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INTRODUCTION TO THE SEMINAR
 

1. Introduction
 

Environmental management deals with applying 
certain principles,
 

techniques, and strategies to prevent 
environmental problems and to
 

solve those that arise.
 

Local, regional, and worldwide trends, 
including a growing
 

population, expanding industrial 
activity, and changing resource
 

utilization patterns are making environmental 
management a challenge
 

of increasing complexity and difficulty. 
However, along with this
 

challenge, we are gaining new experience 
and developing new and
 

appropriate technologies to help 
manage environmental problems
 

effectively.
 

According to the United Nations, 
in 1972 eleven countries had
 

In 1980, one hundred
 
some form of environmental protection 

agency. 


and two countries have ministries, 
secretaries, departments or other
 

Many nations,
 
agencies responsible for environmental 

protection. 


international organizations, and 
corporations are responding to the
 

need for environmental management 
by designating officials to be
 

New environmental ministries
 
responsible for environmental affairs. 


are being established; existing governmental departments 
are assuming
 

new environmental duties; international 
financial institutions are
 

forming environmental policies and 
procedures; and corporations are
 

designating environmental officers.
 

Environmental protection is rapidly 
becoming an importa t issue,
 

not necessarily as a result of environmental 
laws and regula?ions, but
 

because sound environmental planning 
and control makes great sense in
 

financial, technical, and social terms.
 

In a general sense, environmental 
management is a component of all
 

If through our daily living
 
of our lives, professions, and occupations. 


and our jobs we are not having a 
direct impact on nature, nature is
 

having an impact on us, whether gently 
through changing seasons, or
 

violently,.such as in natural disasters.
 

In a professional sense, environmental 
management is composed of
 

knowledge and skills drawn from a 
broad range of disciplines, including
 

the sciences, technology, law, economics, 
and the other social sciences.
 

The discipline of management, as an 
art and science itself, is also
 

crucial to effective environmental 
problem-solving. Management skills
 

can be applied to formulate goals 
and objectives, anticipate and
 

identify problems, plan a strategy 
to accomplish desired ends, and utilize
 

human, financial, and technical resources 
to implement the strategy.
 

The disciplines from which environmental 
management draws knowledge
 

Yet the needs for skilled and
 
and skills are fairly well advanced. 
 This calls for
 
effective environmental managers are pressing 

indeed. 


programs that can strengthen and upgrade 
the capabilities of current and
 



-- programs 
upcoming environmental policy makers 

and administrators 


that can accelerate their understanding 
of the issues and acquaint
 

them with newly emerging policy, administrative, 
and technical
 

options that may help their dc.i ±sions 
and actions prove effective.
 

The Purpose and Organization of the 
International Seminar
 

2. 


to strengthen the planning, analytical,
 The purpose of the seminar is 


and management skills of policy makers 
and administrators concerned with
 

environmental protection during economic 
development in developing
 

countries.
 

The design and content of the seminar 
have been selected to acquaint
 

the top official with the key principles, 
concepts, issues, and vocabulary
 

The seminar is not designed as a
 
basic to environmental management. 


It ismeant to be understood by policy 
makers and
 

technical course. 

administrators with varying backgrounds 

of education and experience.
 

These principles of environmental 
management are generally presented
 

The selected topics do not
 
through an integration of different 

topics. 


by any means exhaust the range of 
topics to which environmental management
 

Rather, given obvious constraints, 
these topics were
 

can be applied. 
 The presentations and discussions
 
assembled as representative ones. 


around these topics should help participants 
generalize from the specific
 

topics to other areas of concern.
 

The first deals with
 
The sessions begin with two opening 

addresses. 


environment, development, and the 
most basic criterion for environmental
 

The second describes a newly formulated 
"World
 

human health.
quality: 

Conservation Strategy," which sets 

forth recommendations for national
 

and international action in environmental 
management.
 

The topics that follow are:
 

Definition of Environmental Issues
* 


Benefit/Cost Analysis of Environmental 
Programs


* 


Standards and Regulations
" 


* 	 Environmental Monitoring, including Air 
and Water Monitoring and
 

Remote Sensing
 

* 	 Environmental Impact Assessment Methodology
 

The World Bank 'Experiencein Agriculture, 
Water and Waste, and
 

" 

Environmental Policies and Procedures
 

" 	 Environmental Health, specifically Radiation 
Protection
 

Sectoral Considerations in Transportation, 
Petroleum and Extraction
 

" 


Solid 	Waste Management
" 


Air and Water Modeling
" 


* 	 Environmental Education and Training
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way that will acquaint all
 These topics are presented in a 


participants with the important 
concepts and issues through morning
 

lectures, followed by questions and 
answers among the entire group.
 

Afternoons are spent by the participants 
in smaller discussion groups
 

around the morning topics of particular 
interest to them.
 

To stimulate and encourage discussion 
of administrative and
 

technical considerations, three administrative 
case studies are used.
 

"William D. Rickelshaus and the Environmental 
Protection Agency"
 

recounts the t-perience of Mr. Ruckelshaus 
as the first administrator
 

This case study may prove especially 
valuable to
 

of the U.S. EPA. 
 While the study reflects the
 
newly appointed environmental ministers. 


U.S. 	 experience, it is helpful in leading discussion to reasons 
the 

experience may or may not be appropriate 
to other countries with
 

U.S. 
different economic, political, social, 

cultural, and technical realities.
 

a fictitious story

"Develotech Siting Commission, Part 

A" is 


about a newly appointed deputy minister 
of the environment who must help
 

a
 
his minister achieve credibility among 

the public and industry in 


country with very serious and pressing 
environmental and economic
 

problems.
 
a continuation of Part
 

"Develotech Siting Commission, Part 
B" is 


A, focusing on the problem of where 
to find the most environmentally
 

A decision
 
new, $25 billion industrial complex.
sound location for a 


must 	be made, and time is very short.
 

Participants should read these case 
studies within the first two
 

Discussion
 
days, in order to become familiar with 

the issues they raise. 

On the final
 

during the next two weeks will refer 
to these issues. 


Thursday of the program, Mr. Ruckelshaus 
will join the group to lead
 

discussion of the importance of administrative 
strategy in environmental
 

a 

management at the national level.
 

A site visit is scheduled to Fitchburg, 
Massachusetts, where
 

participants will see how a small 
town is both dependent on and affected
 

Tours are arranged
pulp and paper.
by the main industrial activity: 


in the Litton Industries Pulp and 
Paper Mill and the Fitchburg Waste 

and
 

Water Treatment Facility.
 

A well rounded consideration of environmental 
management would not
 

Dinners, a dolphin show,
 
be complete without amenities and the 

arts. 

visit to hear the Boston Pops are included 

in
 
a baseball game, and a 


the program to help make this learning 
experience an enjoyable and memorable
 

one.
 

3. 	Evaluation
 

A key principle further discussed 
in the education and training
 

session is the importance of evaluation. 
Participants will be requested
 

Results will be made available
 
to evaluate the seminar's various 

aspects. 




following the seminar (individual results will be anonymous), 
and
 

will be used to improve future programs.
 

4. 	 Final Word
 

Please do
 
The seminar is a collective effort among 

all of us. 


not hesitate to bring thoughts, suggestions, 
and questions to my
 

attention at any time.
 

Welcome to the seminar!
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Environmint, Development and Human Health
 

Dr. James Lee, Director
 

Office of Environmental Affairs
 

The World Bank
 

My task this morning is to set the scene, as itwere, to paint the
 
background against which you will be considering the reciprocal interaction
 
of the environment and development and the fate and the future of mankind in
 
this dynamic interplay. I intend to restrict my remarks to the effects of
 

environmental change on the psyche and soma of man, and particularly, how these
 

changes being wrought by development impact on physical and mental health and
 

social well-being in the still developing countries.
 

Let me this morning quickly set the scene as it pertains to much of
 

the world's population. One certainly must begin with a candid appraisal of
 

the state of development throughout most of the developing world despite the
 
Simply stated, it is
enormous strides that have been made in recent years. 


unacceptable and growing worse. It is unacceptable because hundreds upon
 

hundreds of millions of people are living at levels of deprivation which simply
 
cannot be reconciled with any rational' definition of human decency. Through

out the developing nations hunger and malnutrition are sapping energy, are
 
stunting bodies and are slowing minds. Illiteracy is locking out learning and
 

paralyzing opportunity. Unemployment is not only robbing men and women of the
 

minimal means to make their way but leaves their pride broken and their ambition
 

atrophied. Wholly preventable diseases are injuring infants or killing children
 

and are aging adults long before their time. In sum, these hundreds upon
 

hundreds of millions of human lives are being threatened, narrowed, eroded,
 

shortened and finally terminated by a pervasive and persistent poverty that
 

degrades and destroys all that it touches. Someone once said that poverty is
 

our greatest and most serious form of pollution.
 

This picture is not exaggerated. Throughout the developing world the
 
billion human beings a~a hungry or malnourished.
estimates are that well over a 


excess of one hundred million more adult illiterates than
There are well in 

there were several decades ago. Underemployment and unemployment entrap roughly
 

one out of four in the labor force. Infant and child mortality is four times
 

greater than it is in the more affluent world and life expectancy is 40% shorter.
 

To alleviate pain and arrest disease there are in some developing countries fewer
 

than one doctor for every fifty thousand people, compared to one for six hundred
 

or less in Sweden. Nearly two billion people harbor intestinal parasites and
 

illnesses disrupt normal activities for roughly one tenth of a person's time.
 

Recurrent illnesses disrupt economic activity often at crucial times such as
 

the planting and harvesting seasons. These facts, and many more similar ones
 

could be cited, are neither pleasant nor comfortable, but they are facts and
 

they symbolize the lives of three quarters or more of the human race, and tkese
 

numbers are steadily increasing. A recent report, such as the World Development
 
Report, which is issued by the World Bank, the Brandt Commission Report entitled
 

"North South Dialogue, A Program for Survival", the "Year 2000 Report" soon to
 

be released by the United States Government, and the forthcoming "State of the
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-- cnee aIu uto.1iVL dI,Environment Report" to be issued Dy uNtr 

of the wide-ranging discussion surrounding the nature, meaning and purpose 
And much of this discussion
of development goals occurring in the world today. 


stems from the disillusion among third world nations arising from the 
failure
 

This
 
to achieve targeted economic growth rates during the last two decades. 


disillusion is presently giving way to despair marked by the growing ranks of
 

the poverty stricken, the continuing unequal distribution of ecr.Lomic 
benefits
 

between and within nations, the struggle to achieve national self 
reliance to
 

maintain cultural identity to protect the life supporting environlilent and its
 

resources that are essential to continued, sustainable development.
 

These attempts to achieve even incremental improvements in the
 

quality of life continue to be frustrated. The penalties of this prolonged
 

and burgeoning state of world economic affairs are now virtually unavoidable,
 some places,
for restlessness has edged towards rebellion and reason has, in 


succumbed to violence, and itmay well prove to be catastrophically 
costly to
 

both rich and poor countries alike.
 

You are assembled in this Seminar ostensibly because you each in
 

your own country in your own way is trying to do something about our collective
 
It cannot be stopped, it
plight. Development is essential to our efforts. 


am convinced that environmental and developmental
must not be stopped, and I 

objectives can be pursued inmutual support,for, in point of fact, they are
 

interdependent.
 

In my opening remarks, I alluded to the reciprocal relationships
 
That such reciprocal relationships also
between environment and development. 


exist between man and his environment is at the very heart of our concern for
 

how the man/environment relationship shapes and determines his health 
status
 

and how the development process, which brings about chaTnges in these relation

ships, is likewise a health determinant. For encompassing all things external
 

to the human organism the,environment, by benefit or by threat, 
obviously plays
 

Some of the adverse effects which I have
 
a predominant role in man's health. 


They reflect the impact of continuing low
just mentioned are long standing. 

Denied an environmental milieu in which to live
socio-economic development. 


in dignity, bereft of adequate access to basic shelter, water, sanitation, 
waste
 

disposal, transportation and health care, often forced to exist on the 
margin
 

of the essentials for physiological functioning, they constitute 
the billions
 

who are chronically sick and debilitated. At the same time in our well-meaning
 

efforts to alleviate these conditions of economic and social deprivation 
through
 

the provision of economic development, we inadvertently and all too often 
fail
 

to realize that the very process and consequences of development are 
not without
 

their own threats to physical and mental health and social well being.
 

The unforeseen consequences of changes in the man/environment relation

ships stem in great measure from our traditional regard for the environment as
 
highly integrated continuum
 a series of isolated compartments rather than as a 


of strongly interdependent factors. Multiple factors act singly or in
 

combination; they can act sequentially or simultaneously in their threats to the
 

health of man.
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The evolution of the human race from relatively simple biological
 

systems to its present complex state has been the product of the interaction
 

between the total environment and inheritable traits. Slowly occurring changes
 

in the natural environment over the two million or more years of human evolution
 
Now the soon
allowed biological and later cultural adaptation to take place. 


to be six billion humans are faced with environniental changes of such magnitude
 

and rapidity as to seriously challenge their adaptive mechanisms. It may
 

come as something of a surprise to you that the internal regulating mechanisms,
 

the internal regulating properties of man evolved and matured over the millions
 

of years during which external selection inducing changes were slow and naturally
 

occurring. The regulatory mechanisms to achieve the constancy of the internal
 

environment of each of us here this morning is genetically related to the
 

enormously greater period of man's evolutionary history quite unlike that 
which
 

he faces today.
 

If we were to look at a time line
Let me digress for just a moment. 


of man's evolution beginning over two million years ago, we find that man's
 

evolutionary history over this long period of time involved a naturally
 

occurring environment to which he adapted through biological evolution,
 

biological adaptation and later by cultural adaptation. The time that we are
 

concerned with now is roughly five thousand years, merely a blip, a mere second
 

on the human evolutionary clock.
 

So increasingly crammed and crowded into an urban setting, assaulted
 

by environmental stimuli associated with an environmental milieu fashioned
 

largely over the past two hundred years, a mere fraction of time on the 
human
 

evolutionary clock, we find today these urban and peri-urban dwellers to 
be
 

ill equipped to successfully internalize the barrage of threats to internal
 

What we see in fact, ladies and gentlemen, is contemporary man
homeostasis. 

equipped with paleolithic hunter/gatherer genetic equipment facing up to 

an
 

ambiance with which it has had no previous evolutionary experience. To the
 

extent it fails to adapt, or maladapts, the result is organismic disfunction,
 

and disintegration and pathogenesis of one kind or another is bound to ensue.
 

so much for an all too brief review of the ecology of disease.
Well, 

When I tell my colleagues in the Bank that we
It's a fascinating subject. 


cannot use a certain herbicide, we cannot use a certain pesticide or we 
cannot
 

use a certain whatever the case may be, they say, "Well, why is that?" 
The
 

truth of the matter is that man is not equipped to detoxify or internalize
 
When I say to my friends at the industrial
properly, or to adapt to that threat. 


department at the Bank, only so much fluorides can be released; that, and 
no
 

You know how toxic fluorides are and
 more, the question is,"Why is that?" 


that man is unable to detoxify them; unable to develop in that 
short period of
 

time the necessary enzymes for that detoxification to take place, so he 
is
 

really ill-equipped; he is paleolithic, hunter/gatherer man with genetic
 

equipment that was given to him over this long period of time finding 
himself
 

here today the recipient of a barrage of multiple, synergistic potentiating
 

insults to the internal constancy and homeostasis of the human organism.
 

What I want to leave with you this morning is a concept: Do not
 

think that more and more development, of the kind we are seemingly caught up
 

in, will solve the world's
 

_ - _
 



social ills. As we will learn from our next speaker, development that continues
 
on the patterns of the past, namely, overconsumption, environmental degrada
tion, resource depletion, will likewise not be without its threats to the
 
very people that it seeks to help. While admittedly we do not fully under
stand the implications of the massive tinkering with the global ecology in
 
which we are engaged, I think my profession does understand a little better
 
implications for human health that are arising out of the changes occurring in
 
the man/environment relationships which ensue.
 

The ecologists have a saying: "You cannot do just one thing." But
 
too often developers and practitioners and physicians have yet to understand
 
that axiom. Many of our actions motivated by a desire to improve the quality
 
of life have, to our detriment, caused unexpected consequences because we fail
 
to recognize or to admit to ourselves the essential, inter-relatedness of all
 
things.
 

My portrayal of man as a passive entity in an evolutionary drama
 
totally dominated by the environment is only one side of the evolutionary
 
process, for evolution is more than the molding of entities by their surroundings.
 
In the case of man, it also involves the ability of these entities to interact
 
with, to adapt to and to change environments in creative, intelligent and novel
 
ways, and many of you are engaged in that task. Yet, it seems to me as I
 
travel around the world that for the billions of the poverty stricken, they see
 
their environments being changed and shaped in ways that are inimicable to their
 
hopes and aspirations, and they may soon provide clear evidence to what
 
Teilhard de Chardin saw years ago as a possibility when he said, "Mankind is
 
suddenly falling out of love with its own destiny." To the extent that develop
ment fails to transform the possibilities into realities, mankind sees more this
 
image of the future as an illusion and not an element in the chain of causality.
 

The environmental crisis, of which you hear much, and of which you
 
will hear more this week, of which my colleague from UNEP will shortly be
 
speaking, the environmental crisis it seems to me is fundamentally a crisis in
 
human evolution. Modern man stands at the crossroads. Continued geometric
 
growth in human numbers, unbridled consumption of resources, pollution and
 
death of ecological systems, morbidity and mortality evidencing global and
 
staggering dimensions -- these have propelled mankind down a road of diminishing
 
options. Alternatives suddenly will revolve around extinction or Orwellian
 
regimentation, for we are witnesses to, it seems to me, a process of evolutionary
 
retrogression wherein higher human values are destroyed inbehalf of the
 
fundamental value of biological survival.
 

Can this process be stopped and reversed? Yes. Will it? I am
 
personally very doubtful, for it entails a reordering of presently held values
 
and acceptance of man's true dependency on his environment and a new
 
anthropocentric view that sees an individual's well being as dependent on the
 
well being of both his social group and ecological support systems. As
 
Professor Birch was wont to say, "Man left only with his self-interest, however
 
enlightened, will not provide sufficient motivation for ecological survival."
 
Yet, having said that, 4t is in the striving that we must persevere. And that
 
is why we are gathered here. In the hope that singularly and collectively the
 
very small incremental improvements that we can make in this direction "will do
 
two things. It will bring us time, much needed time. And hopefully by our
 
small examples we can stimulate thinking that will be translated into larger and
 
globally meaningful, more practical works.
 

-4-
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As you'va gathered, the bottom line of my remarks this morning is
 

In a very few short years, certainly within all of your lifetimes,
this: 

world population will number around six billion (barring a cataclysm 

of
 

horrific dimensions) of which over three quarters will live in the still
 

developing countries, and something in excess of fifty percent of thoso 
will
 

live in an urban setting. If these peoples are not to have a view of the world
 

as essentially meaningless in terms of their own individual situations, 
one
 

w .1

abundantly clear factor in their resolve to strive and suffer for 

it 


reside in their capacity to form a bond of identity with future generations.
 

Sick and debilitated people existing in an environment that contributes 
to
 

and reinforces that state cannot make that affirmation. And, moreover, they
 

cannot make effective use of whatever development tools you place 
in their
 

The horizons of the poverty stricken are necessarily limited.
hands. 

Development in the absence of health is inconceivable and health without
 

development is unattainable.
 

See to it, then, that when you leave this seminar and you go
 

back to your countries or back to your instituticns, see to it if you 
can
 

that your development efforts recognize this reciprocity between man 
and his
 

environment -- this reciprocal relationship, and make possible an improvement
 

in health and not an added threat to the already afflicted.
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-- 

Thank you Mr. Chairman.
 

Distinguished colleagues, ladies and gentlemen.
 

Once again, the Executive Director of the United Nations
 

Environment Programme has asked me to convey to you the greetings of
 

the Programme and our best wishes for a successful seminar. We would
 

also like to offer a word of comunendation to the organizers for their
 

initiatives and continuing connitment to training at a level which not
 

only complemen-s our programme, but also reinforces our work in a very
 

significant way.
 

Mr. Chairman, as this is your first International Management
 

Seminar in a relatively new decade, it might be appropriate to
 

introduce my remarks this morning with a few observations that might
 

tighten the context within which we will discuss the main theme,
 
Such an
namely, conservation as a management option for the eighties. 


approach, I believe, is necessary because of certain very disturbing
 

trends and comnentaries suggesting that with the passing of the
 

seventies, environmentalism may have come to the end of its golden
 

And thaL the world must now address the more dramatic, if more
era. 

sectoral iesues as energy, inflation, monetary stability and even the
 

changing strategic equation of Western Asia -- in a word pending
 

global emergence.
 

In a very thoughtful essay recently, U.S. News and World Report
 

summarized the situation this way:
 

The environmental movement, an important
 
political force during the 1970's, is faltering
 

with little prospect for an early resurgence.
-

Boxed in by inflation, recession and the energy
 

shortage, environmentalism actually could lose
 

ground. Things are likely to get worse before
 

they get better in thr 1980's. Steady pressure
 

in the name of energy development and inflation
 

control will continu. in the early 1980's to
 

roll back some standards protecting the
 

environment. Environmental causes and
 
environmentalist candidates are faring poorly in
 
elections. The once potent environmental lobby
 

is losing much of its influence on Congress.
 

I suppose the underlying reasons for such conclusions may be the
 

continued lack of understanding of man'o changing relationship to his
 

life support system and his modification of the environment in ways
 

that will ultimately affect all his activities and social processes.
 

It may also be due, in part, to a backlash to the apocalyptic
 

environmentalism of those unable to distinguish between billboard
 

pollution and ozone depletion; or the tendency to blame
 



envirormentalists if not for the sins of the world, then at least for
 
the ills of the economy. For examples in a recent editorial, the Wall
 
Street Journal expressed its criticism this way: "the next time you
 
wonder why economic growth is suffering because of the fanaticism of a
 
few environmentalists then you know who to blame." What ismore
 
disturbing, however, is the fact that this kind of environmental
 
illiteracy is likely to become all too fashionable. It is one thing,
 
however, to question the "environmental extremism" of a few "fanatics"
 
and quite another to ignore the fact that the central environmental
 
imperative of the 1980's remains what itwas in the 1970's -- namely,
 
WHETHER THE NATURAL ORDER CAN LONG SUSTAIN THE HUMAN ENTERPr.ISE AND 
WHETHER THE CUMULATIVE POWER AT OUR COMMAND AND OUR IRREPREJSIBLE 
DRIVE FOR PROGRESS WILL SOMEHOW IMPEL US TO TRANSGRESS THOSE OUTER 
LIMITS ON WHICH THE CONTINUED STABILITY OF THE BIOSPHERE DEPENDS. 

All available evidence points to the fact that there are
 
unprecedented strains in the earth's natural systems and resource
 
capacities and there is some question as to whether the critical
 
tolerances around which these operate can be maintained without
 
fundamental changes in our behavior styles of life and patterns on
 
production and consumption as well as in our land and space use:
 
hence the importance of seminars such as these.
 

What seems clear is that whereas we have the power to radically
 
alter the biosphere, we lack the knowledge, and one might add -- the
 
wisdom -- to control it. And therein lies one of our dilemmas.
 

It is in the face of such dilenas environmentalists are likely
 
to find that the challenges of the eighties are more subtle than the
 
seventies, demanding a better understanding of the large natural
 
systems of the earth -- many of which transcend national. boundaries
 
and, therefore, require broad international cooperative strategies for
 
their management and protection.
 

It is to this more subtle agenda that UNEP is currently adjusting
 
its own programme and refocussing its attention. Our agenda of
 
concern includes:
 

I. 	 UNDERSTANDING THE GREAT INTERLOCKING SYSTEMS OF AIR, WATER AND 
MINERALS OF THIS BIOGEOCHEMICAL CYCLE THAT NOURISH THE EARTH. 

Such understanding is essential for any reliable assessment of
 
the opportunitics for enhancing the productive capacities of the
 
planet and optimizing the use of its rapidly declining resourc .
 

In a joint statement issued with the President of the Scientific
 
Committee on Problems of the Environment (SCOPE), the Executive
 
Director of UNEP, Dr. Mostafa K. Tolba, some months ago, was to warn
 
that if,in the next few years, we can achieve a better comprehension
 
of these biogeochemical cycles, then we shall have forged a powerful
 
tool for identifying ways in which mankind can beneficially influence
 
and utilize the resources of soil, vegetation, water and atmosphere.
 
We shall also possess a means of assessing many of the potentially
 
serious risks to the global environment which, so far, have been
 
studied without an adequate general frame of references.
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To do so, however, will demand expanded cooperation and greater
 

comitment to basic studies involving many individual scientists, and
 
will call for an integrated effort of many disciplines, including
 

acientists from all the regions of the world. Continuation of efforts
 

at the present level will be too little -- too late.
 

Perhaps the clearest example of this concern is to be found in
 

one of these great cycles on which world attention has finally begun
 

to focus; and here I refer to the carbon cycle, or more popularly, the
 
CO2 problem.
 

A number of recent reports have concluded that if present trends
 

and projections continue in fossil fuels use, deforestation and the
 
acceleration of the industrialization process, especially in the
 
developing countries, then there is likely to be a doubling of carbon
 

dioxide in the atmosphere early in the next century and that if a
 
doubling does indeed occur then the so-called greenhouse effect, that
 
is, the trapping of solar heat, and the warming of the atmosphere by
 

several degrees, would result. World temperature would increase by an
 

average of two to three degrees, and at higher altitudes in the polar
 
regions, "the shift would be as much as 9 to 12 degrees," thereby
 

causing a melting of the polar caps and the raising of sea-level by
 

15 feet or more, with devastating social and economic implications,
 

particularly in terms of agricultural production and global food
 
security.
 

What is significant here, however, is that, while there is broad
 

agreement that the carbon dioxide problem is potentially serious and
 
that governments should start dealing with it NOW - no one seems quite
 
sure what is to be done or how to go about doing it -- and this issue
 
remains fraught with uncertainty.
 

One dimension which is of particular relevance to the Third World
 

is the implications of the carbon dioxide problem to their own
 
development plans, which will undoubtedly involve an increase in
 
fossil fuels use, particularly if the Lima target is to be realized,
 

and the developing countries are to achieve a 25 percent share of the
 

world's industrial capacity by the year 2000 -- their current share
 
being 7 percent.
 

The question must eventually be asked -- on what energy base is
 
this industrialization to proceed? In his Environment Day message of
 

1980, the Executive Director of UNEP suggested a policy of prudence
 
and the acceleration of efforts that would reverse deforestation and
 
promote alternative energy strategies together with environmental
 
conservation ueasures.
 

While one may speculate on any number of reasonable alternative
 

energy systems, it is doubtful that the developing countries can move
 

too far away from a fossil-fuelled economy during the next two
 
decades, and as most projections suggest, the growth of energy
 

consumption in the Third World will be steeper than that of the
 
developed countries during the same period. In the light of such a
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prospect, th4 question undoubtedly will be asked -- what will be the
 

impact of this increase of energy consumption, i.e. both fossil fuel
 
and fuelwood, by developing countries on the carbon dioxide problem,
 
and what realistic alternative will be available to the developing
 

countries during the next two decades? Perhaps the United Nations
 

Conference on New and Renewable Sources of Energy will provide some
 

answers although one is not overly optimistic, given the immense
 
difficulties in any kind of innovation in the energy field.
 

One perhaps naive option, if the carbon problem is as severe as
 

projections show, would be the siowing down of energy consumption by
 

developed countries thereby permitting corresponding increases on the
 

part of the developing countries without increasing the net
 
consumption by too large a percentage. But this kind of scenario,
 
despite the dramatic upsurge in conservation thinking in the United
 

States, may not be tenable and politically it would seem very
 
questionable. For one thing, it would require at the very minimum
 
some 	kind of global system for energy planning and budgeting and some
 

mechanism for both assessing the state of the CO2 situation and
 

allocating energy resources accordingly. But the world seems some
 

distance, even in the consideration of such an option. In any event,
 

in relation to the CO2 problem, there are serious environmental
 

issues that must be factored -- properly costed and effectively
 

managed -- and there are serious questions whether we now possess the
 

capacity, mechanisms or policy to do this.
 

II. 	 CONTROLLING THE CHEMICAL ENVIRONMENT: THE PESTICIDE AND
 
HAZARDOUS WASTES ISSUES
 

It is generally agreed that world agricultural production must
 

increase if a key goal of the New International Economic Order (NIEO)
 

is to be realized. Implied in this is a need to expand dramatically
 

world food production and reduce post harvest losses due to improper
 

storage, mishandling and pests. It is here, I believe, that we might
 

see certain trends in world pest management that hold serious
 

implications for both environment and development.
 

In the 1979 State of the Environment Report, the Executive
 

Director of UNEP focused on the issue of resistance to pesticides, and
 

here again the implications are as disturbing as the dimension
 

frightening. The report did not focus on the toxicity of pesticides,
 

which is a major problem, as is well known; approximately
 
500,000 people a year are victims of pesticide poisoning -- especially
 

among developing country populations, which, although not the largest
 
consumers, tend to use these substances more intensely. Nor did the
 

report address the current anarchy in the export trade and the fact
 

that large quantities of pesticides on the world market are made for
 

"Export Only"--the exporting government banning their use in the home
 

country for any number of reasons. This state of affairs, as you
 

know, has moved a number of developing countries to express alarm over
 

the prospect that their regions may become dumping grounds for
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chemicals known to be harmful and their populations 
used as guinea
 

In this connection they have urged governments to take steps to
pigs. 

ensure that potentially harmful chemicals, in whatever form or
 

coodity, which are unsuitable for domestic purposes in the exporting
 

countries, are not permitted to be exported without the 
knowledge and
 

consent of appropriate authorities i, the importing countries. 
And,
 

in this connection, they requested the Executive Director 
to assist
 

developing countries in developing and strengthening their
 

capabilities for evaluating chemicals, foods, drugs and 
cosmetics
 

I know that at least the United
being distributed in their countries. 


States has responded in part, by requiring, under the Federal
 

Pesticide Act of 1978, that foreign purchasers must be informed 
of any
 

pesticide that cannot be sold or used in the United States, 
and such
 

purchasers are required to sign an acknowledgment of their
 

understanding of that fact.
 

While these dimensions are significant and undoubtedly have been
 

treated in depth elsewhere, the Executive Director of UNEP chose 
to
 

focus on the resistance to pesticides and the spectre of a pest
 

resistant world. According to our report, some four billion pounds of
 

pesticides are produced each year involving a trade representing
 

In the United States alone the Pest Control Budget
$5 billion. 

amounts to some 
$2.25 billion.
 

Now since World War II, the extensive use of chemicals for pest
 

and vector control has been a principal factor in boosting
 

agricultural production in many parts of the world and has enabled
 

food and fibre production to stay roughly abreast of population
 

lag too far behind.
growth -- or at least not to 


One of the unwanted effects of the repeated application of
 

pesticides to pest populations has been the development of resistant
 

strains and ultimately resistant populations.
 

An almost automatic response to resistance has been increasing
 

the dosage, but this, in turn, has led to multiple resistance. 
In
 

some cases, the evolution of double, triple and quadruple resistant
 

strains are able to resist a wide range of compounds. Today, for
 

example, some 400 species of insects and mites are resistant 
to
 

more than twice as many as in 1965. This has led a
pesticides --

likely to
number of scientists to fear that, in time, all pests are 


develop a resistance to all types of pesticides. This, in turn, could
 

adversely affect the efficiency and economy of pest control on a
 

global scale with increasing deleterious effects on world health 
and
 

world agricultural production.
 



Already we have seen symptoms of such a development with
 

recurring epidemics of certain pests in various parts of the world.
 

With the resurgence of malaria, for example, and the very sobering
 

conclusions that despite our best technology, man has yet to eliminate
 

a single pest; and everywhere the bugs are on the march again
 

reclaiming ground lost in earlier pesticide battles, but now holding
 

their own, and confident on winning the war or at least impairing
 

man's ability to dominate the planet by himself.
 

But the obverse side of the coin is equally challenging; and
 

there I refer to:
 

THE MANAGEMENT OF TOXIC WASTE AND HAZARDOUS MATERIALS AND THE
 
part of the expanding
DISPOSAL DILEMMA INHERENT THEREIN --


chemical environment's unwanted legacy.
 

Many of us will recall Dupont's offer some years ago of "better
 

things for better living through chemistry". That offer, I believe,
 

Now the bills are being rendered in such
 was universally accepted. 

examples as "Love Canal" in the State of New York and the many other
 

"dump sites" that are only now beginning to attract political
 

attention and action.
 

Compounding tha disposal problem is the fact that there appear to
 

be no records of where the dump sites are and if found, whether 
they
 

can be effectively controlled. In turn, the costs may be as high as
 

the effects unmanageable and there are international implications.
 

For example, as the pressures for safe disposal mount in the
 

industrialized countries and the standards become tighter--as is 
the
 

-- there will be the temptation to export
case of the United States 

these substances to developing countries, many of which lack 

either
 

the waste disposal standards or the technical sophistication necessary
 

to fully assess which might be in the chemical Pandora's 
Box. This is
 

a risk to which developing countries have drawn the attention of 
UNEP,
 

And in a recent decision, the Governing Council
 as mentioned above. 

or UNEP did indeed:
 

Urge member states, in order to protect health
 

and the environment, to ensure the institution
 

of adequate protection measures for the handling
 

and disposal of hazardous chemical wastes, to
 

exchange information on such measures and the
 

procedures used in their implementation, and to
 

develop notification procedures and controls for
 

international transfers of such wastes between
 

countries involved; and
 



Request the Executive Director, in co-operation
 
with competent organizations in the United
 
Nations system and other international
 
organizations, to develop, after consultation,
 
guidelines for the safe and appropriate disposal
 
of hazardous chemical wastes and pertinent
 
measures concerning their trans-boundary
 
transport, and to report on progress in this
 
respect to the Governing Council at its ninth
 
session.
 

---- PROTECTING OUR DIMINISHING RESOURCE BASE
 

As world population increases the man-to-resource ratio will
 
undoubtedly change negatively. And this is likely to have serious
 
political implications as more and more societies are obliged to come
 
to terms with scarcity. And as the competition for scarce resources
 
intensifies, new and dangerous pressures for control are likely to be
 
generated in the international system. In a very thoughtful series in
 
the New Yorker I a few weeks ago, Richard Barnett of the Institute
 
for Policy Studies in Washington, ventured some very sobering
 
projections:
 

- Whoever controls the world's resources systems, he says, will
 
control the world in a way that mere occupation of territory cannot
 
match.
 

a) Even the illusion of scarcity creates power
 

b) As materials becomes scarcer and more expensive, estimating
 
their future becomes a political act
 

c) A world of scarcity is a world of inevitable struggle.
 

Already such symptoms exist in the Middle East where a declining
 
resource -- OIL -- is at stake. But this is only the beginning since,
 
according to recent estimates, many of the earth's resources which
 
enabled the human race to feed, shelter, clothe and transport itself
 
have now passed their peak of production.
 

- And that the principal biological crops, such as cattle, fish,
 
grain and wood -- renewable though they are -- have begun to decline
 
largely because the support bases have been undermined or destroyed.
 
(New York Times - B. Webster, 5 February, 1980).
 

1The article has since been published in a book The Lean Years.
 



--

Using data from the United Nations and the Department of
 -
--in a survey of
Agriculture, the Worldwatch Institute in Washington
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six principal biologically produced commodities--fish, beef, mutton,
 

wool, cereal and wood found the following:
 

1. 	Wood production peaked in 1967...from a total of 2.2 cubic
 

feet per capita to 2;
 

2. 	 Fish peaked at about 1970 from 43 lbs. per capita to 36 at
 

present;
 

3. 	 Beef production reached its high point in 1970 declining
 

thereafter from 26 lbs. per capita to 24 lbs.;
 

4. 	 Mutton declined from 4.2 lbs. in 1972 to 4 lbs. at present;
 

5. 	 Wool production peaked in the sixties declining from 2 lbs.
 

per capita to 1.4 lbs; and
 

6. 	 Cereal peaked in 1976 when it was 754 lbs. to 739 in 1971
 

and 701 lbs. in 1979.
 

these that the United Nations
It was in response to data such as 


Environment Programme commissioned a study to deal systematically 
with
 

the status of the world's living resources and their supporting
 

ecosystems, and the policies and strategies that would be required for
 

their effective management. A World Conservation Strategy, jointly
 

developed with the International Union for the Conservation of Nature
 

and Natural Resources (IUCN) and the World Wildlife Fund (WWF) was the
 

result.
 

The Strategy, as you know, was launched in approximately 40
 

countries on 5 March 1980 as a way of dramatizing the global resource
 

issues and dilemmas and alerting policy-makers and relevant publics
 

everywhere to the fact that national and international capacities to
 
-- even split up -- among
conserve are ill-organized and fragmented 


various economic sectors with consequent duplication of efforts,
 
As a result,
competition for money and things, and even conflicts. 


their ability to shape the development process is often impaired 
and
 

in many instances they add to the problems of development by degrading
 

the living resource base of human welfare. The launch also sought to
 

generate changes in the popular perception of conservation as merely a
 

preservationist activity of a highly abstentionist character, and 
as
 

such, inimical to the development aspirations of much of the world 


especially the Third World.
 

The Strategy defines conservation as a dynamic and positive
 

activity designed to:
 

2Resource Trends and Population Policy: A Time for 'Reassessment-

Worldwatch Paper No. 29,
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a. maintain eosential ecological processes and
 

life-support systems -- such as soil
 

regeneration and protction, the recycling of
 
-- on
nutrients, and the cleansing of waters 


which human survival and development depends;
 

b. preserve genetic diversity - the range of
 

genetic material found in the world's organisms
 

-- on which depend the functioning of many of
 

the above processes and life-support systems,
 

the breeding programme necessary for the
 
protection and improvement of cultivated plants,
 

domesticated animals and microorganisms, as well
 

as much scientific and medical advance,
 
technical innovation, and the security of the
 

many industries that use living resources; and
 

c. ensure the sustainable utilization of
 

species and ecosystems -- notably fish and other
 
which
wildlife, forests and grazing lands --


support millions of rural communities as well as
 

major industries.
 

These objectives are expected to reinforce UNEP's programme priorities
 

in the management of terrestrial ecosystems and natural resources and
 

will facilitate the development of cooperative and sustained action,
 

in especially the following areas vital to human survival and
 

sustainable development:
 

(i) Securing the World's agricultural base:
 

According to the Strategy, if current rates of land degradation
 

continue, close to one-third of the world's arable land will be
 

These losses are not confined to
destroyed in the next twenty years. 

developing countries as would normally be expected, but represent a
 

serious global phenomenon. In developed countries, for example, some
 

3,000 square kilometres of prime farmland disappear every year under
 

buildings and highways. In the United States, where the loss of
 

cropland of nonagricultural use is estimated at three million acres a
 

year, the implication for the world food supply is even more ominous,
 

given the importance of agriculture to the world's food system. If
 

this loss rate were to continue then by the year 2000 the United
 

States is likely to be a marginal food exporter. But even if these
 

projections are not realized, population pressures would merely
 

intensify the demand for increasing food supplies and the expansion of
 

cultivable areas. But at the preusent loss rate from all causes the
 

prospect for such expansion would seem bleak indeed.
 



In a statement issued recently by the Executive Director of UNEP,
 
it was reported that:
 

Loss of arable land is an escalating
 
environmental problem. Nearly 44 per cent of
 
the land resources of Africa, and 43 per cent of
 
those in South Asia, are subject to drought.
 
Moreover, 47 per cent of the soil resources in
 
South America and 59 per cent in South East Asia
 

are subject to nutritional deficiencies or the
 
impact of toxic substances.
 

Barely 15 to 18 per cent of the soils in South
 

America, Africa and Asia may be described as
 
having no serious limitations for agricultural
 
use. As much as 95 per cent of the total land
 
area in the arid and semi-arid zones is subject
 
to the risk of desertification. And
 
desertification is not confined to the dry
 

areas. Its hazard can reach large proportions
 
even in the sub-humid zones. Nearly 35 per cent
 
of the world land is subject to t.oderate-to-very
 
high desertification hazard: 55 per cent in
 
Africa, 34 per cent in Asia and 20 per cent in
 
South America.
 

A call by UNEP at its Seventh Session of its Governing Council
 

for an integrated soils policy is expected to provide a more coherent
 

framework for international action in this vital area and it is hoped
 
that this Strategy would give added impetus to these efforts.
 

(ii) Protection of the World's Forest Resources:
 

In a timely volume - World Without Trees - Robert Lamb states
 
even more dramatically a central concern of the Strategy, namely, that
 
over-exploitation and neglect have destroyed the world's forests
 

capacity to serve essential ecological funtions, as the guardians of
 
the air and water quality, the soils production ability and cli-matic
 
stability. To this end, Lamb asks, "What future is there for trees
 

and how will the world be for human beings if the forests, which made
 

both our evolution and civilization viable, continue to vanish at
 

today's extraordinary rate?" Then, as if to underscore the point,
 
Lamb demonstrates that over millions of years, trees sheltered more
 
than three-quarters of the earth's dry land - their fortunes
 
interrupted only by the severest climatic upheavals; now, just
 

twenty-five thousand years since the invention of the axe, they cover
 

less than one-third of it.
 

Human effect on the forests, "especially during the last 200
 

years, has outdone even the worst ice age in its thoroughness.
 
Mnreover, it may already be too late to save most of these forests in
 
their o'iginal forms."
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And Lamb's conclusions are borne out by considerable data.
 

Recently, the Executive Director of UNEP warned that:
 

The rates at which tropical forests are being
 

depleted are so much accelerating with far-reaching
 
Forty per cent of the world's tropical
consequences. 


rain forests and tropical deciduous forests have
 

disappeared already, and the remainder is being felled
 

at the rate of 110,000 square kilometres a year or 20
 

hectares a minute. The effects of clear felling in
 

mountain areas are equally severe, especially in the
 

Himalayas, the Andes and the East African Highlands.
 

By 1975, closed forest area was only 0.2 hectares
 

per person in Asia and 0.5 hectares per person in
 

Africa, as compared to 2.0 hectares per person in North
 

America and 2.7 hectares per person in the USSR. In
 

South Asia, South-East Asia and the South Pacific, the
 

area under forests is being depleted at a rate of 2 per
 

cent per annum. In certain areas, for example,
 

Malaysia, Nepal and Thailand, there are some
 

indications that if the present logging, farming and
 

other practices continue, there could be a virtual
 

disappearance of closed forests within the next 25
 
years.
 

The environmental consequences of such
 

large-scale destruction of tropical forests range from
 

unpredictable and unfavourable changes in local
 
micro-climatic patterns to the more predictable
 

erosion, salinization, desertification, flooding,
 

waterlogging, silting up of reservoirs and streams, and
 

clogging up of irrigation networks.
 

Perhaps the most dramatic case to date is to be found in the
 

Indian Ocean where a large island, about 50,000 square kilometres, is
 

reportedly ieing formed as a result of soils washed away from the
 

Himalayas and approximate watershed. Haiti, somewhat closer to home,
 

provides some equally disturbing data. Twenty years ago, 80 per cent
 

of Haiti was forested; today, that figure is about nine per cent --

Without forests, the
approximately half of which is secondary growth. 


land mass becomes over-heated and less water-retentive; with resulting
 
more
lower rainfalls, the water table is lower, the soil now dryer is 


easily washed away. So that today, Haiti, repeatedly loses 14 million
 

cubic metres of soil a year at a cost of some $14M and even higher
 

agricultural and environmental costs.
 

In spite of such dramatic, if somehow bleak examples, the central
 

ecological role of the forests seems neither fully understood nor
 

appreciated, at least as far as national policies are concerned. That
 

is why environmentalists must continue to reiterate the fact that
 

forests are, among other things, moisture conservators and their
 

canopy intercepts rainfall and protects soils from direct impact,
 

thereby preventing run-off.
 



Moreover, not only are they important in maintaining soil
 
fertility, but they represent some 69% of the earth's biological
 
productivity.
 

But perhaps most important is their role in stabilizing the
 
carbon/oxygen balance. 
These trees absorb carbon dioxide and store it
 
in the form of organic compounds and give oxygen. Moreover, their
 
replacement by any other form of vegetation with a smaller biomass per

unit area would probably add significant amounts of carbon dioxide to
 
the atmosphere. Because of their sheer height and mass, trees are, by

far, the most protective fortress for photosynthesis operations.
 

For example, replacement of the entire Amazon forest by grass
 
would probably release an amount of carbon dioxide equal to about 20%
 
of that in the whole world's atmosphere. Even assuming that about
 
half of this would be dissolved by buffers, namely the oceans, rivers,
 
lakes, etc. -- there would still be a net increase of about 10%.
 
That, coupled with the release by the burning of coal, means our
 
atmospheric and climatological future would seem very cloudy indeed.
 

It was concerns such as these that led UNEP, in cooperation with
 
FAO, UNESCO and other interested organizations, to convene an
 
international expert meeting in Nairobi, to examine, in depth, the
 
urgent question of conservation and wise utilization of tropical
 
forests. That conference was to recommend a series of measures
 
including: programs to educate citizens in the value of forests,
 
training of forests pergonnel to prevent waste and damage and to seek
 
assistance from international bodies to help the collection and
 
analysis of land capability data. The conference also stressed the
 
need for regular surveys to be carried out with the most up-to-date
 
equipment, including satellites and ground and air surveillance
 
technologies, in order to monitor the status of the forests. 
Most
 
importantly, however, the conference emphasized the fact that the
 
forests are a renewable resource and part of an integrated environment
 
in which not only trees are at stake but ultimately man himself.
 
Again, it is hoped that the Strategy will assist various publics to
 
appreciate the implications of forests destruction for their future
 
well-being and will provide standards as well as a framework for sound
 
management policies.
 

(iii) Averting a Coastal Crisis:
 

Acre for acre, coastal areas are reportedly among the most
 
productive places on earth. Often called "ocean nurseries," they

provide food and shelter for water fowl, fish, crustaceans and
 
mollusks; utilized by an estimated two-thirds of the world's
 
fisheries, some of which, like the shrimp, are among the most
 
lucrative in the industry. Efficiently self-renewing and resilient,
 
these coastal shallows, wetlands and estuaries form an intricate
 
interlocking system with the oceans and together perform vital
 
life-supporting functions. Unfortunately, however, the harmonious
 
relationship seems jeopardized as human pressures on coastal
 
ecosystems are beginning to assume dangerous proportions. Wetlands,
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flood plains, sea-grass beds and even coral reefs are being destroyed
 

The off-shore search for energy, the construction of
the world over. 

dams -- blocking the passage of migratory fish, destroying their 

habitats - and dredging to create or deepen harbours are among the 

most visible and perhaps most obvious, evidence of human impact. Not
 

so visible, but equally dangerous, are the problems of pollution
 

caused by agricultural run-off and other land-based abuses.
 

The residues of toxic weed and insect killers that are used in
 

our agricultural systems are washing out into our waterways as are the
 

nutrients in the chemical fertilizers -- which in turn feed algae that
 

clog and deaden these waters.
 

So far there are no reliable estimates on the damage caused to
 

the world's water budget by these chemicals, nor have we discussed
 

effective means for combatting such agricultural pollution without
 

inhibiting production.
 

These land-based sources are fairly well-documented in the case
 

of the Mediterranean:
 

At a meeting in Monaco in January 1977, convened to review
 

efforts for, the protection and development of the Mediterranean basin,
 
the Executive. Director of the United Nations Environment Programme,
 

underscored the urgency of the risks to be faced when he reported
 
that, as a result of man's activities, 120 tons of mineral oils,
 

60 tons of detergents, 100 tons of mercury, 3,800 tons of lead,
 

2,400 tons of chromium, 21,000 4ons of zinc, 90 tons of pesticides,
 

1,120 tons of nitrogen and phosphorous, and 2,500 curies of
 
radjo-nuclides enter the Mediterranean annually. A price of some five
 

billion dollars has been estimated as the cost of putting into effect
 

a protocol that would limit the annual discharge of these substances
 
And, naturally, a number of governments are
from land-based sources. 


reluctant, at this stage, to commit themselves to any such programme.
 

Nevertheless, a start has been made. In mid-February, a Convention
 

came into effect among the eighteen states of this region, which
 

established, among other things, a legal framework for action, and a
 

basis for sustained cooperation. This achievement can hardly be
 

over-estimated, since the Mediterranean represents, in microcosm, the
 

same patterns of tension and conflicts that characterize much of
 
our hope that this Convention will
international activity. It is 


serve as a model for cooperation in the development and management of
 

the resource and, more especially, the development of effective
 

machinery for the abatement of pollution in major waterways. Because
 

the Mediterranean is not alone; the Caribbean represents an even more
 

pertinent example for Americans. The Caribbean, after all, is larger
 

than the Mediterranean and involves a larger number of States. Like
 

the Mediterranean, however, it too stands threatened.
 

According to Earthacan, "it is probably the Sea most damaged by
 

pesticides in the world. The Mississippi Basin drains 41 percent of
 

the U.S. land area, including much of its agricultural headland, and a
 

considerable amount of pesticides used there drain in the Gulf of
 



Mexico. Moreover, large quantities of pesticides are used in
 

Caribbean agriculture which eventually wash out into the Caribbean
 

Sea. Like the Mediterranean, UNEP has accorded high priority to the
 

protection of the Caribbean as part of its Regional Seas Programe."
 

And again, it is hoped that the recommendations outlined in the
 

Strategy will assist policy-makers in adopting the measures necessary
 

to avert a coastal crisis.
 

IV. GENETIC DIVERSITY: MINIMIZING RISKS, MAXIMIZING BENEFITS
 

The earth's genetic resources is reported to include anywhere
 

from 5 to 10 million species of animals and plants, but by the end of
 

the century, many might be extinct if the rate of one a day loss is
 
the conclusion reached by the WorJA Conservation
maintained. This was 


Strategy -- a conclusion shared with even more dramatic t1cail by
 
3
 

Edward 0. Wilson, a Harvard entomologist. According to one report:


Man is wiping out species at a rate that threatens the
 
He notes that the current
environmental stability of the earth. 


extinction rate is estimated at 1,000 plant and animal species a
 

year. By the late 1980's, the figure could rise to 10,000
 

species a year and during the next 30 years fully one million
 

species could be erased. He noted that the effects of so many
 

predicted exterminations of species would be worse than economic
 

collapse, limited nuclear war or conquest by a totalitarian
 
government.
 

While threats to the earth's genetic resources are many and
 

some which seem more directly within the human
varied, there ara 

capacity to control or at least to alleviate. The preservation of
 

the Strategy
genetic diversity would seem to be one such area and, as 


reminds us, such preservation is both a matter of investment and
 

insurance necessary to sustain and improve agriculturalp forestry and
 

fisheries production, to keep open future options as a buffer against
 

harmful environmental change and as raw material for much scientific
 

and industrial innovation.
 

Yet, in spite of innumerable examples which conclusively
 
-- once thought to be
demonstrate that plants and animal species 


insignificant -- can suddenly become useful and important, the threat
 

persists and the genetic base continues to shrink, often under
 

pressure for the creation of super strains or genetic uniformity.
 

Nowhere is this more systematically advanced than in regard to the
 

seed industry and this should be a matter of concern to the Third
 

World since the genetic strength of most of the world's crops is drawn
 

from the regions of Africa, Asia and Latin America -- traditional
 

centers of genetic diversity.
 

3New York Times - 19 February 1980
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The risks for food production inherent in the narrowing of the
 
genetic base are amply documented in the Strategy which notes for
 
example that:
 

Only four varieties of wheat produce 75% of the crops grown
 
on the Canadian Prairies and more than half of the Prairie wheat
 
lands are devoted to a single variety;
 

72% of U.S. potato production depends on only four varieties
 
and just two varieties supply U.S. pea production;
 

Most of Brazil's coffee production descends from a single
 
plant, and
 

The U.S. soybean industry is entirely derived from six
 
plants from Asia.
 

It is clear, therefore, that developments such as these place a
 
number of the world's food crops in a position of extreme
 
vulnerability to outbreaks of pests and diseases and changes in
 
growing conditions. Compounding the problem, however, is the fact
 
that corrective possibilities are, themselves, being undermined as the
 
diversity of crop populations are being destroyed. This situation
 
becomes even more ominous when, as the Strategy warns, that many wild
 
and domesticated varieties of crop plants such as wheat, rice, millet,
 
beans, yams, tomatoes, potatoes, bananas, limes and oranges are
 
already extinct and many more are in danger of following them. These
 
dangers are further compounded by the fact that commercial seed
 
companies are now actively involved in the collection of exotic and
 
rare varieties with a view to developing new strains expected to be
 
"high yielding" but only in response to high inputs of fertilizers and
 
chemicals. And it is very problematic just how sturdy and enduring
 
these strains will be in the future.
 

Even more ironic is the fact that the Third World, long the
 
genetic home of many of these crops, will find these developments to
 
be very costly as commercial plant breeders and seed suppliers patent
 
the new variety and demand royalties for them. As a result, many
 
developing countries find themselves having to pay twice for genetic
 
material -- once for the new variety and once for protecting the
 
material from which it is derived. Again, UNEP is deeply concerned
 
with this issue and is actively involved in the development of
 
programmes designed to train developing country personnel in
 
collecting and storing indigenous seed varieties. It is our hope that
 
the strategy will generate momentum for these efforts, as well as
 
provide at least some of the tools that will enable developing
 
countries to assess the potentialities of their genetic resources and
 
to develop the policies necessary for the effective management of
 
genetic diversity.
 



Ladies and gentlemen,
 

Within the time allotted, one was hardly able to do more than to
 
introduce the World Conservation Strategy and to coend it to your

attention. I believe otce this document is studied, you will agree

with me that while it is by no means a panacea, it does present

perhaps the most focused approach to date of the management of living
 
resources and provides policy guidelines on how these can be carried
 
out by government policy-makers ana their advisers, development
 
practitioners, corporate planners, conservationists and others
 
concerned with living resources. As managers and developers, I
 
believe the Strategy offers a number of resource management options

which you would do well to ponder.
 

Thank you very much.
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PRINCIPLES OF ENVIRONMENTAL MANAGEMENT - OVERVIEW
 

1. DEFINITION OF ENVIRONMENTAL ISSUES 

2. GOALS OF ENVIRONMENTAL MANAGEMENT 

3. STRATEGIES FOR ENVIRONMENTAL MANAGEMENT 

4. ENVIRONMENTAL MEASUREMENTS 

5. ENVIRONMENTAL STANDARDS 

6. NATIONAL GOVERNANCE FOR ENVIRONMENTAL MANAGEMENT 

7. ORGANIZATION FUNCTIONS FOR ENVIRONMENTAL AGENCIES 

8. ANALYSIS MODELS
 

9. ENVIRONMENTAL IMPACT ANALYSIS METHODS 
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DEFINITION OF ENVIRONMENTAL ISSUES
 

MEDIA 

* AIR 

* WATER 

* LAND 

LOCATIONS 

* HUMAN HABITATS 

* WORKPLACES 

• AGRICULTURAL LANDS 

• OPEN SPACE
 

HOW TO LIMIT THE SCOPE OF ENVIRONMENTAL MANAGEMENT? 

2
 



GOALS OF ENVIRONMENTAL MANAGEMENT 

0 PROTECT PUBLIC HEALTH 

* OPTIMIZE USE AND PRESERVATION OF 
NATURAL RESOURCES 

* MAINTAIN PRODUCTIVE CAPACITY OF 
LAND/WATER/AIR SYSTEM 

0 PRESERVE AMENITIES 



STRATEGIES FOR ENVIRONMENTAL MANAGEMENT 

TECHNOLOGICAL CONTROLS ON POLLUTION SOURCES 

6 ESTABLISH STANDARDS AND GUIDELINES 

0 REQUIRE COMPLIANCE 

* NEW FACILITIES VS EXISTING FACILITIES
 

PLANNING TECHNIQUES
 

a DIRECTED USE OF LAND
 

0 INCENTIVES FOR FAVORED DEVELOPMENT 

PUBLIC EDUCATION FOR ENVIRONMENTAL AWARENESS 

a GENERAL SCHOOLING 

0 SPECIALIST TRAINING 

0 PUBLIC INFORMATION 
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ENVIRONMENTAL MEASUREMENTS 

0 DEFINITION OF REPRESENTATIVE DATA AND 
APPROXIMATE SAMPLING SITES 

* IMPORTANCE OF TREND ANALYSIS 

0 RELIABILITY OF MEASUREMENTS 

0 ANALYSIS METHODS TO EXTEND THE MEASUREMENT 
DATA 

* DATA ARCHIVES 



ENVIRONMENTAL STANDARDS 

1. AMBIENT STANDARDS - ENVIRONMENTAL MANAGEMENT 
APPROACH
 

0 QUANTITATIVE (NUMERICAL LIMITS)
 

* 	 QUALITATIVE (MINIMIZE CHANGE FROM
 
NATURAL CONDITIONS)
 

2. SOURCE STANDARDS
 

* EFFLUENT LIMITS
 

* EQUIPMENT STANDARDS
 

* OPERATIONAL PRACTICE STANDARDS
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NATIONAL GOVERNANCE FOR ENVIRONMENTAL MANAGEMENT
 

0 CENTRAL PLANNING VS LOCAL CONTROL
 

0 SINGLE ENVIRONMENTAL AGENCY VS DISTRIBUTED
 
RESPONSIBILITY IN GOVERNMENT
 

* LEVEL OF AUTHORITY FOR ENVIRONMENTAL 

MANAGEMENT
 

* ROLE 	OF INDUSTRY 

* 	 ROLE OF UNIVERSITIES AND PROFESSIONAL 

ORGANIZATIONS 



0 

ORGANIZATIONAL FUNCTIONS FOR 

ENVIRONMENTAL AGENCIES 

GENERAL MANAGEMENT
 

* ENVIRONMENTAL MONITORING 

* 	 RESEARCH AND DEVELOPMENT 
(INCLUDING STANDARD SETTING) 

" ENGINEERING AND PLAN REVIEW 

* INSPECTION AND ENFORCEMENT 

• PUBLIC INFORMATION 
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ANALYSIS MODELS
 

(AIR AND WATER POLLUTION MODELS)
 

USES
 

0 ENVIRONMENTAL CONTROL PLANNING 

• EXTENSION OF MEASUREMENT DATA 

* IMPACT ASSESSMENT 

LIMITATIONS
 

* LIMITS OF MODEL ACCURACY
 

* IMPERFECT INPUT DATA
 



ENVIRONMENTAL IMPACT ANALYSIS METHODS 

DEFINITION OF CASES FOR COMPARISON
 

0 PROPOSED ACTIVITY 

* ALTERNATE ACTIVITIES
 

0 'NOACTION ALTERN&TE
 

FRAMEWORK FOR COMPARISONS 

* QUANTITATIVE 

* QUALITATIVE 

0 GENERAL PROFESSIONAL JUDGMENT
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EDUCATION AND TRAINING 

9 GENERAL EDUCATION 

0 COLLEGE LEVEL EDUCATION 

0 SPECIALIST TRAINING 

• INTERNATIONAL TRAINING PROGRAMS 

* PUBLIC INFORMATION 
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EXECUTIVE SUMMARY
 

Benefit-cost analysis applied to an environmental program
 

consists in estimating the economic cost of the program and comparing
 

that cost with the beneficial effects on public health and
 
the economic costs are
environmental conditions. As a general rule, 


expressed in monetary units, but the beneficial effects cannot be;
 

they are measures of the degrees of attainment of some of the social
 

goals of the community. Therefore, benefit-cost analysis is not a
 

method for reaching decisions about environmental programs or
 

policies, but rather a tool for organizing and presenting the
 

information that is needed for effective decision-making.
 

