions
 

also Include the use of industrial park districts with landscaping and archi

tectural controls and structural coverage ratios which serve to enhance the
 

utility of the industrial space to the surrounding industrial as well as non

industrial districts while meeting the need for quality industrial space.
 

The thrust of suggested solutions for the problem of zoning bolls down to
 

theneed for industrial zoning with a sufficient range of districts all of which
 

are basedon industry needs as well as the needs of surrounding properties.
 

Some firms require a zoning district that permits more latitude In respect to
 

allowable uses, performance standards, or yard regulations. Other firms prefer
 

a stringent Industrial zoning district to protect their Investment from
 

encroachment by residential, commercial and incompatible Industrial land uses.
 

However, one also needs to avoid overly restricting industrial districts,
 

since this has apparently also been a problem insome areas (San Diego, 1970,
 

p.-110)., An overly restrictive zone, say a scientific research zone, may work
 

,,a flnanclal hardship on the ownerof the vacant land inthat category because
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SdufOlty'of~f'in~ing1 I'Iike pu~chaii 0or's A'essees; 

oiSome urban planners are "stlI1'lito.eq1sY'Sme re educatonobn'he, ' 

piinosof nig fibr-indistri6l eeds, but at1 the same4 tMe they' are not

likely to forget their more traditional concerns of control ihg consequences 

of indu'sltrial activity on surrounding""propertles, On theenvironment, ,a'nd on 

'fhe city's i Iscal position.' Hi s 'v iewIi IIkelIy to! be that ,both -Aindustry"And 

the cor nunlty .needassurance that future Industrlal plants wil be compatible 

wit':h he other' land uses In -the vicinity. The best'protectIon 'can be achieved 

through industrial 'zoning codes which set space standards, zsuch as 'off-street 

I'oading and parking requirements, yards, and per cent of 'site cov ered by 

structures as wail as performance standards n noise, smoke, odor, wator
 

and aIr pollutilon, radiatIon, and electromagnetic Interference -- to ensure 

boit"henvironmenta I ealth and the general livability ofthe comunity.
 

Even with a properly written and administered zoning ordInance, however,
 

zoning Isnot'a totally satisfactory way to preserve land for-industrial
 

devel'opment. 
Aio6ghit obviously goes a step further than preserilng land 

on a pi ece of paper or ina poiIcy statement (perhaps an unfair characteriza

tion of thecomprehensive land use plan), it isvulnerabletopolltlcal:pressur 

;:overtlte longer run. 'But,"'as a means +0 proect- land'ovbr he, ' short" rangeand 

as a means to protect lndustrial developments once"start6ed,, zoning is'more

successful. .-" 

does zoIi seet' bNora CricalIng facor In; the locational crIteria of 

Industrles . 'in hber study of plat Iati n fadtors In North: Caro I na;1,In, the 

early 1960's Ruth Mace noted that only 16.5% of the firms studied viewed
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planning and zoning protection as an essential, service, while 43% viewed these
 

measures as unimportant (Mace, 1963). Faced with the prospect of Jobs for
 

residents, andthe need to expand the local property tax base1 local communities 

are often.quick to grant rezonings . Whether such rezoning undermines the
 

communlty's overall welfare or represents a safety valve permittiig escape
 

from an inappropriate ordlnance varies from situation to situation.
 

Public Investment:
 

.Land Acquisition and Development. Direct land acquisition for industrial
 

development is normally,done inthe private sphere by those having a service
 

to sell to industry, such as a railroad or utility, or by private organizations
 

with capital seeking an Investment opportunity from the sale or development
 

of land (e.g., banks, realtors, pension funds, and Insurance companies).
 

However, sometimes a non-profit authority, such as a port authority, an urban
 

redevelopment authority, an Industrial development authority, or a Research
 

Triangle goes dlrectly into industrial development. More directly, not a few
 

communities have purchased and developed land Including buildings for Indus

trial, development. This places Industrial development ina rare class of land
 

use that has been accorded such treatment inthe U.S. along with public housing,
 

urban renewal, and more recently, new towns.
 

The public purchase and lease or sale of developed parcels does provide
 

more-direct and complete control of the type of Industry within a community
 

and prpyides for efficiency inthe development of utilities Infrastructure.
 

lt,,can minimize potential land use conflicts if the Industrial park Isproperly
 

located. Itcan also provide better assurance that the land will be held for
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fr housing or shopping center deve1mnf.
In st u..a'd.off 


The Icquisitionof contr bute t6 6roader
An indus rial occupant that will 


publ)c int4rests than the provision of Jobs alone Is'aFs more Ilkely.
 

Within'central cities, uban iindustrial renewa'l adds"the powerof em:nant
 

domain Inassembling parcels and the public borrowing power to make the
 

necessary infrastructure Investments. The sltes"are then sold or leased to
 

firms, often at less than development costs. Through deed restrictions the
 

community can achieve a high level of control over the types of industry moving
 

intotthe community. Renewal can be an effective alternative Incentral cities
 

because of the high cost of land, the problems of private assembly of land,
 

because of the possible long holding periods Involved in Industrial development
 

or redevelopment; and because of the difficulty In rearranging for transporta

tlon and other utlIlitles makes It so difficult to meet the needs of. Industry
 

through the private market. Already important inolder, larger cities of the
 

Northeast, I suspect the importance of this facet of Industrial development
 

will one day be upon us InNorth Carolina and the Southeast. (Muncy, 1959,
 

p. 5, 13-17; Utica, 1963)
 
A, The disadvantage of outright public purchase and development of land for
 

Industry isthat Itwill not do the whole Job. It isunlikely that sufficient
 

'
 land can be reserved through purchase because of the shortage of venture

"capital and public funds and the alternative opportunities for the use of such
 

funds..
 

Public Facilities. As early as the preliminary analysis for Industrial
 

location, the quantity, quality and cost of public utilities and services is
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checked out by a company. The company or Industrial development agency asks
 

whetherowater, sanltay sewer, storm sewer,. electric power, gas, fire protection,
 

policeprotection, mall delivery, telephone service, truck and rail service are
 

adequate or whether they can be made adequate. The meaning of adequate will
 

vary with industry and even with firms and will be geared to the specific cases.
 

Provision of utilities Isperhaps the strongest guidance Instrument for local
 

government provided ithas the will to use it.
 

Other papers'will cover utilities and about railroad transportation.
 

However, Itmay be appropriate for a land use planner to say something about
 

the importance of public transportation Investment since land use and transpor

tation planning are regarded by many planners to go hand inhind. These comments
 

will be limited to highways.
 

Dorothy Muncy and others have noted the shift from rail to truck for In

coming raw materials as well as outgoing product shipments. (Muncy, 1970,
 

p. 4; U. S. Department of Commerce, 1967, pp. 18-19) Furthermore, It Iscommon
 

knowledge that industrial employees, who even as late as the 40's used the bus,
 

elevated, street car, or subway for their Journey to work, particularly in
 

larger metropolitan arebs, are now relying on the private auto for transportation
 

tosuburban plants, labs, and warehouses. The reliance on the auto Ispartic

ularly strong In the southeast where urbanization is less concentrated and more
 

recent. Freeways have been a significant factor for new plant sites for over
 

adecade. Prime industrial land,.deflned inthe past by the availability of
 

rail service,, is,now at least equal ly defined by frontage on :orr proX!ity to 

the.freeway system.
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ine imporTance oftransportatIon "as a'gUidance"Instrumenf of local' govern

mnt .slimited,' however, because the' investmentddecisions most Important to, 

theIndustriai 
firm,'are those concerning the regional transportation system,
 

'and the;d decisions are made at the Federal and state levels, 
 Nevertheless
 

local government'can coordinate Industrial: zoning with freeway capacity. 
This
 

does not suggest continuous Industrial zoning along both sides of the highways,
 

however. 
Too great a concentration of industrial 'enployment would overload
 

freeway Interchanges, thereby detracting fromthe major advantage of the free

way system to industry--fast, safe, and uninterrupted travel for employees and
 

for trucks delivering raw materials and distributing the output products. 
At
 

the smaller scale of the Individual 
Industrial district sites, transportation
 

planning needs to consider +he connecting roads from the site to the freeway
 

system.
 

Incentives
 

Taxation. Many state constitutions permit local governments to exercise
 

home rule options inassessing the value of property and some states permit
 

localitles to legally offer tax concessions Inthe form of reduced assessments
 

to industry specifically. 
 (Bridges, 1965a, p. 8) Some local governments will
 

offer'low assessments as an 
Incentive to firms even where these exemptions
 

ariea Illegal.
 

'While local tax exemptions may be appreciated and welcomed by the firm
 

or'perhaps even negotiated by thefirm, the evidence suggests the Impact Isnot
 

large enough to significantly affect the location of the firm. 
A year ago,
 

Inthe preceding version of this course, James WilIde noted that "the differential
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intax burdens among the various state and local governments Isusually not
 

large enough to be an Important cost factor for many firms." (Wilde, 1971,
 

p. 18) Furthermore, since Industry ordinarily requires high service levels
 

from local government exemptions, If broad enough, could reduce the community's
 

ability to provide these services ard reduce Its ability to attract new Indus

trial development. Given their limited Impact and their potential backlash,
 

tax concessions have questionable merit Ina local urban development guidance
 

system.
 

Loans and Loan Guarantees. Some communities around the nation offer
 

specific financial incentives to plants to attract them to their community.
 

These Include loan guarantees or direct loans financed through the Issue of
 

tax-free general obligation bonds, or bonds floated by a local or state develop

ment corporation. The Investment Banker's Association estimated the volume
 

of state and local industrial aid bonds to be $200 million in 1960, and as high
 

as $1.8 billion in 1968. (Thompson, 1969, p. 189) However, the evidence
 

seems to suggest that "Inducements are certainly a secondary factor inthe choice
 

of a region and are probably also a secondary factor in the choice of a location
 

within a region." (Bridges, 1965, p. 142; Wallace and Ruttan, 1961, p. 142;
 

and Thompson, 1969, p. 199)
 

Encouraging an attractive environment. Less direct, perhaps, but still
 

an Important Inducement for industrial development, isthe malntenance of a
 

high quality environment for living. This point isstressed over and over
 

again In Interview surveys. Some go as far as calling It the single most Impor

tant asset-of a community for attracting a diversified industrial base (San
 

Diego, 1970). Actions that detract from the quality of the environment even
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though itmight offer a handsome short run economic gain for the community,
 

would be a serious detriment to the long range economic health of the community.
 

The factors that contribute to or detract from the overall quality of life and
 

of the physical setting are numerous.
 

Among them are: 

* 	 practices of massive grading in relation to land development; 

* 	the proliferation of outdoor advertising signs and grotesque business
 
identification signs
 

* 	 the rate at which overhead power distribution lines are being put under
 

ground
 

* 	 the disappearance of valuable open space, natural terrain features. 

* 	 the amount and quality of land scaping along the streets, in neighborhood 
parks, on school sites, and throughout the city's residential neighborhoods. 

* 	the exercise of air and water pollution controls 

* 	the quality of design In public buildings
 

* 	the rate of renewal,conservatioh, nnd rehabilitation of deteriorating
 
sections of the city
 

* 	 the quality of education. (adapted from San Diego, 1970, pp. 142-143) 

Thus an Industrial developnent study may recommend:
 

"that all emphasis possible be placed on preserving and enhancing the
 
natural and manmade attributes of (our city), Including: the preser
vation of open space and natural beauty; preseryation and enhancement
 
of (beach areas and marshes); control of air, water, odor, noise, and
 
visual pollution; retention and expansion of recreational facilities;
 
and the encouragement of high standards of design and beauty In all
 
physical Improvements undertaken within the City." (San Diego, 1970,
 
p. 143)
 

tIndustrial Development Organizations. Although not normally a formal part of
 

local government, Industrial development organizations could be a part-oftthe
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'c-rmruunity's -industrial development guidance system -if'working relationships
 

and cooperation existed between these organizations and local governmental
 

officials. The organization could serve as a link between prospective Indus

trial firms and the city's land and service resources. Itcould provide meaning

ful Information to prospective firms, coordinate local programs and activities
 

to meet the needs of prospective firms, and make assessments of the potential
 

impact-of the prospective Industrial development on the public welfare of the
 

community. Inshort, its main contribution might be a systematic approach to
 

industrial development at a local or metropolitan level. Such an approach
 

could aim to Insure greater compatibility between Industry and the community's
 

existing and planned resources, employment needs, and environmental concerns.
 

IV. Planner as Evaluator
 

Inaddition to his role as the main designer of the long range future land
 

use pattern, and inaddition to his role In formulating the community's land
 

development guidance system, the urban land use planner Is sometimes the
 

resident governmental analyst along with personnel In the Finance and Budget
 

Department. As such he will sometimes do cost/revenue studies, particularly
 

with regard to public Investmeent incapital Improvement and their locations.
 

Thus the local land use planner may have a role to play inassessing the cost/
 

revenue Impact as well as economic, environmental, and urban growth Impacts of
 

industrial development schemes.
 

A review of available cost/revenue studies will reveal that industrial
 

Investment produces for local government a positive ratlo.of revenues to costs
 

of from 3 to I to 5 to I. (U.S. Department of Commerce, 1967) This Is when
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basqdonba comparlsonl of'revenues accruing directly .from,the-new .establlishment
 

withivcosts of .services.directly,.chargeable.to It... The.-outcome is~muc,,!,ess
 

clear.when theievaluations also Includelessdlrect~costs .and revenues ,attrib

,utabletto-the'secondary Industrial, residentlal, and commercial development.
 

stimulated by the Initial industrial development being assessed.
 

The fiscal impact on local government will depend on a number of factors:
 

(I) Assessed value of the Industrial Investment: (land, plant, equip

:ment and Inventory) Assessed value appears to vary widely between
 

Industries and even between firms within industries. In general,
 

of course, the higher the Investment incapital per employee, the
 

more favorable the cost/revenue ratio. The greater the tax Incen

tive granted to attract Industry, the poorer the ratio: (U. S.
 

Department of Commerce, 1967; Isard and Coughlin, 1957)
 

(2) The demands on public services, particularly water and sewerage,
 

and particularly iftho demands will exceed present cppacity and
 

Involve large new capital expenditures. "Some communities have
 

undertaken heavy financial burdens to provide water supplies far in
 

excess of normal negds in the expectation that such supplies would
 

attract Industry. Too often these water supplies have to be
 

,financed by general obligation debt which pushes the tax rate
 

above a competitive level. To accommodate 22% of the firms
 

Interested Inwater they have reduced their capacity to attract
 

78% of the firms where this Isnot a prime consideration."
 

(McMillan, 1965) This signals caution in seeking Industry Inz%,,j , 

1-210
 



Ways that raise. local governmental tax rates.
 

Local government!s policies regarding the distribution of
 

capital improvement costs have considerable effect-on the net cost/
 

revenu6e picture. 
 Insome areas, off-site and on-site Improvements,
 

such as those for streets, sidewalks, water and sewer lines Inthe
 

Industrial subdivision or in housing development stimulated by the
 

new Jobs must be met by the developer. Since these expenditures
 

become a part of the assessed value of the developed properties, local
 

government, Ineffect, benefits twice --
capital expenditures are
 

transferred to the-private sector and property tax revenues are In

creased. Inother areas government shares some of these costs. -To
 

the extent that local government shoulders costs of capital Improve

ments Implied by Industrial development, the cost/revenue picture
 

Isworsened. (Isard and Coughlin, 1957; U. S. Department of Commerce,
 

1967)
 

:3) The proportion of employees establishing residence in the area:
 

Inallocating government costs and revenues for local government in
 

most states, the largest cost item iseducation. The net revenues
 

generated by a new industry decreases as the percent of employees
 

establishing new residence in the community Increases. 
 (Isard and
 

Coughlln, 1957; U. S. Department of Commerce, 1967)
 

4)'. Average earnings per employee: As household Income increases, Invest

ment for housing tends to Increase. Thus property tax revenue ac

cruing from new residences should be higher for high wage Industries
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than those for low wage industries. Also, higheprIncqtleImplies
 

.high local consumer expenditure.
 

;.Exclutionary zoning Is sometimes used toassure lmitatlon of
 

the proportion of employees establishing residence inthe area to
 

.,the higher end of the new Industry's salary and wage range.
 

(5) The-average Income and level of services inthe community --

The Impact of Industrial development on revenue rates (hypothetical 

tax rates) Isgreatest upon those communities which are low-income
 

with a medium level of service, or medium Income with a high level
 

-of service. Insuch communities, revenue obtainable from Industry
 

isof-greater relative Importance than incommunities with an already
 

higher tax base, or who have lower costs because of lower levels
 

of public services, or both. Also the assumptions about assessed
 

value of Industrial property, average earnings, and demand for public
 

services by the Industry are more Important to such communities, the
 

magnitude of variation intax rate they Imply istwice that of
 

communities of higher income or very low service level.
 

(Isard and Coughlin, 1957)
 

(6) Size of Industrial development -- smaller industrial development
 

regardless of type has little effect on tax rates; the Introduction
 

of a large industrial district can have a significant effect (reducing
 

.the tax rate from 4 - 10 mills inone study). (Isard and Coughlin,
 

1957),
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(7) Spatial dlitribution of theindustrIal development -- a study of 

Greensborop ,NorthCarolina showed that a well dispersed Industrial 

.laqduse pattern provides the most favorable cost/revenue ratio. 

- The basic economy underlying the desirability of a dispersed pattern
 

Isthat by diffusing the work trip traffic the street system.may be
 

more fully utilized. (Longabaugh, 1960)
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-Y. SUmmary
 

Physical planning'for economic growth,"can help cretate9agenrally favor

able climate -for Industrial devIopment and at the same +lme provIde~guidelInes
 

for the commun)ty to control the nature and location for such deVelOpment.
 

More specifically your local planning agency can:
 

(a)provide a future orlentod:policy statement In'the fornof a6land use
 

plan or comprehensive plan. Such a plan provides guidelines for sound
 

economic development by Identifying land best suited fo Industrial use
 

on the basis of general community welfare objectives and by suggesting
 

development standards to protect those objectives.
 

(b)provide, as a by-product of the land use planning process$.avaluable
 

Information center for public and private decision makers, Including
 

Industrial development agencies. This information base Includes data
 

on existing Industrial plants (including land area, floor space, employ

ment, products, and information on traffic and site planning problems);
 

relatively unbiased and current data on vacant Industrially zoned land
 

(including Information on land area, access to the regional transporta

tion network and to utilities, capacity of utility services, adjacent
 

land uses);zonlng and development regulation restrictions applicable to
 

the land; data on population and labor force, and data on schools and
 

other public facilities.
 

c) participate Inthe formulation of the guidance Instruments that Intervene
 

more directly Inthe Industrial development decision process. These
 

Instruments fall Into one of three types: regulations, public Investments
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,and Incentives. Zoning, for example, can help reserve an apprdpriate
 

land supply for future Industrial development and help control its
 

impact on the community.
 

(d)participate inthe analysis of the Impact of Industrial developmient: o 

alternatives on the economic structure, governmental flscal bailne,
 

urban activity pattern and physical environmental quality of the com

munity.
 

At the risk of oversimplification, I will suggest that the urban land use
 

planner may think that the Industrial development professional lives by the
 

credo, "bigger Is better." The planner's "review of the stated objectives of
 

existing industrial development agencies, whether at the regional, state, or
 

community level, reveals (to the planner) a preoccupation with economic growth
 

Interms of number of jobs. In Its simplest form this objective involves the
 

creation of manufacturing payrolls inan area as a means of providing employ

ment and Income for the population, and business for the service sector of the
 

local economy." (U. S. Department of Commerce, Economic Development Administra

tion, 1967, p. 87).
 

This objective Issound as far as It goes. The land use planner recognizes
 

that manufacturing and wholesaling provide not only jobs and Income, but also
 

tend to expand the size of the local markets, which Inturn provide the base
 

for additional development, and so on. But land use planning Ismore fundamen

tally an attempt to accompany economic growth with Improvement Incommunity
 

welfare, I.e., with Increased per capita income, a healthy and livable physical
 

environment, with an efficient and livable spatial pattern of land uses, and
 



The land use
with efficIent. (least cost) provision of public servces. 

Perhaps

planner isalmost totally Interested In"better" 

rather than "bigger." 

by workIng together the planning and Industrial 
development professions can 

help to assure that economic development does 
Infact lead to a better com

munity las wellas a "bigger" one. 
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Ladies and Gentlemen: 

I am pleased to be with such an outstanding group of international develOp

ment people. I believe my appearance before you is perhaps the highlightof my 12 

year career as a State development official. As you have heard, I am also involved 

in the Travel Promotion effort of our State. So let me officially welcome you to North 

Carolina. We know tourism is our second largest industry. We have a beautiful 

State and I hope that you will have time to see it while you are in this country. 

I believe that the Idea of an International Committee on Industrial Develop

ment Is excellent. There are many multi-national industries in the world today, and 

many Industrial problems tend to be international problems. Many states and nations 

have pioneered ways to solve development problems. There is a great need for us 

to share this information for our mutual benefits. 

It is most appropriate that you are meeting In the Southern United States. 

The South is the most recent area of the U. S. to emerge from an agricultural economy 

to an industrial economy. The South is really a textbook example of industrial 

development. Each of the Southern States has instituted a most aggressive state 

development program and North Carolina's program is the leader. Ours was the 

first state in the U. S. to have a state industrial development activity-having started 

the program In 1935 and we have grown into a most extensive and effective Division 

of State Government. 

The textbook example of industrial development I referred to was created 

because the South had to start all over again with Its development after the War 

Between the States just over 100 years ago. 
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Prior to the War, the settlers of the South staked their energies, hopes 

izjXrtunes on commercial agriculture-tobacco for the British market and later 

,otton for, Northern U. S. mills. The society that was forming was plantation 

riented with money and power being concentrated in the hands of relatively 

imall group in the upper strata of the social structure. 

All of the Southern states had common characteristics: 

Low Income due to low productivity and specialization in 
technologically backward types of production typical on the 
plantations. A low and unbusinesslike utilization of capital. 

High proportion of diadvantaged slaves and other farm laborers 
in the population with no educational opportunities and very 
low achievement standards as human beings. 

Even though some meager attempts at industrialization occurred prior to 

the War, the South still embraced agiiculture as the mainstay of the Southern economy, 

Perhaps it was more socially acceptable to the elite to be gentleman farmers rather 

than manufacturers. Certainly, it was easier, and Southerners have been characterizel 

as basically lazy people supposedly because of the hot and humid weather conditions 

prevailing in the region. 

When the South decided to defend its way of life and seceded from the Union 

in 1860 and became engaged in war with the industrialized North, a historical 

lesson was learned by all of mankind-an agricultural nation cannot win a war with 

an industrialized nation without outside assistance. 

After the War, the South had learned its tragic and costly lesson, industrialization 

thus became a religious crusade. But industrialization did not occur rapidly. It came 

slowly and paintakenly because of the following problems and these are textbook 

problems. 

1. A tenacity to the plantation style of doing business 

2. A paternalistic attitude on the part of employers toward labor 
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3. Low capitol accumulation-a bankrupt region 
.4, 	kDifferential freight rates between North andSouth 

which amounted to a tariff barrier 
5. Cheap and unskilled labor 
6. 	 No markets in the South because the people d1dnl 

have buying power 
7. Very poor image as a backward region 
8. Very unstable political situation 

'-..The'South did not emerge as an industrial area until the mid 1950's 

because it had taken the South nearly one hundred years to overcome the problems 

I have just mentioned. Fortunately, we have become industrialized and the quality 

of life of the people has been enhanced because of that fact. The South is now 

the new frontier for more industry and I think we are doing a better job of 

developing than was done in the North. The reason for this is that we have learned 

a great deal in our formulative years. We have been able, in the South, to take a 

close examination of the old industrialized areas of our country and have made 

more favorable development decisions as a result. We have tried not to make the 

mistakes they made. I would like to share with you some of the things we have 

learned. 

First of all, our State does not have huge deposits of coal and metal ore 

which is necessary to support basic industry. Our major natural resource is wood 

and fibre and we lead the nation in the production of wooden household furniture 

and textiles. Wood and fibre can be converted to useful products without driving 

off harmful gasses and particles into the air or water which is not the case with 

coal, oil and ores. So my first lesson is that if your country has major deposits of 

coal, oil, and ores then you must be extremely careful not to allow these resources 

to be converted without proper environment protection laws. Also an overconcentratio 

of industry in any relatively small geographic area is potentially crushing to the 

fragile ecosystems of that area. 

I -2%1 



This is the great problem inherent to most port cities of the world. The 

great harbois"of'Rotterdam , Hbg Kong and New York -aswell as many others, 

are dramatic testamonies of the danger the' environment faces in areas of over
concentration of production because of an ease of transportation. 

My second lesson, therefore, is this: -The moreattractive your port the 

greater the danger ,of ruinous overdevelopment. Growth management environmental 

'Plans must' be made*to control growth in these areas. 

'Another reason ourState has fewer problems than most is because our Stata 

has led the nation in the construction of paved roads. This network for transportati 

has allowed for the development of small communities and has held down the develc 

ment of the huge,*uncontrollable urban centers, and because of their rural heritage, 

the majority of our people still prefer to live outside of town. 

My third lesson is this: Small community action plans should be developed 

tO prevent the rapid urbanizationof your population intocenters which become 

uncontrollable, ungovernable and unfinanciable. 

Other things we have learned is that 

. Land use planning must proceed development or urbanization 
gets out of control and cities sprawl endlessly. 

2. 	 Industry wants to be treated fairly and wants to feel wanted. 
A vigorous promotion program by the state or local government 
is important and fair treatment of Industry by government is 
important to preserving a good business climate. 

.3. Cheap labor will attract industry-and not necessarily desirable 
industry. If the labor rates in your area are substantially below 
the world averages, then the rapid influx of new industry may 
produce many problems while only solving a few. 



4. Environmental laws are necessary and proper and should beS'AtA idgufficiently tough to prevent pollution problems. Establish
 
reasonable requirements and then enforce them fairly and
 
avoid changing the requirements after they are established,
 
if at all possible. Do not lower pollution control standards 
as an inducement to industry. Don't be all regulatory but 
also give help to industry in their efforts to comply. 

The economic development effort of our State government has enjoyed a great 

reputation over the years because of its effectiveness. Since its creation in 1935, 

our development division has been housed in the same Department with the 

conservation divisions. Our State developers have been more aware of the environ

ment than the developers of most states. I heartily recommend this procedure and 

suggest that you involve government conservationists in the work of your government 

developers and vice versa. 