Benefit-cost analysis is easier to define than to execute. In
 

the first place, the economic costs entailed by a program are always
 

projections subject to a margin of uncertainty. The estimation of the
 

beneficial results presents much more serious difficulties. Our
 

understanding of the way in which human activities affect
 
the way in which changes in
environmental conditions and also of 


both too
environmental conditions affect public health and welfare are 


limited to permit forecasting with much precision or assurance.
 
the benefits of an environmental
Furthermore, both the costs and 


program typically extend over long periods of time so that some method
 

is required for comparative evaluation of consequences that occur many
 

years apart. Often environmental decisions are irreversible and
 

therefore affect the welfares of generations still unborn. In such
 

cases difficult ethical problems arise. Frequently also the costs of
 

on segments of the population that are
environmental programs fall 


different from the ones that enjoy the benefits; then both political
 

and ethical problems arise. All these complications reinforce the
 

conclusion that benefit-cost analysis can present the facts and
 

inferences scientifically derived from them but cannot determine
 

environmental policies, which ultimately must depend on the judgments
 

of responsible officials.
 

The methods used in benefit-cost analysis have been developed
 

primarily in the more advanced countries for use in guiding their
 

environmental policies.' The environmental problems of the less
 

developed countries are significantly different so that the
 

conventional methods cannot be applied without substantial
 

modification. The environmental problems of the more developed
 

countries result from the disposal of industrial waste
 

products--gaseous, liquid, and solid--from the emissions created by
 

automobiles, electricity generation, and heating plants in modern
 

from the runoffs of chemicals used in modernised market
cities, and 

agriculture. In the less developed countries, the principal
 

environmental problems result from the practices of traditional
 

agriculture and from the inadequacies of water supply and sewerage in
 

their cities, towns, and villages. These problems are much more
 

severe and urgent than those of the more developeu countries.
 

Traditional agriculture practices accelerate soil erosion, depletion,
 

and salinization and induce excessive deforestation and overuse of
 

grazing land. The evil consequences are not a threat for the future,
 

they are at work right now; thousands of tons of irreplacable topsoil
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The costs of inadequate water supply
are being washed away every day. 

and sewerage are equally immediate: in many cases of the less
 

developed countries such debilitating diseases as schistosomiasis and
 

gastro-intestinal worms are endemic, sap the strength of the
 

population, and shorten its life spans.
 

Not only are the environmental problems of the less developed
 

countries different from those of the more developed countries and
 

more urgent, the cost of dealing with them are also different. In the
 

more developed countries, environmental programs and restrictions
 

typically increase the costs of producing marketable goods and
 

services and reduce the quantities available for consumption.
 

Benefit-cost analyses in those countries therefore compare the
 

improvements in environmental conditions with the decreases in the
 
In the less developed
consumption of marketable goods and services. 


countries the level of consumption of much of the population is
 

already too low to be pushed down any further and, typically, is
 

supported by a variety of subsidization programs. Environmental
 
subsistence
protection programs therefore increase the burden of 


maintenance and compete with economic development programs for already
 

scanty resources.
 

This means that the major cost of an environmental protection
 
it drains
 measure in a less developed country is the resources that 


away from economic development. The costs of an environmental
 

protection measure should therefore be estimated by exactly the same
 

methods and conventions that are used in appraising development
 

projects--in this way comparability will be attained. In fact,
 
integral
environmental protection programs should be considered an 


part of the country's economic development program. To a considerable
 
urban water supply and sewerage and
extent this is already the case: 


rural soil protection programs are already incorporated in many
 
At the same time the environmental burdens
development budgets. 


created by development projects should be taken into account before
 
The less developed countries have
irreversible damages are inflicted. 


the advantage that there is still time for them to avoid the serious
 

mistakes that their predecessors committed before the consequences
 

were understood. To take advantage of this time requires the close
 

coordination of development and environmental policy.
 

iv
 



BENEFIT-COST ANALYSIS OF ENVIRONMENTAL
 

PROTECTION PROGRAMS IN LESS DEVELOPED COUNTRIES
 

Robert Dorfman
 

1. Introduction
 

The purpose of this lecture is to present the economist's view of
 
environmental problems in the less developed countries. 
The first
 
thin&to mention is that economists regard the use and protection of
 
the environment as fundamentally economic problems, for two 
reasons.
 
First, because economics is the study of social arrangements for
 
making use of scarce resources, and second, because the principal
 
instrument of this study is the analysis of the behavior of markets,
 
and our current difficulties in managing the environment arise chiefly
 
from aberrations in market behavior. These two econowaic aspects of
 
environmental problems are clearly closely linked.
 

The first aspect depends on realizing that the environment cannot
 
satisfy all the demands that we should like to place on it. This is a
 
fairly recent state of affairs. Twenty or thirty years ago students
 
of civil engineering in this country were taught the dictum, "Flowing
 
water cleanses itself every ten miles." That was in the good old
 
days, when the water supply per capita was so great that one could
 
dump all the wastes one chose into rivers without deteriorating them
 
or giving any thought to the matter. In many of the less developed
 
countries, "slash-and-burn agriculture" is still practiced; one after
 
the other those countries are attaining populations that preclude such
 
lavish use of agricultural land. Those two illustrations indicate
 
what we all know, namely that we are now experiencing a change of
 
circumstances in which resources that were 
formerly plentiful have
 
abruptly become scarce. Social institutions naturally lag behind.
 
Since time immemorial scarce commodities have been allocated by means
 
of market exchanges, even in socialist countries. But until recently
 
there was no need for market exchange or other control of the use of
 
environmental resources. 
 Clean air, clean water, open space, and so
 
on were so plentiful that everyone could use them as 
he chose without
 
diminishing their availability to other people. Now this is no longer
 
so. As a result we have not inherited from our past the social
 
instruments we need today to control and preserve the 
use of those
 
resources. Today's environmental problem is essentially the problem
 
of developing those social instruments.
 

2. Benefit-Cost Analysis
 

It is at this stage that benefit-cost analysis enters the
 
picture. Benefit-cost analysis, which I shall define shortly, is not
 
a method of social control but rather a set of procedures for
 
appraising the consequences of any particular set of social controls
 
over the use of environmental resources. It is therefore an essential
 
instrument for judging whether a proposed set of controls is 
an
 
improvement over the present situation, and for selecting the most
 
advantageous of a number of proposed controls.
 



Definitions of benefit-cost analysis differ and I shall make use
 

of a very broad one, to wit: benefit-cost analysis is a systematic
 

accounting of the favorable effects or benefits and the unfavorable
 

effects or costs of proposed programs, from a qocial point of view.
 

It is a variant of ordinary business accounting but differs in two
 

First, it values consequences from a social
significant respects. 

see the consequences
rather than a business point of view. We shall 


Second, it pays more attention
of this shift in viewpoint later on. 


than ordinary methods of accounting to consequences that do not have
 

market prices. Business accountants also pay attention to nonprice
 

consequences, as when they have to estimate the value of patents or
 

But, whereas those are
the depreciated value of plant and equipment. 


subsidiary problems to the business accountant, they are 
in the
 

forefront of concern for the benefit-cost analyst because, as 
we have
 

resources and social consequences
already noted, the environmental 


with which he is predominantly concerned do not exchange in markets
 

The lack of prices
and do not have well established market prices. 

into difficulties that
complicates the task enormously and leads 


cannot always be solved, as we shall see. But it is inevitable, and a
 

great share of the-task of performing a benefit-cost analysis consists
 

in various methods of circumventing this difficulty.
 

The techniques of benefit-cost analysis were developed primarily
 
the conditions of
in the more developed countries and are adapted to 


those techniques
those countries. Therefore we should be warned that 


cannot be applied without substantial amendment and adaptation to the
 

There are two quite
circumstances of less developed countries. 


separate reasons for this.
 

In the first place the less developed countries confront very
 

differenc environmental problems from the more developed ones.
 

Problems in the more developed countries result largely from the
 

stresses that modern technology places on the environment. They
 

result from the problems of disposing of the waste products of
 

industrial processes, from rhe discharges of pesticides and
 

in modern market agriculture, and from the
fertilizers used 

concentrated loads of pollutants generated in cities by their
 

transportation systems, their power plants, and their heating
 

requirements.
 

By contrast, in the less developed countries the critical
 

the consequence of traditional agricultural
environmental problems are 


methods and the inadequate sewerage and water supply systems of
 

Traditional agriculture
traditional types of villages and cities. 


methods typically accelerate soil erosion, deplete soil nutrients,
 

permit salts to accumulate in irrigated land, overgraze pastures, and
 

threats for the distant future. Today
denude forests. These are not 


and every day traditional agricultural practices are imposing
 

irreparable damage on tens of thousands of acres in one or another of
 

these ways.
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ne 
problems of village and urban pollution in the less developed

countries are equally severe and pressing. 
They are the source of the

widespread prevalence of acute and chronic infectious disease, gastric

infections, intestinal worms, schistosomiasis, and many other plagues

that sap the strength and shorten the lives of the populations of the

less developed countries. In short, the environmental problems of the
 
less developed countries are different from those of the more
 
developed ones and even more severe.
 

Of course there is 
some overlap between the problems encountered
 
in the two kinds of countries. Pesticides cause significant damage to
 
the ecolngical systems in both of them. 
There is mining and smelting

in both, and a mine or smelter can:disrupt its environment for miles
 
around. Increasingly, enterprises that generate pollution that is
 
unacceptable in the more developed countries are seeking locations in

less developed countries where the environment is less heavily
 
burdened. This tendency presents difficult problems to 
the less

developed countries, which would like the benefits of modern
 
technological enterprises and the highly paid employment that 
it
 
affords, but have very reasonable misgivings about accepting the
 
environmental burdens. And final-ly there are, of course, some
 
thoroughly modern cities with all their burdens of congestion and
 
pollution in many of the 
less developed countries. In spite of these
 
common problems however, the critical and environmental problems

encountered in the 
more and the less developed countries are
 
substantially different.
 

The foregoing differences relate 
to the benefits of environmental
 
protection measures. 
The costs of those measures to the less
 
developed countries are 
also very different from those to the more
 
developed countries. In the more developed countries the major impact

of environmental protection measures 
on the economy is to transfer
 
productive resources from the production of goods and services to
 
environmental protection activities. 
 The real cost, then, is some
 
reduction in the quantities of goods and services available for
 
consumption. In the 
less developed countries, consumption levels for

the bulk of the population are already uncomfortably close to socially

tolerable minima. Any resources devoted 
to environmental protection,

therefore, have to be taken from the resources available for
 
investment, that 
is to say, from the economic development plan. It
 
has to be faced that environmental protection is 
in direct competition

with economic development for essential resources, of which the most
 
critical, usually, is foreign exchange. It is, then, a very good

approximation to say that the 
real cost of an environmental measure to
 
a less developed country is the 
amount by which it reduces the
 
availability of 
foreign exchange for economic development. This has
 
two implications. 
 First, that the economic costs of environmental
 
protection measures 
should be calculated in 
terms of the reduction
 
that they impose on the 
resources available for generating foreign

exchange or for economizing on it. 
Second, that the environmental
 
protection program in 
a less developed country should be coordinated
 
very closely with the economic development program.
 



3. Applying Benefit-Cost Analysis
 

With this background we can look more closely at the way in which
 
benefit-cost analyses of environmental programs are performed. For
 
this purpose we view the generation of harmful effects on the
 
environment in the way shown schematically in Figure 1. The figure
 
begins in the box labelled "A Human Activity." From any human
 
activity there will flow two kinds of effect: the beneficial results
 
for which it is undertaken, and its inadvertent side effects on the
 
environment. For example, if the activity is protecting a crop by use
 
of a chemical pesticide, the beneficial result is the increase in the
 
yield of the crop and the side effects consist primarily of deposits
 
of residues on the crop, the field, and neighboring fields, plus a
 
suspensiop of droplets of the pesticide in the air. These residues
 
then alter ambient conditions in and near the protected field for a
 
greater or lesser length of time, depending on the persistence of the
 
pesticide. Some of the pesticide may run off into nearby streams or
 

filter down to the aquifer, altering the conditions of those aquatic
 
environments. All such effects are indicated by the third box.
 
Finally, all forms of plant and animal life, including man, that come
 
in contact with the altered environment may experience adverse
 
effects. Those consequences are indicated by the last box in the
 
row. The purpose of laying out this -hain of consequences is to
 
display the sequence of studies and analyses that have to be performed
 
in order to estimate the environmental effects of human activities
 
that have impacts on the environment.
 

The three stages of work that have to be performed are indicated
 
by the three arrows on the diagram. Table 1 suggests in more detail
 
the nature of the work that has to be performed. It indicates the
 
fields of knowledge that have to be applied in order to estimate
 
first, the direct impact of a given activity on the environment in
 
which it occurs, second, the changes in ambient conditions that result
 
from those impacts, and third, the effects of those ambient conditions
 
on public health, on ecological conditions, and on buildings and
 
materials. All this work leads up to the dangling arrows at the right
 
edge of the diagram that point down to the lower panel. The estimated
 
effects of the activity on public health, ecological conditions, and
 
artifacts of all sorts, as well as the degree of attainment of the
 
beneficial purpose for which the activity is undertaken all have to be
 
evaluated from a social point of view in order to assess the social
 
contribution of that activity. The task of evaluation, to be
 
discussed below, is the final stage of a benefit-cost analysis.
 

In fact, the task of benefit-cost analysis is quite a bit more
 
complicated, even, than Figure 1 indicates. The first essential
 
complication is indicated in Figure 2. Benefit-cost analyses are
 
rarely made just for fun or curiosity. They are undertaken when some
 
policies or governmental programs are contemplated that will change
 
the human activity that generates all those effects, so that what
 
really has to be evaluated are the changes that will be induced by the
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Beneficifect 
on:aio
 

~ ~Impacts:AledEfctonA Human 
Human Emissions, Altered Public Health Valuation 

Activity Abstractions, Conditions 
etc.
 

Artifacts F r 1 Cvaluation 

Figure I Conceptual Framework
 



TABLE I
 

TASKS OF A-BENEFIT-COST ANALYSIS
 

AND SPECIALISTS RESPONSIBLE
 

1. 	 Activity Impacts Engineers
 
Agronomists
 

2. 	 Impacts -+Ambient Conditions Meteorologists
 
Hydrologists
 
Chemists
 
Soil Scientists
 

-)-Public Health Epidemiologists
3a. 

Toxicologists
 
Oncologists
 

Zoologists
3b. Ambient 

Conditions -+Ecology Biologists
 

Foresters
 

3c. ---Structures and Engineers
 
materials Chemists
 

Hydrologists
 
Geologists
 

Economists
 
Social Scientists
 

Public Health 


4. 	 Ecology
 
Responsible Officials
 ---+Valuation
Structures 


and materials
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Changes in ____________________________ 

Beneficial Results 

SChanges inth 

Changes in the 
Human Activity b" 

Changein the 
Chain ofnsequ

Consequences 

Changes in 

RsligVle 

Environmental 
Policy or 

Undertaking 

Figure 2 Environmental Policy 



This adds a new box to Figure 1 and two new
contemplated program. 

It is necessary, in addition to everything else, to estimate
 arrows. 


the effect that the contemplated program will have on the activity
 

that generates the environmental damage, because it can never be taken
 

for granted that the program will have precisely the intended effect.
 

For example, if a regulation is passed requiring that all wastes be
 

treated in a speciiied way before being discharged into waterways, 
it
 

cannot be assumed that all discharges will forthwith meet the quality
 

standards that were intended by the regulation. Estimates have to be
 

made of the degree of compliance and the effectiveness of the
 

responses that will be made in compliance with such a regulation. The
 

changes in beneficial results also have t , be estimated, since those
 

are the costs of the environmental improvement that is attained.
 

shown in the figure, the policy may have direct impacts on
Finally, as 


the environment in addition to those mediated through the human
 

activity at which it is directed.
 

A number of other complications also are hidden in Figure 1 but
 

have to be dealt with in any benefit-cost analysis. One of these is
 

that the effects of any environmental policy will extend over a
 

substantial period of time and may even affect several generations.
 

This circumstance complicates the task of estimation somewhat. More
 

introduces the problem of evaluating consequences,
fundamentally it 

occur at different dates. In
both beneficial and adverse, that 


ordinary business accounting this problem of dating is handled by
 

a common point in time. The solution
discounting all consequences to 


applied in benefit-cost analysis is the same. Comparative values have
 

to be established among consequences that occur immediately, those
 

that occur ten years into the future, and those that accrue to future
 

generations. The key operational question is the discount rate to be
 

used in making such comparisons. This question has generated a large
 

and controversial literature which I shall not review, principally
 

because the arguments and counterarguments do not apply to
 

less developed countries. In those
benefit-cost analysis in 


countries, as we noted, environmental policy has to be coordinated
 

Very closely with economic development. As a result, the discount
 

rate to be used in the evaluation of environmental programs should be
 

one used in formulating the development plan. This
identical with the 

use.
principle resolves all questions about what discount rate to 


Another complication that cannot be ignored in practice results
 

from the fact that the benefits and costs of an environmental policy
 

are generally distributed Very unequally among segments of the
 

to whom the benefits accrue
population. On whom the burdens fall and 


are matters of great consequence. A regulation that increases the
 

likely to be considered preferable to
cost of producing luxuries is 

same environmental
one that costs the same in total and has the 


effects but increases the cost of food production. Estimates of the
 

distribution of benefits and costs are generally obtained
 

automatically in the course of the analyses indicated in Figure 1.
 

For some purposes they can be ccmbined or aggregated in the overall
 

evaluation. But for other purposes they cannot be. Thus a
 

benefit-cost analysis must be designed to disclose the differential
 

effects of eavironmental policies on different population groups.
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One final complication has to be mentioned. It should be amply
 

clear from Figure 1 and Table 1 that estimating the environmental
 

effects of changes in human activities is a very difficult job and
 

are difficult to obtain, if obtainable
requires 	a variety of data that 

The results of this work can never be pre,7ise or reliable.
at all. 


This implies that when comparisons are made of the benefits and costs
 
are
of alternative policies, the estimates that have to be compared 


not hard data, but rather indications of the ranges in which the two
 

values are expected to lie. The benefit-cost analysis, therefore, has
 

to estimate and indicate these ranges of uncertainty. I shall develop
 

this thought further below.
 

Let us assume that we have now reached the right-hand box of
 

Figure 1. Estimates are at hand of a wide variety of social
 

consequences of alternative programs for meeting an environmental
 

With respect to public health, there may be estimates of the
problem. 

proportion of babies who survive to age five under different programs,
 

and of the proportion of the population afflicted with intestinal
 

worms. With respect to ecology, there may be estimates of the fish
 

lakes and rivers under the various alternatives.
populations of With
 

respect to the beneficial purpose the analysis may have produced
 

estimates of the costs of rice production under the different
 

alternatives. And so forth. All of these estimates may and should be
 

dated; they should indicate when the estimated results will occur and
 

how long they will endure. The task of evaluation is to bring all
 

these estimates, expressed in their diverse units of measurement,
 

together and to derive from them an appreciation of the comparative
 

overall social value of the different programs being contemplated.
 

This is the task to which we now turn.
 

4. Comparative Values
 

I have to preface my discussion by pointing out that there are
 
this task. One
two contending schools of thought with respect to 


school, probably the predominant one, holds that all these diverse
 

consequences should be reduced to monetary values in order to
 

facilitate comparisons. The authority of that school appears to be
 

fading, and in my opinion quite properly. The decisive difficulty is
 

suggested by some of the illustrative information that I just
 

mentioned. For example, who is to place a monetary value on a change
 

in the proportion of babies expected to survive to age five, and how
 

can he do it? The other school, which is where I place myself, holds
 

that some of the social consequences of environmental change can be
 

reduced readily to monetary values, and some stubbornly resist such a
 

reduction. We admit that this complicates the task of comparing
 

alternatives and reaching environmental decisions. But there is no
 

help for 	it. Decisions about environmental policy inherently require
 

tragic choices in which some important social values have to be
 

sacrificed in favor of others. A benefit-cost analysis cannot make
 

those choices; it can only present to responsible decision-makers the
 

social consequences of the alternatives among which they must choose.
 

I shall discuss the task of evaluation from this point of view.
 



4.1 Costs
 

The cost of programs for protecting or improving the environment
 
In many
are predominantly monetary, and I shall discuss them first. 


instances these costs take the form of requiring producers to do
 

something that increases their monetary production costs or else to
 

activities (such as using toxic pesticides) that
refrain from some 

reduce production costs. The producers affected can themselves
 

estimate the monetary costs that such a regulation will impose on
 

them; the benefit-cost analyst must reevaluate those costs from a
 

social point of view.
 

To see what is involved we have to consider the value to a
 

society of producing a particular commodity and how that value changes
 

when the costs of production change. The fundamental concepts are
 

In the interest of concreteness the figure
illustrated in Figure 3. 

presumes that the commodity in question is rice. The various possible
 

quantities of rice production per year are shown horizontally; prices
 

or monetary values are shown vertically. There is a demand curve and
 

The demand curve shows for each possible price the
 a supply curve. 

amount of rice that consumers would like to purchase if that were the
 

price on the market. For example, if the market price were P, then
 

purchase the quantity corresponding to the
 consumers would want to 

The supply
right-hand edge of the narrow column drawn on the graph. 


It shows for each possible price tae quantity of
 curve is analogous. 

the commodity that producers would be willing to produce and offer if
 

that were the market price. For example, if the market price were
 
quantity that
P2 then producers would want to offer the same 


to buy at the higher price, Pl. The demand
consumers would like 

curve slopes downward because the higher the price the lower the
 

amount that consumers would want to buy. The supply curve slopes
 

reason that we should look at more closely.
upward for an analogous 

Suppose that the market price is P2. Then, as we have seen,
 

producers would be willing to provide the quantity q on the diagram.
 

Why would they not want to produce more? Presumably because when they
 

are producing q tons of rice the next small quantity of output, say
 

the next hundred tons, would cost more to produce than they could
 

bring on the market, which is P2 per ton. Thus P2 is not only the
 
ost
price that will call forth a production of q tons, it is also the 


are being produced.
 
per ton of additional production when q tons 


We shall make use of
Technically this is called the marginal cost. 


this fact below, but now turn to the relation between the supply and
 

demand curves.
 

Because the curves have opposing slopes, they cross, and cross
 

only once. The intersection, at price p* and quantity q*, is called
 

the equilibrium position of the market because p* is the only price at
 
same quantity that producers want to
which consumers want to buy th. 


provide.
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We should now notice several things. First, the diagram shows
 
the total cost of producing q* tons of rice. This total is the cost
 
of producing the first hundred tons plus the cost of the second
 
hundred tons and so on all the way up until q* tons are produced. We
 
have seen that when q tons are produced the cost of the next hundred
 
tons is the area of the narrow unshaded column drawn on the diagram,
 
if we imagine the width of that column to be 100 tons. Then the total
 
cost of producing q* tons is the sum of all such columns from zero up
 
to q*, or, in effect, the area under the supply curve from the origin
 
up to q*. When q* tons are produced, however, the price is p* so that
 
rice producers receive a total payment represented by the rectangle
 
bounded by the dashed horizontal line at p* the dashed vertical line
 
at q*, and the two axes. This shows that the producers' gross
 
receipts exceed their total production costs. The excess is called
 
the producers' surplus, and is represented in the diagram by the
 
warped triangle bounded by the price axis, the horizontal line at p*,
 
and the supply curve. The dotted part of the column on the diagram
 
represents the contribution to total producers' surplus of the qth to
 
q + 100th tons produced when a total of q* tons are being produced.
 

Now turn to the demand curve. If only q tons were being produced
 
the consumers would be willing to pay approximately P, per ton for
 
each of the next hundred tons. Actually, when the equilibrium amount
 
is being produced they have to pay only p* per ton so that they are
 
obtaining, in a sense, more than their money's worth for those tons.
 
The excess, P1 - P*, is called the consumers' surplus per ton. The
 
contribution to total consumers' surplus of the qth to q + 100th tons
 
is represented in the diagram by the cross-hatched section of the
 
column, and the total consumers' surplus is the sum of all such
 
columns, or the area of the warped triangle bounded by the price axis,
 
the demand curve, and the horizontal line at p*.
 

The contribution of this commodity or market to total economic
 
welfare is the sum of the producers' and consumers' surpluses. On the
 
graph this sum is the area of the large triangle under the demand
 
curve and above the supply curve up to their crossing point.
 
Conceptually it is the total amount that consumers would be willing to
 
pay for the equilibrium output, if they had to, in excess of the total
 
cost of producing that output. The division of the total surplus into
 
consumers' surplus and producers' surplus is significant because it
 
shows how the total economic gain is divided between the farmers who
 
grow the crop, or other producers, and the households that consume it.
 

These concepts enable us to estimate the economic cost of an
 
environmental protection measure. Turn to Figure 4. The demand and
 
supply curves from the last figure have been copied onto this one. In
 
addition a new supply curve is shown which lies to the left of the old
 
one to reflect an increase in production costs resulting from an
 
environmental protection policy. The new supply curve intersects the
 
old demand curve at a higher price, indicated by pn, and a lower
 
quantity, indicated by qn, than in the previous equilibrium. The
 
economic surplus has shrunk; it is now represented by the triangle
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below the demand curve, above the new supply curve, and to the left of
 

the new equilibrium quantity, qn. The amount of the loss is shown
 

by two areas on the diagram: the curved parallelogram indicated by
 

L1 and the triangle labelled L2 , of which the first is by far the
 

resource cost of the measure. It is
larger. L1 is called the 

clearly just the new equilibrium quantity, qn, multiplied by the
 

increase in average production cost that has resulted from the
 

is called the deadweight loss
environmental protection measure. L2 

of the measure because it is the economic surplus that was yielded by
 

the amount of product that was produced under the pre-existing
 

conditions but is no longer produced because of the increase in
 
measure. Geometrically
production costs and prices resulting from the 


its amount is closely approximated by one half the reduction in
 

quantity, q* - qn, multiplied by the average increase in production
 

costs. Altogether, then, the economic cost of the protection measure
 

is given by:
 

Economic Cost = L1 + L2 
= (average of old and new equilibrium quantities) 

x (increase in average production cost). 

All of these data are comparatively easy to estimate. In
 

practice, L2 is frequently so small that it can be neglected
 

entirely. In estimating the increase in average production costs for
 

insertion into this formula, however, it is important to remember that
 

the costs as they appear to the farmer or other producer are not
 

the social costs that the benefit-cost analyst
necessarily equal to 

has to take into account. It is necessary therefore to estimate the
 

changes in all the resources used in production--farm labor, use of
 

draft animals, fertilizer, and all the rest--and to assign to each of
 

them its social value, which may be considerably different from the
 

cash value as it appears to the farmer or other producer. The
 

amounts by which these
relevant social values, as.we noted, are the 


resource use reduce the amount of resources, particularly
changes in 

foreign exchange, available for the economic development plan.
 

For example, suppose that, among other things, the environmental
 

measure increases the number of hours of farm labor required to
 

produce a ton of rice. Each hour of this farm labor should be valued
 

at the amount of foreign exchange that it would be used to earn or
 

conserve if not devoted to producing rice in the more expensive way
 

required by the environmental protection measure. When there is
 

substantial rural underemployment, this value may be nil or very
 

small, even though it appears significant to the farmer who must
 

engage the labor or sacrifice the income that his family labor could
 

earn if additional effort were not required as a result of the
 

protection measure.
 

It should not be difficult to obtain estimates of the social
 

values of the resources involved, since those values are required for
 

formulating the economic development plan. The values used in the
 

plan should also be used in estimating the economic costs of
 

environmental protecton measures, even if the benefit-cost analyst
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feels that they are inadequate or inaccurate. If the analyst believes
 

that the values used in the plan are wrong, he or she should endeavor
 

to have them changed, but should use them nonetheless in order to
 

maintain comparability between the estimates of environmental
 

protection costs and the estimates used in other aspects of 
economic
 

planning.
 

Most of the costs of an environmental protection measure are
 

monetary. A large proportion, generally, take the form of increased
 

costs of production; these can be estimated by the methods just
 

Another portion is likely to be the capital costs of
illustrated. 

implement the protection measure,
structures and equipment needed to 


These can be
and the subsequent maintenance and operating cost. 


derived from the usual engineering estimates of construction and
 
their social prices
operating costs by revaluing the resources used at 


extent that these differ from their cash prices. There are
to the 


generally, also, administrative and enforcement costs which 
should not
 

be forgotten.
 

4.2 Benefits
 

Estimating the benefits is substantially more complicated. There
 

as I pointed out before,
are often some monetary benefits but, 


take the form of improvements in public health or in
benefits that 

environmental conditions frequently cannot be converted persuasively
 

into monetary equivalents.
 

The monetary benefits can be estimated by 	the same methods that
 

For example, if an
 were indicated for estimating monetary costs. 


environmental protection measure reduces coastal pollution and thereby
 

increases the productivity of commercial fisheries, the analysis
 

follows the lines in Figure 4. In this case the effect of the
 

environmental protection measure is to shift the supply curve of fish
 

to the right, increase the equilibrium output, reduce the equilibrium
 

price, and increase the social surplus. Figure 4 still applies except
 

that the dashed supply curve should now be regarded as the old one and
 

as the new one. All beneficial effects that
the solid supply curve 


have market values should be reduced to monetary equivalents, using
 

social values, rather than the actual cash values when these diverge.
 

4.3 Analytical Complications
 

There remain the beneficial effects for which reasonable monetary
 

The problem that arises is illustrated
equivalents are not available. 


schematically in Figure 5. The situation envisaged is an
 

Four measures for dealing with
environmental threat to public health. 

The least ambitious is
it are contemplated, labelled A, B, C, and D. 


A whose annual cost is estimated to be $2.5 million and so on up to D
 

with an annual cost of $10 million. The only socially important
 

effect is assumed to be an improvement in public health that is
 

measured by the proportion of babies surviving to age 5. The
 

estimated increase in this indicator corresponding to each of the four
 

measures is shown vertically.
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Figure 5 Benefit-Cost Comparison - Idealized Case 
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This sample graph contains all the relevant information about
 

both the costs and benefits of the four alternative measures, on the
 

basis of which the decision has to be made as to which of them, if
 
as
 any, to implement. It should be noted that in this case, 


typically, each additional $2.5 million buys a smaller improvement 
in
 

public health than the preceding one. N formula can make the
 

pays to go alon& ie curve. Occasionally the
judgement of how far it 


judgement can be nearly mechanical. For instance, if limited funds
 

are available to be allocated among a number of projects all of which
 

their primary benefits, then
have improvements in infant mortality as 

so as to obtain the largest total
clearly the funds should be divided 


increase in infant survivorship. Decisions are rarely that easy.
 

typically limited, but the undertakings that compete for
Funds are 


those funds frequently yield benefits of different and noncomparable
 

Then the decision has the effect of sacrificing some amount of
kinds. 

increase in the attainment of some
 one kind of benefit to gain an 


Such decisions are always subjective and
dissimilar social goal. 

difficult. The data yielded by benefit-cost analyses are essential to
 

but still the decisions
making judicious decisions of this sort, 


remain very hard.
 

are never as
Furthermore, the results of benefit-cost analyseh 


those shown in Figure 5. Figure 6 is more typical.
clear-cut as 

actuil situation as Figure 5 but recognizes
Figure 6 portrays the same 


that neither the costs nor the beneficial effects of any of the
 

Accordingly the results
alternatives can be foretold with precision. 


of each alternative are indicated by a box, rather than by a point.
 
cost that the analysis
Horizontally each box extends from the lowest 


Vertically the height of
indicates to be likely to the highest cost. 


the box indicat the range of beneficial effects that is deemed
 

the decision-maker has to arrive
likely. Confronting such a portrayal 


judgement as to which of the alternatives is preferable in the
 
at this 


There

light of these indications of the uncertainty of the results. 


are no mechanical rules for making such a choice, and the analyst
 

cannot relieve the responsible officials of their responsibility.
 

Nor is that all. In Figures 5 and 6, I have vastly
 

oversimplified the time-dimension. 
All of the alternatives considered
 

have benefits and costs extending over several years, perhaps many,
 

into the future. The costs will vary from year-to-year--and usually
 

in different ways for the different alternatives--and usually cannot
 
Similarly the
be represented adequately by a single annual cost. 


beneficial effect will not be the same in every year, and the
 

fluctuations or growth over time will be different for the different
 

alternatives. It is therefore necessary to estimate the benefits and
 
far as they may
costs of the different alternatives year by year as 


extend or until some remote horizon date. When this has been done the
 

can be reduced to a single representative number for ease of
 costs 

sum of the costs in the
comprehension and comparison by computing the 


individual years discounted at the applicable social rate of discount,
 

A total present value of the benefits of each
 as discussed earlier. 

same rate of
alternative can be calculated similarly, using the 


discount.
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Parenthetically, many people resist the idea of discounting
 

future benefits such as improvements in mortality rates, feeling that
 
this implies a lower social evaluation of the welfare of future people
 
than of people alive at present. That would be objectionable, but it
 
is not really the reason for discounting benefits. The real reason
 
is, rather, that a smaller quantity of current resources has to be
 
committed to produce a benefit five or ten years from now than to
 
yield the same benefit in the immediate future.
 

In addition, Figures 5 and 6 suppress the distributional aspect3
 
of the programs. That complication is really a special case of
 
another one which I shall discuss immediately, so that separate
 
treatment is unnecessary.
 

The final complication I want to call attention to is that
 
diagrams such as Figure 5 and 6 have room for indicating the degree of
 
attainment of only a single social goal. Environmental measures
 
frequently are designed to achieve single goals, but that is not
 
always the case. When several goals are involved more complicated
 
means of summari.zation and portrayal are required. Since those
 
methods introduce more by way of analytic technicalities than
 
fundamental new concepts, I shall not go into them. The
 
distributional aspects of a programn can be regarded as a special case
 
of multiple goals, since the effect of the program on each population
 
group considered amounts to a distinguishable social goal.
 

5. Summary Illustrations
 

I think that by now I have conveyed the essential flavor of
 
benefit-cost analyses of environmenta. problems. By way of summary I
 
should like to present a couple of illustrative applications which,
 
though simplified will show m-'e concretely how this approach can help
 
reach wise decisions about environmental programs in less developed
 
countries.
 

The first example is addressed to the problem of preserving a
 
less developed country's agricultural resource base. Suppose that
 
population pressures are pushing farmland onto hillsides that have
 
been protected by natural vegetation previously but now are being
 
exposed increasingly to erosion. It is proposed to terrace the
 
hillsides in order to arrest the erosion and preserve their
 
fertility. The analytic task is to assess the benefits and the costs
 
of the terracing. In this case both the benefits and the costs are
 
essentially monetary, since the principal beneficial effect will be to
 
prcitng the productive life of the hillside farms. In terms of
 
Figure 1, the human activity at issue is cultivating an unprotected
 
hillside, the impact is the erosion of topsoil, the altered ambient 
condition is the reduction in fertility developing progressively over 
the years, and the social effect is the gradual reduction of a 
desirable crop and means of livelihood. In terms of Table 1, the 
initial analytic task, which falls to soil scientists and agronomists,
 
is to estimate the rate of erosion in the circumstances of this
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particular terrain and climate and to translate that rate into the
 

effect on crop yields. Figure 7 shows the result of their studies.
 

Years into the future are plotted horizontally, The vertical scale
 

shows net yields in tons per hectare, meaning the additional yield per
 

hectare that can be obtained in each year by cultivating the hillside
 

fields, over and above the yield that the same resources could produce
 

if devoted to cultivating the overcrowded valley. Two curves are
 

shown: one for the estimated yields, if the hills are not terraced,
 

and one for the yields if they are. The curve for net yields without
 

terracing begins at two tons per hectare and falls, first very
 

gradually and then increasingly steeply as the effects of erosion
 

accumulate, until by the tenth year the net yields -ave fallen to zero
 

and the fields are abandoned. The yields anticipated if the fields
 
are terraced remain at two tons per hectare for thirty years, at which
 

time the works require replacement. The analysis stops at year 30.
 
The benefits of terracing are the excesses of the net yields with
 

terracing over the net yields without, yeai by year over the economic
 
life of the project, the area indicated as "Gain" in the figure. The
 
gain is only a small fraction of a ton per acre in the early years,
 

but grows gradually until it amounts to two tons per acre in the tenth
 

year and thereafter. Since most of the gains occur well into the
 

future they have to be discounted. If a discount rate of 10% per year
 

is used, it is easy to calculate that as the diagram is drawn the
 

present value of the gains over the thirty years amounts to
 
approximately five times the initial net yield.
 

Costs are not shown in this diagram. They are, of course, the
 

value of the resources required to construct the terraces and
 

associated drainage works'needed to prevent erosion. If the
 

construction is undertaken as part of a rural works program, as is
 

often the case, these resources will comprise rural labor for the most
 

part, local construction material, a small component of skilled and
 
supervisory labor, and some use of construction machinery. The
 

requisite quantities of all these resources are estimated in the
 

course of the standard preparatory engineering studies. The economic
 
costs can then be computed by valuing the resources as usual, at their
 
social values. If the costs per acre so calculated are less than five
 

times the value of a single year's crop, there is a net economic gain
 

to be had by terracing the hillsides. Even if the costs are somewhat
 
greater than that, terracing might be advisable since the erosion, if
 

once permitted,. is irreparable. In this case a judgement would have
 

to be made about the social value of preserving the fertility of the
 

hillside even though on strict economic grounds it is not wo-thwhile
 
under current conditions.
 

My second illustrative application concerns the other pressing
 

environmental problem of the less developed countries, namely water
 
supply and sanitation. Consider a program intended to reduce the
 
pollution of village water supplies by moving the wells to higher
 
ground where they will not be so subject to contamination, and
 

protecting them with parapets. The beneficial effect intended is a
 
reduction in the prevalence of intestinal infusoria. The costs are
 
very similar to the costs of the terracing in the first example.
 

20
 



Terraced 

2.0 

S0 Gain 

I 
L. 

01 
0 5 10 15 20 25 30 

Year 

Figure 7 Gain from Terracing 

21
 



To analyze the environmental and social benefits of this kind of
 

undertaking it is helpful to use the framework of Figure 2, which
 

that are induced by an environmental
emphasizes the changes 

simply obtaining
undertaking. The human activity that is involved is 


water from the village water supply. The change intended is to reduce
 

or even eliminate the use of contaminated sources in favor of new and
 

clean ones. But the change that will actually result is a different
 

matter. It depends on how readily villagers can be enticed away from
 

their familiar sources of water to new and generally less convenient
 

ones, and also on the vulnerability of th, new supplies to
 

contamination. The first of these considerations calls upon the
 

skills of the sociologist. The second consideration depends on social
 

behavior also and in addition on the details of the design of the new
 

used by dipping buckets or jars into
wells. If they are open and are 


the reservoir they will become contaminated in short order. If they
 

are covered and Lf the discharge point is at some distance from the
 

well proper they are virtually invulnerable. They are also much more
 

expensive to construct and may be more difficult to use, so that the
 

villagers may avoid them. Clearly the effects of such a program
 

depend on a complex of considerations going far beyond the usual
 

analyses of sanitary engineers and specialists in infectious diseases,
 

though these specidlists too have essential contributions to make.
 

In short, the first and critical stage of analyzing a project
 

whose results depend on altering behavior patterns is to estimate the
 

extent to which behavior will in fact be changed. From these
 

estimates the infectious disease specialists can infer the resulting
 

reduction in the incidence of gastro-intestinal infection. The result
 

can be depicted in a diagram similar to Figure 6. Now we may think of
 

A, B, C, and D as four different designs of less vulnerable wells,
 

design A being the cheapest and most subject co contamination, design
 

D the most expensive and least vulnerable. The choice of design then
 

depends largely on how this diagram compares with diagrams for
 

alternative program§ designed to reduce the same kind of infection, as
 

well as on the adequacy of the budget available for this purpose.
 

6. Closing Remarks
 

A few final words. It has not been my intent in this exposition
 

to initiate you into the professional mysteries of benefit-cost
 

analysis. I have tried, rather, to help you, as responsible
 

officials, appreciate what benefit-cost analysis can do to help you
 

with your very difficult tasks. You should know what benefit-cost
 

analysis does, what difficulties the analyst confronts, and what the
 

limitations of the procedure are. You should know, and I hope that
 

this discussion has alerted you, what questions to ask of the
 

analyst--what assumptions to ask about, what complications should be
 

taken into account, and what information you have a right to demand of
 

the analyst. You should also appreciate what resources the analyst
 

has a right to demand if his work is to deserve credence.
 

22
 



I hope that I have also made clear two points of substance.
 

First that the environmental problems of the less developed countries
 

are different from those of the more developed countries and at least
 

as severe. This difference accounts, in my opinion, for the
 

divergence of views at the Stockholm conference on world environmental
 

problems. There, you will recall, the representatives of the more
 

developed countries called for world-wide abstention from the use of
 

an agricultural pesticide; the representatives of the less
DDT as 

go along. Each group was correct from its
developed countries did not 


own point of view.
 

'Second, I hope that I have conveyed the importance of integrating
 

environmental decisions with decisions relating to economic
 

development, and have made some practical suggestions as to how this
 

can be done.
 

And, really finally, I hope that I have persuaded you that
 

prudent and effective decisions about environmental problems require
 

the information that only benefit-cost analyses can provide. The
 

than the decision-maker would like
information will always be far less 


to have, but still he or she will find it indispensable.
 

July 5, 1979
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THE ROLE OF ENVIRONMENTAL STANDARDS AND REGULATIONS
 

IN THE MANAGEMENT OF INDUSTRIAL DEVELOPMENT
 

EXECUTIVE SUMMARY
 

The discussion of environmental standards and regulations is
 

presented in two parts. The first part, beginning on page 1,
 

describes the purposes served by governmental standards for pollution
 

to be considered in their formulation and
control and the points 

implementation. This material included discussion of the separate,
 

but interrelated roles served by ambient standards and source
 

standards. This discussion was prepared by Mr. Roger Strelow, former
 

Assistant Administrator for Air Pollution Programs of the U.S.
 

Environmental Protection Agency and presently with the Washington,
 

D.C. 	law firm of Leva, Hawes, Symington, Martin and Oppenheimer.
 

The second part of the environmental standards and regulations
 

chapter, beginning on page 7, discusses options for the management of
 

long-term industrial growth consistent with the protection of
 

environmental amenities. This discussion illustrates, by case
 

example, a U.S. program which regulates the location, type and amount
 

of industrial growth on the basis of air quality considerations.
 

The 	Need for Governmental Standards
 

* 	 "The Tragedy of the Commons"
 

Failure of economic systems to "internalize" environmental
" 

damage costs
 

* Limitations on private legal remedies
 

" The clearest means to articulate society's values relating
 

to environment
 

" Should permit orderly, reliable planning
 

Relevant Considerations
 

* 	 State of the environment
 

-Present problems
 

-Potential threats
 

-Accuracy of information
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Important Values
 

-Health
 

-Visibility/aesthetics
 

-Others
 

* The economy
 

" Complementary and conflicting objectives
 

* Realities of the political system
 

The Role of Environmental Quality Standards
 

* 	 Distinguish ambient/receptor standards from source/discharge
 
standards
 

* 	 These define the ultimate goals and the justification for
 
source controls.
 

* 	 Based on health and welfare criteria and possible
 
non-degradation objectives
 

* 	 Must be preceded by monitoring
 

* 	 May be goals or requirements
 

-Depends partly on status of ambient monitoring and
 

discharge inventory
 

The Role of Source Standards
 

* 	 The ideal--source standards based on environmental
 
objectives and conditions
 

" 	 Practical limitations--incomplete ambient monitoring
 
information, inaccurate discharge inventory, limited
 

dispersion modeling toolsp complex (not always proportional)
 

relationship between discharges and ambient conditions
 
(e.g., secondary pollutant formation)v economic and
 

technological limitations
 

* 	 Sometimes used as surrogate for environmental quality
 

standards (simple but inefficient)
 

* 	 Normal approach--A mixture of ambient-related and
 
technology-based source standards
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-Relate to ambient conditions where possible
 

some
-Technology-based standards for new plants and 


existing plants
 

-Some technology-based standards must specify equipment
 

or management practices (normally avoid if possible)
 

-Extensive use to protect groundwater surface water
 

runoff
 

Components 	of Standards
 

* 	 Environmental quality standards
 

-Concentration limit
 

-Averaging time
 

-Measurement locations
 

-Permissible frequency of exceedences
 

-Measurement criteria and methods ("reference" and
 

equivalent methods, quality assurance, calibration)
 

* 	 Source standards
 

-Quantity per unit of time, production, or input
 

-Schedule 	for compliance
 

-Measurement techniques (discharge measurement,
 

determination of fuel quality, checking conditions of
 

equipment and use of "emission factors")
 

Two Basic 	Strategies--Cleanup or Prevention
 

* 	 Relevant conditions
 

Relationships between the two strategies--e.g., regulating
* 

new plants in dirty areas
 

e Cleanup strategy
 

-Equitable allocation of the burden
 

-Need for deadlines, periodic reassessment of progress
 

-Accurate discharge inventory is essential
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0 Preventive Strategy
 

-Focus on technology and siting
 

-Must relate controls to land use planning
 

-Limiting degradation
 

U.S, 	Case Example (Implementation of a Preventative Strategy)
 

* 	 U.S. goal to preserve good air quality in less developed
 
regions
 

-Called Prevention of Significant Deterioration (PSD)
 

of Air Quality
 

-Includes detailed preconstruction review of all major
 
new and expanded industrial plants
 

" 	 Control levels are greater than that needed to protect
 
public health
 

Background of PSD Policy
 

" 	 Courts decreed that U.S. air pollution program purpose is
 
"to protect and enhance.,quality of..nation's air resources"
 

* 	 No legal definition of "significant deterioration-of air
 

quality" given
 

* 	 Regulations developed to implement PSD policy
 

-Air quality increment approach (pg/m
3)
 

-Three types of clean air areas
 

Requirements of PSD Policy
 

* 	 Stringent emission control and siting rules
 

* 	 Allowed emissions increases are small fraction of related
 
ambient standards
 

Effects of PSD Policy
 

* Can limit size of industrial plants
 

0 Cali limit total number of sites suitable for development
 

" Has created technical and administrative uncertainty
 
regarding 	newindustrial plant construction
 

* 	 Has in some cases foreclosed planned construction
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Questions Raised by PSD Policy
 

" How can long term growth be managed consistent with 

environmental goals? 

" Should countries allow development up to maximum allowable 

standards or "allocate" growth in some other manner? 

S What is the appropriate statement cf such guidelines? 
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THE ROLE OF ENVIRONMENTAL STANDARDS AND REGULATIONS
 

IN THE MANAGEMENT OF INDUSTRIAL DEVELOPMENT
 

The Need for Governmental Standards
 

A proper starting point is to consider why we need governmental
 

standards for pollution control in the first place. Fundamentally,
 
this need arises in any society or nation when the level of polluting
 
activities relative to the natural resources that they use
 
up--basically, air and water--threatens to consume those
 

resources--that is, when those resources begin to become scarce. In
 

the absence of governmental standards and restrictions, normal
 

economic incentives do not adequately protect air and water resources
 

or their ultimate owner, the general public, since these resources are
 

free goods, i.e., they have no market price. This phenomenon is true
 

in both capitalistic or free market economies and in socialist
 

economies. In neither case, absent regulations, must those who use
 
air and water as a dumping ground for their waste products
 
"internalize" or account for the costs to the society of doing so.
 
Absent regulations, the costs of impaired health, reduced visibility,
 
damage to crops, and other consequences of pollution are borne by the
 

affected public and not by the responsible enterprises and their
 

customers. One result is that polluting goods and serviies are
 
underpriced and therefore produce a distorted allocation of society's
 
total economic resources.
 

This phenomenon is sometimes called "the tragedy of the commons,"
 
a reference to a very simple example. It involves a community that
 

makes a piece of public land available for grazing by livestock. When
 
the demand for the grass exceeded the capacity of the commons,
 

allocations had to be made (i.e., regulation) or the entire community
 

would suffer.
 

In the U.S., the legal system heavily favors and encourages
 

individual citizen actions in court to restrain and obtain
 
compensation for harm inflicted by a neighbor, including neighboring
 
plants that create pollution. Even in such a legal system, it is
 

obvious that leaving pollution control to such case-by-case attention
 
is highly inefficient and inequitable. Just one of many important
 
limitations on such an approach is the fact that individual citizens
 
who object to a particular pollution problem rarely have the financial
 
and scientific resources to demonstrate that they are entitled to
 

relief.
 

More importantly, there are affirmative benefits to many affected
 

interests when pollution is regulated by the government through
 

comprehensive standard-setting and enforcement. First, such a system
 
allows a society, through its normal political decisionmaking
 

processes, to articulate and define on a regional or national basis
 

just what balance it wishes to achieve among competing economic,
 
health, aesthetic and other interests. Second, it allows scientific
 

and other pertinent data to be gathered and analyzed in a way that is
 
more efficient and meaningful than any alternative wooit allow.
 
Third, so long as the governmental decisionmaking pruces attaches
 
reasonable
 



weight to industry's need for certainty and stability, the
 

standard-setting process facilitates the long-range industrial and/or
 

governmental planning that is critical to healthy economic development
 

in modern times. With standards and timetables to guide them, economic
 

planners can (and must) factor environmental constraints into their
 

work, thereby minimizing future conflicts. Fourth, standard-setting in
 

an economy that allows or promotes competition tends to maximize equity
 

among competitors.
 

The U.S. has been through several phases of environmental
 
First, there was a very generalized
standard-setting and regulation. 


and decentralized process which left many key decisions to individual
 

Then, at the turn of the last decade, we
states and communities. 

a more rigid and ambitious assertion of centralized national
shifted to 


authority in response to public dissatisfaction with the results of
 

earlier efforts. Now, we are moving inevitably into an era of greater
 

recognition of the economic and social limitations on how much
 
The enormous
environmental improvement we can achieve and how fast. 


costs of regulations are now receiving considerable attention as well
 

as the benefits.
 

Relevant Considerations in Standard-Setting
 

Once the decision has been made to regulate pollutant discharges
 

into the air or water, or onto the ground, the government must define
 

the basis on which standards are to be set and implementation
 

strategies devised. (Throughout these remarks, please bear in mind
 

that only one small part of "staneard-sett'ing" is the selection of
 

Equally important are the allocation of
numerical or other limits. 

pollution reduction responsibilities among different plants and
 

industries, the schedules selected for their achievement, and the means
 

chosen for enforcement.)
 

In any situation, there are both technical and non-technical
 

factors that should be considered in setting standards. The relative
 

weight given to each, and the way in which each is considered will vary
 

considerably according to the basic political system, the prevailing
 
f the information available.
political climate, and the accuracy 


The technical or scientific factors to be considered include, most
 

prominently, the state of the environment and the state of control
 

Assessment of the state of the environment must include
technology. 

both present conditions, and their effects on public health and
 

welfare, and potential future conditions together with their likely
 

consequences. This latter consideration may have overriding importance
 

in a rapidly developing economy and should be a major factor in
 

deciding when La institute a serious regulatory program. Experience in
 

the U.S. and elsewhere will demonstrate that waiting until prohiems are
 

severe, and then instituting corrective action, is inefficient and
 

invites harmful overreaction.
 

Defining the present state of the environment involves two parts.
 

First, determining ambient le-vls and trends can be accomplished 
only
 

by a we1l-con¢cived program of monitoring, supplementeJ by modeling
 

2
 



simulations. Studies of comparable experience elsewhere cannot
 

substitute for such a program in your own nation. Design of a
 

cost-effective monitoring program, targeted on the pollutants most
 

likely to be prevalent and in representative locations, is critically
 

important. Experience to date in the U.S. and other nations with
 

environmental programs should be reviewed carefully--for both successes
 

and failures. Even the most advanced governmental programs are still
 

learning some fundamentals, as you will see from a recent U.S. EPA
 

regulation substantially changing the approach to nationwide ambient
 

air monitoring and reporting. (Basically, it replaces a large network
 

of poorly maintained monitors with fewer and better-maintained key
 

trend-monitoring stations and correspondingly less data reporting.)
 

The second part r'f defining environmental conditions is a
 

determination, or, more accurately, an estimatep of the health and
 

welfare,effects associated with present or projected ambient pollution
 

levels. This tends to be more difficult and time-consuming. However,
 

there is less. scientific necessity for assembling nation-specific or
 

region-spdcific data than is the case with ambient monitoring. Absent
 

unusual circumstances, reliable data from other nations that can be
 

correlated to your conditions should be very useful. The pressure to
 

have your own, site-specific health effects studies may well be more
 

political than scientific. Unfortunately, data on the most critical
 

subject, human health effects, is still quite sparse for most
 

pollutants.
 

The other major technical consideration is that of control
 

technology and its capability. Many of these technologies are
 

relatively well documented. Here too, basic information can and should
 

be gathered from abroad as well as domestically. In the U.S. air
 

pollution control program, one of the most importan technological
 

developments used to tighten U.S. emission standards for power plants
 

has been the S02 "scrubber", largely a Japanese innovation. It
 

appears that Japanese NOx control technology may be an important
 

influence in the U.S. as well. Of course, "availability" of control
 

technology must consider realistic operating and maintenance
 
capabilities as well as the hardware itself.
 

One potentially important factor in assessing control capabilities
 

is fuel availability and national fuel policy. Consider the contrast,
 

for examplep between the U.S. and Mexico. In this country, natural gas
 

supplies appear to be dwindling over the next several decades despite
 

the present temporary upturn in supplies tied at least in part to new
 

government pricing policies. This fact, combined with undeniable
 

shortages of domestic petroleum and a dangerous degree of dependency on
 

foreign sources dictates that the U.S. do all it can to use coal for
 

fossil fuel needs. Hence t!.e great pressure for developing and using
 

technology for cleaning up this inherently dirty fuel. In Mexico, on
 

the other hand, the domestic fuel supply situation is quite different,
 

allowing that government to turn from high sulfur oil to natural gas as
 

a means of reducing pollution in the highly polluted Mexico City area.
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Besides technological factors, of course, the standard-setter must
 

consider other very important factors such as the present and projected
 
state of the economy and governmental or social objectives that may
 

require tradeoffs with the objective of environmental improvement.
 
Current developments in the U.S. well illustrate how the fortunes of
 
costly environmental protection efforts are inevitably tied to the
 

state of the economy. Persistent and substantial inflationary
 
conditions in our economy have forced a very pro-environmental
 
Administration to get quite serious about holding down regulatory
 
costs. Such costs are largely inflationary regardless of the
 

offsetting economic benefits of a cleaner envir3nment. It is
 
essential, for the long-term viability of an environmental improvement
 
program, that it be structured in a way that ensures adequate
 

consideration of economic and political factors in the standard-setting
 
process. Without this, the program may run amok, perhaps producing
 
greater short-term environmental gains but very likely building up a
 

dangerous resistance of "backlash" over the longer term.
 

The U.S. clean air program presents a curious example of how
 

economic factors may be considered. Almost unique among other
 
environmental and health-protection legislation, our Clean Air Act
 
sharply limits the consideration that may be given to economics by the
 

federal EPA and by the State air pollution agencies. This approach
 
resulted from Congressional frustration in 1970 with the poor
 

performance of state agencies and skepticism that federal
 

administrators, if given flexibility, succumb too readily to economic
 
pressures for weak regulation. The consequence is that to a large
 

degree, relief based on economic grounds must be obtained periodically
 

from the Congress itself rather than from administrative officials. In
 

addition, however, these officials use great ingenuity to grant quite a
 

bit of economic relief, not strictly authorized under the law, without
 

admitting they are doing so. One can seriously question whether there
 
isn't a more sensible and straightforward way for Congress to ensure
 

that economic realities are considered while ensuring at the same time
 

that narrow economic pressures are not given undue weight.
 

The Role of Environmental Quality Standards
 

Since the ultimate justification for expenditures to reduce
 
discharges into the environment is prevention of some environmental
 

harm or providing an environmental benefit, the only logical
 
starting-point for an environmental quality program is the
 

specification of environmental quality stat.dards. Controls on
 

individual sources of pollution should be related to these governing
 
targets. These targets may be numerical limits on ambient pollutant
 

concentrations above which it is believed there will be an unacceptable
 
amount of harm. As illustrated in recent U.S. experience, these may
 
include somewhat arbitrary limits on the extent to which further
 
degradation is to be allowed in relatively clean areas. Preservation
 

of cleanliness may be important not only for aesthetic reasons but also
 
for economic reasons, e.g., to preserve recreational values.
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Having accepted environmental quality standards as the starting
 

is essential to recognize the many uncertainties and
point, however, it 


pitfalls that exist in relating both individual source regulations and
 

overall strategies for source regulations, to these ultimate goals in
 

If we have an ambient air quality standard for
 any precise way. 

can be reasonably confident that ambient
pollutant X, for example, we 


levels of that pollutant will be roughly proportionate to the allowed
 

discharges of that pollutant or its precursors into the air or water.
 

Often, however, we cannot proceed beyond such a conclusion with any
 

degree of reliability.
 