My State has decided that it is a state government's responsibility to 

provide skill development training to our people so they will qualify for skilled 

jobs being offered them by industry.. This is a free program and is the major induce

ment this State offers. I highly recommend the plan to your consideration. 

I don't have to tell you, ladies and gentlemen, about the competition which 

exists between towns, states, regions and nations for attractive industrial develop

ment 1rojects. The more attractive the industry, the more severe the competition. 

It would be a tragic mistake, I believe, for any town, state, region or nation to offer 

an industry a "no controls" or a "freedom to pollute" situation as an inducement to 

achieve the location of the plant. Any entity pursuing this philosophy will be trading 

its misery of joblessness for an equally miserable reduction in the natural quality 

of life. For underdeveloped towns, states, regions and nations let there be other 

inducements for development such as financial and tax incentives, government sponsored 

worker training programs, speculative industrial building plans, new town developments, 

et., 



the altar of economic.Let's dOnt:,: any6ff ius, sacrificeMother",Naturei-on 

development. 

Thank you; for your kind,'attention; 
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INTRODUCTION
 

NATIONAL ENVIRONMENTAL GOALS 

Prior to the issuance of a construction permit or an 

operating license for a nuclear power plant, the U.S. 
Atomic Energy Commission is required to assess the 
potential environmental effects of that plant in order to 
assure that issuance of the permit or license will be 
consistent with the national environmental goals, as set 
forth by the National Environmental Policy Act of 1969 
(Public Law 91-190). In order to obtain information 
essential to this assessment, the Commission requires 
each applicant for a permit or a license 	to submit a 

report on the potential environmental impacts of the 
proposed plant and associated facilities. 

The national environmental goals as expressed by 
the National Environmental Policy Act (NEPA) are as 
follows: 

".it is the continuing responsibility 	 of the 
means,Federal Government to use all practical 

other consideations ofconsistent with essential 
national policy, to improve and coordinate Federal 
plans, functions, programs, and resources to the 

end that the Nation may-

"(1) fulfill the responsibilities of each generation as 
trustee of the environment for succeeding 

terutiof; tbegenerations; 

for 	 all Americans safe, healthful,"(2) 	assure 
productive and esthetically and culturally 
pleasing surroundings; 

"(3) attain the widest range of beneficial use of the 
environment witho:,t degradation, risk to 
health or safety, or other undesirable and 

uninende conequeces;the
unintended consequences; 
"(4) preserve important historic, cultural, and 

natural aspects of our national heritage and 
possible, an environmentmaintain, wherever 

which supports diversity and -,riety of 
individual choice; 

"(5) achieve a balance between population and 
resource use which will permit high standards 
of living and a wide sharing of life's amenities;andand 

APPLICANT'S ENVIRONMENTUl. REPORTS 

Appendix Dof 10 CFR Part 50 

The revised Appendix Dof 10 CFR 50 discusses, in 
the 	 first five paragraphs of Section A, the required 
content of the Environmental Reports to be submitted 
by the applicant: 

"1. 	Each applicant' for a permit to construct a 
nuclear power reactor ...shall submit with 
his application three hundred copies... of a 
separate document, entitled 'Applicant's 
Environmental Report-Construction Permit 
Stage,' which discusses the following 
environmental considerations: 

"(a) 	the environmental impact of the 
proposed action, 

"(b) any adverse environmental effects which 
cannot be avoided should the proposal be 
implemented, 

"(c) 	alternatives to the proposed action, 
"(d) the relationship between local short-term 

uses of man's environment and the 
maintenance *and enhancement of 
long.term productivity, and 

"(e) any irreversible and irretrievable 
commitments of resources which would 

involved in the proposed action 

should it be implemented. 

"2. 	 The discussion of alternatives to the proposed 

action in the Environmental Report required 
by paragraph I shall be sufficiently complete 
to aid the Commission in developing and 
exploring, pursuantEnvironmentalto section 102(2XD)Act,ofNational 	 Policy 
theoNatealtErnt al i y Al 

alternatives "appropriaeIn any proposal... 


which Involves unresolved conflicts concerning 
altemative uses of available resources.' 

"3.The Environmental Report required by

T h Ineal Reo t -reqir 
paragraph shall include a cost-benefit 
analysis which considers and balancesenvironmental effects of the facility and thethealternatives available for reducing or avoiding 

"(6) enhance quality of renewable 
and approach the maximum attainablerecycling of depletable resources." 

The 	Commission's implementation of NEPA is 

contained in Appendix D of 10 CFR Part 50. 

he pprach atainbleadverse environmental effects, as well as the
the and aximm resources altere vilalefecing or aoiin 

as used In the Appendix, is a 
'Where the "applicant", 

Federal agency, different arrangements for implementing the 
tbNational Environmental Policy Act may be made, pursuant 

the guidelines established by the Council on Environmental 
Quality. 
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environmental, economic, technical and other 
benefits of the facility. The cost-benefit 
analysis shall, to tie fullest extent practicable, 
quantify the various factors considered. To 
the extent that such factors cannot be 
quantified, they shall be discussed in 
qualitative terms. The Environmental Report 
should contain sufficient data to aid the 
Commission in its development of an 
Independent cost.benefit analysis covering the 
factors specified in this paragraph. 

4. 	 The Environmental Report required by 
paragraph I shall include a discussion of the 
status of compliance of the facility with 
applicable environmental quality standards 
and requirements (including, but not limited 
to, thermal and other water quality standards 
promulgated under the Federal Water 
Pollution Control Act) which have been 
imposed by Federal, State and regional 
agencies having responsibility for 
environmental protection. In addition, the 
enVronmental impact of the facility shall be 
fully discussed with respect to matters covered 
by such standards and requirements 
irrespective of whether a certification from 
the 	 appropriate authority has beeni obtained 
(including, but not limited to, any 
certification obtained pursuant to section
21(b) of the Federal Water Pollution ControlAct2). Such discussion shall be reflected in the 

cost-benefit analysis prescribed in paragraph 3. 
While satisfaction of AEC standards and 

criteria pertaining to radiological effects willbe necessary to meet thle licensing 
requirements of the Atomic Energy Act, the 
cost-benefit analysis prescribed in paragraph 3 
shall, for the purposes of the Naiional 
Environmental Policy Act, consider the 
radiological effects, tcgether with the thermal 
effects and other environmental effects, of the 
facility. 

'5. 'Each applicant for a license to operate a 
proc in ilizain fliet iproduction for oesrbeor utilization facility described in 
paragraph I shall submit with his application 
three hundred (300) copies .of a separate 

Environmental Re port-Onciating License
Stagne,' talichRepor- atheg LicsmeStage,' which discusides the same
environmental considerations described in 
paragraphs 1-4, but only to tie extent that 
they differ from those discussed in the 
Applicant's Environmental Reort p;eviously
submitted in accordance with paragraph 
The 'Applicant's Environmental Report-
Operating License Stage' may incorporate by 

'N6 permit or Iicense will, of course, be issued with respect 
o an activity for which acertification requited by section 21(b) 
)f the Federal Water Pollution Act has not been obtained, 

reference any information contained in the 
Applicant's Environmental Report previously 
submitted in accordance with paragraph 1. 
With respect to the operation of nuclear 
power reactors, the applicant, unless otherwis 
required by the Commission, shall submit the', 
'Applicant's Environmental Report-Operating 
License Stage' only in connection with the 
first licensing action that would authorize 
full-power operation of the facility,3 except 
that such report shall be submitted in 
connection with the conversion of a 
provisional operating license to a full-term 
license." 

In fulfilling the requirement for submission of three 
hundred (300) copies of the Environmental Report, 
applicants are requested to furnish two hundred (200) 
copies with tie application and to hold one hundred 
(100) copies subject to call by the Commission. 

Federal Water Pollution Control Act 

As provided in the "Interim Policy Statement" 
published on January 29, 1973 (38 F.R. 2697), the 
recently enacted Federal Water Pollution Control Act 
Amendments of 1972 (Public Law 92-500, 86 Stat. 816(FWPCA) will affect the Atomic Commission's 

responsibilities under the National Environmental 
Protection Act of 1969 (NEPA). The Commission'sNEPA responsibilities will be modified as various 

implementing actions are taken under the new FWPCA 
and appropriate changes will be made in this Guide 
However, since the Commission will, in any event,'
continue to evaluate environmental impact, the basic 

scope and content of the information needed to prepare 
an Environmental Report, as set forth in this Guide, willremain unchanged. 

COMS 

As noted in paragraph 6 of Section Aof the revised 

Appendix D of 10 CFR 50, the Commission places each 
applicant'sDocument RoomEnvironmental D.C.Report in the AEC's Publicin Washington, and in a local 
public document room near thie proposed site. The 
Report is also made available to the public at the 

appropriate State, regional and metropolitan
clearinghouse. At the same time, a public announcementis made and a summary notice published in the Federal
Reier 
Register. 

The applicant's Environmental Report, relevant 
published information, and any comments received from 
interested persons are considered by the Commission's 
regulatory staff in preparing a "Draft Detailed Statement 
of Environmental Considerations" concerning the 

'This report Is in addition to the report required at th 
construction permit stage. 
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proposed licensing action. The regulatory staff's Draft 
Statement and the applicant's Environmental Report are 
transmitted for comment to the Council on 
Environmental Quality, to Federal agencies having
Jurisdiction by law or special expertise or who are 

0'authorized to develop and enforce environmental 
standards, and "to the Governor or appropriate State 
and local officials, who are authorized to develop and 
enforce environmental standards, of any affected State." 
Comments on the Report and the Draft Statement are 
requested within a specified time interval. The Draft 
Statement is made available to the general public in the 
same manner as the Report. 

As described in detail in paragraphs 6 through 9 of 
Section A of the revised Appendix D, the regulatory
staff considers the comments on the Report and on the 
Draft Statement received from the various Federal, 
State, and local agencies and officials, from the 
applicant, and from private organizations and 
individuals, and prepares a "Final Detailed Statement on 
the Environmental Considerations." The Final 
Statement is transmitted to the Council on 
Environmental Quality and is made "available to 
appropriate Federal, State and local agencies and State, 
regional, and metropolitan clearinghouses." A public 
announcement is made and a notice of availability 
published in the FederalRegister. 

Subsequent hearings and action on the 
environmental aspects involved in issuance of a 
construction permit or operating license are based on the 

,Commission's Final Environmental Statement. The 
Environmental Statement takes into account 
information from many sources, including the 
applicant's Environmental Report and its supplements, 
and the comments of the various governmental agencies,
the 	applicant, and private organizations and individuals. 

The applicant's Environmental Report is an 
important document of public record. Therefore, the 
applicant is urged to give full attention to thecompleteness of the Report. 

GENERAL CONSIDERATIONS RELATING TO 
ENVIRONMENTAL REPORTS 

Cost-benefit analysis 

The cost-benefit analysis referred to in paragraph 3 
of Section A, Appendix D of 10 CFR Part 50, should 
consist of two parts. 

In the first part, alternative site.plant combinations 
and plant systems are to be examined in order to 
determine whether the proposed facility is the 
cost-effective choice, considering economic, social and 
ther environmental factors, and any institutional 

(govemmpntpl, etc.) constraints. Because the benefit 

associated with each alternative will be essentially the 
same, cost-effectiveness analysis of the alternatives is 
recommended. 

In the second part, the benefits to be created by
the 	 proposed facility should be weighed against the 
aggregate of environmental, economic and other costs to 
be incurred. 

Construction permit and operating license stages 

As is clear from paragraph 5 of Section A, 
Appendix D of 10 CFR Part 50, two Environmental 
Reports are required. The first is the "Applicant's
Environmental Report-Construction Permit Stage"
which must be submitted in conjunction with the 
construction permit application. The second is the 
"Applicant's Environmeatal Report-Operating License 
Stage," which must be submitted later in conjunction 
with the operating license application. 

The "Applicant's Environmental 
Report-Construction Permit Stage" should include as 
much of the information as set forth in this Guide as 
practicable. It is recognized, however, that some of the 
information may not be available to the applicant at the 
time of submission of the Report. In such cases, the 
applicant should provide the information that is 
available, state when the remaining information isexpected to become available, and, where specific 
studies are required to obtain the information, describe 
plans for these studies. Where the missing information 
pertains to an environmental effect of construction of 
the proposed facility, the applicant should provide and 
justify the basis for estimating that effect, based on 
information available at the time of filing. 

In gene:al, before a construction permit can be 
issued, the important environmental characteristics of 
the site and the major prospective environmental 
impacts of site preparation and plant construction 
should be established. The applicant's plans to mitigate
undesirable environmental impacts of site preparationand 	plant construction should also be developed prior to 
construction permit issuance. In those instances where
such activities could potentially cause an unusual or 
substatitial impact that warrants specific attention or 
control, the construction permit may include conditions, 
limits or monitoring requirements in order to assure that 
specified environmental impacts are controlled. 

The "Applicant's Environmental Report-Operating 
License Stage" is,i:iefiect. to be an updating of'the first 
one and should: 

a. 	 Discuss differences between currently projected 
environmental effects of the nuclear power plant
(including those which would degrade and those 
which would enhance environmental conditions) 
and the effects discussed in the Environmental 
Report submitted at the construction stage. 

4.2-3
 
1-273
 



(Differences may result, for example, from changes 
In plans, changes in plant design, availability of new 
or more detailed information, or changes in 
surrounding land use, water use, or zoning 
classifications.) 

were 	notb. 	 Discuss the results of all studies which 

completed at the time of pre-construction review 
and which were specified to be completed before 
the pre-operational review. Indicate how the results 
of these studies were factored into the design and 
proposed operation of the plant. 

c. 	 Describe in detail the monitoring programs which 
have been and will be undertaken to determine the 
effects of the operating plant on the environment. 
Include any monitoring programs which are being 
developed or carried out in cooperation with State 
and Federal fish and wildlife services. The results of 
preoperational monitoring activities should be 
presented. A listing of types of measurements, 
kinds, and numbers of samples collected, 
frequencies, and analyses should be provided and 
the locations described and indicated on a map of 
the area. 

d. 	 Discuss planned studies, not yet completed, that 
may yield results relevaiit to the environmental 
impact of the plant. 

to 
e. 	 Propose technical specifications relating t 

environmental impact. The proposed 
"Environmental Technical Specifications" will 
define the operating limits important to the 
protection of the environment and will specify the 
monitoring and surveillance programs, as well as the 
administrative procedures and controls, necessary 
to assure compliance. Guidelines for the 
preparation of Environmental Technical 
Specifications will be incorporated in a future 
edition of this Guide. In the interim, guidance will 
be furnished by the regulatory staff to individual 
applicants for operating licenses. 

PREPARATION OFENVIRONMENTALREPORTS 
General organization 

The second Section of this Introduction, with 
particular reference to the paragraphs quoted from the 
revised Appendix D of 10 CFR 50, provides general 
Information concerning the content of the applicant's 
Environmental Report. To provide specific and detailed 
guidance, the following "Standard Format and Content 
of Environmental Reports for Nuclear Power Plants" has 
been prepared. While conformance is not required, the 
format and content described are acceptable to the 
regulatory staff. Environmental Reports with differing
formats or content will be acceptable to the staff if they 
provide an adequate basis for the findings required for 
the Issuance of a license or permit, however, con-
formance with the format and content will expedite

staff revIew. 

Content 

In order to cover a wide variety of anticipated 
situations, the Guide scope is comprehensive. In some 
instances, requests for specific information may not be. 

applicable to aparticular plant or site.
 

Some of the Guide text (e.g., Section 7.1) has been 
written with specific reference to light-water reactors. 
Guidelines on the recommended content of these 
sections will be provided, on a case-by-case basis, to 
applicants proposing to construct and operate other 
reactor types. 

Some of the information to be included in the 
Environmental Report (e.g., that pertaining to 
demography, meteorology, hydrology) may have already 
been 	prepared by the applicant during consideration of 
the safety aspects of the proposed facility. In such cases, 
this information (whether in the form of text, tables or 
figures) should be incorporated in the Environmental 
Report where appropriate to avoid duplication of effort. 
The 	presentation in the Environmental Report of some 
information which also appears in the applicant's Safety 
Analysis Report is necessary because these reports are 
responsive to different statutory requirements and 
because each report should be essentially elf-contained. 

Descriptive and/or narrative text as well as tables, 
charts, graphs, etc. should be used in the Report. Each 
subject should be treated in sufficient depth and should 
be documented 4 to permit a reviewer independently to 
evaluate the extent of the environmental impact. Th, 
exact length of the Environmental Report will depend,
on the nature of the lant and its environment. Tables, 
line drawings, and photographs should be used wherever 
contributory to the clarity and brevity of the Report. 
Descriptive and narrative passages should be brief and 
concise. The number of significant figures stated in 
numerical data should reflect the accuracy of the data.
 

Pertinent published information relating to the site, 
the plant, and its surroundings should be referenced. 

Where published information is essential for evaluation 
of specific ejivironmental effects of the plant 
construction and operation, it should be included, in 
summary or verbatim form, in the Environmental
Report or as an appendix to the Report. In particular, 
water quality standards and regulations relevant to the 
environmental impact assessment should be given in an 
appendix. Reports of work supported by the applicant 
which the applicant considers contributory to the 
environmental impact analysis may be included as 
appendices. 

4"Documentation" as used in this Guide means 
presentation of evidence supporting data and statements and 
includes: (i) references to published information, (2)citationsfrom the applicants experience, (3) references to unpublished
information developed by the applicant or the applicants 
consultants. Statements not supported by documentation are 
acceptable provided th- applicant identifes them either v 
information for which documentation is not available or i 
expressions of belief or judgment. 
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Other facilities at a site 

The site for a nuclear power plant may already
contain one or more "units" (i.e. steam.electric plants), 
either in being or under construction or for which an 

,,"application for a construction permit or operating
license has been filed. The applicant, in preparing the 

Environmental Report relating to such a site, should 
consider the effects of the proposed plant (and Its 
in-service schedule) in conjunction with the effects of 
such additional plants. Further, if the site contains 
significant sources of environmental impact other than 
electric power plants, their interactions with the pro
posed plant should be taken into account. 
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STANDARD " FORMA T AND CONTENT OF ENVIRONMENTAL REPORTS
FOR NUCLEAR POWER PLANTS 

1. PURPOSE OF THE PROPOSED FACILITY 
In this Chapter, the applicant is to demonstrate the need
for the proposed facility in terms of the power
requirements to be satisfied, the system reliability to be 
achieved, any other primary objectives of the facility,
and 	 the consequences of delay in the scheduled
operation of the proposed plant on those primary
objectives. 

1.1 	 Need for power 

This Section should discuss the requirement for the 
proposed nuclear unit(s) in the applicant's system
and in the region, considering the overall power
supply situation, past load and projected load
growth, reserve margins, and the reliability of the 
bulk power supply. Apparent inconsistencies 
between the data presented and that furnished to 
the Federal Power Commission or the regional
reliability council should be explained. 

1.1.1 	 Load characteristics 

Items (a) through (c) below pertain to annual 
load data. This annual data should be
provided, to the extent available, beginning 
ten years prior to the filing of the 
Environmental Report through at least two 
years beyond the projected initial date of 
commercial operation of the last nucdear unit 
with which the Report is concerned. The
other load data, items (d) and (e), should be 
presented for the initial full year of operation
of the proposed plant. In all cases, the data 
should be provided, for (I) the applicant's
system, (2) the power pool or area within 
which the applicant's planning studies are 
based and (3) where available, the regional
reliability council or appropriate subregion or 
area of the reliability council. 

(a) 	 The past annual peak load demands and 
energy requirements and future projected
demands and energy requirements should 
be presented. The past and future growth
trends should be compared and 
explanations given for deviations In
trend. A discussion should be included as 
to the extent to which the future trend 
reflects anticipated decreases in demand 

resulting from actions that are in p 
or have been taken at the loc 
national level to conserve electric ej

(b) 	The applicant should provide data f 
total interruptible load to the exten 
such load is used in power pla
studies to rLduce the annual 
demands or energy requirements.

(c) 	 The past and expected future fir 
power purchase (or sales) applicalthe 	 time of the annual peak de 
should be presented. The past
expected future firm energy sales sl 
also be presented.

(d) 	Monthly peak and energy I 
interruptible peak and energy loads 
firm power peak and energy purc
(or sales) as expected for the initih 
year of operation of the pro 
nuclear plant should be provided.

(e) 	 The applicant should present 
expected annual load duration curvi
information derived from such a i 
for the initial full year of operatic
the proposed nuclear plant
substantiate the need for base 
generation. 

1.1.2 Power supply 

The 	 applicant should briefly discuss 
The plan t shou d criera as 
power planning programs and criteria as 
apply ( ) to the applicant's system, (2)t 
power pool or area within which 
applicant's planning studies are based an 
the regional reliability council or 
appropriate subregion or area of the reliab 
council. Systems capabilities should 
tabulated for the three respective areas tcextent applicable at the time of the an 
peak demand for five years preceding
filing of the Environmental Report throug
least two years beyond the expected in
date 	 of commercial operation of the 
nuclear unit with which the Report
concerned. Each generator capability she
be listed separately for the initial year
capability additions thereafter should 
separately tabulated by date including 
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non-sirm power purchases (or sales), 
retirements or deratings, and upratings. Each 
generator should be categorized as to type 
(hydro, fossil, nuclear, pumped storage, etc.)
and as to function (base load, intermediate, 
peaking, etc.) 

1.1,3 Capacity requirement 
. CThe 

The applicant's method of determining system
generating capacity requirements should be 
described including: 

(a) 	 The method and criterion employed to 
determine the minimum system reserve 
requirement such as single largest unit, 
probability method or historical data and 
judgment. If probabilistic studies are 
used as a planning tool the results should 
be stated along with the significant input 
data utilized, such as the load model,
generating unit characteristics (including 
forced outage rates and maintenance 
schedules), the duration of periods 
examined, treatment of interconnections,
and a general description of the 
methodology employed. 

(b) 	 The effect of operation of the proposed 
nuclear unit(s) on the applicant's, or 
planning entity's capacity requirements.
In addition, the effects of present and 
planned interconnections on the capacity
requirements should be discussed. 

(c) 	 The reserve margin responsibility of 
participants in the regional coordinating 
council or power pool. 

1.1.4 	 Statement on area need 

The applicant should include any report(s) or 
statement(s), indicating the power
requirement in the overall area(s), fiorn 
responsible officials in the regional reliability 
council and/or the power pool or planning
entity with which the applicant is associated. 

reports or statements should include the 
following information or a statement that 
such information is not available: 

(a) 	 description of the minimum installed 
reserve criterion for the region and/or 
subarea; 

(b) 	 identification, description and brief 
discussion of studies and/or analyses 
made to assess the area-wide adequacy
and expected reliability of power supply 
for the first year of operation of the 
nuclear unit(s); and 

(c) 	 the minimum reserve requirement in the 
region and/or subarea for the first year of 
operation of the proposed nuclear plant. 

1.2 	 Other objectives 

If other objectives are to be met by the proposed 
facility, such as producing process steam for sale, or 
desalting water, a description of these should be 
given. 

1.3 	 Consequences of delay 

The effects of delays in the proposed project on the 
adequacy and reliability of the power supply for 
the applicant's system(s), subregion and region 
should be discussed. 

2-
277
 



2. THE SITE
 

This Chapter should present the basic, relevant permanent populations within the sector for the 
Information concerning those physical, biological, and following: year of the most recent census, time of 
human characteristics of the area environment that proposed plant startup, and end of the anticipated
might be affected by the construction and operation of a life of the plant. The basis for the population
nuclear power plant on the designated site. To the projections should be described. 
extent possible, the information presented should reflect 
observations and measurements made over a period of The estimated permanent and/or transient 
year. population, at the time of start of plant 

construction, at plant startup, and at end of plant2.1 Site location and layout lifetime, of public facilities (schools, hospitals, 
prisons, recreation and sports facilities, etc.) within 

Provide a map' showing the coordinates of the site 5 miles of the plant should be presented. If the site 
and Its location with respect to State, county and Includes a visitors' center, its location and 
other political subdivisions. On detailed topo- anticipated visitor statistics should be provided.

graphical maps show location of the plant peri
meter, exclusion area boundary, utility property, Indicate (for the 5 mile radius area) the nature and

abutting and adjacent properties, including water extent of present and projected land (agri.
use 
bodies, wooded areas, and farms, nearby settle- culture, livestock raising, dairies, pasturelands, resi
ments, industrial plants, parks, and other public dences, industries, recreation, wildlife preserves,
facilities, and transportation links (railroads, high- sanctuaries, hunting areas, transportation, etc.) and 
ways, waterways). Indicate total acreage owned by any recent trends such as abnormal changes in 
the applicant and that part occupied or modified population or industrial patterns. If the area near 
by the plant and plant facilities. Indicate other the plant site is zoned for specific uses, the 
existing and proposed uses, if any, of applicant's applicant should indicate the zoning restrictions, 
prnperty and the acreage devoted to these uses. both at the site and within 5 miles of the reactor 
Describe any plans for site moJifications, such as a building location. 
visitors' center or park. 

Indicate the nature and amounts of present water 
2.2 Regional demography, land and water use use (water supplies, irrigation, reservoirs, 

recreation, transportation, etc.) within the plant
Two maps indicating the locations and areas of site and environs. The applicant should provide
towns and cities should be provided, with the first data concerning any drawdown of ground water 
covering an area of 10-mile radius centered at the caused by withdrawals from neighboring major
proposed plant location and the second covering an industrial and municipal wells and how they may 
area of 50-mile radius. The l0.mile map should result in the transport of material from the site to 
have circles, centered at the reactor building those or other wells. All locations of water usage
location, of 1, 2, 3, 4, 5, and 10 miles radius; on within 50 miles where the water supply may be 
the SO-mile map, circles with radii of 5, 10,20, 30, contaminated by plant effluents, should be 
40 and 50 miles should be drawn. The populations identified and the population associated with each 
(year of most recent census) of the towns and cities use point given. In addition, all population centers 
shown on the maps should be indicated either on taking water from waterways from the plant to the 
the maps or in a separate tabulation, ocean, or such lesser distance as the applicant can 

technically justify, should be tabulated (distance,
The circles of the above maps should be divided uses, amounts and population). Sources which are 
into 22.50 segments, with each segment centered river bank wells should be tabulated separately with 
on one of the 16 cardinal compass points (N, NNE, their associated population. In streams where 
NE, etc.) For each of the sectors thus formed by radioactive contaminants may be introduced by
the concentric circles and radial lines, the applicant plant operation, the applicant should estimate the 
should tabulate (on separate maps or tables) the minimum transit time and the minimum dilution of 

the contaminated water between the point of 
'All maps requested In Chapter 2 should Indicate distance discharge and the points of use. Data, assumptions,

seale and compas" north (at least). Coordinates should be UTM. and models used in estimating transit time andSite coordinate gid should also be presnted. dilution should be provided. 
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Note on the n;z the locations of industrial 
facIlitles, including power plants, which might 
release effluents (to the atmosphere or to 
waterways) that could interact with the proposed 
plant or with its effluents. 

The degree of detail to be provided in any 
paragraph in this Section will generally depend 
upon the distance from the plant; that is, nearby 
activities (within 5 miles of the plant) should be 
described in greater detail than those at greater 
distances. 

2.3 	 Regional historic, scenic, cultural and natural 
landmrks 

Areas valued for either their historic, scenic, 
cultural or natural significar.ce may be affected. 
The Environmental Report should include a brief 
discussion of the historic, scenic, cultural and 
natural significance, if any, of the plant site and 
nearby areas with specific attention to the sites and 
areas listed in the National Register of Historic 
Places and the National Registry of Natural 
Landmarks. The 1972 cumulative revision of the 
National Register of Historic Places is in the 
FederalRegister of March 15, 1972, 37 F.R. 5428; 
additions are published in the FederalRegister on 
the 	 first Tuesday of each month. The National 
Registry of Natural Landmarks appears in the 
Federal Register of January 29, 1972. Also, the 
applicant should discuss its consultation with the 
appropriate State Liaison Officer for Historic
Preservation concerning properties under 
consideration for nomination to the National 
Register of Historic Places. The Environmental 
Report should contain evidence of contact with the 
Historic Preservation Officer for the state involved 
and 	a copy of his comments concerning the effect 
of the undertaking on historic, archaeological and 
cultural resources. State Liaison Officers are listed 
in the Federal Register of March 15, 1972 and 
supplemented in December 1972. In addition, 
indicate whether or not the site has any 
archaeological significance and explain how 
conclusions were reached. If such significance or 
value is present, describe plans to ensure its 
preservation, 

State .vhether the proposed transmission line 
right-of-way from the plant to the hook-up with 
existing system (Section 3.9) will pass through or 
near any area or location of known historic, scenic, 
cultural, natural, or archaeological signifcance. 

1.4 	 Geology 

A description of the major geological aspects of the 
site and its immediate environs should be provided, 
The level of detail presented should be appropriate 
to the proposed plant design and particularly the 

host dissipation system planned. For example, if 
holding or cooling ponds are to be created, a 
detailed description of soil and bedrock types, etc. 
should be provided. Except for those specific 
features that are relevant to the environmental 
impact assessment, the discussion may be limited to 
noting the broad features and general 
characteristics of the site and environs (topography, 
stratigraphy, soil and rock types). 

2.5 	 Kydrololy 

The effects of plant construction and operation on 
any adjacent above-ground or below-ground bodies 
of water are of prime importance. Accordingly,
describe the physical, chemical, biological and 
hydrological characteristics (and their seasonal 
variations) of surface and ground waters (marshes, 
lakes, streams, estuaries, bays, oceans, etc.) of the 
site and the immediate environs. Only those waters 
that may affect plant effluents or that may be 
affected by the construction or operation of the 
proposed plant should be discussed. Where 
pollution exists, the applicant should estimate the 
extent and nature of the pollutants. Knowledge of 
the pollutant level will assist the applicant and the 
Commission in evaluating the effects of plant 
construction and operution under existing 
conditions of water quality and under conditions 
expected to exist as a result of the enforcement of 
national water pollution controls. Include a 
description of significant tributaries above and 
below the site and the pattern and gradients of 
drainage in the area. Note that information relating 
to water characteristics should include 
measurements, to the extent possible, made on or 
in close proximity to the site. 

Relevant maxima, averages, and minima of 
important parameters of those ground and surface 
waters which may be affected by construction or 
operation of the plant or by upstream water users 
should be presented. These parameters include 
temperature, flow rate, velocity, water table 
altitude above mean sea level and chemical 
stratification, circulation patterns, river and lake 
levels, tides, floods, currents, wave action, and 
flushing times. These data should be provided out 
to 50 miles for streams or lakes and lake systems 
that may receive contaminated water from the 
plant. For lake sy!,tems that may receive 
contandnated water, the surface areas, flow rates 
(in and out) and volumes of the water bodies 
should also be provided. The manner in which 
volumes and areas change with expected seasonal 
and other level fluctuations should be included. 
Monthly values of these parameters should be 
presented as a minimum; daily values should be 
provided where they are important in determining 
environmental effects. Where a stream or other 
water body is to be used by the plant, the observed 
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7.day lO.year low flow value should be provided, 
t ical, and areal variations should be established 

on a regional basis as well as In'the Immediate 
vicinity of the site. 

If data are available, ground water contours 
(including seasonal variations) within 2 or 3 miles 
of the plant should be presented. (Note that water 
use at the site isdiscussed in Section 2.2.) 

In view of their importance in environmental 
impact assessment, the water quality standards or 
requirements applicable to any of the waters that 
may be affected by plant construction and 
operation should be cited. Relevant texts of the 
Federal, State and local laws, regulations or 
ordinances should be included as an appendix to 
the Report. 

2.6 Meteorology2 

Present data on site meteorology: (1)diurnal ann 
monthly averages and extremes of temperature, 
dewpoint, and humidity; (2) monthly wind 
characteristics and all height(s) at which wind 
characteristics data are applicable or have been 
measured, including speeds, 'directions, frequencies 
and joint wind speed, stability category, wind 
direction frequencies; (3) data on precipitation; (4) 
frequency of occurrence and effects of storms 
accompanied by high velocity winds including 
tornadoes and hurricanes. (in the second item, the 
joint wind speed.stability.direction frequencies 
should be presented in tabular form, giving the 
frequencies as fractions when using 5-year U.S. 
Weather Bureau summaries, or as number of 
occurrences when using only one or two years of 
onite data. The data should be presented for each 
of the 16 cardinal compass directions, and the 
stability categories should be established to 
conform as closely as possible with those of 
Pasquill.) 

At the time of filing for a construction permit, the 
applicant may not have the detailed site 
meteorological data described above. In this case, 
the applicant may present information applicable 
to the general site area which is available from the 
U.S. Weather Bureau or other authoritative source. 

2.7 Ecology 

In this Section the applicant should idntify the 
Important flora and fauna in the region f the site 
(which may reasonably be expected t,- affectedne 
by the proposed plant), their habitats and 
distribution as well as the relationship between 
species and their environments. A species, whether 

BalI-ty Guide 23 "Onsite Meteorological P'rograms" 
(February 17, 1972) should be referred to for additional detaila, 

animal or plant, is "important" (I) If it Is 
commercially or recreationally valuable, (2) If it is 
rare or endangered, or (3) if it affects the well-being 
'of some important species within criteria (1)and 
(2) above, or (4) if it iscritical to the structure and 
function of the ecological system. A "rare or 
endangered" species is any species officially 
designated as such by the U.S. Fish and Wildlife' 
Service. 

in cataloging the local organisms, the applicant 
should identify and discuss the abundance of the 
important terrestrial vertebrates and aquatic 
organisms. The discussion should include species 
that migrate through the area or use it 'for breeding 
grounds. The applicant should provide data on the 
count and distribution of important domestic 
fauna, in particular cows and goats, that may be 
involved in the radiological exposure of man via the 
iodine-milk route. A map that shows the 
distribution of the principal plant communities 
should be provided. 

The discussion of species-environment relationships 
should include descriptions of area usage (e.g. 
habitat, breeding, etc.); it should include life 

histories of important regional animals and aquatic 
organisms, their normal seasonal population 
fluctuations and their habitat requirements (e.g. 
thermal tolerance should includeranges); and 'it 
identification of food chains and other interspecies 
relationships, particularly when these are 
contributory to predictions or evaluations of the 
impact of the nuclear plant on the regional biota. 

Identify any definable pre-existing environmental 
stresses from sources such as pollutants, as well as 
any ecological conditions suggestive of such 
stresses. Describe the status of ecological 
succession. Discuss the histories of any infestations, 
epidemics, or catastrophes (caused by natural 
phenomena) that have had a significant impact on 
regional biota. 

The sources of information should be identified. As 
part of this identification, present a list of any 
published material dealing with the ecology of the 
region. Locate and describe any ecological or 
biological studies of the site or its environs now in 
progress. 

.8 Background radiological characteristics 

Regional radiological data, including both natural 
background radiation levels and results of 
measurements of any concentrations of radioactive 
materials occurring ii important biota, in soil and 

rocks and in regional surface and local ground 
waters should be reported. Of concern is the 
detection of radio-iodine in cows' milk; 
consequently, the regional radiological data base 
should include preopcrati i! dalt from milk 
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sampling and analysis where other plants arc in the 
vicinity.These data, whether determined during tle 
applicant's preoperational surveillance program (see 
Section 6.1.5) or obtained from other sources, 
should be referenced. 

&.9 Other environmental features 
I Ot 

For certain sites, some relevant information on the 

plant environs may not clearly fall within the scope 
of the preceding topics. Additional information 
may be required with respect to some 
environmental features in order to reflect the value 
of the site and site environs to important segments 
of the population. Such information should be 
included here. 
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.3. THE PLANJ
 

.The operating plant and transmission system are to be 3.4 
described in this Chapter. Since the environmental 
effects are of primaryconcern in the Report, the plant 
effluents andplant-relatedsystems thatinteractwith the 
environment shouldbe describedin particulardetail, 

3.1 External appearance 

The building layout and plant perimeter should be 
illustrated and related to the site maps presented in 
Section 2.1. The plant profile should be shown to 
scale by line drawings or other illustrative 
techniques. A recent oblique aerial photograph 
should be inecluded. 

The architectural design and efforts to make the 
structures and grounds aesthetically pleasing should 
be noted. 

The location and elevation of release points for 
liquid and gaseous wastes should be clearly 
indicated, 

3.2 Reactor and steam.electric system 

The reactor type (BWR, PWR, HTGR, etc.), 
manufacturer, architect-engineer, number of units, 
and kind (make) of turbine generator should be 
stated. The fuel (cladding, enrichment, etc.) should 
be described. Rated (license level) and design 
("stretch" level) electrical and thermal power of 
the reactor as well as the in-plant electrical power 
consumption should be given, 

3.3 Plant water use 

A quantitative water-use diagram for the plant 
should be presented, showing water flows to and 
from the variovs plant water systems (heat 
dissipation system, sanitary system, radwaste and 
chemical waste systems, process water system,etc.) 
The sources of the water for each input should be 
described. Show total consumptive use of water by 
the plant. The above data which quantify plant 
water use should be tabulated for various plant 
conditions including maximum power operation, 
minimum anticipated power operation, temporary 
shutdown, with and without cooling towers and 3.5 
cooling ponds (if seasonal usage is planned). To 
avoid excessive detail on the diagram, 
cross-reference other sections (e.g., Sections 3A, 
3.5, 3.6, 3.7) for relevant data. 

4.2.12 

Heat dissipation system 

Heat-removal facilities for normal operation should 
be discussed in detail. Simplified flow diagrams, 
sketches of Intake and outfall structures should be 
presented. The reasons for providing the particular 
facilities (such as water resources limitations or 
reduction of thermal effects) should be noted. The 
source of the cooling water should be identified. 
(Its natural temperature, including monthly 
changes and stratification, should be described in 
Section 2.5.) 

Topics to be covered include: quantity of heat 
dissipated; quantity of water withdrawn, 
consumptive use, return, design, size, and location 
of cooling towers, cooling lakes or spray ponds; air, 
water flow rates, pertinent temperatures, estimates 
of quantity of drift and drizzle (and methods used 
in making estimates) for cooling towers; blowdown 
volume, rate of discharge and physical and chemical 
characteristics for towers and ponds; temperature 
changes, rate of changes and holdup times in 
cooling ponds; rate of evaporation of water fron 
towers or ponds; information on dams or dikes 
where a cooling reservoir is created; design and 
location of water intake structures, including water 
depth, flow and velocity, screens; number and 
capacity of pumps at intake structure; temperature 
differences between withdrawn and returned water; 
time of travel across condenser and to end of 
contained discharge lines, canals, etc. for different 
months and flows; point of addition and flow rate 
of any diluent added to the cooling water stream; 
details of outfall design including discharge flow 
and velocity and the depth of the discharge 
structure in the receiving water. Descriptions 
should include operational modes of Important 
subsystems. 

Procedures and schedules for removal and disposal 
of blowdown, of slimes and algal growth In the 
system, and of trash collected at the intake 
structures, should be described. Data on rdevant 
chemical constituents should be presented in 
Section 3.6. 

Radwaste systems 

Provide a detailed description of the radwaste 
systems Including flow diagrams showing origin, 
treatment, and disposal of all solid, liquid, and 



,:,gaseous radioactive waste generated by the plant
,under consideration. List. estimated quantities, 
volumes and flow rates from all sources, expected 
decontamination factors, holding times, and 

,-expected frequency and magnitude of variations 
within normal operating conditions. (Accident 
conditions are to be discussed under Chapter 7.) 

Indicate which radwaste systems are used singly 
and which are used jointly with other units at the 
site, as applicable. List all radionuclides (and their 
half.lives) that will be discharged with each effluent 
stream and give the expected annual average release 
rates.' If the release rates are intermittent, give the 
maximum release rates and times involved. Supply 
all pertinent supporting information, including a 
description of assumptions and computational 
methods used. Identify the physical characteristics 
of all radioactive effluents-particulate, ionic, 
gaseous, etc. 

State the concentrations of all liquid effluent 
radionuclides prior to mixing with receiving water 
body (e.g., stream, lake, estuary). These 
concentratio- should take into account dilution 
by plant water bodies such as cooling ponds or 
canals which receive effluents prior to mixing with 
the receiving water body. Seasonal and operational
variations in dilution water usage in radwaste 
effluents should be stated. 

Describe the release points (high stacks or vents)
from which airborne or gaseous radioactive 
materials are to be emitted, giving base and release 
elevations, inside diameter and shape. In cases 
where the height of the emitting point is less than 
2.5 times that of surrounding buildings, supply 
relevant information on height, location, and shape
of nearby buildings and structures. (Cross reference 
to Section 3.1 as appropriate). Provide data on 
effluent velocity, volume flow rate from the release 
point, and the temperature of the effluent gases if 
appreciably different from ambient. 

3.6 Chemical and biocide wastes 

The applicant should describe chemical additives 
(including corrosion inhibitors, chemical and 
biological antifouling agents), corrosion products, 
waste streams or discharges from chemical 
processing and water treatment that may enter thelocal environment as a result of plant operation.
Maximumrand a verages concentrations of chemicals 
Mxmand aeragebr ne o hoigsytemntrations f ltsand solids in any brines or cooling-system effluentsshould be given. Ground deposition of chemicals 

'The Information requested here is commonly called the 
"source term." The applicart's attention is directed to the set of
questions In Appendix I of this Guide. The responses to these 
constitute the basic data required in calculating the source term. 
The applicant should submit answes to the questions in the
Environmental Report, 

O and solids entrained in spray, fallout :should b 
,;estimated ,and ,the ,methods and- bases for thi 

estimates stated. 

The discussion should include description o 
procedures by which effluents will be treated 
controlled and discharged, the expected nomina 
and maximum concentrations for each discharge
and the quantities that will be discharged in , 
specified time. Seasonal and operational variation: 
In discharges should be described. A flow diagran 
(which may also be combined with the liquic 
radwaste system) should be included. 

3.7 Sanitary and other waste syp6ems 

The applicant should describe any othei 
nonradioactive solid or liquid waste materials, such 
as sanitary and chemical laboratory wastes, laundry 
and decontamination solutions, that may be 
created during plant operation. The description 
should include estimates of the quantities of wastes 
to ue disposed of, their pollutant concentrations, 
biochemical oxygen demand, and other relevant 
data. The manner in which they will be treated and 
controlled and procedures for disposal should also 
be described. 

The applicant should describe any other gaseous 
effluents (i.e., from diesel engines, gas turbines, 
heating plants, incinerators) created during plant 
operation; estimate the frequency of release and 
describe how they will be treated before release to 
the environment; estimate the total quantity of 
SO2, NOx pollutants to be discharged annually. 

3.8 Radioactive materials inventory 

The transportation of radioactive materials may 
have environmental effects. In this Section the 
radioactive materials to be transported to and from 
thdite oderibed. 
the site should be described. 

A description of the type of fresh fuel to be used 
and the quantity to be shipped to the site each year 
should be provided. The form of fuel, enrichment, 
cladding, total weight per shipment, and expected 
form of packaging and the estimated number of 
shipments per year should be discussed. 

.applicantThe should estimate the weight of 
irradiated fuel to be shipped from the site per year,
the number of shipments per year, the average andmaximum burnup for each shipment, the coolingtime required prior to each shipment, and the 

expected form of packaging to be used. 

Estimates of the annual weight, volume and activity
of radioactive waste materials (e.g., spent resins and
air filters) to be shipped from the site should be 

provided. The applicant should categorize the 
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it.wastes.according to whether;they are liquid, solid 
in or gaseous. Any processing :that: may be requlred 

before shipment, such as compacting or 
consolidating with vermiculite and cement, should 

,.be described. -,widths 

1.,Tranmnission facilities 

,.The Environmental Report should contain 
sufficient information to permit evaluation of the 
environmental impact of transmission lines and 
related facilities that are to be constructed from the 
proposed nuclear installation to an interconnecting 
point or points on the existing high-voltage 
transmission system. For material useful in 
preparing this subsection, the applicant is advised 
to consult the Department of Interior/Department 
of Agriculture publication entitled "Environmental 
Criteriv for Electric Transmission Systems" (U.S. 
Govemjnent Printing Office, 1971) and the Federal 
Power Commission publication "Electric Power 
:Transmission and the Environment." 

This portion of the Report should identify and 
.,discuss parameters of possible environmental 

significance, including radiated electrical and 
acoustic noise, induced or conducted ground 
currents and ozone production. 

The applicant should supply contour maps and/or 
aerial photographs showing the proposed 

1 .rlght-o-f-way "and' identifying -any: existing 
lisubstation(s) or other, point(s) at which the 

.transmission line(s) will connect with theexisting 
'high-voltage transmission system. The lengths anc 

of the proposed rights-of-way should b 
specified. Any access roads, maintenance roads an'." 
new facilities located on or near the right-of-way 
should be shown. The applicant should characterize 
the land types to be crossed by the transmission 
line and indicate whether the land adjacent to the 
right-of-way has residential, agricultural, industrial 
or recreational uses. Any area where construction 
of the transmission line(s) will require permanent 
clearing of trees and vegetation, changes in 
topography, or removal of manmade structures 
should also be indicated as well as areas where the 
transmission line(s) will be placed underground. 
Indicate whether the high-voltage transmission lines 
will cross railroad rights-of-way. Any beneficial uses 
planned for the right-of-way should be discussed. 
The degree to which the above-ground lines will he 
visible from frequently traveled public roads should 
be indic,ted. 

Adequate descriptions of proposed line-related 
facilities, such as substations, should be included in 
the Report. This portion of the Report should 
provide sufficient information on the external 
appearance of the transmission structures to permit 
an assessment of their aesthetic impact. 
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4. ENVIRONMENTAL EFFECTS OF SITE PREPARATION,
 
PLANT AND TRANSMISSION FACILITIES CONSTRUCTION
 

This Chapter of the applicant'sEnvironmentalReport 
should discuss the expected effects of site preparation 
and plant and transmission facilities construction. The 
effects should be presented in terms of their physical 
impact on the resources and populations described in 
Chapter 2. Effects which are primarily economic or 
socialin charoctershould be discussedin Chapter8. 

The preparation of the site and the construction of a 

nuclear power plant and related facilities w'll inevitably 
affect the environment; some of the effects will be 

adverse and some will be beneficial. Effects are 
considered adverse if environmental ,:hange or stress 

causes some biotic population or natural resource to be 

less safe, less healthy, less abundant, less productive, less 

aesthetically or culturally pleasing, as applicable: or if 

the change or stress reduces the diversity and variety of 
individual choice, the standard of living, or the extent of 

sharing of life's amenities; or if the change or stress tends 

to lower the quality of renewable resources or to impair 

the recycling of depletable resources. Effects are 
cause changes or stressesconsidered beneficial if they 


having consequences opposite to those juswenumerated. 


In the applicant's discussion of adverse environmental 

effects, it should be made clear which of these are 


considered unavoidable ind subject to later amelioration 


and which are regarded as unavoidable and irreversible.
 
Those effects which represent an irretrievable 

should receive detailedcommitment of resources 
(In contextconsideration in Section 4.3. the of this 

discussion, "irretrievable commitment of resources" 
permanentnatural and 

impairment of these, e.g., loss of wildlife habitat; 
areas; 

alludes to sources means a 

destruction of nesting, breeding or nursing 
orinterference with migratory routes; loss of valuable 

areas; as well asaesthetically treasured natural 

expenditure of directly utilized resources.) 


4.1 Site preparation and plant construction 

The applicant should organize the discussion hi 

terms of the effects of site preparation and plant 
construction on (a) land use and (b) water use. The 
applicant should consider consequences to both 
human and wildlife populations and indicate which 
are unavoidable, reversible, etc. according to the 
categorization set forth earlier in this Chapter. 

In the land use discussion, describe how 
construction activities may disturb the existing 

terrain and wildlife habitats. Consider the effects of 
such activities as creating building material supply 
areas; building temporary or permanent roads, 
bridges, service lines; disposing of trash and 
chemical wastes (including oil), excavating and land 
filling. Provide information bearing on such 
questions as: How much land' will be torn up? For 
how long? Will there be dust or smoke problems? 
What explosives will be used? Where and how 
often? Indicate proximity of human populations 
and identify undesirable impacts on their 
environment arising from noise, from 

men,inconvenience due to the movement of 
material, machines, including activities associated 
with any provision of housing, transportation, 
educational facilities for workers and their families. 
A schedule of the estimated work force to be 
involved in site preparation and plant construction 
should be presented. Describe any expectcd 
changes in accessibility of historical, cultural and 
archaeological sites and natural landmarks in the 
region. 

Discuss measures designed to mitigate or reverse 

undesirable effects, such as erosion control, dust 
stabilization, landscape restoration, control of 

truck traffic, restoration of affected animal habitat. 

The discussion should also include a,' effects of 
site preparation and plant construction aAivities 
whose consequences may be beneficial to the 

region, as, for example. the use of spoil to create 
playgrounds and/or recreational facilities. 

impact of site preparation and construction 
activities on regional water (lakes, streams, ground 

water, etc.). The overall plan for use (recreation, 
reservoir, etc.) of watev bodies that may be affected 
by plant construction should be discussed. 
Activities that might affect water use include the 
construction of cofferdams, and/or storm sewers, 
dredging operations, placement of fill material in 
the water, and the creation of shoreside facilities 
involving bulkheads, piers, jetties, basins or other 
structures enabling ingress or egress from the plant 
by water. Examples of other pertinent activities are 
the construction of intake and discharge structures 
for cooling water or other purposes, straightening 
or deepening a water channt -"d operations 
affecting water levels (floodinj construction, 
dewatering effects on nearby grou,.J..wmt m
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etc. ,The applicant should describe the effects of 
these activities on navigation, fish and wildlife 
resources, water quality, water supply, aesthetics 
and so on as applicable, 

Measures to mitigate undesirable effects, such as 
flood and pollution control, erosion control, 
installation of fish ladders or elevators and other 
procedures for habitat improvement should be 
described, 

Where it is proposed to create a cooling water lake, 
describe the effects on the local ecology, including
the loss of flora and local migration of fauna from 
the area the lake will occupy. In addition, the 
expected establishment and development of aquatic 
plant and animal life should be described. This 
discussion may refeience any available data based 
on studies of similarly sited artificial lakes. 

4.2 	 Transmission facilities construction 

The effects of construction and installation of 
transmission line towers and facilities on the land 
and on the people, including those living in and 
those visiting or traveling through the adjacent area, 
should be discussed in this Section. (Refer to 
Section 3.9 for the basic information.) 

The 	 following topics may serve as guidelines for 
this 	 discussion but the applicant should include 
additional material if it is relevant: 

a) 	 Any permanent changes that will be induced 
in the physical and biological processes of 
plant and wild life through the changes in the 
hydrology, topography or ground cover or 
through the use of growth retardants, 
chemicals, biocides, sprays, etc. during 

construction and installation of the 
transmission lines. 

b) 	 Total length of new lines through and in 
various categories of visually sensitive land 
(that is sensitive to presence of transmission 
lines and towers) such as natural shoreline, 
marshland, wildlife refuges, parks, national 
and state monuments, scenic areas, recreation 
areas, historic areas, national forests and/or 
heavily timbered areas, shelter belts, steep 
slopes, wilderness areas. 

c) Number and length of new access and service 
roads required. 

d) Erosion directly ti-aceable to construction 
activities. 

e) Loss of agricultural productivity on 
right-of-way. 

I) 	 Mitigative measures such as plans for 
protection of wildlife, for disposal of slash and 
unmerchantable timber, and for cleanup and 
restoration of area affected by clearing and 
construction activities. 

Briefly discuss the effects of construction on any 
identified rare or endangered species (as defined in 
Section 2.7) and what action will be taken to 
mitigate any adverse effects. 

4.3 	 Resources committed 

Discuss any irreversible and irretrievable 
commitments of resources (loss of land, 
nonrecyclable building materials, destruction of 
biota, etc.) which are expected should site 
preparation and plant and transmission facilities 
construction proceed. Such losses should be 
evaluated in terms of their relative and long term 
net, as well as absolute, impacts. (See Section 5.8 
of this Guide for more detailed consideration.) 



5. ENVIRONMENTAL EFFECTS OF PLANT OPERATION
 

This Chapter should describe the interactionof the plant 
and transmission facilities (discussed in Chapter 3) and 
the environment (discussed in Chapter 2). To the extent 
possible, the applicant should avoid repeating the 
matenal presented in Chapters 2 and 3. Measures 
planned to reduce any undesirable effects of plant 
operation (including the transmission facilities) on the 
environment should be described in detail. In the 
discussion of environmental effects, as in Chapter 4, 
effects that are considered unavoidable but either 
inherently temporary or subject to later amelioration 
should be clearly distinguished from those regarded as 
unavoidable and irreversible. Those effects which 
represent an irretrievable commitment of resources 
should receive detailed consideration in Section 5.8. 