Ambient levels of pollutant X often depend not only upon the
 

emissions of that pollutant or precursor pollutants but also upon
 

atmospheric levels of other pollutants and upon meteorological
 

humidity and temperature. Moreover, it is essential
conditions such as 

to determine the relevant area within which discharges may be related
 

Over the last decade, for example, we have
to ambient conditions. 

levels in the atmosphere result
confirmed that both sulfate and ozone 


from emissions over very broad geographic areas. Thus, atmospheric
 

levels of these pollutants in any single area or even in an entire
 

state may be only minimally related to emissions within that area 
or
 

state. This phenomenon, of course, has profound political as well as
 

technical implications. It means that neighboring nations, including
 

to one another, must develop cooperative
those that are not adjacent 


strategies for solving a shared problem to which each contributes.
 

This fact is well illustrated in a recent study which ERT conducted for
 

the U.S. Department of State on the issue of long-range transport of
 

Within the U.S. itself, we are grappling more intensively
pollutants. 

each year with the transport of sulfates and their precursors from the
 

The same is true for ozone.
the Eastern U.S.
industrial Midwest to 


The Role of Source Stardards
 

Ambient standards oy themselves accomplish nothing. To have any
 

effect on pollution levels there must be discharge or emission
 
sources and for categories
limitations for all significant individual 


of sources that are individually minor but collectively significant 
in
 

impact. To the extent reasonably possible, these source standards
 
needed to meet the
should be based on estimates of how much control is 


ambient environmental quality standards or targets. This is the
 

ideal. But a combination of technical and economic realities, and the
 

uncertainties of relating emission and ambient levels, dictate that
 

some compromises be made. Even if the relationship between emission
 

and ambient levels could be clearly defined, limitations in the
 

state-of-the-art in control technology and on the amount of economic
 

can be devoted to pollution control in particular plants
resources that 

It seems
and industries will constrain what can and should be done. 


logical, of course, that the extent of uncertainty regarding emission
 

and ambient relationships and regarding the adverse effects occurring
 

the level of the ambient standards should play a significant part in
 at 

determining how much technology-forcing and economic hardship it is
 

reasonable to demand for particular sources.
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It should be obvious that the impacts of economic, social and
 

political considerations will be felt more heavily at this secondary
 

stage of environmental standard-setting -- that is, in determining
 

controls for individual sources -- than at the more abstract initial
 

stage of setting environmental quality standards. It is essential
 
throughout both of these stages that regulators and those who are
 

regulated be totally candid with eich other and the public. Economic
 

and other constraints should be handled openly and identified as such.
 

Too often there is a tendency to confuse technical and economic
 

considerations, for example by arguing that a particular environmental
 

qualiLy standard is unduly stringent for health protection purposes
 

when in fact the problem is that its attainment is not economically
 
feasible. Confusing such considerations leads to loss of credibility
 
with the public and with legislative and executive leaders in the
 

government. Such a loss of credibility, as we have seen in the U.S.,
 

hurts both the regulators and the regulated.
 

As a practical matter, when there is substantial uncertinty as to
 

how much control of particular sources is needed to meet ambient
 

objectives, it is often a prudent course to set source standards
 
primarily on the basis of technological and economic feasibility,
 

insisting on more stringent measures only where this appears clearly
 

needed. This approach, followed in the Clean Water Act in the U.S.,
 

has proved far less contentious and troublesome in general than the
 

contrasting Clean Air Act strategy. The Clean Air Act focuses much
 

more heavily on estimated ambient/emission relationships and gi'.s far
 

less weight to technical and economic constraints.
 

Two Basic Strategies -- Cleanup and Prevention
 

Where the environment is already fouled, the basic strategy must
 

be to achieve a cleanup, a "rollback" of emissions from existing levels
 

at existing sources. This involves far different measures than does a
 

preventative strategy for keeping a clean area clean. These
 

differences illustrate the wisdom of imposing a regulatory program
 
before environmental conditions deteriorate, if possible.
 

Where cleanup is required, there must be an accurate emissions
 

inventory -- basically a technical task. Then there must be an
 
appropriate allocation among various existing sources of the total
 

emiosions reduction that must be achieved -- a potentially difficult
 

task from a political point of view. Unless most of the major existing
 

sources in the area are relatively new and located at sites with
 

available land, retrofitting of necessary controls may be very ccstly
 
both in absolute terms and relative to the remaining value of the
 

facilities. Plant operators will have considerable incentive to delay
 

or totally avoil the applicable requiremens, and therefore a major,
 
sustained enfoi.cement effort may be needed. In addition, assuming
 

industrial growth is continuing in the area, there may be substantial
 
difficulties in accommodating such growth while existing sources alone
 
are exceeding environmental standards.
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If this is the situation in your country, you must simply face up
 

to the difficult tasks involved and prepare for a long clean up
 

campaign. However, if you can avoid such a predicament by instituting
 

controls before environmental impacts get out of hand, you are far
 

better off, and so are those being regulated. lit the first place, a
 

preventative strategy can and should accommodate land use planning as
 

an integral element, a subject discussed below. Intelligent planning
 

can channel growth into areas where natural conditions tolerate
 

pollution better than other areas (e.g., well-ventilated smooth
 

terrain) and avoid sensitive areas (e.g., areas with significant
 

recreational value). Decisions may be made to allow normal standards
 

to be exceeded in designated "industrial parks" just as other areas can
 

be protected by standards more stringent than the normal.
 

Secondly, controls on new facilities, regardless of their
 

location, will be better able to minimize the long-distance pollutant
 

transport problem discussed earlier. This is because new plants almost
 

always can be designed from the outset to incorporate more effective
 

controls at less cost than is possible with retrofits.
 

In the U.S., attention has turned increasingly to the preventative
 

approach at the same time that we continue the demanding process of
 

cleaning up dirty areas. Public concern over preserving the pristine
 

air found in much of the scenic Western U.S., where development
 

pressures are building, provided the trigger for a new U.S. program
 

called "prevention of significant deterioration of air quality",
 

described below.
 

Land 	Use Planning Aspects of Air Pollution Control
 

While control of air pollution is not the central issue for most
 

countries in the formulation of development plans for regions, many
 

potential air pollution problems (in particular those associated with
 

the operation of heavy industrial facilities) can be minimized by a
 

careful choice of location for such facilities. In regions where
 

substantial development has not yet occurred, but will occur in the
 

next several years, careful locational planning can improve air quality
 
These
for residents and for the work force within these regions. 


benefits of good air quality can often be achieved with little
 

additional cost if air pollution is considered early in the planning
 

process.
 

The planning decisions which most directly influence air quality
 

foi the population include:
 

1. 	 location of heavy industry and principal transportation
 

routes,
 

2. 	 location of residential areas relative to the industrial
 
zones,
 

3. 	 location of sensitive facilities, such as hospitals and
 

schools, and
 

4. 	 specification of maximum industrialization in the development
 

areas.
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Early consideration of these decisions will generally result in better
 
air quality (both present and future) in the major development regions
 
of countries. Where environmental standards or guidelines are
 
established in a country, such standards will in some cases impose
 
limitations on industrial development. Standards can provide definite
 
limits which can be considered by planners, architects, and engineers
 
in the design of major industrial and transportation facilities. The
 
issue is whether countries should allow development to occur up to the
 
maximum allowable standards or whether countries should seek to
 
"allocate" growth in 
some other manner.
 

A Case Example: The U.S. "PSD" Policy
 

In the United States, a goal to preserve good air quality in less
 
developed regions was codified into the Federal Clean Air Act in
 
August 1977. To implement this goal, detailed rules for
 
preconstruction review of major new and expanded industrial plants in
 
clean air areas have been established in order to minimize the amount
 
of air pollution emitted from sources in these areas. These areas of
 
the country where air quality is better than the National Ambient Air
 
Quality Standards (NAAQS) are called "revention of Significant
 
Deterioration or "PSD" areas.
 

The PSD policy in the U.S. is intended to preserve the special
 
characteristics of the national parks and other sensitive areas, and to
 
allow moderate growth of well-controlled facilities at suitable
 
locations in other clean air areas. To meet this goal, the PSD rules
 
establish stringent emission control and siting requirements on all new
 
and expanded major emitting facilities in clean air areas. Therefore,
 
these rules can limit the size of individual plants as well as the
 
total number of sites potentially suitable for industrial development.
 
Three classes of clean air areas have been established and maximum
 
increases of S02 and TSP concentrations have been specified. These
 
increment values (expressed in micrograms per cubic meter) are small
 
percentages of the related national ambient standards for each
 
pollutant. Control of air pollution through the PSD policyp therefore,
 
goes well beyond the control levels needed to protect public health.
 
PSD has created substantial technical and administrative uncerta,.>ies
 
and delays in major plant construction in the country, and has in ;ome
 
cases, foreclosed planned construction. The following material
 
describes the United States experience in developing and implementing
 
its PSD policy in order to illustrate how one country has sought to
 
regulate the location, type and amount of industrial growth on -.e
 
basis of air quality factors.
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Background of the PSD Policy
 

The basis for PSD policy grew out of a citizen group law suit
 

filed against the United States Environmental Protection Agency (EPA)
 

in 1972. The courts interpreted that the preamble to the United States
 

Clean Air Act, which states that one of the purposes of the Act is "to
 

protect and enhance the quality of the nation's air resources", was
 

sufficient basis to compel the EPA to establish a policy to "prevent
 

significant deterioration of air quality" in regions of the country
 

having cleaner air than the national standards. However, the lower
 

courts (and ultimately the Supreme Court) did not define the meaning of
 
"significant deterioration of air quality". In 1974, after considering
 

several alternative definitions, the EPA adopted an air quality
 

concentration "increment" approach, which specifies a maximum allowable
 

increase in pollutant concentrations above "baseline" air quality. In
 

1977, after considerable debate, the United States Congress extended
 

and made more stringent the EPA increment approach to PSD and
 
incorporated the PSD policy into the nation's law.
 

To provide an appropriate context for the discussion of the PSD
 

rules, three air pollution control objectives which are embodied in the
 

U.S. Clean Air Act are summarized in Table 1. The 1970 Amendments to
 

the Clean Air Act established the requirement that the ambient air
 

quality (designed to protect public health and welfare) for regulated
 

pollutants be attained at all locations in the country. The 1970
 

Amendments further protect existing air quality by requiring the use of
 

best available controls at all new facilities. The PSD policy assumes
 

that all the ambient standards will be attained and that best controls
 

will be employed at all new facilities in addition to preventing air
 

quality deterioration.
 

The Clean Air Act, as amended in 1970, divided the country into
 

air quality control regions (AQCRs) for regulatory purpoaes. By
 

December 6, 1977, each state was required to submit to EPA a listing of
 

the attainment status of its AQCRs for each of the criteria
 

pollutants. An area with air quality better than the National Ambient
 

Air Quality Standards (NAAQS) (based on the most recent air pollution
 

monitoring or modeling data available) is designated as a prevention of
 

significant deterioration (PSD) or attainment area for these
 

An area with a;r quality measured (through monitoring) or
pollutants. 

estimated (through modeling) to be worse than the NAAQS is designated
 

as a nonattainment area for *IAe applicable pollutant. Areas for which
 
are initially
there is insufficient informati'n on attainment status 


as attainment
classified as PSD areas. EntiLe AQCRs may be designated 


or nonattainment areas, or the state may apply such designations to
 

subdivisions of AQCRs.
 

The attainment status of AQCRs throughout the country was
 

originally published on 3 March 1978 for each of the criteria
 

pollutants: sulfur dioxide, particulates, nitrogen oxides, carbon
 

monoxide, hydrocarbons, and oxidants. Numerous changes to the
 

March 1978 designations have since been made. New and expanded
 

industrial facilities proposed in a PSD area are subject to
 

preconstruction review according to the PSD rules described below.
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TABLE 1
 

GOALS OF THE U.S. AIR POLLUTION CONTROL LEGISLATION
 

1. Attainment and Maintenance Promulgation of standards for maximum 

of Air Quality Standards permissible concentrations of pollutants 

which may endanger public health and 

welfare. Compliance mandatory regard

less of limitations on industrial and 

commercial activity. 

2. Use of Best Available Represents a commitment to include the
 

Controls best available controls in terms of
 

economics and technology, on all new
 

facilities even if controls are not
 

necessary to assure compliance with air
 

quality standards.
 

3. Prevention of Represents an aim to preserve good air
 

Significant Deterioration quality in regions having ambient air
 

of Air Quality quality levels better than any national
 

primary (health) or secondary 'welfare)
 

standard.
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Clean Air Act Requirements
 

amended in 1977 contains provisions
Part C of the Clean Air.Act as 


to protect areas of the country which are in compliance with the
 

NAAQS. These PSD provisions are generally extensions of similar
 

regulations promulgated by the U.S. Environmental Protection Agency
 

(EPA) in December 1974. Three classes of clean air (PSD) areas are
 

established and maximum allowable increases in sulfur dioxide (SO2)
 

and total suspended particulate (TSP) pollution levels over baseline
 

measurements of air quality are specified. By August 1979, EPA was to
 

have promulgated PSD regulations for the remaining criteria pollutants
 

(carbon monoxide, photochemical oxidants and nitrogen oxide). The Act
 

does not require increments to be developed for these pollutants, but
 

mandates "specific numerical measures against which permit applications
 

If a national standard is promulgated for any
may be evaluated". 

additional pollutant species in the future, EPA must promulgate PSD
 

regulations for that pollutant within two years following promulgation
 

of the standard.
 

Immediately upon passage of the 1977 Amendments the following
 

areas were designated as Class I areas: all international parks,
 

national wilderness areas and national memorial parks greater than
 

6,000 acres in size (158 areas). All other PSD areas of the country
 

were initially classified as Class II. A state may redesignate any
 

area to Class I. The Act requires federal land managers to review all
 

national monuments, primitive areas, and national preserves (Class 11
 

areas) and recommend those areas where air quality related values are
 

important attributes for redesignation to Class I. States are also
 

permitted to redesignate certain areas to Class II, except the
 

following areas greater than 10,000 acres in size: present national
 

monuments, primitive areas, recreation areas, wild and scenic rivers,
 

wildlife refuges, lakeshores and seashores, and future national parks
 

and wilderness areas. Redesignation of an area to Class III is a
 

complicated process requiring approval by the governor, detailed
 

analysis of the health, environmental, economic, social and energy
 

impacts of the proposal, public notices and hearings, consultation with
 

the state legislature, and approval by a majority of the potentially
 

affected local residents.
 

Table 2 summarizes the increment limitations for SO2 and TSP
 

concentrations i each of the three area classifications. The Class I
 

increments are approximately 2% of the related ambient standard in the
 

case of SO2 and 7% for TSP. The Class II increment limits are
 

approximately 25% of the related ambient standards for both pollutants
 

(with the exception of the 3-hour SO2 limit which is larger) and the
 

Class III increments are 50% of the related standards. It is very
 

important to note that the increment limits must be attained for all
 

future times; therefore individual new facilities generally will not be
 

permitted to "use up" the increment. Instead, they will be required to
 

limit emissions so as to use only a part of the increment.
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TABLE 2 

PSD PERMITTED INCREMENTS (ug/m3 )* 

Class I Class II Class ELI NAAQS 

so2
 

Annual 2 20 40 80
 

24-Hour 5 91 182 365
 

3-Hour 25 512 700 1300(s)
 

TSP
 

Annual 5 19 37 75
 

60(s)
 

24-Hour 10 37 75 260
 

150(s)
 

*All 24-hour a~id 3-hour values may be exceeded once per year. 

(a) indicates a secondary standard.
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Major emitting facilities commencing construction after 7 August
 

1977 must comply with the PSD numerical increment limitations. A
 
"major emitting facility" is defined as one of 28 specifically named
 

industrial categories having emissions in excess of 100 tons/year of
 

any pollutant, and any other source with emissions exceeding
 
250 tons/year of any pollutant. A listing of the 28 designated
 
industries appears in Table 3.
 

The short-term (3- and 24-hour) S62 and TSP incrauiants in any
 

Class I, II or III area may be exceeded once per year. The maximum
 

allowable concentration of any air pollutant in any PSD area cannot
 
exceed 90% of the national primary or secondary standard (wfhichever is
 

lower) for each pollutant for each period of exposure. Under special
 

conditions, a facility proposed for location in or near a Class I area
 

may be granted a permit which allows less stringent Class I increments
 

18 days a year if it can be demonstrated that no adverse impact on the
 

air quality related values (including visibility) of the Class I area
 

would occur. No similar variance is allowed for the increment limits
 
in Class II or Class III areas.
 

General Requirements
 

The final PSD regulations, promulgated by the U.S. Environmental
 

Protection Agency on 19 June 1978, detail procedures governing
 

preconstruction permit review and approval of major stationary sources
 

(new construction or facility modification) in a PSD area. The PSD
 

review process includes the following:
 

* 	 Review of Best Available Control Technology (BACT) for each
 

applicable pollutant. BACT determination is "made on a
 

case-by-case basis by the reviewing authority taking into
 

account several factors including cost, energy, and technical
 
feasibility".
 

* 	 Air quality review demonstrating that a source would not
 

violate the NAAQ or the maximum allowable increase over the
 
baseline concentration (increment) in an area.
 

* 	 Additional analysis of the impacts associated with the new
 

source or modification on air quality related v .es such as
 

visibility, soils, and vegetation.
 

After an application is submitted zi EPA, the Administrator must
 

notify the applicant of any deficiencies in tEe application within
 

30 days. Within one year of receipt of a completed application, the
 

Administrator must allow for public review and hearing and make a final
 

determination on the application. Generally, if the PSD review process
 

indicates that the source will not violate the PSD increments, then a
 

construction permit may be issued.
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TABLE 3 

MAJOR EMITTING FACILITIES SUBJECT TO PSD REVIEW 

1. 	 Power Plants (250 million Btu/hr)
 

Specific Sources (100 tons/year any pollutant)
 

2. 
power plants 	 16. coke oven batteries
 

3. coal cleaning plants 17. 	 sulfur recover plants
 

4. 	kraft pulp mills 18. carbon black plants
 

(furnace process)
 

5. portland cement plants 19. 	 primary lead smelters
 

6. primary zone smelters 20. 	 fuel conversion plants
 

7. iron and steel mill plants 21. 	 sintering plants
 

8. 	primary aluminum ore
 

reduction plants
 

9. 	primary copper smelters 22. secondary metal
 

production facilities
 

10. 	municipal incinerators 23. chemical process plants
 

(250 tons/day)
 

11. 	 hydrofluoric acid plants 24. fossil-fuel boilers
 

(250 	million Btu/hr)
 

12. 	 sulfuric acid plants 25. petroleum storage and
 

transfer facilities
 

(300,000 bbls)
 
13. 	 petroleum refineries 26. taconite ore processing
 

facilities
 

14. 	 lime plants 27. glass fiber processing
 

plants
 

15. 	 phosphate rock processing 28. charcoal production
 

plants facilities
 

Any Other Source (250 tons/year any pollutant)
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Source Applicability
 

The PSD regulations apply to major sourcs beginning construction
 

on or after 1 March 1978, and sources which received permits prior to
 

1 March 1978 and commence construction before 19 March 1979. In
 

addition, the regulations require that construction not be discontinued
 

for more than 18 months. The 1 March 1978 deadline does not apply if
 

that date was not met exclusively because of an extension of the public
 

comment period.
 

As set out in the Act, a permit to construct will be required of
 
"major" sources of any criteria pollutant, defined as:
 

* 	 twenty-eight specific source categories with potential to
 
emit an increase in pollutants of 100 tons/year (Table 2); and
 

" 	 all other sources with potential to emit an increase in
 
pollutants of 250 tons/year.
 

"Potential to emit" was defined under the final regulations as "maximum
 
capacity to emit a pollutant in the absence of control equipment."
 

This is in the process of being changed from sources with uncontrolled
 

emissions to controlled emissions.
 

Under the final PSD regulations, full PSD impact analysis
 
(including BACT review, screening test, and other air quality analyses)
 
is required of all sources or modifications causing an increase in
 

allowable emissions greater than or equal to 50 tons/year,
 
1,000 lb/day, or 100 lb/hour or having an impact on a Class I area or
 
on an area where the increment is known to be violated. "Allowable
 
emissions" is defined in the regulations as actual emissions after all
 

required controls; specifically, the "emission rate calculated using
 

the maximum rated capacity of the source and the most stringent of the
 

following: i)applicable New Source Performance Standards (NSPS),
 
(ii) applicable SIP emission limitations, or (iii) the emission rate
 
specified as a permit condition". Major sources whose allowable
 
emissions are less than the amounts cited need only undergo some of the
 

review procedures, although they still will require a permit to
 
construct.
 

It is important to note that "allowable" rather than "potential"
 

emissions trigger full PSD review. There may be isolated instances
 
where a source with "potential" emissions less than 100 (250) tons/year
 

has "allowable" emissions greater than 50 tons/year. If such a source
 

will have an impact on a Class I area or an area where the increment is
 
known to be exceeded, it will be subject to impact analysis regardless
 
of the level of potential emissions. EPA's review of major sources
 
whose allowable emissions are less than the cited trates is only to
 
ensure that the source will meet any applicable emission limitations
 

and has undergone adequate public scrutiny.
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The increase in emissions which may occur at an existing source
 
proposing a "major modification" is determined cumulatively from a
 
baseline date of 7 August 1977. This determination may in some cases
 
consider reductions achieved elsewhere at the source.
 

BACT Review
 

Best available control technology (BACT) will be required of all
 
new sources (1) whose allowable emissions equal or exceed 50 tons/year,
 
1,000 lb/day, or 100 lb/hour, or (2) having an impact on the air
 

quality in a Class I area or an area where the increment is known to be
 
violated. BACT is defined as:
 

....an emission limitation based on the maximum degree of
 
reduction of each pollutant subject to regulation
 
under... the Clear. Air Act ...emitted fDom or which results
 

from any major emitting facility, which the permitting
 
authority, on a case-by-case basisp taking into account
 
energy, environmental, and economic impacts and other costs,
 
determines is achievable for such facility through
 
application of production processes and available methods,
 
systems, and techniques.
 

BACT may not he less stringent than applicable new source performance
 

standards (NSPS) or national emission standards for hazardous air
 
pollutants (NESHAPS).
 

A source owner or operator subject to BACT review in the PSD
 
permit review process must supply the following: (1) a description of
 
the chosen control technology: (2) a description of alternate control
 
systems with greater control levels; and (3) a demonstration that the
 

chosen system is the best control technology among the alternative
 
systems, including an assessment of energy, environmental, and economic
 
impacts of the chosen and alternative systems.
 

Baseline Determination
 

The focus of the PSD new source review permit process is to
 

determine whether the new or modified source would violate or exceed
 
the allowed increment. The amount of increment available for
 
consumption is determined from an emissions "baseline" (the total
 
emissions within the PSD area).
 

The regulations establish a constant emissions baseline date of
 
7 August 1977. Included in the baseline concentration are:
 

0 all actual emissions as of 7 August 1977. "Actual emissions"
 

includes "any future increase in hours of operation or
 
capacity utilization as they occur if such are allowed to the
 
sources as of 7 August, and if the source could have been
 
reasonably expected to make these increased on this date";
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allowable emissions from sources commencing construction
0 

prior to 6 January 1975 but not in operation as of 7 August
 

1977; and
 

allowable emissions from souries to be regulated by a State's
 

air quality plan revision pending as of 7 August 1977.
 
0 


Increment Consumption
 

The increment available for consumption by new source construction
 

or modification is determined by tracking emissions increases 
and
 

Reductions, which would increase
reductions since the baseline date. 

obtained through renegotiated emissions
the available increment, are 


through emission offsets (e.g., emissions "traded off" with
limits or 

Actual emissions must be used to
emissicns of a retiring plant). 


offset baseline actual emissions. Allowable emissions used in
 

determining baseline concentration, can be offset by allowable
 

emissions. After determining the size of the increment, sources whose
 

after 6 January 1975 and SIP relaxations
construction began on or 


received by EPA after 7 August 1977 consume increment on the 
basis of
 

"allowable" (i.e., controlled) emissions.
 

A state governor may temporarily exempt certain emission increases
 

emissions from fuel switches, gas
from consuming the increment such as 

To retain this exemption, the


curtailments, and temporary sources. 


state must submit the exemption in an approvable PSD plan revision
 

within 9 months of promulgation. No permanent relaxations of the PSD
 

increments can be approved.
 

EPA has not provided explicit guidance to the states 	concerning
 
The agency
allocation of the available PSD increment among sources. 


has, however, suggested several possible er-nomic-based schemes of
 

allocating increments to sources. They include: a marketable permit
 

program (a permitted source could sell part of its permit to other
 

sources); emission fees (fees would be charged to a source according to
 

the quantity of pollutants it emits); and emission density zoning (a
 

certain quantity of pollutants could be allowed for a land area and a
 
cover their
 source would then purchase "air rights" to enough land to 


These economic incentive approaches would give states
emissions). 

discretion in controlling the pace of development of certain regions.
 

In addition, a state can stipulate that a single facility may consume
 

only a fixed portion of the increment (e.g., half the available
 

increment).
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Modeling to Determine Increment Allocation
 

Under PSD rules, modeling and monitoring of ambient concentration
 

and emission rates may be required to support a construction permit
 

application to demonstrate that emissions from the new source will not
 

cause ambient air quality to exceed either the increment concentration
 

or the NAAQS for the pollutant. The consumption and allocation of the
 

increments is to oe calculated with modeling, not monitoring data.
 

This is done because increment consumption is based on worst-case
 
emissiu0is and meteorological conditions, not on normal or average
 

conditions that would be meastired by monitoring.
 

EPA has established a "screening analysis" of allowable emissions
 

whereby a proposed source can be exempted from the requirement to use
 

extensive modeling techniques to show compliance with the increments
 

and NAAQS. The 3creening analysis uses very conservative, worst-case
 

emissions and meteorological parameters in a simple mathematical test.
 
If this ana'ysis demonstrates tfat the new source will use up at most
 

one half of che remaining incrementj or at most one half of the
 

available allowance to NAAQS, whichever is less, then no additional
 
modeling is required.
 

If more extensive modeling is required, all riew sources permitted
 

and/or constructed since the baseline date will be modeled together
 
with the proposed new source. The cumulative impact on ambient air
 

quality will be compared to the increments. If the combined impact of
 
the new source and other sources is less than the level of the
 

increment, then the new source could be granted a permit. The amount
 
of remaining increment that a source will be allowed to consume is at
 
the discretion of the EPA region or state air quality control agency.
 
The agencies could deny issuance of a permit to the source or require
 

further control equipment, even though the increment limit would not be
 

exhausted, on the grounds that a new source will consume more than its
 
"share" of the remaining increment.
 

Similar modeling is required to demonscrate that a new source
 

would not cause exceedance of the applicable NAAQS. The new source
 
must be modeled together with a background pollutant concentration of
 

emissions from all sources operating or permitted, to determine if the
 

total pollutant concentration will exceed the NAAQS.
 

Use of Monitoring to Ensure Compliance
 

If the preliminary modeling indicates that a new source may affect
 
NAAQS attainment in a PSD area, representative monitoring data will be
 

required to show actual baseline air quality concentrations. The
 

regulations specifically require any necessary monitoring to take place
 

during the year preceding the application, unless the applicant
 

demonstrates that data from a portion of that year or other
 

representative years are adequate. Only completed applications
 

submitted before 7 August 1978 are exempt from these requirements. The
 

interpretive material preceding the regulations stated that monitoring
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a source which does not "pose a threat to a
will not be required of 

some
NAAQS". Based on this wording, it appears that in most cases 


monitoring will be required unless representative data are already
 

In addition, EPA may require both preconstruction and
available. 

postconstruction monitoring.
 

Effects of the PSD Policy
 

The PSD requirements significantly influence the strategies for
 

the development and siting of industrial and energy-related facilities
 

in clean air areas of the United States:
 

can have the effect of substantially
0 These requirements 

limiting the size of individual facilities and the total
 

number of sites potentially suitable for development.
 

* 	 Small-scale facilities are generally favored, because of the
 

small emission limits required at any individual Fite.
 

* 	 Substantially more stringent source emission limits will
 

generally be required for plants located in regions of rough
 

terrain, because the effluent can occasionally impact on the
 

elevated terrain.
 

* 	 Uncertainties and delays in the development of major new
 

a result of the requirements for use
facilities may occur as 

and interpretation of air pollution models and monitoring
 

data in the permit application and review process.
 

The PSD policy has special relevance for countries which are
 

currently planning industrial, commercial and residential complexes in
 

previously undeveloped regions and wish to be able to accomodate
 

additional growth in the future.
 

* 	 Where should major industrial facilities and their related
 
another, so as
residential areas be located relative to one 


to minimize the impact of the industrial emissions upon the
 

nearby residential areas as the population expands?
 

Will 	the total loading of pollutants cause unacceptable
* 

effects in the major population centers of the country?
 

0 	 Will the ultimate industrial growth in developing regions be
 

limited by the maximum concentrations of pollutions which
 

will be caused in nearby residential areas or in more distant
 

population centers?
 

* 	 Will continued growth of these regions require very large
 

costs to control pollution?
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The implementation of the PSD policy in the United States raises
 

the question as to how nations can effectively manage long-term growth
 

consistent with environmental goals, and what the appropriate statement
 

of such guidelines should be. In general, the essential goals of PSD
 

(i.e. protection of special areas, minimization of pollution in
 

previously undeveloped regions) could probably be achieved in other
 

countries through a less complex procedure. Specifically, the
 

application of sound land use and environmental planning principles can
 

provide the basis for an effective statement of these goals. The
 

optimum growth of a region can be considered early in the development
 

process. Clearly, if a region experiences substantial industrial and
 

residential growth over a 10-20 year (or longer) tim'frame, some of the
 

originally developed sites may suffer deteriorating air quality.
 

Therefore, the expected ultimate industrialization of a region should
 
be considered in order to develop guidelines for land use allocations
 

which permit a nation's air quality goals to be efficiently achieved.
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1. INTRODUCTION
 

Management of environmental resources presupposes that the
 
Proper
manager understands what is the proper use of those resources. 


use of a resource is defined by the society which controls the
 

resource. The complexities of this issue have been dealt with by
 

other speakers at this seminar and will not be addressed here.
 

However, to whatever end man's management of his environmental
 
resources is directed, his effective management is predicated on the
 

timely delivery of information about that resource to him as the
 

decision maker. This information of the state of the environment and
 

its changes, together with the management objectives, are basic to the
 

formation of sound management actions.
 

In this present discussion, the process of information
 
gathering--from the acquisition of data to its transformation to
 

intelligent information, and to the delivery of this information to
 

the user--is reviewed as a prelude to the discussions presented by
 
subsequent papers.
 

For want of a better term, we have chosen to call the mechanism
 

by which all of the elements of information gathering are joined
 

together a "monitoring system." The choice of the term "system' is
 

deliberate because it provides the proper technological connotation
 
that the various elements are selected, from a number of alternatives,
 

to fit logically into a whole in order to satisfy some predefined
 

need. For, indeed, modern technology has provided us many approaches
 

to the acquisition and delivery of environmental information, and the
 

trick is to select the right technical approach that best satisfies
 

the need, at a cost which is commensurate with the problem at hand.
 

We will start our discussion with a brief review of the various
 

elements which make up a monitoring system, followed by an examination
 

of the general technology available for the design of systems and the
 

specific considerations which must be given to the design to satisfy
 

user needs.
 



2. ELEMENTS OF A MONITORING SYSTEM
 

An environmental monitoring system may simply be a trained
 
observer, or a team of observers, in the field making manual entries
 
into notebooks, the contents of which are subsequently collated,
 
organized, interpreted, and presented as information to a user. This
 
kind of elemental monitoring system has provided us uith much of the
 

information we currently have on the environment, especially that on
 

the ecosystem. Indeed, simple as it may be from a technology point of
 

view, it is still used extensively; and in certain technical fields,
 

still the rdt effective method for the gathering of information
it is 

of phenomena which do not change rapidly.
 

Environmental phenomena which undergo rapid changes, and which
 

have dramatic impact on man or on other elements of the environment,
 
place more severe requirements on an information gathering system.
 
Severe weather parameters are a case in point. Tornadoes form,
 

increase in intensity, and dissipate in the time span of hours,
 
extending their damaging influence over only a very limited area. If
 

there is to be "management" through forecasting and warning, an
 

appropriate environmental monitoring system must be responsive to the
 

time and space framework of the phenomenon involved. In this
 

instance, trained observers taking notes do not constitute an
 

appropriate monitoring system. Fortunately modern technology has
 

provided us with the means for a system which is capable of monitoring
 

events such as severe weather phenomena.
 

Regardless of the degree of technical sophistication, there are
 

certain elements which are common to all monitoring systems. An
 

effective system must have at least the following:
 

0 a sensing element;
 

• a communications element; and
 

0 a processing element.
 

In the accompanying schematic, the sensing element--or sensor--is
 

in "contact" with the environment sensing data, i.e., a measurement of
 

some very limited property of the environment in time and space.
 

These data, of themselves, have limited intrinsic value. To be
 

useful, it must be "processed" with other data points and perhaps
 

other knowledge to create information. (Information here is broadly
 

defined to mean the organized collection of data points, in time and
 

space, organized in a logical arrangement and perhaps combined with
 

other knowledge which enables the user to draw conclusions regarding
 

the state of a limited aspect of the environment and/or its changes in
 

space and time.) The conversion of data into information is the
 
function of the processing element. The third element in a monitoring
 
system is that which links the user and the environmental
 

phenomenon-communications. In many parts of the world, monitoring on
 

a routine basis has become possible only because of advances in
 
communications.
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Before proceeding to a more detailed discussion of the various
 

possibilities in the design of each of the three elements, it is
 

important to develop an overall philosophy in the design of systems as
 

a whole. It is often the case that monitoring systems are designed by
 

electronics, communications, or computer engineers with only a minimum
 

participation in the design by the end user. This is a mistake which
 

often leads to a system designed to generate volumes of data and not
 

information. There is a natural tendency to overdesign the data
 

collection portion of the system, i.e., sensing element and
 

underdesign the data processing element. The proper approach to the
 

design of an environmental monitoring system is to begin with the user
 

requirements for information. These requirements should then form the
 

basis of trade-off studies of the various combinations of data
 

acquisition, processing, and communication systems which best meet
 

these requirements. In other words, the system bhould be designed as
 

a whole instead of forcing the processing and communication elements
 

to meet some favored sensing approach. This methodology to system
 

design is time-consuming. In the long run, however, the approach will
 

provide a system which meets the user's need and not thi designer's
 

bias for a particular approach to sensor technology.
 



3. SENSING ELEMENT
 

There are two basic types of sensing: contact sensing and remote
 

sensing (see Figure 2). While the advent to infrared technology and
 

satellite sensing platforms have given recent popular recognition to
 

remote sensing as a new technology, one of the oldest forms of
 
sensing, that of the human eye, is in fact remote sensing. Basically,
 

in remote sensing the sensing element is remotely located from the
 

physical phenomenon being measured. Radiometry, radar technology, and
 

optical devices are examples of remote sensors, the most familiar
 

being the photographic camera. Recently, acoustic sensors have been
 

developed for environmental monitoring. All of these devices are
 

dependent on the propagation of energy, electro-magnetic and acoustic,
 

from the phenomenon to the sensor. This sensing technology is ideal
 

for measurements of phenomena which are not readily accessible.
 

Despite this advantage, there is a drawback. The measurements are not
 

specific, often requiring sophisticated interpretation.
 

Contact, or in-situ measurements have the transducer or sensor in
 

direct contact with the phenomenon being measured. This is the more
 

traditional method of sensing. The sensor output, if properly
 

designed and calibrated, can be made specific to the parameter being
 

measured, at least over a reasonable range of values. In
 

environmental monitoring it is often difficult, if not impossible, to
 

place the sensors in difficult terrain or in inaccessible locations.
 

This is one of the drawbacks of contact sensor. Another drawback in
 

contact sensing is in the area of spatial coverage. Remote s~nsing
 

from spacecraft or aircraft, and even from ground-based instruments,
 

is ideally suited to provide spatial coverage. The motion of the
 

platform, together with the scanning motion of the sensor, provide
 

continuous coverage of the spari_-l variability of a phenomenon. For
 

contact or in-situ sensors, spatial coverage is achieved by placing
 

sensors at a number of locations in the form of a network. The
 

spatial distribution of the sensors is a critical element of system
 
design. Allied with the problem of spatial coverage is the question
 

of spatial resolution. In the case of a network of contact sensors,
 

spatial resolution is determined by the spacing between adjacent
 

sensor elements. For remote sensors, spatial resolution is determired
 

by elements within the sensor itself such as antenna configuration or
 

optical design.
 

Spatial coverage and resolution of a system should be based on
 

the enduse of the information, i.e., user requirements. However,
 

often times it is not possible to meet the most stringent requirements
 

of the user because of economics, terrain problems, or other factors.
 

When this itj the case, it is vitally itiportant that the limitations of
 

the system be fully appreciated by the user such that he does not
 

apply the information beyond the limits of its validity.
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In the design of monitoring systems, there is available then the
 

choice between contact sensors and remote sensors. Each has its
 

merits and its drawbacks. In subsequent papers, the application of
 

both remote sensors and contact sensors in specific system
 
What needs to be emphasized here,
configuration will be discussed. 


that from a system point of view, the sensing element can
however, is 

be made up of both contact and remote sensora hybrid system. This is
 

possible if the communication and processing elements in the system
 
In the discussion
 are properly designed to handle both types of data. 


on Advanced Systems, an example of such a hybrid system will be
 

discussed in detail.
 

In the past few years, while there have been advance., in contact
 

sensor technology, the most dramatic developments have tnken place in
 

remote sensors. This can be attributed in part to the imretus given
 

by the space program and by military surveillance requirements. Both
 

active and passive systems have been developed. The vse of lasers
 

operating in a spectral selective mode, and as ranging devices are now
 
the point
commonplace. Microwave radiometry has been developed to 


where rain over land and oceans and soil moisture can be mapped
 

globally from space platforms. Particulate pollutants can now be
 

over long distances traced. Measurements
mappel, and their movement 


of trace gases in the stratosphere, their concentration and their
 

The same spectral selection techniques are
buildup, are now possible. 


also being used to map the spatial distribution of selected
 

pollutants--particulates and gases-with ground-based systems. The
 

just beginning to be exploited.
potentials of remote sensing are 
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4. PROCESSING ELEMENT
 

The output of the sensing element is data. For both contact and
 

remote sensors, the data are often in the form of electrical voltages
 

which have not immediately reconizable relationships to the phenomenon
 

being measured. The conversion of these data to information requires
 

processing--calibration, collation, organization and possibly
 

combining with other knowledge (see Figure 3).
 

The processing element in a system can be very simple, consisting
 

of a team of technicians recording and organizing readings from
 

calibrated meters in tabular form to provide the user with information
 

on the spatial or temporal distribution of a limited aspect of a
 

phenomenon. If, however, the phenomenon is complex or the sensor data
 

is not specific, than the level of technology in the processing
 

element of the system must be increased. Very soon one is led
 

inevitably to the requirements for computation machines and other
 

marvels of the electronic age.
 

It is very important to stress that a computing machine of itself
 

is useful only in a limited way. Many times the most important part
 

of the processing procedure, that is the conversion of data to
 

information, requires the use of models. The computing machine may
 

prepare the data for the model and actually "run" the model, but the
 

resulting information is only as good as the model itself. The design
 

of models is t-n a very critical element of a monitoring system.
 

Models are of two basic types--diagnostic and prognostic. In
 

diagnostic models the collated data are organized by the model in a
 

"best" approximation of the current state of the phenomenon of
 

interest. Even here a model is needed because no measurement system
 

is perfect, and when the phenomenon is a complex one with different
 

sets of attributes, a model must be used to "integrate" the data and
 

fill in the missing elements. In a prognostic model, the collated
 

data from different intervals of time past are organized by the model
 

to project the state of the phenomena into future time. Often these
 

models are more complex than diagnostic models requiring more
 

sophisticated computing systems. However, in the design of monitoring
 

systems, one should not forget that the user himself may be part of
 

the processing element. With proper training and experience, the user
 

has a set of mental models which he can exercise on the collated data.
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5. COMMUNICATION
 

Data from the sensors must get to the processing unit, and the
 

user. The moving of data and
processed information must get to the 


the function of the communication element of the
information is 

There are a large number of choices of the type of
 systzm. 


For contact sensors
communications link to be used (see Fig. 4). 


located in urbanized areas, telephone cables may be a logical 
choice.
 

For locations which are difficult to get to, radio telemetry may be
 

With the advent of satellite technology, the choice of
the answer. 

for developing
satellite communications might be the logical one 


The cost of data collection platforms and transmitting and
 countries. 

a rapid rate, and as mc-" and
receiving equipment is being reduced at 


more people use the system, the cost will come down all the 
more.
 

The use of satellites as a communication mechanism for
 

environmental data has been fully demonstrated by NASA, 
NOAA, and by
 

Other papers in this volume will be addressing this
COMSAT. 

technology in greater detail.
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6. SUHHARY
 

Environmental monitoring systems should be designed to satisfy
 

There are a number of choices in the technology to
 user requirements. 

Each has its potential and
be used in the implementation of a system. 


limitations. It is important that the limitations are recognized at
 

the outset by the user to mitigate the danger of having the
 

information applied to situations which are not appropriate.
 

15
 



ENVIRONMENTAL MONITORING
 

Remote Sensing
 

James Barnes
 

Manager, Earth Resources Section
 

and
 

Michael Smallwood
 

Environmental Scientist
 
Earth Resources Studies Section
 

Environmental Research & Technology, Inc.
 

June 1980
 

International Environmental Management Institute
 

ENVIRONMENTAL RESEARCH & TECHNOLOGY, INC.
 

Concord, Massachusetts, USA
 



During the past few decades, man has not been deeply committed to
 
environmentally sound human and natural resources development plans.
 
We have seen the earth stripped of its forest, permanently scarred by
 
strip mining operations, its air and water polluted, and its once
 
productive agricultural lands stripped of their essential nutrients.
 
This senseless exploitation of our finite earth has occurred mainly as
 
a result of ignorance of the fundamental laws of nature in combination
 
with an inadequate data base from which to design environmentally
 
sound development policies.
 

As we rapidly approach the 21st century, we must take a
 
retrospective look at the work of our predecessors and assimilate the
 
requisite knowledge to build upon their successes and avoid their
 
failures. Even as the decade of the 1970's approaches its end, we
 
have learned many important lessons. We know that the earth's
 
resources are fragile; that we must properly manage these resources,
 
and that man's interaction with his environment, if not planned and
 
monitored, can result in irrevocable damage to the earth.
 

Paralleling man's increased awareness of his impact on the
 

environment is the increasing need for more reliable earth resources
 
infotmation. This need is most acute in developing countries where
 
often little or no information exists. This informational gap can be
 
bridged using the techniques of remote sensing.
 

Remote sensing, defined as the collection of data by systems that
 
are not in direct contact with the medium or target being
 
investigated, had its true beginning in the days of manned balloon
 
flights during which crude, handheld photographs of the earth were
 
taken. Since that time, technology has created remote sensing systems
 
that probe into nearly all portions of the electromagnetic spectrum
 
and produce black-and-white photographs, false-color multispectral
 
scanner images, and even computer generated digitized maps displaying
 
temperature variations on the earth's surface. In the last decade,
 
the advent of satellite platforms such as Landsat, Skylab, and the
 
numerous meteorological satellites has greatly expanded the
 
applications of remote sensing.
 

Remote sensing techniques can be separated into two main types:
 
satellite imagery and aircraft photography. In the 1960's, the advent
 
of meteorological satellites heralded a new realm of remote sensing.
 
Many studies were performed utilizing this new data source to extract
 
information relating to earth and physical science disciplines. The
 
natural outcome of these early investigations was a need and demand
 
for higher resolution satellite images. In July 1972, the Landsat
 
satellite was launched to meet these new requirements. Landsat is
 
equipped with a Multi-Spectral Scanner (MSS) capable of imaging in
 
four distinct wavelength bands. Bands 4 (0.5 - 0.6 micrometers (Wri)
 
and 5 (0.6-0.7 micrometers (Gm)are in the visible portion of the
 
spectrum and Bands 6 (0.7 - 0.8 pm) and 7 (0.8 - 1.1 Wm) are in the
 
near-infrared.
 

1 
 k\ 



Data from these four bands can be analyzed separately or
 
manipulated to produce false-color composite images utilizing three or
 
even all four bands. The MSS has a ground resolution of 80 meters,
 
and each frame covers a surface area of approximately

185 km x 185 km. Landsat is therefore capable of producing relatively

high spatial resolution images of large areas. Because of the limited
 
area viewed by Landsat, repeat coverage by the same satellite occurs
 
only once every 18 days; nevertheless, this repeat coverage is
 
sufficient for monitoring many aspects of land use.
 

Photography acquired from aircraft is the most frequently used
 
remote sensing technique presently available. The user may choose
 
from a wide range of flying altitudes, cameras, lenses, film types,

and time or season of the photography, in order to obtain a product

specifically suited to his particular data needs. 
Table 1 illustrates
 
the application of large, medium, and small-scale photography to the
 
interpretation of various resource features at the regional, local,
 
and minute levels of investigation.
 

Black-and-white is normally the most economical film type and is
 
well suited to many resource interpretation needs. Black-and-white
 
infrared, color, and color-infrared films are also available (higher
 
cost for color products) and may be better suited to particular data
 
requirements. Multispectral photography allows the interpreter to
 
distinguish specific features by virtue of their varying spectral

"signatures" in different portions of the electromagnetic spectrum.
 

A partial list of remote sensing applicatons might include:
 

0 forestry
 
* geology
 
* agriculture

* land use
 
* urbanization
 
* desertification
 
• water pollution
 
0 wildlife studies
 
0 environmental impact studies
 
• transportation planning
 
* engineering
 

For each of these applications as well as many others, there are
 
a variety of film types, sensing platforms, scales, cameras and
 
interpretation techniques from which a specific remote sensing program
 
can be defined that will meet the specific requirements of the user.
 

In summary, remote sensing exists as a valuable tool to aid the
 
resource planner. 
 Its value lies in its ability to discern the nature
 
of the environment in a cost-effective manner. The methodology is
 
available to all and can be used to supplement other environmental
 
data collecticn techniques.
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TABLE 1
 

THE EFFECTS OF SCALE ON THE ABILITY TO
 

INTERPRET VARIOUS RESOURCE CATEGORIES'
 

:a 1:2,500 1:10,000 Smaller
 
r to to than
 

ateo 	 1:10,000 1:20,000 1:20.000
 

Natural Features
 

Good 	 Excellent
Regional 	 Poor 

Local 	 Excellent Good to Fair Poor
 

Very Poor
Excellent Poor
Minute 


Cultural Features
 
Fair
Regional Poor Good 


Local 
 Excellent Fair 	 Poor
 
Very Poor
Excellent Poor
Minute 


Soils
 
Excellent Good
Regional Poor 	

Poor
Good Good
Local 

Minute 
 Excellent Good 	 Very Poor
 

'Source: 	American Society of Photogrammetry, Manual of Photo
graphic Interpretation, Washington, D.C., 1960,
 

p. 344.
 

3
 



Introduction to Remote Sensing Techniques
 

Remote sensing may be defined as the collection of data by
 

systems that are not in direct contact with the medium or target being
 

Remote sensing has evolved from, and still includes,
investigated. 

interpretation. Today


aerial photographic techniques and methods of 


use is made of a variety of wavelength or frequency intervals (i.e.,
 

spectral regions) beyond the visible region of the electromagnetic
 

The more practical operational methods
 spectrum (see Figure 1.1). 

make use of radiation in the five spectral regions listed below 

in
 

Table 2.
 

Remote sensing can be applied to a wide variety of topics
 

including land use, geology, soils mapping, hydrology, the definition
 
The necessary
of ecosystems, and air and water quality studies. 


instrumentation may be mounted or carried on a ground vehicle, 
a
 

For mapping surface characteristics,
satellite, or on an aircraft. 


aircraft are used most frequently, although in recent years,
 

satellites have become an important vehicle for studies of 
the earth's
 

Output produced by the various systems
atmosphere and surface. 

or color photographs, "picture-like"
includes familiar black and white 


scanner imagery in color or black and white, strip charts, 
and
 

magnetic tapes. Many of the techniques involving the use of
 

non-visible spectral regions have become readily available 
only
 

recently for civilian use on an operational basis.
 

The various systems, types of output, platforms, and uses are
 

For those who wish to pursue a
discussed in the following sections. 


particular technique in greater depth than is possible in this 
review,
 

on remote sensing has been
 a bibliography of generalized literature 


included.
 

Aerial Photography
 

One of the most commonly used techniques of remote sensing is
 

photography. Generally the photographs are taken from various types
 
to 20,000 meters (500


of aircraft flying at altitudes ranging from 150 


to 65,000 feet) above the surface. Aerial photography methods vary
 

of handheld camers to sophisticated techniques
from the simple use 

as multiband stereo vertical photography. Within the past
such 


several years, photographic data have been acquired from satellites
 

and from the manned Skylab, and in many cases, information of 
high
 

quality have been obtained at a small scale. Depending on the needs
 

all of these aerial survey methods might
of the study, any one or 

the time and money
prove useful. The required information as well as 


all factors in deciding what type of photographs are
constraints are 

adequate.
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Society of Photogrametry, "Basic Matter and Energy Relationships
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TABLE 2
 

Wavelength intervals of five useful spectral regions. The units of
 
this table are the meter (m), the centimeter (cm) - 102m, and the
 
micrometer (m) or micron (W) - 106m.
 

Region Wavelength Interval (approximate) 

Visible 0.35 to 0.75 Pm 
Near Infrared 0.75 to 3 Pm 
Thermal or Emitted Infrared 8 to 14 um 
Microwave 0.1 to 30 cm 
Low Frequency Rndio 500 to 100,000 m 
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Acquisition Methods
 

There are generally two types of aerial photographs: oblique
 

photographs and vertical photographs. Vertical photography is taken
 

with the cartera pointed down vertically and obliques are taken with
 

the camera pointed intentionally between vertical and horizontal.
 

Vertical photography yields a map-like appearance aad may be used in
 

mappiag with a mininium of correction. Details remain sharp over the
 

entire photograph. Oblique photography has the advantage of covering
 

a larger amount of ground in one exposure than vertical photography.
 

However, mapping from the photography is difficult, because the detail
 

becomes considerably less clear in the background as a result of the
 

distortions .reated by the angle of the camera. On the other hand,
 

oblique views can provide valuable information not obtainable from
 

vertical photography. For example, some trees are more easily
 

identifiable from the side views.
 

Cameras may be mounted rigidly in an aircraft or they may be
 

handheld. Mounted cameras generally take vertical photographs,
 

handheld cameras are often used to take oblique photographs, although
 

in some cases, the camera is pointed downward.
 

Photogrammetic photography (photography to be used for highly
 

accurate measurements) is obtained by utilizing large cameras located
 

in the floor of appropriate aircraft. These cameras require
 

specialized suspension mounts which minimize vibration and adjust for
 

tilt of the aircraft platform. Leveling devices and controls are
 

continually adjusted by the photographer to compensate for variations
 

in the orientation of the platform. Other specialized equipment is
 

needed to take exposures at regular intervals so as to provide the
 

desired amount of overlap for stereo coverage. Experienced
 

professionals with an aircraft properly outfitted for accurate
 

navigation are also required.
 

Handheld oblique photography is best taken out an aircraft window
 

or door. Gyroscope devices are available to minimize vibrations and
 

type of photography. Although
stabilize the camera when shooting this 


vertical or nearly vertical photography can be taken by handheld
 

as precise as if taken with a mounted camera.
cameras, it is not 

Handheld vertical photography is taken out of a hatch door in the
 

floor of the aiccraft or out of a side door or window with the
 

airplane rolled up on its side.
 

Though it is possible to obtain overlap between each photograph
 

when taking handheld photography, it is difficult to take continuous
 

strips of photography with enough overlap to obtain stereo coverage.
 

Stereo coverage which consists of two photographs of the same area
 

taken from slightly different angles permits one to view and analyze
 

features in three dimensions. To provide stereo coverage the
 

photographs are taken in a line so that each succeeding picture covers
 

60% of the area covered by the preceding photograph. When flying at
 



in taking handheld photography,
low altitudes, which is often the case 


a large number of photographs have to be taken rapidly 
in order to
 

The higher the altitude or the wider the area
 maintain 60% overlap. 

covered by one exposure (wide angle photography) 

the less pictures
 

have to be taken.
 

Various types of aircraft are used for platforms when taking
 

aerial photography. Typically, a single engine light airplane is
 

This is the least expensive and most readily available type,
used. 

and it will provide photographs of adequate quality for many
 

purposes. Larger twin engine aircraft are needed when taking
 
Larger


photographs of sites farther away from the base airport. 


planes are also employed to fly at higher altitudes, for longer
 
Besides the wide
 

distances, or when additional equipment is needed. 

use today, several sizes of jet
variety of propeller planes in 


are commercially
airplanes including the Lear and the Caravelle 


Jets have the ability to fly at very high altitudes, such as
 flown. 

12 to 18 km (40,000 to 60,000 feet).
 

Helicopters are often appropriate platforms for aerial
 

They have the ability to fly at low altitudes where
photography. 

fixed wing planes are not allowed. They are more maneuverable and can
 

hover over one spot if desired. Helicopters are considerably more
 

use and to operate, particularly the jet
expensive than airplanes to 

Helicopters also have considerably less fuel capacity
helicopters. 


(often only several hours), thus -heir ability for photographing large
 

areas at long distance from the base airport is limited.
 

Camera§
 

Photogrammetric Cameras
 

Vertical aerial photographs to be used for accurate measurements
 

and mapping (photogrammetric mapping) must be taken with 
high quality
 

There are several makes of aerial cameras such as
aerial cameras. 

Each of


Zeiss, Wild, and Fairchild which are commonly used today. 


these companies make several different types of aerial cameras, 
but
 

focal length of various lenses, size of negative
items such as 

exposed, and specifications of accuracy have become nearly
 

Most cameras used in North America have a 23 cm
standardized. 

(9 inch) square negative size. In Europe, cameras which have a 18 cm
 

(7 inch) square negative size are commonly employed.
 

The modern photogrammetric lens is an extremely precise piece of
 
The high


optical equipment which costs many thousands of dollars. 

one is to obtain the detailed
quality of the lens is crucial if 


In addition to its high quality,
resolution which is often required. 
 a
 
a characteristic of a camera lens which is of prime interest 

to 


Common focal lengths used are
 photointerpreter is the focal length. 


3-1/4 inch (82 mm), 6 inch (152 mm), 8-1/4 inch (210 mm) 
and 12 inch
 

(300 mm). The shorter focat lengths or wide angle lenses permit wider
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This
 
area coverage and exaggerate the 

stereoscopic effect. 


exaggeration is helpful for many kinds of interpretation, 
particuarly
 

those which involve elevation 
or height measurements. However, in
 

hilly or mountainous terrain the 
exaggeration which is obtained
 

through image displacement means 
that horizontal measurements will 

be
 

often inappropriate for
 
inaccurate; thus, wide-angle photography 

is 

are
"telephoto" lenses 
The long focal-length or 
r,rcise mapping. 


preferable in mountainous terrain in order 
to reduce the excessive
 

The medium focal-length lenses 
are often the best
 

exaggeration. 

The 6-inch focal length lens 

is
 
compromise for average conditions. 


most commonly used and is considered the standard mapping 
lens, since
 

it permits enough stereo exaggeration 
for producing topographic maps
 

The 8-1/4 inch focal lengths
 
without extreme horizontal displacement. 


is also used a great deal, especially 
for reconnaissance projects
 

lens 

where height is not a prime factor.
 

Handheld Cameras
 

Handheld aerial photography can be 
taken by most any kind of
 

camera, but the quality of the photographs 
and therefore their
 

effectiveness for interpretation is dependent largely 
on the quality
 

The image quality also depends on
 
and negative size of the camera. 


the skill of the photographer, the 
stability of
 

other factors such as 
 The larger the negative size,
 
the aircraft and the type of film used. 


Cameras with a 35 mm negative
 
the better the image quality will 

be. 

cameras that should be used and photography
 size are the smallest size 


a low altitude (1000' or
 
taken with these cameras has to be 

taken at 

to 70 mm is
A negative size of 60 mfi 
less) to produce usable data. 


commonly used for handheld photography. 
Appropriate cameras which are
 

easily available utilizing this size 
negative roll form include:
 

a 60 mm or 70 mm square back, (2) a 
Pentax 6 cm
 

(1) a Hasseblad with 

a 4" x 5" (10 cm x
 

x 7 cm, or (3) less expensive cameras 
such as 


12.5 	cm) Speed Graphic with a 2-1/4" 
x 3-1/4" (approximately 6 cm x
 

sizes larger than
 
8 cm) roll film. Cameras which take roll film at 


as hard to obtain. Although
 
2-1/4 x 3-1/4" are expensive as well 
 no camera is commercially
a 5-inch wide size,
aerial film is made in 


this size film. The Lindhoff
 
available in this country that uses 


camera which exposes a 4" x 5" negative 
can be obtained if ordered
 

Cameras using film over 5" wide are 
generally too heavy
 

from Germany. 

and bulky to hold by hand easily.
 

Film
 

Black and White
 

one of the oldest and
 
Black and white panchromatic aerial film is 


It is the least
 
most widely used films for aerial photography. 


expensive aerial film and is capable 
of registering the entire visible
 

spectrum in black and white with fine resolution. 
Most
 

photogrammetric work (i.e., making topographic maps) is done using
 
cost than any other
finer detail at less 


film because it provides
this 

It is usually exposed using a yellow 

filter to cut haze.
 
aerial film. 




a very versatile film for many uses,
Though black and white is 


interpretation capabilities using this film are limited when 
compared
 

to color films. 1he human eye can separate more than 100 times more
 

color combinations than black and white tones (grey-scale values).
 

More training is required for an interpreter to recognize 
objects by
 

grey-scale toae than by color, since color provides two 
additional
 

dimensions, hue (color) and chroma (strength of color).
 

Black and White Infrared
 

Infrared film is sensitive in the reflective portion of the
 

infrared, though it is less sensitive to the blue-green part 
of the
 

visible spectrum. When red filters are used to cut out the blue and
 

blue-green wavelengths, broad-leaved vegetation appears 
in light
 

A loss of vigor in
 tones, water and moist soil or rocks appear dark. 


broad-leaf vegetation shows up darker than the healthy 
vegetation.
 

Because the blue end of the spectrum is effectively cut 
out, infrared
 

film has superior haze-cutting capabilities.
 

The disadvantages of black and white infrared film include 
its
 

poorer resolution quality compared with that of panchromatic 
film, its
 

poor shadow penetration, and it lack of tonal gradation.
 