The impacts of operation o the proposed facility should 
be, to the fullest extent practicable, quantified and 
systematically presented.' In the discussion of each 
impact, the applicant should make clear whether the 
supporting evidence is based on theoretical, laboratory, 
on-site, or field studies undertaken on this or on 
previous occasions. The source of each impact-the plant 
subsystem, waste effluent-and the population or 
resource affected should be made clear in each case. The 
impacts should be distinguished in terms of their effects 
on surface water bodies, groundwater, air, and land. 

Finally, the applicant should discuss the relationship 
between local shoit-term uses of man's environment and 
the maintenance and enhancement of long-term 
productivity. As used in this Guide, "short terin" may 
be taken to refer to the operathig life of the proposed 
facility and "long term" to rcfer to time periods 
extending beyond this life. The applicant should assess 
the action for cumulative and projected long-term 
effects from the point of view that each generation is 
trustee of the environment for each succeeding 
generation. This means considering, for example, thecommitment of a water source to use as a cooling
cmdiumein termswofermpairmenttofuotheractualiormedium in terms of im pairment of other actual orsh 
potential uses, and any other long-term effects to whichthe operation of this facility may contribute, 

S.1 Effects of operation of heat dissipation system 

Waste heat, dissipated by the system described in 
Section 3.4, alters the thermal conditions of the 
environment. Since the heat transfer is usually 
effected through the surface of a river, pond, lake, 

lQuanfictlon of' environmental costs badiscussed in 
chapter 1o. 

estuary or ocean or by the evaporation of water In 
a cooling tower, the hydrology of the environment 
(Section 2.5) and the aquatic ecology (Section 2.7) 
are of primary importance in determining what 
effects the released heat will have on the 
environment. 

Describe the effect that the heated effluent will 
have on the temperature of the receiving body of 
water with respect to space and time. Describe 
changes in temperature caused by drawing water 
from one depth and discharging it at another. The 
predicted characteristics of the mixing zone and 
temperature changes in the receiving body of water 
as a whole should be covered. Include seaso.ial 
effects. Discuss any model studies and calculations 
that have been performed to determine these 
characteristics, giving references to reports that 
provide supporting details. Details of calculational 
methods used in predicting thermal plume 
configurations should be given in an appendix to 
the Report. 

Describe the thermal standards or limitations 
applicable to the water source (including maximum 
permissible temperature, maximum permissible 
increase, mixing zones, and maximum rates of 
increase and decrease) and whether, and to what 
extent, these standards or limitations have been 
approved by the Administrator of the 
Environmental Protection Agency in accordance 
with the Federal Water Pollution Control Act, as 
amended. Indicate whether the discharge could 
affect the quality of the waters of any other State 
or States.
 
Describe the effects of released heat on marine and
 
fresh-water life. Give basis for prediction of effects.
 
Ire s discussio e a s i r re ncto he
In this discussion, appropriate references to the 

baseline ecological data presented in Section 2.7ud b ma e E x ct d h r al f e ts h o d 
should be made. Expected thermal effects shouldbe related to the optimum and tolerance 
temperature ranges for important (as defined in 
Section 2.7) aquatic species and the food base 
which supports them. The evaluation should 
consider not only the mixing zone, but the entire 
regional aquatic habitat potentially affected by 
operation of the proposed plant. 
Potential hazards of the cooling water intake and 

discharge structures (described in Section 3.4) to 
fish species and food base organisms should be 
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*-Identified and steps planned to measure and the 	alteration of water table levels, recharge rates, 
minimize the hazards should be discussed. 	 soil permeability should be discussed. 
Diversion techniques should be discussed in light of 
information obtained from ecological studies on 5.2 	 Radiological impact on biota other than man 
fish population, size, and habitats. 

In this Section the applicant should consider the 

The effects of passage through the condenser on 	 impact on biota other than man attributable to the 

zooplankton, phytoplankton, nieroplankton, and 	 release of radioactive materials from the facility. 
small nektonic forms such as immature fish and the The biota to be considered are those species of

-resultant implications for the important species and local flora and local and migratory fauna defined as 
functional groups should be discussed. "important" in Section 2.7. Since the region may 

contain many important species, the applicant need 

The applicant should discuss the potential 	 consider only those important species whose 
biological effects of modifying the natural 	 terrestrial and/or aquatic habitats provide the 

highest potential for radiation exposure.circulation of the water body, especially where 
water is withdrawn front one region or zone and 	 S.2.1 Exposure pathways 
discharged into another. This discussion should 
consider such factors as the alteration of the 
dissolved oxygen and nutrient content and 	 The various possible pathways for radiation 
distribution in the receiving as well the 	 exposure of the important local flor iwater as and local 
effects of scouring and suspended sediments. descgratorynfaunaushould beoidentifiedmanddescribed in textual and flowchart format. 

Plant-induced changes in the temperature of the 	 (An example of an exposure pathway chart is 
discharged water subsequent to environmental 	 given in Appendix 2.) The pathways should 
stabilization, cn affect aquatic life in the receiving 	 include the important routes of radionuclide 
body. Accordingly, the applicant should discuss the 	 translocation (including food chains leading to 
possible effects of reactor shutdown (and other 	 important species) to organisms or sites. 

temporary related conditions) including the 
dependence of effects on the season in which 	 5.2.2 Radioactivity in environment 
shutdown occurs. An estimate of the number of In Section 3.5, the radionuclide 
scheduled and unscheduled shutdowns per year concentrations in the liquid and gaseous 
should be given. Refueling schedules should be eonlentrom the lity a lise on s 
indicated, particularly where temperature cycling in effluents from the facility are listed. In this 
the receiving waters is likely to be large (e.g., Section, the applicant should consider how 
refueling in winter). Describe procedures for these effluents are quantitatively distributedreduingthemalshoctoaquticorgaism duingin 	 the environment. Specifically, estimates 
reducing thermal shock to aquatic organisms during 	 should be provided for the radionuclide 

concentrations in all waters that receive any 
Discuss the expected effects, if any, of heat liquid radioactive effluent, on land areas, and 
dissipation facilities such as cooling towers, lakes, on vegetation (on a per unit area basis) in the 
spray ponds, or diffusers on the local environment environs. 
and on. agriculture, housing, highway safety, 
airports, or other installations with respect to If there are other components of the physical 
meteorological phenomena, including fog or icing, environment that may become contaminated 
cooling tower blowdown and drift, noise. If fog or and thus cause the exposure of living 
icing may occur, the estimated hours per year, organisms to nuclear radiations, they should 
distances, directions, and transportation arteries be identified and their radioactivity burden 
(including navigable waters) potentially affected estimated. In addition, information 
should be presented and measures to mitigate such concerning any cumulative buildup of 
effects should be discussed. Consider possible radionuclides in the environment, such as in 
synergistic effects that might result from mixing of sediments, should be presented and discussed. 
fog or drift with other effluents in the atmosphere. 
(Environmental effects of chemicals discharged A summary of data, assumptions and models 
from cooling tower blowdown and drift should be used in determining radioactivity 
discussed in Section 5.4). concentrations and burdens should be 

provided.
 

In addition to the meteorological effects noted, 
other local environmental impacts may occur. 5.2.3 Dose rate estimates 
These should be described. For example, where a 
cooling pond or lake has been created, the effects From considerations of the exposure 
on ground water may be substantial; consequently, pathways and the distribution , of 
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)fJacllty-delved radioactivity In the environs, 
the.,applicant should estimate the maximum 
radionuclido concentrations that may be on 
the ground surface and present in important 
local flora and local and migratory fauna and 
the dose rates (rad/year) that may result from 
those concentrations. Values of 
bioaccumulation factors2 used in preparing 
the estimates should be based on site-specific
data if available; otherwise; values from the 
literature may be used. The applicant should 
tabulate and reference the values of 
bioaccumulation factors used in the 
calculations. 

Dose rates to important local flora and local 
and migratory fauna that receive the highest 
exposures, should be provided. 

5.3 Radiological impact on man 

In this Section the applicant should consider the 
radiological effects of facility operation and 
transportation of radioactive materials on man. 
Estimates of the radiological impact on man via 
various exposure pathways should be provided, 

5.3.1 Exposure pathways 

The various possible pathways for radiation 
exposure of man should be identified and 
described in textual and flowchart format. 
(An example of an exposure pathway chart is 
given in Appendix 2.) As a minimum, the 
following pathways should be evaluated: 
drinking (milk and water); swimming; fishing;
eating fish and game, invertebrates, and plants. 

S.3.2 Liquid effluents 

Estimate the expected annual average
concentrations of radioactive nuclides (listed 
in Section 3.5) in receiving water at locations 
where water is consumed or otherwise used by 
human beings or where it is inhabited by biota 
of significance to human food chains. (If
discharges are intermittent, concentration 
peaks as well as annual averages should be 
estimated.) Specify the dilution factors used 

sThe bloaccumulation factor is the equilibrium ratio: 
(concentration in organism)/(concentration in water). Values of 
bloaccumulation factors can be obtained from such references 
as: 

S. E. Thompson. C. A. Burton, 1). J. Quinn, Y. C. Ng,
"Concentration Factors of Chemical ,:lements in Edible 
Aqueous Organisms", University of California, Lawrence
Livermore Laboratory report UCRL-50564 (Rev. I), October 
1972. (Revision of identically titled document, dated December 
30, 1968, by W. H. Chapman, H. L. Fisher, M. W. Pratt.) 

A. M. Freke, "A Model for the Approximate Calculation of Safe 
Rates of Discharge of Radioactive Wastes Into Marine 
Environments" Health Physics, 13, 734 (1967). 
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- Inpreparing the estimates and the locations 
where the dilution factors are applicable.Note 
that, for radioactive effluents mixed with the 
thermal discharge, the dilution and 
distribution of radionuclides in the receiving 
water body will be influenced by the 
dynamics and configuration of the thermal 
plume. 

Provide data on recreational and similar use of 
receiving water and its shoreline, e.g.,
swimming, fishing, picnicking, hunting, clam 
digging. Include any persons who spend the 
major part of their working time on the water 
adjacent to the site and indicate the amount 
of time spent per year in this activity. 

Data on irrigation usage of the receiving water 
should be included, such as the number of 
acres irrigated, points at which irrigation water 
is drawn (downstream from the site), what 
type(s) of crops are produced within 50 miles 
of the site and the yield of each crop per acre. 

Provide data on the commercial and 
recreational fish and seafood catch (number of 
pounds per year of each species within the 
region). Include any harvest and usage of 
seaweed or other aquatic plant life. 

Determine the expected radionuclide 
concentrations in aquatic and terrestrial 
organisms significant to human food chains. 
Use the bioaccumulation factors given in 
Section 5.2.3 or supply others as necessary. If 
significant hunting occurs on land adjacent to 
or near the site of the nuclear plant and the 
flesh is eaten by the local populace, annual 
weight and radionuclide concentrations should 
be estimated. 

Calculate the following, using the above 
information and any other necessary
supporting data (provide details and models of 
the calculation as an appendix): 

Total body and significant organ 
(including GI tract, thyroid, skin and 
bone) doses (rem/year) to individuals in 
the population from all receiving 
water-related exposure pathways, i.e., all 
sources of internal and external 
exposure. 

S.3.3 Gaseous effluents 

From release rates of radioactive gases and 
particulates and meteorological data (Sections
 
3.5 and 2.6, respectively), estimate total body 
and significant organ doses (rein/year) to
Individuals exposed at the point of maximum 



giound-level concentratlofis off-site. Assume 
meterological conditions during releases which 
are consistent with expected periods of 
release. For example, assume annual averape 
meteorological conditions for a BWR and 

'limiting meteorological conditions for a PWR. 
Identify locations of points of release (stack, 
roof vent, etc.) used in calculations. 

A 

Estimate deposition of radioactive halogens 
and particulates on food craps and pasture 
grass. Consider maximum ground-level 
deposition on pasture grass, even though milk 
cows or goats may not be grazing there at the 
present time. Estimate total body and thyroid 
doses (rem/year) and significant doses received 
by other organs via such potential pathways. 

Provide an appendix describing the models 
used in these calculations. 

5.3.4 Direct radiation 

5.3.4.1 Radiation from facility 

1he applicant should provide an estimate 
of the total external dose (rem/year) and 
the total population external dose 
(man-rem/year) received by individuals 
outside the facility from direct radiation, 
e.g., gamma radiation emitted by 
turbines and radioactive waste vessels. In 
particular, the applicant should estimate 
the expected external dose rates received 
by individuals in nearby residences and 
schools, hospitals, or other publicly used 
facilifes. A summary of data, 
assumptions and models used in the dose 
calculations should be given, 

S.3.4.2 Transportation of radioactive 
materials
maral 

Radioactive miaterials to be shipped to 
and 	from the plant during its operation
ad beom theplntfied ndnisorion 
he ben ieie 
Section 3.8. 
Te adischarge
The applicant should identify the 
supplier of'the fresh fuel and the rsie 
likely route to be taken by the carrier 
from the point of supply to the plant. 
The distance, most likely mode of 
transport and details of shipment should 
be described. The latter discussion should 

include information on the number of 
fuel elements per package, number of 
packages per vehicle (truck, barge, 
railroad car) and the probable number of
shipments per year. 

"-'Similar, 	 concerning' information 
' shipments of irradiated fuel should be 

.	 supplied by the applicant. In connection 
with the description of shipment details, 
the applicant should indicate the method 
of in-transit cooling und the methods 
used 	 to contain leakig fuel assemblies. 

For other radioactive wastes to be 
shipped from the plant, the applicant 
should identify the disposal site and its 
distance from the plant, the most likely 
route of transport, mode of transport as 
well as the type of packaging, tie 
number, weight and activities of packages 
to be shipped each year. 

The information supplied by the 
applicant will be used by the Commission 
to estimate (per trip and per year) the 
radiological dosages, if any, to drivers, 
helpers and population along the 
transport route for fresh fuel, irradiated 
fuel, and radioactive wastes.3 

5.3.5 Summary of annual radiation doses 

The applicant should present a table that 
summarizes the estimated radiation dose to 
the regional population (at startup of the 
facility) from all plant-related sources using 
values calculated in previous Sections. The 
tabulation should include (a) the total of the 
whole-body doses to the population 
(man-rem/year) from all receiving 
water-related pathways and (b) the total of 
the whole-body doses to the population 
(man-rem/year) attributable to gaseous 
effluents out to a distance at least of 50 miles 
from the site 

5.4 	 Effects of chemical and biocide discharges 

Chemical and biocide discharges have been 

described in Section 3.6. Water resources and use 
are 	 discussed in Sections 2.5 and 3.3. In thisSection, the specific concentrations of these wastes 
at the points of discharge should be compared with 
natural ambient concentrations without the 

and also compared with applicable water 
standards. The projected effects of the effluents for 
both acute and chronic exposure of the biota 
(including any long-term buildup in sediments and 
in the biota) should be identified and discussed. 
Dilution and mixing of discharges into the receiving 

bA' general analysis of the environmental impact of 
transporting radioactive materials to and from a light-water 
nuclear power reactor has recently been Issued by the 
Commission. See "Environmental Survey of Transportation of 
Radioactive Materials to and from Nuclear Power Plants", 
USAEC, Directorate of Regulatory Standards, December 1972, 
and 38 F.R. 3334 (Feb. 5,1973). 
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,waters should be discussed in detail and estimates 
,,of concentrations at various distances from the 
,point of discharge should be provided. Include a 
,detailed description of the method of calculation. 
The estimated area in the receiving body of water 
enclosed by contours corresponding to 
water-quality-standard values should be given, 
Variation of concentrations with changes in 
condition (e.g. stream flow, temperature) of 
receiving water should be discussed. The effects on 
terrestrial and aquatic environments from oil or 
chemical wastes which contaminate surface and/or 
ground water should be included, 

The effects of chemicals in cooling tower 
blowdown and drift on the environment should 
also be considered in this Section. Estimates of 
concentrations at various distances should be 
provided. Include a description of the method of 
calculation. 

Any anticipated chemical or biocide contamination 
of domestic water supplies (from surface water 
bodies or ground-water) should be identified and 
discussed. Rate of percolation of each contaminant 
into the water supply and the resulting 
concentration in the water should be estimated. 

5.5 	 Effects of sanitary and other waste discharges 

Sanitary and other waste systems have been 
described in Section 3.7. The expected discharges 
should be discussed as inSection 5.4. 

5.6 	 Effects of operation and maintenance of the 
transmission system 

The environmental effects of operation and 
maintenance of the transmission system required to 
tie in the proposed facility to the pre-existing 
network should be evaluated. The evaluation of 
effects should make clear the applicant's plans for 
maintenance of the right-of-way and required 
access roads. Plans for use of herbicides and 
pesticides should indicate types, volume, 
concentrations, and manner and frequency of use. 
Resulting tffects on plant life, wildlife habitat, land 
resources, and scenic values should be evaluated. 

New access roads may increase the exposure of 
transmission corridors to the public. The applicant 
should consider the potential effect of this
increased exposure on resident wildlife. 

This Section of the Report should also reference 
the applicant's estimate of any electrical effects of 
potential environmental significance which were 
previously identified and discussed in Section 3.9. 

5.7 	 Other effects 

The applicant should discuss any effects of plant 
operation that do not clearly fall under any single 

topic, of Sections 5.1 to 5.6. These may include 
changes in land and water use at te plant site, 
interaction of the plant with other existing or 
projected neighboring plants, effect of ground 
water withdrawal on ground water resources in the 
vicinity oftheplant and disposal of solid and liquid 
wastes other than those discussed in Sections 5.3 
through 5.5. 

5.8 	 Resources committed 

Any irreversible and irretrievable commitments of 
resources due to plant operation should be 
discussed. This discussion should include both 
direct commitments, such as depletion of uranium 
resources, and irreversible environmental losses, 
such as destruction of wildlife habitat. 

In this discussion the applicant should consider lost 
resources from the viewpoints of both relative 
impacts and long-term net effects. As an example 
of relative impact assessment, the loss of two 
thousand fish of a given species could represent 
quite different degrees of significance, depending 
on the total population ii the immediate region. 
Such a loss, however, in the case of a small local 
population, could be less serious if the same species 
were abundant in neighboring regions. Similarly,
the loss of a given area of highly desirable land 
should be evaluated in terms of the total anrount of
such land in the environs. These relative 
assessments should accordingly include statements 
expressed in perc ntage terms in which the amount 

of expected resource loss is related to the total 
resource in the immediate region and in which the 
total in the immediate reg:on is related to that in 
surrounding regions. The latter should be specified 
in terms of areas and distances from tht site. 

In evaluating long-term effects for their net 
consequences, the applicant may consider, as an 
example, the impact of thermal and chemical 
discharges on fish. There may be severe losses in the 
local discharge area. The local population change 
may or may not be a net loss. Therefore, changes in 
population of important species, caused by, or 
expected to be caused by, the operation of the 
plant should be examined with the view of 
determining whether they represent long-term net 
losses or long-term net pins. The considerations are 
also applicable to Chapters 9 and 10 of the Report. 

5.9 	 Decommissioning and dismantling 

The applicant should describe its plans and policies 
regarding the actions to be taken at the end of the 
plant's useful life. Information should be provided 
on the long-term uses of the land, the amount of 
land irretrievably committed, the expected 
environmental consequences of decommissioning,
and an estimate of the monetary costs involved. 
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The: applicant should also discuss the consideration and itentions of applicants for a Construction 
given in the design of the plant and its auxiliary Permit may not be fully developed at the time of 
systems relative to eventual decomrmiissioning, the filing. However, since the environmental impact of 
amount of equipment and buildings to be removed, terminating plant operation is, in part,. determined 
and the expected condition of the site after by plant design, applicants should give attention to 
decommissioning. It is understood that the plans the subject early in the project planning. 
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6. EFFLUENT AND ENVIRONMENT7AL MEASUREMENTS
 
AND MONITORING PROGRAMS
 

The Intent of the Chapter is to describe In detail the 
means by which the applicant collected the baseline data 
presented in other Chapters and to describe the 
applicant's plans and programs for monitoring the 
environmental impacts of site preparation, plant
construction and operation. 

Section 6.1 is addressed to the measurement of 
characteristics of the site and the surrounding region
before site preparation or construction activities have 
started. This program should have established, at least in 
part, a reference framework for assessing subsequent
environmental effects attributable to the activity. The 
applicant's attention is directed to two considerations 
pertinent to Section 6.1. First, a given characteristic or 
parameter may or may not require assessment prior to 
site 	 preparation and plant construction, depending on 
whether that particular characteristic may be altered at 
these stages. Second, in most instances this Guide 
indicates the specific environmental effects to be 
evaluated; consequently, the parameters to be measured
.ill be apparent. In some cases, the applicant may

I.,onsider it necessary to establish a monitoring program
based on identification of potential or possible effects 
not mentioned in the Guide. In sudi instances, the 
program should be described. The applicant should 
carefully review the plans for measurement of conditions 
existing prior to site preparation to ensure that these 
plans include all parameters which must be subsequently 
monitored during plant operation (discussed in Section 
6.2) as well as during site preparation and plant
construction. 

Sampling design, frequency, methodology (including 
calibration and checks with standards) and 
instrumentation for both collection and analysis should 
be discussed as applicable. Information should be 
provided on instrument accuracy, sensitivity and,
especially for highly automated systems, reliability, 
Where standard analytical or other techniques are used, 
they need only be identified and referenced. 

6.1 	 Applicant's pre-operational environmental 
programs 

The 	programs for collection of initial or baseline 
environmental data prior to operation should be 
described in sufficient detail to make it clear that 
the 	 applicant has established a thorough and 
comprehensive approach to environmentalassessment. The description of these programs 

should be confined principally to technical 
descriptions of technique, instrumentation, 
scheduling and procedures. 

Where an effect of site preparation and/or facility
construction may alter a previously measured or 
observed environmental condition, the program for 
determining the modified condition should be 
described. 

Where iniormation from the literature has been 
used by the applicant, it should be concisely
summarized and documented by reference to 
original data sources. Whi-re the availability of 
original sources that support important conclusions 
is limited, the applicant should provide either 
extensive quotations or references to accessible 
secondary sources.' In all cases, information 
derived from published results should be clearly 
distinguished from information derived from the 
applicant's field measurements. 

6.1.1 Surface waters 

When a body of surface water may be affected 
by the proposed facility or a practicable 
alternative, the applicant should describe the 
programs by which the background condition 
of the water and the related ecology were 
determined and reported in Section 2.5. 

6.1.1.1 Physical and chemical parameters 

The programs and methods for measuring 
physical and chemical *parameters of 
surface waters which may be affected by 
construction and/or operation of the 
facility shpuld be described. The 
sampling program should be presented in 
sufficient detail to demonstrate its 
adequacy with respect both to spatial 
coverage (surface area and depth) and to 
temporal coverage (duration and 
sampling frequency), giving due 
consideration to seasonal effects. This 
discussion should include a description of 

'Any reports of work (e.g., ecological surveys) supported 
by the applicant that are of significant value in assessing the 
environmental Impact of the facility may be Included asappendices or supplements to the Environmental Report, if thesereports are not otherwise generally available. 
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the techniques used to investigate any 
condition that might lead to interactions 
with plant discharges, such as how the 
presence of Impurities in a water body 
may react synergistically with heated 
effluent or how the heated effluent may 
restrict mixing and dispersion of 
radioactive effluents. 

n a6.1.2.1
In addition to describing the programs 
for obtaining the data, the applicant 
should also describe any computational 
models used in predicting effects. The 
applicant snould indicate how the models 
were verified and calibrated, 

6.1.1.2 Ecological parameters 

The applicant should describe the 
preoperational program used to 
determine the ecological characteristics 
presented in Section 2.7. Those portions
of the program concerned with 
determining the presence and abundance 
of important aquatic and amphibious 
species (identified in Section 2.7) should 
be detailed in terms of frequency, 
pattern and duration of observation. The 
applicant should describe how taxonomic 
determinations were made and validated. 
In this connection, the applicant should 
discuss its reference collection of voucher 
specimens or other means whereby
consistent identification will be assured. 

A description should be provided of the 
methods used or to be used for observing 
natural variations of ecological 
parameters. If these methods will involve 
indicator organisms, the criteria for their 
selection should be presented. 

The applicant should discuss the basis for 
its predictions of any non-lethal 
physiological and behavioral responses of 
important species which may be caused 
by construction and/or operation of the 
facility. This discussion should be 
appropriately correlated with the 
description of the monitoring program. 

Sources of parameters of lethality for 
organisms potentially affected by plant 
discharges should be identified. The 
methodology for determining such 
parameters should be reviewed with 
respect to applicability to actual local 
conditions to be anticipated during 
operation, including interactive effects 
among multiple effluents and existing 
constituents of the surface water body 
concerned. 
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6.1.2 Ground water 

In those cases in which the proposed facility 
or a practicable design alternative mr 
potentially affect local ground water, ti 
proguam 'leading to assessment of potential 
effects should be described. 

Physical and chemical parameters 

The properties and configuration of the 
local aquifer should have been defined in 
sufficient detail (in Section 2.5) to 
permit a reasonable projection of effects 
of plant operation on the ground water. 
Methods for obtaining information on 
ground water levels and ground water 
quality should be described. 

6.1.2.2 Models 

Models may be used to predict effects, 
such as changes in ground water levels, 
dispersion of contaminants, and eventual 
transport through aquifers to surface 
water bodies. The models should be 
described and supporting evidence for 
their reliability and validity presented. 

6.1.3 Air 

The applicant should describe the program fo, 
obtaining information on local air quality,
relevant, and local meteorology. The. 
description should show the basis for 
predicting such effects as the dispersion of 
ga.ceous effluents and alteration of local 
climate (e.g., fogging and icing) as well as 
present the methodology for gathering 
baseline data. 
6.1.3.1 Meteorology 

The applicant should identify sources of 
meteorological data reported in Section 
2.6. Locations and elevations observation 
stations, instrumentation, and frequency 
and duration of measurements should be 
specified both for the applicant's 
measuring activities and for activities of 
governmental agencies or other 
organizations on whose information the 
applicant intends to rely.
 