Color
 

In the past decade, vast improvements in color film have been
 

made increasing its resolution, stability, fidelity, sensitivity 
and
 

processing ease as well as reducing its cost. These factors have
 
There are two types of
brought color aerial film into wider use. 


normal color film that can be used, color positives, which are
 

generally viewed a4 positive transparencies, and color negatives,
 

which are usually viewed as positive paper prints. Both types are
 

more expensive than black and white photography. Color positive
 

are cheaper to obtain than color prints when acquiring
transparencies 

new photography, however, when acquiring copies of existing 

color
 

film, color prints made from original negatives are somewhat 
less
 

expensive than obtaining reproductions from color positive
 

transparencies, because an internegative is required.
 

Though the costs are more and the resolution is not as fine as
 

when using black and white film, especially when using color negative
 

film, color provides more information for many kinds of
 

One advantage of color film for interpretation is
interpretation. 

more easily interpreted
that the image is in natural color which is 


especially by inexperienced interpreters. As mentioned above, color
 

film allows for much finer discrimination between color tones and
 

brightness than is possible with black and white, thus for example, 
it
 

is possible to identify vegetation species from color, but not from
 

black and white in many cases.
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Because color film is sensitive in the blue region of 
the
 

This inability to penetrate haze
 spectrum, it readily detects haze. 


makes it difficult to obtain high resolution color 
photography in many
 

areas throughout much of the year, and particuarly 
at high altitudes
 

This, in addition to the increased costs, is a major

(small scale). 

disadvantage.
 

Color Infrared (CIR)
 

false-color film,
Color infrared film, also referred to as 


camouflage-detection film, or infrared color 
film, is generally Kodak
 

Though there are other CIR films, this
 Ektachrome Infrared Aero film. 


is the most common CIR film in the United 
States. A yellow filter is
 

always used to block out the blue wavelengths, 
thus only the reflected
 

green, red and infrared portions of the spectrum 
are recored on this
 

As with black and white infrared, this infrared 
film has
 

film. 

special advantages for detecting water and 

moisture, in vegetation
 

discrimination, and in haze penetration.
 

The reflectance of healthy broad-leaf vegetation 
is higher in the
 

infrared than in the green and red portions of the spectrum, and
 
bright red.
 

therefore, the CIR film presents healthy vegetation 
as 


loses its strong infrared
to die, it
When vegetation begins 

no longer appears bright red on CIR film.
 reflectance, and thus, it 


Conifer or needle-leaved trees display somewhat 
different color
 

characteristics, thus making vegetation identification 
easier than
 

Water bodies are easily detected due to 
their dark
 

using this film. 


tones, and often an indi'ation of soil moisture 
can also be deduced.
 

Finally, CIR film allows one to obtain very 
high altitude photography
 

(i.e., 1:80,000) while still maintaining fine resolution 
and not
 

losing the films' wide color tone and hue variations.
 

Multiband Photograp
 

designed to obtain simultaneous
Multiband photography is 

at a variety of visible and/or infrared
 exposuxes of one scene 


information
This type of photography can provide more
wavelengths. 

Multiband
spectral region alone.
than is obtainable from any one 


are designed to record variations that exist 
in the
 

camera systems 

Analysis of these
 

spectral reflectivity of natural objects. 

identify the objects and their condition.
 variations helps to 


camera systems which provide imagery of scenes 
within
 

A number of 

Some systems use
 

various spectral bands are commercially available. 

on oune
 

separate cameras mounted together; many use multiple 
linses 


use a camera with internal
 camera, and the U.S. Army Topographic Labs 

By using different film and
 to obtain the different bands.
prisms 


can photograph the entire
 filter combinations these camera systems 

does not record as much of the
 range of reflected light. However, it 


possible with multispectral scanners, which can
 entire spectrum as is 

thermal
 

produce imagery in the non-reflective wavelengths, such 
as 


a unique spectral signature
infrared. If the target has, in fact, 




against its background, the multiband camera can be "designed" 
to
 

optimize the detection by selecting the appropriate filter/film
 

combination to accentuate the spectral differences. Careful control
 

must be exercised to assure consistency throughout the system in order
 

to get comparable and repeatable results.
 

Some disadvantages to using multiband photography for
 

follows: (1) the image coverage is
environmental analysis are as 


generally smaller than with conventional aerial photography 
and thus
 

more exposures are needed to cover the area at the same scale;
 

(2) often the information needed for some parts of environmental
 

impacts analyses can be acquired more economically through 
the use of
 

a single, broad band film; (3) the specialized equipment, calibration,
 

and control needed to obtain high quality multiband photography
 

require systems which are quite expensive, and (4) the tremendous
 

amount of information acquired may overload the interpreters with 
too
 

much information to use or even comprehend.
 

Equipment for Interpretation and Costs
 

interpret aerial photography, like the
Equipment used to 

equipment used to acquire aerial photography discussed in 

previous
 

sections, range from simple to sophisticated. The first requirement
 

is to provide equipment which aids in viewing the photography.
 
facilitate stereo viewing and/or
Generally, the equipment is used to 


to magnify the image. If the photography has stereo coverage,
 
commonly used to aid the interpreter
stereoscopes of various types are 


in seeing in three dimensions by forcing each eye to look straight
 

down at each photograph and thus the three dimensional image is seen.
 

However, stereo vision with the unaided eye can be attained with some
 

practice. Many stereoscopes also magnify the photograph which is
 

There are two types of stereoscopes used
useful for interpretation. 

for photo analysis; these are lens stereoscopes and reflecting
 

stereoscopes. Lens stereoscopes combine the advantages of
 

magnification (usually two times, sometimes four times) with
 
A disadvantage with lens stereoscopes is
portability, and low cost. 


that the entire overlap area of standard photographs cannot be viewed
 

at one time. Reflecting or mirror stereoscopes use mirrors and
 

sometimes prisms to separate the line of sight of the eyes and this
 

helps the viewer see stereoscopically. With mirror stereoscopes, the
 
Some mirror
entire stereoscopic overlap can be examined at one time. 


stereoscopes have fcanning capabilities, such as the Old Delft
 

scanning stereoscope. With this stereoscope photographs up to
 

9" x 18" in size can be viewed stereoscopically without moving the
 

photographs or the stereoscope. The Old Delft has a range of
 
to 9x depending on the lens
magnifications from l-5x (1 to 5 times) 


used.
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If stereo coverage is not acquired, then enlargement or
 

magnification of the photograph is often used to aid the
 

interpretation process. The photograph can be enlarged
 
Anything from a
photographically or viewed under magnification. 


simple magnifying glass to a large complicated and expensive automated
 

viewer such as a Variscan can be used.
 

The approximate costs of equipment which is required or will 
aid
 

as follows:
in the interpretation of the aerial photographs is 


Stereoscopes
 

* pocket lens stereoscope (2x*) $12.00-$15.00
 

$50.00-$60.00
 * Abrams CB-I (2x & 4x) 


* Small mirror stereoscope (l.5x) $70.00
 

* Mirror stereoscope (no
 
$200.00-$300.00
 magnification 

$150.00-$200.00
 Eyepiece (3x) 


Old delft scanning stereoscope
 
$4,900.00
 

* 

(1.5 & 4.5) 


Viewing Equipment
 

$2.00-$50.00
 * Magnifying glass 


* Opaque projector $200.00-$400.00
 

*2x means 2 power magnification
 

Satellite Data
 

A number of satellite programs have provided useful observations
 

These programs include the operational
of the earth's surface. 

National Oceanic and Atmospheric Administration (NOAA) satellites with
 

their relatively "high resolution" visible and infrared sensors
 
Although these satellites are
(resolution of about 0.9 km or 0.5 mi). 


designed primarily for meteorological purposes, the data have been
 

used successfully by scientists to map certain geologic and hydrologic
 

fault areas, the changing extent of snowcover in
features such as 

However, the
mountainous areas, and the extent of river flooding. 


most appropriate form of satellite imagery for the task of providing
 

synoptic coverage for tasks such as monitoring land use changes over
 

large areas is that from the Landsat Satellite, previously called the
 

Earth Resources Technology Satellite (ERTS).
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The first of the satellites specifically designed to make earth
 

resource surveys, Landsat-l, was successfully launched into a
 

sun-synchronous orbit of about 900 km (560 mi) on 23 July 1972.
 
of its primary
Except for a brief period in early August of 1972, one 


sensor systems, the MSS or Multispectral Scanner, has operated
 

continuously. The MSS has a ground resolution of 80 meters and views
 

a swath 185 km wide, with each frame of the imagery covering an area
 

The total number of frames
about 185 km x 185 km (115 mi x 115 mi). 


cover the entire surface of the conterminous United States
required to 

is approximately 60. The configuration of the orbit is such that
 

A second
repeated coverage of the same area occurs every 18 days. 


launched on 22 January 1975 and is currently
satellite, Landsat-2, was 

from Landsat-l. A third
providing useful data of the same type as 


The locations and coverage of
Landsat was launched in March, 1978. 


Landsat Receiving Stations is shown in Appendix A.
 

Skylab is another spacecraft observation system that may be of
 

some interest to resource planners. Photographs from the Skylab S190A
 

Multispectral camera and the S190B Earth Terrain camera have better
 

resolutions than imagery from the Landsat MSS (about 20 m for the
 

S190B and 30-80 m for the s190A). The resolution varies somewhat for
 

each camera depending on film type. Unfortunately, these systems were
 

operated for only about six months during 1973-1974 and cover only a
 

relatively limited area compared with the coverage provided by
 

Landsat. Nevertheless, it is possible that for some applications
 

Skylab cameras can provide useful
(e.g., geography) over certain areas 


photography at a scale comparable with that from high altitude
 

aircraft, 1:125,000 for a 34.4 inch paper print of an S190A photograph
 

compared with 1:120,000 for a small scale photograph from a high
 

altitude aircraft. Further information on satellite data can be found
 

in Table 3.
 

While the standard satellite products are available at a maximum
 

scale of 1:250,000 (Landsat and SI90A) and 1:125,000 (SI90B), the
 

scales may be increased by either special processing of the standard
 

products or by use of a zoom transfer scope or similar device.
 

However, the resultant products still will not have the resolution
 

obtained in aerial photography; for example, Landsat images may be
 

enlarged by the user to a maximum of about 1:120,000, but the ground
 

same while the quality of the
resolution of about 80 m remains the 


image diminishes considerably. The major advantage of satellite
 

imagery and photographs is the large coverage of each frame, thereby
 

permitting a rapid, relatively inexpensive, survey of an extensive
 

area where the neceesary resolution is 20 or 30 m (Skylab) or 80 m
 

(Landsat).
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TABLE 3
 

SPACECRAFT DATA FACT SHEET
 

(Availnble on request from the EROS Data Center, U.S.
 

Department of the Interior, located in Sioux Falls, South Dckota)
 

ERTS/LANDSAT 

On July 23, 1972, the first Earth Resources Technology Satellite ( ERTS/ 
LAIDSAT-1) was launchcd into asun synchronous polar orbit around the Earth. 
On Jan: zry 22, 1975, the second Earth Resources Technology Satellite ( ERTS/ 

Each satellite has the capibil-LANDSAT-2) was launched into as;milar orbit. 
on an 18-day repetitive cycle.ity for receiving coverage of most of the Earth 

The s on board the spacecraft transmit data to NASA receiving stations inenscrs 
Fairbanks. Alaska: Goldstone. California: and Greenbelt. Jarylard. The Data 

received at the N'ASA rcceiving stations are forworded to Goddard Space Flight 
are convertcd to 7C;nm photcgri:phicCc tsr in Crenbelt, 'M.yland ;,,ere they 

fi'r.r posi'iv's. Cupies oi the imazery tre immediately flown to the EROS Data 

Cenr'r in Sioux FIls, South Dakota where they are placed in the public domain 

at.d v..ere requests fcrreproductions of the images can be filled for the scienti-

fic community and the pubtic at large. 
THE ERTS/ LANIDSP.T SENJSORS 

The ERTS/LANDSAT Sp3cecrafl carrj two types of imagig sensors- The 
,.:.ti- Sgectr.i Scsrher Subsystem (MSS) and the Return Beam Vidicon (RBV) 
camcras. 

The ?,ulli -Spectral Scanner (MSS)is a line-scanning device which uses an 
oscillating mirror to simullaneously scan the terrain passing beneath the space-

it. The scanner produces four synchronous images, each at adiffereat wave cr 
bared. TI;s wve length ranges of each band.are: 

Band 4( gracn) 0.5 to 0.6 micrometers 
0.6 to 0.7 micrometersBand 5( lov/er red) 

Bind 6 (upper red-lower infrared) 0.7 to 0.8 micrometers 
Band 7 (nee; infrared) 0.8 to 1.1 micrometers 

Bnd 4 ,ometimcs discri,inles, r1!l;lalivnly, the depth and/or turbidity of 
Band 5 is bUst for slho-:ing topographic arid cultural

sndin2 1,5ies r, wier. 
fealtres, such as drainage patterns, ron.ds, and cities. Bond 6 shows the best 

tcna! contrasts that relect various land use practices; it also gives maximum 
Band 7 is the best for land-water discrimination,land-watpc contrast. 

Thu., for general dlspl.y purposes, a scene is best presented by four photos. 
Ifonly one photo is desired, however, band 5will usually be the best selection. 

The Return Beam Vidicon cameras are teevision cameras mounted side by 
side in the spacecraft and bore-sighted to simultaneously photograph the earth 
beneath the spacecraft. 

sensors on ERTS/LANOSAT-IBecause of functional problems, the RBV 
were rendered Inoperative on approximately AuFJst 15, 1972. Therfore, we have 

received no RBV images since that time. Sone RBV imiges, acq-ji'r- pior to its 

malfunction, are in our film holdings. Some RBV images from ERTS/LA!IDSAT 
2will be available Inlimited quantity. The wave length ran.es of each band 
are: 

.460 to .600 micrometersBand I (green) 

.569 to .680 micrometersBand 2 (red) 

.660 to .820 micrometersBand 3 (near infrared) 

The individual frames of MSS aadRBV imges cover approximately 115 x 115 
miles and overlap by 10 percc'rt along Vie spacecraft track. They are converted 
from electronic signals to black and white photographic positives on 70mm film 

by an Electron Beam Recorder (EBR). Those original Images have ascale of 

approximately 1:3,369,000. Master reproducible copies are all System Corrected 
Images, processed by Goddard Space Flight Center and forwarded to the EROS 

Data Center as 70mm photographic film negatives. 

COLOR COMPOSITES 

Only selected scenes of the RBV and MSS images are reproduced as color 
Therefore, color composites do rot exist for all ERTS/LANDSATcomposites. 

selected and compiled byscenes. Sce'ls reproduced as color composites are 
the EROS Data Center as a result of customer requests. Three black

NASA and 
and white spectral bands from either the ROV or MSS images are registered and 

sequentially exposed through appropriate color filters onto color film at a scale 
of 1:1,000,000. 

Inquiry should be made as to the availabitity of a color composite over a 
specific area before submitting payment. 
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EriTS/LA-,-. DSAT (continued) 

COMPUTER COMPATIBLE TAPES 

Cor:F.ter ccr.p-!iblc digital 13,es of ERTS/LANOSAT imagres may beordered 
rcia the Data Center. However. all scenes requested must be prepared in con-

p;ter ccnp tible I- CCT)*form byNASA/Goddard and forwarded to the EROS 
Dzta Center forre~v,,ucion. 

..'ICROFILM 

Aftc every 30 days, the,-C-.lard 'S3ce Flight Center prepares a complete 
listia.of p'iotoZra,:.y z:ad a ICr;:.t "bro :se" microfiln of images processed. 
Tie micrclrIm r rot irt-ded I..; Pnalysis purposes, but are instead intended 
to povi'le visunil index to the covtrage and ac.,-l'idity forcloud cover assess-
mer.t by the c.er. The band 2 RP.V ard band 5, ;rnage from each scene will 
aear oi the i.icrolilm. The micrafitm are available for purchase from the Data 
Center cn open recls. 

tIASA ERTS/LAsIDSA" DAT. . CATALOGS 

The list:ng of the i4,-nagtry si:,,.vn on the microfilm previously mentioned is 
puhlished in IASA ER'fS/LANDSAT Standard Catalogs. Photographs are not 
include-! in1!:e ct.,!os. lnfoma!ion czjntnined inthe catalogs is not always 
co.::pat!2 vitl! !evisioi:s madc o, film holdings. Itis suggested that inquiry bet:e"hua, Data Center for ordering information s 

SKYLAB 
Tha NASA Skylab Program consisted of one unmanned and three manned 

ri:sions. Limited Skylab photos from the three manned missions were acquir-
ed from May 22, 1973 tl.rough February 8,1974. 

The spacecraft traveledin an equatorial orbit 270milesabove the Earth, and 
acq:jired linited data between latitudes 50- north and 50* south. The data cover 
anumber of scatlered test sites selected to support Earth Resources Experiments, 
but do not provide complete and cloud free coverage of these areas, 

(cont)
 

The Skylab Earth Resources Experiment Package (EREP) used- two basic 
photographic remote sensing systems and was designed as a spaceborne facility 
to be used by the scientific community. The two basic systems used were: 

S190A - Multispectral Photographic Camera -/, six camera array designed for a 
wide range of user oriented subjects. Each can ara usel70mm film and asix inch 
focal length lens. The films utilized ranged in the spectrum from narrow band 
black and white to broad band color and color infrared. 

S1908 - Earth Terrain Camera - Asingle, high resolution, Earth Terrain Camera 
selected to support the S190A system. It utilized five inch film and an 18 inch 
focal length lens. Various films were periodically used inthe camera and basic
ally consisted of black and vite, color and color infrared. 

Skylab Imagery Isindexed and listed at the Data Center by Individual scene. 
Each Skylab image, viewed from an altitude oi approxima-.ly 270 miles, covers 
the following general areas depending on the caniera system: the S190A system 
covers approximately 100 miles by 100 miles. The resolution of S190A photos is 
such that an objectk f about 150 feet by 150 feet can be identified. The S1908 
system covers approximately 68 miles by 68 miles. The resolution of Sl908pho.
tos is such that an object of about 75 feet by 75 feet can be Identified. The resolution of any scene depends on the contrast of the cultural and geological fea
tures as well as the atmospheric conditions. 

The Skylab flights have been completed and all photographic data from mis
sions 2,3,and 4are available from the Data Center. 
APOLLO/ GEMINI PHOTOGRAPHY 

Early photographic coverage over limited geographic areas of the Earth ac

quired by the Gemini and Apollo missions Isavailable from the Data Center. The 
majority of this coverage is color photography, acquired byhandheld 10mmcameas. 

http:approxima-.ly
http:si:,,.vn


are shown in
 
Costs for obtaining satellite data of 

various types 


The cost per square mile can be quite 
low, several cents per
 

Table 4. 

square mile for a large area of several 

thousand square miles entirely
 

For large areas not requring details 
less than
 

covered by one frame. 

less for linear features such as highways) 

use of
 
about 80 m (somewhat 


of obtaining information
 
Landsat imagery provides the cheapest 

means 


compared with aerial imagery or photographs. 
A constraint on the use
 

of Landsat data is the time needed to acquire 
imagery from the EROS
 

to six weeks depending on the amount and 
type
 

Data Center, about two 


of data needed.
 

Requests for Landsat and Skylab Data products 
should be addressed
 

to:
 

EROS Data Center
 

U.S. Department of the Interior
 

Sioux Falls, South Dakota 57198
 

For additional information on meteorological 
satellite data,
 

contact:
 

Coordinator, Direct Readout Services
 

United States Department of Commerce
 

National Oceanic and Atmospheric Administration
 

National Environmental Satellite Service
 

Washington, DC 20233
 
U.S.A.
 

Other Imaging Remote Sensors
 

Scanners
 

Scanners, or scanning radiometers, are 
sophisticated instruments
 

usually mounted on aircraft or satellites 
and are generally pointed
 

downward. The radiometer (any device that passively 
measures 

the
 
radiation) is scanned to either side of the vertical direction as 


The scanning of the sensor and
 vehicle travels along its flight path. 

a "mapped" image for
 

the forward movement of the vehicle, provides 

(see Figure 1.2). Commercially


each channel, or spectral interval 


available units generally provide a number 
of channels in the visible
 

and near infrared regions, and perhaps, 
a single channel in the
 

With such a unit, target "signatures"* 
can be
 

thermal infrared. 

of the visible and near infrared reflective
 detected which make use 


an object, and its emission in the thermal infrared.
 properties of 


*A target signature may be described by the pattern of
 

the various responses in the several channels of the
 

For example, in a two channel system a signature
system. 

may consist of a very high reading from one 

channel and a
 

very low one from the other.
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TABLE 4 0 .N 

STANDARD REMOTE SENSING DATA 
OF TIlE INTERIOR 

GEOLOGICAL SUfVEY 
U. S. DEPAnIMENT 

JANUARY 1, 1979 

SATELLITE DATA 

NOMINAL PRODUCT ULACK &WHITE COLOR 

UNIT PRODiCT UNIT PRODUCT 
PRICE COup P1nICE CODIMAGE SIZE MATERIAL 

I NA NA 
55 5mm fim Posiive $ 8 o 

(2 2 In ) 

4 55 8mm Film Nrqnillve 1000 01 NA NA 

U (22 In) 

z 23 $1200 13 
185cm Pappr 8.00 

• (73 In) 

1500 53rulm Positive 1000 13 

(7 3 In) 
18.5cm 

z 03 NA NA 
S 185cm rilm Nengilive 1000 

I- (71.3 ) 

Pnpfr 1700 24 2500 04 
37.1cm 
114 6 In) 

2000 26 511 00 60.npnt 
(29 2 In) 
74.2cm 

o.00 59 
COLOR COMPOSITE GENERATION 

NOTE: 1) Pnrlrnyod In alsRe color (Infrnrad) and iint Iruo color. 

I2)CoI of pioduct hor I composla mufoliodld 
to holoI coI 

3) Nnl opplcnhln for MSS nlnnd 8 or n11V Suihscen's 

4) Morler compnsile elnnd nt ErIC 

MOS AIlm do lHiEhvg. ot Ioe 

TRACK E PORMAT PRODUCT 
CODE 

PRICE P 
CODE 

PRIC PRODUCT 
CODE 

PRIC 

9 00 IAPF. 5F? 113 n 570000 1013.C 20o on 1611 $40000 

11 1600 1APE S.ET 11141 20000 184.C 20000an 4 n . 0000 
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TABLE 4 (cont)
 

MANNED SPACECRAFT DATA 

IMAGE 
SIZE 

NOMINAL 
9CALE 

PRODUCT 
MATERIAL 

BLACK & WIITE 
UNIT PRODUCT 

PRICE CODE 

COLOR 
UNIT PRODUCT 

PRICE CODE 

-9 55 omm 1:285000 Fm Positive $ 8.00 II $1000 51 

0a 1221hi 
I

(A 55 6mm 
12 2 In.) 

1:28S000 Fim Negative 10.00 01 NA NA 

1.03cm 1:1000000 Ppper 600 23 1200 63 

to 4in) 

32.5cm 1:500000 Paper 1200 24 2500 64 

(128 In.) 

65.0cm 1:250000 Perw 2000 26 50.00 66 

(25.6 In ) 

S 8.00S 6^9 2211.4cm 1 95000) Paper 62 

(4.5 In) 

1200 52
114cm 1:950000 Foim Posiive 8.00 12 

0I 14 5 In ) 

NA NA1000 02
v' 114cm 1.950000 Film Negalive 
to (451nI 

8.00 23 1200 63
21 8cm 1-50000 Paper 

25001200 24 
to 43.4cm 1:250000 Paper 64 

(17.1 In) 

6 qcm 1:125000 Paper 20.00 26 5000 66 

J34 21 In) 

S 800 II $1000 51
558mm Variable frm Positive 

tU 55 8mm Variable Film Negallvs 10.00 01 NA NA 

8.00 23 12.00 630 22.6cm Variable Paper 

(gin) 
0 24 2500 640. 45 Scm Varinble Paper 12.00 
q[ (I7I1n) 

AIRCRAFT DATA 

BLACK & WHITE 
FILMw IMAGE PRODUCT UNIT PRODUCT 

SOURCESIZE MATERIAL PRICE CODE 
Sion A1 & W ...o 25 4.:0 Im i'apr S 500 .16 

Z (N1712nl) 
37 n a W - Size 0500OTIIEl Paper 



TABLE 4 (cont)
 

AIRCRAFT DATA Conlnuod 

Z 

K 
2 
•j 

4W UJ 

S 
3 


ec 
dc 

4 
Z 

IMAGE 
SIZE 

22 gem 
(9.01n) 

22 9cm 

(9 0 inI
 
72.9cm 

19 0 In ) 

457cm(18.0In I 

68 6cm . 
(27.0 In.) 

914cm 
136 0 In.) 

55 0mm
(227in) 

55 6mm 
(2 2In) 

114cm 
(45 In.) 

I 14cm 
(4 SIn I 

11.4cm 
(45In) 

22 9cm 
19.0 In) 

22 gem 
(9 0 in 

22 9cm
(9 0 In.) 

22 9x45 7cm 
(9x l0In) 

22.9x45.Tcm 
(gictllin) 

22 qx457cm 
(gxlsI, ) 

45 7cm 
(1101n) 

68 im 
(27 0In I 

91.4rm 
136 0 lit.) 

PRoDucT 
MATERh'L. 


Paper 


Film Positlvo 


Film Negative 


Paper 

raper 

Paper 

Film Positivs 

Film Negative 

Paper 

rim Positive 

romrNegitive 

Pper 

Film Posilve 


Film Negotlve 


Paper 


Film Positive 


FlImNogolve 

Paper 

Paper 

Paper 

COLOn 
UNIT PRODUCT 
PINCE CODE 

S 700 63 

1500 53 

fIA NA 

2500 64 

AS3000 

Oi05000 

$Ino00 

HANA 

02700 

12(0 52 

NA NA 

700 63 

531500 

NA NA 

20110 69 

1000 56 

PIA 

25 O0 64 

NA 

As3n00 

GG5000 

BLACK & WIIIE 
UNIT 

PRICE 

S 300 

5.00 

6.00 

1000 

15.00 

2000 

$ 300 

4 00 

301 

400 

So0 

300 

500 

600 

600 

1000 

1200 

(000 

1500 

2000 

PRODUCT 
CODE 

2:1 

13 

01 

24 

25 

211 

II 

01 

22 

12 

02 

23 

11 

03 

31 

14 

04 

24 

25 

26 

20
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TABLE 4 (cont)
 

MISCELLANEOUS 

COLOR& WtITEBLACK UNIT PnlOnUCTUNIT PIIonuCT CODEroRMAT CODE PCICEPnICE 

$4000 73$15.00 72 , 16am (,0.5n/l00 It) 

Cntncl Film PrinS 

MATERIAL 
BLACK A WIIITE 
UNIT pRODUICT 

PRICE CODE 

COLOR 
UNIT PRODUCT 

PRICE CODE 

>' Cononcl Gbni. Prints $1200 70 £1.00 50 

5.00 78 AVAILABILITY 

a. 
0) 

NO1E' Sppclly method at ) 
(1)
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7 aAIRCRAFT 

DISTORTION GROUNDINSTANTANEOUS 

OF EACH 
SUCESIVEI STRAIGHT SCAN 

,,..scANs- !RAILROAD 

1. FACES OF ROTATING MIRROR 2. PARABOLIC 
3. COOLING JACKET 4. DETECTOR 5. AMPLI-MIRROR 

FIER.MODULATOR 13.ROTATION AXIS 7. CATHODE-
RAY TUBE 8. FILM SPOOL 9. RECORDING OF OPTICAL 
SCAN ON PHOTO FILM 

Schematic of the operation of an optical mechanical
Figure 1.2 

scanner (from City Planning and Aerial Information
 

by M.C. Branch, Harvard Univ. Press, Cambridge, Mass.,
 

283 pp., 1971)
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As illustrated in Figure 1.2 corrections 
must be made for
 

the radiometer scans away from the
 the viewed area as
distortion of 
 lower
 
This distortion becomes especially 

important at 

vertical. 

altitudes, unless only a very narrow 

area along the flight path
 

Such a restraint would require a relatively 
large
 

is to be imaged. 

Compensation for image
 

number of flights to cover a given 
area. 


a step-wise contraction of
 
distortion may be performed optically 

by 

scan
 

the image parallel and perpendicular 
to the flight path as the 


The image should be
 a computer.

angle increases, or electronically by 


the area is needed; if only a general
 
an accurate map of
corrected if 


overview is required image compensation may not 
be necessary, but it
 

should be understood that the image does not provide a true-to-scale
 

picture.
 

Thermal Infrared Scanners
 

to radiation at
 
Tiermal infrared scanners generally are 

sensitive 


m, or some smaller interval within
 wavelengths from about 8 to 14 


They measure radiation emitted by the 
top few tens of
 

that range. 


micrometers (pm) of the target, and therefore, only supply surface
 

The radiation measured may be converted 
readily into an
 

values. 
 the equivalent
 
equivalent black body temperature, the 

temperature of 


black body). If the observed
 
perfect absorber and emitter (i.e., 


a black lody (no natural surface is), 
then the
 

surface is not 
 Water
 
equivalent temperature will be lower than 

the measured value. 


closely approximates a perfect absorber, 
while land surfaces generally
 

scanner can provide accurate estimates 
of the
 

do not. Thus, a thermal 

a water surface (within 0.2 or 0.30 celsius, 

or about
 
temperature of 


0.50 Fahrenheit, from low altitudes under 
clear conditions), but
 

over a land surface.
 
temperature estimates may be ambiguous 


A correction for atmospheric attenuation 
is necessary for
 

The
 
measurements from satellites or high 

altitude aircraft. 


atmosphere between the sensor and the 
ground must be free of clouds to
 

obtain useful data, since clouds strongly 
absorb infrared radiation.
 

Under the best conditions'for satellite 
measurements the accuracy of
 

the estimated water surface temperature 
usually will not be better
 

The ground resolution
 
than about 10 Celsius (1.80 Fahrenheit). 


ranges from about 0.9 to 4 km (about 0.5 
to 2.5 mi) for satellite
 

for imagery taken from an aircraft
 cm (1 ft.)
imagery to as good.as 30 


at an altitude of about 330 m (about 1,000 ft.).
 

the surface
 
An infrared scanner can supply a mapped 

image of 


"Contours" of temperature

temperature pattern of a body of water. 


(isotherms) may be constructed through 
the use of suitable processing
 

or
 
techniques, including density slicing of the thermal 

infrared image 


The location of a
 
analysis of digitized data, usually by computer. 


specific isotherm or pattern of isotherms on 
the "map" can be placed
 

with a high positional accuracy if the infrared image is combined with
 

area, assuming landmarks are visible 
on
 

aerial photographs of the same 


both.
 

23
 



Microwave Scanners
 

Microwave scanners have been tested experimentally, although they
 
Microwave scanners
 are 	not as readily available as infrared scanners. 


in use at various commercial and government laboratories dedicated
 are 

primariy to research programs, and their applications as earth 

viewing
 

satellites have been demonstrated on a
 sensors on board aircraft or 

A great advantage of microwave sensors is their
number of cases. 


ability to sense radiation from under the surface, to a depth of
 

perhaps 20 or 30 centimeters (about 8 to 12 inches), thereby
 

or moist soil under a dry crust
permitting the detection of wet 

Unfortunately, the use of
 several centimeters (1 or 2 inches) thick. 


microwave scanners for this and similar purposes has not yet gone
 

A significant disadvantage of
beyond the experimental stage. 


microwave scanners is their relatively poor spatial resolution 
which
 

amounts to about 30 or 40 kilometers (20 or 25 miles) from satellites
 

from high flying aircraft.
and 	to several hundred meters 


Multispectral Scanners
 

Multispectral scanners provide information similar to that from
 

However, scanners can have a much finer
multispectral photography. 

spectral (wavelength) resolution, thus permitting a better definition
 

Output from these scanners, as opposed to
of spectral signatures. 

more amenable
photography, may be digitized readily, and therefore is 

The 	main
 

to real-time processing and interpretation by computer. 


disadvantage is the relatively poor spatial resolution compared 
with
 

that of photographic systems.
 

An example of a good quality system is the Multi-Spectral Scanner
 
a four-channel
(MSS) carried on Landsat satellites. The MSS is 


follows: MSS-4
 scanner operating in four spectral bands as 


(0.5-0.6 pm), MSS-5 (0.6-0.7 pm), MSS-6 (0.7-0.8 pm), and MSS-7
 

Table 2 provides additional information on the MSS.
(0.8-1.1 pm). 

Selection of these specific wavelength intervals was based on
 

extensive evaluation of the data required for mapping natural
 
MSS-7, for example, may be
 resources on a national and global basis. 


used for the depiction and mapping of plant growth and health, and
 

MSS-4 may be utilized to map coastal and near shore phenomena. 
Use of
 

all four channels may allow the extraction of spectral signatures
 
as a
which can be used to identify specific target types, such 


particular crop or land use.
 

The spatial resolution of MSS imagery is about 80 meters,* which
 

However, even at this resolution
is poor relative to aerial systems. 


the geometric shapes of many types of individual target elements are
 

*Spatial resolution, size of the smallest element on the ground that
 

can be resolved unambiguously, should not be confused with scale, 
the
 

image to the actual distance
ratio of a representative length on the 

example, MSS imagery has a spatial resolution of
 on the ground. For 


80 meters (87 yards), but can be obtained at scales from
about 

1:3,369,000 to 1:250,000.
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clearly discerned and serve as additional signature keys. 
The orderly
 

are recognizable, making it.
 
patterns of 	cultivated fields, for example; 


even though

possible to 	distinguish agricultural from forested areas, 


both types of terrain may have nearly identical spectral 
signatures.
 

Side Looking Airborne Radar (SLAR)
 

right angles to the flight path of
 
SLAR transmits a short pulse at 


the aircraft and detects the backscattered radiation from the
 

"illuminated" target, with the signal from the inner 
edge received
 

on the
 
first. The 	intensity of the returned signal and recorded spot 


cathode-ray 	tube depends on the nature of the surface 
(composition and
 

Signals scattered from further objects arrive sequentially
geometry). 

across the face of the
 

and are recorded as the electron beam sweeps 


The time delay of a returned signal is
cathode-ray tube (CRT). 


transformed to ground range, and, therefore, the position of the spot
 

the CRT may be regarded as an indicator of distance along 
the
 

on 

ground. A moving picture is taken of the display to give a
 

two-dimensional "photograph" (see Figure 1.3).
 

If the loss (absorption plus scattering) of the "ground" 
material
 

with dry snow and freshwater ice, significant portions

is low, such as 


Thus, the
 
of the return will be contributed by subsurface features. 


possibility exists of viewing the terrain even when 
it's covered by
 

No return will be received if the surface is a
 
snow or thin ice. 


no return from a specular
perfect absorber; also there will be 

as by a mirror at visible
 reflector (reflection in one direction only, 


the specular

wavelengths) except when the radar beam is normal to 


Standard altitudes flown with a commercially available K-band
 surface. 

(i.e., wavelength about 1.0 cm) system are 20,000, 12,500 and
 

9,000 feet (about 6.1, 3.8, and 2.8 km) above ground level, 
with three
 

and 9 km (about 13, 8.1, and 5.6 mi)

ground range distances of 21, 13, 


respectively. The equivalent film scales range from 1:225,000 to
 
as


1:98,000. Resolution across track may be as small 12 m at 16 km
 

10 mi); along the track the resolution is
 slant range* (about 40 ft. at 

at 10 mi). 	 Resolution
16 km slant range (about 70 ft.
about 21 m at 


varies with 	slant range, with a smaller range giving 
a better
 

resolut ion.
 

The SLAR system has several important advantages:
 

1) 

2) 

It's an all-weather system that permits mapping of 
areas 

previously not mapped because of adverse weather conditions. 

It's independent of natural illumination; therefore, it is a 

3) 
24-hour system. 
The broad coverage per imege reduces the number of flights 

4) 
needed to cover a specific area. 

Although the system is relatively heavy, it 

in both aircraft and spacecraft. 

can be employed 

*Slant range is the distance along the line of sight from
 

the radar to the target.
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CATHOOE.RAY 
TUBEAIRCAFT SCANNING %1.B 

AIRCRAFT ELECTRON BEAM FLY 

MOVING 'L 
FILM 

YTAKE.UP SPOOL.. , MOTOR SPEED 

PROPORTIONAL TO 

SHAPE OF BEAM 
SCAN ON GROUND 

RADAR SHADOW 

Figure 1.3 Schematic of important facets of side looking airborne 
radar (SLAR) (from City Planning and Aerial Informa
tion by M.C. Branch, Harvard Univ. Press, Cambridge, 
Mass., 283 pp., 1971). 
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The disadvantages of a SLAR system are:
 

1) The inherent difficulty in obtaining good stereoscipic 

coverage, fine resolution relative to aerial scanner imagery 

and photography, and accurate relative position of all 

terrain and cultural features. 

2) A large antenna is required (partly alleviated by the use of 

3) 
snythetic aperture radars). 
The system is expensive to operate and is feasible only for 

very large scale problems. 

4) The equipment is heavy and requires special handling. 

A good SLAR system is perhaps the most expensive of all those
 

discussed in this report. The cost of such a system (radar plus
 

the order of several hundred
peripheral equipment) would be on 


thousand dollars, not including the cost of buying or leasing an
 

aircraft to carry it. The aircraft would be large (e.g., DC-6,
 

Caravelle, or Lear Jet) because of the weight and bulk of the
 

equipment, aside from its large power requirements. In the past the
 

main users of SLAR have been the military, various government agencies
 

and research groups, and a few major corporations or groups of several
 

companies. The alternative to purchasing a SLAR system is contracting
 

for the work, still an expensive option because of the contractor's
 

need to recover investment and maintenance costs. Typical costs for
 

obtaining SLAR imagery run in the order of tens of thousands of
 

dollars.
 

Application of Remote Sensing Techniques to Earth
 

Resouces Monitoring
 

Remote sensing techniques are used to inventory or to monitor
 

various types of resources for many purposes. To inventory, one
 

analyzes remotely sensed data with the intention of producing one
 
To monitor, one
inventory or data set, often in the form of a map. 


completes a number of inventories of a certain area over a period of
 

time in order to detect change. Inventories or monitoring can be
 

generalized or detailed; they can try to analyze everything
 

systematically or narrow the analysis to a certain theme, such as an
 

analysis of factors influencing construction. Whether for a
 

generalized or specific purpose, most of the basic interpretation
 

techniques are the same, it is simply a matter of degree of detail.
 

Monitoring usually begins with the preparation of a thorough
 

inventory and follows with inventories and analyses that detect and
 

map areas which have changed since the original inventory. This type
 

of monitoring is particularly useful when drastic changes due to
 

Remote sensing provides an economical way
construction are involved. 

to monitor large areas quickly and easily before the construction
 

begins, as the project progresses, and after the construction project
 

is complete. Subtle changes, such as increased water turbidity or
 
the major obvious changes
vegetation stress can be recorded as well as 


brought on by development.
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The applicability of remote sensing techniques to various types
 

of earth resources studies is iummarized in Table 5. Several regions
 

of applicability are represented ranging from "very useful" to "little
 

or no operational use." The classification of usefulness is, in many
 

cases, somewhat sujjective; although objectivity was stressed,
 

undoubtedly rational arguments could be raised for changing some of
 

the classificatons. The usefulness of any particular technique may
 

increase as the technology improves, and new techniques of practical
 

use may be considered in the future. Furthermore, the placing of
 
are
several techniques in one "region" in no way implies that all 


equally useful. For example, both black and white and color
 

photography are "very useful" for determining agricultural land use
 

patterns, but color photography provides the better information.
 

Satellite sensors are listed under separate headings because of their
 

distinct characteristics such as far greater ground coverage per image
 

and poorer resolution relative to similar sensors carried on
 

aircraft. The satellite sensors of interest are the Multispectral
 
Scanner (MSS) of Landsat and the S190A and Sl9OB cameras of Skylab.
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APPENDIX A
 

INTERNATIONAL LANDSAT STATIONS
 

The Landsat Ground Station Operations Working Group, an
 

organization of representatives of existing and proposed Landsat
 

ground receiving stations, met in Ottawa, Canada in November 1978.
 

Discussions concerned recent developments involving several
 

international Landsat centers.
 

The group meets every 6 months at member station locations.
 

Active Landsat receiving stations are located in Brazil, Canada,
 

Italy, Sweden, and the United States. Additional Landsat stations are
 

proposed for Argentina, Australiag Japan, and India.
 

The receiving facility at Mar Chiquita, Argentina, is tentatively
 

scheduled to be operational by April 1980. The contract for the
 

It is expected that
facility was awarded in October 1978. 


installation will take 12 months, and testing, an additional 4 months.
 

The Data Acquisition Facility at Alice Springs, Australia, is
 

scheduled for operation by December 1979, and the Data Processing
 

Facility is scheduled for operation by March 1980.
 

The Landsat receiving station at Oha.shi, Japan, near Tokyo, was
 

scheduled for completion by January 1, 1979, and for operation by
 
'
 

February 1, 1979, with a "quick-look " cipability to be operational by
 

March 1979. The receiving center is part of a large complex known as
 

the Earth Observation Center.
 

The Landsat receiving station in Hyderbad, India, is scheduled to
 

be operational by the latter half of 1979.
 

Two active internatioial stations, at Fucino, Italy, and Kiruna,
 

Sweden, have been included in the operations of Earthnet, a new
 

program created by the European Space Agency for acquisition,
 
Its
preprocessing, archiving and distribution of remote sensing data. 


purpose is "to promote a strong, well structured user community in
 

Europe." Participating countries include Belgium, France, Germany,
 

Ireland, italy, Spain, Sweden, and the United Kingdom. Although the
 

central distributing facility is at Frascati, Italy, near Rome, all
 

participating countries have their own National Point of Contact.
 

now available from
Information about foregin Landsat holdings is 


the EROS Data Center. Nearly 14,000 records from Brazil and 70,000
 

records from Italy have been or are being added to the EDC data base.
 

Similar information
Information from Canada will be available soon. 


is being entered in EDC's microfiche reference systems wherever
 
an indication of
applicable. The integrated data base will provide 


what Landsat data are available from the various receiving stations.
 

Orders for data must be directed to the appropriate sites.
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The following list of addresses, telephone numbers, and TWX
 

numbers may be used to order data from active international Landsat
 

stations. It should be noted that if you are within a member country
 

of Earthnet, you should order European data from the National Point of
 

Contact; however, if you are anywhere outside the area, you must order
 

from the Eart- et central distributing facility at Frascati, Italy. 

Brazil: Institato de Pesquisas Espaciais 
(INPE) 
KM 210, Radovia Presidente Dutra 
Departamento de Producao de 
Imagens 
Caixa Postal 01 

12.630-Cachaeira Paulista-Sao Paulo 

Tel: (0125) 61.1377 TWX (011)21534 

Canada: Integrated Satellite Information Service, Ltd. 
P.O. Box 1630 
Prince Albert, Saskatchewan 
S6V 5T2 
Te. (306) 764-3602 TWX (074)29242 

Italy: 
(Fucino) 

Telespazio 
Corso d'Italia 43, 
00198 Roma, Italy 
Tel. 06-8497 TWX61654 Telediro 

Italy: 
(Frascati) 

European Space Agency (ESA) 
ESRIN, VIA Galileo Galilei, C.P. 
64.00044 
Frascatip Italy 
Tel. 06-9424116 TWX 61637 

Sweden: Swedish Space Corporation 
Tritonvaegen 27, 171 54 Saina, 
Sweden 
Tel. 08-98 02 00 TWX 17128 
Spaceco 

Japan Remote Sensing Technology Center of Japan 

(RESTEC) 
Uni-Roppongi Bldg. 
7-15-17, Roppongi, Minatoku 
Tokyo 106 

Japan 
Tel: Tokyo (403)1761 
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The 9th meeting of the Landsat Ground Station Operations Working
 

Group was held in Tokyo, Japan, November 12-14, 1979. Discussions
 

centered around current and planned Landsat 3 data acquisition and
 
to
processing capabilities and on plans for upgrading facilities 


receive and process Landsat D data. Briefings on data sales,
 

statistics, and applications were also given. The current status of
 

each L,. the ground stations is as follows:
 

Argentina: Installation of the receiving station at Mar Chiquita
 

was completed in December 1979; the processing equipment was installed
 

in Buenos Aires in January 1980. Several symposia and training
 

courses have been held to stimulate interest in remote sensing
 

techniques both in Argentina and in neighboring countries.
 

Austrialia: The receiving station in Alice Springs began initial
 

reception in November 1979. The processing facility equipment will be
 

installed in Canberra in March. A preliminary document listing
 

products, cataloging, and data distribution procedures was made
 

available in February.
 

and the amount of data produced and
Brazil: The number of users 


sold by the Brazilian station in Cuiaba continue to increase. An
 

additional user facility is being established in Brasilia.
 

The Canada Centre for Remote Sensing has recently helped
Canada: 

to develop a low cost data analysis system and a CCT-to-film color
 

imagery recorder system. It is hoped that the recorder systen can be
 

used to produce color products beginning in early 1980.
 

The Kiruna and Fucino ground stations
European Space Agency: 


continue to receive data regularly. The processing facility at
 

Kiruna, Sweden, is processing "quick-look" data as well as MSS images
 

and CCT's. The processing facility in Fucino, Italy, returned to
 

operation in November 1979 after installation and integration of a new
 

imagery recorder and other hardware.
 

India: The receiving station in Hyderabad began taking test date
 

The station should be operational in
from Landsat in August 1979. 


Early 1980. A large number of applications projects are currently in
 

progress in India including a natural resources survey, a water
 

resources survey, and various soil studies.
 

Japan: The Japanese ground station in Ohashi became fully
 

operational in July 1979. Radio frequency interference has limited
 

the acquisition of some RBV data to a hexagonal-shaped coverage area,
 

which is less than the potential full coverage zone of the antenna.
 

It is hoped that the problem can be resolved soon.
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Council of Thailand hopes to
 The National ResearchThailand: 
begin construction of the Thai receiving 

station in early 1980.
 

.Additional information on Landsat 
Receiving Stations and Landsat
 

data products may be obtained 
by contacting:
 

U.S. Geological Survey 

EROS Data Center 
Sioux Falls, South Dakota 57198
 

U.S.A.
 
Tel: (605) 594-6511
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EXECUTIVE SUMMARY
 

Ever since man discovered the wonders of fire, air pollution has
 

existed to affect the atmosphere. The major pollutants include:
 

* 	 particulates;
 
* sulfur dioxide;
 
" oxides of nitrogen;
 
• carbon monoxide;
 
" oxidants; and
 
• 	 reactive hydrocarbons.
 

Once 	the need for air monitoring has been established, it is
 

important to develop a plan which will make the best use of available
 

resources. The ntiber and kind of monitors are important factors, but
 

the proper locati*on of the system is also critical. The worth of an
 

operating air monitoring network depends upon the calibration of its
 

individual components and quality control checks which are designed to
 
assure that data taken will withstand challenge.
 

Reasons for monitoring will influence choice of samples and their
 
location. Monitoring may be performed to:
 

" 	 assess existing air quality;
 
* 	 study pollutant interactions;
 
* 	 determine the effects of air pollution on man and his
 

environment;
 
• 	 evaluate compliance with standards;
 
* 	 develop abatement tactics;
 
* 	 enforce control regulation;
 

* 	 activate emergency procedures; and
 
* 	 guide future planning.
 

Once the reason for monitoring has been established, the system
 
can be chosen which will best accomplish the task. The system must
 
fit the needs of the program, but it is also critical that it fit the
 
financial and manpower resources of the area. It is better to make a
 
few good measurements than make many measurements of questionable
 
value.
 

The siting of the samplers and the design of the air delivery
 
system must also be considered so that the data taken will reflect an
 
accurate assessment of the ambient condition and will not be biased by
 
local meteorology or the use cf inappropriate materials.
 

The use of air quality models is a useful method to extend
 

monitoring data and evaluate control strategies. It is important to
 
recognize the different available approaches and to adopt the
 
techniques most suited to the task.
 

The choice of monitoring methods should begin with consideration
 
of three types of monitors:
 

* 	 static samplers;
 

* 	 manual devices; and
 
* 	 automatic instruments.
 



Static samplers are relatively low in cost and require minimum
 

Manual samplers are substantially higher in cost than
 servicing. 

static samplers, but are much less than automatic samplers. 

Operation
 

of manual samplers usually requires daily technician visits 
and
 

are most expensive
adequate laboratory support. Automatic samplers 


and require highly trained technicians for operation 
and maintenance
 

and good laboratory facilities.
 
appropriate


The monitoring program design should be based on 
an 


mix of static, manual, and automatic samples with 
the understanding of
 

A well

the specific advantages and disadvantages of each type. 


organized support laboratory will be required.
 

The implementation of a network should take advantage 
of past
 

programs where they exist.
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1. OVERVIEW
 

Ever since man discovered the wonders of fire, air pollution has
 

existed to affect the atmosphere. The major pollutants include
 

particulates, sulfur dioxide, oxides of nitrogen, carbon monoxide,
 

oxidants, and reactive hydrocarbons.
 

Once the need for air monitoring has been established, it is
 

important to develop a plan which will make the best use of available
 

The number and kind of monitors are important factors, but
 resources. 

the proper location of the system is also critical. The worth of an
 

operating air monitoring network depends upon the calibration of its
 
designed to
individual components and quality control checks which are 
assure that data taken will withstand challenge.
 

Reasons for monitoring will influence choice of samples and their
 

location. Monitoring may be performed to: assess existing air
 

quality, study pollutant interactions, determine the effects of air
 

pollution on man and his environment, evaluate compliance with
 

standards, develop abatement tactics, enforce control regulation,
 

activate emergency procedures, guide future planning.
 

Once the reason for monitoring has been established, the system
 

can be chosen which will best accomplish the task. The system must
 

fit the needs of the program, but it is also critical that it fit the
 

financial and manpower resources of the area. It is better to make a
 

few good measurements than make many measurements of questionable
 

value.
 

The siting of the samplers and the design of the air delivery
 

system must also be considered so that the data taken will reflect an
 

accurate assessment of the ambient condition and will not be biased by
 

local meteorology or the use of inappropriate materials.
 

The use of air quality models is a useful method to extend
 

monitoring data and evaluate control strategies. It is important to
 

recognize the different available approaches and to adopt the
 

techniques most suited to the task.
 

The choice of monitoring methods should begin with consideration
 

to three types of monitors: static samplers, manual devices and
 

automatic instruments. Static samplers are relatively low in cost and
 

require minimum servicing. Manual samplers are substantially higher
 

in cost than static samplers, but are much less than automatic
 

samplers. Operation of manual samplers usually requires daily
 

technician visits and adequate laboratory support. Automatic samplers
 

are most expensive and require highly trained technicians for
 

operation and maintenance and good laboratory facilities.
 

The monitoring program design should be based on an appropriate
 
mix of static, manual and automatic samples with the understanding of
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of each type. A well
 
the specific advantages and disadvantag

e


organized support laboratory will be required.
 

The implementation of a network should take 
advantage of past
 

programs where they exist.
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2. TYPES OF AIR POLLUTION
 

The thin layer of air which envelopes us is a most valuable and
 
fragile resource. Man's activities have tended to add pollution to the
 
air ever since his use of fire. Harmful effects of air pollution have
 

been observed for centuries, but it has been just since the 20th
 
century that we have verified scientifically the serious implications
 
of air pollution.
 

Air pollution can be seen to have effects on both health and
 

comfort. Economic effects result from reduced productivity, increased
 

cleaning requirements and decreased lifetime of materials. These are
 

all measurable ways that we can assess the impact of pollution, but it
 

is difficult to quantify the damage caused to the natural beauty of
 

certain areas due to air pollution.
 

The Earth's atmosphere is a mixture of gases, water and organic
 

vapors, and particulate matter held in suspension. The typical gaseous
 

composition of unpolluted air contains about 18 different gaseous
 
are salt particles,
constituents. Among the particulate matter there 


mold, yeasts, soil, rock, etc. All of these belong in the air. Most
 

of what man puts there does not, and although there are scores of
 

individual compounds which have an impact upon the quality of our air,
 

we will only discuss here the measurement of the primary pollutants.
 

2.1 	 Particulates
 

Suspended particulate matter includes a wide variety of
 

substances. The mix is related to the kinds of sources in any given
 
area, but may be broken down into several general categories:
 

* extremely small particles which can be clas3ed as having a
 

diameter of less than 1 micron (millionth of a meter). These
 

are generated from motor vehicles and fuel combustion
 
stationary sources.
 

0 	 large particles which have been suspended by the wind from
 

roadway, construction, vehicle motion and erosion;
 

* 	 both large and small particles resulting from industrial
 

processes such as grinding and crushing;
 
* 	 particles which are the result of reactions of gaseous
 

constituents in the atmosphere. These are usually quite
 
small in diameter.
 

2.2 	 Sulfur Dioxide (SO2 )
 

SO2 is a non-flammable, colorless gas which can be tasted in
 
concentrations as low as 300 parts per billion (ppb). The most common
 
source of ambient SO2 is through ordinary combustion of fossil fuels
 

in power plants. Other important sources of SO2 include refinery
 

operations, smelting, coke processing, sulfuric acid manufacturing and
 

home 	heating.
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2.3 Nitrogen Oxides (NOx)
 

Nitrogen oxides usually include the two most prevalent
 

constituents, nitrogen dioxide (NO2) and nitric oxide (NO).
 

Emissions of NOX from man-made sources are almost exclusively from
 

fuel combustion in stationary and mobile sources.
 

On a world widp basis, man-made sources of NOx produce about
 

one-tenth of that produced naturally, arising mainly from biological
 

bacterial processes. But the distribution of man-made NOx is closely
 
related to population distribution.
 

2.4 Carbon Monoxide (CO)
 

Carbon monoxide is the largest single pollutant found in urban
 

atmospheres. It is a product of incomplete combustion of all types of
 

carbonaceous fuels. The largest man-made source results from the
 
The next largest sources in
combustion of gasoline by motor vehicles. 


order of importance are: forest fires, industrial processes, disposal
 

of solid wastes and stationary fuel combustion.
 

The largest natural source of carbon monoxide results from the
 

oxidation of methane emitted by decaying organic matter.
 

2.5 Photochemical Oxidants
 

Photochemical oxidants are a class of atmospheric pollutants which
 

arise from a series of atmospheric photochemical reaction between
 

hydrocarbons and oxides of nitrogen in the presence of sunlight. The
 

three recognized photochemical oxidants include ozone (03), PAN, and
 

hydrogen peroxide. Various terms are used to describe these compounds
 

including "oxidant" and "total oxidant". The emphasis in measurement
 

instrumentation is usually ozone (03) which is considered to be the
 
major photochemical oxidant.
 

Seasonal and diurnal variations in oxidant concentration result
 

largely from (1) variations in emissions of oxidant-forming pollutants,
 

(2) variations in the atmospheric transport and diluation, and
 

(3) variations in other atmospheric variables involved in the
 
photochemical formation of oxidants (i.e., sunlight, rain, fog, etc.).
 

2.6 Reactive Hydrocarbons
 

A characteristic of hydrocarbons that should be emphasized is the
 

large amount of methane compared to other molecules, which is contained
 
in this group of compounds. Methane is not an important pollutant
 

because it is not very reactive, but it does make hydrocarbon
 
monitoring more difficult because its concentration is usually five
 

times greater than all other hydrocarbons combined in urban atmospheres
 
and are even in higher proportions in non-urban atmospheres. In
 

addition, methane is produced by different sources than that of other
 
hydrocarbons and does not react to form irritating compounds. For
 

these reasons, standards are usually set for non-methane hydrocarbons
 

rather than total hydrocarbons.
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Atmospheric hydrocarbons arise almost totally from 
one of four
 

At the
 
separate sources: biological, petroleum, coal and natural gas. 


present time, the most important single source of 
non-methane
 

hydrocarbons is from all transportation sources 
which employ combustion
 

of fuels.
 



3. PRINCIPLES OF MONITORING
 

increased industrialization
One of the unfortunate outgrowthn of 

Since most societies see
 is the generation of air pollution. 


industrial growth as a positive factor, it is
wise to plan for the
 

deleterious effects of industrial growth by including 
strategies for
 

pollution monitoring and control along with industrial 
planning.
 

The plans for monitoring need to be implemented no matter how
 

But a peimary consideration must
 elaborate or modest the requirement. 
 The reason
to why monitoring is to be performed.
be a determination as 


for making measurements defines what pollutants 
must be measured and by
 

It should be emphasized that often the configuration
what techniques. 
 cost and
 
of the system can also be influenced by other 

factors such as 


availability of local technology.
 

The amount and sophistication of equipment in any monitoring
 

system are important factors, but the placement of samplers 
and the
 

frequency of their operation (where no continuous 
methods are employed)
 

The assurance of proper operation of any
is equally important. 

monitoring system mt!' be based upon the calibration 

of the individual
 

components of the system. Appropriate checks must be included in any
 

.an be eliminated and so that there
 program so that systematic errors 


is procedural consistency in operation.
 

Compilation and processing of data into usable format 
must also be
 

an important part of any plan to make environmental
considered 

measurements.
 

It is usually helpful to build a monitoring system 
upon the basics
 

which have been learned by others who have performed 
a similar task in
 

the past. Although each situation is unique, there are 
usually
 

similarities among systems which can be used 
to good advantage for
 

planning.
 

3.1 Reasons for Monitoring
 

a requisite for the control and prevention of
 Air monitoring is 


air pollution.' The data base derived from air monitoring 
is required
 

for a number of reasons which may be interrelated.
 

Assess existing air quality. If standards are to be
" 

established, it is important to have a clear picture of the
 

seriousness of the ambient pollution concentrations.
 

Study pollution interactions, patterns, and tasks.
* 

• Determine the effects of air pollution on man and 

his
 

Although the data for the effects of pollution
environment. 

is important to document this with
indicate a clear 'trend, it 


good measurements.
 

* Evaluate compliance with, or progress made toward, meeting
 

existing air quality standards. The ultimate success of a
 

program to control ambient air emissions can be dramatized 
by
 

the results of an effective monitoring program. Conversely,
 

an abatement plan which is not working is graphically
 

demonstrated by measuremencs.
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Develop abatement tactics and control regulations.
" 

a sure way to evaluate the
Monitoring on a local level is 


can often identify the source(s) to
need for controls, and it 


be controlled.
 

• 	 Enforce control regulations.
 

* 	 Activate emergency procedures to prevent pollution episodes.
 

Guide future land use, energy systems, and transportation
* 

planning.
 