6.1.3.2 Models 

Any models used by the applicant either 
to derive estimates of basic 
meteorological information or to 
estimate the effects of effluent systems 
should be described and their validit 
and accuracy discussed. 



S. 	 the pe-operational radiation levels at the site 

Data collection and evaluation programs and environs and the concentrations of any 
concerning the terrestrial environment of the radioactive materials occurring in important 
proposed facility should be described and local and regional biota, as well as in soil, 
justified with regard to both scope and rocks and surface waters (see Section 2.8). 
methodology. 

The methods used should be thoroughly 
6.1.4.1 	 Geology and soils described and documented. The discussion 

should include rationale for the choice of 
Thosesampling and collection sites, identification of 
to determine the environmental impact sampling and collection sites, sampling 
of the construction and/or operation of methods, duration and frequency, and 
the facility should be described. The analytical procedures (including pre-analysis 
description should include identification treatment, instrumentation and minimum 
of the sampling pattern and the sensitivities) as applicable. 
justification for its selection, the 
sampling method, pre-analysis treatment, Radiological surveys conducted prior to the 
and analytic techniques. Other geological time of application for a construction permit 
and soil studies (e.g. conducted in may be limited. Since the radiation levels at 
support of safety analyses) should be the site and environs are not likely to bp 
briefly summarized if relevant, affected by site preparation and plant 

construction, the applicant may chose to defer 
6.1.4.2 	 Landuseanddemographicsurveys full development of the radiological 

monitoring program. In this case, the 
The applicant should describe !ts applicant should provide the information on 
program for identifying the actual land pre.operational radiological surveys in the 
use in the site environs and for acquiring "Environmental Report-Operating License 
dimographic data for the region as Stage". 
reported in Section 2.2 6.2 Applicant's proposed operational monitoring 

Sources of information should 1e programs 
identified. Methods used to forecast 
probable changes in land use and The applicant should present the proposed 

demographic trends should be described, operational monitoring program for the facility. 
Review of this description will be facilitated if the 

6.1.4.3 Ecological parameters 	 applicant includes maps of observation sites and 
tabular presentation of summary descriptors of 

In this Section the applicant should such factors as frequency, type of sampling, 
discuss the program used to assess the method of collection, analytic method, holding 
ecological characteristics of the site with times and pre.analysis treatment, instrumentation, 
primary reference to important terr!;trial and minimum sensitivities. 
biota identified in Section 2.1. In
 
general, the considerations involved tre Certain aspects of the proposed operational
 

similar to those suggested in conn,.fl.mn monitoring programs may not be fully developed at
 

with aquati:; biota (Section 6.1.1.2). the time of applying for a construction permit.
 

However, the diffetence in habitat, The applicant should describe the programs in as
 

differences in anirnd pysiclog 3iod much detail as possible at the construction permit
 

other pertinent factors will, of necessity. stage and indicate what information will be
 
influence the design of the assessment supplied later (at the time of application for an
 
program. The applicant should present, operating license).
 
as in Section 6.1.1.2, an analys;3 of the 4
 
program in terms of taxorioic 6.2.1 Radiological monitoring3 '
 

validation, rationale for its predi;iive The applicant's program for rionitoring
 
aspects and the detailr cf its radiological effects during operation should be
 
methodology.
 

'information on radiological surveys and monitoring
6.1.5 	 Radiological surieys' submitted by the applicant in its Safety Analysis Reports may be 

incorporated in this Section as appropriate. The applicant may 
This Section of the Environmental Report also wish to refer to recognized handboors on radiological 

surveys such as the "Environmental Radioactivity Surveillance 
Guide". Environmental Protection Agency Technical Report 

'information on radiological surveys submitted by the ORP/SID 72-2 (June 1972). 
plicant In its Safely Analysis Reports may be incorporated :n 

..,i Section as appropriate. 
4 See also USAEC Regulatory Guide 4.1. 
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.described, both: for ,,the, plant,. effluent 
monitoring- systems, and, the environmental 
monitoring program,: 

6.24.1 	 Plant effluent monitoring system 

Z ,::.:, .The
:, 


The applicant should describe, ingeneral, 
systems for monitoring radioactive liquid 
and gaseous effluents. The sensitivity 
limits for detecting radioactivity 

-corresponding to routinely expected 
release rates should be discussed. Alist of 
the effluent streams, if any, that will not

:be monitored and a brief rationale for 
*the absence of monitoring should be 

provided, 

6 .2.1.2 Environmental radiological 
monitoring 

'The operational surveillance program 
1should be described in detail, with 

specific attention given to the types of 
samples to be collected, sampling 
locations and frequency, and the analyses 
to be performed on each sample. The 
analytical sensitivity (detection 
threshold) for each analysis and the 
schedule for reporting data collected 
from 	the surveillance program should be 

discussed. Rationale for the choice of 
sampling locations, frequency, and types
of samples to be collected should be 
presented, 


4,2.2 	Chemical effluent monitoring 

The proposed measurement program, 
including instrumentation, sampling locations 
and frequencies, and analytical techniques, 
should be fully described. The description of 
the program should include instrumentation 
sensitivity and, particularly in the case of 
automated systems, reliability. Monitoring
procedures prescribed by local, State, or 6.3 
Federal agencies as conditions placed upon 
operation should be so identified. 

If the program for monitoring chemical 
effluents does not include monitoring 
substances which are already present in the 
intake water and which are routinely 
discharged from the facility, the bases for 
these omissions should be explained. 

6.2.3 	Thermal effluent monitoring 

The proposed program for monitoring thermal 
effluents should be described and sampling 
sites located on maps or diagrams. Sampling 
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procedures, schedules, and instrumentation 
sensitivity and'reliability should be described. 

.6.2.4 Meteorological monitoring
- ; '11 

applicant's program for monitorinb.., 
meteorological phenomena should be 
described including rationale for choice of 
location and height(s). In cases where possible 
fogging and icing in the environs are predicted, 
the quantitative levels of the phenomena to be 
observed should be specified. The applicant 
should describe plans for compiling data and 
verifying models. Means by which the 
meteorological effects of plant operation can 
be isolated from natural meteorological 
phenomena should be described. (This may
include correlation of data with observations 
made at a site nearby, but out of range of 
significant effects originating within the site.) 

6.2.5 Ecological monitoring 

In the pre-operational surveillance program 
the applicant will have established 
methodology for determining the ecological 
characteristics of the region. In principle, this 
methodology should be appropriate for the 
subsequent monitoring program to be 
maintained during plant operation. However,
the applicant may choose to modify some 
aspects of his methodology in view "f the 
requirement fo, protracted monitoring. Sut 
aspects, may include frequency, observatio,. 
sites and so forth. These should be described 
and justified, Also, the applicant should, in 
this Section, indicate how changes in the 
physiological and behavioral characteristics of 
the observed biota will be ascribed either to 
specific effects of plant operation or to 
natural variation or to other causes, to the 
extent feasible. 

Related environmental measurement and 
monitoring programs 

When the applicant's site lies within a region for
 
which environmental measurement and/or

monitoring programs are carried out by public or
 
other agencies not directly supported by the
 
applicant, any such related programs known to the
 
applicant should be idcntified and discussed.
 
Relevance of such independent findings to the
 
proposed facility's effects should be described and
 
plans for exchange of inforrnationi, if any, should
 
be presented. Agencies responsible for the programs
 
should be identified and, to the extent possible, the
 
procedures and methodologies employed should be
 
briefly described.
 



7.. ENVIRONMENTAL EFFECTS OF ACCIDENTS
 

In this Chapter ihe applicant should discuss the potential 	 Indicated. Those classes of accidents, other than 
environmental effects ofaccidents within-the plant. 	 Classes I and 9, found to have significant adverse

environmental effects shall be evaluated as to 
7.1 Plant accidents involving radioactivity probability, or frequency of occurrence, to permit 

estimates to be made of environmental risk or cost 
Postulated accidents are discussed in another arising from accidents of the given class. 
context in applicant's safety analysis reports. The 
principal line of defense is accident prevention Class I events need not be considered because of 
through correct design, manufacture, and their trivial consequences. 
operation, and a quality assurance program is used 
to provide and maintain the necessary high Class 8 events are those considered in safety
integrity of the reactor system. Deviations that may analysis reports and AEC staff safety evaluations. 
occur are handled by protective systems to place They are used, together with highly conservative 
and hold the plant in a safe condition. assumptions, as the design-basis events to establish 
Notwithstanding all this, the conservative postulate the performance requirements of engineered safety 
is made that serious accidents might occur, in spite features. The highly conservative assumptions and 
of the fact that they are extremely unlikely, and calculations used in AEC safety evaluations are not 
engineered safety features are installed to mitigate suitable for environmental risk evaluation, because 
the consequences of these unlikely postulated their use would result in a substantial overestimate 
events. of the environmental risk. For this reason, Class 8 
In the consideration of the environmental risks events shall be evaluated realistically. Consequences 
associated with the postulated accidents, the predicted in this way will be far less severe than 
probabilities of their occurrence and their those given for the same events in safety analysis 
consequences must both be taken into account. reports where more conservative evaluations are 
Since it is not practicable to consider all possible used. 
accidents, the spectrum of accidents, ranging in 
severity from trivial to very serious, is divided into The occurrences in Class 9 involve sequences of 
classes. postulated successive failures more severe than 

those postulated for establishing the design basis 
Each class can be characterized by an occurrence for protective systems and engineered safety 
rate and a set of consequences. features and for site evaluation purposes. Their 

consequences could be severe. However, the 
Standardized examples of classes of act i, nts to be probability of their occurrence isso small that their 
considered by applicants in preparing the section of envircnmental risk is extremely low. Defense in 
Environmental Reports dealing with ac,-idents are depth (multiple physical barriers), quality assurance 
set out in tabular form below. The spectrum of for design, manufacture, and operation, continued 
accidents, from the most trivial to the most severe, surveillance and testing, and conservative design are 
is divided into nine classes, some of which have all applied to provide and maintain the required
subclasses. The accidents stated in each of the eight high degree of assurance that potential accidents in 
classes in tabular form below are representative of this class are, and will remain, sufficiently remote 
the types of accidents that must be analyzed by the in probability that the environmental risk is 
applicant in Environmental Reports; however, extremely low. For these reasons, it is not 
other accident assumptions may be more suitable necessary to discuss such events In the 
for individual cases. Where assumptions are not Environmental Report.
specified, or where those specified are deemed 
unsuitable, assumptions as realistic as the state of 
knowledge permits shall be used, taking into Furthermore, it is not necessary to take into 
account the specific design and operational account those Class 8 accidents for which the 
characteristics of the plant under consideration, applicant can demonstrate that the probability has 

been reduced and thereby the calculated risk to the 
For each class, except Classes 1 and 9, the environment made equivalent to that which might 
environmental consequences shall be evaluated as be hypothesized for a Class 9 event. 
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The applicant may substitute other accident class (c) :Meteorology assumptions: x/Q values 
breakdowns and alternative values of radioactive shall be determined from' onsite 
material releases and analytical assumptions, if such meteorological data at the 50% 
substitution is justified in the Environmental probability level. 
Report. (d) Consequences should be calculated b) 

weighting the effects in different' 
ACCDET.SSM.- .llrections by the frequency the wind 

ACCIDENT- 1.0 Tn'vial Incidents ... 
AC N- rilndtACCIDENT-4.0 

These incidents shall be included and evaluated 
under routine releases in accordance with proposed 
Appendix Iof 10 CFR Part 50. 

ACCIDENT-2.0 Small. Release Outside 
Containment 

These releases shall include such things as releases 
through steamline relief valves and small spills and 
leaks of radioactive materials outside containment, 
These releases shall be included and evaluated 
under routine releases in accordance with proposed 
Appendix I of 10 CFR Part 50. 

ACCIDENT-3.0 Radwaste System Failure 

3.1 	 Equipment leakage or malfunction (Includes 
operator error) 
(a) 	 Radioactive gases and liquids: 25% of 

average inventory in the largest storage 
tank shall be assumed to be released. 

(b) 	Meteorology assumptions: x/Q shall be 
determined from onsite meteorological 
data at the 50%probability level.' 

(c) 	 Consequences should be calculated by 
weighting the effects in different 
directions by the frequency the wind 
blows in each direction. 

3.2 	Release of waste gas storage tank contents 
(Includes failure of release valve and rupture 
disks) 
(a) 	 100% of the average tank inventory shall 

be assumed to be released. 
(b) 	Meteorology assumptions: x/Q values 

shall be determined from onsite 
meteorological data at the 50% 
probability level. 

(c) 	 Consequences should be calculated by 
weighting the effects in different 
directions by the frequency of the wind 
blows in each direction. 

3.3 Release of liquid waste storage tank contents 
(a) 	 Radioactive liquids: 100%1o of the average 

storage tank inventory shall be assumed 
to be spilled on the floor of the building. 

(b) 	Building structure shall be assumed to 
remain intact. 

-

3Soe AEC. Safety Guide 23, "Onslte Meteorological 
Programs" (Feb. 17, 1972). 

-4.2'28 

blows,in each direction. ...
 
Fission Products to Primary 

System (BWR) 

4.1 	 Fuel cladding defects 
.,Release from these events shall be included 
and evaluated under routine releases in 
accordance with proposed Appendix I of 10 
CFR Part 50. 

4.2 	 Off-design transients that induce fuel failures 
above those expected (Such as flow blockage 
and flux maldistributions) 
(a) 	 0.02% of the core inventory of noble 

gases and 0.02% of the core inventory of 
halogens shall be assumed to be released 
into the reactor coolant. 

(b) 	 1%of the halogens in the reactor coolant 
shall be assumed to be released Into the 
steam. 

(c) 	 The mechanical vacuum pump shall be 
assumed to be automatically Isolated by 
a high radiation signal on the steam line. 

(d) 	 Radioactivity shall be assumed to carry 
over to the condenser where 10% of the 
halogens shall be assumed to be available 
for leakage from the condenser to the 
environment at 0.5%/day for the course 
of the accident (24 hours). 

(e) 	 Meteorology assumptions: x/Q values 
shall be determined from onsite 
meteorological data at the 50% 
probability level. 

(0 	 Consequences should be calculated by 
weighting the effects in different 
directions by the frequency the wind 
blows in each direction. 

ACCIDENT-5.0 Fission Products to Primary and 
Secondary Systems (Pressurized Water 
Reactor) 

5.1 	 Fuel cladding defects and steam generator leak 
Release from these events shall be included 
and evaluated under routine releases in 
accordance with proposed Appendix I of 10 
CFR Part 50. 

5.2 	 Off-design transients that induce fuel failure 
above those expected and steam generator 
leak (such as flow blockage and flux 
madistributions) 
(a) 	 0.02% of the core inventory of noble 

gases and 0.02% of the core Inventory 



ana naogens snail De assumea to u. 
released into the reactor coolant. 
Average inventory in the prirary system 
prior to the transient shall b . based on 
operation with 0.5% failed fuel, 

(c) 	 Secondary system equilibrium 

radioactivity prior to the transient shall 

be based on a 20 gal/day steam generator 

leak and a 10 gpm blowdown rate. 


(d) 	 All noble gases and 0.1% of the halogens 

in the steam reaching the condenser shall
 
be assumed to be released by the 

condenser air ejector.


(e) 	 Meteorology assumptions: X/Q values 
shall be determined from onsite 

meteorological data at the 50% 
probability 

(f) 	 Consequences should be calculated by 
weighting the effects in different 
directions by the frequency the wind 
deos by h freqenc
blows in each direction. 

S.3 	 Steam generator tube rupture
(a) 	 15% of the average inventory of noble 

(a)15ote a inenry ooleteralogegases and halogens in the primary coolantatopee 

shall 	be assumed to be released into the 
secondary coolant. The average primary 

coolant activity shall be based on 0.5% 
failed fuel. 

(b) 	 Equilibrium radioactivity prior to 
rupture shall be based on a 20 gallon per 
day steam generator leak and a 10 gpm 
blowdown rate. 

(c) 	 All noble gases and 0.1% of the halogens 
in the steam reaching the condenser shall 
be assumed to be released by the 
condenser air ejector. 

(d) 	 Meteorology assumptions: x/Q values 
shall be determined from onsite 
meteorological data at the 50% 
probability level, 

(e) 	 Consequer'ces should be calculated by 
weighting the effects in diffeient 
directions by the frequency the wind 
blows in each direction. 

ACCIDENT-6.0 RefuelingAccidents 

6.1 	 Fuel bundle drop 
(a) 	 The gap activity (noble gases and 

halogens) in one row of fuel pins shall be 
assumed to be released into the water. 
(Gap activity is 1%of total activity in a 
pin). 

(b) 	 One week decay time before the accident 
occurs shall be assumed. 

(c) 	 Iodine decontamination factor in water 
shall be 500. 

(d) 	 Charcoal filter efficiency for iodines shall 
be 99%. 

(e) 	 A realistic fraction of the containment 
volume shall be assumed to leak to the 
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atmospnere pnor to isoiating we 
containment. 

(t 	 Meteorology assumptions: XJQ values 
shall be determined from onsite 
meteorological data at the 50% 
probability level. 

(g) 	 Consequences should be calculated by 
weighting the effects in different 
directions by the frequency the wind 
blows in each direction. 

6.2 	 Heavy object drop onto fuel in core 
(a) 	 The gap activity (noble gases and 

halogens) in one average fuel assembly
shall be assumed to be released into the 

water. (Gap activity shall be %of total 
activity in a pin). 

(b) 	 100 hours of decay time before object is 
dropped shall be assumed. 

(c) 	 Iodine decontamination factor in water 
shall be 500.

(d) 	 Charcoal filter eff ,iency for iodines shall 
be 99%b 9 

(e) 	 A realistic fraction of the containment 
volume shall be assumed to leak to therir oisain th 

atmosphere prior to isolating the 
containment. 
shill be determined from onsite 
s e d t a at te 
meteorological data at the 50% 
probability level. 

(g) 	 Consequences should be calculated by 
weighting the effects in different 
drections by the frequency the wind 
blows in each direction. 

ACCIDENT- 7.O SpentFuelHandlingAccident 

7.1 	 Fuel assembly drop in fuel storage pool 
(a) 	 The gap activity (noble gases and 

halogens) in one row of fuel pins shall be 
assumed to be released into the water. 
(Gap activity shall be 1%of total activity 
in a pin). 

(b) 	 One week decay time before accident 
occurs shall be assumed. 

(c) 	 Iodine decontamination factor in water 
shall be 500. 

(d) 	 Charcoal filter efficiency for iodines shall 
be 99%. 

(e) 	 Meteorology assumptions: x/Q values 
shall be determined from onsite 
meteorological data at the 50% 
probability level. 

() Consequences shall be calculated by 
weighting the effects in different 
directions by the frequency the wind 
blows in each direction. 

7.2 	 Heavy object drop onto fuel rack 
(a) 	 The gap activity (noble gases and 

halogens) in one average fuel assembly 



shall be assumed to be released into th, 
water. (Gap activity is 1% of tota 
activity in a pin). 

(b) 	 30 days decay time before the'acciden 
c 	 occurs shall be assumed. 

Iodine decontamination factor in wate 
shall be 500. 

(d) 	 Charcoal filter efficiency for iodines shal 
be 99%. 

(e) 	 Meteorology assumptions: x/Q valuei 
shall be determined from onsitc 
meteorological data at the , 507For 
probability level. 


(f)Consequences should be calculated by
weighting the effects in different 
directions by the frequency the wind 
blows ineach direction. 

Fuel cask drop 
(a) 	 Noble gas gap activity from one fully 

loaded fuel cask (120 day cooling) shall 
be assumed to be released. (Gap activity 
shall be 1%of total activity in the pins), 

1,'A CCIDENT-8.0 Accident Initiation Events 
Considered in Design Basis Evaluation in the 
Safety Analysis Report 

8.1 	 Loss-of-coolant accidents 

Small Pipe Break (6-in. or less) 
(a) 	 Source term: the average radioactivity

inventory in the primary coolant shall be 
assumed. (This inventory shall be based 
on operation with 0.5% failed fuel). 

(b) Filter efficiencies shall be 95% for 
internal filters and 99% for external 
filters. 

(c) 	 50% building mixing for boiling water 
reactors shall be assumed. 

(d) 	 For the effects of plateout, sprays, 
decontamination factor in pool, and core 
sprays the following reduction factors 
shall be assumed: 

For pressurized water reactors: 0.05 with 
chemical additives in sprays, 0.2 for no 
chemical additives. 

Fgases
SFor boiling water reactors: 0.2. 

(e) 	 A realistic building leak rate as a function 
of time shall be assumed. 

(f) 	 Meteorology assumptions: X/Q values 
shall be determined from onsite 
meteorological data at the 50% 
probability level. 

(g) 	 Consequ-.nces should be calculated by 
weighting the effects in different 
directions by the frequency the wind 
blows in each direction. 
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Large Pipe Break 
(a)Source term: Th1e average radioactivity

W.inventory in the primary coolant shall be
.assumed (This inventory shall be based 

on operation with 0.5% failed fuel), plus
relea'e into the coolant of: 

For pressurized water reactors: 2%of the 
core inventory of halogens and noble
 
gases.
 

boiling water reactors: 0.2% of the 
'core: Iinventory of halogens and noble 

gases. 
ge

(b) 	 Filter, efficiencies shall be 95% for 
internal filters and 99% for external 
filters.

(c) 	 .50% building mixing for boiling water 
reactors shall be assumed. 

(d) 	 For the effects of plateout, containment 
sprays, core sprays (values based on 0.5% 
of halogens in organic form) the 
following reduction factors shall be 
assumed: 

For pressurized water reactors: 0.05 with 
chemical additives in sprays, 0.2 for no 
chemical additives. 

For boiling water reactors: 0.2. 

(e) 	 A realistic building leak rate as a function 
of time and including design leakage of 
steamline valves in BWRs shall be 
assumed.
 

(f)Meteorology assumptions: X/Q values
 
shall be determined from onsite 
meteorological data at the 50% 
probability level. 

(g) 	 Consequences should be calculated by
weighting the effects in different 
directions by the frequency the wind 
blows ineach direction.
 

8.1(a) Break in instrument line from primary 
system that penetrates the containment (Lines
not provided with isolation capability inside 
containment). 
(a) 	 The primary coolant inventory of noble 

and halogens shall be based on 
operation with 0.5% failed fuel. 

(b) 	 Release rate through failed line shall be 
assumed constant for the four hour 
duration of the accident. 

(c) 	 Charcoal filter efficiency shall be 99%. 
(d) 	 Re.duction factor from combined 

plateout and building mixing shall be 0.1. 
(e) 	 Meteorology assumptions: x/Q values 

shall be determined from onsite 
meteorological data at the 50% 
probability level. 



(f 	 Consequences shall be calculated by
weighting the effects in different 
directlons by the frequency the wind 
blows Ineach direction. 

8.2(ia) Rod ejection accident (pressurized water 
reactor) 
(a) 	 0.2% of the core inventory of noble gases

and halogens shall be assumed to be 
released into the primary coolant plus 
the 	 average inventory in the primary 
coolant based on operation with 0.5%
failed fuel. 

(b) 	 Loss-of-coolant accident occurs with 
break size equivalent to diameter of rod 
housing (See assumptions for Accident 
8.1). 

8.2(b) Rod drop accident (boiling water reactor)
(a) 	 0.025% of the core inventory of noble 

gas and 0.025% of the core inventory of 
halogens shall be assumed to be released 
into the coolant. 

(b) 	 1%of the halogens in the reactor coolant 
shall be assumed to be released into the 
condenser. 

(c) 	 The mechanical vacuum pump shall be 
assumed to be automatically isolated by 
high radiation signal on the streamline. 

(d) 	 Radioactivity shall be assumed to carry 
over to the condenser where 10% of the 
halogens shall be assumed to be available 
for leakage from the condenser to the 
environment at 0.5%/day for the course 
of the accident (24 hours). 

(e) 	 Meteorology assumptions: x/Q values 
shall be determined from onsite 
meteorological data at the 50% 
probability level. 

(f) 	 Consequences should be calculated by 
weighting the effects in different 
directions by the frequency the windblows in each direction. 

8.3(a) Steamline breaks (pressurized water 
reactors-outside containment) 

Small break (break size equal to area of safety
valve throat) 
(a) 	 Primary coolant activity shall be based 

on operation with 0.5% failed fuel. The 
primary system contribution during the 
course of the accident shall be based on a 
20 gal/day tube leak. 

(b) 	 During the course of the accident a 
halogen reduction factor of 0.1 shall be 
applied to the primary coolant source 
when the steam generator tubes are 
covered; a factor of 0.5 shall be used 
when the tubes are uncovered, 

(c) Secondary coolant system radioactivity 

prior to the accident shall be based on: 
(1).20 gallons per day primary. 

to-secondary leak. 
(2) Blowdown of 10 gpm. 

(d) 	 Volume of one steam generator shall be
released to the atmosphere with an 
iodine partition factor of 10. 

(e) 	 Meteorology assumptions: x/Q values 
shall be determined from onsite 
meteorological data at the 50% 
probability level. 

(f) 	 Consequences shall be calculated by
weighting the effects in different 
directions by the frequency the wind 
blows in each direction. 

Large break 
(a) 	 Primary coolant activity shall be based 

on operation. with 0.5% failed fuel. The 
primary syst,.& contribution during the 
course of the accident shall be based on a 
20 gal/day tube leak. 

(b) 	 A halogen reduction factor of 0.5 shall 
be applied to the primary coolant source 
during the course of the accident. 

(c) 	 Secondary coolant system radioactivity
prior to the accident shall be based on: 
(i) 	 20 gallons per day primary

to-secondary leak, 
(2) 	 Blowdown to 10 gpm.

(d) 	 Volume of one steam generator shall be 
assumed to be released to the atmosphere
with an iodine partition factor of 10. 

(e) 	 Meteorology assumptions: x/Q values 
shall be determined from onsite 
meteorological data at the 50% 
probability level. 

(0 	 Consequences shall be calculated by
weighing the effects in different 
directions by the frequency the wind 
blows in each direction. 

8.3(b) Steamline breaks (boiling water reactor) 

Small pipe break (of'/ ft2 ) 
(a) 	 Primary coolant activity shall be based 

on operation with 0.5% failed fuel. 
(b) 	The main steamline shall be assumed to 

fail releasing coolant until 5 seconds after 
isolation signal is received. 

(c) 	 Halogens in the fluid released to the 
atmosphere shall be at 1/10 the primary 
system liquid concentration. 