The develipment of a strategy for monitoring the nation's air is
 
Development of
the responsibility of the central government authority. 


an air quality data base requires decisions regarding the pollutants to
 

be measured and the monitoring facilities, the number and types of
 

monitoring site required, their location, choice of instrumentation,
 

frequency and methods of sampling and calibration.
 

3.2 	 System Concept
 

When designing a system for a specific monitoring problem, several
 

At the core of such a system is an
factors must be considered. 


instrument or technique for analysis of the pollutant(s) of concern.
 

The use of automatic air monitoring instrumentation is increasing
 

and in many areas, it is replacing analytical techniques. The shift
 

toward automated metbods results from:
 

* 	 the need to record data continuously,
 

* 	 the availability of data processiig equipment to provide more
 

rapid analysis of samples,
 

* 	 the accuracy provided by well-calibrated equipment,
 

the ease of determining results from well-designed
* 

instrumentation, and
 

* 	 the potential for lower manpower requirements.
 

It would be simplistic to assume that automated techniques are
 

always to be sought over manial or in soiic cases static techniques.
 

The requirements of each program must be the controlling factor in
 

determining whether automz.ted, manual, static or a combination of any
 

or all three types should be considered.
 

The primary requirement for the choice of any air monitoring
 

system is that it meet the needs of the program. A very important part
 

of this is that Lhe system should be implementable within the
 

etechnology which is available locally and that it be within the
 

financial and manpower resources of the area. A system which is overly
 

complex or large can prove to be worse .Ian a modest system which is
 

planrned around available resources. When a system is planned, the
 

presence of monitors already in use by local industry or others should
 

not be overlooked as a potential way to control the costs of the
 

For instance, most airports maintain certain meteorological
program. 

monitors (wind speed, wind direction, barometric pressure, surface
 

temperature) which could be used to help control costs.
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3.3 Sampling
 

The approach to placement of ambient sampling instruments is
 
This does
 

based upon obtaining a representative sample 
of the air. 


not necessarily mean that the more samplers 
placed in any location the
 

Care 	must be taken so that a sampler is 
not
 

better will be the data. 


biased by some local conditions such as downwash 
from a dominant
 

if the intent is to establish the overall ambient 
condition.
 

source 

Site selection is always a time consuming 

and often frustrating
 

exercise because it involves a good deal 
of compromise between the
 

A knowledgeable

technically best sites and the best available sites. 


a necessity for choosing the best site 
locations.
 

meteorologist is 


Choosing sites in the urban and non-urban 
situations usually
 

In the urban situation, property
offer a different set of challenges. 


for monitoring sites is sometimes difficult 
to acquire, and vandalism
 

Even 	where an existing building can be employed,
is a great concern. 

it may prove to present an exposure problem for the sampling probe.
 

Some of the major problems in non-urban 
siting include the
 

inaccessibility of locations due to terrain 
and the unavailability of
 

can also be a special problem due to
 power. Servicing remote sites 
 Usually

weather related problems (snow storms, dust storms, etc.). 


the available technically proficient labor 
force is much smaller as
 

the distance from metropolitan centers incre;-ses.
 

or continuous
 
The desigl of the sample probe for either manual 


samplers will influence the quality of measurement. 
Most of the
 

pollutants under consideration (S02, NOx, 03) are highly
 

In order to obtain a representative sample 
for analysis,


reactive. 

care 	must be taken so that the constituents of 

the air do not have the
 

In most cases, the use
 
opportunity to react with the probe material. 


as glass or teflon (fluorocarbon plastic) are
 of inert materials such 

It is also important to ensure that proper maintenance
 required. 


are kept clean and free of
 procedures are established so that probes 


extraneous matter (bugs, birds, etc.).
 

an

* 	 Particulate measurements will inevitably reflect 


important contribution from nearby sources, in particular,
 

for large particulate monitors and total particulate 
mass
 

monitors.
 
* SO2 measurements can reasonably reflect urban-scale SO2
 chosen to
the monitoring sites are
variability as long as 


avoid impact from large single sources of SO2.
 

* 	 CO measurements will be strongly influenced by 
nearby
 

roadway emissions. This influence can be managed in part by
 

standardized placement of CO monitors in relationohip 
to
 

major roads. (However, it is not possible to avoid
 

monitoring in the vicinity of large ioads because
 

information about near-road maximum concentrations 
is
 

usually sought in the monitoring program.)
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0 NO/NO2 observations will reflect 
emissions from both
 

Further, the relative
 mobile and stationary sources. 


abundance of these species will depend on their 
reactivity
 

with 03, hydrocarbons, and other substances 
in the local
 

atmosphere. Therefore, NO/NO2 monitors should generally
 

be located away from heavily travelled 
roads, and the
 

the
 
monitoring sites should include adequate 

sampling of 


entire urban-scale variability.
 
as to characterize both
 

0 03 monitors should be placed so 


the in-city human exposure and 
the maximum concentrations
 

or more
 
usually found at distances up to 20 kilometers 


areas.
downwind of major urban 


If modeling for urban 03 patterns is to undertaken,
a 

nonmethane hydrocarbon measurements 

might also be necessary
 

at a few locations.
 

General considerations for probe 
siting and other spacing
 

criteria are shown in Table 1.
 

3.4 Calibration
 

data reported from any monitoring
The ultimate quality of the 

are
 

system is dependent upon the ability 
to assure that the samplers 


interest within the accuracy and precision
 measuring the pollutants of 

the only way which can assure
 Calibration is


of the 	technique(s). 

In general terms, calibration requires 

the infusion of known
 
this. 

quantities of test atmospheres to 

the sampling system and recording
 

In this manner adjustments can
 
the resultant response of the sampler. 


or the 	data.
be made to the instrument 


can vary from simple devices
 
Calibration techniques and equipment 


to extremely

which include cylinders of pressurized 

gases 


sophisticated systems which are capable 
of remote activation and
 

infusion of multiple concentrations 
of calibration gases
 

The use of calibration sources, which 
are traceable to
 

automatically. 

(in the U.S. this is the National 

Bureau of
 
recognized standards 


to standard practices and
 
Standards) where they are available, 

or 


a necessary part of the calibration 
process.


techniques, is 


It is important that calibration be performed by highly 
qualified
 

assure that
 
technicians and that independent checks be performed to 


This relates to the
 
techniques and procedures are properly 

applied. 

as the 	calibration of it and
 

routine operation of the system as 
well 


prove
 
requires the generation of documentation 

which can be used to 

on
 

The application of qualiLy control 
checks 


the quality of the data. 
 a
is also an important part of 

the system and routine audits of it 


properly operated network.
 

The importance if quality of data over quantity of 
data should be
 

A few good measurements which can be 
traced to properly
 

stressed. 

is much better than many measurements 

taken with
 
calibrated sensors 

questionable traceability.
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TABLE 1
 

SUMMARY OF DESIRABLE PROBE SITING 
CRITERIA FOR A FIXED
 

AIR QUALITY MONITORING STATION
 

Distance from
 

Supporting Structure
Veiqht Above 


V ,t-1 - r -
Prn 

-2 - 15
Particulates 


1
3 - 15502 


co 3 1/2 1 

1
- 150
3 


NO2 , 3 - 15 

NO, 

1105 


2 


1 


1 

1 


1 


a. 

b. 


C. 


d. 


e. 


a. 


b. 


c. 


d. 


e. 


a. 


b. 


a. 


b. 


c. 


d. 


a. 

b. 


c. 


d. 


Other Spacing Criteria
 

20 meters from trees.
 

Distance from sampler to obstacle, 
such 
as
 

buildings, should be at least 
twice the he ght
 

the obstacle protrudes above the 
sampler.
 

Unrestricted airflow in 3 or 
4 cardinal wit.d
 

directions.
 

No furnace or incineration flues 
should be nearby
 

to avoid undue influences from 
minor sources.
 

Spacing from roads varies with 
height of monitor
 

(see text).
 
a
 or intermediate height on 
Probe on roof 
 the mean height of the
0.8 of
building should be 


building in the 
neighborhood.
 

20 meters from groups of 
trees.
 

to obstacle, such as
 Distance from sampler 

building3, should be at least twice the height
 

the obstacle protrudes above the sampler.
 

Unrestricted airflow in 3 of 4 cardinal 
wind
 

directions.
 

No furnace or incineration flues 
should be
 

nearby.
 
meters from roadway for air mass quality, or
35 


lesser realistic distance for exposed
 

populations.
 

Unrestricted air flow in 3 of 4 
cardinal wind
 

directions.
 

20 meters from trees.
 
to obstacle, such as
 Distance from sampler 


least twice the height
buildings, should be at 

the obstacle protrudes above the sampler.
 

Unrestricted airflow in 3 of 4 cardinal 
wind
 

directions.
 
Spacing from roads varies with roadway 

traffic in
 

order to minimize scavenging by NO emitted by
 

motor vehicles.
 

20 meters from trees.
 
to obstacle, such as
Distance from sampler 


buildings, should be at least twice the height
 

the obstacle protrudes above the sampler.
 

Unrestricted airflow in 3 of 4 cardinal 
wind
 

directions.
 

Space from roads varies with roadway traffic 
and
 

population location to avoid undue bias from 
this
 

source.
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3.5 	 Data Interpretation and Modeling
 

In many nations, the use of air quality models to 
extend
 

monitoring data and evaluate control strategies 
has grown
 

ten years. Many 	technical papers and
 substantially during the past 


surveys on modeling approaches appear each 
year, providing a wide
 

range of experience for estimating short- and long-term average
 
Appropriate elements of such
 concentration profiles in urban areas. 


modeling capabilities should be adopted to 
facilitate the extension
 

and interpolation of the measurements data 
obtained.
 

The models most useful for human exposure assessment are not
 

generally those best suited for air pollution 
control strategy
 

evaluation. Therefore, it is important to recognize the different
 

available approaches and adopt the techniques most suited to the
 

task.
 
The following are the principal types of models.
 

These models are 	the most widely
1) 	Gaussian Plume Models 

used, and they can take many forms; all are developed from
 

the basic assumption that the effluent discharged 
from a
 

source moves downwind and mixes in the atmosphere so that
 

the edge-on view of the resulting concentration 
profile is a
 

double bell-shaped curve, with the maximum concentration
 

occurring along the plume centerline. Gaussian methods are
 

based on empirical measurements of plume spread in the
 

atmosphere, and they can be used to evaluate the pollution
 
(e.g., roadways), and
 impact of single 	sources, line sources 


in a region (e.g., entire urban areas).
multiple sources 

can be used to calctlate expected
These techniques 


they 	are supplied with
concentration profiles as long as 


data on the emission rate and geometry, wind conditions,
 

atmospheric stability, and terrain conLditions. The
 

are frequently inaccurate in their estimates of
calculations 

absolute concentration levels, but they are normally
 

reasonable in their evaluation of patterns of concentration
 

variability. Gaussian models can involve very large
 

computational schemes, including simple chemical 
reaction
 

rates and deposition processes, or they can be 
extremely
 

For health effects assessments, the simplest forms
simple. 

of model equations are often preferable.
 

These models are estimating techniques for
 -
2) 	Analog Models 
 are based on
 average or maximum concentration levels that 


comparison with known conditions in other urbar. 
dreas where
 

more adequate concentration measurements may be available.
 

As the number of cities having adequate air pollution
 

monitoring and emission data increases, the possibility 
of
 

finding an analog city (with similar emissions, climatology,
 

and terrain conditions) also increases.
 
These models relate measured
3) 	 Statistical Models 

concentratons to associated measured quantities, such 
as
 

wind speed, vehicle use, or industrial output. Extensive
 

statistical model analyses have been conducted for 
some
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cities (e.g., Rotterdam, Tokyo, and Chicago) and 
adequate
 

data for similar analyses are now available 
for many major
 

These methods can be particularly useful 
for
 

urban areas. 

filling in missing data in measurement 

records and for
 

evaluating the quality of historical data 
sets that lack
 

adequate documentation of sampling methods.
 

- These methods are analogous to the
 
4) Numerical Models 


developed from quantitative
are 

a passive tracer
 

Gaussian techniques and 


solutions to the equations of motion for 


for chemically reactive
(i.e., the pollutant) or 


They are most suitable for 03 or other
pollutants. 

are products of a complicated series of
 pollutants that 


These models have a wide applicability to 
rough


reactions. 

to unusual meteorological conditions
 terrain conditions, and 


shoreline fumigation. However, they are not
 such as 

normally useful for exposure assessment because they have
 

not been adopted for evaluation of long-term 
average
 

conditions.
 

the
 

cases.

Simplified forms of the Gaussian equation are recommended 

as 


for health effects assessments in most 
most useful tools 

well suited to general assessment, but
 Statistical methods are not as 


can have important application to evaluation 
and extension of
 

historical monitoring records.
 

Analog models and other calculations schemes should 
be studied
 

In many urban areas having little or no air 
quality


carefully. 

measurement data, these models may yield substantial 

benefits in
 

improved assessments with very small costs.
 

3.6 Ambient Monitoring Methods
 

a number of well chosen sites
 Direct monitoring of air quality at 


is the primary step in assessing air pollution. 
Various modeling and
 

can extend the measurement data, but none of the
 estimating techniques 


modeling methods demonstrate sufficient accuracy 
to be used
 

the principal means of assessment. Generally, the
 
independently as 


complementary use of ambient monitoring and modeling 
is best suited to
 

monitoring provides

the preparation of a human exposure assessment: 


the best measure of the absolute levels of concentration, 
but is
 

limited to a fixed number of measurement sites; modeling is imprecise
 

in determining absolute levels of concentration, but 
is well suited to
 

interpolation and extrapolation of the monitoring 
data.
 

The choice of monitoring methods should begin with 
consideration
 

of three general types of monitors: static samplers, manual devices,
 

Each class of monitor has specific
and automatic instruments. 


advantages and disadvantages for urban exposure assessment.
 

1) Static Samplers - (e.g., sulfation plates and stressed
 

rubber strips for 03 monitoring) have the advantage of
 

minimum cost and servicing requirements; these advantages
 

permit deployment of a relatively large number 
of such
 

13
 



samplers to aid in interpretation of variability patterns in
 

the study area. Passive devices rely on ambient air flow to
 

support surface reactions, and variability in exposure rates
 

(resulting from microscale differences in the exposure sites
 

as well as seasonal differences in wind, temperature and
 

humidity) can produce significant variability in indicated 
pollutant concentrations. 

2) Manual Volumetric Samplers - have usually been chosen for 

beginning urban sampling programs. Their initial cost is 

substantially higher than the cost of static samplers, but
 

much less than that of automatic instruments. Within the
 

constraints imposed by the need to maintain practical,
 

controllable air flow and reaction rates, most manual
 

samplers can be used to measure concentrations averaged over
 

times vrying from one hour to one day. Manual sampler
 

operation is also a valuable training exercise for
 

relatively inexperienced local program staffs, but the
 

accuracy of the sampling data can be significantly limited
 
in quality control practices are not aggressively followed.
 

Operation of a manual sampler network usually requires daily
 

technical staff visits to each site and adequate analytical
 
laboratory support.
 

3) 	 Automatic Samplers - have the disadvantage of the high
 

initial costs, and they require more highly trained
 
technician, maintenance, and laboratory staff for their
 

support. These samples have, however, two principal
 

advantages: they provide continuous indications of
 

short-term concentrations (i.e., a few minutes), permitting
 

analysis of maximum exposures, and they provide the most
 

reliable and respectable monitoring records when they are
 
well maintained. Automatic instruments always require
 

support from a capable maintenance, repair and calibration
 

laboratory facility.
 

The monitoring program design should be based on an appropriate
 

mix of static, manual and automatic samplers, with an understanding of
 

the specific advantages and disadvantages of each type. A well
 

organized support laboratory will be required and suitable
 
intercomparisons of monitoring methods and results should be
 
undertaken in each case.
 

The time resolution needed for the air quality measurements is
 

determined by the need to relate the data to health impact
 

considerations. Short-term and long-term exposure periods that are
 

consistent with air quality standards adopted in many countries are
 

identified in Table 2 together with a number of options for
 

measurement techniques. In industrially developed nations, continuous
 

sampling and recording instruments are frequently preferred; however,
 
several types of static and manual devices often provide adequate
 
information for health assessment purposes. When static or manual
 

devices are adopted, at least one complete continuous monitoring site
 

should be operated in the study regions. This site will provide a
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TABLE 2
 

AIR QUALITY MEASUREMENT TECHNOLOGY AVAILABLE 

Associated Available Measurement Technology
 
Health Effects Peric-a 
 Long Term
Short Term
Long Term
Short Term 


same
 
Pollutant 


multiday, seasonal, filtration--laboratory chemistry 

Particulates 24-hour, shorter 	

continual tape--light absorption/ fallout jars--laboratory chemistry
 
for very irritating and annual 


reflection/ -ray attenuation-components 
 laboratory chemistry
 

nephelometry
 
rotating rod collector-
laboratory chemistry
 

bubbler--laboratory chemistry
continuous monitors, various 

1-hour to 24-hour multiday, seasonal,
S02 and annual 	 principics
 

impregnated filter sampling
bubblers--laboratory chemistry 

impregnated plate/diffusion tube
 impregnated tube or filter 

nxposure--laboratory chemistry
sampling--laboratory chemistry 

ncne needed
continuous monitors, various 


CO 1-hour to 24-hour none 

'principles
 

bubblers--laboratory chemistry
 

impregnated tube or filter
 
sampling--laboratory chemistry
 

impregnated plate/diffusion tube
 
exposure--laboratory chemistry
 

continuous monitoring, various impregnated filter sampling
no, 1-hour to 24-hour multiday, seasonal, 
 laboratory chemistry


and annual principles 

impregnated plate/diffusion tube
 bubblers--laboratory 
 exposure--laboratory chemistry
 

impregnated filter sampling-
laboratory chemistry
 

none available except vegetation
continuous monitoring, various 
1-hour to 3-hour none 	 damage
03 	 BAKI* 

continual bubblers--laboratory
 
chemistry
 

rubber strip exposure
 

*Boric acid potassium iodide. 



a cross reference
 
central reference point within the city, 

as well as 


to other cities.
 

For short-term continuous monitoring of 	the 
gaseous pollutants, a
 

The detection principles
are available.
number of instrument options 


in common use, and the typical ranges and 
similarities associated with
 

these principles, are summarized in Table 
3. In general, an array of
 

a network should be selected from the same
 instruments for 

manufacturer for efficiency in subsequent 

maintenance, repair and
 

supply of parts, while a supply of spare 
instruments should be
 

Continuous instruments
 
maintained by a central support organization. 
every 6 to 12 months for
 
need to be recalled from the field once 


complete overhaul at a central specialized 
facility.
 

For moderate-period (1-hour to 24-hour) 	average 
monitoring,
 

several cumulative volumetric sampling 
techniques, summarized in
 

All of these techniques involve collecting
Table 4 are available. 


substances from measured volumes of air and transporting 
these samples
 

to an analytical laboratory where the concentrations 
of each substance
 

One major advantage in the application 
of the
 

can be determined. 

over continuous monitoring techniques
cumulative sampling techniques 


is the ease with which they can be used 
to implement intermittent
 

For assessing population exposure, it is
 intensive sampling studies. 


not always necessary to sample every day 
for an entire year or
 

longer. The gravimetric high volume sampling method 
is the technique
 

most extensively used for particle measurements. 
It suffers from a
 

number of limitations, including a dependence of 
collection efficiency
 

on wind direction.
 

Static sampling methods are available for 
all the gaseous
 

are summarized in Table 5. The dependence

pollutants; these methods 


of the static measurements on ambient air 
flow over a reactive surface
 

However, the static
 
introduces a substantial measurement bias 

risk. 


samplers can produce useful indicators of geographic concentration
 

patterns with a minimum of skilled staff and 
with short mobilization
 

time. The usefulness of static sampler data will be enhanced when
 

adequate volumetric sampling'is also available.
 

3.7 Case Histories
 

The first multi-network ambient air monitoring system 
established
 

These networks
for the American Electric Power Company.
by ERT was 

were installed in the early 1970s in the mid-western portion of the
 

United States. The parameters being measured include continuous
 

S02, N02/NOx, various meteorological 
parameters and manual
 

Several lessons were learned early in the
 suspended particulates. 

operation of this network which is still in operation.
 

The value of support facilities close to the 
network for
 

* 

quick response to maintenance/ repair/calibration.
 

The importance of properly trained individuals 
for all
 

* 

technical tasks.
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TABLE 3
 

AVAILABLE AIR QUALITY MONITORING TECHNIQUES FOR
 

SHORT-TERM RESOLUTION
 

Limits of Response Time to
 

Typical Range(s) Quantitation 90% or Greater
Principles of 
 (seconds)

Pollutants Detection (ppm) 


60
0.005
0 - 0.05Flame photometric
SO2 	 0 - 0.5 0.01
 
0 - 0.1 0.02
 

0 - 0.1 	 0.005Pulsed 

0 - 1.0 	 0.01
Fluorescence 


0 - 0.5 	 0.005
Potentiometric 


0 - 50 1.00 	 2.5

CO Nondispersive 


infrared with flow
ing ref. cell
 

0 - 0.5 0.005 	 100

NO, NO2, NOx Chemiluminescent 


0 - 0.1 	 0.01
with 03 

0 - 2.0 	 0.02
 
0 - 5.0 	 0.02
 

0 - 0.5 	 0.01
Chemiluminescence
03 

of Rhodamine b
 

15
0 - 0.5 	 0.005
Chemiluminescent 

with ethylene
 



Pollutant Method 


Particles Gravimetric high volume 


Gravimetric lower volume 

with size classification 

(dichotomous sampling) 


Pimpaction, 

Gravimetric lower volume 

with size classification 

(cyclone sampling) 


4 
DANS02 kraosanline 


Acidimetric
0 


X C03 Impregnated

Oflter 


CO Colored silver ol 

0 


Arsenite
NOX 


0 
TG-S-ANSA* 


Triethanolamine - O-methoxyphenol -

TABLE 4 

AVAILABLE MEASUREMENT TECHNOLOGY 
(Cumulative Volumetric Sampling) 

Applicability and Comments
 

This method has been widely applied using glass fiber filters. The rectangular
 

shape of the filter housing makes large particle collection efficiency highly
 

dependent on wind speed and direction. Collection on glass fiber creates a positive
 

bias from adsorption of S02, NO , HN03 , and N113.
x

This method is being tested for routine application using Teflon (FALP) 

filters.
 

The sampler housing is cylindrical, particles greater than about 15 ;.m.X-M do rot
 

penetrate the aerosol inlet, and sampling efficiency is relatively independent 
of
 

wind velocity. A second size separation can be achieved at about 3 "m by virtual
 
i.e., it separates the two particle size modes shown in Figure 1.
 

Various higher and lower volume versions are being used for outdoor and personal
 

sampling. Two sampling units are involved, one in which the aerosol enters the
 

inlet and flows to a Lilter and one in which the aerosol is processed with 
a cyclone
 

before flow to a filter. Any filter medium may be used; Teflon (FALP) is
 

For personal sampling, a number of combinations of commercially
preferred.

available devices can be annembled (Lippmann 1978). The Harvard personal sampling
 

appears to be the best available completely engineered device.
 

This method has been widely applied for 24-hour bubbler sampling, but during and
 0

after collection,- he sample should be kept isothermal--below 22 C.
 

Suitable for application similar to the pararosaniline method, more simple to
 

handle, but not as specific for SO2.
 Other acids, salts, and ammonia are major
 

interferents.
 
Suitable for application similar to the pararosaniline method. The impregnated
 
filter could be placed in series with a particulate filter. Carefal design is
 

required to achieve low blanks to avoid exp~sure during shipment and storage, ad to
 
It is free from interferences
stay within the adsorption capacity of the filter. 


and relatively simple to implement.
 

This method involves contacting air samples in a cylinder or bag with silver
 
Interferences may be removed by
p-sulfamoylbenzoate to form a colored silver sol. 


processing the inlet air sample with mercuric zulfate impregnated on silic: gel.
 

This method has not been applied widely and rtquires further evaluation. 
colorimetric method would be a good alternative where the NDIR method is not
 feasible.
 

This method has been widely applied for 24-hour bubbler sampling in the USA for
 

It suffers from a positive NO and a negative C02 bias. The NO
N02.
 
interference could be eliminated by adding a chromium trioxide on Firebrick tube to
 

the inlet to convert incoming NO to NO and thereby determining NO.. The CO2
 
bias may be important variability within the urban area and/or between indoors and
 

outdoors when CO2 is large.
 
It could be used
This method was developed for 24-hour bubbler sampling for NO2.
 

for NOx if an oxidizer is used as described above. No bias is createS by chanGes
 

in CO2. For NO2 , NO does not seem to interfere.
 

sodium metabisulfite - 8-anilino-l-napthalene-sulfonic acid.
 



TABLE 5
 

AVAILABLE MEASUREMENT TECHNOLOGY FOR OBTAINING
 

DATA FOR MULTI-DAY STATIC SAMPLING
 

Applicability
Measurement
Method 


Requires 1 to 30 days of sampling. Indicates popu-

Pollutant 


lg/m 2/day
Particles Fall-out 	 lation levels from large particles. Provides some
 

correlation With 24-hour filter sampling and
 

population tposure in places where particulate
 Difficult to relate to
emission controls are poor. 

health effects.
 

k-quire, 1 to 30 days of exposure followed 
by


mg/m2/day 	 May respond to
802 Diffusion plate or tube 	 laboratory analysis for sulfates. 
with reactive surface 	 Very cost effective
cther compounds of sulfur. 
such as X2 C03 
 mithod. Correlative to volumetric methods.
 

Requires 1 to 24 hours of exposure followed by light
optical
CO Diffusion plate or tube 	 tranoissLon or reflectance measurement at a laborwith a palladosulfLte density 

atory. The method is correlative to volumetric
 reactive surface 
 measurements for CO.
 

Requires 1 to 24 hours of exposure followed 
by obser

crack 

neoprene rubber strip length . The only


03 Diffusion surface, 	 vation under a large magnifier. Correlative with
 
volumetric measurements for 03
 
available noncontinuous method for 03 that does
 
not require on-site servLcing.
 

mg/m2/day Same as for S02. Laboratory analysis is for
 
Diffusion plate or tube
NOx 	 nitrates. Amount of NO adsorbed may depend on 
with reactive surface 


NO2 to NO ratio and is not known. HNO3 will
such as 12 C3 	 also be adsorbed. Output will therefore be some
 
function of total NOx and HNO3 which may be
 
correlative to volumetric methods.
 

Same as for S02. Laboratory analysis is for
 
Diffusion plate orkube 	 Some NO may also be observed. Output
502 	 nitrate.
with arsenite reactive 
 should be a predictable function of specific
surface 
 volumetric measurement for NO2.
 

Same as for S02. Laboratory analysis is for
 
Diffusion plate or tube NO2 	are not a serious interference
3303 	 nitrate.
with reactive surface 	 and output should be a function of volumetric
 such as nylon or UaCl 
 measurements for HN03.
 



The need for spare sensors and parts to assure 
consistently


0 

high up-time.
 
Quality assurance performance audits to establish 

conformity

0 


to operating procedureb.
 
* 
 A workable communications system so that problems 

can be
 

identified quickly.
 

The more recently implemented system installed 
for the Electric
 

Power Research Institute (EPRI) was performed 
with a lesser degree of
 

strain because of the lessons learned from the earlier systems. 
The
 

EPRI system included more parameters and included 
both automatic and
 

The system employed some of the equipment
manual techniques. 

previously used by the Environmental Protection 

Agency (EPA) sponsored
 

Regional Air Monitoring System (RAMS) program.
 

The EPRI program has performed well through the 
lessons of close
 

support learned from the AEP program and with equipment 
modified from
 

the RAMS program.
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APPENDIX 

Instrument Manufacturers and Types
 



Manufacturer 


Beckman Instruments, Inc. 

Process Instruments Division
 
2500 Harbor Boulevard
 
Fullerton, California 92634
 
PH: .(714) 871-4848
 

Bendix Corporation 

1400 Taylor Avenue
 

21204
Baltimore, Maryland 

PH: (516) 427-2994
 

Syron Instruments, Inc. 

520-1/2 South harrington Street
 
R&leigh, North Carolina 27601
 
PH: (919) 832-7501
 

Cambridge Scientific 

Research Appliance Company
 
P.O. Box 265
 
Moose Lodge Road
 

21613
Cambridge, Maryland 

PH: (301) 228-9505
 

Climatronics Corporation 

1324 Motor Parkway
 

11787
Hauppauge, New York 

PH: (516) 567-7300
 

Climet Instrument Ccmpany 

P.O. Box 1165
 
1620 West Colton Avenue
 
Redlands, California 92373
 
PH: (714) 793-2788
 

Columbia Scientific Industries Corp. 

P.O. Bo% 9908
 
11950 Jollyville Road
 
Austin, Texas 78766
 
PH: (512) 258-5191
 

Dasibi Environmental Corporation 

616 East Colorado Street
 
Glendale, California 91205
 
PH: (213) 247-7601
 

.Esterlino Angus Instrument Corporation 

P.O. Bon 24000
 

46224
Indianapolis, Indiana 

PH: (317) 244-7611
 

Instrument Type
 

SO2, NO/NOx, HC, Respirable 
Particles, CO
 

S02' NO/NOx, 03, HC, Calibrators
 

BC
 

Manual and Static Samplers
 

Meteorological Sensors
 

Meteorological Sensors
 

03, NO/NOx, Calibrators
 

03, Calibrators
 

Strip Chart Recorders
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Instrument Type

Manufacturer 


High Volume Samplers and other Particulate
 
General Metal Works, Inc. 
 Samplers

8368 Bridgetown Road 

Cleves, Ohio 45002
 
PH: (513) 941-2229
 

HNU Systems, Inc. 
HC
 

30 Ossipee Road
 
Newton, Massachusetts 02164
 
PH: (617) 964-6690
 

S02, NO2
Lear Siegler, Inc. 

74 Inverness Drive East
 

80112
Englewood, Colorado 

PH: (303) 770-3300
 

802, NO/NOx, 03, EC, Calibrators
 Meloy Laboratories, Inc. 

6715 Electronic Drive
 

22151
Springfield, Virginia 

PH: (704) 354-2600
 

Calibrators/Permeation Tubes
 
Metronics Associates, Inc. 

2991 Corvin Drive
 
Santa Clara, California 95051
 
PH: (403) 737-0550
 

Meteorological Sensors
 Meteorology Research, Inc. 

P.O. Box 637
 
464 West Woodbury Road
 
Altadena, California 91101
 
PH: (213) 791-1901
 

S02, NO/NOx, 03, CO, Calibrators
 Monitor Labs, Inc. 

10180 Scripps Ranch Boulevard
 
San Diego, California 92131
 
PH: (714) 578-5060
 

Meteorological Sensors
 Rosemount, Inc. 

12001 West 78th Street
 
Eden Prarie, Minnesota 55344
 
PH: (612) 941-5560
 

Particulate Measurement
 Sierra Instruments, Inc. 

P.O. Box 909
 
Carmel Valley, California 93924
 
PH: (408) 659-3177
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Instrument Type
Manufacturer 


Meteorological Sensors
 Teledyne Geotech 

3401 Shiloh Road
 
Garland, Texas 75041
 
PH: (214) 271-2561
 

S02, NO/NOx, COo Calibrators
Thermo Electron Corporation 

108 South Street
 
Hopkinton, Massachusetts 01748
 
PH: (617) 435-5321
 

Meteorological Sensors
 R. M. Young Company 

2801 Aero-Park Drive
 
-TraverseCity, Michigan 49684
 
PH: (616) 946-3980
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. Man, Water, and Wastewater
 

A. 	 The Hydrologic Cycle
 

1. 	 Water is a plentiful resource - but not all of it is
 

freshwater.
 
2. 	 Transport properties of the hydrologic cycle
 

a. 	 Dissolved materials (conservative and
 

non-conservative chemicals)
 
b. 	 Suspended materials
 

3. 	 Principal water bodies
 

a. 	 Coastal waters (saline)
 
b. 	 Estuaries
 
c. 	 Rivers
 
d. 	 Lakes
 
e. 	 Groundwater (shallow and deep aquifers)
 

4. 	 Engineering concepts - material balances
 

a. 	 Volumetric flows
 
b. 	 Mass flow of chemizal tracers
 
c. 	 Residence times
 
d. 	 Rates of chemical and biochemical reaction
 

B. 	 Beneficial Uses of Water - Planning
 

1. 	 Per capita requirements
 
2. 	 Quality of water needed for use, re-use, recycle
 

3. 	 Concepts - a hierarchy of water quality
 

a. 	Maintain quality of freshwaters (surface and
 

groundwater)
 
b. 	Maintain quality of estuarine salt waters
 

c. 	 Oceans may be used as ultimate sinks
 

4. Specific beneficial uses of s-.,rface freshwaters
 

a. 	 Public water supply
 
b. 	 Industrial water supply (process and cooling water
 

use)
 
c. 	Agricultural water supply and livestock watering
 

d. 	 Fish and wildlife propagation and habitat
 



e. 	Recreation - swimming, boating, esthetics
 

f. 	Navigation and water power and flood control
 

Municipal and industrial waRtewater transport and
 g. 

waste assimilation
 

II. 	Typical Water Supply and Wastewater Planning 
Scenarios
 

A. 	 Conventional - Inland City Water Use 

1. 	Supply - freshwater 
freshwater


2. 	Disposal - treatment with discharge to same 


supply
 
3. 	 Sludge - to landfill
 

B. 	Conventional - Coastal City Water Use 

1. 	Supply - freshwater
 
2. 	Disposal - treatment with discharge to ocean via long
 

outfall
 
3. 	 Sludge - to ocean
 

C. 	 Conventional - Irrigation Water 

1. 	Supply - freshwater
 

2. 	Disposal
 

a. 	Eva-oration of water leaves salts in soil.
 

Irrigation has limited lifetime unless drainage
 

for salts is provided.
 

Return Drainage Provided
D. 	 Irrigation Water 

1. 	Supply - freshwater
 
2. 	Disposal
 

a. 	Drainage - demineralization of drainage to rid
 

soil 	of salt buildup, or continual flushing 
of
 

high 	salt content waters to drain
 

b. 	Brine - pipeline to ocean or deep saline aquifer.
 

E. 	Wastewater Reclamation
 

Segregation and separation of wastewaters !,7quality
1. 

2. 	Treatment for next use
 
3. 	Concentrated waste streams discharged Lo deep ocean via
 

long outfalls
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III. 	Water Quality Criteria or Standards
 

A. 	 Receiving Water Quality Standards
 

1. 	 Categories
 

a. 	 Dilution requirements
 
-

b. 	 Beneficial use of receiving water standards 


zones of use classifications
 

c. 	 Threshold effects
 

2. 	 Indirect indicators
 

a. 	 Dissolved oxygen demand
 
b. 	 Pathogens
 
c. 	 Toxic chemicals
 

B. 	 Effluent Water Standards
 

1. Mass discharge limits
 

a. 	 Specific chemicals
 

b. 	 Surrogates or indicators for effects (BOD,
 

suspended solids)
 

2. 	 Zero discharge concept
 

Forces pollutant discharge to air or land rather
 

than to water
 
a. 


Best 	available control technology limits
3. 


Uniform source control vs. modeling of source 
on
 

a. 

the receiving water
 

b. 	 Waste load allocation depending on impact
 

Setting

Water Quality Monitoring - Qualities to Consider in
IV. 


Criteria
 

A. 	Definitions and Units of Measurement (Concentrations; 
Mass)
 

B. 	Parameters
 

Major mineral substances (inorganics)
1. 


a. 	Total dissolved solids (TDS)
 

b. 	Hardness and sodium
 
c. 	Sulfate and chloride
 
d. 	Bicarbonate
 
e. 	 N. rate
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2. 	Minor mineral substances
 

a. 	 Ammonia and organic nitrogen
 
b. 	 Boron
 

c. 	 Carbon dioxide
 
d. 	 Chromate
 
e. 	 Fluoride
 
f. 	 Iron and manganese
 
g. 	 Phosphate
 
h. 	 Potassium
 
i. 	 Selenium
 
j. 	 Sulfide
 

3. Dissolved oxygen and organic chemical indicators
 

a. 	 Dissolved oxygen
 
b. 	 Biochemical oxygen demand (BOD)
 

c. 	 Total organic carbon (TOC)
 

d. 	 Chemical oxygen demand (COD)
 

e. 	 Phenolics
 
Methylene blue extractables (synthetic detergents)
f. 


Suspended solids, turbidity, oil and grease, color
4. 


5. 	 Toxics
 

a. 	 Heavy metals
 
b. 	 Pesticides
 
c. 	 PCB
 
d. 	 Multiringed aromatic hydrocarbons (PAH)
 

e. 	 Bioassay
 

6. 	 Radioactivity
 

V. 	 Water Quality Surveillance Programs
 

A. 	 Purposes
 

1. 	 Baseline data for characterization - background levels
 

2. 	 Trend identification
 
3. 	Monitoring for enforcement of regulations
 

B. 	 Characterization
 

acre, square mile, or larger
Spatial variations 1. 	
hourly, weekly, monthly, yearly,
2. 	 Temporal variations 

decade, or century changes
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3. 	 Types of constituents in water
 

a. 	 Dissolved minerals
 
b. 	 Dissolved organics
 

Suspended particulates
c. 

d. 	 Dissolved gases
 

C. 	 Lakes, Reservoirs, and Impoundments
 

1. 	 Spatial variation
 

Water volume - capacity to resist quality changes a. 

oxygen transfer
b. 	 Surface area 

relative mixing
Surface area/water depth ratio: 
c. 

Sources of supply (flow) to impoundment
d. 

Heights of input and withdrawal
e. 


2. 	 Temporal Variation
 

outflow vs. volume (hydraulic residence
 a. 	 Inflow 
time)
 

- temperature stratification
b. 	 Seasonal changes 


3. 	 Quality constituents
 

a. 	 Temperature - thermal variations dictate principal
 

Monitor vertical profile
behavior. 

- distribution depends mainly
b. 	 Dissolved minerals 


on degree of density stratification. 
Monitor flow
 

may be a large vertical
-
c. 	Dissolved organics 

variation. Check epilimnion in sumuer and the
 

bottom of the hypolimnion adjacent 
to benthos.
 

-
Suspended particulates deposition rates depend
d. 

Plankton blooms expected to
 on particle size. 


occur in epilimnion.
 
oxygen will vary in the vertical
-
e. 	 Dissolved gases 


Largest temporal variations in the
 profile. 

epilimnion.
 

4. 	 Minimum surveillance requirements
 

lake 	area, lake depth,
Physical parameters 

inflow per unit volume of lake
 

Number of stations
 

a. 


b. 

c. 	Number of observations per year
 

d. 	 Suggested plan (see Figure 1)
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D. 	Streams and Rivers
 

1. 	 Spatial variation
 

a. 	 Quality varies along length of stream
 

Flow, width, and depth tend to increase in the
b. 

downstream direction
 

c. 	 Hydraulic variability is most pronounced at points
 

of lowest annual discharge
 

2. 	Temporal variation
 

Annual and diurnal cycles
 

Low flows (sumer months - northern hemisphere)
 
a. 

b. 


Relationship between rainfall-runoff
c. 

d. 	Relationship between flow and sediment load in
 

alluvial streams
 

3. 	 Quality constituents
 

a. 	Dissolved minerals - concentration tends to follow
 

pattern of diluting flows
 
b. 	Dissolved organics - response of the dissolved
 

oxygen given by Streeter-Phelps model. A minimum
 

dissolved oxygen point occurs.
 
show 	a large variation in
 c. 	 Suspended particulates 

vertical profile in alluvial rivers. 

4. 	Minimum surveillance requirements
 

a. Physical parameters: drainage area, length of
 

water course, slope of channel, ratio of annual
 

maximum flow to minimum flow
 

b. 	Number of stations
 
c. 	Number of observations per cycle
 

d. 	Suggested plan (see Figure 2)
 

E. 	Zstuaries
 

1. 	Spatial variation
 

Large changes in cross-section
a. 

b. 	Tidal flow and freshwater flow patterns
 

c. 	Stratification by density (saline wedge)
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2. 	 Temporal variation
 

Tidal cycles - transport occurs upstream and
 a. 

downstream
 
Freshwater tributary rainfall-runoff
b. 


c. 	 Time constants are longer than for rivers 

3. 	 Quality constituents
 

saline profile determines
-
a. 	 Dissolves minerals 

density stratification and mixing
 

- dissolved oxygen profiles are
 b. 	 Dissolved organics 

Minimum
 more complicated than for rivers. 


dissolved oxygen point occurs.
 

c. 	 Suspended solids - mixing of fresh and salt waters
 

changes physical-chemical properties of 
solids and
 

effects flocculation which changes settling 
rates,
 

turbidity, and photosynthetic activity.
 

4. 	 Minimum surveillance requirements
 

Type 	of quality constituent
a. 

b. 	 Size of estuary
 

Shape of estuary
c. 

d. 	 Relation between runoff, tidal action, and 

mixing
 

Degree of vertical stratification
e. 

f. 	Cycles - periodic and random
 

g. 	 Suggested plan (see Table 1)
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TABLE 1 

RECOMMENDED MINIMUM DATA REQUIREMENTS FOR A SINGLE 
QUALITY
 

- SALINITY
CHARACTERIZATION OF AN ESTUARY OR EMBAYMENT 


After Pomeroy and Orlob (Reference 1)
 

Frequency Observations6
Number ofr l _ Samples4Degree Of Per Cycle Per Estuary

Class of Estuary Stratification mi Stations 1''3 Per Sta 

2 6-12 48-96
Fully mixed < 10 5 4One-dimensional 

6-12 96-192> 100 E 8 2 

< 10 5 4+2 2-4 6-12 60-120 
Two-dimensional (Fully mixed 

6-12 132-264> 100 8+4 2-4 

66-1326-12
2-4
4
< 10
0tratified 
 2-4 6-12 144-288> 100 i 8 

2-10 6-12 108-216 
Three-dimensional Stratified < 10 5 4 

> 100 E 8 2-10 6-12 288-576 

distance bot',een annual mesa positions of 30 and 70 percent seawater salinity. 
'At least one for each reach = 


2For two-dimensional estuaries add two supplementary stations when Width/depth 100.
 

3 Locate supplementary stations at near-bank one-quarter points, sample at mid depth.
 

4 Collect 4 samples at stations in seaward one-third of estuary, 3 samples in central one-third of estuary,
 

and 2 samples in landward one-third.
 

5Six samples per tidal cycle (12 per diurnal cycle).
 

not less than six such one-day6 This is for a one-day characterization. For an annual characterication, 

sets are needed.
 



Vi. 	 References
 

Pomeroy, R. D. and G. T. Orlob, "Problems of Setting Standards
1. 	
and of Surveillance for Water Quality Control," Resources Agency
 

of California, State Water Quality Control Board, Publication
 

No. 36 (1967).
 

McKee, J. E. and H. W. Wolf, "Water Quality Criteria, Second
2. 

Edition," Resources Agency of California, State Water Quality
 

Control Board," Publication No. 3-A (1963).
 

3. 	 Brooks, N., "Man, Water, and Waste," in The Next Ninety Years,
 

Industrial Associates Conference Proceedings, California
 

Institute of Technology (1967).
 

Council on Environmental Quality, "Environmental Quality," 
Annual
 

4. 

Reports since 1970p U.S. Government Printing Office.
 

National Academy of Sciences, "Drinking Water and Health," 
A


5. 

Report of the Safe Drinking Water Committee, Washington, 

D.C.
 

(1977).
 



FRANCIS CLAY McMICHAEL
 

Senior Staff Engineer
 

Professional Experience
 

Dr. McMichael, a nationally recognized expert In industrial wastewater
 
characterization and treatment, serves Environmental Research &
 
Technology, Inc. (ERT) in several areas, including water supply, waste
water treatment and disposal, and hydraulicsp hydrology and water
 
quality.
 

Dr. McMichael has worked as a Professor of Civil Engineering and Head,
 

Department of Civil Engineering Carnegie-Mellon University, Pittsburgh,
 
FA. Previous to holding that position, he had been Senior Fellow,
 
American Iron and Steel Institute Water Resources Fellowship Mellon
 
Institute, Pittsburgh, PA (1967-i972); Assistant Professor of Civil
 

Engineering, Princeton University, Princeton, NJ (1965-1967); Research
 
Faculty Fellow in Civil Engineering, California Institute of Technology,
 
Pasadena, CA (1963-1965).
 

Dr. McMichael has consulted for numerous industries and corporations
 
regarding environmental problems, including Jones and Laughlin Steel
 
Corp., Wheeling-Pittsburgh Steel Corp., National Steel Corp., Interlake
 
Steel Corp., Inland Steel Corp., Bethlehem Steel Corp.9 Algoma Steel
 
Corp., Shenango Inu., Westinghouse Electric Corp., Pittsburgh and Midway
 
Coal Mining Co., Conoco Coal Development Co., and the Institute of Gas
 
Technology. He has also had governmental consulting roles with the U.S.
 
Environmental Protection Agency, the U.S. Public Health Servicep Los
 
Angeles County Sanitation and Flood Control Districts, and the Allegheny
 
County (PA) Health Department.
 

In governmental committee work, Dr. McMichael has been active at federal,
 

state, and local levels. He is currently a member of the Technology
 
Assessment and Pollution Control Advisory Committee of the Science
 

Advisory Board, U.S. Environmental Protection Agency. He has previously
 
served as a consultant to the National Commission on Water Ouality, and
 
with the U.S. Department of Commerce Technical Advisory Committeep as 
well as with numerous state and local environmental committees and task 
forces. 

Education
 

Ph.D. (Civil Engineering) California Institute of Technology, Pasadena
 
M.S. (Geophysics) California Institute of Technology, Pasadena
 
B.S. (Mining Engineering) Lehigh University, Bethlehem PA
 

Memberships
 

American Geophysical Union
 
American Institute of Chemical Engineers
 
American Society for Engineering Education
 

American Society of Civil Engineers
 
International Association for Hydraulic Research
 
Sigma Xi
 
Water Pollution Control Federation
 

GF-5/78
 

12
 



WATER MONITORING CASE STUDY
 

IndustrialZone Water Monitoring 
System in Kuwait
 

Robert Bartlett
 

Vice President, Engineering
 

Technology World, Inc.
 

June 1980
 

International Environmental Management 
InstituLe
 

ENVIRONMENTAL RESEARCH & TECHNOLOGY, INC.
 

Concord, Massachusetts, USA
 



EXECUTIVE SUMMARY
 

This case study addresses the design considerations 
and
 

constraints attached to a water monitoring system installed as part 
of
 

an effort to provide a hydrological model for the water immediately
 

adjacent to a large industrial area on the shore of the 
Arabian Gulf.
 

A real time data collection system was installed 
to maximize data
 

capture and the instruments selected were resistant 
to the severe
 

marine fouling resulting from the high temperatures 
and salinity of
 

the Gulf. The data collection system was highly automated 
to minimize
 

the need'for skilled manpower.
 

tower mounted to avoid the water current 
and wind
 

Instruments are 


measurement errors associated with moving 
instrument platforms.
 

Data from the system will be used to calibrate 
models of thermal
 

diffusion which will take into consideration effluent heat and 
rate of
 

discharge, wind and wavesp current flows 
and tide, and density
 

The model will be a tool for planning
stratification of the water. 
 Use of
 
the future expansion of the industrial area 

and its harbor. 

a
 

the model will permit calculations of cooling 
efficiencies as 


function of weather conditions and as a function 
of the location of
 

intake and outfall structures, breakwaters 
and jetties.
 

The availability of the data acquisition allows 
real time
 

measurement of certain water pollution indicators 
such as pH and
 

However, at present continuous in-situ 
measurement
 

dissolved oxygen. 
 for most
 
of water quality is difficult to achieve since sensors 


parameters of interest are subject to interferences 
and marine fouling.
 

The measurement techniques of the system 
to be described are
 

a
 
useful for any major industrial activity 

requiring proximity to 


large water source for cooling purposes 
or removal of industrial
 

byproducts.
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WATER MONITORING CASE STUDY
 

Industrial Zone Water Monitoring in Kuwait
 
Robert P. Bartlett
 

Technology World, Inc.
 

This 	case study will attempt to illustrate how modern
 

comunications technology can be applied to 
the general case of water
 

measurement programs to provide high data capto're and reduce the 
cost
 

of data gathering.
 

Chdracteristics of the Case Study Industrial 
Area
 

a highly concentrated complex of
 The Shuaiba Industrial area is 


power generation and water desalination plants, petrochemical
 

industries including a refinery and a fertilizer plant, 
support
 

It occupies 8.4 million square meters of
 industries and a fishery. 

land 	located on the coast of Kuwait approximately 

twenty-five miles
 
modern
 

south of the City of Kuwait. The industrial area contains a 


harbr and both on-shore and off-shore oil loading 
facilities. The
 

harbor is currenty undergoing expansion and plans exist to 
accomodate
 

new industries.
 

The mass rate of introduction of waste materials 
and products
 

into the environment by the various emissions of 
the industries has
 

An environmental
 
increased continuously over the last decade. 


pollution problem has developed because 
an acceptable balance has not
 

been preserved b,tween the "loads" imposed by 
"man-made" activities
 

and the capacity of the ecosystem to absorb 
and to recycle wastes
 

harmlessly.
 

of critical
 
The quality of the coastal waters of the 

Gulf are 


In other parts of the world, extreme pollution 
of sea
 

importance. 

water can cause interruptions of electrical 

supplies, but nowhere else
 
the major
 

is there the same dependence on sea water 
and its quality as 


fresh water source for consumption by both 
the industrial and domestic
 

Further, it must be remembered that the 
Gulf is virtually a
 

sectors. 

flush out contaminants.
 

land-locked lake with little through flow 
to 


The probable major pollutants in the marine 
environment of the
 

coastal waters of Kuwait may be classified 
as-

a) 	 compounds of nitrogen;
 

b) 	 compounds of sulfur;
 

compounds of ccrbon including hydrocarbons (oils); 
and
 

c) 

d) heavy metals.
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Specific problems encountered in the industrial area are--

attack on
Contamination of sea water by amuonia causing:
0 

an
cupro-nickel tubes of the cooling water heat exchangers; 


increased chlorine demand to prevent marine growth;
 

carryover or "spewking" of salts producing unstable
 

operation of the power stations; and increased pH of the
 

water.
 

reduced
" Contamination of sea water by oil causing: 

efficiency of heat transfer surfaces of condensers and
 

evaporators in the power stations; adverse effects on the
 

marine life in the vicinity of the Shuaiba area by a
 

reduction in the amount of oxygen available.
 

Reduction in cooling efficiencies due to recycling of
* 

cooling water under adverer weather conditions. It was
 

found that certain weather conditions could produce intake
 

waters only 1.20 below the critical maximum design
 

temperature of the cooling water heat exchanger.
 

The Need for Data
 

To mitigate the effects of pollution in the waters adjacent to
 

the industrial zone, the bulk transport and mixing of the pollutants
 

in the marine environment must be known as a function of instantaneous
 

weather conditions and the general variations in climatology through
 
a much slower
the seasons. Dispersion of pollutants in the Gulf is 


process compared with atmospheric mixing and ip restricted 
by the
 

-rriers to free
formation of thermoclines which act as physic 


vertical movements and dilution of pollutants .4 the surface to the
 

depths of the Gulf.
 

Data on the movement of water in the vicinity of Shuaiba as a
 

function of tide, wind and waves isvery limited as is data on
 
a function of depth. In addition, the
 temperatures and salinities as 


Pollution Control Center established in Shuaiba in 1970 is desirous 
of
 

obtaining continuous readings of pollutant concentrations and water
 

an effort to better understand and control the ongoing
quality in 

pollution processes.
 

In 1976, the Shuaiba Area Authority launched a multiphase program
 

to gain more information on the dynamical processes of the offshore
 

Phase 1, which is now complete, involved water sampling and
 water. 

Phase 2 which is now in process calls for
bathymetric measurements. 


an extensive hydrographic and water quality monitoring program to be
 

conducted for a period of one year, and Phase 3 will be the
 

construction of mathematical and physical models of the offshore 
water
 

which will provide an important tool for design of pollution
 

mitigation strategies.
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The Hydrological Monitor
 

Phase 2, the Hydrological and Water Quality 
Monitoring Program,
 

is being carried out by the Kuwait Institute 
for Scientific Research
 

KISR's approach to the monitoring program is to use fixed
 (KISR). 

continuous in-situ monitors for data 

gathering for as many of the
 

In-situ monitors, where the
is practical.
desired measurements as 


monitor sits in the medium whose 
characteristics are to be measured,
 

are very practical for measurements 
of the hydrological
 

parameters--water current speed 
and direction, and wave height 

and
 

in-situ monitors are much less satisfactory 
for water quality
 

period. 

Measurements of pH and dissc:'ed 

oxygen
 
or pollutant measurements. 


service personnel are routinely
long as 
can be accomplished as 
 Measurements of
 
available for servicing (cleaning) 

of the probes. 


most pollutants in water jach as 
hydrogen sulfide, ammonia and oil 

are
 

much more difficult due to interference 
between pollutants, probe
 

(no land power is
 
drift and power requirements of the 

sensors 

These latter measurements
 

available at the monitors in the 
water). 


are satisfactorily handled at present 
by periodically gathering water
 

samples from different locations 
and depths and analyzing the samples
 

in the laboratory.
 

Fixed location point measurements 
of water current flow can often
 

KISR will
 
be misleading due to eddies or 

local anomalies of the flow. 


supplement the data derived from 
the hydrological monitors with
 

fluorescent dye tracer studies 
allowing them to gain a complete
 

picture of circulation patterns 
and how they are influenced by 

tides,
 

wind and waves, and salinity.
 

Approach to the Design of the Hydrological 
Monitor System
 

A. Measurement Platform
 

Three approaches to the design of a platform to hold 
the
 

a moored surface buoy, a subsurface
 
instruments were considered: 
 Moored surface riding buoys
 
buoy and a fixed structure or tower. 


were rejected because of the desire 
to obtain accurate current
 

The Gulf is generally shallojiand 
the maximum
 

measurements. In the wave zone, severe
 
depth for monitoring is twenty 

meters. 

induced if the current meter is 

in
 
current measurement errors are 


motion.
 

Subsurface buoys allow the current 
meters to be more stable in
 

position but they require more 
diver servicing and need an
 

electromechanical cable to an antenna 
if a ra4io telemetry system
 

is to be used. The flexing of the cable, caused 
by waves and
 

tidal variations, often causes electrical 
failures.
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The design approach adopted uses a fixed 
tower whose base sits on
 

All sensors are held in a fixed position
the floor of the sea. 

eliminating any errors arising from movement 

of the sensor within
 

The towers extend above the surface of the 
water by


the medium. 

a length of twelve to twenty feet, allowing 

much of the tower
 

electronics system to be mounted above water 
for ease of
 

servicing and providing a mount for aids 
to navigation (fog horn,
 

navigation light) to reduce the hazard of collisions with
 

The tower also provides a stable mount for 
a wave staff
 

vessels. 

anemometer and a solar panel which provides 

the electrical
 
and 

This latter consideration is
 power for the monitoring equipment. 


important since the availability of manpower 
in Kuwait is limited
 

and routine visits to the monitors for battery 
changing are
 

eliminated.
 

Temporal and Spatial Characteristics of the 
Measurement
 

B. 

System
 

In planning a long-term measurement program, 
it is important to
 

reduce the quantity of measured values to 
that number which
 

adequately characterizes the dynamical relationships 
of the
 

Modern sensors, communications technology 
and
 

parameters. 

valuable tools which can be
 computer science have given uc 


to impose a formidable
 
misused and produce data so voluminous 

as 


reduction task on the analytical team.
 

The number and distribution of monitors 
should be chosen at least
 

on the basis of a crude model or guess of the spatial variability
 

For the Shuaiba application,
of the parameters to be measured. 

judged to be a 4 x 8 kilometer rectangle
the area of interest was 
 One monitor was
 

encompassing four intakes and several outfalls. 


placed near each intake to allow measurements 
of temperature
 

Two
 
profiles, salinities and currents 

near the point of ingest. 


monitors were placed near the seaward curners 
of the rectangles,
 

and two monitors were placed in the interior 
of the rectangle at
 

locations judged necessary to give a complete 
picture of the
 

A constraint placed on the tower design was
 
circulation pattern. 


With the arrival of data early ir
 to permit their being moved. 


the program, KISR analysts will be able 
to refine their initial
 

guesses as to the general circulation and 
choose better locations
 

to provide data for model calibration. One
 
of the monitors 

constraint on monitor location is the necessity 

to stay out of
 

the shipping lanes and not interfere with 
harbor operations.
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---

It is possible to operate all of 
the hydrological monitor sensors
 

However, just as we desire to minimize the
 
in time.
continuously 


number of monitors to be consistent with 
the spatial variation of
 

the parameters, we also desire to 
limit the frequency of
 

observations to numbers which are 
consistent with the temporal
 

For all of the parameters
 
variation of the sensed parameters. 


measured, observations thirty 
to sixty minutes apart were deemed
 

sufficient, allowing several 
observations for each diurnal 

or
 

Specific frequencies of observations 
were 


tidal cycle. 


Water Temperature (Profile)
One Hour 

Conductivity (Salinity)
 
PH
 

DO
 
Significant Wave Height and Period
 

Current Speed and Direction
 Half Hour 

Wind Speed and Direction
 

Each of the eight towers is fitted with two current 
meters, one
 

near the surface and one near 
the bottom allowing an evaluation
 

Conductivity is also
 
of wind effects on the surface 

layer. 


measured at two depths and the temperature profile can be
 
arrayed in a
 ten temperature sensors 


determined from as many as 


The dissolved oxygen and pH are 
measured near
 

vertical column. 

Wind and waves are measured 

from one offshore tower
 
the bottom. 


the spatial variability of the 
wind field is not judged to be
 

as 

significant in the measurement 

area.
 

C. Sensor Sampling
 

As noted above, observations 
are taken once per hour or once 

per
 

taken simultaneously at all 
eight towers under
 

half hour, and are 


local control of the tower sampling 
electronics. Thus, we have a
 

set of synoptic observations 
giving us a "snapshot" of the
 

phenomena behavior in the entire measurement area. 
Some of the
 

parameters of interest require 
multiple samples to yield the

In
 
These include wind, waves and 

water current. 

observation. 

the shallow water of the Gulf 

bordering the industrial area, 
the
 

orbital wave motion often produces 
instantaneous readings
 

Thus, the X
 
significantly higher than the 

steady state current. 


and Y components of wind and 
wave are each averaged for
 

4-1/4 minutes to produce the 
desired observations.
 