(d) 	Meteorology assumptions: x/Q values 
shall be determined from onsite 
meteorological data at the 50% 
probability level. 

(e) 	 Consequences shall be calculated by
weighting the effects in different 
directions by the frequency the wind 
blows in each direction. 
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7.2 	 Other accidents2 ..Lireak 
(a) 	 Primary coolant activity shall be based 

on operation with 0.5% failed fuel. 
(b) 	Main steamline shall be assumed to fall 

releasing that amount of coolant 
corresponding to a 5 second isolation 
time. 

(c) 	 50% of the halogens in the fluid exiting 
the break shall be assumed to be released 
to the atmosphere. 

(d) 	 Meteorology assumptions: x/Q values 
shall be determined from onsite 
meteorological data at the 50% 
probability level, 

(e) 	 Consequences shall be calculated by 
weighting the effects in different 
directions by the frequency the wind 
blows in each direction, 

t-
In addition to accidents that can release 
radioactivity to the environs, there may be 
accidents that, although radioactive materials are 
not involved, do have consequences that affect the 
environment. Such accidents as chemical explosions 
or fires, leakage or ruptures of vessels containing oil 
or toxic materials can have significant 
environmental impacts. These possible accidents 
and associated effect. should be identified and 
evaluated.
 

aThe Commission's Environmental Statement will discuss 

the environmental impact of accidents that may occur during 

transport of fresh and spent fuel, irradiated fuel and radioactive 
wastes. See "Environmental Survey of Transportation of 
Radioactive Materials to and from Nuclear Power Plants", 
USAEC, Directorate of Regulatory Standards, December 1972, 
and 38 F.R. 3334 (Feb. S,1973). 
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8. ECONOMIC AND SOCIAL EFFECTS OF PLANT 
CONSTRUCTION AND OPERATION 

The purpose of this ChapterIsto presentthe applicant's plant (or Its equivalent capacity) were not built by 
assessment of the economic andsocialeffects of the pro- the proposed date, the applicant should appraise 
posedfacility. the likely social and economic impacts of such 

events. The benefits in averting these impacts 
There are, of course, limitations on the extent to which should be related to regional experience, if any, 
the applicant can evaluate all the social and economic with brownouts and emergency load-shedding and 
benefits and costs of the construction and operation of a the applicant's plans or methods of meeting such 
nuclear facility that may have a productive life of 30 	 emergencies. 
years or more. The wide variety of benefits and costs are 
not only difficult to assess but many are not amenable Other primary benefits of some nuclear electrical 
to quantification nor . even to estimation in generating facilities may be in the form of sales of 
commensurable units. Some primary benefits such as the steam or other products or services. Revenues from 
generated electricity are, to a degree, measurable as are such sales should be estimated. The use of waste or 
the capital costs and operating and maintenance costs of reject heat for desalination, or for other processes 
the proposed facility. On the other hand, numerous could expand the benefits of nuclear plants. Such 
environmental costs and their economic and social benefits, if claimed, should be accompanied by an 
consequences are not readily quantified. estimate of the degree of certainty of their 

realization. 
Second- and higher-order costs or benefits (i.e., impacts 
flowing from first-order social and economic impacts) There are other social and economic benefits whichneed be discussed by the applicant only where they Teeaeohrsca n cnmcbnft hc 
would significantly modify the aggregate of costs affect various political jurisdictions or interests to aor 

or degree. of reflectbenefits, thus affecting the overall cost-benefit balance. 	 greater paymentslesser or Somevalues these maytransfer other which 
8.1 	 Benefits partially, if not fully, compensate for certain 

services as well as external or environmental costs 
The 	 primary benefits of the proposed nuclear and this fact should be reflected in the designation 

the value of the of the benefit. A list of examples follows:facility are those inherent in 

generated electricity which is delivered to
 
consumers. The applicant should report, as shown * Tax revenues to be received by local, State
 
in Table 1, the expected average annual and Federal governments.
 
kilowatt-hours of electricity to be generated. 0 Temporary and permanent new jobs created
 

use of and payroll.Further, a breakdown of the expected 
electricity in the applicant's service area should be 0 Incremental increase in regional product 
provided by four major classes: residential, (value-added concept). 
commercial, industrial and "other." These benefits 0 Enhancement of recreational values through 
should also be expressed in dollars by showing making available for public use any parks, 

expected average annual revenues. The basis of artifically created cooling lakes, marinas, etc. 

assigning dollar values should be clearly stated. The 0 Enhancement of aesthetic values through any 
special design measures as applied toyear-by-year forecasts of such revenues for the life 

of the plant should be discounted to present worth structures, artificial lakes or canals, parks, etc. 

using a nominal discount rate, reflecting the average * Environmental enhancement in support of the 
cost of capital 	 propagation or protection of wildlife and the

improvement of wildlife habitats. 

0 Creation and improvement of local roads, 
The importance of the proposed facility in waterways, or other transportation facilities. 
providing adequate reserves of generating capacity * Increased knowledge of the environment as a 
to ensure a reliable supply for the applicant's consequence of ecological research and 
service area (and associated power pool, if any) has environmental monitoring activities associated 
been discussed in Section 1.1. Based on the with plant operation, and technological 
estimated increase in probabilities of the extent and improvements from the applicant's research 
duration of electrical shortages if the proposed program. 

4,2-33 
"* -. jl 



o 	 Creation of a source of heated discharge which 
may be used for beneficial purposes (e.g., in 
aquaculture, in improving commercial and 
sport fishing, and other water sports). 

0 	 Provision of public education facilities (e.g., a 
visitors' center). 

The applicant should discuss significant benefits 
.that may be realized from the construction and 
operation of the proposed plant. Where the benefits 
can be expre'.sed in monetary terms, they should be 
discounted to present worth. In each instance 
where a particular benefit is discussed, the 
applicant should indicate to the extent practical, 

who is likely to be affected and for how long. In 
the case of aesthetic impacts which are difficult to 
quantify, the applicant should provide pictorial 
drawings of tall structures or environmental 
modifications visible to the public and also of 
parks, or other recreational facilities on the site 
which will be available for public use (refer to 
Section 3.1). 

8.2 	 Costs 

The economic and social costs resulting from the 
proposed nuclear facility and its operation are 
likewise complex and need to be appraised. 

The primary internal costs are: (I) the capital costs 
of land acquisition and improvement; (2) the 
capital costs of facility construction; (3) the 
incremental capital costs of transmission and 
distribution facilities; (4) fuel costs including spent 
fuel disposition; (5) other operating and 
maintenance costs including license fees and taxes; 
(6) plant decommissioning costs, and (7) research 
and development costs associated with potential 
future improvements of the facility and its 
operation and maintenance. As in the case of 
benefits, the applicant should discount these costs 
to present worth. 

There are also external costs. Their effects on the 
interests of people needs to be examined. The 
applicant should supply, as applicable, an 
evaluation plus supporting data and rationale 
regarding such external social and economic costs 

as noted below.' tor each cost, tie applicant 
should describe the probable number and location 
of the population group adversely affected, the 
estimated economic and social impact, and any 
special measures to be taken to alleviate the impact. 

Examples of temporary external costs: 2 

Shortages of housing; inflationary rentals or prices; 
coigestion of local streets and highways; noise and 

temporary aesthetic disturbances; overloading of 
water supply and sewage treatment facilities; 
crowding of local schools, hospitals, or other public 
facilities; overtaxing of community services; the 
disruption of people's lives or the local community 

caused by acquisition ofland for the proposed site. 

Examples of long-term external costs: 3 

Impairment of recreational values (e.g., reduced 
availability of desired species of wildlife and sport 
fish, restrictions of access to land or water areas 
preferred for recreational use); deterioration of 
aesthetic and scenic values; restrictions on access to 
areas of scenic, historic or cultural interest; 
degradation of areas having historic, cultural, 
natural or archaeological value; removal of land 
from present or contemplated alternative uses; 
creation of locally adverse meteorological 
conditions (e.g., fog from cooling towers, cooling 
ponds, etc.); creation of noise especially by 
mechanical-draft cooling towers; reduction of 
regional product due to displacement of persins 
from the land proposed for the site; lost income 
from recreation or tourism that may be impaired 
by environmental disturbances; lost income of 
commercial fisherman attributable to 
environmental degradation; decrease in real estate 
values in areas adjacent to the proposed facility; 
increased costs to local governments for the services 
required by the permanently employed workers 
and their families. In discussing the costs the 
applicant should indicate to the extent practical, 
who is likely to be affected and for how long. 

'For 	 convenience of treatment, the listed cost examples
have 	 been divided Intzi long-term (or continuing) costs and the 
temporary costs generally associated with the period of 
construction or the readjustment of the lives of persons whose 
jobs or homes will have been displaced by the purchase of land 
at the proposed site. 

2Refer, as appropriate, to the information presented in 
Chapter4. 

3Refer, as appropriate, to the information presented in 

Chapter S. 
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9. ALTERNATIVE ENERGY SOURCES AND SITEIE
 

The intent of this Chapter is to present tie basis for the 
applicant's proposed choice of the site and nuclear fuel 
among the available alternative sites and energy sources, 
Accordingly, the applicant should discuss the range of 
practicable alternatives and should demonstrate that 
none of these isclearly to be preferred to the proposed 
site-plant combi:tation. It is recognized that planning 
methods will differ among applicants. However, the 
applicant should present its site-plant selection process 
as the consequence of an analysis of alternatives whose 
environmental costs and benefits were evaluated and 
compared and then weighed against those of tile 
proposed facility. 

'fits Chapter should encompass information relevant 
both to the availability of alternatives and to their 
relative merits. Two classes of alternatives should be 
considered: those which can meet the power demand 
without requiring the creation of new generating 
capacity and those which do require the creation of new 
generating capacity. 

9.1 	 Alternatives not requiring the creation of new 
generating capacity. 

Practicable means which meet the projected power 
demand with adequate system reliability and which 
do not require the creation of additional generating 
capacity should be identified and evaluated.' Such 
alternatives may include purchased energy, 
reactivation or upgrading an older plant, and/or 
base load operation of an existing peaking facility, 
Such alternatives should be analyzed in terms of 
cost, environmental impact, adequacy, reliability
and other pertinent factors. If such alternatives are 
totally unavailable or if their availability is highly 
uncertain, the relevant facts should be stated. This 
analysis is of major importance because it supports
the justification for new generating capacity. 

9.2 	 Alternatives requiring the creation of new 
generating capacity. 

In this Guide an alternative constituting new 
generating capacity is termed a "site-plant 
combination" in order to emphasize that the 
alternatives to be evaluated should include both site 
and energy source options. A site-plant 
combination is a combination of a specific site 

If transmission facilities must be constructed in order to 
seure the energy from alternative sources, this should be 
discussed. 

(which may include the proposed site) and a 
particular category of energy source (nuclear, 
fossil-fueled, hydroelectric, geothermal) together 
with the transmission hook-up. A given site 
considered in combination with two different 
energy sources is regarded as providing two 
alternatives. 

9.2.1 Selection of candidate areas' 

In this section the applicant should present an 
initial survey of site availability using a 
screening process which, after identifying 
areas containing possible sites, then eliminates 
those whose less desirable characteristics are 
recognizable without extensive an,.!vsis. The 
purpose of this screening is to identify a 
reasonable number of realistic siting options. 
In assessing potential candidate areas, the 
applicant may place primary reliance on 
published materials. 

The geographical regions identified may be 
within or outside the applicant's franchise 
service area. It is expected that each area 
considered will be small enough so that any 
site developed within it would have essentially 
similar environmental relationships (i.e. 
thermal discharge to the same body of water, 
proximity to the same urban area). The areas 
considered should not be restricted to those 
containing land actually owned by the 
applicant. 

If a State, region or locality has a power plant
siting law, the law should be cited and any 
applicable constraints described. 

The applicant should display the areas being 
appraised by means of maps and charts 
portraying the power network3 , environ. 
mental and other features, and other relevant 
information. (A consistent identification 
system should be established and retained on 
all graphic and verbal material in this Section.) 
The map or maps should be clearly related to 
the applicant's service area (and adjacent areas 

2As used inChapter 9, the term "area" isdefined as several 
square miles (large enough to contain several sites). 

3T6 avoid repetition, the applicant should refer, a 
appropriate, to material presented in Section I.I. 
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If relevant). They should display pertinent 
information such as the following: 
a. 	 Areas considered by the applicant; 
b. 	 Major centers of population density 

(urban, high, medium, low density or 
similar scale); 

c. 	 Water bodies suitable for use in cooling 
systems; ! 4 

d. 	 Railroads, highways (existing and 
planned), and waterways suitable for fuel 
and waste transportation; 

e. 	 Important topographic features (such as 
mountains, marshes, fault lines);* 

f. 	 Dedicated land-use areas (parks, 
historical sites, wilderness areas, testing 
grounds, airports, etc.); 

g. Primary generating plants, together with 
effective operating capacity in 
megawatts, both electrical and thermal, 
and indication of fuel (all plants of the 
same type at the same location should be 
considered as a single source); 

h. 	 Other generating additions to the 
network to be installed before the 
proposed facility goes on line; 

I. 	 Transmission lines of 115 kV or higher, 
and termination points on the system for 
proposed and potential lines from the 
applicant's proposed facility; and 

j. 	 Major interconnections with other power 
suppliers, 

Maps of areas outside the applicant's service 
aplike
Mafareasou ide the ansssvio 


area 	 should include the likely transmission
corridor to the applicant's system. 

Suitable correlations should be made among 
the maps. For example, one or more of the 
maps showing environmental features may be 
to the same scale as a map showing power 
network configurations; or present generating

orpreentgenratngland-use 
sites and major transmission lines may be 
overlaid on the thenvironmental maps, where 

netorkconiguatins 

disusson.shouldthisis elpfl t 
this ishelpful to the discussion, 

The applicant should briefly discuss the 
availability of fuel or other energy sources at 
the areas considered. It is recognized that 
conditions with regard to alternatives to 
nuclear fuel will vary for different applicants. 
Oil and coal may be readily available in many 
areas, although limitations on maximum sulfur 

content or transportation costs may restrict or 
prevent their use. (Where supplies are 
adequate, and its use isotherwise appropriate, 
natural gas may be an altrnative in some 
areas). Hydroelectric and geothermal sources 
should also be considered if available. In some 
situations, combinations of energy sources 

alternatives. The discussion should clearly 
establish the energy-source alternatives. 

Using the materials described above, the 
applicant should provide a condensed 
description of the major considerations which 
led to the final selection of the candidate 
areas. 

The 	following remarks may apply in specific 
instances:
 
a. 	 The first general geographic screening 

may be based on power load and 
transmission considerations. 

b. Certain promising areas may be identified 
as suitable for only one type of fuel; 
others may be broadly defined at this 
stage of analysis (e.g., a stretch of coast 
line) and may admit several fuel-type 
options. 

c. 	 Only the determining characteristics of 
the identified areas need be discussed. 
Specific tracts need not be identified, 
unless already owned by the applicant. 

d. If areas outside the service area are not 
considered during this phase of the 
decision process, the reasons for not 
considering them should be provided. 

e. 	 If certain fuel types are eliminated in 
selecting candidate areas because of 
predicted nonavailability or because of 
economic factors, supporting 
information 3hould be supplied. 

f. 	In eliminating a fuel type at a site on the 
grounds of monetary cost, the applicant
should make clear that the excess cost 

over a preferred alternative outweighs 
any potential advantages of the 
eliminated fuel type with respect to 
environmental protection. 

g. 	 The compatability with any existing 
planning programs of the 

development of each candidate area 
d any,shouldpbe i ndicd ebe indicated and the views, if any, 

of local planning groups and interested 
citizens concerning use of the candidate 
area should be summarized. 

9.2.2 Selection of candidate site-plant alternatives4 

At this point the number of suitable areas will 
have been reduced, making possible the
 
investigation of a realistic set of alternative 
site-plant combinations. These alternative 
combinations should be briefly described. The 
description should include any transmission 
considerations that significantly affect the site 
desirability. 

4Tfi 	 range of candidate site-plant alternatives selected by 
(e.g., coal-fired base-load plant plus the applicant should include other energy source options (coal, 
gas-turbine peaking units) may be practical ol, sn, hydro, geothermal) as practicable. 
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The criteria to be used in selecting the 
candidate site-plant alternatives are essentially 
the criteria used in selecting candidate areas. 
Application of these criteria in greater depth 
may be required, however, since the relative 
merits of the various site-plant combinations 
may be less obvious than those of the initially 
identified areas. Furthermore, while a 
particular area may be judged unsuitable 
because of one major overriding disadvantage, 
establishment of the suitability of a given
site.plant combination may require balancing 
both favorable and unfavorable factors 
(benefits versus environmental and other 
costs). 

The applicant is nut expected to conduct 
detailed environmental studies at alternative 
sites; only preliminary reconnaissance-type 
investigations need be conducted. Neither isit 
expected that detailed engineering design 
studies will be made for all alternative plants 
nor detailed transmission route studies for all 
alternatives. 

9.3 	 Cost-effectiveness comparison of candidate 
site-plant alternatives 

A cost-effectiveness analysis of realistic alternatives 
in terms of both economic and environmental costs 
should be made to show why the proposed 
site-plant combination is preferred over all other 
candidate alternatives for meeting the power
requirement. in presenting the cost-effectiveness 
analysis, the applicant should use, insofar as 
possible, a tabular format showing side-by-side 
comparison of altern-itives with respect to selection 
criteria, 

Quantification, while desirable, may not be possible 
for all factors because of lack of adequate data. 
Under such circumstances, qualitative and general 
comparative statements, supported by 
documentation, may be used. Where possible, 
experience derived from operation of plants at the 
same or at an environmentally similar site may be 
helpful in appraising the nature of expected 
environmental impacts. 

Various criteria have been suggested in this 
guideline for use in comparing the alternatives and 
the proposed facility. The criteria chosen by the 
applicant should reflect benefits and costs' which 

sThe applicant may use, If the necessary data are available, 
the 	 method for calculating generating costs discussed in 
Chapter 10. 

were evaluated in selecting the site.plant 
candidates. The following Itemization of evaluatory 
factors may be helpful as a checklist: 

Engineering and Environmental Factors: 

Geology 
Seismology 
Hydrology 
Population density in site environs 
Access to road, rail, and water 

transportation 
Fuel supply and waste disposal routes 
Cooling water supply 
Sensitivity of aquatic and terrestrial 

habitats affected 
Risks and uncertainties with regard to 

potential impacts 
Commitment of resources 
Projected recreational usage 
Scenic va'ues 

Transmission Hook-Up Factors: 

Access to transmission system in place 
Problems of routing new transmission 

lines 
Problems of transmission reliability 
Minimization of transmission losses 

Construction Factors: 

Access for equipment and materials 
Access, housing, etc., for construction 

workers 

Land 	Use Factors 

Institutional Factors (e.g., State or regional 
site certification) 

Cost Factors: 

Construction costs 
Costs of transmission hook.up 
Operating costs 

Operating Factors: 

Load-following capability 

Transient response. 
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10.-PLANT DESIGN ALTERNATIVES
 

The applicant should, in this Chapter, show how the 
proposed plant design was ' arrived at through 
consideration of alternative designs of identifiable 
systems and through theircomparativeassessment. 

Most of the environmental effects of a nuclear power 
plant will be associated with the operation of certain 
identifiable systems. The applicant's proposed plant 
should incorporate a combination of these identifiable 
systems each of which has been selected, through a 
cost-effectiveness analysis (see discussion in 
Introduction) of economic and other factors as the 
preferred choice within its category. In some instances, 
the interaction of these systems may be such as to 
require their selection on the basis of a preferred 
combination rather than on the basis of individual 
preferred systems. For example, an alternative cooling 
system may have to be evaluated in combination with a 
preferred chemical effluent system that would be used 
with it. 

The applicant's discussion should be organized on the 
basis of plant systems, arranged according to the 
following list: 

I. 	 Cooling system (exclusive of intake and 
discharge) 

2. 	 Intake system 
3. 	Discharge system 
4. 	 Chemical waste treatment 
5. 	 Biocide treatment 
6. 	 Sanitary waste system 
7. 	 Liquid radwaste systems 
8. 	Gaseous radwaste systems 
9. 	 Transmission facilities 

10. 	 Other systems 

The following should be considered in preparing the 
discussion: 

a. 	 Range of alternatives-The applicant's discussion 
should emphasize those alternative plant systems 
that appear promising in terms of environmental 
protection. Different designs for systems that are 
essentially identical with respect to environmental 
effects should be considered only if their costs are 
appreciably different. The applicant should include 
alternatives which provide levels of environmental 
protection above those of the proposed facility 
when, although not necessarily economically 
attractive, they are practicable on technologicalgrounds. 

.Normaization of cost comparison-Alternatives 
b. 	 Nother 

should be comoared on the basis of assumina a fixed 
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amount of energy.generated for distribution outside 
the plant. (Thus, any effect of an, alternative on 
plant power consumption should be discussed.) 

c. 	 Effect of capacity factor-Where the plant capacity 
factor is effectively determined by the cost of 
operation, the projected effect of alternatives on 
plant capacity factor should be stated and 
explained. 

d. 	 Monetized costs-The acquisition and operating 
costs of individual systems and their alternatives (as 
well as costs of the total plant and transmission 
facility and alternatives) are to be expressed as 
power generating costs. The latter will be derived 
from cost elements compounded or discounted (as 
appropriate) to their present values as of the date 
of initial commercial operation and will be 
converted to their annualized values. The method 
of computation is shown in Table 2 and the 
individual cost items in this table are to be used as 
applicable. The total cost will be the sum of: 

Capital to be expended up until the scheduled
 
date of operation.'
 

Interest to the date of operation on all
 
expenditures prior to that date.
 

Expenditures subsequent to the scheduled
 
date of operation discounted to that date. In
 
calculations, the applicant should assume a
 
30-year plant life.2
 

In computing the annualized present value of plant 
systems and their alternatives, the following cost 
elements are sugested as allowable: 

Engineering design and planning costs. 

Construction costs. 

Interest on capital expended prior to 
operation. 

Operating, maintenance and fuel (if 
applicable) costs over the 30-year life of the 
plant. 

' For operating license proceedings, costs should be based on capital to be expended to complete the facility. 

2Use 30-year life for steam-electric generating plants. For 
types of electric generating plants, use generally accepteo 
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,.Cost of modification on alteration of any In some specific cases, accurate estimation of an 
other plant system is required for effect which the applicant believes to be very small 
accomniodation of alternatives to naintain may require a data collection effort that would not 
plant capacity (see item b above). be commensurate with the value of the infomation 

to be obtained. In such cases, tile applicant may 

Maintenance costs for the transmission facility substitute a preferred measure which conservatively 
(if applicable). estimates environmental costs for the effect in 

question, provided the substituted measure is 
Cost of supplying make-up power during a clearly documented and realistically evaluates the 
delay resulting from an alternative 6esign potentially detrimental (i.,., worst case) aspects of 
choice which will not meet the !:,wer the effect, and provided the measure is applied 
requirement by the scheduled in-servi. date. consistently to all alternatives. 

Environmental costs.-Environmental effcct- of f. Supporting details--In tile following subsections, 
alternatives should be fully documented. To ttie the applicant should discuss design alternatives for 
extent practicable, the magnitude of each effz:. each of the relevant plant systems (i.e., cooling 
should be quantified. Where quantification is r,v' system, intake system, etc.). The discussion should 
possible, qualitative evaluations should ht describe cach alternative, present estimates of its 
expressed in terms of comparison to the effects of environmental impact and compare the estimated 
the subsystem chosen for the proposed desiti. In impact with that of the proposed system. The 
either case, the derivation of the evaluations shouild assumptions and calculations on which the 
be completely documented. estimates are based should be presented. 

Engineering design and supporting studies, e.g., 
Table 3 presents a set of environmental fat.'ors thermal modeling, performed to assess the impact 
which should be considered in compiuing of alternative plant systems should be limited in 
alternative plant systems in the cost.effectiven:ass scope to those efforts required to support the 
analysis. Although incomplete, the factors listed a'e cost-effectiveness analysis which led to selection of 
believed to represent the principal environment; the proposed design. 
effects of power plant construction and operatiun 
that can be evaluated by generally accepted g. Presentation of alternative designs-The results 
techniques. The table provides for three key should be tabulated for each plant system. Table 4 
elements of environmental cost evaluation: shows the basic form recommended for 

effect to be measured presentation of alternative plant systems. Table 5 
(I) A description of each 

to be used inshows the recommended tabulation
(column 3).

(2 ul un to 	 comparing alternative transmission routes. In the 
(2)Suggested units to be used for measurement columns headed "Page," the applk ant should cite 

(r the appropriate references to the text of the 
difficulty, if not the impossibility, of using the Report. Note that, in the tables, the categorization 
assigned units for every item in Table 3 in and numerical identification of each environmental 
each 	 case, given the current state-of-the-art. effect corresponds to that of Table 3. In each of 
The applicant may elect to use other units, the tables used in Sections 10.1 to 1.9 the 
provided they are meaningful to the informed applicant should include, in the first "A" column, 
public and adequately reflect the impact of data on the system selected in the applicant's 
thelisted environmental effects. proposndhesnt 

(3) 	 A suggested methodology of computa.'oia proposed design. 
(column 5). Computation of fffecis il Each table provides for the display of data 
response to each block in Table 3, e.g., 1.1, regarding four alternatives; however, the applicant 
1.2 etc., should be given without adjustment is neither obligated to consider, nor limited to, any 
for effects computed in other blocks for the precise number. The applicant should limit the 
same population or resource affected. disesnuto the aliat which the 
However, provision is made in Table 3 (i.e., discussion to those alternatives which the current 
1.9 and 4.9) to account for combined effects state-of-the.art indicates are technically practicable. 
that may be either less than or greater than The monetized costs of the proposed systems and 
the sum of individual effects. alternatives should be presented on an incremental 

basis. This means that the costs of the proposed 
In discussing environmental effects, the applicant systems would appear as zeroes in the "A" columns 
should specify not only the magnitude of the effect of the tables and that the costs of the other 
(e.g., pounds of fish killed, acres of a particular alternative systems (B, C, D, etc.) should appear as 
habitat destroyed) but also the relative effect, that cost differences, i.e., B-A, C-A, etc., with negative 
Is the fraction of the population or resource that ts values enclosed in parentheses. The environmental 
iffected. See discussion in Section 5.8. 	 costs are not incremental and the tabulations 
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ihould 'therefore show these as the total costs, 
hither monetized or not. (if an environmental 

'effeciIs considered beneficial, the entry should be 
enclosed in parentheses.) 

'In addition to the information displayed In the 
tables, the applicant should provide a verbal 
description of the process by which the trade-offs 
were weighed and balanced in arriving at the 
proposed design. This discussion may include any 
factors not provided for on the tabulations. 

10.1 Cooling system (exclusive of intake and discharge) 

The applicant should identify and describe cooling 
system alternatives to the proposed design. 
Estimates of environmental effects should be 
prepared and tabulated. 

10.2 Intake system 

The applicant should identify and describe intake 
system alternatives to the proposed design. 
Estimates of environmental effects should be 
prepared and tabulated. 

10.3 
Discharge system 
The applicant should identify and describe 
Tsheapplicnte sold dentify a e se 
discharge system alternatives to the proposed 
design. Estimates of environmental effects should 
be prepared and tabulated. 

10.4 Chemical',aste treatment 

Alternative chemical systems that have the 
potential for reduced adverse environmental effects 
should be described and the environmental impacts 
of effluents should be fully identified. Corrosion 
products as well as corrosion inhibitors should be 
considered. 

The description should include specification of 
both maximum and average concentrations and 
dilution sources. (Where a discharge is not 
continuous, the discharge schedule should be 
specified.) Any toxicity and lethality to affected 
biota should be documented for all potential points 
of exposure. Specifically, information should be 
sufficient to define the impacts to entrained 
organisms at their points of exposure as well as the 
impacts beyond the point of discharge. Estimates 
of environmental effects should be prepared and 
tabulated. 

10.5 Biocide treatment 

The applicant should describe alternative means for 
control of fouling organisms, including both 
mechanical and chemical methods where such 
alternatives may be expected to have less severe 
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environmental effects than the proposed system. 
The' treatment of chemical biocides should be 
similar to that specified above for chemical effluent 
treatment. Estimates of environmental effects 
should be prepared and tabulated. 

10.6 Sanitary wate system 

Alternative sanitary waste systems should, be 
identified and discussed wtlih regard" to the 
environmental implications of both waste products 
and chemical additives for waste treatment. 
Estimates of environmental effects should be 
prepared and tabulated. 

10.7 Liquid radwaste systems 

For proposed light-water cooled reactor 
installations in which the quantities of radioactive 
material in effluents will be limited to levels that 
are within the numerical guides for design 
objectives and limiting conditions of operation set 
forth in the Commission's proposed amendments 
(dated June 9, 1971) to 10 CFR Part 50 and 
embodied in a new Appendix I, no further 
consideration need be given to the reduction of 
radiological impacts in formulating alternative plant 
designs. If the reactor is not a light-water cooled 
reactor, the possibility must be explored of an 
alternative radwaste system which reduces the level 
of radioactivity in the effluents and direct radiation 
to the levels proposed in Appendix 1.In any case 
for reactors to which the proposed Appendix I does. 
not apply, the applicant should demonstrate 
sufficient consideration of alternative radwaste 
systems and of their radiological output to assure 
that releases" from the proposed facility will be as 
low as practicable. 

10.8 Gaseous radwaste systems 

Consideration of systems for the disposal of 
gaseous radwaste is subject to the qualifying 
condition noted under 10.7 above. 

10.9 Transmission facilities 

The applicant should discuss the cost and 
environmental effects of alternative routes for new 
transmission facilities required for tie-in of the 
proposed facility to the applicant's system. The 
documentation should include maps of the 
alternative routes. These maps should clearly 
indicate topographic features important to 
evaluation of the routes and boundaries of visually 
sensitive areas. The applicant may find the 
documents cited in Section 3.9 helpful in this 
analysis. Estimates of environmental effects shoul; 
be prepared and tabulated. 



10.10 Other systems effect, should be discussed in terms of practicableAny plant system, other than those specified above, and feasible alternatives that may reducewhich is associated with an adverse environmental 
or, 

eliminate this environmental effect. 
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11. SUMMARY BENEFIT-COST ANALYSIS
 

This Chaptershould demonstrate through a benefit-cost 
analysis of the proposed plant why in the applicant's 
judgement the aggregate benefits outweigh the aggregate 
costs. Although the Commission will independently 
prepare a cost-benefit analysisof the proposed plant In 
the Environmental Statements, nevertheless, the 
applicantshould perform its own analysisin orderto aid 
the Commission in its evaluation. 

While the benefit-cost analysis approach discussed inthis 
Guide is conceptually similar to the benefit-cost 
approach classically employed in a purely economic 
context, the method recommended differs from it 
procedurally. This isbecause the benefits and costs to be 
evaluated will not all be monetized by the applicant. The 
incommensurable nature of the benefits and costs makes 
it virtually impossible to provide a concise assessment of 
benefits vs. costs in classical quantitative terms. 
However, although a simple numerical weighing of 
benefits against costs is clearly not feasible here, 
nevertheless the applicant can evaluate the factors on a 
judgmental basis which isconsistent with the underlying 
concept of benefit-cost analysis. 

The following considerations may be helpful to the 
applicant in preparing the analysis. As indicated above, It 
is incumbent on the applicant to demonstrate that the 
benefits of the proposed facility are considered to 
outweigh the aggregate costs. Beyond this, the degree to 
which the benefits may outweigh the costs is a factor 
which will be considered in the Commission's 
Environmental Statement. In selecting each proposed 
plant system from a set of alternative systems, the 
cost-effectiveness analysis of Chapter 10 will have 
maximized the net benefit (i.e., aggregate of benefits 
minus the costs). 

In presenting the cost-benefit analysis the applicant 
should first consider the benefits identified and 
described in Chapters 1 and 8. Secondly, generating, 
environmental, and other cost items, identified in 
Chapters 4, 5, 8, and 10 should be considered; these 
costs should be summarized in a tabulation as shown in 
Table 6. 
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12. ENVIRONMENTAL APPROVALS AND CONSULTATION
 

List and give the status of all licenses, permits and other 
approvals of plant construction and operations required 
by Federal, State, local and regional authorities for the 
protection of the environment. 

List all laws or ordinances applicable to the proposed 
transmission system and the status of approvals that 
must be obtained. Indicate any public hearings held or 
to be held with respect to the proposed transmission 
system. 

The listing should cite the relevant statutory or other 
authority requiring approvals with respect Jo the 
construction and/or operation of the plant and should 
be categorized by the environmental impact to whichthe approval is addressed. These categories could 

include, for example, air, land and water use and 
planning, fish diversion, and construction effects. 

Discuss the status of efforts to obtain a water quality 
certification under Section 401 of the Federal Water 

Pollution Control Act, as amended. If not already 
obtained, indicate when certification is expected. If 
certification isnot required, explain. 

If the discharge could alter the quality of the water or 
air of another State, indicate the State or States that 
may be affected and their applicable limitations, 
standards, or regulations. 

In view of the effects of the plant on the economic 
development of the region in which it is located, the 
applicant should also note the State, local, and regional 
planning authorities contacted or consulted. The OMB 
Circular A-95 Identifies the State, metropolitan, and 
regional clearinghouses that should be contacted as 
appropriate. (A listing of the clearinghous.s which serve 
a particular site area may be obtained from the AEC.) 
Meetings held with environmental and other citizen 
groups, if any, should be cited and reference given to 
specific instances of the applicant's responses to citizen 
group recommendations. 

13. REFERENCES 

The applicant should provide a bibliography of sources References cited should be keyed to the specific
used in preparation of the Environmental Report. chapters to which they apply. 
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Table I BENEFITS FROM THE PROPOSED FACILITY 

Direct Benefits 

Expected average annual generation in kilowatt-hours .........................
 
Capacity in kilowatts ..................................................
 
Proportional distribution of electrical energy
 

(Expected annual delivery in kilowatt-hours):
 
Industrial ....................................................
 
Commercial ...........................................
 
Residential ....................... ....................
 
Other ...............................................
 

Expected average annual Btu (in millions) of steam sold from the facility ........ 
Expected average annual delivery of other beneficial products (appropriate physical 

units) .... . ................... ........ .............. .. ...... 
Revenues from delivered benefits: 

Electrical energy generated ................. ....... .............. 
Steam sold ....... . ......................................... 
Other products ............................................. 

Indirect Benefits (as appropriate) 

Taxes (local, State, Federal) ..... .............. ...........
 
Research .................. . ................................
 
Regional product ................................................ 
Environmental enhancement: 

Recreation ................................ ..... 
Navigation .............................................. 
Air Quality: 

SO 2 ............. 
NO 

X 
. o ... ....... o 

................... 
oeo e..... .. 

. 
. 

............. 
.. . oe.........e t e e 

Particulates ............................................. 
Others ...............................................
 

Employment ..............................................
 
Education ... ............. .. .. .... .. .. ..... ......... .. ....
 
Others .................................................
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Table 2 MONETIZED BASES FOR GENERATING COSTS* 

ITEM 	 SYMBOL 

Total outlay required C1 
to bring facility to 
operation 

Annual operating cost 0 t 

Annual fuel cost Ft 

Cost of makeup power pt 
purchased or supplied 
in year t 

Discount factor 

Total generating cost - GCp 
present value 

Total generating cost - GC 
present value a 
annualized 

UNITS 	 ITEM DESCRIPTION 

$ 	 All capital outlays including interest expense to be invested 
in completion of the facility compounded to present value 
as of the scheduled in-service date of operation. 

$ 	 This is the total operating and maintenance cost ,of plant 
operation in year t. 

$ 	 This is the total fuel cost inyear t. 

$ 	 Cost of power purchased or supplied internally in year t to 
make up deficiency of power associated with any 
alternative which introduces delay. 

v = (1 + iT' where i is the applicant's estimated average cost 
of capital over the life of this plant. 

30 30 

$ 	 GCp = C1 + Zv t (Ot + Ft) + IptPt 
St lei 

i(1,1)3 ° 

$ 	 GC= GC X 
a p (1+1)30_1 

*For conventional (nuclear or fossil fuel) &team-electricplants. 
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Table 3 ENVIRONMENTAL FACTORS TO BE USED IN COMPARING ALTERNATIVE PLANT SYSTEMS 

Prw lmpact 

1. 	Natural surface water 
body 

1.1 	Impingement or en-
uapment by cooling 
water intake structure 

1.2 Passage through or re-
tention in cooling 
systems 

401reach 
, 

1.3 Discharge sea and 
thermal plume 

Population or 

Resources Affected 


(Specify natural water body 
affected) 

1.1.1 	 Fish' 

1.2.1 	 Phytoplankton and 
zooplankton 

1.2.2 	Fish 

1.3.1 	 Water quality, excess 
heat 

1.3.2 	Water quality, oxygen 
availability 

1.3.3 	Fish (nonmigratory) 

Description 

Juveniles and adults are subject to 
attrition. 

Plankton pcpulation (excluding fish) 
may be changed due to mechnical, ther-
mal and chemical effects, 

All life stages (eggs, larvae, etc.) which 
the condenser are subject to 

attrition, 

The rate of dissipation of the excess 
heat, primarily to the atmosphere, will 
depend on both the method of discharge 
and the state of the receiving water, in 
respect to ambient temperature and 
water currencs. 

Dissolved oxygen concentration of re-
ceiving waters may be modified as a 
consequence of changes in the water 
temperature, the translocation of water 
of different quality, and aeration. 

Fish' riay be affected directly or indi-
rectly s due to adverse conditions in the 
plume. 

Unit of 
Measure' 

Percent of har-
vestable or adult 
population de-
stroyed per year 
rur each impor-
tant species. 

Percent changes 
in production 
rates and species 
diversity, 

Percent of har-
vestable or adult 
population de-
stroyed per year 
for each impor-
tant species. 

Acres and acre-
feet. 

Acre-feet. 

Net effect in 
pounds per year 
(as harvestable 
or adult fish by 
species of inter
est). 

Method of 
Computation 

Identify all important species as defined in Sect. 2.7. 
Estimate the annual weight and number of each species 
that will be destroyed. (For juveniles destroyed, only the 
expected population that would have survived naturally
need be considered.) Compare with the estimated weight
and number of the species population in the water body. 

Field studies are required (1) to estimate the diversity and 
production rates of readily recognizable groups (e.g. 
diatoms, green algae, zooplankton) and (2) to estimte 
the mortality of organisms passing through the condenser 
and pumps. Include indirect' effects which affect mortal
ity. 

Identify all important species as defined in Sect. 2.7. 
Estimate the annual weight and number of each species
that will be destroyed. (For larvae, eggs, and juveniles 
destroyed, only the expected population that would have 
survived naturally need be considered.) Compare with the 
estimated weight and number of the species population in 
the water body. 

Estimate the average Btu's per hour dissipated to the 
receiving water at full power. Estimate the water volume 
and surface areas within differential temperature iso
therrns of r, 3, and 5°F under conditions that would 
tend, with respect to annual variations, to maximize the 
extent of the areas and volumes. 

Estimate volumes of affected waters with concentrations 
below 5, 3, and 1 ppm under conditions that would tend 
to maximize the impact. 

Field measurements are required to establish the average
number and weight (as harvestable or adults) of important 
species (as defined in Sect. 2.7). Estimate their mortality 
in the receiving water from direct and indirect effects. 

IApplicant may substitute an alternative unit of measure, where convenient. Such a measure should be related quantitatively to the unit of measure shown in this table. 
I -IFih- as used in this table includes shelfish and other aquatic invertebrates harvested by man.
'Indirect effects could include increased disease incidence, increased predation, interference with spawning, changed metaboUc rates, hatching offish out of phase with food orglnisms. 



Population orPrimary ImPat Resources Affected 

*See fotmotem at besging of table. 

DesiptionMeasure' 

Suitable habitats (wetland or water sur-
face) may be affected, 

A thermal barrier may inhibit migration, 
both hampering spawning and diminish-
ing the survival of returning fish. 

Water quality may be impaired. 

Aquatic populations may be affected by 
toxic levels of discharge chemicals or by 
reduced dissolved oxygen concen-
trations. 

Suitable habitats for wildlife may be 
affected, 

Recreational water uses (boating, fishing, 
swimming) may be inhibited. 

Unit of 

Acres of defined 
habitat or nest-
ing area. 

Pounds per year 
(as adult or har-
vestable fish by 
species of inter-
est). 

Acre-feet, % 

Pounds per year 
(by species as 
fish), 

Acres. 

Lost annual user 
days and area 
(acres) or shore-
line miles for 
dilution. 

Method ofComputation 

Determine the areas impaired as habitats because of 
thermal discharges, including effects on food resources. 
Document estimates of affected population by species. 

Estimate the f,-,ction of the stock that is prevented from 
reaching spawning grounds because of plant operation. 
Prorate this directly to a reduction in current and 
long-term fishing effort supported by that stock. Justify 
estimate on basis of local migration patterns, experience 
at other sites, and applicable State standards. 

The volume of water required to dilute the average daily 

discharge of each chemical to meet applicable water 
quality standards should be calc,,lated. Where suitable 
standards do not exist, use the volume required to dilute 
each chemical to a concentration equivalent to a selected 
lethal concentration for the most important species(as
defined in Sect. 2.7) in the receiving waters. The ratio of 

this volume to the annual minimum value of the daily net 
flow, where applicable, of the receiving waters should be 
expressed as a percentage, and the largest such percentage 
reported. Include the total solids if this is a limiting 
factor. Include in this calculation the blowdown from 
cooling towers. 

Total chemical effect on impor!ant species of aquatic 
biota should be estimated. Biota exposed within the 
facility should be considered as well as biota in receiving 
waters. Supporting documentation should include refer
ence to applicable standards, chemicals discharged and 
their toxicity to the aquatic populations affected. 

Estimate the area of wet land or water surface impaired as 
a wildlife habitat because of chemical contamination 
including effects on food resources. Document estimates 
of affected population by species. 

Volume of the net flow to the receiving waters required 
for dilution to reach accepted water quality standards 
must be determined on the basis of daily discharge and 
converted to either surface area or miles of shore. Cross 
section and annual minimum flow characteristics should 
be incorporated where applicable. Annual number of 
visitors to the affected area or shoreline must be obtained. 
This permits estimation of lost user-days on an annual 
basis. Any possible eutrophication effects should be
estimated and included as a degradation ofquality. 

1.3.4 

1.3.5 

1.4 Chemical effluents 1.4.1 

-.. 

4l 
; 
4. 

1.4.2 

1.4.3 

1.4.4 

Fish (migratory) 

Wildlife (including 
birds, aquatic and am-
phibious mammals and 
reptiles), 

Water quality, chemical 

Fish 

Wildlife (Including
birds, aquatic and am-
phibious mammals, and 
repOes). 

People 



I om j i conunued w 
Pr YIIPpulation or Unit of Mto fiPrimay hrpacResources Affected Description Unitf n-mthodofn; 

1.5 Radjonmpdtation 
LS Radionucides dis- 1.5.1 Aquatic organisms Radionuclide discharge may introduce adhrged to water body Rad per year. Sum dose contributions from radionudides expected to.radiation level which adds to natural be released. 

background radiation. 

13.2 People, external Radionuclide dischuage may introduce a Rem per year for Sum annual dose contributions from nucides expected toradiation level which adds to natural individual; man- be released. Calculate for above-water activities (skfingbackground radiation for water users, rem per year for fishn, boatinig), in-water activitie (swimming), and 
estimated popu- shoreline activities. 
lation as of the 
first scheduled 
year of plant
operation. 

135.3 People, ingestion Radionuchide discharge may introduce a Rem per year for Estimate biological accumulation in foods, and intake byradiation level which adds to natural in d iv i d ua I s individuals and population. Calculate does by summingbackground radiation for ingested food (whole body and results for expected radionuclides. 
and water, organ); man-rem 

per year for 
population as of 
fir st scheduledyear of plant ++..
operation. 

1.6 Consumptive use 1.6.1 People Drinking water supplies drawn from the Gallons per year. Where users withdraw drinking water supplies from the
water body may be diminished, affected water body, lost water to users should be 

estimated. Relevant deliveied costs of replacenent drink
ing water should be included. 

1.6.2 Agriculture Water may be withdrawn from agricul- Acre-feet per Where users withdrawing irrigation water are affected, thetural umge and use of remaining water year. loss should be evaluated as the sum of two volumes: themay be degraded, volume of the water lost to agricultural users and the 
volume of dilution water required to reduce concentra
tions of dissolved solids in remaining water to an 
agricultizally acceptable level. 

1.6.3 Industry Water may be withdrawn for industrial Gallons per year. 
use. 

1.7 Plant construction (in- 1.7.1 Water quality, physical Turbidity, color or temperature of Acre-feet andchiding site repara- The volume of dilution water required to meet applicablenatural water body may be altered. acres, water quality standards should be calculated. The arealextent of the effect should be estimated. 

1.7-2 Water quality, chemical Water quality may be impaired. Aco.feet, %. To the extent possible, the applicant should treat prob
lems of iniflt 2nd drnino Ai.,.,, , " . 

See footnotes at beginning of table. 



Primary I 

1. Otherimact 

Population or 
Resources Affected 

Description Unit of 
Measure' 

1.9 Combined or 
active effects 

inter-

LIO Net effects 

I. 

Method of 
Computation 

The applicant should describe and quantify any other 
environmental effects of the proposed plant which are 

signficant. 

Where evidence indicates that the combined effect of a 
number of impacts on a particular population or resource 
is not adequately indicated by measures of the separate 
impacts, the total combined effect should be described. 

See discussion in Section 5.8. 



Priwy Impact Population or 

Table 3 (continued)* 
Description Unit of Method of 

Resources Affected Measure' Computation 

2. Ground Water 

2-1 Raisinglowering 
ground water levels 

of 2.1.1 People 

2.1.2 Plants 

Availability or quality of drinking water 
may be decreased and the functioning of 
existing wells may be impaired. 

Trees and other deep-tooted vegetation 
may be affected, 

Gallons per year. 

Acres. 

Volume of replacement water for local wells actually 
affected must be estimated. 

Estimate the area in which ground water level change may
have an adverse effect on local vegetation. Report this 
acreage on a separate schedule by land use. Specify such uses as recreational, agricultural and residentiaL 

2.2 C h e m i c a 1 
contamination of 
ground water 
(excluding salt) 

2.2.1 People Drinking water of nearby communities 

may be affected. 
Gallons per year. Compute annual loss of potable water. 

I 4a 

2.2.2 Plants Trees and other deep-rooted vegetation 
may experience toxic effects. 

Acres. Estimate area affected and report separately by land me. 
Specify such uses as recreational, agricultural and 
residential. 

2.3Radionuclide 
contamination of 
ground water 

2.4 Other impacts on 
ground water 

2.3.1 People 

2.3.2 Plants and animals 

Radionuclides which enter ground water 
may add to natural background radiation 
level for water and food supplies. 

Radionuclides which enter ground water 
may add to natural background radiation 
level for local plant forms and animal 
population. 

Rem per year for 
individuals 
(whole body and 
organ); man-rem 
per year for 
population as of 

year of first
scheduled year 
of plant opera
tion. 

Rad per year. 

Estimate intakes by individuals and populations. Sum 
dose contributions for nuclides expected to be released. 

Estimate uptake in plants and transfer to animals. Sum 
dose contributions for nudlides expected to be rele.ased. 

-

The applicant should describe and quantify any other 
environmental effects of the proposed plant which aresignificant. 

.Seefootnotes at beginning of table. 



Primary Impact 

3. Ak 

3.1 Fogging and icing 
(caused by evaporation 
and drift) 

3.2 Cbevsiz discharge to 
ambient air 

3.3fRadionuclide$ 
discharged to ambient 
air and direct radiation 
from radioactive 
materials (in-plant or 
being transported), 

-See foomaotas at beginning of to 

Population orResourcs Affected 
Reore 

3.1.1 Ground transportation 

3.1.2 Air transportation 

3.1.3 Water transportation 

3.1.4 plants 

3.2.1 Air quality, chemical 

3.2.2 Airquality, odor 

3.3.1 People, external 

3.3.2 People, ingestion 

Description
fetdMeasure' 

Safety hazards may be created in the 
nearby regions in all seasons. 

Safety hazards may be created in the 
nearby regions in all seasons, 

Safety hazards may be created in the 
nearby regions in all seasons. 

Damage to timber and crops may occur 
through introduction of adverse 
conditions. 

Pollutant emissions may diminish the 
quality of the local ambient air. 

Odor in gaseous discharge or from 
effects on water body may be 
objectionable. 

Radionuclide discharge or direct 
radiation may add to natural background 
radiation level. 

Radionuclide discharge may add to the 
natural radioactivity in vegetation and in 
soil. 

Unit ofMae 

Vehicle-hours per 
year 

Hours per year. 
flights delayed 
per year. 

Hours per year, 
number of ships 
affected per 
year. 

Acies by ct-,). 

%and pounds or 
tons. 

Statement. 

Rem per year for 
individuals 
(whole body and 
organ); man-rem 
per year for 
population as of 

year of first 
scheduled 
operation. 

Rem per year for 
individuals 
(whole body and 
organ); man-rem 
per year for 

Method ofoptto
Computation 

Compute the number of hours per year that driving 
hazards will be increased on paved highways by fog and 
ice from cooling towers and ponds. Documentation 
should include the visibility criteria used for defining 
hazardous conditions on the highways actually affected. 

Compute the number of hours pr year that commercial 
airports will be closed to visual (VFR) and instrumental 
(IFR) air traffic because of fog and ice from cooling 
towers. Estimate number of flights delayed per year. 

Compute the number of hours per year ships will need to 
reduce speed because of fog from cooling towers or ponds 
or warm water added to the surface of the river, lake or 
W.. 

kstimati the acreage if potrn.I !-'n: damag. !. crop. 

The actual concentration of each pollutant in ppm for 
maximum daily emission rate shoitld be expressed as a 
percentage of the applicable emission standard. Report 
weight for expected annual emissions. 

A statement must be made as to whether odor originating 
in plait is perceptible at "mypoint off-site. 

Sum dose contributions from nuclides expected to be 
released. 

For radionuclides expected to be released estimate 
deposit and accumulation in foods. Estimate intakes by 
individuls and populations and sum results for all 
expected radionuclides. 



Table 3 (continused) 

Priam"y Impc 
Poplatrion on

Pasoures Affected Description 
Unit of 

"Maue 
. ;Mthodof 

Caato 

popul on as of 
year of first
scheduled 
operaton

3.3.3 Plants and animals Radionucide discharge may add to 
natural background radioactivity of local 
plantand aimal life. 

Radperyar. Estimate deposit of radionuclides on. and uptake in plants 
and animals. Sum dose contributions for radionudides 
expected to be released. 

3.4Otr inpacts on ak The applicant 
environmental 
significant. 

should describe and quantify any other 
effects of the proposed plant which-are 

Sm4qw
footnotes at beginning of table. 



PriearyI11at Population or
Resources Affected 

4. Land 

4.1 Site selection 4.1.1 Land, amount 

4.2 Cogntruction activities 4.2.1 People (amenities) 
(including site 
preparation) 

4.2.2 	People (accessibility of 
historical sites) 

4.2.3 	 People (accessibility of 

archeological sites) 

4.2.4 	 Wildlife 

4.2.5 	 Land (erosion) 

4.3 Plant operation 4.3.1 People (amenities) 

4.3.2 	People (aesthetics) 

SA footnotes at beginning of table. 

Description 

Land will be preempted for construction 
of nuclear power plant, plant facilities, 
and exclusion zone. 

There will be a oss ofdesirable qualities 
in the environment due to the noise and 
movement of men, material and 
machines. 

Historical sites may be affected by 
construction 

Construction activity may impinge upon 

sites of archaeological value, 

Wildlife may be affected. 

Site preparation and plant construction 
will involve cut and t-l operations with 
accompanying erosion potential. 

Noise may induce stress. 

The local landscape as viewed from 
adjacent residential areas and 
neighboring historical, scenic, and 
recreational sites may be rendered 

Unit of 

Acres. 

Total population 
affected, years. 

Visitors per year. 

Q u a I i f i e d 
opinion, 

Q u a I i f i e d 
opinion. 

Cubic yards and 
acres. 

Number 'of 

residents, school 
populations, 
hospital b ds. 

Q u a I i f i e d 
opinion, 

Method of 

State 	number of acres preempted for plant, exclusion 
zone, and accessory facilities such as cooling towers and
 
ponds. By separate schedule state the type and din of
 
land preempted (e.g., scenic shoreline, wet land, forest
 
land, etc.).
 