Oceanographers generally choose 
to cbserve wave motions for
 

to ensure that long period
 
periods of approximately 20 

minutes 


waves are included in their 
spectral analyses. ERT chose to do
 

no processing of wave data 
into "observations" at the 

monitors.
 

Instead 2400 samples of water 
levels are taken over an interval
 

of twenty minutes each hour 
and subsequently transmitted 

to a
 

This permits the
 
shore computer for storage in 

a data base. 


oceanographer to employ a variety 
of wave processing algorithms
 

in his effort to produce meaningful 
indices of wave
 

characteristics.
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Design of the Data Collection System
D. 


Earlier hydrological monitoring 
studies most often employed local
 

sensor data using data loggers recording 
on magnetic
 

storage of 
 The storage media
 
tape or writing data on photographic 

film. 


would be retrieved from the monitor 
and transported to a computer
 

These systems are called
 
site for reduction and analysis. 


"historical" systems.
 

More recently, an electronic 
communications capability has 

been
 

added to some data gathering 
systems, allowing sensor
 

observations to be viewed by an analyst in a central facility as
 
Such
 

they become available from the 
monitor sensors. 


rapidly as 
 Their advantages
 
are known as "real-time" systems.
systems 


include:
 

(1) An ability to implement a control 
action if the monitor is
 

part of a real-time control system.
 

(2) A reduction in operations 
manpower since data are
 

automatically transmitted to 
the analysis facility.
 

(3) An increase in valid data 
capture since most instrument
 

they occur. This is
 
malfunctions are detected as 

soon as 


significant in monitoring programs of fixed 
duration where
 

When a
 
no opportunity exists to recapture missing data. 


failure is detected at the central 
facility, technicians can
 

be immediately dispatched to effect 
repairs.
 

For the Shuaiba monitoring application 
KISR and ERT elected to
 

The term "near-real-time" means
 
implement a near-real-time system. 


that sensor observations are not 
available at the central facility 

as
 
The
 

they are produced but arrive with 
a short time delay. 


soon as 

time delay in the Shuaiba application 

is a metter of a few hours at
 

most and is not significant since 
the intent of the Shuaiba monitoring
 

The other
 
system is data gathering and not 

real time control. 


advantages of real time systems 
remain.
 

KISR and the Shuaiba Area Authority (SAA) 
elected to build an
 

This analysis facility houses
 
analysis facility within the 

Institute. 


a monitor network control computer 
and is located approximately
 

It was
 
forty kilometers northeast of 

the Shuaiba Industrial Area. 


also decided to provide a readout 
of observations and analyses within
 

the Industrial Area so that personnel 
of the Shuaiba Pollution Control
 

Center would be continuously aware 
of the behavior of the phenomena
 

To satisfy these requirements 
and to
 

sensed by the monitoring system. 


increase system reliability, ERT 
has supplied two identical computers
 

One of the computers is
 
and linked them with a telephone 

line. 


located *n KISR and the secovd 
in the Pollution Control Center 

in
 

At any one time, only one computer 
controls the network, and
 

Shuaiba. 
 The controlling computer is
 
the second functions as a remote 

readout. 


referred to as the "Master" and 
the remote readout computer is 

called
 

Either computer can act as Master 
and control is shifted
 

the "Slave." 

if the computer which has been 

designated Master fails.
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Figure 1 shows the Data Collection 
system implemented by ERT at
 

Each monitor is equipped with an electronics package 
and
 

Shuaiba. A
 
stores observations on a fixed schedule. 
clock which schedules and 


UHF radio is provided in each monitor 
and at the Pollution Control
 

The radio at the PCC is linked, 
via a leased telephone
 

Center (PCC). 

line, to the network control computer 

in the Institute for Scientific
 

On a fixed schedule, the network 
control computer at KISR
 

Research. 

requests, via the telephone line 

and radio link, each monitor to
 

transmit its stored data to the control computer. 
The monitor
 

"answers" the control cnmputer and transmits its 
data to the computer
 

The KISR compater processes the data 
and sends a summary of
 

at KISR. 

the observations back over the telephone 

line for recording and display
 

This sequence occurs when the KISR 
computer is in the
 

at the PCC. 

If the PCC computer is in the Master 

mode, it controls
 
Master mode. 
 to the KISR computer.

the network and sends data summaries 


Each remote monitor has enough 
memory to store the observational
 

Normally, the network
 
data acquired during a twelve-hour 

period. 

If no data is
 

control computer requests data 
from monitors every hour. 


returned from the monitor, the 
control computer requests the 

data
 

If all three tries are
 
again, and if necessary, a third 

time. 


unsuccessful, the network control 
computer will try to retrieve the
 

missing data an hour later when 
the next polling sequence starts.
 

Thus, missing data can be retrieved 
up to eleven hours after the
 

observation is taken and the communications 
and network control is not
 

vulnerable to radio interference, 
loss of power, computer failures 

or
 

telephone line failures which exist 
over periods up to eleven hours
 

long.
 

E. Data Processing
 

The prime function of the Hydrological 
Monitor System computers is
 

to retrieve and store observational 
data for subsequent analysis
 

As an aid to the system operations, 
the
 

and model calibration. 


computer displays observations 
as soon as they arrive (see
 

figure 2) and at intervals of 
six and twenty-four hours produces
 

sumnaries of the data from each 
sensor including --

* Average Value
 

Maximum Value and Time of Occurrence
" 


Minimum Value and Time of Occurrence
* 


Standard Deviation.
* 




KISR
 

Arabian Gulf
 

AA 

AREA
 

1 HMS System ConfigurationFigure 
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Another computer function of the HMS which is very valuable to
 

those charged with its proper operation is the generation 
of
 

"alarms". One type of alarm is produced when an observation is
 
a signal to the
 

outside of the range of expected values. This is 

to
 

system operator to investigate further and make a 
judgement as 


A second type of alarm is generated when the
 data validity. 

observation departs from its anticipated range by an 

amount which
 

suggests a sensor failure. This is a signal to the system
 

operator to dispatch maintenance personnel to the offending
 

monitor.
 

F. Demand Scans
 

A facility exists to allow the system operator to request data on
 

(The system,operation described above is automatic and
 demand. 

taken on a fixed schedule). The operator may
all observations are 


request the same set of observations which 
is taken on the normal
 

schedule, or he may request data from an individual sensor. 
When
 

monitor receives a request for data from an individual sensor,
a 

the monitor sends a sequence of values from the selected sensor
 

where each value is spaced at one-half or one-second internals.
 

This is a valuable tool for maintenance since the sequence of
 

values will allow determination of erratic or "noisy" 
operation of
 

the sensor.
 

KISR has written a number of plot programs for graphical 
data


G. 
Figure 3 shows a 24-hour plot of dissolved oxygen
display. 


content from an upper sonde probe on an offshore tower.
 

Summary
 

The HMS design as described above should produce a data 
capture
 

significantly higher than that of hydrological monitoring 
systems used
 

in the past. Its near-real-time communications system is invulnerable
 

to short-term failures and allows rapid detection of 
system faults so
 

that failed components may be immediately replaced 
(weather
 

Tests to date indicate that the expected degree of
 permitting). 

The design principles of the data
 reliability will be achieved. 


gathering system have general applicability 
to environmental monitoring.
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1. INTRODUCTION
 

An Environmental Impact Assessment (EIA)* is a systematic
 
consideration of the relationship between a project and the
 

environment; that is, a determination of how a project will impact its
 

environment and how the environment will affect a project. In some
 

countries, EIAs are required for industrial developments by regulatory
 

agencies, however, the EIA can be used by the private sector without
 

the duress of le.islation. The EIA process can be an effective
 

planning tool [or private enterprise to adopt in order to achieve cost
 

savings, time savings, and overall efficiency in achieving project
 

development objectives.
 

If an EIA is required by legislation or conducted solely for the
 

benefit of a private company, there are common elements in the EIA
 

process and methodology utilized. A general methdology for conducting
 

EIAs is presented in this paper.
 

*The environmental impact assessment (HIA) and the environmental impact
 

statement (EIS) can be the same. To distinguish the two,
 

generally the EIA is prepared by an applicant who is seeking a permit
 

for a project and must comply with regulations calling for an
 

environmental assessment. The principal agency responsible for
 

granting the permit then undertakes an independent evaluation, which
 

is compared with the submitted EIA. The agency then prepares the
 

EIS, which may or may not be identical to the submitted EIA. The
 
a
applicant and the agency may contract with a Lhi.-d party (e.g., 


university of consulting firm) to undertake the assessment in order
 

to avoid duplication of effort and to ensure an objective assessment.
 

Although such a distinction may be unique to the United States, it is
 

mentioned here to avoid confusion between the EIA and the EIS. EIA
 

is used in this report to mean any systematic environmental impact
 

assessment.
 



2. DESCRIPTION OF THE EIA
 

After a project sponsor understands the EIA concept, the need to
 

prepare an EIA for a specific project can be evaluated. If it is
 

determined that an EIA would be beneficial, one must decide when to
 

begin the EIA process and who should prepare the EIA. These topics as
 
are discussed in
well as some inherent difficulties in the EIA process 


this section.
 

2.1 Definition
 

An EIA was previously defined as a systematic consideration of
 

the relationship between a project and the environment. Types of
 

projects that may require an EIA are discussed as well as various
 

components of the environment that may need to be considered.
 

Projects that may require an EIA are those in which the
 

environment is a factor in the project's location, design,
 

engineering, or operations, and those that could have an effect on the
 

environment. The location of natural resources, such as oil or coal,
 

can influence the siting of a projent. The local terrain, such as
 

sandy soil or steep slopes, can influence the design and engineering
 

of a project. The operations can be influenced by the distance to
 

urban centers that may supply trained workers or raw materials. A
 

project may affect the environment by altering the terrain through
 

filling, by air emissions or effluent discharges.
excavation or 

Examples of types of projects that could benefit from an EIA are
 

presented in Table 2-1.
 

The environment may include the natural environment, for example,
 

the hydrologic, geologic, ecologicp and climatic conditions that may
 

be affected by a project. The environment may also include social,
 

cultural, or economic factors that could be affected by a project.
 

The environment san be affected by a project in a beneficial manner,
 

such as by supporting the local economyp or in a detrimental manner,
 

such as by deteriorating water quality.
 

2.2 Necessity
 

There is no universal formula for determining if an EIA is needed
 

for a specific project. In some countries, such as the United States,
 

the EIA is required by law under certain circumstances. Government
 
The World Bank
regulations also define a general scope for the EIA. 


requires an environmental assessment for projects receiving its
 

assistance, and provides a set of considerations that serve as
 

In the absence of a specific requirement
guidelines for assessment. 


for an EIA, a project sponsor may elect to perform an EIA if the
 

sponsor wishes to compare the environmental (including social and
 

economic) impacts associated with several project alternativesp to
 

minimize the possible disruption to the environment, or to protect
 

himself against potential future litigations. (Law suits could result
 

from a project if it detrimentally impacts other industries or private
 

parties.) Goals of an EIA are discussed in more detail in Section 3.
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TABLE 2-1
 

TYPES OF PROJECTS THAT MAY REQUIRE
 

ENVIRONMENTAL IMPACT ASSESSMENTS*
 

* Agricultural projects 

" Industrial projects, including: 

- fertilizer plants 
- iron and steel mills 
- mining operations 
- petroleum and petrochemical operations 
- pulp and paper mills 
- smelting plantG 
- textile mills 
- tourism projects 

* Transportation projecta, including: 
- airports 
- ports and harbors 
- roads and highways 

" Utilities, including: 

- dams 
- power plants 
- sewerage and sewage treatment plants 

* Human settlements, including: 

- urbanization 
- rural development 
- recolonization 

*Source: Environmental, Health and Human Ecologic Considerations in
 

Economic Development Projects, World Bank, Washington, D.C., May 1974.
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2.3 Timing
 

There are generally four phases in a project's life: project
 
planning, implementation, operations, and termination. The EIA should
 

be undertaken as early as possible in the project's planning stage.
 
If, for instance, the location of a port is determined prior to
 
considering the advantages and disadvantages of possible alternative
 
sites, an entire level of control is lost--control that may have
 
selected a more advantageous site if the EIA had been undertaken prior
 
to site selection.
 

Project sponsors frequently select a project site and complete
 
preliminary engineering before beginning an EIA. In these cases, the
 

EIA emphasizes impacts that could result from the project as designed
 
rather than comparing project alternatives. Any changes in project
 

design or engineering are usually minor, unless very severe
 

environmental impacts are expected to result. Major design changes,
 
or elaborate mitigation measures, may be costly and can be frequently
 
avoided by beginning the EIA at an early stage in project planning.
 

2.4 Who Should Prepare?
 

An EIA can be prepared by a project sponsor (either a
 

governmental agency or private industry), a governmental body that has
 
jurisdiction over a project, or a third party (such as a university or
 
a private consulting firm).
 

In some countries a project sponsor must submit an EIA to a
 

governmental agency for review. The project sponsor has the option of
 

preparing the EIA utilizing his own staff or hiring a third party. In
 

this case, the third party is reponsible only to the project sponsor.
 

A governmental agency and a project sponsor may jointly select a third
 

party to prepare an EIA. In this case, the sponsor is responsible for
 
all costs incurred by the third party, but the third party is
 
supervised and directed by the agency as well as the sponsor. A
 

governmental body may decide to prepare the EIA utilizing their oiwn
 
staff. If they select this option, the agency is frequently supported
 
by consultants (or experts in specific areas) from universities or the
 
private sector.
 

The size and qualifications of the teams that will prepare the EIA
 

depend on the size and complexity of the project, the requirements of
 
governmental regulations, as well as the type of impacts anticipated.
 

A key difficulty in the EIA process is anticipating impacts.
 
Proposed projects often have impacts on a wide range of environmental,
 

economic, and social sectors. It is beyond the capacity of one
 
individual to possess the range and depth of scientific, economic, and
 
social knowledge needed to anticipate all or most of the impacts. A
 
carefully chosen team of experts representing the various sectors to
 
be affected is needed early in the planning stage.
 



The credentials and experience of members of the team also should
 
not be undereetimated. Since much of EIA work is based on'value
 
judgments, it is critical to consider in advance the practical
 
experience one brings to bear in making value judgments; academic
 
training alone probably will not suffice.
 

The team coordinator or environmental project manager especially
 
should be experienced in conducting LUA work in the particular sector
 
for which the work is proposed, for instance petroleum, pulp and
 
paper, or chemical industries. The project manager should also be
 
familiar with any pertinent regulations and methodologies for
 
conducting environmental assessments. The project manager should have
 
prior experience in coordinating various environmental studies to
 
ensure that the necessary information exchange occurs among the
 
discipline areas. For example, if the soil is disturbed, the
 
geologist may need to calculate the sedimentation rate; the water
 
quality scientist may need to evaluate potential changes in water
 
quality; the zoologist should consiaer the effects of the changes in
 
water quality on the aquatic life; and the botanist should be
 
consulted concerning revegetation meuxaods.
 

The environmental project manager is supported by experts in the
 
various environmental areas of concern. The project team members
 
should have prior experience in conducting environmental assessments
 
as well as pertinent academic training.
 

2.5 	Difficulties in Preparation
 

The purpose of an EIA is to consider the relationship between the
 
project and the environment in order to identify significant impacts
 
on the environment by the project and the environment's effects on the
 
project's location, design, engineering, or operations. The project's
 
effects may be benign, or detrimental. This means that determining
 
and measuring the effects must ultimately lead to a value judgment.
 
The value judgment, in turn, allowr one to consider changing or
 
terminating the project, depending on the acceptability of its effects
 
and the effects of other available options.
 

There are four key difficulties inherent in applying the EIA:
 

1) 	 Anticipating effects. By definition, the EIA is meant to
 
consider a project's effects; however, it proves difficult
 
to predict all the effects a project may have. It is
 
important, therefore, to compose a multidisciplinary team of
 
experts early in the planning stage in order to help
 
anticipate the range of types of effects a project may have.
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2) 	 Predicting changes. The difficulty in predicting changes as
 

part of the assessment is twofold. First, one must predict
 
changes in the environment (including social and economic
 
changes) that will take place naturally, without the
 
proposed project intervention. Second, one must then
 
predict the effects the project will have on a dynamic
 
environment. In some cascs the project may have beneficial
 

effects, for instance proviiing jobs. In some cases certain
 
effects may combine and create a collective effect more
 
damaging than the sum of the other effects. The critical
 
need in predicting changes is to describe adequately the
 
current or baseline condition of the area and determine how
 
the baseline is changing naturally. This description calls
 

for collecting the data that will serve as a basis from
 
which to determine changes.
 

3) 	 Measuring effects. The difficulty in measuring effects is
 
in determining how to describe changes and effects,
 
particularly in a way that will be helpful in comparing the
 
effects of alternative ways to implement the project.
 

4) Judging value. This is the most difficult aspect of
 
environmental assessments. While other difficulties may be
 
resolved by scientific expertise, value judgments often defy
 
scientific analysis. Nevertheless, the relative values of
 
segments of the society that may be affected by the project
 
can be studied by using certain techniques, such as
 
interviews and surveys. Such social assessments have a
 
useful and sometimes critical role in the EIA process. It
 
is worthwhile to involve community leaders and other members
 
of the public in the planning phase of a project in order to
 
consider their thoughts and suggestions early and to avoid
 
later misunderstandings about the project's purpose and
 
design. The acceptance of a particular project will depend
 
on value judgments that can be difficult to predict.
 

It must be emphasized that the environmental impact assessment is
 
a valuable, but difficult tool to use, principally because many
 
impacts are not easily quantifiable and most evaluations are based on
 
value judgments.
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3. GOALS CF AN EIA
 

Before an EIA can be prepared, one must first determine the goals
 

of the EIA and the audience to whom it is addressed. An EIA is
 

usually designed to satisfy one or more of the goals listed below:
 

" 	 In cases where established standards for environmental
 

protection exist, such as in the United Statesq one goal is
 

to ensure that the project's location, design, engineering
 
and operations comply with existing standards.
 

" 	 A second goal might be to minimize disruption to the
 

environment caused by the project. This disruption could be
 

assessed in terms of the social and economic dimensions of
 

the environment, in addition to the natural features and
 
dynamics of the environment,
 

" 	 A third goal could be a selection of the most desirable
 
economic and environmental alternatives for the project's
 
location, design, engineering and operations.
 

* 	 A fourth goal may be the documentation of existing
 

environmental problems in order to protect the project
 

sponsor against future litigation and/or costly project
 
delays.
 

* 	 A fifth goal may be the protection of sensitive areas or
 

endangered wildlife species.
 

" 	 A sixth goal could be the anticipation of potential impacts
 

so that mitigation measures can be implemented before
 
project construction and/or operation.
 

Naturally, the goals of a specific EIA must be determined and
 

understood by the sponsor before execution of the EIA process.
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4. THE EIA PROCESS
 

The EIA process begins with the establishment of the goals of the
 

EIA followed by an analysis of the project and ending with preparation
 

of the environmental report. An EIA usually begins as a very broad
 

analysis focusing on the entire project, then focuses more
 

specifically on the project elements and finally examines in detail
 

the project elements and associated impacts and mitigation measures.
 

Sequential steps in the EIA process are summarized in Table 4-1.
 

4.1 Project Siting and Definition
 

After the EIA's goals are established, the entire project is
 

examined. This preliminary examination focuses on project definition
 

and siting (or location). A consideration of the project definition
 

could include an evaluation of the environmental consequences
 
same
(advantages and disadvantages) of constructing a refinery at the 


location as an oil storage facility versus shipping the crude oil from
 

the storage facility to existing refineries.
 

Project siting is frequently a major part of the preliminary
 

studies. A siting study may be a sophisticated study utilizing
 

computer models or a simple comparison of alternative sites.
 

4.2 Evaluation of Project Elements
 

After a site has been selected and the project has been defined,
 

the EIA focuses on the major elements of a project. For some projects
 

the project sponsor may have selected a site and defined the project
 

before the ETA process was started. In thcse cases, the EIA begins
 

with the evaluation of project elements.
 

The environmental project manager may begin an evaluation of the
 

project elements by asking a series of questions about the project or
 

by reviewing an environmental checklist. An example of the types of
 

questions that might be asked for a project involving the construction
 

of new roads or highways is presented in Table 4-2.
 

As an alternative approach, in order to identify those
 

environmental areas likely to be affected by a proposed project, a
 

list of environmental parameters may be examined. Each of the
 

parameters on the list is checked to determine the nature or magnitude
 

of the impact. Those parameters for which no effect is likely are
 

discarded. Those parameters where an impact is likely are examined
 

further by an environmental specialist in order to determine the
 

significance of the impacts. A sample checklist is provided in
 

Table 4-3.
 



TABLE 4-1
 

THE EIA PROCESS
 

Step 1 Determine Goals of the EIA
 

I) Consider alternatives 

2) Satisfy regulations 

3) Reduce disruption of the environment 

Step 2 Site and Define Project
 

1) Perform siting study
 

2) Consider alternatives
 

Step 3 Evaluate Project Elements
 

1) Consider engineering and design alternatives
 

2) Identify areas of significant impact for futher study
 

Step 4 Assess Impacts
 

1) Consider detailed environmental engineering
 

2) Select questions that impact methodology should answer
 

3) Select methodology for assessment
 

4) Perform detailed assessment
 

Step 5 Prepare Environmental Report
 

I) Describe proposed action
 

2) Describe existing conditions
 

3) Predict impacts
 

4) Explain mitigation measures
 

5) Sumnarize unavoidable impacts
 

6) Compare alternatives
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TABLE 4-2
 

QUESTIONS THAT _YAY BE ASKED IN ORDER TO DETERMINE IF SIGNIFICANT
 

IMPACTS WILL RESULT FROM CONSTRUCTION OF A ROAD OR HIGHWAY*
 

A. 	 Environmental/Resource Linkages
 

" 	 Will environmental criteria be incorporated into the
 

selection of the road or highway route?
 

Are the character, quality and major components of the
 

affected ecosystems known?
 

access provided by the road open unsettled or
 

" 


* 	 Will 

previously inaccessible areas to human, animal or plant
 

communities?
 

Will the road's impact on agricultural, industrial,
* 

other urban land-use patterns be considered?
commercial, or 


* 	 Does the project complement land-use patterns developed for
 

urban or regional programs?
 

Will 	the road have adverse effects on important domestic
* 

livestock, wildlife or vegetation?
 

Will 	wildlife migration routes be disturbed?
" 


* 	 Will squatter settlements along the highway route be
 

controlled?
 

B. 	 Design and Construction
 

" 	 Is there a consolidated construction plan for the project
 

that takes into account ecological factors?
 

Are forest conservation principles being incorporated into
 

design and construction activities in forested areas?
 

Will natural drainage patterns be unnecessarily disturbed?
 

" 


* 


Do plans include provisions for preventing despoilment of
• 

the landscape and vegetation during construction?
 

Environmental Health and Human Ecologic Considerations in
*Source: 


Economic Development Projects, World Bank, May 1974.
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%TABLE 4-2 (Continued)
 

B. Design and Construction (Continued)
 

* 	 Will clearing, grubbing and burning be limited to the extent
 

practicable?
 

* 	 Will the size and number of quarry, borrow and disposal
 

sites-be controlled?
 

" 	 Will topsoil be stored for respreading?
 

* 	 Will soil stabilization measures be taken during
 

construction to minimize damage, e.g., slope reseeding to
 

prevent erosion by wind or water?
 

! 	 Do plans include provisions for preventing water pollution
 

by spillage and runoff during construction or during use of
 

roadway?
 

* 	 Will water impoundments create health hazards?
 

* 	 Will wastes from machinery, asphalt and concrete plants,
 

construction camps and shops be controlled to prevent water
 

pollution?
 

Will 	air pollution by smoke, fumes and sprays originating
 

from 	construction operations be a problem?
 
* 


* 	 Will air pollution by dust from unsurfaced roads or
 

construction operations have a deleterious effect on the
 

environment or on human welfare?
 

* Does the roadway traverse a scenic area? If so, are steps
 

being taken to protect and/or enhance areas of aesthetic and
 

tourist value?
 

* 	 If a large work force is to be assembled from various
 

locations, is provision being made for a preemployment
 

medical screening and periodic examination of employees to
 

prevent introduction of new diseases and/or further
 
spreading of endemic diseases?
 

C. 	 Operations
 

" 	 Will the road serve purposes other than transportation?
 

* 	 Will road shoulders and aprons provide space for strip
 

urbanization or vendors?
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TABLE 4-2 (Continued)
 

C. 	 Operations (Continued)
 

* Will heavy traffic produce congestion, pollution or noi
 

with adverse consequences to surrounding human, animal or
 

plant communities?
 

* Will traffic preempt or disrupt use of agricultural land?
 

Will 	there be an adverse effect on habitat and migration of
* 

wildlife?
 

* 	 Will facilities be available to monitor circulation and
 

impact of traffic and new access upon important elements of
 

ecosystems - population settlements, migration patterns,
 

diseases, surface water, and erosion?
 

* 	 What will be the environmental effects of herbicides and
 

pesticides if they are used?
 

D. 	 Sociocultural Factors
 

a 	 Will the roadway disrupt the existing cultures, or impact on
 

archaeological sites or other unique resources?
 

Has provision been made for adequate living conditions for
 

populations that are displaced by construction activity, and
 

those that are attracted to newly opened areas?
 

* 


E. 	 Health Impacts
 

* 	 Will the roadway and related construction activity open up
 

new pathways for disease vectors affecting humans, plants or
 

animals (e.g., hoof and mouth disease)?
 

F. 	 LotLg-Term Considerations
 

* 	 Has the project been examined for ecological and
 

environmental effects in the context of local and regional
 

plans for development?
 

Have the effects of future highway or transport development
 

on the ecology of the area been considered?
 
* 
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TABLE 4-3 

SAMPLE CHECKLIST OF ENVIRONMENTAL PARAMETERS THAT 

COULD BE AFFECTED BY A PROJECT* 

PHYSICAL/CHEMICAL
 

Water Land
 

* BOD * Soil Erosion 
* Groundwater Flow * Flood Plain Usage 
• Dissolved Oxygen * Buffer Zones
 
* Fecal.Coliforms * Soil Suitability for Use
 
* Inorganic Carbon . Compatibility of Land Uses
 
* Inorganic Nitrogen * Solid Waste Disposal
 
a Inorganic Phosphate
 
* Heavy Metals Air
 
* Pesticides
 
0 PetrochemicEls * Carbon Monoxide
 
* pH * Hydrocarbons
 
• Stream Flow * Nitrogen Oxides
 
* Temperature * Particulate Matter
 
* Total Dissolved Solids 0 Photochemical Oxidants
 
* Toxic Substances * Sulfur Oxides
 
* Turbidity * Methane
 

* Hydrogen and Organic Sulfates
 
Noise a Other
 

* Intensity
 
* Duration
 
* Frequency
 

ECOLOGICAL
 

Species and Populations Habitats and Communities
 

* Game and Nongame Animals * Species Diversity 
* Natural Vegetation * Rare and Endangered Species

* Managed Vegetation * Food Chain Index
 
* Resident and Migratory Birds
 
* Sport and Commercial Fisheries Ecosystems
 
* Pest Species
 

" Productivity
 
" Biogeochemical Cycling
 
* Energy Flow
 

*Source: Environmental Assessments for Effective Water Quality Management
 
and Planning, E.P.A., Washington, D.C., April 1972.
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Land 


* 


Air 


* 

• 

* 


Water 


* 

* 

* 

* 


Individual Environmental Interest 


• Educational/Scientific 

* Cultural 

* Historical 

* Leisure/Recreation 


Social Interactions 


* political 

* Socialization
 
* Religious
 
* Family
 
* Economic
 

TARLE 4-3 (Continued)
 

Geologic Surface Material

Relief and Topography 


Odor 

Visual 

Soands
 

Flow 

Clarity 

Interface Land and Water 


Floating Materials
 

AESTHETIC
 

Biota
 

* Animals - Wild and Domestic
 
Vegetation Type


R Vegetation Diversity
 

Man-Made Objects
 

o Man-Made Objects
 
* Consonance with Environment
 

Composition
 

* Composite Effect
 
* Unique Composition
 
* Mood Atmosphere
 

SOCIAL
 

Individual Well-Being
 

* Physiological Health
 
* Psychological Health
 

* Safety
 
* Hygenic
 

Community Well-Being
 

0 Community Well-Being
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In order to determine if significant impacts will occur in a
 

specific discipline area, a specialist in that discipline who is
 

familiar with the type of project proposed may ask a series of
 
questions. The answers to these questions may lead the specialist to
 

determine (1) that significant impacts are anticipated in that
 

environmental area and therefore more detailed studies should be
 

undertaken in the next stage of the analysis, or (2) that no
 

significant impacts are anticipated, therefore additional studies are
 

unnecessary.
 

At this stage of the EIA process, environmental areas which are
 

expected to receive major impacts have been identified and
 

environmental and engineering issues are integrated.
 

4.3 Assessing Project Impacts
 

The next level of analysis is a detailed assessment of the
 

project engineering and significant environmental impacts identified
 

in the previous stage of analysis. Detailed questions are asked about
 

the project, such as, "Are the storage tank dikes designed to hold the
 

total rainfall from a 25 year storm without discharge?" and, "What is
 
the probability of an oil spill resulting from a tanker collision?"
 

In addition detailed studies are undertaken in the areas of
 

environmental concern. However before these studies can be undertaken
 

a method must be selected for assessing impacts.
 

The methodology applied for assessing impacts depends first on
 

the resources available. The most important considerations are:
 

money, manpower, time, knowledge and computational facilities. EIAs
 

frequently absorb about 0.1% of the capital cost of a project. By
 

contrast, engineering studies may cost as much as 10%.* As previously
 

mentioned, a team of specialists is needed to complete an EIA. Time
 
must be available to complete the EIA before construction begins in
 
order for the EIA to be most useful. Knowledge of the local
 

environment and the availability of relevant data influence the
 
assessment procedures to be utilized. The need for computational
 
facilities varies with the nature of the proposed project, the
 

environmental areas being assessed, and the assessment approach
 
adopted.
 

In choosing a suitable method for assessing impacts, one should
 

ask if the method is comprehensive., selective, mutually exclusive,
 
objective, if it predicts interactions, and produces estimates of the
 

confidence limits to be assigned to the predictions.* A comprehensive
 

method will detect the full range of important elements and
 

combinations of elements, revealing unsuspected effects as well as
 

expected ones. A selective method focuses attentiou on major
 
factors. A mutually exclusive method avoids double counting of
 

*Environmental Impact Assessment, Principles and Procedures,
 

Scope 5 (2nd ed.), R.E. Munn ed., John Wiley & Sons New York, 1979.
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effects that may occur because of the many interrelationships in the
 

environment. An objective method minimizes the possibility that the
 

predictions will automatically support the preconceived ideas of the
 

assessor. 
Prediction methods should have a capability for identifying
 
Finally,
environmental interactions and estimating their magnitude. 


subjective approaches are common in many methods and can lead to
 

useful impact predictions. However, in some cases statistical models
 

are more appropriate. When statistical models are applied, a measure
 

of uncertainty or confidence limits associated with the prediction are
 

usually determined.
 

No one assessment method can satisfy all of the questions asked
 

above. However, the assessor should ask the questions to be certain
 

that the method he or she selects meete the EIA goals and to increase
 

the assessor's awareness of the strengths and weaknesses of the
 

selected method. Assessment methodology is discussed in more detail
 

in Section 5.
 

4.4 	The Environmental Report
 

An EIA is usually presented in an environmental report (ER). The
 

environmental areas to be addressed in an ER depend upon the goals and
 

However, there are some basis components of an
scope of the EIA. 

environmental report that are usually considered regardless of the
 

environmental disciplines included in the assessment or the goals of
 

the EIA. A listing of the major components of an environmental report
 

is found in Figure 4-1 and presented below:
 

The proposed action or project is described. This
 

description includes the purpose of the project, identifies
 

the project sponsor, and presents the major elements of the
 

project design.
 

" 


The existing conditions are described for the environmental
* 

areas expected to be impacted by project construction or
 

operations.
 

" Changes in the existing conditions (impacts) that are
 

a result of the project are presented.
expected to occur as 


" 	 Mitigation measures that the project sponsor plans to
 

implement are described. Mitigative measures that could be
 

implemented but are not planned due to prohibitive costs or
 

other factors are also discussed.
 

* 	 Unavoidable adverse impacts that are expected to result if
 

the project is implemented in spite of the mitigative
 

measures are summarized.
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PROPOSED ACTION
 

EXISTING ENVIRONMENTAL
 

CONDITIONS
 

L. POTENTIAL ENVIRONMENTAL 

IMPACTS
 

MITIGATION MEASURES
 

UNAVOIDABLE ADVERSE
 

IMPACTS
I
 
PROJECT ALTERNATIVES
 

Figure 4-1 Major Components of an Environmental Report
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Alternative locations and designs are discussed. Impacts
 

associated with the alternatives are assessed and compared
 

to the proposed action. The rationale for the selection of
 

the proposed action is presented. The discussion of
 
alternatives usually includes a "no action" or "no build"
 

alternative.
 

If the goal of an EIA is primarily to compare project
 

alternatives and select the best aLternative, the sequence in which
 

the major components of an ER are coiisidered and presented may be
 

altered as well as the emphasis placed on each major comFonent. An
 

outline for an ER that is designed to meet the primary goal of
 

consideration of alternatives is presented in Figure 4-2.
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DESCRIBE PRESENT
 

CONDITIONS
 

DESCRIBE ALTERNATIVE ACTIONS
 
Continue l 
Current Engineering Design Location Institutional 

Action Alternatives Alternatives Alternatives Alternatives 

DESCRIBE EXPECTED FUTURE CONDITIONS & DETERMINE
 

THE CHANGES FROM PRESENT CONDITIONS TO YIELD IMPACTS
 

a) adverse, beneficial
 
b) short vs. long-run
 
c) irreversible or irretrievable
 

IDENTIFY ALTERNATIVE CHOSEN
 
(Proposed Action)
 

AND INDICATE 	 MEANS OF EVALUATION 

DESCRIBE PROBABLE IMPACTS OF CHOSEN ACTION IN DETAIL
 

a) unavoidable impacts which remain
 

DESCRIBE TECHNIQUES TO BE EMPLOYED
 

TO MINIMIZE HARK 

Figure 4-2 	 Major Components of an Environmental Report Primarily Designed to
 
Assess Alternatives*
 

*Source: 	 Environmental Impact Statements: Handbook for Writers and Reviewers,
 

Lewis D. Hopkins, et.al., University of Illinois, August 1973
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5. METHODOLOGY FOR ASSESSING IMPACTS
 

After the environmental areas to be subject to a detailed
 

assessment have been determined, the envitonmental specialist selects
 

a methodology for the assessment that is appropriate for his or her
 

study area and that will provide answers to the relevant questions. A
 

general methodology for impact assessment i& presented in Figure 5-I.
 

5.1 Data Collection
 

The environmental specialist or assessor must collect data in
 

order to describe existing environmental conditions for the region of
 

the proposed project and project data related to his or her
 

environmental specialty (see Figure 5-1). The baseline environmental
 
data are needed in order to identify any existing problems and to
 

ptovide a data base for impact predictions. It is important to
 

document any existing problems, such as crop disease, to prevent
 

unjust damage claims after operations begin. It is necessary to
 

obtain a detailed description of the existing project and related data
 

in order to identify impact areas and the extent of the impacts. For
 

example, unless one is aware of the effectiveness of an oil-water
 

separator one cannot evaluate the potential impacts of any effluent
 

discharged from the separator.
 

Baseline environmental data may le collected from published
 

literature, agency files, from others that have completed studies in
 

the area, field surveys and/or monitoring programs. The collection
 

method selected depends on the extent of the data required for
 

subsequent analyses, appropriateness of existing data, and the
 

severity and type of impacts anticipated.
 

Pertinent project data is usually collected from meetings with
 

and the project files of the project sponsor or their design engineers.
 

5.2 Data Analysis
 

It is usually desirable to organize, summarize and manipulate the
 

data collected into a meaningful format for decision making. The
 

selected method for analysis may be verbal, graphic or statistical.
 

For a verbal analysis, the data collected may simply be presented and
 

then conclusions discussed. This analysiti method relies almost
 

completely on the expertise of the assessor.
 

Graphic representations are often useful for summarizing tables
 

and suggesting trends. For example if dissolved oxygen levels in the
 

receiving water are plotted against time in months, it may enable the
 

reviewer to determine in which portion of the year changes in
 
dissolved oxygen levels will be most critical to fish. A color-coded
 

map of surrounding land uses may enable the project sponsor to locate
 

a coal pile and crusher in an area so that the noise will not annoy
 

sensitive land uses, such as schools.
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COLLECTION OF
COLLECTION OF 

PROJECTBASELINE ENVI ROiNIMENTAL PERTINENT 

DATADATA 

EDATA ANALYSIS DATAANALYSIS J.ATRAIE 

IMPACT PREDICTION
I
1ALTERNATIVES 


MITIGATION
 
MEASURES
 

UNAVOI DABLE
 
ADVERSE
 
IMPACTS
 

Figure 5-1 General Methodology for Impact Assessment
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Statistical summaries of data are necessary in order to draw
 

co..clusions from large volumes of raw data that may be collected in
 

field surveys or monitoring programs. It may also be necessary to
 

analyze or statistically summarize a data base before it can be used
 

for impact predictions.
 

5.3 Impact Prediction
 

Impacts may be identified by using checklists, matrices, flow
 

diagrams, statistical analyses or computer simulation models.
 

Checklists were previously discussed as a means for identifying
 
environmental areas where environmental impacts are likely to occur.
 

Checklists are simply comprehensive lists of environmental effects and
 

impact indicators. The checklist is a more useful tool for initially
 

identifying impact areas and summarizing the results of the data
 

analysis than for actually predicting the impacts. Table 5-1
 

summarizes the environmental areas where impacts are expected to occur
 

for a transportation project and during which stage of the peoject
 

(planning, construction or operation) the impacts are expected.
 

(The termination phase is not considered in this example).
 

A matrix is a more advanced extension of the checklist, but can
 

be relatively simple or complex. The matrix can be two- or
 
three-dimensional. Although there are different types of matrices,
 
the standard format sets the various elements or parameters,
 
hierarchically arranged, along one axis, and the project activities
 
along the other axis. Figure 5-2 illustrates a two-dimensional matrix
 

employed by the U.S. Geological Survey.
 

Flow diagrams are sometimes useful to identify cause and effect
 

relationships. For example, a decrease in growth rate and size of
 

commercial shellfish could be related to discharge of untreated
 
sewage. The flow diagram permits the reviewer to visualize the
 

relationship between the action and impact. This method is best
 

suited to single-project assessments and is not recommended for large
 
regional actions.
 

For a statistical analysis, the results of the analysis of the
 

baseline data are compared with the results of the analysis of the
 
project data to determine project impacts. For example, existing
 
excess electric generating capacity in the project region may have
 
been calculated in the baseline data analysis. Power needs for the
 
proposed project may have been calculated in the project data
 
analysis. By comparing the available capacity with the project needs
 
one can determine if industries in surrounding cities will be impacted
 
(due to an electric power shortage) by implementation of the proposed
 

project. This method of analysis is probably the method used most
 
frequently for the assessment of project impacts.
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TABLE 5-1
 

AN EXAMPLE OF A CHECKLIST OF ENVIRONMENTAL IMPACTS
 

RESULTING FROM A TRANSPORTATION PROJECT*
 

Stage of Project in Which
 
Impacts are Anticipated
 

Planning

Environmental Area 
 and Desig Construction Operation
 

1. Noise 	Impacts 
 X X
 
a. Public Health
 
b. Land Use
 

2. Air Quality Impacts 
 X X
 
a. Public Health
 
b. Land Use
 

3. Water Quality Impacts 	 X X
 
a. Ground Water
 

(1) 	Flow and water table alteration
 
(2) 	Interaction with surface drainage
 

b. Surface Vater
 

(1) 	Shoreline and bottom alteration
 
(2) 	Effects of filling and dredging
 
(3) 	Drainage and flood characteristics
 

c. Quality Aspects
 

(1) 	Effect of effluent loadings
 
(2) 	ImjAlications of other actions
 

such as:
 
- disturbance of benthic layers
 
- alteration of currents
 
- changes in flow regime
 
- saline intrusion in ground water
 

(3) 	Land Use
 
(4) 	Public Health
 

4. Soil Erosion Impacts 
 X X
 
a. Economic and Land Use
 
b. Pollution and Siltation
 

5. Ecologic Impacts 
 X X
 
a. Flora
 
b. Fauna 	(other than man)
 

*Source: 	 Department of TrnsprtatLionj Synthesis for Acton, Washington, D.C., 
April 1971. "
 

26
 



TABLE 5-1 (Continued)
 

Planning
 
Invironmental Area and Design 


6. 	Economic Impacts
 

a. Land Use 	 X 

(1) 	In immediate area of project
 
(2) 	In local jurisdiction served
 

nr traversed
 
(3) 	In region
 

b. Tax Base 	 X 

(l) 	Loss through displacements
 
(2) 	Gain through increased values
 

c. Employment 	 X 

(1) 	Access to existing opportunities
 
(2) 	Creation of new jobs
 
(3) 	Displacement from jobs
 

d. Housing and Public Services 	 X 

(1) 	Demand for new services
 
(2) 	Alteration in existing services
 

e. 	Income X 

f. 	Damage to economically valuable
 

natural resources 


7. 	Socio-Political Impacts
 

a. 	Damage to, or use of 

(1) 	Cultural resources
 
(2) 	Scientific resources
 
(3) 	Historic resources
 
(4) 	Recreation areas
 

b. Life styles and activities 	 X 

(1) 	Increased mobility
 
(2) 	Disruption of community
 

c. 	Perception of cost/benefit by different
 
cohesive groups X 

(1) 	Rdcial
 
(2) 	Ethnic
 
(3) 	Income class
 

d. 	Personal Safety 


8. 	Aesthetic and Visual Impacts 


a. 	Scenic resources
 
b. 	Urban design
 
c. 	Noise
 
d. 	Air Quality
 
e. 	Water Quality
 

"X" denotes an impact which could be positive as well as negative, depending on th04
 
circumstances.
 

Construction Opera 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X x 
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INSTRUCTIONS 

1-

2-

3-

4-

Identify all actions (located across the top of the matret) that _Air 

partof the proposed project. 
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Figure 5-2 Sample Two-Dimensional Matrix* 

or Eval,,atig Environmental Impact,Source: A Procedure 

L. B. [eopold et. :I., U.S. Geological Survey, Ci-rcular 643, 19-1. 
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Computer simulation models may be used to predict 
the extent and
 

geographical areas of impact when a sufficient data base 
is
 

These relatively sophisticated tools are most frequently
available. 

Using established
utilized to predict air and water quality impacts. 


areas
 
computer modeling techniques one can predict which 

geographic 


likely to receive the heaviest concentrations of an air
 are 

pollutant. By predicting the concentration at a particular 

location
 

one can evaluate the probability of effects on human health or crops
 

in the geographic area.
 

5.4 Mitigation Measures
 

After potential impacts are identified and the magnitude of the
 

impacts estimated, mitigation measures are considered. 
Mitigation
 

to
 
measures are, of course, specific to the impact that one wishes 


There may be several potential mitigation measures that 
could
 

reduce. 

The measure selected will
 be applied to reduce an anticipated impact. 


usually depend upon a simplified cost/benefit analysis. 
That is, is
 

the reduction in the anticipated impact (benefit) sufficient 
to
 

(This, again,

justify the costs associated with the proposed measure? 


involves a value judgment).
 

After the mitigation measures are selected by the environmental
 
the
 

specialist and project sponsor it may be necessary to reassess 


For example, if a mitigation measure to be

project impacts. 


implemented reduces the power requirements of the project, 
it is then
 

necessary to recalculate the impacts on surrounding industries.
 

Mitigation measures that were considered but not implemented 
are
 

usually discussed in the environmental report so the reviewer is aware
 

of the rationale for selection of the proposed measures.
 

5.5 Unavoidable Adverse Impacts
 

After the project impacts have been reassessed considering 
the
 

mitigation measures selected, the remaining adverse impacts are
 
These
traditionally labelled as unavoidable adverse impacts. 


remaining impacts are usually summarized in a section of 
the
 

environmental report for ease of reference by the project sponsor or
 

other reviewer.
 

5.6 Alternatives
 

not been emphasized
A critical goal of the EIA process that has 


in this section is the evaluation of project alternatives.
 

Alternatives in project design and engineering are continually
 

assessed and compared with the proposed action throughout 
the impact
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assessment process. As shown in Figure 5-1 the consideration of
 
alternatives is a vital part of the project data analysis and impact
 
prediction steps. The details of a project may be continually
 
changing as a result of the impact assescment process.
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6. PRODUCTS OF AN EIA
 

The most tangible product of an environmental assessment is the
 
environmental report. The value of other products of the EIA process
 
depends on how well they satisfy the goals of the EIA.
 

If a goal of the EIA is to satisfy existing standards, then one
 
product of the EIA is documentation, utilizing established methods,
 
that the standards are satisfied. If a goal is to minimize disruption
 
of the environment, the EIA permits the assessor to identify the
 
environmental disruptions and avoid them or minimize them by
 
implementing mitigative measures.
 

A goal common to almost all environmental assessments is the
 
selectien of the most desirable economic and environmental
 
alternatives for the project's location, design, engineering and
 
operations. If a siting study is performed, one or more recommeded
 
sites will be identified. If alternatives are evaluated throughout
 
the EIA process, then at its completion the project sponsor will have
 
a project that is designed in a desirable manner from an environmental
 
as well as economic perspective.
 

Other products of an EIA miglit be documentation of existing
 
problems in the project region or an inventory of sensitive areas and
 
habitats of endangered species.
 

In conclusion, the savings in cost, time and overall efficiency
 
may well justify undertaking an EIA, whether or not legislation
 
requires it.
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EXECUTIVE SUMMARY
 

After a brief description of the World Bank, its organization,
 

sources of finance and operating methodology, the Bank's expansion 
of
 

lending for Agriculture and Rural Development and shift of emphasis
 

from production oriented to poverty alleviation oriented projects 
is
 

described.
 

in the Bank for the
Against this background the growing awareness 


importance of environmental aspects of development and the 
attitudes
 

After

and constraints it faces in the developing world are discussed. 


outlining some of the environmental factors which need to be 
taken
 

into account in resource management and development planning 
in the
 

agricultural and rural sector, a more detailed examination is 
made of
 

typical lowland irrigation, upland arsa development and catchment
 

protection and forest development projects using illustrations 
from
 

actual projects to show what the Bank has been doing in this field to
 

protect and improve the environment.
 

The Bank's demonstrated willingness to experiment with innovative
 

approaches to the environmental problems and the magnitude of its
 

involvement in the rural sector in stressed and its real practical
 

achievements underlined together with its continuing future 
commitment
 

to its environmental objectives.
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OF THE WORLD BANK'S
ENVIRONMENTAL MANAGEMENT IN THE CONTEXT 

LENDING FOR AGRICULTURE AND RURAL DEVELOPMENT PROJECTS 

About the World Bank 

The International Bank for Reconstruction and Development 
(IBRD),
 

together with the International Monetary Fund, was 
founded in 1944 at
 

the United Nations Monetary and Financial Conference at 
Bretton
 

The development of IBRD and the International Development
Woods. 

Association (IDA) and the way the two institutions operate 

are
 

some detail in Annex I. The capital of the IRBD is
 described in 

provided by its member governments, which presently total 

134, who
 
Its capital


contribute in proportion to their economic strength. 


subscription on June 30, 1979, was about US$37 billion. 
Its lendiug
 

Its loans are
 
operations are financed in the world capital markets. 


regulated by basic rules laid down in its charter and 
must be for
 

productive purposes which will stimulate '.he economic 
growth of
 

borrowing countries. The interest rate on its loans is related to its
 

cost of borrowing and, at present, is about 8%.
 

IDA was established in 1960 to provide development assistance 
to
 

the poorer developing countries, many of whom were unable 
to meet
 

Most of

IBRD's strict credit-worthiness criteria and lending terms. 


IDA's lending is financed by subscriptions from its more 
developed and
 

The funds it provides are called credits to
 industrialized members. 

distinguish them from IBRD loans, and the terms are 

50-year maturities
 

with 10 years grace, free of interest but with an annual 
0.75% service
 

charge.
 

In the financial year ending June 30, 1979, IBRD made 142 loans
 

to 44 countries for a total commitment of US$6,989.0 million, while
 

116 IDA credits to 43 countries totalled US$3,021.5 
million. Of the
 

combined total of US$10,010.5 million, the lending 
for agriculture and
 

rural development comprised 25.2%.
 

Ariculture and Rural
The Expansion of Lending for 


Development
 

The Bank's early lending for agriculture was oriented towards
 

economic growth and took the form of agricultural credit 
for on-farm
 

generally benefiting larger and more progressive
development --

-- roads, irrigation
and the provision of infrastructure
farmers 

systems. While growth is necessary to generate savings for
 

investment, create jobs and expand social and physical 
infrastructure
 

to keep pace with expanding populations, there was 
a gradual
 

realization that growth alone was not sufficient and 
an increasing
 

This problem was brought sharply
 concern over poverty alleviation. 


into focus by a speech given by the Bank's 
President at the 1973
 

General Meeting in Nairobi, in which Mr. McNamara discussed 
the nature
 

of the poverty problem, particularly aa it affected 
rural areas,
 



suggested a strategy for dealing with it and outlined a plan to do so
 

through the Bank's operations. While there has been a massive
 

increase in the Bank's total lendinig during the past decade, there has
 

been an even more dramatic increase.in the proportion of that lending
 

going to the poorest countries and in the proportion of lending for
 

agriculture and rural development. With the change in emphasis
 

towards the problem of helping the rural poor, the Bank set out its
 

pollicy on Rural Development in a Pector policy paper which defined
 

Rural Development as a strategy designed to improve the economic and
 
-- a group
social life of a specific group of people the rural poor --


including small-scale farmers, te-nants and the landless. The
 

objectives of Rural Development included improved productivity,
 

increased employment and thus higher incomes for target groups as well
 

as minimum acceptable levels of food, shelter, education and health.
 

During the decade 1969-1978, the Froportion of the Bank's lending
 

to the 30 poorest countries (with 1977 per capita GNP below $295) plus
 

Indonesia ($300) increased as follows;
 

FY 68 FY 78 

Combined IBRD/IDA 16: 33%
 

10% 14%
IBRD 


63% 82%
IDA 


Average annual lending for Agriculture and Rural Development doubled
 

in terms of numbers of projects and quadi.upled in amount between
 

1969/73 and 1974/78, and the average annual lending for Rural
 

Development Projects quadrupled in terms Qf number of projects anO
 

increased tenfold in amount for the same periods.
 

Annual Annual 
Average Average 
FY 69 - 73 FY 74- 78 FY 78 

Agriculture and Rural
 
Development Projects
 

Number of Projects 35 73 88
 

Total Amount US$ H 500 2,004 3,270
 

Rural Development
 
Projects
 

Number of Projects 10 42 49
 

Total Amount US$ K 109 1,062 1,728
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In identifying, assisting to prepare and appraising Agriculture
 

and Rural Development Projects for investment, the Bank is concerned
 

that they are:
 

1) technically sound;
 
2) economically viable; and.
 
3) socially beneficial.
 

Economic benefits accrue either through increased productivity or
 

through arresting an ongoing decline in productivity as occurs, for
 

example, in irrigated lands subject to increasing waterlogging and
 

salinization. Social benefits accumulate through measures which
 

target a significant proportion of such benefits towards increasing
 

the incomes and improving the living standards of the rural poor.
 

Such factors as traditional social structures and land tenure
 

arrangements often necessitate that measures benefiting the poor (e.g.
 

.mproved farming practices, better seeds, improved availability of
 

inputs) equally benefit the larger and more affluent farmers too, so
 

that, although the incomes of the poor increase in comparisoA with
 

national average incomes, the gap bet:een the large and small farmers
 
even widen. Furthermore, while
within a project may remain or 


projects can be designed to ensure a significant share of the benefits
 

to small farmers in the community, it is often extremely difficult to
 

directly benefit the landless -- often the poorest of the poor -

through increases in agricultural productivity. The Bank is acutely
 

aware of this problem but, apart from seeking to generate increased
 

-opportunities for employment through the encouragement of adoption of
 

labour-intensive techniques, it is a difficult exercise and we are
 

still seeking solutions.
 

The Bank's Concern for Environmental Aspects of
 

Development
 

With the upsurge of conern over the environment world-wide during
 

the 1960s, the Bank appointed an Environmental Advisor in 1970 and,
 

subsequently, established its Office of Environmental Affairs now
 

numbering six professional staff. The office is responsible for
 

reviewing and evaluating all investment projects from the standpoint
 

of their potential effects on the environment, providing support and
 

advice on environmental matters to Bank staff directly involved in the
 

preparation, appraisal and supervision of projects and advising the
 

Bank's management in the development of policy as it may pertain to
 

environmental issues. The early work and lessons of the Bank's
 

environmentalists are described in its ?ublication "Environment and
 

Development."
 

In the Agriculture and Rural Development field the Bank has
 
far as possible, that
concentrated, in the first place, oa ensuring as 


activities under its projects will not adversely affect the
 
a risk of possible environmental harm,
environment and, where there is 


to include either specific remedial measures, or else provide for
 

close monitoring of the situation in order that appropriate measures
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may be promptly instituted if harmful effects materialize. Secondly,
 
the Bank may include in a project measures aimed at remedying an
 
already existing progressive deterioration in the environment,
 
providing that they will ensure sustained and profitable production in
 
the future. The report prepared by the appraisal mission, which
 
subsequently is included in the documentation provided by the
 
President to the Board for approval of a project, includes a section
 
in which the environmental impact of the project is discussed.
 
Specific assurances may be sought from a Borrower concerning actions
 
to be taken to protect the environment, and these become part of the
 
legal agreement between the Borrower and the Bank.
 

The costs of environmental protection components of projects
 
generally are small in relation to the total investments but the Bank
 
encourages Governments of developing countries to assess the
 
cumulative impact of their increasing development on the environment
 
and to examine the need for more stringent standards affecting the
 
design and execution of projects. Ao development accelerates, the
 
proportional cost of environmental protection will increase.
 
Recognizing a need for measure to protect the environment as a part of
 
project implementation, the Bank seeks to identify the least cost
 
solution consistent with meeting environmental needs.
 

Attitudes and Constraints in the Developing World
 

Here in che U.S.A., controversy over issues has led to
 
polarization of attitudes towards, on the one extreme, the
 
preservationists who oppose any development which may degrade the
 
environment from the ecological, health or amenity standpoint and, on
 
the other, thedevelopers who believe economic growth is essential for
 
the continued well-being of humanity and that environmental
 
degradation is a concomitant cost we must be prepared to pay. Of
 
course, there has to be a middle road, but adverse publicity given to,
 
for example, the effects of indiscriminate pesticide use -- remember
 
"Silent Spring?" -- the risks of atomic power generation, folloing
 
the Three Mile Island power station failure and concern at the dumping
 
of hazardous waste material brought to the forefront of public
 
attention by the furor over the Love Canal, coupled with the public's
 
image of "big business" as being hell-bent on profit regardless of the
 
effects on the future, has progressively widened the gap.
 

The developing world is presently in a more fortunate position as
 
far as attitudes to environmental management are concerned, but lack
 
of resources, particularly finance and trained personnel to undertake
 
environmental measures and monitor the situation, is often a severe
 
limitation on what can be achieved. Consider, too, that while many or
 
perhaps most governments recognize in principle the need to conserve
 
resources and protect the environment, the political will to conserve
 
for the future is always weaker than political pressure to develop
 
and, thereby, alleviate existing widespread and often growing
 
poverty. With limited resources it is little wonder that
 
environmental management comes low down on the list of priorities.
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Even given a willingness to address environmental problems and
 

the allocation of resources to that end, other factors further
 

constrain such efforts as they apply to Agriculture and Rural
 

Development. Farmers the world over seek first to ensure that the
 

basic human needs of their family -- food, clothing, shelter -- are
 

provided and, having done so, then respoud primarily to financial
 

incentives. Growing legumes in rotation with cereals may be
 

agronomically preferable to continuous cereals in the long term, but
 

if continuous cereals give a greater financial reward in the short and
 

medium-term, farmers will be sLow to adopt the more desirable rotation
 

until a significant yield decline thzough monocropping has become
 

evident.
 

Agricultural production systems, much more so than industrial
 

ones, are highly location specific. What works in one country or one
 

part oZ a country may not work elsewhere. You just cannot take a
 

modern western technology and use it in a developing country without
 

an extended period of testing and adaptation under local conditions.
 

This takes time and means that one usually cannot find an instant
 

solution to an agricultural problem. In developing countries the most
 

needy farmers are often found in areas where climatic and soil
 
They survive because they have developed
conditions are marginal. 


traditional farming systems which minimize the risk of a catastrophic
 

crop failure. Such farmers are extremely conservative in their
 

attitude toward new innovations and unwilling to adopt practices which
 

may enable them to increase productivity in a good year, but increase
 

A number of small, scattered fields are much
their risk in a bad one. 

less efficient to cultivate than a single, consolidated holding but,
 

where the rainfall pattern is highly variable, it offers a much better
 

chance of getting a crop off some of the farm when raiefall is below
 

average and some locations get insufficient amounts to carry the
 

plants through to maturity.
 

In the developing world new measures in environmental management
 

affecting agriculture must:
 

1) be clearly a worthwhile use of scarce resources and
 

in order to convince those responsible for
demonstrably so 

resource allocation;
 

2) have been thoroughly tested and shown to work under local
 

conditions;
 
3) provide an adequate reward to the farmer in order to
 

encourage adoption; and
 
4) not increase the exposure of the farmer in high-risk
 

situations.
 

Environmental Factors in Development Planning
 

In order to ensure that the objectives of an agriculture or rural
 

development project are suited to the local conditions, to identify
 

possible adverse environmental consequences from the proposed
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development and avoid the occurrence of unforseen problems, adequat
 

studies of the natural resources to be developed followed by propez
 
Such studies should
land suitability evaluation, is essential. 


include, wherever pertinentj climate (particularly rainfall
 

distribution), topography, soils and underlying strata, hydrology
 

(both surface and groundwater), water quality, vegetationp wild lif
 

existing and alternative future farming systems and other land uses
 

infrastructure and the health and social and cultural attributes of
 

The studies should not only provide an assessmeri
the local people. 

of the impact of planned development on the environment but also
 

provide for the preservation of irreplaceable genetic resources.
 