The disruption of community life (or alternatively the
 
degree of community isolation from such irritations)
 
should be estimated. Estimate the number of residences,
 
schools, hospitals, etc., within area of visual and audio
 
impacts. Estimate the duration of impacts and total
 
population affected.
 
Determine historical sites that might be displaced by
 
generation facilities. Estimate effect on any other sites in
 
.'lant environs. Express net impact in terms of annual
 
number of visitors.
 

Summarize evaluation of impact on archeological
 

resources in terms of remaining potential value of the site.
 
Referenced documentation should include statements
 
from responsible county, State or Federal agencies, if
 
available.
 

Summarize qualified opinion including views of cognizant
 
local and State wildlife agencies when available, taking

into account both beneficial and adverse affects.
 

Estimate soil displaced by construction activity and
 
erosion. Beneficial and detrimental effects should be
 
reported separately.
 

Use the Proposed HUD Criterion Guideline for
 
Non-Aircraft Noise to establish areas receiving noise in the
 
categories of "Clearly Unacceptable," "Normally
 
Unacceptable" and "Normally Acceptable." For each area
 
report separately the number of residences, the total
 
school population, and the total number of hospital beds.
 

Summarize qualified opinion including views of cognizant
 
local and regional authorities when available.
 



Table 3 (continued)* 

Primary Imrpact RPopulation oror IResourcesAffected .. !n - Unit ofMeasure, Method of
Computation:,

aesthetically objectionable by the plant 
facility. 

.b;r 

4.4 Salts discharged 
cooling towers 

from 

4.3.3 Wildlife 

4.3.4 Lamd,flood control 

4.4.1 People 

4.4.2 Plants and animals 

Wildlife may be affected. 

Health and safety near the water body 
may be affected by flood control 

Intrusion of salts into groundwater may 
affect water supply. 

Deposition of entrained salts may be 
detrimental in some nearby regions, 

Qualified 

opinion, 

Reference to 
Flood Control 

District approv-
al. 

Pounds per 
square foot per 
year. 

Acres. 

Summarize qualified opinion including views of cognizant 
local and State wildlife agencies when available, taking'
into account both beneficial and adverse effects. 

Reference must be made to regulations of cognizant 
Flood Control Agency by use of one of the following 
terms: Has NO IMPLICATIONS for flood control, 
COMPLIES with flood control regulation. 
Estimate the amount of salts discharged as drift and 
particulates. Report maximum deposition. Supporting 
documentation should include patterns of deposition and 
projection of possible effect on water supplies. 

Salt tolerance of local affected area vegetation must be 
determined. That area, if any, receiving salt deposition inexcess of tolerance (after allowance for dilution) must be 

4.4.3 Property resources Structures and movable property may 
suffer degradation from corrosive 
effects. 

Dollars per year. 

estimated. Report separately an appropriate tabulation of 
acreage by land use. Specify such uses as recreational, 
agricultural and residential. Where wildlife habitat is 
affected identify populations. 

If salt spray impinges upon a local community, then 
property damage may be estimated by applying to the 
local value of buildings, machinery, and vehicles a 

4.5 Transmission 

selection 

route 4.5.1 Land, amount Land will be preempted for construction 

of transmission line systems. 

Miles, acres. 

differential in average depreciation rates between this and 
a comparable sea-coast commun~ty. 

State total length and area of new rights-of-way. Estimate 
current market value of land involved. 

4.5.2 Land use and land value 

4.5.3 People (aesthetics) 

Lines may pass through visually sensitive 
(that is sensitive to presence of transmis-
sion lines and towers) areas, thus imping-
ing on their present and potential use 
and value of neighboring property. 

Lines may present visually undersirable 
features, 

Miles, acres, 
dollars. 

Number of such 
features, 

Total length of new transmission lines and area of
right-of-way through various categories of isually sensi
tive land. Estimate minimum loss in current property 
values of adjacent areas. 

Estimate total number of visually undesirable features,
such as: number of major road crossings in vicinity of 
intersection or interchanges; number of major waterwaycrossings; number of crest, ridge, or other high point
crossings; number of "long views" of transmission linesperpendicular to highways and waterways. 



Table 3 (concluded)* 

Primary Impact Population orResources Affected Description Unit of 
Measure'Computation Method of 

4.6 Tansmission 
construction 

facilities 4.6.1 Land adjacent 
right-of-way 

to Constructing 
right-of-way 

impact. 

new 
may 

roads 
have 

for access to 
environmental 

Miles. Estimate length of new access and service roads required 
for alternative routes. 

4.6-2 Land, erosion Soil erosion may 
construction activities, 

result from Tons per year. Estimate area with increased erosion potential traceable 
to construction activities. 

4.6.3 Wildlife Wildlife habital 

may be affected. 

and access to habitat Number 

portant 

affected. 

of im-

species 

Identify important 
disturbed. 

(Sect. 2.7) species that may be 

4.6.4 Flora Flora may be affected. 

4.7 Transmission 
operation 

line 4.7.1 Land Use Land preempted by right-of-way may be 
used for additional beneficial purposes 
such as orchards, picnic areas, nurseries, 

hiking and riding trails. 

%, dollars. Estimate percent of right-of-way for which no multiple 
use activities are planned. Annual value of multiple use 
activities less cost of improvements. 

P 

4.8 Other land impacts 

4.7.2 Wildlife Modified 

changes, 

wildlife habitat may result in Qualified 

ion. 

opin- Summarize qualified opinion including views of cognizant 
local and State wildlife agencies when available. 

The applicant should describe and quantify any other 
environmental effects of the proposed plant which are 
significant. 

4.9 Combined or 

active effects 

inter- Where evidence indicates that the combined effects of a 
number of impacts on a particular population or resource 
are not adequately indicated by measures of the separate
impacts, the total combined effect should be described. 
Both beneficial and adverse interactions should be in
dicated. 

4.0 Net effects See discussion in Section 5.8. 

*See footnotes at beginningof table. 



Table 4 BASIC TABULATION TO BE USED IN COMPARING ALTERNATIVE PLANT SYSTEMS 

INCREMENTAL GENERATING COST 

ALTERNATIVES 

P es.ent Worth 

A a C D 

Annualized 

CAPACITY FACTOR 
ENVIRONMENTAL COSTS* UNITS Magnitude Page Magnitude Page Magnitude page Magniude Page 
1. NIATURAL SURFACE WATER BODY 

1.1 Impingement or entrapment by cooling 
water intake structure 
1.1.1 Fish 

1.2 Paesage through or retention in cooling
systms 

1.2.1 Phytoplankton and zooplankton 

1.2.2 Fish 

1.3 Discharge ares and thermal plume 

1.3.1 Water quality. excess heat 

Ja 
1.1.2 Water quality, oxygen availability 

46 1.3.3 Fish. nonmigratory 

1.3.4 Fish. migratory 

1.3.5 Wildlife (including birds, aquatic 
and amphibious mammals, and 
reptiles) 

1.4 Chemical effluents 
1.4.1 Watrn quality, chemical 

1.4.2 Fish 

1.4.3 Wildlife (including birds, aquatic and 
anhibious mammals, and reptiles) 

1.4.4 People 

1.5 Rodkonuides discharged to wter body 

1.5.1 Aquatic otgoesm 

1.5.2 People. external 

11.". Po le.iestion 

1.6 Consumptlw use 
1.&1 People 
1.6.2 Ariculture 
1.6.3 Industry 

See Table 3 for definition ofenvironmental costs. For each plant system, cartain of the tabulated costs will be applicable and others will not. 



Table 4 (continued) 

ENVIRONMENTAL COSTS UNITS 

ALTERNATIVES 

A 
Magnitude Page 

B 
Magnitude Page 

C 
Magntode Page Mwitude 

D, 
Page 

1.7 Plant cnstruction 0nluing sim 

1.7.1 Wae quality. physica 

1.7.2 Wat quality. chemica 

1.9 Combined or Intractie eff 

1.10 Neteffects 

2. GROUND WATER 
2.1 Ralsingiflowerlng of ground mter lewela 

2.1.1 People 

2.12 Plants 

,.,. 

'. 
' 

2.2 Chemical cntamination of ground 
liscluing seft)
2.2.1 People 

ar 

22.2 Plants 

2.3 Radionuide cm atko of ground 

2.3.1 People 

2.3.2 Plants and animals 

2.4 Oter impects on ground vatr 

3. AIR 
3.1 Fogin and kcing (caused by vorstoin 

and drift) 
3.1.1 Ground tanportto 

3.1.2 Air transportation 

3.1.3 Water tranrporatlon 

3.1.4 Plants 



Table 4 (continued) 

ENVIRONMENTAL COSTS 

3.2 Chemical discharge to ambient air 

3.2.1 Air quality, chemical 

UNITS 

ALTERNATIVES 
A 

Magnitude Page 

BC 

Magnitude Page Magnitude Page Magnitude Pae 

3.3.2 Air quality, odor 

3.3 Radionucides discharged to ambient air and 
direct radiation from radioactive mateTials 
3.3.1 People, exterr-ai 

3.3.2 People, ingestion 

3.3.3 Plants and animals 

3.4 Other impects on air 

4. LAND 

I4.1Site alon 
S4.1.1 Land.amount 

4.2 Csuttion activities (inducng site 
preparation) 
4.2.1 People (amenities) 

4-2.2 People (accessiilityof historical 
sites) 

4.2.3 People (accessibility of archaeological 
sites) 

4.2.4 Wildlife 

4.25 Land (erosion) 

4.3 Plant operation 

4.3.1 People (amenities) 

4.3.2 People (aesthetics) 

4.3.3 Wildlife 
4.3.4 Land, flood control 



Table 4 (concluded) 
ENVIRONMENTAL COSTS 

4.4 Salts discharged from cooling towers 

4.4.1 People 

4.4.2 Plants and animals 

4.4.3 Property resources 

UNITS 

ALTERNATIVES 

A 

Magnitude Page 

B 
Magnitude Page 

C 

Magnitude Page Magnitude 

D 

Page 

4.5 Transmissio route selection 
4.5.1 Land, amount 

4.5.2 Land use and land value 

4.5.3 People (aesthetics) 

4.6 Transmission facilities construction 
4.6.1 Land adjacent to right-of-way 

4.6.2 Land. erosion 

4.6.3 Wildlife 

4.6.4 Flora 

4.7 Transmission line operation 
4.7.1 Land use 

4.7.2 Wildlife 

4. Other lond impacts 

4.9 Combined or interactive effects 

4.10 Net effect 



Table 5 BASIC TABULATION TO BE USED IN COMPARING ALTERNATIVE TRANSMISSION ROUTES 

INCREMENTAL GENERATING COST 

CAPACITY FACTOR 
ENVIRONMENTAL COSTS 

1. Land use 
(Rank alternative routes in terms of amount 
of conflict with present and planned land use) 

ALTERNATIVES 

Present Worth 
Annualized 

UNITS 

A 

Magnitude Page 

a 

Magnitude Page 

C 

Magnitude page 

D 

Magnitude Page 

2. Property values 
(Rank alternative routes in terms of total loss 
in property values) 

3. Multiple use 
(Rank alternative routes in terms of envisioned 
multiple use of land preempted by rightsof
way) 

4. Length of new rights-of-amy required 

i S. Number and length of new access and mic 
roads required 

6. Number of mqor road crossings in vicnity of 
intersection or interchanges 

7. Number of major waterway and 
railroad crossings 

8. Number of - est. ridge, or other high point 

9. Numbe of -long vieW or tranmissin lines
Perpendlar to highva4s and waterways 



Table 5 (concluded) 
ENVIRONMENTAL COSTS 

10. Length of above trnuinision line in or 

UNITS 

ALTERNATIVES 

A 

Magnitude Page 

• 

Magnitude Page 

C 

Magnitude Pagp 

D 

Magnitude Page 

through the following visually sensitive areas. 

10.1 Natural water body shoreline 

10.2 Marshland 

10.3 Wilife refuges 

10.4 Parks 

10.5 National and state m 

10.6 Scenic m 

10.7 Recreation ms 

10.8 Historic ms 

10.9 Residential areas 

.b 10.10 Nationa forests adlor heavily 
timbered aress 

10.11 Shelter belts 

10.12 Steep dopes 

10.13 Wilderness as 

10.14 to [Other sensitive or critical areas. 
10.20 specify] 

10.21 Total length through smnsitive areas 
(sum 10.1-10.20) 

10.22 Total net length through aensitive 
areas (sum 10.1-10.20 eliminate 
duplication) 



Table 6 COST DESCRIPTION OF PROPOSED FACILITY AND TRANSMISSION HOOKUP 
(All monetized costs expressed In terms of their present and annualized values) 

Prsent Worth
Annualized 

Present WorthTransmission and Hook.up Cost Annualized 

Environmental Costs (seeTable 3) UNITS MAGNITUDE-..-.	 PAGE 

1. NATURAL SURFACE WATER BODY 
1.1 	 Impingement or antrapment by cooling water Intake structure
 

1.1.1 	 Fish
 

1.2 	 Passage through or retention in cooling systems
 
1.2.1, Phytoplankton and zooplankton
 

1.2.2 Fish
 

1.3 DIscharge area and thermal plume
 

1.3.1 	 Water quality, excas heat
 

1.3.2 Water quality, oxygen availability
 

1.3.3 Fish, nonmigratory
 

1.3.4 	 Fish, migratory
 

1.3.5 	Wildlife (including birds, aquatic and amphibious
 
mammals, and reptiles)
 

1.4 Chemical effluents
 
1.4.1 	 Water quality, chemical
 

1.4.2 	 Fish
 

1.4.3 	Wildlife (including birds, aquatic and amphibious
 
mammals, and reptiles)
 

1.4.4 People
 

1.5 	 Radlonuclides discharged to water body
 
1.5.1 	 Aquatic organisms
 

1.5.2 	 People, external
 

1.5.3 People, ingestion
 

1.8 Consumptive use
 
1.6.1 People
 
1.6.2 Agriculture
 

I.G.3 Industry 

1.7 	 Plant construction (including site preparation)
 
1.7.1 	 Water quality, physical
 

1.7.2 Water quality, chemical
 

1.1 	 Other Impacts
 

1.9 Combined or interactive effects
 

1.10 Net effect
 

4.2-64
 



Table 6 (continued 

Environmental Cot (see Table 3) 

1. GROUNDWATER 
2.1 Ralsing/lowering of ground water levels 

2.1.1 People 

2.1.2 Plants 

UNITS MAGNITUDE PAGE 

2.2 Chemical contamination of ground water (excluding soft) 
2.2.1 People 

2.2.2 Plants 

2.3 Radionuclide contamination of ground water 
2.3.1 People 

2.3.2 Plants and animals 

2.4 Other Impacts on ground water 

3. AIR 
3,1 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 

3.2 Chemical discharge to ambient air 
3.2.1 Air quality, chemical 

3.2.2 Air quality, odor 

3.3 Radionuclides discharged to ambient air and direct 
radiation from radioactive materials 
3.3.1 People, external 

3.3.2 People, ingestion 

3.3.3 Plants and animals 

3A Other Impectsonair 

4.2,5
 



Table 6 (concluded) 

Environmental Costs (m Table 3) UNITS MAGNITUDE PAGE 

4. LAND
4.1 Site selectlon 

4.1.1 Lnd, amount 

4.2 Construction activities (including sitepreparation) 
4.2.1 People (amenities) 

4.2.2 People (accessibility of historical sites) 

4.2.3 People (accessibility of archeological sites) 

4.2.4 Wildlife 

4.2.5 Land 

4.3 Plant operation 

4.3.1 People (amenities) 

4.3.2 People (aesthetics) 

4.3.3 Wildlife 

4.3.4 Land, flood control 

4.4 Salts discharged from cooling towers 

4.4.1 People 

4.4.2 Plants and animals 

4.4.3 Property resources 

4.5 Transmission route selection 

4.5.1 Land, amount 

4.5.2 Land usa and land value 

4.5.3 People (aesthetics) 

4.6 Transmission facilities construction 

4.6.1 Land adjacans to rightef.way 

4.8.2 Land, erosion 

4.6.3 Wildlife 

4.6.4 Flora 

4.7 Transmission line operation 
4.7.1 Land use 

4.7.2 Wildlife 

4.8 Other land impacts 

4.9 ComWned or Interactive effects 

4.10 Net effects 
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Ai"Asnix 1 Quutionnaire for Eliciting Data for Radioactive Source-Term Calculationi 

Presurized Water Reactors 

Basic Data for Source Term Calculation-

i, 	 Reactor power (MWt) at which ipact s to be 
analyzed. 

2. 	Weight of U loaded (first loading and equilibrium 
cycle), 

3. Isotopic ratio in fresh fuel (first loading and 
equilibrium cycle). 

4. 	 Expected percentage of leaking fuel. 
5. Excape rate coefficients used (or reference). 
6. 	Plant capacity factor (%). 
7. 	Number of steam generators. 
8. 	Type of steam generators (recirculating, once-

through). 
9. 	Mass of primary coolant in system total (lb) and 

mass of primary coolant in reactor (Ib). 
10. 	Primary coolant flow rate (lb/hr). 
11. 	 Mass of steam and mass of liquid in each generator 

(Ib). 
12. 	 Total active mass of secondary coolant (lb) 

(excluding condensate storage tanks). 
13. 	 Steam generagor operating conditions (temperature 

OF, pressure psi, flow rate, lb/hr). 
14. 	 The number, type and size of condensate 

demineralizer and total flow rate (lb/hr). 
--/15. What is the containment free volume (ft3)? 

16. 	 What is the expected leak rate of primary coolant 
(lb/hr) to the containment atmosphere? 

17. 	 Is there an internal air cleanup system for iodine in 
the containment? If so, what volume per unit time 
is circulated through it? What decontamination 
factor is expected? How long will the system be 
operated prior to purging? 

18. 	 How often is the containment purged? Is it filtered 
prior to release? Type of iodine clean-up system 
provided? What decontamination factor is 
expected? 

19. 	 Give the total expected annual average letdown rate 
(lb/hr) during power operation. 
a. 	 What fraction of the letdown is returned to the 

primary system? How is it treated? What are 
the expected decontamination factors for 
removal of principal isotopes? 

b. 	 How is the Li and Cs normally controlled? 
c. 	 What fraction of this goes to boron control 

system? How is this treated, demineralization, 
evaporation, filtration? 

d. 	 Is plant design for load follow or base load? 
What fraction of the letdown stream is diverted 
to the radwaste system for boron control. How 
Is this treated (demineralization, evaporation, 
filtration, etc.) and what fraction will be 
discharged from the plant? 

1 

What fraction of the letdown stream is stmppea c 
noble gases and iodines? How are these gasu 
couecleul wnat uccay uo tney receive prior to 
release? Indicate stripping fraction. 

-0. 


21. 	 How are the noble gases and iodines stripped from 
that portion of the letdown stream which issent to 
the boron control system? How are these gases 
collected? What decay do they receive prior to 
release?
 

22. 	Are the releases from the gaseous waste storage 
tanks passed through a charcoal absorber? What 
decontamination factor is expected? 

23. 	 How frequently is the system shut down and 
degassed and by what method? How many volumes 
of the primary coolant system are degassed in this 
way each year? What fraction of the gases present 
are removed? What frsction of other principal 
nuclides are removed, and by what means? What 
decay time is provided? 

24. 	 Are there any other methods of degassing (i.e., 
through pressurizer, etc.)? If so describe. How is it 
treated? 

25. 	 What is the expected leak rate of primary coolant 
Ob/hr) to the secondary system? 

26. 	What is the expected rate of steam generator 
blowdown (lb/hr) during power operation with the 
expected leak rate noted in Question No. 25? Where 
are the gases from the blowdown vent discharged? 
Are there charcoal absorbers and/or condensers on 
the blowdown tank vent? If so, what 
decontamination factor is expected? How will the 
blowdown liquid be treat..d? 

27. 	What is the expected leak rate of steam (lb/hr) to 
the turbine building? What is the ventilation air flow 
(cfm) through the turbine building? Where is it 
discharged? Is the air filtered or treated before 
discharge? If so, provide expected performance. 

28.. What is the flow rate (cfm) of gaseous effluent from 
the main condenser ejector? What treatment is 
provided? Where isit released? 

29. 	 What is the origin of the steam used in the gland 
seals (i.e., is it primary steam, condensate, or 
demineralized water from a separate source, etc.)? 
How is the effluent steam from the gland seals 
treated and disposed of? 

30. 	What is the expected leak rate of primary coolant 
(lb/hr) to the auxiliary building? What is the 
ventilation air flow through the auxiliary building 
(cfm)? Where is it discharged? Is the air filtered or 
otherwise treated before discharge? If so, provide 
expected performance. 

31. 	 Provide average gallons/day and pCi/cc prior to 
treatment for following categories of liquid waste 
effluents. Use currently observed data in the 
Industry where different from the SAR or 
Environmental Report (indicate which is used). 

4.2.69 
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AppendIx 1 (concluded) 

a. 	 High-level wastes (for example, primary coolant 9. Normal clean-up system flow rate (lb/hr). What type 
let :down, "clean" or low-conductivity waste, ,,of resins are used? What decontamination factors 
equipment drains and deaerated wastes); are expected for each principal nuclide? What is th( 

Sb,','Dirty" 	 wastes (for example, floor drain frequency of regeneration and volume of 
- wastes, high-conductivity wastes, aerated regenerants? 

wastes, and laboratory wastes); 10. Describe and provide the expected performance of 
c. 	 Laundry, decontamination, and wash-down the expanded gaseous radwaste treatment system 

wastes; from the main condenser air ejector. Give the 
d. 	 Steam generator blowdown-gve average, flow expected air inleakage. Is the condenser ejector one 

rate and maximum short-term flows and their stage or two stage? Where is it discharged? How 
,!i many condenser shells? (If applicable-Pounds ofduration; 

e. 	 Drains from turbine building; charcoal and operating temperature of.) 
f. 	 Frequency of regenerating condensate 11. What is the expected leak rate of primary coolant 

demineralizers and expected volume of (lb/hr) to the dry well? How frequently is the dry 
regenerant solutions. well purged? What treatment is given to this purge 

and where isit released? 
For the above-listed wastes(a-f) provide: 12. What is the expected leak rate of primary coolant 
1. 	 Number and capacity of collector tanks. (lb/hr) to the reactor building? What is the 
2. 	 Fraction of water to be recycled and factors ventilation air flow (cfm) through the reactor 

controlling decision. building? Where is it discharged? Is the air filtered 
3. 	 Treatment steps-include number, capacity, and or otherwise treated before discharge? If so provide 

process decontamination factor for each expected performance. 
principal nuclide for each step. If step is 13. What is the expected leak rate of steam (lb/hr) to 
optional, state factors controlling decision. the turbine building? What is the ventilation air flow 

4. 	 Decay time from primary loop to discharge. (cfm) through the turbine building? Where is it 
discharged? Is the air filtered or treated before 

Dilution flow rate fof. liquid effluents, minimum discharge? If so, provide expected performance. 
and normal gpm and total gallons per year. 14. Describe the treatment of the exhaust stream i-om 

I. How is waste concentrate (filter cake, demineralizer the turbine seal glands. 
resin, evaporator bottoms) handled? Give total a. What is the origin of the steam used in the 
volume, weight and curies per day or year. gland seals? (i.e., is it primary stearr 
Include the expected annual volume of dry waste condensate, or demineralized water from a .,.' 
and curie content of each drum. separate source, etc.?) 
For demineralizer regenerants, provide: (a) time b. How is the waste stream from the gland seals 
between regeneration; (b) treatment of regenerants; treated and disposed of? 
(c) regenerant volumes; and (d) fraction discharged. c. Indicate how often the mechanical vacuum will 

i.Provide a process and instrumentation flow diagram be operated and the expected range of activity 
for the gaseous and liquid radwaste systems. released. 

15. Provide average gallons/day and uCi/cc prior to 
Boiling water reactors treatment for the following categories of liquid

waste. Use currently observed data in the industry 
where different from the SAR or Environmental 

isic Data for Source Term Calculation 	 Report (indicate which isused). 
a. 	 High-purity wastes (for example, "clean" or 

1.Reactor power (MWt) and plant capacity factor (%) low-conductivity waste and equipment drains). 
at which impact isto be analyzed. Give range of activity expected. 

!.Weight of U loaded (first loading and equilibrium b. "Dirty" wastes (for example, floor drain 
cycle), wastes, high-conductivity wastes, and 

1.Isotopic ratio in fresh fuel (first loading and laboratory wastes). Give range of activity 
equilibrium cycle), expected. 
Expected offgas rate after 30 minutes delay. c. Chemical wastes. Give range of activity 

. Escape rate roefficients used (or reference). expected.
id. 	 Laundry,a. 	 decontamination, and wash-downMass of primary coolant inreactor; mass water, wastes. Give range of activity expected.
 

mass steam (lb).
 
b. 	 Mass of primary coolant in recirculating system For the above-listed wastes (a.d), provide:
 

(Ib). I . Number and capacity of collector tanks.
 
c. 	 Fraction of primary coolant Inmain condenser. 2. Fraction of water to be recycled or factors 

r.Steam conditions at turbine (temp OF, press. psi, controlling decision. 
flow lb/hr). 3. Treatment steps-include number, capacity, and 

1.Normal recirculation flow rate (lb/hr). 4.2-70 process decontamination factor for each 



Appendix 1 (continued)

principal,.,uclide ,for .each step. If,step Is 18. 
 flow 	is waste conceitrate (filter cake, dennerallzeroptional, state factors controlling decision, resin, evaporator bottoms) handled? Give total4. Decay time from primary loop to discharge. volume or weight and curies per day or year.

Include the expected annual volume of dry waste-16. 	 For the condensate demineralizers provide the flow and curie content of each drum.
rate (lb/hr), type of resin used, expected backwash 19. For demineralizer regenerants, provide: (a) timeand regeneration frequency, and expected between regeneration; (b) treatment of regenerants;
decontamination factor for each principal nuclide. (c) regenerant volumes; and (d) fraction discharged.17. Dilution flow rate for liquid effluents, minimum 20. Provide a process and instrumentation flow diagramand normal gpm and total gallons per year. for the gaseous and liquid radwaste systems. 
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Appendix 2. EXAMPLE OF CHARTS SHOWING RADIATION EXPOSURE PATHWAYS t 
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Appendix iConcluded) 
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