Because of the dynamic nature of the environment, the evaluation mt
 

identify potentials for change in conditions both under existing ar
 

possible future systems of land use and the linkages and interactic
 

whereby change in one characteristic may in turn result in changes
 

other related characteristics.
 

A number of national and international development agencies,
 

including the Bank as well as individuals from developed and
 

developing countries involved in land use planning, have in recent
 

years been concerned over the wide variation in both the methodoloi
 

and adequacy of land suitability evaluation as a preliminary to
 

agricultural development. In 1977 an Expert Consultation was held
 

FAO Rome on Land Evaluation Standards for Rainfed Agriculture,(
I) 

and in February 1979 a similar consultation was held on Land 

Evaluation Criteria for Irrigation. Bank agricultural staff 
Last year's consultation endorsed Iparticipated actively in both. 


use of economic principles as a basis for determining the suitabili
 

of lands for irrigation and recommended that FAO prepare a guideli,
 

on the principles and procedures involved for the use and guidance
 

developing countries. The methodology will closely follow that
 

developed over the past two decades by the U.S. Bureau of Reclamati
 

though some simplification will be sought to facilitate its adopti(
 

This will be a big step forward leading,
by developing countries. 

is hoped, not only to a more uniform approach to land suitability
 

a much more complete examination of the
classification but also to 
factors involved than is undertaken in many countries at the presei 

time. It will undoubtedly contribute to a better appreciation of I 

impact of development on the environment and enable the timely
 

identification of possible adverse effects in order that adequate
 

appropriate safeguards may be incorporated in project designs. Tho
 

Bank is enthusiastically supporting
 

(1)FAO World Resources Reports No. 49.
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this development in project planning and is encouraging 
the
 

introduction of a more broadly-based land classification methodology,
 

even in advance of publication of the FAO guideline, by offering
 

advice to those eagaied in project planning and providing 
reference to
 

useful documentation already available from USBR and 
elsewhere.
 

A basic requirement of the recommended methodology, 
supported by
 

suitable for agricultural
the Bank, is that-the evaluation of land as 


development must be on the basis of sustainable production capable of
 
This
 

generating an adequate livelihood for the farmer 
and his family. 


requiement for sustainable productivity is wholly 
consistent with
 

environmental objectives aimed at avoiding environmental 
degradation
 

though it would not, for example, ruIle out an extremely long
 

recuperative fallow period between exhaustive cropping 	
periods
 

(shifting cultivation) where such a system is agronomically 
sound and
 

providing that land availability is adequate to permit the extended
 

fallow necessary to ensure long-term maintenance of fertility.
 

Environmental Problems Associated with Particular
 

Kinds of Agriculture and Rural Development Projects
 

This is perhaps a convenient point to look at some typical
 

components of projects located in differing environmental 
situations
 

and consider the kinds of problems which may be 
encountered. I will
 

use experiences from particular Bank projects where 
appropriate as
 

illustrations.
 

A. Lowland Irrigation Projects
 

Typically such a project is situated in a rather broad, 
flat,
 

Where topography is relatively flat
 river valley or a coastal plain. 


and soils are moderately fine textured leading to slow 	infiltration
 
furrow
 

rates, irrigation will probably be by surface basin or 


Irregular topography or coarse-textured soils will
application. 

necessitate sprinkler application systems, while drip 

irrigation is
 

limited to certain special crops in situations where water supply is
 

often limiting.
 

In designing storage reservoirs and distribution systems
 

consideration must be given to their effects on wildlife 
habitat and
 

on seasonal migratory movements in some countries. It may be
 

necessary to bridge large canals at intervals to avoid 	obstructing
 

migration routes. Deforestation of catchment areas may result in
 

severe erosion and rapid siltation of the system, and 
planting of
 

protective forests may be a highly economic proposition in 
terms of
 

the extended reservoir life. However, over-reforestation of
 

catchments in Britain has seriously depleted inflows to reservoirs in
 

Manmade lakes with attractively planted protection
some instances. 

forests on surrounding slopes have enormous amenity potential 

if they
 

are not too distant from urban centers and, in evaluating 
reservoir
 

development, their amenity value should not be overlooked.
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Farming systems in irrigation projects can cover a wide 
range
 
summer
 

but, perhaps, typically involve either rice 
monocropping or 


rice/winter wheat on heavier textured and 
rather poorly-drained soils
 

and, when better drainage precludes rice 
production, a rotation of
 

Few
 
alternating food crops (wheat) and cash crops 

(cotton). 


situations support two full crops per year over the entire farm 
and
 

cropping intensity is more typically about 130% -- say, half the farm
 

in a winter food crop and about 80% planted 
to cash crops in summer.
 

Fertilizer use in developing countries seldom 
approaches the levels
 

used in developed countries. Excessive leaching of nutrients into the
 

drainage system leading to excessiqe plant 
growth in downstream bodies
 

of water and problems of subsequent oxygen depletion 
when the growth
 

later dies and begins to decay does not present 
a problem as a rule.
 

A more significant problem in developing countries 
at the present
 

time is the rapidly increasing, often 
indiscriminate and generally
 

uncontrolled use of pesticides and other agrichemicals. 
This is
 

particularly the case in irrigation projects 
where the comparatively
 

high and relatively assured yields make 
the use of cash inputs, such
 

as pesticides, attractive and where intensive 
cropping systems and
 

concentration often on a single crop, such 
as cotton, is conducive to
 

Experience over the past decade in
 a high incidence of serious pests. 


the USA and elsewhere has clearly demonstrated 
that more frequent
 

applications of a wider variety of highly 
toxic materials merely leads
 

more rapid buildup of resistance and a vicious 
spiral of
 

to a 

increasing costs and decreasing effectiveness. 

This realization has
 

led to the development of an ertirely new concept 
of pest management
 

in which the system of production is modified 
to keep pest
 

infestations to an acceptable level and permit 
continued profitable
 

production using prudent minimal insecticide 
applications, as opposed
 

to the futile efforts to eliminate the pests completely under the
 

The parallel risk of building up
earlier system of pest control. 


resistance to pesticides in the insect vectors 
of serious human
 

diseases such as malaria through the widespread 
contamination of the
 

environment with agricultural pesticides is 
also reduced by modern
 

pest management techniques.
 

a crop, a percentage
When irrigation water is applied to 

In order to ensure
 percolates below the rootzone and is lost. 


sufficient water to meet the needs of the crop 
over the whole field,
 

some deep percolation losses are bound to occur 
due to variations in
 

from place to place in the field.
 rate of downward water movement 


Though efficiently opcLated sprinkler systems 
may use less water than
 

surface application systems, they will still suffer deep percolation
 

The water applied also contains dissolved 
salts and, as the
 

losses. 

crop takes up water from the soil, the salts 

are left behind and
 

accumulate eventually reaching harmful levels 
which periodically
 

require removal by leaching downwards by a 
high application of water.
 

Unless drainage of the soil and lower horizons 
is completely free,
 

these water movements lead to an accumulation of water and salts
 

which, over time, lead to water logging, salinization and other
 



effects. It is essential ;hato in
harmful chemical and phyr*'I 


assessing the suitability of lands for irrigation, a proper diagnosis
 

and prognosis of such effects are undertaken in order that, where
 
Where water logging
necessary, provision for drainage may be made. 


and salinity have already developed, the installation of necessary
 

drainage has to be accompanied by reclamation of the land by leaching
 

out of excess salts. Meanwhile significant reductions in crop yields
 
The loss is not borne by the
and possible crop failures may result. 


install drainage in the first instance but by
designer who failed to 


the unfortunate farmer and his f~mily.
 

An example of this kind of problew has occurred in Egypt, 
where
 

the agricultural lands bordering the Nile had traditionally 
been
 

dependent for crop production on annual inundations by flood waters
 

mainly arising from seasonal rainfall in Ethiopia. These floods
 
as
spread over the lands adjacent to the river and, they receded,
 

crops were planted and reached maturity on the residual soil
 

In order to enable longer season cotton crops to be grown
moisture. 

in the Nile Delta, a series of barrages were built, from 1890 

onwards,
 

to raise the water level and to provide upstream storage to augment
 

low flows and permit perennial irrigation. Most of Upper Egypt
 

remained under the traditional flood irrigation, however, until 
work
 

began on the Aswan High Dam, which by reducing peak flows 
prevented
 

flooding of the basins downstream necessitating their conversion to
 

perennial irrigation during the 1960s.
 

With the increasing use of water urder the year-round irrigation
 

regime, a rise in the level of groundwater occurred resulting 
in
 

waterlogging. Furthermore, in the absence of seasonal floodingo which
 

in the past had-leached accumulated salts from the root zone,
 
In order to continue crop
increasing soil salinity became a problem. 


production, the provision of drainage is essential in 
this situation,
 

and it is estimated that some 4.5 million acres, about 2/3 
of Egypt's
 

Since 1970 the Bank has
cultivated land, will need to be drained. 

to assist in this respect. The projects will
financed four projects 


together provide essential drainage for some 2.8 million 
acres of
 

cultivated land and have a major impact in correcting declining
 
In irrigation projects
production due to waterlogging and salinity. 


being prepared for future Bank financing, tb- Tn-nk stresses the need
 

for a careful examination of the soils drainage characteristics 
during
 

project preparation and, where a need for drainage is 
indicated,
 

provision for its installation included in the project.
 

Health is another important and environmentally-related 
aspect of
 

Again, Bank experience in Egypt where the
irrigation projects. 

water-associated parasitic disease, Bilharzia (Schistosomiasis) 

has
 

been a scourge since Pharaonic times is of interest. Under three of
 

the Drainage Projects, the Bank has made provision for assisting 
in
 

financing equipment and materials for a major program to drastically
 

reduce transmission of the parasite through both treatment of 
infected
 

people and through the eradication of the water snail alternate 
host
 

In the First
in canals and drains by molluscicide sprays (Annex 2.b). 
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Upper Egypt Drainage Project, the only ona in which the 
Bilharzia
 

component has been operating for a sufficient time to have a
 

significant impact is disease incidence, the number of people 
infected
 

has been reduced by about 50%.
 

Unlike the Egypt projects where an existing infestation of
 

Bilharzia is being attacked, the Rahad Irrigation Project 
in the Sudan
 

is in an area which was previously used only for grazing 
and limited
 

rainfed cereal production, and no snail-infested bodies 
of water
 

existed. Howeverp across the Blue Nile the Gezira Project has a
 

a considerable likelihood of the
Bilharzia infestation, and there is 

it is developed. For this
disease spreading into the Rahad area as 


reason, the Bank provided for the project layout to keep settlement
 

villages as far as possible away from canals and drains and to provide
 
By this means, contact
 uncontaminated water sources for domestic use. 


a minimum and this will
with infested water should be kept to 


facilitate control measures when the canals now being built 
become
 

infested with the snail hosts of the disease.
 

Another irrigation project of interest is the Seyhan Project 
in
 

An IDA credit of US$20 million in 1963 and
 the Adana Plain in Turkey. 


a further Bank loan and IDA credit of US$12 million each 
assisted in
 

financing the first two stages of irrigation development comprising
 
about 100,O00 ha. This land had
 

irrigation and drainage works serving 


been a malarious swamp, but the use of DDT for mosquito control during
 

the 1950s eliminated malaria, so opening a potentially, highly 
fertile
 

The initial promise has been fulfilled, and
 area for development. 

cotton production has been extremely successful and profitable,
 

resulting in a most marked change in the economy of the region.
 

However, a resurgence of malaria in the region since 1970 coincident
 

with the expansion of the irrigated area under the project led 
to
 

criticism that the project was responsible. The Bank has employed an
 
no
expert to examine the situation. That it is serious there is 


The total number of malaria cases in the region has increased
doubt. 

from less than 25 per year from 1961-1969 to 70,000 cases in 

1977.
 

In 1964 a WHO report noted an increase in the
What went wrong? 

mosquito vector and warned that this toupled with an annual influx of
 

malaria-infected migrant workers presented a significant risk. 
This
 

was before any new irrigation development in the area had been
 

the increase in mosquito vectors
completed. Unfortunately, toog 


coincided with cutbacks in mosquito-control efforts as interest
 
-- a state of affairs which
declined after a decade free of malaria 


has come about in many countries at about the same time. 	 Resistance
 
-- DDT was
 to insecticides in the vector mosquito was another factor 


replaced in thp late 1950s by BHC, then by Dieldrin which, in turn,
 

had to be replaced by Malathion after 1966. It would seem that the
 

rapid build up of resistence to insecticides in the mosquito vector,
 

together with an increasing number of migrant workers from
 
the main causes of the massive outbreak in
malaria-infected areas, are 


Adana. The expansion of irrigation per se is probably not a major
 

the malaria is more prevalent in poorly-drained urban areas
 cause --
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harmful chemical and physical effects. It is essential that, in
 

assessing the suitability of lands for irrigation, a proper diagnosis
 

and prognosis of such effects are undertaken in order that, where
 
Where water logging
necessary, provision for drainage may be made. 


and salinity have already developed, the installation of necessary
 

drainage has to be accompanied by reclamation of the land by leaching
 

out of excess salts. Meanwhile significant reductions in crop yields
 

and possible crop failures may result. The loss is not borne by the
 

designer who failed to install drainage in the first instance but by
 

the unfortunate farmer and his family.
 

An example of this kind of problem has occurred in Egypt, where
 

the agricultural lands bordering the Nile had traditionally been
 

dependent for crop production on annual inundations by flood waters
 

mainly arising from seasonal rainfall in Ethiopia. These floods
 

spread over the lands adjacent to the river and, as they receded,
 

crops were planted and reached maturity on the residual soil
 

moisture. In order to enable longer season cotton crops to be grown
 

in the Nile Delta, a series of barrages were built, from 1890 onwards,
 

to raise the water level and to provide upstream storage to augment
 

low flows and permit perennial irrigation. Most of Upper Egypt
 

remained under the traditional flood irrigation, however, until work
 

began on the Aswan High Dam, which by reducing peak flows prevented
 

flooding of the basins downstream, necessitating their conversion to
 

perennial irrigation during tle 1960s.
 

With the increasing use of water under the year-round irrigation
 

regime, a rise in the level of groundwater occurred resulting in
 

waterlogging. Furthermore, in the absence of seasonal flooding, which
 

in the past had-leached accumulated salts from the root zone,
 
In order to continue crop
increasing soil salinity became a problem. 


production, the provision of drainage is essential in this situation,
 

and it is estimated that some 4.5 million acres, about 2/3 of Egypt's
 
Since 1970 the Bank has
cultivated land, will need to be drained. 


financed four projects to assist in this respect. The projects will
 

together provide essential drainage for some 2.8 million acres of
 

cultivated land and have a major impact in correcting declining
 

production due to waterlogging and salinity. In irrigation projects
 

being prepared for future Bank financing, the Bank stres3es the need
 

for a careful examination of the soils drainage characteristics during
 

project preparation and, where a need for drainage is indicated,
 

provibion for its installation included in the project.
 

Health is another important and environmentally-related aspect of
 

irrigation projects. Again, Bank experience in Egypt where the
 

water-associated parasitic disease, Bilharzia (Schistosomiasis) has
 

been a scourge since Pharaonic times is of interest. Under three of
 

the Drainage Projects, the Bank has made provision for assisting in
 

financing equipment and materials for a major program to drastically
 

reduce transmission of the pi.rasite through both treatment of infected
 

people and through the eradization of the water snail alternate host
 

in canals and drains by mol'.uscicide sprays (Annex 2.b). In the First
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Upper Egypt Drainage Project, the only one in which the Bilharzia
 

component has been operating for a sufficient time to have a
 

significant impact is disease incidence, the number of people infected
 

has been reduced by about 50%.
 

Unlike the Egypt projects where an existing infestation of
 

Bilharzia isbeing attacked, the Rahad Irrigation Project in the Sudan
 

is in an area which was previously used only for grazing and limited
 

rainfed cereal production, and no snail-infested bodies of water
 

existed. However, across the Blue Nile the Gezira Project has a
 

Bilharzia infestation, and there is a considerable likelihood of the
 
it is developed. For this
disease spreading into the Rahad area as 


reason, the Bank provided for the project layout to keep settlement
 

villages as far as possible away from canals and drains and to provide
 
By this means, contact
uncontaminated water sources for domestic use. 


minimum, and this will
with infested water should be kept to a 

facilitate control measures when the canals now being built become
 

infested with the snail hosts of the disease.
 

Another irrigation project of interest is the Seyhan Project in
 
An IDA credit of US$20 million in 1963 and
the Adana Plain in Turkey. 


a further Bank loan and IDA credit of US$12 million each assisted 
in
 

financing the first two stages of irrigation development comprising
 
This land had
irrigation and drainage works serving about 100,000 ha. 


been a malarious swamp, but the use of DDT for mosquito control during
 

the 1950s eliminated malaria, so opening a potentially, highly fertile
 

The initial promise has been fulfilled, and
 area for development. 

cotton production has been extremely successful and profitable,
 

most marked change in the economy of the region.
resulting in a 

However, a resurgence of malaria in the region since 1970 coincident
 

with the expansion of the irrigated area under the project led to
 

criticism that the project was responsible. The Bank has employed an
 

expert to examine the situation. That it is serious there is no
 

The total number of malaria cases in the region has increased
doubt. 

from less than 25 per year from 1961-1969 to 70,000 cases 	in 1977.
 

What went wrong? In 1964 a WHO report noted an increase in the
 

mosquito vector and warned that this coupled with an annual influx of
 

malaria-infected migrant workers presented a significant risk. This
 

was before any new irrigation development in the area had been
 

completed. Unfortunately, too, the increase in mosquito vectors
 

coincided with cutbacks inmosquito-control efforts as interest
 
-- a state of affairs which
declined after a decade free of malaria 


has come about inmany countries at about the same time. 	 Resistance
 
-- DDT was
to insecticides in the vector mosquito was another factor 


replaced in thp late 1950s by BHC, then by Dieldrin which, in turn,
 

had to be replaced by Malathion after 1966. It would seem that the
 

rapid build up of resistence to insecticides in the mosquito vector,
 

together with an increasing number of migrant workers from
 

malaria-infected areas, are the main causes of the massive outbreak in
 

Adana. The expansion of irrigation per se is probably not a major
 

cause -- the malaria is more prevalent in poorly-drained urban areas
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than in the rural villages in the irrigation scheme. There are, of
 

course, other contributing causes -- mosquito breeding in culverts and
 

syphons and undrained borrow areaa in the scheme (not by any means
 
unusual inadequacies in such engineering works), an increasingly heavy
 
use of insecticides on the cotton crop to overcome resistance build up
 

in pests, which has contributed to the rapid resistance build-up in
 

the mosquitos, and the declining government control program in the
 
absence of significant malaria cases, are-examples. Could and should
 
the problem have been foreseen -- the chances are that in similar
 
situations itmost often would not be. It is a good example of the
 
sorts of surprises the environment has in store -- and an example,
 
too, of the willingness of environmentalists to blame the developer
 
when something happens.
 

B. Upland Area Development Projects
 

Upland projects are located inmuch more variable topographiy.
 
Crop production is usually less intensive because rainfall often
 

In this respect, such
limits the farmer to one crop per year. 

projects present less risk of harm to tbe environment from such
 
features as the use of agrichemicals. However, many areas selected
 
for such projects have a much more delicately balanced ecology, and so
 
special care is necessary in their design tv foresee and avoid
 
possible harmful effects. In particular, cuitivation of sloping lands
 

can, without proper safeguards, lead to erosion even in areas of low
 
rainfall; the overgrazing of pasture lands, particularly those
 
adjacent to stock-watering points can lead to serious problems, and
 

the influx of new settler families can raise problems of health and
 

waste disposal as well as a risk of destruction of vegetative cover
 
for domestic fuel, unless provision for this need ismade.
 

The Lilongwe Project in Malawi iswell known, and its effects
 
have been extensively studied both from social and environmental
 
aspects. Though the lands are on!y gently indulating and the soils
 

range from sandy loam to clay, the likelihood of an erosion problem
 
under the planned more-intensive farming system was recognized. The
 

three phases of the project which have been partially financed by IDA
 
credits in 1968, 1971 and 1975, have each included specific provision
 
for erosion control through the construction of drainage channels,
 
contour bunds where necessary and strip-cropping of the sloping
 
lands.
 

In northeast Brazil, the Altc Turi Settlement Project, financed
 

by the Bank in 1972, was aimed at controlling the massive migration
 

from the drought areas of the northeast and rapid destruction of the
 

forest under a system of slash and burn shifting cultivation. Slow
 
severe cost overruns has unfortunately
implementation associated with 


limited project impact. However, the concept which attempts to
 

regulate settlement and provide settlers with low-cost assistance to
 

develop stable livestock-based production systems as an alternative to
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The
shifting cultivation was worth testing on a project scale. 


opening-up of somewhat more fertile lands elsewhere in
Brazil for
 

settlement has taken some of the pressure off these areas of extremely
 

poor soils, but the problem remains of finding agricultural 
systems
 

which can sustain production on them as settlement 
of the Amazon
 

forest lands continues.
 

The Bank has not subsequently financed any further 
development
 

projects in the Amazon Region of Brazil, but 
the possibility that it
 

maay do so in the future and its involvement 
in the massive
 

Transmigration Program in Indonesia has 	led 
to considerable discussion
 

within the Bank on the measures needed to ensure that exploitation of
 
These areas are
 

these fragile environments is suitably controlled. 
resource base.
 
characterized by an extremely variable agricultural 
 long as
 
Rainfall can range from adequate year-round 

to a dry season as 


six or seven months, which imposes severe limitations 
on the kinds of
 

crops which can be grown without irrigation. 
Most soils are low in
 

fertility, the bulk of the nutrients needed for 
plant growth being in
 

the forest cover and decomposing litter from which 
they are recycled
 

in a highly efficient manner by the root systems 
of the indigenous
 

Toxic levels of aluminum associated with high 
levels
 

plant community. 

of soil acidity are common, as are deficiencies 

of important elements
 
While
 

such as phosphorous, magnesium, calcium, zinc and 
sulphur. 


in generai correctable, to do so requires

these soils' limitaL ons are 


a high level of land management, and the financial rewards may be
 

negligible. Soil physical characteristicls, particularly the 
tendency
 

to compaction following forest clearing 	tnd poor 
water-holding
 

capacity, which can exacerbate the effecto of 
the dry season, are also
 

It is, therefore, essetitial that development is preceded
important. 
 to ensure,

by careful soil and land suitability cliaracterization 

so as 


far as possible, that only those soils which have 
the potential to
 

as 

support sustained profitable agricultural production 

are developed.
 

The selection of appropriate crops and production 
systems for the
 

A
 
development of these difficult environments is also 

very important. 


recent conference on Amazon Agriculture and Land 
Use Development at
 

the International Center for Research in Tropical Agriculture in
 

Colombia and visits to research centers in the Brazilian Amazon
 

indicated that, while some interesting and promising 
lines of research
 

are being studied---particularly witha regard to 
tree crops--it would
 

be premature to use them as a basis for 	large-scale development 
until
 

The highly variable conditions
 they have been more adequately tested, 


also make it impossible to transfer results from 
one area to another
 

with any degree of reliability, so that local testing 
of new crops and
 

production techniques is an important preliminary 
to their commercial
 

introduction.
 

It would seem expedient to proceed very 	cautiously with
 

agricultural development in these tropical forest 
environments in view
 

of the lack of adequately proven technology and the worldwide 
concern
 

over the cost pf destroying the natural forest lands 
in terms of land
 

degradataion, loss of genetic resources, possible 
adverse climate
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changes which may result, and the severe privation and sometimes
 

decimation which has sometimes faced indigenous 
tribal people as a
 

result of development activities within their traditional 
lands.
 

Protection Projects
C. Forest Development and Catchmea 


Lands selected for forestry development are usually 
those on
 

which the limitations are too severe to permit other forms 
of
 

In addition, planting of trees
 profitable agricultural production. 

and construction of contour bunds, drainage channels and 

checkdams in
 

gulleys are the most common methods of controlling erosion on 
steeper
 

slopes, slowing run-off and reducing siltation of streams and
 

reservoirs. The Bank's involvement with forestry projects and project
 

components has developed from the provision of infrastructure 
-

access roads, sawmills, equipment -- for the exploition of existing
 

forest resources to an approach which emphasizes the need to sustain
 

forest productivity through controlled logging, 
regeneration and
 

The destruction of forests, particularly around areas of
 replanting. 

dense population, to provide building materials and fuel 

is also a
 

matter of concern, and means of meeting these needs by planting 
of
 

suitable tree species are being tested nnd included as 
project
 

components. Under conditions of low rainfall and low fertility,
 

however, the amount of land necessary under tree plantings 
to meet a
 

family's minimum needs for fuel can be considerable and, in many
 
so great that
places, the pressure on the land to produce food is 


Furthermore, under fairly
there is insufficient to grow fuel wood. 

adverse conditions the cost of establishing and maintaining a fuel
 

wood plantation can be significant and, even if the local 
people are
 

in addition to meetit.g the existing
able to provide free labour --

-- and if the
demands for labour, particularly at peak seasons 


benefits are such that they are willing to do so, the 
other costs may
 

make fuel wood prohibitively expensive for a low-income 
family unless
 

heavily subsidized.
 

As an illustration of the kind of project that 
the Bank is now
 

considering, the Kandi Watershed and Area Development 
in India is a
 

a pilot project for a comprehensive
good example. It is intended as 


attempt to tackle the problem of reversing the massive 
ecological
 

Besides flood protection
degradation in the Himalaya foothills. 


works, irrigation development and on-farm works in the 
agricultural
 

areas below the foothills, the project includes provisions 
for soil
 

conservation and revegetation in the upper catchment 
of five typical
 

To repair the ravages of erosion will require the
watersheds. 

building of small stone or gabion checkdam structures, 

drops and
 

debris basins in gullies, together with reforestation 
and grass
 

planting in non-gulley areas. Establishment of the newly-planted
 

vegetation will necessitate local livestock being 
kept from grazing
 

the treated areas for several years, and it will be necessary to
 
By choosing


compensate landowners for loss of grazing revenues. 


suitable fodder grass, timber and fuel wood tree species 
and locally
 

adapted plants with other economic uses, it should prove 
possible to
 

greatly increase productivity of the hills in the longer-term, 
as the
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At a
vegetative growth increases the water rentention of the soils. 


cost of about $350-$400 equivalent per ha, such a program should prove
 

economically viable on the basis of fairly conservative assumptions 
of
 

future production.
 

Aiother example is the Northern Rural Development Pzoject in
 

The project area comprises rolling terrain below 500 m
Thailand. 

elevation, extensively used for shifting cultivation by ethnic 

Thais
 

who live in the lowlands, and the more mountainous highlands 
above
 

500 m, where only valley-bottom land and foot slopes comprising 
20% of
 

the area are suitable for cultivation by the farmers, among 
whom hill
 

At the lower elevations, the agricultural
tribes predominate. 

development component will include erosion control works 


With improved cultivation, it is
essentially contour bunds. 


anticipated that farmers will be able to inove away 
from shifting
 

As a result, they will no longer
agriculture to sustained cropping. 


be able to obtain timber and fuel from clearing of forest fallow 
and,
 

under the project, the farmers will be encouraged to plant village
 

wood lots. In the highland area, the cultivators would be assisted in
 

the construction of bench terraces for rainfed annual crops 
and coffee
 

production to replace the present shifting agriculture. In addition,
 

village wood lots would be planted, and rehabilitation of the 
forests
 

would be initiated with planting of pine and broadleaf seedlings 
on
 

land no longer needed for shifting cultivation. The project
 

activities would take place at various sites comprising some 
2% of the
 

upland and 3% of the highland area of norther Thailand. 
Thus, if
 

successful, it could lead to widespread replication of 
the essentially
 

low-cost technologies.
 

The Bank's Future Role in Environmental Management
 

Earlier I spoke of the Bank's concern for environmental aspects
 

of developmenr, and I hope the illustrations I have given have
 

demonstrated how this concern has been increasingly translated into
 

actions to sustain and improve the habitat where development projects
 

are being undertaken. I hope that my illustrations have also
 

demonstrated the Bank's willingness to experiment with new and
 

innovative approaches where these are in the interests of the 
target
 

groups we are trying to assist, and of our Borrowers.
 

During 1979, the Executive Directors of the Bank reviewed the
 

environmental policies and practices of the Bank, and gave 
their
 

strong endorsement to the continuation of the policy that seeks in the
 

Bank's project work, to adapt standards of environmental protection
 

and control to the circumstances of the project and the country, and
 

to incorporate in its projects all appropriate environmental and
 

health measures.
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In the future, the Bank is determined to make greater efforts to
 

undertake environmental "post-audits" of selected projects to
 

determine the accuracy of ecologic3l predictions, the efficacy of
 

prescribed control measures, and the adequacy of its supervision over
 

the environmental aspects of projects being financed. Such
 

information, it was noted, is important to the improvement of the
 

quality of the Bank's work, as some environmental problems may not
 

appear for years after a project has been in operation.
 

In addition, the Bank will continue its attempts to persuade
 

other lending institutions especially development finance
 

institutions, many of which currently give less rigourous
 

consideration to the environmental consequences of proposed
 

investments - to harmonize their policies and treatment of
 

environmental issues.
 

The Bank's efforts to promote national environmental programs and
 

the identification of environmental project will also be expanded,
 

especially in those developing countries whose environmental and
 

renewable resources may have deteriorated to such an extent that
 

remedial action is urgently required.
 

But attention will also be directed to those countries where the
 

environment has not, as yet, suffered greatly from mismanagement. The
 

growing realization of the part of developing country governments that
 

a relatively small investment in prevention at an early stage is
 

usually far less expensive, as woll as more effective, than subsequent
 

remedial actions that are certain to become necessary later on, has
 

gone far in making this aspect of the Bank's work more welcome in
 

recent years. Experience has demonstrated that it is possible to
 

incorporate suitable environmental and health protection measures into
 

to do so at a cost between 0% and 3% - that
development projects, and 

is both small and acceptable to the borrower and developing country
 

governments.
 

Measures to improve the management of our environment are
 
financial and other resources.
sometimes expensive in terniq of scarce 


Unfortunately, economists are still arguing over the appropriate
 

methodology for ranking environmental rctivities and alternatives in
 

order of priority and cost/benefit. Where benefits cannot be easily
 

valued, it may be difficult to persuade planners to allocate the
 

resources necesary.
 

On the other hand, where areas of outstanding beauty or unusual
 

interest are being protected and developed, the potential for future
 

income and foreign-exchange generation from tourism may be such that
 

other sources of investment than Bank funds should be easily
 

obtainable and, in such instances, it may be preferable to retain
 

scarce Bank finances for likely less profitable, though still
 

economically viable, investment opportunities. Those who criticize
 

the Bank for being over-conservative might remember that the Bank has
 

to raise its finances on the world's capital markets and to continue
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to do so effectively has to be seen to be a 
soundly managed and highly
 

Similarly, IDA depends for its
 credit-worthy financial institution. 


resources on contributions from the more affluent 
member countries,
 

and the wise and efficient use of those resources 
by management is an
 

important factor in ensuring their continued 
replenishment.
 

Compared to industrial production, agriculture is 
a high-risk
 

it is to all the uncertainties which the
 business, exposed as 

Furthermore, accurate measurements of
 environment holds in store. 


Our projects now almost always
achievement are notoriously difficult. 


include provision for monitoring of progress 
and evaluation of
 

results, but to obtain reliable results from 
sampling of a highly
 

variable population is expensive, aud we 
have to restrain our desires
 

for information to what our Borrowers can 
afford and consider worth
 

Successful agricultural development must
 the investmert of resources. 


manage the environment in such as way 
as to ensure, as far as
 

possible, sustained productivity on which 
the successful provisioa of
 

human needs and improvement in rural standards 
of living of the rural
 

The Bank can never hope for
 
poor of the developing world must depend. 


100Z success in such an uncertain endeavour. 
Nevertheless, I suggest
 

far have been impressive and, together with
 that our achievements so 


our efforts to introduce innovations on a broad-scale, 
compare
 

With the prospect of a
 
favourably with those of the Bank's critics. 


further expansion of agriculture and rural 
development in the 80s, it
 

iz evident that environmental management will 
be a key feature in the
 

Bank's future strategy which, wisely applied, 
will benefit not only
 

the direct project participants and the 
peoples of the countries
 

concerned but the world at large.
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ANNEX I
 

THE WORLD BANK: BACKGROUND(l)
 

Along with the International Monetary Fund (IMF), the
 

International Bank for Reconstruction and Development (IBRD or World
 

founded in 1944 at the United Nations Monetary and Financial
Bank) was 

Conference of 44 governments at Bretton Woods, New Hampshire, USA.
 

These were established as complemeatary, international finance
 

institutions to meet the needs of international cooperative agreements
 

to deal with monetary and finanacial problems. They are intended to
 

provide the machinery that would enable nations to uork together
 

towards world prosperity, thereby aiding political stability and
 

fostering peace among nations.
 

Although the institutions have the same joint objective, their
 

The IMF's main concei L is with monetary affairs, and
roles differ. 

IBRD's with economic development. The main activities of the Fund -

the promotion of international monetary cooperation, the encouragement
 

of expansion and balanced growth in international trade, the promotion
 

of exchange stliility, the elimination of exchange restrictions and
 

the correction of balance of payments disequilibria -- complement
 

IBRD's efforts to promote c;onomic growth in member countries through
 

its loans for productive development projects. The two institutions
 

cooperate closely on operational aid analytical matters, hold 
joint
 

annual meetings and are housed in reighboring buildings in Washington,
 

D.C., USA.
 

Membership in IBRD is open to all members of the IMF and, by
 

December 31, 1979, 134 countries had joined. IBRD is owned and
 

controlled by its member governments. By a formal agreement in
 

accordance with the United Nations (UN) Charter, it is recognized as a
 
It began operations in June 1946.
special agency of the UN. 


(I)Bascd on World Bank Reports and Publications namely:
 

World Bank/Annual Report 1979; Tht World Bank, December 1977; The
 
-
World Bank - Questions and Answerc, March 1976; World Bank 


International Development Association, April 1978; The
 

International Finance Corporation/Annual Report 1978; and 
The Paper
 

by Mr. Frederick L. Hotes, World Bank Irrigation Adviser entitled:
 

"World Bank Activities in Financing International Water Resources
 

Efforts" presented at the 1977 Annual Meeting of the University
 

Council on Water Resources, Brookings, South Dakota, USA, July 26,
 

1977.
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The Bank is now a group of three institutions: IBRD, IDA
 

(International Development Association) and IFC (International 
Fini
 

A common objective of these institutions is to help
Corporation). 

raise standards of living in developing countries 

by channeling
 

financial resources from developed countries to the 
developing worl
 

Sources of Funds
 

IBRD makes or guarantees loans for productive reconstruction
 
own capital -- which is providi
development projects, both from >t 


and through the mobilization of prival
by its member governments --

I"RD's share capital is so structured that any risk invo
 capital. 


in its operations is shared by all member governments, roughly 
in
 

Capital subscription on
proportion to their economic strength. 

June 30, 1979, aggregated the equivalent of about current
 

Only 10% of the capital has been called and pa
US$37,429 million. 

in; the remaining 90% is subject to call by IBRD only if

and when
 

required to meet the obligations of the Bank created by borrowing
 

guaranteeing loans. Thus investors, i.e. member countries who migI
 

otherwise never become involved in the financing of projects 
direc
 

are contributing to the economic growth of developing countries.
 

Lending operations are financed in the world capital markets,
 Aside

including private investors, governr'uts and central banks. 


from borrowings, paid-in capital subscription, and charges 
on its
 

Most

loans, IBRD has two other principal sources it can lend. 


In additio

important is the flow of repayments on previous loans. 


it often sells portions of its loans to other investors, chiefly
 
Profit or net earnings are also used to help
commercial banks. 


reserves, which strengthe
developing countries by placing these in 


ability to borrow, and making a reserve available for lending.
 

To maintain the confidence of both member governments 
and the
 

continued
international finance community and, thereby, enable a 


source of funds for development, IBRD carefully appraises 
all aspe
 

of projects submitted to it for financing. Thus, the planning and
 

analyses of projects must be technically and economically 
sound.
 

also periodically reviews the execution and operation of those
 

projects which it helps finance, and provides advice and assistanc
 

the Borrower in the attainment of project objectives.
 

IBRD's role as a prudent lender is directed to be in the best
 

interest of all concerned: member governments, lenders to IBRD, a
 

borrowers. The performance of IBRD and its borrowers in the use i
 

repayment of the invested and borrowed capital, so far, continues
 

find general approval of the world financial community, as
 

demonstrated by their continued willingness to provide needed
 

resources to IBRD.
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IBRD Loans
 

IBRD's charter spells out certain basic rules that govern its
 

operations. It must lend only for productive purposes and must
 

stimulate economic growth in the developing countries where it lenda.
 

It must pay due regard to the prospects of repayment. Each loan is
 

made to a government or mustbe guaranteed by the government
 

The use of loans cannot be restricted to purchases in any
concerned. 

And IBRD's decision to lend must be based
particular member country. 


only on economic considerations.
 

IBRD loans generally have a grace period of 5 years and are
 

less. They are directed towards developing
repayable over 20 years or 


countries at more advanced stages of economic and social growth, which
 

are able to meet established requirements as to credit worthiness.
 

The interest rate that IBRD charges on its loans is calculated in
 

its cost of borrowing.
accordance with a formula related to 


While IBRD has traditionally financed all kinds of capital
 

roads and railways, telecommunications and
infrastructure, such as 


ports and power facilities, its present development strategy places a
 

greatly increased emphasis on investments that can directly affect the
 

well being of the masses of poor people of developing countries by
 

making them more productive and by integrating them as active partners
 

This strategy is increasingly evident in
in the developing process. 


the agriculture and rural development projects that IBRD and IDA help
 

It is also evident in projects for education and family
finance. 

planning and nutrition, and in the Bank's concern for the urban poor
 

who benefit from projects designed to develop water supply and
 

sewerage facilities, as well as "core" low-cost housing, and to
 

increase the productivity of small industries.
 

At the same time, lending for traditional projects continues, and
 

the new strategy of
is being redirected to be more responsive to 


deliberately focusing on the poorest segments of society in the
 

developing countries.
 

IDA
 

The International Development Association (IDA) was established
 
IBRD, but
in 1960 to provide assistance for the same purposes as 


primarily in the poorer developing countries on terms that would bear
 

less heavily on their balance of payments than IBRD loans. IDA's
 

assistance is, therefore, concentrated on the very poor countries 


t'ainly those with an annual per capita gross national product of less
 

More than 50 countries are
than US$520 equivalent (in 1975 dollars). 


eligible under this criterion.
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Membership in IDA is open to all members of IBRD, and 121 of them
 

have joined as of June 30t 1979. The funds used by IDA, called
 

credits to distinguish them from IBRD loans come mostly in 
the form of
 

subscriptions; general replenishments from its more industrialized 
and
 

developed members; special contributions by its richer 
members; and
 

The terms of IDA credits,
transfers from the net earnings of IBRD. 


which are made to governmet-s only, are 10-year grace periodso 50-year
 

maturities, and no interest, but an annual service charge 
of 0.75% on
 

Although legally and
the disbursed portion of each credit. 


financially distinct from IBRD, IDA is administered by the same
 

staff.
 

Its standards for reviewing projects are IBRD's standards, and it
 
Yet
 

lends to the same economic sectors for the same purpose as 
IBRD. 


the sectoral composition of IBRD loans and IDA 
credits shows
 

noteworthy differences. These differences result from the varying
 

economic priorities of IBRD borrowers and IDA borrowers.
 

IFC
 

The International Finance Corporation (IFC) was established 
in
 

to promote the growth of the private
1956. Its special purpose is 

assist productive private enterprises in its
 sector and to 


less-developed member countries, where such enterprises 
can advance
 

economic development. IFO is an affiliate of IBRD and, as such,
 

shares with it common objectives &ad policies for improving 
the
 

well-being of the peoples of less-developed member countries.
 

Membership in IBRD is a prerequisite for membership in IFC, which
 
1979. Legally and financially,
totals 108 countries as of June 30p 


IFC and IBRD are separate entities; the Corporation has 
its own
 

operating and legal staff but draws upon IBRD for adiainistration 
and
 

It has the same President and many of the same
other services. 

Executive Directors.
 

IFC is not limited as to the form in which it may provide
 
Such financing normally
financing, and its terms are flexible. 


consists of subscriptions to share-capital or long-term loans without
 
It helps mobilize
 guarantee of repayment by governments, or both. 


other capital and technical expertise for productive 
ventures that
 

contribute to economic development and meet sound investment
 

IFC also has a responsibility to promote such ventures 
by


criteria. 

identifying and bringing together investment opportunities 

and
 

qualified investors.
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In addition, IFC seeks to encourage the flow of private capital
 

in the countries it assists. To this end, it supports the
 

establishment or expansion of local capital markets and financial
 

institutions. It also offers technical assistance to member
 
governments in support of their efforts to create an investment
 
climate which will encourage productive and beneficial domestic and
 
foreign investment.
 

IBRD/IDA/IFC Lending
 

In FY79 (ending June 30, 1979), IBRD -- together with its
 
affiliates, IDA and IFC -- made lending and investment commitments
 
totaling US$10,435.9 million. One-hundred and forty-Lwo IBRD loans to
 
44 countries totaling US$6,989.0 million. One hundred and sixteen IDA
 
credits to 43 countries amounted to US$3,021.5 million. IFC made
 
48 investments amounting to US$425.4 million in 33 countries.
 

The combined IBRD and IDA lending amounted to IjS$10,0105 million 
and was distributed by sectors, as follows: 

Sector US$ Million % of Total 

Agricultural and Rural Development 2,521.8 25.2
 
Education 
 496.0 5.0
 

Energy 112.4 1.1
 

Irdustrial Development and Finance 676.8 6.8
 

Industry 842.5 8.4
 
406.5 4.1
Non-Project 


Population and Nutrition 114.0 1.1
 
1,354.9 13.5
Power 


Technical Assistance 
 29.7 0.3
 
110.0 1.1
Telecommunications 

113.2 1.1
Tourism 


Transpcrtation 1,904.4 19.0
 

Urban Development 309.5 3.1
 

Water Supply and Sewerage 1,018.8 10.2
 

Total 10,010.5 100.0
 

The Bank does not fix rigid sectoral priorities; it lends on the
 

basis of the needs of a particular country or a particular region at a
 

particular time. The relatively large amount lent for agriculture
 

reflects the Bank's emphasis in recent years on agriculture
 

development resulting in: (a) a larger proportion of total lending
 

being donated to agriculture; (b) an increased share of agricultural
 

lending going to the poorest countries; (c) a larger number of people
 

benefitting from Bank-supported projects; and (d) projected increases
 

in output by those farmers being aFaisted.
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Assistance to small farmers to become more productive accounts
 
for the major share of lending in this sector. The Bank considers the
 
small farmer a critical element as a producer of foodgrains and other
 
food products in many major food-deficit countries. Also, improved
 
economic and social conditions are factors of prime importance in the
 

effort to reduce population growth rates through lower birth rates.
 

Massive rural poverty, sustained and spurred on by an increasing rural
 

population, limited land resources and inadequate supporting systems,
 

is a continuing feature in most of the Bank's member countries. Bank
 

programs aimed at the poverty problem include land and tenancy reform,
 

credit, water supply syntems, extension, training and research.
 

The Bank normally finances from 30-50% of the total project
 

costs. Hence, the loans represent a share of total project costs of
 

more than double the figures shown. Other multilateral and bilateral
 

sources contributed about US$3,250 million to the total project costs,
 

with the remainder being contributed by the borrowing countries.
 
Approximately one-third of the agricultural and rural development
 
lending was for irrigation and draiaage projects. The typical
 
Bank-financed irrigation or drainage project can include (in addition
 
to the irrigation supply and distribution system) land preparation,
 

extension and research services, rural water supply, electrification,
 
schools, roads and health facilities, storage and marketing
 

Some of the other
facilities, technical assistance and training. 

agricultural projects, such as agricultural credit, include
 

substantial amounts for irrigation facilities such as tube-wells,
 

minor irrigation systems and improved on-farm irrigation schemes, as
 

well e.s other infrastructure, purchase of equipment, livestock
 

purchases and production credit.
 

Operating Methods
 

Every project -- irrespective of scope and size -- financed by
 

the Bank is considered in the light of a country's total needs,
 
capabilities and policies. Therefore, comprehensive studies are made
 
of the economy of the country requesting assistance. The studies
 

include detailed analyses of individual sectors and relationships
 
between them, which throw light on the relative importance of
 

alternative projects in achieving the country's development goals.
 

C"hiefly, on the bases of these studies; and after consultation with
 

the governmeat, a program of Bank operations in the country is drawn.
 

up for a five-year period, with an updating annually. This program
 

provides a framework for concrete proposals for action to help the
 

country implement agreed strategy of development. Each individual
 
project is considered within this framework. Equally, project
 
proposals arise out of the joint efforts of government and Bank staff
 

in their search for solutions to common problems. The project is
 
subjected to careful analysis, and a detailed agreement is worked out
 

with the borrower before a loan or credit is approved.
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Often the Bank will recommend that consultants be hired 
to
 

Upon completion of the preparatory work, the
 prepare detailed plans. 

Bank sends a staff mission to make a thorough appraisal 

of all aspects
 

of the project. When agreement is reached on the details of a
 

proposed project and on fnmancial requirements, a formal 
loan or
 

credit agreement is negotiated. If this is satisfactory, the
 

President presents the proposal to the Executive Directors, 
who
 

represent all member countries, for their approval.
 

The approval of a loan does not end the Bank's involvement. 
In
 

most cases, the borrower seeks bids on the basis of international
 
The Bank releases
competition for the goods and services required. 


needed to meet verified expenditures on the project.
money only as 

or IDA credits may be
Goods and services paid for by Bank loans 


obtained from any member country or Switzerland. The Bank pays in
 

whatever currency is required, and the borrower repays 
in the currency
 

used by the Bank.
 

Bank involvement continues throughout the life of the 
project.
 

The borrower provides periodic progress reports, and Bank 
staff
 

time, helping to anticipate and
 members visit the site from time to 


overcome difficulties and ensure that the project's intended benefits
 

This close supervision is facilitated by
to the country are realized. 

the fact that the borrowing country is a part owner of 

the Bank and
 

shares in the control of its policies and operations. As a
 

cooperative multinational institution, the object of the Bank 
is to
 

see that each project is carried out at the least possible 
cost, and
 

that it makes its full contribution to the country's development.
 

Technical-Assistance
 

The provision of technical assistance, an integral part of 
the
 

Bank's services to its developing member countries, has been expanding
 

vigorously. Consultations take place between Bank staff and borrowers
 

during project preparation and appraisal, and during country 
or sector
 

Aside from this steady flow of technical information, the
reviews. 

Bank assists its borrowers with the financing of feasibility 

studies,
 

engineering, and resource surveys, and in helping build up
 

institutions in such -Yieldsas training.
 

Technical assistance was the exclusive purpose of five credits,
 
In addition,
for a total of US$29.7 million, during fiscal year 1979. 


technical assistance components were included in 176 lending
 
Also, US$12.6 million of
operations for a total of US$329 million. 


financing was provided by the Bank's Project Preparation Facility.
 

The Facility makes temporary advances for studies and other forms 
of
 

technical support; thi borrower repays the advances by refinancing
 

them through a Bank loan or an IDA credit for the project concerned,
 
Other forms of assistance are
 as soon as it becomes effective. 


provided on a reimbursable basis, or under equivalent compensatory
 

arrangements, to oil-exporting countries that do not borrow from the
 

Bank.
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For many years the Bank has served as executing agency for
 

preinvestment and technical assistance projects financed by the 
United
 

A number of UNDP-financed,
Nations Development Programme (UNDP). 


Bank-executed projects provide economic planning assistance.
 

Typically, they call for small teams of planning rdvisers, supporting
 

consultant services, and training programs for local counterpart
 

staff. Of great significance to the developing countries if the fact
 

that the Bank-executed, UNDP-finavced projects have an operation 
focus
 

that very often leads to projects suitable for Bank-financing,
 

producing substantial investment follow-up.
 

The Bank maintains a Rtaff college, the Economic Development
 

Institute (EDI), to train officials of developing countries 
in the
 

Over 6,000 have attended EDI courses in
 techniques of development. 

Washington and overseas.
 

In addition, the Bank conducts a large, continuing program of
 

both basic and applied -- in virtually every aspect of
 research --

At present, this
development with which its membera are concerned. 


program consists of more than 100 studies. Subjects include economic
 

planning, agriculture and rural development, income distribution,
 

international trade and finance, industry, labor-capital substitution,
 

unemployment, urbanization, regional development, public utilities,
 

transportation, financial institutions, and population and 
human
 

resources.
 

International Cooperation
 

While the Bank is large in relative terms, it is only one of many
 

national and international, public and private -- that
 
institutions --

provide financial and technical assistance to developing countries.
 

In the public sphere alone, a dozen or more international institutions
 
one way or another.
and 25 or 30 national agencies are involved in 


With such a multiplicity of donors, lenders and providers of 
technical
 

assistance, close cooperation and some degree of coordination 
are
 

essential. Methods employed by the Batik to achieve this vary widely,
 

depending, among other factors, on the nature and scope of each
 

institution's program.
 

The largest and oldest of the Cooperative Programs concerning
 

agriculture is that between the Batik and the Food and Agriculture
 
During fiscal year 1979, it
 Organization of the United Nations (FAO). 


staffed and carried out 169 missio11s in 48 countries. Loans for
 

projects prepared by the Program represented about one-third 
of the
 

year's lending;for agriculture. Emphasis was on projects to benefit
 

the rural poor and to promote close involvement of member countries 
in
 

the formulation of projects.
 

Type of Mssions
 
I 

There are usually four typea of Bank missions involved in
 
The
generating, financing and implementing agricultural projects. 


mission names are derived from the specific functions, i.e.
 

identification, preparation, appraisal and supervision.
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Identification missions go to the Zield to make a preliminary
 

determination of the nature and size of potential projects 
and the
 

Preparation missions
establishment of their prima-facie priority. 


provide advice to governments on project formulation and 
on the
 

planning and execution of feasibility studies. Occasionally
 
The feasibility study


consultants may assist these types of missinns. 


may be performed by the government or by consultants from external
 

government of international agencies or by private 
consultants.
 

Appraisal missions evaluate projects on the basis of 
feasibility
 

or equivalent studies and prepare a report that provides 
technical,
 

economic and financial justification of the proposed project 
for
 

review by Bank management and for loan negotiations with 
the
 

The appraisal report also serves as technical background
Borrower. 

Typical types of consultants or
 and guide for project ioplementation. 


Bank personnel used in project appraisals include: irrigation and
 

drainage engineers, rural infrastructure engineers, 
agriculturalists,
 

agricultural economists, soil scientists, dam designers, 
hydrologists,
 

financial analysts, farm mechanization, livestock or 
agro-industries
 

specialists, and socio-anthropologists.
 

Supervision missions are sent during project execution, 
usually
 

twice a year, to review progress in the field. Normally such missions
 

are small and exclusively comprised of Bank staff, 
but occasionally a
 

for special expertise to
 need develops for augmenting regular staff or 


review an unusual field problem. The principal role of the
 

supervision mission is to ascertain that the project is being executed
 

and operated as set forth in the loan documents, but 
borrowers
 

frequently seek Bank advice during these phases.
 

The Bank has spent about US$7-8 million annually in recent 
years
 

to engage the services of the individual consultants 
that provide
 

In some cases, the Bank contracts
 special expertise on Bank missions. 


with a company or an institution for the services of a specific
 

individual expert, if this is the best way to obtain 
the services of
 

the specialist. The consultants join other mission members to review
 

in the field the project under consideration and, 
upon return to
 

headquarters, are expected to prepare a complete report for their
 

areas of responsibility which can be incorporated 
into the mission
 

report.
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-ATER AND THEHUMAN ENVIRONMENT
 

1.1 introauction 

for the human environment has been
In recent'years, concern 

particularly, in the United
gathering momentum the world over and, 


States. Actions range from governmental control to group and
 
there are
individual activities. To the general public, two
 

right the wrongs of the past -- stop

recognizable targets. One is to 


rehabilitate -- and, two,

continuing pollution and (if possible) 


some aspect of the environment.
prevent activities which would damage 


In the field of water supply, during the construction of ,i
 

are
facility, the environmental protective measures required not
 

really different from any other industrial or general developmenl
 

a large water pipeline should not just be permitted to
activity --
supply service
 

carve up a beautiful landscape. However, where a water 


attempts to improve the human environment, we have We
a difference. 


are not necessarily trying to put something right which 
was badly done
 

in the first place, but we will, more likely, be trying to create
 

there in the first place. That would be an
 something which was not 

lead a productive,
environment in which even the poorest person can 


from the debilitating
least relatively free
healthy life, being at 

To create such an environment can be
 water/waste borne diseases. 


as careful planning and
 every bit as complex and require just 


any of the other more visible problems. In providing

execution as 


adequate, convenient and safe water supply, thereby replacing
 

care must be exercised not to create waste
polluted, distant sources, 


disposal problems with equal or greater health hazards 
than those of
 

the polluted water source.
 

In order to clearly understand the impact of water supply 
and
 

waste disposal on the human environment, we must first discuss,
 
as these are influenced by water
 briefly, the human health aspects 


supply and waste disposal facilities or the lack of them.
 

Subsequently, the various detailed aspects of water 
supply and waste
 

disposal are discussed at some. length, together 
with the World Bank's
 

activities in the sector.
 

1.2 The Basic Needs
 

The availability of water is a prerequisite 
for most
 

is first and foremost a physiological necessity;
developments. It 

liters of water daily, people cannot survive.
 or two
without one 


to attain a reasonable
Water has no substitute. Beyond survival, 

to 50
 

minimum standard of living, people have a "basic need" for 20 


liters daily of safe and convenient water for drinking, food
 

Above this basic level, in the
 
preparation and personal hygiene. 


100 liters per person daily depending on climate,
range of 50 to 

is important in enabling people to obtain
 

culture, etc., water use 




I 

further health benefits through home cleaning, higher 
standard of
 

daily, water becomes a
 hygiene, etc. Above-about 100 liters 


convenience, useful for a variety of purposes in 
the home and garden,
 

including the removal of human waste from dwellings through pipes. 


Parallel with adequate water supply an equally basic 
need is the
 

sanitary disposal of human waste, that is, its disposal in such a way
 

it from human contact. People generally seek to dispose
as to remove 

possible, and in many rural
of their extreta as cheaply and easily as 


areas with low population density it is usually possible 
to do this
 
In most urban
 

without large investments in waste disposal facilities. 


areas, however, where population is more concentrated, 
a higher level
 

of service is often required for waste disposal facilities 
in order to
 

protect not only the individual but community health and prevent
 

environmental degradation.
 

To meet these needs, there are a wide range of facilities 
which
 

can be used, from simple latrines to the type of (waterborne) sewerage
 

known in most advanced countries. Naturally, costs also differ widely
 
reuse
 

depending on the methods of transport, treatment and disposal 
or 


of human waste which are employed.
 

The two basic needs of adequate, safe and convenient water 
supply
 

and a means for sanitary disposal of human waste provide the
 

foundation for a healthy and (therefore) productive life. Without
 

them it is practically impossible to maintain a healthy 
environment.
 

are insufficient to guarantee
Nevertheless, the fa-tPities themselves 

People must use them properly and thiT generally
good health. 


For examnle, safe water
requires education in health and hygiene. 


coming out of taps in a laouie has some of its value reduced if it is
 

drunk from dirty vesse! ., if it is not used to wash hands after visits
 

the toilet, or if people rely for their drinking water on a
 to 

"preferred" contaminated source because of the "bad" taste of the
 

In more general terms, people
disinfectant used in the piped water. 


also require nutritious food, adequate clothing and shelter, access to
 

primary health care and broader elements of commupity sanitation 
such
 

garbage disposal and clean air if the full benefits of sanitary
as 

There are complicated
water and wastes facilities are to be obtained. 


interrelations between these various elements which make it difficult,
 

IFor nondomestic consumers--tourism, industry and services--in
 
both the public and the private sector, water is in most cases a
 

vital input in the production process in the same way as power is
 

Water is, of course, also used for safety purposes,,
an input. 

such as firefighting, and is a requirement for the maintenance
 

and beautification of the environment and for municipal
 

cleanliness.
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if not impossible, to measure the specific benefit or allocate 
the
 

contribution to health and productivity of any one of them 
or to
 

assest the extent to which any one elerent can substitute for
 

another.1.
 

1.3 	Water Supply
 

In satisfying "basic needs" water is used in essentially two
 

ways: for drinking and cooking on one hand; for personal hygiene on
 

The safety of water, by %hich we mean the virtual absence
 the other. 

of disease-producing organisms and toxic substances, 

is theoretically
 

than 	it is for the latter. In
 
more 	important for the former use 


practice, however, water may be drunk (or inadvertently 
ingested)
 

wherever it is available and for whatever purpose it is 
obtained;
 

thirsty children in particular tend to drink whatever 
water is
 

This 	means that, in general, water must be convenient 
as
 

convenient. 

The substitution of a
safe 	if it is to satisfy basic needs.
well 	as 


for one which is easily accessible but
safe but remote source 

hazardous is not sufficient.
 

In many cases, satisfactory safet,; ,tandards for water can be met
 

without the use of treatment facilities. This is particularly true in
 

rural areas, where proper location, construction, operation 
and
 

maintenance of springs and wells has repeatedly been shown to be all
 

that is required tc provide convenient supplies of water meeting
 

Where springs and wells are unsafe today
reasonable safety standard.2 

it is generally because of faulty construction introduced
 

contamination by surface water infiltration, mechanical 
breakdown of
 

pumps through faulty design, lack of maintenance or vandalism.
 

A convenient water supply is usually defined as one which 
enables
 

the user to obtain water without having to spend an inordinate part of
 

the working day either queueing or traveling. In most towns this
 

implies a source within 200 meters of the home (but may have to be
 

much less in denser areas); in villages the distance may be somewhat
 

Where people carry water in containers and live within
greater. 


1 In 1975 the Bank commissioned a background paper on Measurement
 

of the Health Benefits of Investments in Water Supply and
 

convened a panel of experts in medical epidemiology, sanitary
 

to discuss it. The panel concluded
engineering and economics 

that tbP benefits could not be quantified given the present state
 

of knc.Ledge and data, and that studies to establish a rigorous
 

relationship between water supply and health would be extremely
 

expensive and their conclusions would be of doubtful aprJlications.
 

2 	 In general, the sanitary engineer involved in the construction of
 

a water supply project will make a sanitary survey to determine
 

if water safety tests are required, the regularity of such tests
 

and their type.
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reasonable access of a well or public standpipe, they usually use the
 

20 to 50 liters per capita per day (lcd) required to meet basic
 
needs.1 However, when people live far from the source of water, the
 
burden of transport is reflected in their use of water which may, in
 

extreme cases, fall to the three to five lcd necessary for survival;
 
i.e., well below amounts required to satisfy basic needs.
 

Where water is piped into the house, per capita use is generally
 

at a higher level; for example, with simple indoor plumbing (including
 
a pour-flush toilet), 100 lcd is ofter regarded as normal per capita
 

consumption. Where indoor plumbing includes a greater number of
 
facilities, including a modern flush toilet, minimum consumption rises
 

to the levels substantially above 100 lcd (from 100 to 400 lcd will be
 

used for toilet flushing alone where mndern flush toilets are in use).2
 

1.4 Waste Disposal
 

Because people use relatively high amounts of water when they
 

have house connections, waste water collection and disposal facilities
 

usually have to be built to prevent environmental pollution and public
 

health hazards. The extra benefits of in-house water supply over
 

those of standpipe supply must therefore be weighed against the extra
 

costs of the disposal of additional wastewater, which include both
 

sullage (kitchen, bath and laundry water) as well as water carrying
 

human waste. Such costs include not only installation but also
 

operation and maintenance since, as with centrally operated water
 

systems, it is crucial that the technical efficiency of the waterborne
 

waste disposal system, including treatment and disposal facilities, be
 
Waste disposal
maintained to obtain the health benefits intended. 


systems can be constructed in many different ways and with widely
 

This amount may be lower if, for example, the water pressure in
 

the standpipe or at the well head is low.
 

In most countries, 40 to 45 percent of a household's water
 

consumption is used for flushing the toilet.
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varying costs. Historically, the stages of development of faci
 

in the major urban centers of
for the disposal of human wastes 


industrialized countries have shown a progression from individt
 

household latrines to household septic tank systems to limited
 

sewer systems to comprehensive sewer systems. 12
 

1.5 System Selection Considerations
 

What then constitutes a basic minimum of safe and conveni(
 

water supply and adequate waste disposal varies in relation to
 

size, income and nature of a community? Large urban areas alm(
 

always require systems different from those in small villages I
 

as communities and incomes grow and population becomes more dei
 

and waste disposal facilities become
individual water sources 

a central water supply systi
impractical, while the benefits of 


Such
communally organized waste disposal facilities increase. 

to individual
benefits include not only direct health benefits 


households but also a protection of, or contribution to, 
conmul
 

welfare. For example, when all households in the area have sa
 

and sanitary waste disposal methods, the health benefits recei
 
"sanitary" households are not reduced by the actions of their
 

sanitary" neighbors. Also, many of the potential health benef
 

to those who, through lack of education or info
available even 

do not perceive that such benefits exist.
 

1.6 The Decade Ahead
 

Having outlined the nature of the problems in creating a
 

even just acceptable human health environment,
satisfactory or 

Oie task ahead into perspective in the t
perhaps useful to put 


i Where there are compruhensive systems, the local autborit 

bans private disposal facilities of any type within their 

the public health and nuisanjurisdiction both because of 


problems which such private facilities may cause and beca
 
the sy
the concern to maintain the financial viability of 


. The World Bank has just completed a large research effort
 

cost waste disposal--a field which had, until recently, b
 

in both developed and developing countr
largely neglected 


The work aimed at identifying the technologies appropriat
 

providing urban fringe and rural communties with socially
 
services'at a c
environmentally acceptable waste disposal 


14 countries at vsjrious
could afford. The study covered 


of development,, with different cultural, industrial, 
and
 

it demonstrated quite conclusivel
environmental features; 

waste disposal methods functioning
.dot only are low-cosC 


the potential fc
 successfully in thesecountries but that 


replication elsewhere is high.
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In order to meet the needs of all in water supply and
 a few.numbers. 

estimated that
 

sanitation by 1990 in the developing countries, it is 


the following numbers of people (in millions) would have to be
 

provided with these services: 

Water Sanitation 

Urban 640 650 

Rural 1,570 1,670 

TOTAL 2,210 2,320 

a
The magnitude of this task and the urgent necessity for 


concentrated effort to tackle it has been recognized 
by governments
 

first at the HABITAT confercnce in Vancouver in 1976,

tho world over; 


then at the UN Water Conference in Mar del Plata 
in 1977, and again at
 

the International Conference in Primary Health Care in Alma-Ata in
 

The period 1981-1990 has now been declared the "International
1979. 

All
 

Water Supply and Sanitation Decade" by the UN General 
Assembly. 


developing countries have been asked to prepare 
detailed investment
 

plans by 1980 to meet the target of "services to all by 1990."
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THE ISSUES IN WATER SUPPLY AND WASTE DISPOSAL
2. 


2.1 General
 

In addressing the problem of meeting the basic needs of people
 

supply and waste disposal, the developing countries today
for water 

faced with a number of vexing questions. The issue of water
 are 


Another issue is the
 
quality standards has already been touched upon. 


type of water supply system to be installed in any given community:
 

Should house connections be made rather than public standpipes? 
Who
 

What mix of house connections
should pay for the house connections? 

Are standpipec socially acceptable? A


and standpipes is optimum? 

finance a rapid expansion of service: Does this
third issue is how to 


are

require new pricing policies? What additional investment funds 


A fourth issue relates to waste disposal: Are there
needed? 

for satisfactory
acceptable low-cost means of meeting the basic needs 


the fringe areas around them?
 
waste disposal within the cities and in 


Can methods be found to upgrade such facilities as the 
users' demand
 

and ability to pay increases? A fifth issue concerns the types of
 

to be made: Are present intitutions
institutional arrangements 

Can training programs be developed? How should health and
adequate: 


Finally, how are environmental aspects
hygiene education be provided? 

the trade-off between providing
to be evaluated? For example, what is 


water supply house connections, which provide a large quantity 
of
 

quality water but require expensive wabtewater disposal facilities,
 

and standpipe supply of a limited quantity of water which can be
 

but Goes not require the same degree
contaminated prior to use 

to protect the environment.
wastewater disposal facilities 


first,
In general, the following points should also be noted: 


sector have a long lead time, averaging five to eight
projects in the 

to its full implementation;
years from identification of the project 


second, sector agencies must develop a systematic framework for the
 

ro be used, through the main
sector, starting from the water sources 


the final elements of the distribution
transmission networks to 


networks, with an analysis of the implications for waste disposal at
 

stages; third, in determining the technologies to be employed in
all 

the design of systems, particular attention must be paid to the
 

potential for future upgrading of the -ystems; and fourth, financial
 

techniques must be found for providing affordable services for all
 

consumers and for generating investment capital and operating funds,
 

given that, in general, consumers should not need to spend more than
 

about five percent of their income on water supply and waste disposal.
 

2.2 Water Supply Delivery Stystems
 

From experience gained by the Bank in identifying, appraising and
 

supervising water supply projects, four "realities" have emerged.
 

First, and most obvious, is that whatever the existing system in any
 

conunity, the development of new source works, together with
 

construction of additional transmission and distribution networks,
 

usually has to occur before new consumers can be provided with service
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or existing standards of service can be upgraded. There are very few
 

can be increased, and the quality of
instances where levels of service 


service maintained, simply by extending the existing distribution
 

network.
 

Second, once house connectioits are available to consumers it
 

would be highly undesirable and indeed politically impossible to
 

or standpipes or
"downgrade" their supply to, say, patio connections 


to reduce water consumption in order to reallocate the "surplus" water
 

(over basic needs) to new standpipe users. Indeed, such a move may be
 

technically impossible where the water supply is associated with sewer
 

connections, since sewers require a certain minimum flow of water to
 

function.
 

Third, it is usually politically 3nd economically impossible (or
 

self-defeating) to attempt to provide ;evels and quality of service
 

for the poor which are better than those tor the not-so-poor. On the
 

one hand, it is clearly difficult to refuse house connections for
 

water supply to new applicants who can afford to pay the full economic
 

costs of these connections (in practice, such people will usually find
 

a way to obtain an "illegal" connection if a legal one is denied to
 

them). On the other hand, since it is the not-so-poor, partcularly
 

commercial and industrial users but also domestic users with house
 

funds with which to operate the
connections, who will provide the 


system and subsidize service to the poor, they must be provided with
 

the service they want and are willing to pay for.
 

Fourth, there is usally a shortage of trained and experience
 

Even though the design and construction of
 manpower in the sector. 


water supply and waste disposal systems can be carried out by foreign
 

consultants and contracto*:s, the operation, maintenance and management
 

national staff at an early
of completed works must be turned over to 


date to minimize foreign exchange costs, to ensure a community
 

the training of more
commitment to the system, and to facilitate 


national staff.
 

A major issue in urban water supply projects is the type of
 

delivery system to be installed--i.e., whether it should consist
 

entirely of house connections or of some combination of house and
 

patio connections and standpipes. Most developing countries want the
 

the advanced, industrialized nations, i.e., 
a
 same systems now used in 


centrally controlled and treated source of water, wide-ranging
 

and metered, multiple-tap connections in every
transmission lines, 

where people can afford such a
house or apartment. It is true that, 


social and economic benefits. It is
 system, it can produce large 


consumer, it reduces the usets' costs of storage,
convenient for the 


no need for individual purification and, if it is used
there is 

the spread of disease. Meters can be used
universally, it can limit 


to levy a range of appropriate tariffs, producing revenues which would
 

financially viable public undertaking. Meters will
 create a 


discourage waste, assist investment decisions, and, possibly, help in
 

a general movement to redistribute income. Support of high standard
 

systems also comes from the experience, in both rich and poor
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countrieb, of the drawbacks of lower-level systems. Standpipes, for
 

example, are subject to vandalism, and vandalism can bring about
 

fail to turn off
wastage; wastage also occurs, of course, when users 


the taps. Health hazards and nuisances result if adequate drainage is
 

not provided around them. The quantities obtained by each person are
 

limited by the ability to transport and can be contaminated during
 

transport and improper storage. In addition, it is almost impossible
 

to collect revenue from 	users of standpipes.
 

The reason that the bank does not advocate immediate full 

higher-level delivery systems for all towns and cities in the 

developing countries is 	 fourfold; first, because many of the 

potential users are too 	poor to pay for the full cost of house 

connections and internal plumbing, I seco-d, because the houses are 

often not suitable for internal plumbing, third, because the community
 

capital required to construct the facilities,is unable to raise the 

and fourth, because of the costs which the coi.,munity would have to 
bear to dispose of the waste water generated by consumers served
 

exclusively through house connections. Consequently, and in spite of
 

their many shortcomings, public standpipes are recommended where water
 

has to be distributed to a large number of people at minimum cost.
 

For rural communities communal systems c:ith siandpipes or
 

properly located and constructed village wells or springs are
 
be found to
generally the preferred solution. However, ways must 


poor construction and
reduce vandalism and waste and to ensure that 


maintenance does not lead to pollution of the water supplied or
 

interruption of eervice. Where possible, gravity supplies should be
 

used to reduce the need 	for pumping equipment; where pumps are
 
to
necessary they should be selected from those which are simple 


operate and maintain, and/or local materials. In addition, people
 

must be educated not to 	contaminate the water at the source and when
 

they carry it from the source or store it at home.
 

The general planning policies for any water supply and sanitation
 

project should promote a delivery system (i.e., the mix of house
 

connnections, patio connections and standpipes, and sewered and
 

nonsewered sanitation) consistent with the provision of service to
 

all. In some cases this may imply that the government should be
 

the costs of standpipes 	can vary
It should be noted that 

a cheap tap on an unprotected
considerably, from a few cents for 


pipe to hundreds of dollars for a standpipe which is properly
 

secured and consists of 	a control which limits waste and
 

Similarly, house connections can vary in
discourages vandalism. 

price, depending on the location of the mains, the types of
 

fittings, etc.
 



prepared to provide funds under the project for making loans to
 

for house connections and/or internal plumbing 
either
 

consumers 

through the water supply undertaking or through 

some other
 

it will mean that institutional and
In many cases
intermediary. 
 the
 
pricing policy changes will be required to achieve sector goals at 


least cost.
 

2.3 	Water Quality
 

often urged that the costs of meeting drinking water safety
It is 

those recommended by the WHO, are prohibitive.
standards, such as 


Nevertheless, Bank experience shows that in many 
rural areas
 

groundwater, safe for drinking, can be provided without the necessity
 

Even 	for rural communities, having to rely 
on surface
 

for treatment. 

water sources, infiltration systems can frequently 

be constructed
 
It


for expensive and complex treatment plants.
which avoid the need 


is in situations where neither of these low-cost 
options is available
 

to be provided

that 	sedimentation and filtration facilities have 
 In the


form 	of disinfection, usually chlorination.
together with some 

serve several villages from the
 latter case, it may be possible to 


to ensure good operation.
 same plant to permit economies of scale and 


to have treatment facilities, because the
 In most towns it makes sense 


initial cost of these facilities is generally a very low propo-tion
 
As treatment
 

(often less than five percent) of total system 
costs. 


facilities become more elaborate, however, their 
operating and
 

can become significant.l
maintenance costs 


following

A basic policy on water quality could be stated 

in the 


three basic rules:
 

I) 	 facilities should be capable of supplying safe 
water at all
 

times and should be designed to take account of the capacity
 

of local personnel to operate them;
 

the safety of water supplied from the new facilities 
should
 

2) 

or better than, that provided from the existing
be equal to, 


sources; and
 

where national water quality standards exist, projects
3) 

are required
should comply unless facilities or processes 


the quality of water
which are unreasonably costly or 

so low as to creat( serious
reflected in the standard is 


doubts on the safety cf the water.
 

I It is sometimes argued that teaching people to sterilize or 

disinfect water could be a low-cost -ithod of providing 
them with 

safe water. The educational costs Lnvolved have not been 

calculated; however, the cost of boiling four liters of 
water 

each day for every person's drinking needs is about $22 annually, 

far in excess of what is affordable in most pooran amo'int 

count:ies.
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2.4 Waste Disposal Systems
 

The very high costs of providing waterborne 
sewerage has led to a
 

search for alternative, lower-cost 
methods of disposing of human
 

Methods exist for the disposal of excreta which can meet
 
waste.l 

every public health test, and which cost one-third to one-tenth as
 

However, because
 as conventional sewerage.
much on a household basis 
 population density increases,
 
such facilities becomes less suitable as 


it is important to plan facilities 
in terms of long-term community
 

development, utilizing technologies, 
to the extent possible, which can
 

be upgraded as the users' requirements 
and capacity to pay for higher
 

levels of service increase.
 

It is important to note that a properly located, constructed 
and
 

maintained latrine will meet all public: 
health requirements for the
 

sanitary disposal of human waste whatever 
the design, be it a simple
 

vault or borehole, one with a complex 
water seal, a multiple vault
 

2 
 No one design is better
 
unit or a conventional water flush system. it
 
than another from the health standpoint; 

other things being equal, 


a composite,of cultural, aesthetic, 
social and technical factors
 

is 
 For example,

which lead to selection of one design over another. 


reuse of human waste on the soil is
 there are countries in which 


against local custom, where communal 
facilities are frowned upon or
 

where, for example, depositon is always into 
running or stagnant
 

In contrast there appear to be no social 
constraints in any
 

water. 

country on waterborne sewerage--possibly 

because the system (except
 

When considering the costs and
 
for depositon facilities) is "unseen." 


appropriateness of alternative systems 
this should be taken into
 

As with water supply, it may be necessary to make funds
 account. 

available to finance the connections and in-house plumbing for 

waste
 

disposal.
 

2.5 Institution Building, Training and Health 
Education
 

Use of different types of technology and service standards 
for
 

water supply and waste disposal often imply 
different types of
 

For example, maintenance of
 
institutional arrangements in the sector. 


a small rural water supply scheme may 
be best organized through a
 

community-levw: organization in the villages concerned; 
waterborne
 

sewerage, rwever, must usually be organized 
by a government or
 

Summary Report, Appropriate Sanitation Alternatives.
 

There are a number of ways of i.mproving "old" technologies, such
2 


the latrine and the septic tank, which 
overcome the problems
 

as 

leading to their abandonment in the past.
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semigovernment institution; simple well protection or cartage of human
 

waste may be carried out by extension agents of the government or by
 

the private sector. The range of organizational structures is wide,
 

but all need trained engineers, maintenance staff, health workers,
 

accountants and administrators. In rural areas it is particularly
 

important that the communities benefiting from the project participate
 

in the decision on the type of supply, methods of construction,
 

operation and maintenance and the system (as the case may be) of
 

tariffs and charges. This is generally achieved through a council or
 

committee of people representing the community.
 

part of project
Much greater emphasis on training as 

The
implementation is necessary than has been practiced in the past. 


full benefits of investments already made and the continuing
 
systems lasting for their
realization of such benefits is dependent on 


Many of the

full operational life and functioning 24-hours a day. 


benefits are lost at present, and will continue to be lost unless the
 

trained manpower is available to ensure efficient operation 
and
 

maintenance.
 

Consumers also need education, and it is clear that this becomes
 

are the service standards for water
of greater importance the lower 

Thus, water supply and waste disposal
supply and waste disposal. 


projects, in particular those designed to benefit urban and rural
 

a health hygiene education component.
poor, should incorporate 


2.6 Financial and Economic Issues
 

The most important financial and economic issue is that of the
 
The
 

appropriate pricing system for water supply and waste disposal. 

in any given case will depend on the
actual tariffs and charges set 


financial goals and requirements of the entity, the social goals of
 

the government, the political viability of tariff changes and the
 
Consequently, both the
 

affordability of the tariffs by consumers. 


average level of tariffs and their structure will be very much a
 

matter of compromise between these various factors.
 

Since the health and other benefits of a safe water 
supply and
 

sanitary waste disposal system are practically impossible to measure,
 

standard cost-benefits approaches cannot normally be used 
and, as in
 

the case of other sectors such as power and telecommunications,
 

greater emphasis is placed on a pri-iing policy which relates 
tariffs
 

Such a policy provides a means of signaling the
 to marginal costs. 

well as establishing a
 justification for an expansion of service as 


or economic objectives may be
 benchmark by which other social 

evaluated.
 

to afford
 
To overcome the problem that the poor might not be able 


tariff structures can be designed
the service at the managerial cost, 

account what various groups of consumers can afford
 which take into 


while aiming at an overall (weighted) average tariff level which is
 

Such a structure normally
consistent with marginal cost pricing. 


consists of increasing block tariffs with the richest 
(high) consumers
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subsidizing the poorest, or, at leasL, with the tariff for a basic
 
minimum level of consumption for all being subsidized by higher
 

charges for consumption in excess of this minimum amount. The extent
 

of cross-subsidy within the tariff structure will, of course, depend
 
on the amounts demanded by different types of consumers and their
 
ability to pay; if, as is often the case, over 60 percent of domestic
 
consumers account for less than 40 percent of consumption, the other
 
40 percent of domestic consumers, plus industry and commerce, may not
 

have to be charged much in excess of marginal cost. An important
 
point to remember in this respect is that for efficient pricing and
 
financial viability a service must serve the rich as well as the poor,
 
but the prices charged should subsidize only the poor, not the rich.
 
There are still too many countries in which water charges are so low
 
that they subsidize all consumers. There is no justification for this
 

where fiscal resources are limited and where much of the water
 
produced is consumed by large residential and commercial users.l
 

The potential for introducing a cross-subsidy may depend on the
 

type of "delivery systems." A metered house or patio connection has
 
the greatest potential for obtainiig revenue from those who can afford
 

it; it allows many options for charging consumers, ranging from a flat
 
rate to (variable) charges for different quantities consumed. A
 
nonmetered connection tends to be less effective; the revenue
 
collectors must generally rely on a regularly collected fixed charge
 
system, sometimes linked to the size of the property, the size of
 

pipe, the number of fittings, or the estimated number of users but, at
 
best, the charge only approximates to the water actually used.
 
Charges for standpipes are the most difficult to collect; it may be
 

feasible for an attendant to collert payment for volume consumed or
 

for households in the area served to be billed a standard fee.
 
However, in most cases, the standpipe consumers pay no charges at all
 

(even if they are supposed to) and standpipe consumption is hence
 

subsidized by other users, or paid for out of state or local taxes.
 

It has sometimes been suggested that an increasing block tariff
 

system, particularly one which includes a "life-line" tariff for a
 

basic minimum amount of consumption, also serves income-distribution
 

criteria in an economy. This is true in the limited sense of assuring
 

that the poor have access to service. In most economies, however, the
 
highest proportion of personal income spent on water supply and waste
 

disposal is very small (three to five percent) so that any net
 

transfers to the poor in this sector is of limited overall
 

significance.
 

In many countries it is the government users who receive the
 

largest subsidy.
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Economically efficient pricing in the water and wastes 
sector can
 

the uverall economic efficiency of the
 be an important contribution to 


country. However, its contribution can be reduced or even negated if
 

same economic pricing principles. A
 
other sectors do not apply the 
 as


the "technical efficiency" of the sector; if,

possible problem is 


50 percent) of the water
 is often the case, a large part (20 to 


produced is not paid for--because of leakages in the supply 
network,
 

or poor revenue
 
inaccurate meters, deliberate evasion of payment 


collection procedures--then the subsidization of 
this amount by those
 

who pay may increase their tariff beyond economically 
optimal levels.
 

While there are enough difficulties in developing a suitable
 
are even greater


tariff structure for urban water supply, the problems 


for rural water supply and all types of waste disposal facilities. As
 

a contribution to the recovery of costs 3f small rural 
water supply
 

and on-site waste disposal schemes, which generally 
have a very high
 

labor component, consumers should provide free labor, 
land, local
 

materials and, possibly, a nominal amount of cash for 
construction
 

The equivalent value of theqe contributions in some
 
materials. 


30 percent of system costs but in many

countries has been as much as 


cases a lesser contribution (about ten percent) 
is acceptable, with
 

the balance of funds being provided by the government. 
In addition,
 

the community should be responsible for operation 
and maintenance of
 

the system.
 

to put a surcharge
For waterborne sewerage, it is usually easiest 


the water tariff to reflect the incremental cost of providing
on 

justify the type of
sewerage,l even though this will still not 


service selected, nor in many cases, will it give consumers a real
 

The main justification of
 opportunity to show willingness to pay. 


this technique of pricing is that it gives the operating entity some
 

In some countries,

control over customers who do not pay their bills. 


particularly in Africa, funds for rural water supply and urban and
 
The
 

rural waste disposal come from the general budget of 
the country. 


Bank's work in the sector has shown thaE.in such cases 
the systems
 

rarely if ever have sufficient funds for proper operation 
and
 

the health and other benefits they
maintenance or expansion, and hence 


are designed to-produce are lost.
 

This system can be adopted even where the organization in charge
 

the same as the organization in charge
of waste disposal is not 


of water supply.
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3. 	THE WORLD BANK'S ACTIVITIES IN THE WATER SUPPLY
 

AND SANITATION SECTOR
 

The World Bank 	started its activities in the sector in 
1961 with
 

over 	US $2 billion
 
a loan to Taipei. By the end of fiscal year 1978, 


In the fiscal year 1979 alone, another US $1 
billion
 

had been lent. 


had been lent. Because the World Bank usually lends about 40 percent
 

of project values, these amounts represent 
projects worth about US
 

$7.5 	billion.
 

World Bank
 
In the execution of this massive lending program, the 


has become thoroughly familiar with the issues discussed in the
 

preceding paragmiphs and developed objectives 
and methods to achieve
 

are modified
 
Both 	are, of course, under continuous review 

and 

them. 


time to reflect latest experience. In addition, applied

from 	time to 


to water supply and
 is conducted to find better solutions
research 1 

sanitation problems.
 

3.1 	 Objectives
 

The Bank's objectives in lending for water supply are to:
 

assist governments in providing basic infrastructure 
at
 

I. 

least cost;
 

to public services to all segments of society,

2. 	 ensure access 


particularly lower income groups;
 

3. 	 build institutions capable of planning and 
implementing
 

national, regional and local programs;
 

mobilize through adequate pricing policies the 
funds


4. 

necessary for physical development and the training of
 

staff; and
 

so
 
5. establish 	financial viability of implementing 

agencies 


they may cover operation, maintenance and 
depreciation costs
 

to future investments.
and contribute 


3.2 	Project Analysis
 

The physical components of projects for which Bank financial
 
to
 

assistance is requested are given a thorough technical 
review 2 


ensure that they represent the least cost method of fulfilling
 

The review covers subjects such as demographic 
and demand
 

demand. 

analysis, geology and hydrology. Engineering designs are reviewed for
 

the choice of technology with the view of minimizing 
capital and
 

1 	 See 671-46, EWT Index.
 

See "The Project Cycle" for detailed description 
of World Bank
2 

project preparation and approval.
 

15 
 o
 



operating costs, and to ensure that the capacities of the components
 

such as source works, treatment and distribution, are appropriately
 

the time of the review the project's capacity to serve
matched. At 

industry, commercial and domestic--including low income--consumers, is
 

Often Bank staff assist governments in the early stages
established. 

of planning and participate in the planning process.
 

to the type of organization
The Bank has no fixed requirements as 


to which it lends; loans are made to government-owned companies
 
or local scale), municipalities,
(operating on a national, regional 


urban districts and government departments, depending on which
 
efficient for the purpose of
 organization is considered to be the most 


As the Bank puts greater emphasis on "new-style"
the project. 

projects designed to reach rural and urban poor, it is likely that
 

existing organizations in developing countries will be 
asked to onlend
 

village councils, cooperatives,
to less formal organizations such as 

are being onlent to committees for small
 

etc. Already, Bank loans 

rural projects, and this process should gain momentum in the coming
 

years.
 

there should be a change in the policy of
 This 	does not mean that 

that 	Bank borrowers have a reasonable measure of
 trying to ensure 


autonomy, that they control costs, and that they be financially
 

The Bank will continue to expect that its borrowers maintain
 viable. 

the following characteristics:
 

1. competent management, with preferably a separation between
 

those responsible for policy and those responsible for
 

management;
 

sense that the entity is
 2. 	 financial independence, in the 

own funds,
adequately capitalized, empowered to manage its 


can make adequate provision for depreciation of 
assets and
 

cost overruns, and is able to
 occasional adversity or 


formulate appropriate investment plans and can fix, alter
 

and collect tariffs;
 

the power to set wages and salaries at competitive levels to
 3. 

the authority to
 attract and retain competent staff, and 


engage, dismiss and discipline staff;
 

an accrual
 
a separate accounting system, if possible on 


basis, capable of making available quickly and reliably 
the
 

data needed for effective management;
 

4. 


consumers
the legislative backing to deal with all 


(including local authorities) who default in payment or
 

violate regulations; and
 

5 


6. 	 primary responsibility for the procurement of goods and
 

services required.
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Some of these objectives have proved easier to attain than
 

others. In the rural areas particularly it is usually impossible to
 

achieve them without strong community commitment and participation.
 
to set salary scales for
Governments are often jealous of their right 


everyone in the public sector, and government power of general
 
increase rather than decrease,
surveillance often has a tendency to 


especially when financial difficulties arise or when, for example,
 

tariffs become a pawn of politics. Thus the Bank may have to allow a
 

sufficient time for the objectives listed above to be achieved; in
 

toward full autonomy of the borrower may have
 some countries, the move 

several successive lending operations.
to take place over 


Bank experience suggests that many developing countries do not
 

design, prepare and construct an increasing
yet have the capacity to 


number of water supply and waste disposal projects and then properly
 

manage, operate and maintain them. This is why an increasing number
 

of Bank projects in the sector contain a training component. One
 

the Philippines providing water
example is the loan made in FY77 to 

for training
supplies in provincial cities, which included $200,000 


local staff in the rural areas to design, build and operate small
 

systems.
 

The Bank should continue to promote a policy which relates
 

for all water supply projects while
marginal cost to tariffs 

theoretical and operational problems in
recognizing that there may be 


applying the concept in a particular case. One problem is how to deal
 

with the costs of large increases in the source, transmission and
 
No fully satisfactory
a particular system.
distribution capacity of 


has yet been found and so, as a compromise, the
 
answer to this 


down to an estimate of
operational definition normally comes 

averaged over the project
incremental operating and investment costs 


output through time. As a practical matter, it is usually essential
 
to the extent
that the entity is financially viable and,
to ensure 


financially independent.
possible, that it is 


Because of the monopolistic character of most water supply
 

their output is normally regarded as a
 entities, and the fact that 

to ensure efficient
social necessity, it is particularly important 


The Bank contributes to this
 
operations and to control costs. 


objective by reviewing the entity's operations and procedures and
 

appropriate changes be made either as
 recommending (if necessary) that 
 are
loan, or, where the required measures 
a precondition of the 

or
project construction period,
some 


over a longer period which may encompass a 
series of loans.


expected to take time, during the 


Accounting and Budgeting
 

Where a satisfactory accounting and budgeting 
system, able to
 

provide sufficient information for financial 
management, does not
 

exist, the Bank requires that such deficiencies be remedied.
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Audit
 

The Bank requires an annual independent audit, and the setting up
 

of satisfactory systems of internal controls where internal 
financial
 

controls are absent or inadequate.
 

Management and Staffing
 

Common problems in all sectors have been the acute shortage 
of
 

experienced and competent staff, and inadequate training 
facilities to
 

to examine the borrower's
Thus the Bank has
alleviate this shortage. 

level of staffing and training requirements. The problem of
 

overstaffing at lower levels often exists in juxtaposition with the
 

more serious problem of shortages of experienced and competent 
middle
 

and upper-level staff. Where competent managers cannot readily be
 

found within a country, the Bank is prepared to finance full-time
 

foreign personnel, who, in addition to helping existing managers in
 

day-to-day operations, are also able 1-o train staff in modern 
For
 

management techniques. In some cases, reorgnization is required. 

the best advantage
example, scarce skilled manpower may be used to 


when a single unit is given responsibility for planning, 
construction
 

and operation on a national scale.
 

Other Factors Affecting Costs
 

Experience shows that it is also prudent to review other elements
 

For example, the Bank
affecting capital and operating costs. 


generally requires specific satisfactory procurement procedures for
 

items financed from all, including the borrower's own funds.
 
instances. Operating and
Inventory control may be weak in some 


maintenance practices may be poor, partly reflecting the inadequate
 

training of staff. There may be excessive losses of revenue owing to
 

leakage or theft; inadequate billing and collection procedures are a
 

problem with which many enterprises have had to contend.
 

Loans for water supply are usually made to revenue-earning
 

entities which are financially independent and which are expected to
 

achieve appropriate financial targets and objectives. With few
 
Many of the entities
exceptions, these are public sector entities. 


have a high demand for capital because of the intrinsic
 

capital-intensiveness of their facilities and of the need to catch up
 

to expand rapidly (doubling or more
with past underinvestment and/or 

to meet future demand. Given the
of capacity every five to ten years) 


difficulties faced by many borrowing countries in mobilizing public
 
limited
savings, especially in times of inflation, the absence of or 


access to capital markets, and the competing demands for available
 

resources by other sectors, the Bank requires that the borrower's
 
as a
 revenues cover all operating costs and debt service as well 


reasonable part of the investment programs, usually varying between 20
 

percent and 60 percent. The contribution to investment depends upon
 
the stage of
the circumstances of each case, including such factors as 


development of the beneficiary, the availability and adequacy of
 

external capital sources, the size of the investment program in
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relation to existing facilities, and the t-.rms of past and p
 

One of the most important factors in judging th
borrowings. 

the rate of return earned on
 of the financial performance is 


a measure of the extent of the cost
 capital, which serves as 


from the beneficiaries of the services provided.
 

in setti
host water utilities face a number of problems 


related to the incremental opportunity cost of expanding out
 
sustain


First, since a minimum amount of water is needed to 


health irrespective of income levels, high charges 
for water
 

unduly burden the lowest income groups, and thus 
there has b
 

Secon
 
reluctance to recover all water costs through 

prices. 

is usua
 

supply investments ofter have to be "lumpy" since it 


to provide fac. ities capable of meeting anticipate
economic 

ten years or more; therefore the relatior
in a community for 


user charges to incremental costs has, in practice, to be af
 

future period. I
 
and, whfre appropriate, averaged over some 


at
 
general health benefits to the environment of the project 


form of cross-st
the provision of safe water imply that some 


be appropriate.
 

A usually serious operational problem, mainly 
related t
 

water supply sector, is the failure of some borrowers 
to cor
 

to collect all the revenue for services rendered,
losses and 

are three main aspects to this problem: physical losses, iv
 

Many water supply undertak
billings, and poor collections. 

as half of the water which they 1
 obtain payment for as much 


because of leakages or inability to meter or control 
consuml
 

the Bank may require special studies to analyze I
 such cases 

problems.of metering, theft and leakage prevention, 

and fol
 
The Bank,


inclusion or corrective measure in future loans. 


reviews a borrower's performance on billings and 
collection:
 

are being taKen to bill the consumer properly ani
 that steps 

collect the revenue promptly. In most zases such steps mus!
 

before a loan is made or within a reasonable period 
thereaf
 

Criteria of Financial Performance
3.3 


In preparing a specific lending operation, the Bank an
 

borrower agree on precise criteria for minimum financial 
pe
 

not only for the purpose of achieving the braod objectives
 

above, but also to assure the continued solvency and financ
 

assure the implementation
viability of the borrower and to 

The careful formulati
financing plan for the Bank Project. 


as much in the interest of the borr

performance criteria is 


entity as of the government as guarantor, or the Bank 
as le
 

Bank recognizes, however, that the application of these 
cri
 

time to ensure their conti
have to be reviewed from time to 

even


appropriateness when policies evolve and when external 


influence the operations of the borrowing entities.
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Among the various tests, usually expcessed in the form of
 

covenants agreed to by the borro'jer, but sometimes agreed informally
 
two tests
between the Bank and the borrow.r in a "plan of action," 


in
have developed into standard requirements for practically all loans 


these sectors; one aims at maintat "n! ! specific minimum level of
 

the life of the loan (Revenue Covenant), and the

earnings throughout 


to prevent the borrower from
other establishes warning signals 


entering at any given time into commitments which might endanger his
 

solvency, and obliges him to consult with the Bank when these signals
 

are triggered (Debt Limitation Covenant).
 

3.4 Revenue Covenants
 

several types of revenue covenants-which might be
While there are 

two types of
used, historically the Bank has usually employed 


for water supply and sanitation projects. These are based
 covenants 

on.
 

i. 	 a rate of return on investment (net operating income after
 

fixed assets in operation plus,
taxes as percentage of net 


cases, adequate working capital); or
in some 


2. a contribution to expansion (internally generated funds
 

as a percentage of
after operating expenses and debt service 


capital expenditures).
 

the most commonly used
The rate of return concept has been by far 


This is because 1) it is a standard
 
basis for a revenue coveiiant. 


reflects generally accepted
measure of financial performace, 2) it 


principles of costing of utility s-vices, 3) it provides 
an effective
 

means (assuming proper revaluation of 	assets) of compensating for the
 

effects of inflation, 4) it mirrors concepts of tariff 
regulation
 

the world, and 5) it is an
 which have been used in many parts of 


accurate and objective test. Specific minimum rates of return and of
 

depreciation (preferably straightline) are normally 
agreed upon.
 

itself that
 
These rates are determined after the Bank has satisfied 


suitable arrangements
fixed assets are adequately valued and that 


exist for allowing assets to be revalued annually to compensate for
 

income and depreciation charges
inflation and to ensure that net 
are
 

maintained at the appropriate level in constant terms. Indeed, in
 

use of a revenue
 
countries which are experiencing high 	inflation, 

the 


practical only if periodic revaluation of
 covenant of this type is 

is provided for.
 

assets for rate-making purposes 


a measure of the adequacy of revenues
 In addition to serving as 


compared to the cost of capital, the revenue covenant based on the
 

providing internal cash generation for the
 
rate of return aims at 


The factors
 
specific purposes anJ requirements of 	the undertaking. 


required are analyzed during the
 determining the actual level of 	funds 

They include the existing


Bank's appraisal of the project. 

debt service and any dividend
 cai4.talization of the enterprise, its 


requirements, the incidence of taxation, economic and social
 

the expected growth
consumers' ability to pay,
considerations such as 
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rate for the services, the prospective investment pattern and the
 

availability of other capital 	funds. This emphasis on the cash
 

is normally broadly consistent with the
aspects of the rate of return 


parallel objective of having tariffs or fees include an adequate
 

charge for the cost of capital invested in the enterprise; however, in
 

a situation with little, or concessionary, debt or a low rate of
 

expansion of the utility cash requirements, the rate ef return might
 

be unacceptably low. Internal cash generation by itself rarely covers
 

all the costs of expansion and is usually supplemented by the infusion
 

of loan or equity capital.
 

Borrowing countries, reluctant to implement unpopular tariff
 

increases, have often considered a government subsidy 
as a
 

not accept this except
substitute. The Bank, however normally does 


where the subsidy is given to compensate for losses sustained by the
 
wacer supply projects
utility in undertaking social programs, e.g., 


in part to meet basic needs of th.e poor.
designed wholly or 


The alternative revenue covenant which deals di'ectly with
 

internal cash generation and contribution to expansion (and is
 
to
sometimes called a cash generation covenant) 1) is more reponsive 


changes in the size of the investment program arising from inflation
 

a direct test of net cash generation, and 3)
or other reasons, 2) is 


is easily understood by borrowers and governments particularly in
 

terms of a financing plan for the immediate investment program.
 

However, a cash generation covenant in itself cannot be relied upon as
 

a guide to the adequacy of an entity's earnings for cost recovery
 

purposes. Furthermore, because annual investments are often "lumpy,"
 

tends to vary greatly from
the cash requirement under this covenant 


year to year; it is therefore necessary to calculate or estimate
 

sliding averages of investment over periods of several years, and this
 

Even when a cash generation
leads to monitoring difficulties. 

of return implied under the covenant is
covenant is used, the rate 


estimated and borrowers operating under inflationary conditions 
are
 

revalue their assets regularly; this enables an assessment of
asked to 

turn helps in determining the
real earnings to be made, which in 


appropriate level.
 

is intended to prevent the borrower
 

from entering into debt obligations which would cause future debt
 

service to become excessive and endanger the borrower's financial
 
the amount entities may
 

The debt limitation covenant 


viability. Such a covenant places a limit on 

an entity from
borrow without Bank agreement and may also prevent 


entering into debt obligations having unsuitable terms and
 

loans with relatively
conditions. Some examples of such debt are: 

financed by such
short maturities compared to the Life of the assets 


debt, borrowings at very high interest rates, and debts having balloon
 

payments without provisions for accumulating the funds for ultimate
 

repayment.
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3.5 Economic Justification
 

There are three main stages in considering the economic
 
justification of projects in the water supply sector. The first is to
 

make as thorough a study as is feasible of the market demand for the
 
service, reflecting expected economic developments and the effects on
 
demand of alternative pricing policies for the services in question.
 

The second step is to investigate whether the project is the
 
least costly means of meeting the anticipated level of demand: for
 
example, is the proposed water supply development optimal from the
 
point of view of balance between source development Lnd reduction in
 
system leakage, choice of treatment process, and phasing and sizing of
 

transmission and distribution mains? The determination of the least
 

cost alternative usually involves the comparison of different time
 
streams of capital and operating costs by an appropriate discounting
 
technique. It also usually requires "shadow pricing" of costs where
 
prices of inputs, labor or foreign exchange do not reflect the real
 
economic costs.
 

The third step is to test whether the project is worth executing,
 
by determining that the benefits of the project to the economy as a
 
whole exceed its economic costs. In practice, this calculation is
 
difficult for two reasons. First, most of the data available for the
 
benefit calculation normally come from the financial accounts of the
 
utility, which do not reflect the full benefits to the economy such as
 
health benefits. The second difficulty arises from the fact that
 
where the project consists of selected parts of an expansion program,
 
it may not be possible to attribute the benefits deriving from these
 

separate parts.
 

In most cases it will not be possible to quantify the economic
 
benefits by consumers in excess of the amounts they actually pay and
 
therefore the estimation of the social value of the project is
 
precluded. It is normally possible, however, to calculate an
 
incremental financial return, based on revenues from additional sales
 
attributable to the project. When appropriately adjusted for transfer
 
payments, such as taxes and subsidies, and the shadow prices of labor,
 
capital and foreign exchange are taken into account, this usually
 
represents, at least, a minimum estimate of the economic rate of
 
return. If high enough, it suggests that the project is economically
 
justified, even though this will not usually be the determining
 
factor. A low return may simply indicate that tariffs are too low,
 
rather than that the project is not justified.
 

The World Bank is a non-profit multinational organization. It is
 
directed by representatives of the member countries and has a
 
multinational staff. It seeks to assist its members in their efforts
 
to promote better lives of all people. It recognizes that the
 
provision of potable water in adequate quantity is important for a
 
better life. It assists member countries to provide water by
 
providing financial and technical assistance. In so doing it asks
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that important social, economic, technical, financial and managerial
 

But it recognizes that these criteria may sometimes
 
criteria be met. 
 to be flexible in
 to achieve and is therefore prepared
be difficult 

its arrangements with borrowing countries.
 

the only i3stitution providing
The World Bank, of course, is not 

supply and sanitation projects-

funds for the construction of water 
 a paper giving
The Annex reproduces 
or their preparation and design. 


information on the large number of 
agencies providing assistance in
 

the sector.
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WATER SUPPLY FINANCE, SOURCES, CHANNELS, AND PROCEDURES
 

Water supply officials working in the developing countries
 

know what sources of funds and technical
frequently are unable to 

them, how they can get information, and
assistance may be available to 


what channels may be used. Similarly, they may not know of the range
 

of resources which may be available tt" t:hem for assistance in the
 

solution of certain problems. In the following paragraphs a partial,
 

but incomplete, presentation of information is given on various
 

those who desire such
aspects of this subject which may help to orient 

to make the information as
information. While an effort has been made 


comprehensive as possible, there will undoubtedly be omissions. The
 

statements on sources, channels, procedures and arrang-nents have been
 

prepared from the author's personal experiences and uncerstanding and
 

arc believed to be accurate. However, in some instances these may be
 

wrong; in others they may have been correct at one time but recent
 

The various agencies should
changes may make them no longer valid. 


therefore be contacted directly by those who need detailed information
 
in this
and wish to request assistance. The views and statements 


those of the author and do not necessarily reflect those of
 
paper are 

the various agencies mentioned including the World Bank.
 

Types and Sources of External Assistance for Planning,
 

Project Development, Construction, Operation and Management
 

The following list shows activities which usually require funds
 

beyond those normally included in the operating budgets of water
 

agencies or which frequently need inputs which would permit more
 

extensive and thorough preparations than possible when only existing
 

sources of assistance are shown; it
 
staff is employed. Only external 


being assumed that water supply officials will be familiar 
with local
 

resources.
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Characteristics of Assistance by Types of Agencies
 

A. World and Regional Banks - (IBRD, IADB, ASDB, AFDB)
 

The assistance provided by these Banks is primarily through
 

The regional Banks serve those countries which are within
loans. 

sources


their region and are members. Where these Banks are shown as 


of assistance in Table I, such assistance is normally provided through
 

funds included in project loans and which will have to be repaid with
 

the loan. Some of these Banks have
interest over the period of 

for project development and
 arrangements for making small loans 


engineering. In a few situtations, grant funds for project
 
loan later, if
developr'nt may be made available but folded into the 


one is made. Loans for water projects by each of the Banks are made
 

based on preliminary or final
following an appraisal which is 


engineering and feasibility status. Organization, management,
 
are


financial performance, technical approaches and economic aspects 

to six months is
included in the appraisals. A period of three 


normally required following appraisal to process the loans. Enquiries
 

on specific questions concerning criteria
 on suitability of projects 

the Banks' water supply
and requirement can be addressed directly to 


channeled through Ministries of Finance.
staff or can be 


-


UNCRET, UNICEF, ILO, FAO, WMO, IAEA, UNESCO, UNIDO
 
Multilateral Agencies of the UN System UNDP, WHO,
 

Specific information on addresses and areas of competence for
 

the UN system will be available in
each of the specialized agencies of 


the office of the UN Resident Representative usually located in the
 

capital city of most countries.
 

Those agencies which are most active in the fields of public
 

water supply are described in the following paragraphs:
 

B. UNDP - (United Nations Development Program)
 

UNDP provides funds to assist countries in the development of
 

high priority projects and to make studies considered as important to
 

Each country is given national allotment
the countries' develop ,3nt. 


of funds for a period of time for planning purposes, referred to as an
 

IPF (Indicative Planning Figure) within which the country can prepare
 

Water project studies have to be assigned a priority
projects. 

scarce
sufficiently high to compete with other requests for the 


funds. The Planning Agency or other designated office of the
 

Government, working with the local representatives of the UN (UN
 

Resident Representative), carries the responsibility for deciding how
 

the UNDP funds will be assigned. Water supply officials can obtain
 

specific information on project possibilities from the local UN
 

WHO can help prepare requests to UNDP for project assistance
office. 

if the Gove:nment and the UN Resident Representative give
 

UNDP funds are almost always supplemented by
encouragement. 

office space, local personnel costs, etc.
contributions of funds, 


provided by the host government or its water agency.
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TABLE I
 

Type of Activity 


Planning, Programming, Analysis 


Sector Studies 


Engineering & Feasibility Studies 


Project Financing 


Financing of small equipment 


items and assistance for rural
 

and fringe areas
 

Organization & Management Studies 


Economic & Financial Studies 


Manpower Development & Training 


Special Studies & Testing: water 


quality, hydraulic, hydrogeologic, 


soils, chemical, biological, 


materials, leak detection, metering 


rates, meteorologic, etc.
 

Water Resource Studies & Planning 


Sources of Assistance
 

WHO/IBRD Cooperative Program,
 

Bilateral Agencies
 

WHO/IBRD Cooperative Program,
 

Bilateral Agercies
 

UNDP/WHO, IBRD, IADB, AFDB,
 

ASOP, OECD, Bilateral Agencies
 

IBRD, IADB, ASDB, AFDB, OECD,
 

Bilaterial Agencies, 
Private
 

UNICEF
 

UNDP/WHO, IBRD, IADB, ASDB,
 

AFDB, Bilateral Agencies,
 

Private
 

WHO/IBRD Cooperative Program,
 

IBRD, IADB, ASDB, AFDB,
 

Bilateral Agencies, Private
 

WHO, ILO, IBRD, IADB, ASDB,
 

AFDB, OECD, Bilateral
 

Agencies, Private
 

UNDP/WHO, IBRD, IADB, ASDB,
 

AFDB, UN, WMO,
 

Bilateral Agencies,
 
Private
 

UNDP, UNCRET, WMO, FAO, WHO,
 
IAEA, UNESCO, IBRD, & Regional
 

Banks, Bilateral Agencies
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WHO/IBRD Cooperative Program
 

to
 
This program is jointly financed by WHO and IBRD and responds 


requests from countries desiring assistance in 
resolving problems
 

The program to date has concentrated on
 associated with water supply. 

sector studies in the field of water
 helping countries to carry out 


These studies analyze the exiscing situation with 
respect


and wastes. 

or
 

to number of people currently served, analyze governmental 
targets 


targets for consideration, define the principal problems and
 propose 

constraints, and suggest actions which the Government 

can consider for
 

serve as a basic document for planning

implementation. The report can 


and project development. Follow-up assistance both by WHO country and
 

regional staff, and by staff of the Cooperative Program 
Unit in
 

Geneva, Switzerland can be arranged. It is possible to request
 

assistance on special problems on which the water 
agency may wish
 

consultation.
 

no
 
Assistance provided by the Cooperative Program 

staff is at 


staff assigned to work
 
expense to the Government except for national 


with the Cooperative Program staff; and for local arrangements 
of
 

Requests for assistance can be directed
 transport and office space. 


to the local WHO engineer if one is present; to the WHO regional
 

to the P.I.P. unit of WHO Headquarters in
 office serving the country; 


to the World Bank, Washington, D.C.
Geneva; or 


The Regional Banks take part in, or are consulted on all sector
 

study work carried out by the Cooperative Program in countries which
 

are members of the regional bank concerned.
 

WHO
 

WHO has its headquarters in Geneva, Switzerland and has regional
 

offices in Washington, D.C. (Latin America), Copenhagen 
(Europe),
 

Brazzaville (Africa), Alexandria (Eastern Medditerranean), 
New Delhi
 

(South Asia) and Manila (Western Pacific). Each of these offices has
 
the
 

sanitary engineers whose responsibilities include assistance 
to 


In a number of
member governments in the field of water supply. 


countries, WHO has country engineers working on various aspects 
of
 

water supply.
 

WHO normally acts as the executing agency on projects financed by
 

UNDP. It assists countries to develop requests to UNDP for
 

preliminary project financing, and if approved by UNDP, in
 

consultation with Government, employs consultants to carry out 
the
 

On studies which may result in projects requiring finance,
studies. 

latter Bank may
if the country so indicates and if IBRD agrees, the 


express special interest in the studies and follow them to completion
 

at which time it may consider lending for construction. The Regional
 

Banks may, if they so elect, follow a somewhat similar pattern.
 

WHO may be approached for assistance on all technical aspects of
 

water supply operation. Assistance requiring the employment and
 

other specialist to the country will
assignment of an engineer or 
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require a request from Government to WHO, and the latter will likely
 

have to place the request in its planning budget for consideration
 

along with other requirements. Assuming approval, a period of up to
 

three years may be required before the specialist 
is available.
 

Short-term assistance can frequently be arranged within 
fairly short
 

time either out of regional resources or from the 
Cooperative Program
 

as noted previously.
 

UNICEF
 

UNICEF assistance in water supply is usually directed 
at rural
 

areas or to those fringe areas of urban communities where simple
 
Assistance is
 

technologies common to rural areas may be employed. 


usually in the form of equipment and supplies which 
normally have to
 

be imported and which are required for construction 
and equipping of
 

In some instances limited distribution, piping and 
storage


wells. 

included. Requests for information can be directed
facilities may be 


to the local representative of the UN; to
 
to the Ministry of Health; 

local UNICEF staff if present; or to UNICEF Headquarters in New York.
 

- New York)

UNCRET (UN Center for Resources, Energy, and Transport 


UNCRET carries out work usually financed by UNDP 
on broad water
 

It has conducted ground water and hydrogeological
resource matters. 

studies; advised on resource organization and 

planning, and assisted
 

It currently functions as the
 on matters concerning water law. 


Secretariat for the 1977 World Water Conference.
 

(Food and Agriculture Organization - Rome, Italy)
FAO -


FAO is concerned with aspects of water related to agricultural
 

Because of the opportunities to assist rural people with water
 use. 
 the

supply as part of water irrigation schemes, and because 

of 


inclusion of rural water in many rural development 
schemes, FAO is a
 

It works closely with WHO in the consideration
 source of assistance. 

of facilities suited to human needs.
 

- Geneva, Switzerland)
WMO - (World Meteorological Organization 


WHO provides assistance in the fields of meteorological 
and
 

hydrological data collection and evaluation.
 

UNESCO - (Education, Science and Cultural Organization - Paris, France)
 

UNESCO, in addition to being concerned with general education,
 

works closely with WHO on educational matters concerned 
with Sanitary
 

Engineers withi? the framework of university and professional
 

engineering school curricula and development. UNESCO also is involved
 

in water supply through its research and study activities outside the
 

operations side of public water systems.
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- Geneva, Switzerland)
ILO - (International Labor Organization 


ILO is able to assist in the development of training programs for
 

at the sub-professional
various categories of water works personnel 


level.
 

- Vienna, Austria)

IAEA - (International Atomic Energy Agency 


IAEA can contribite to studies of surface and ground water where
 

LAEA would also be a source of
 
radioactive tracers may prove useful. 


assistance in instances wherQ combined nuclear 
power and desalination
 

plants are being considered.
 

- (United Nations Industrial Development
UNIDO 

- G eneva, Switzerland)
Organization 


UNIDO is piimarily concerned with industrial water 
supply, and
 

to public

particularly for industries which may not have access 


supplies.
 

- (United Nations Environment Program - Nairobi, Kenya)

UNEP 


UNEP is concerned with those aspects of water 
supply which concern
 

the impact of
 
Where environmental assessment of 
the environment. 


projects may be needed, assistance can 
be requested.
 

Bilateral Agencies
 

are
 
Many countries have established agencies 

through which funds 


channeled to assist other countries on a 
wide range of activities.
 

s %ms of money and many mar. years of
 Over the past 20 years and longer, 


technical assistance have been provided 
by these agencies for various
 

supply. Such assistance has ranged
 
activities in the field of water 


local technical
 
from a few weeks of highly specialized consultations on 


engineering and construction of
 problems to the financing of all 

form of loans or
 

sizable water systems. Such assistance may take tile 

for a brief
one or two experts


It may be through the supply of 
grants. 

period or it may be for consultants who prepare master plans 

and firRt
 
have
 

No two agencies will likely be found riD 

step engineering designs. 


procedure and time required to act
 
identical requirements nor will the 
 cn resources
The place for information 

on requests be found similar. 


various countries. Ministries
 
local embassies of the
available is the 


the official channel for submission
 
of State of Finance will likely be 


Among the bilaterals which have been 
active in
 

of formal requests. 


offering assistance in water supply 
can be mentioned the following:
 

USAID (USA), SIDA (Swedish), CIDA 
(Canada), ODM (British), KFW
 

(German), France, Switzerland, Netherlands, 
Australia and Japan.
 

Sources
Private 


can be noted as available
 
Several different kinds of assistance 
 A few
the source. 


from private sources and each is rather specific to 


follows:

of these sources are as 
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Private Banks - A fair number of water supply loans have been made
 

In some cases this has been
by private banks over the past years. 


through direct loans and in others through purchase of national bonds
 

for water supply construction. While

the proceeds of which were used 


not a major source of funding at present, this resource should not be
 

operating on a sound
overlooked by those water agencies which are 


utility basis and where past performance gives assurance that the
 

entity will be able to meet the debt service on loans. Unfortunately,
 

few organizations are currently able to'demonstrate this capability to
 

the extent that private banks require.
 

financing for particular
Suppliers' Credits - A major source of 


items of equipment is Suppliers' Credit. Such credits are usually
 

fairly short-term - 8 to 12 years, and frequently carry high interest
 

cover only the particular contract. Water

charges. The credits 


on equipment to submit proposals on
agencies commonly ask bidders 

time of bid evaluation the terms of the
 

financing as well, and at the 


credit are compared together with the other evaluations. 
A number of
 

that of the
 
problems can be encountered in this approach among which is 


bidder who submits the best price for the best equipment but who is
 

unwilling or unable to arrange the financing.
 

Private Sources of Technical Assistance
 

Uaiversities engaged in research, foundations, churches,
 

semi-private technological groups and a number of retired 
executives'
 

possible sources of assistance on certain local
 organizations are 

no at cost or
 

problems. Assistance from these sources may be at cost, 


Retired Executives' Organizations in Canada and
 
something in between. 


to provide the services of water
 
the U.S.A., for example, are able 


supply people with years of experience in nearly every type of activity
 

arrangement whereby

encountered. Such assistance is provided under an 


to
 no salary but the country receiving him has 
the individual receives 

local living. The local embassies
 

pay the costs of transportation and 


of various countries should have information on addresses 
and
 

such
If not, they can advise on where to write for 

arrangements. 


Certain foundations and some semi-private agencies such
 
information. 

as the International Technology Group in U.K. have contributed varying
 

The Rockefeller
 
amounts of assistance in the field of water supply. 


a number of projects having
Foundation is known to have financed 


demonstration or 
stimulatioA aspects which contributed to countries'
 

the International
to their problems. Those such as
approaches 

Technology Group have been concerned with finding 

technical solutions
 

to problems which avoid undue sophistication 
but rest above the more
 

These and others exist in various countries and may
primitive methods. 

be known to agencies such as WHO, UNESCO, IBRD, and the commercial
 

attaches of embassies.
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Summary
 

It is apparent that many sources of assistance, technical and
 
One common problem
 

financial, are available to developing 
countries. 


in arranging whatever type of assistance 
as is desired, is the time
 

The need for advance planning and scheduling, 
and the ability
 

element. avoid problems
 
to anticipate needs well in advance 

is the best way to 


of delayed help and of delayed projects. 
Obviously, the more countries
 

can train their own specialists, and 
the better the performance of the
 

water supply organizations, the less 
the reliance that needs to b

can be said
At least for financing, it 

placed on external assistance. 


its performance, the easier it is
 
that the better the organization and 


As time goes on, better organizations 
can look
 

to obtain the funds. 


forward to selling their own bonds to their own nationals. Sound
 

utilities have historically been places 
for sound investment.
 

Unfortunately, too few such utilities 
currently exist in the developing
 

rapidly as possible.
The goal is to reach that point as 
countries. 
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WORLD BANK
 

ENVIRONMENTAL POLICIES AND PROCEDURES
 

Hernan Reitze
 

Office of Environmental Affairs
 

I. 	POLICIES
 

Environment and Development.)
(See World Bank Publication: 


o Aim at finan.:ing environmentally sound 
and
 

A. Main Philosophy: 

sustainable economic development projects.
 

o"In the long run, environmental protection 
and
 

and economic and social development are 
not only
 

compatable but interdependent and mutually 
re

inforced."
 

o"The bank will not finance any project 
that ser

iously compromises health or safety, causes
 

severe or irreversible environmental 
deterioration,
 

or displaces people without adequate 
provision for
 

resettlement.
 

Technical assistance to member countries.
 B. Basic Elements: o 


o Review and evaluation of all investment 
projects
 

of the World Bank Group.
 

o Project components.
 

o Environmental projects.
 

II. 	PROCEDURES
 

(See World Bank Publication: "Environmental, Health and Human Ecologic
 
... being updated)
 

Considerations in Economic Development 
Projects" 


Emphasis is on early and less expensive preventative
o
A. Approach: 

measures, as opposed to later and 	more expensive
 

curative measures.
 

o Project specific considerations.
 

o Sector specific guidelines.
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ENVIRONMENTAL ACTIVITIES
 
I. 	INTERNATIONAL 


L~iaisor aid coordinatioyl with 
the United Nations Environment 

Program
 

A. 

(UNEP)
 

B,. Activities with other international 
organizations
 

,DeclaTration of Environmental 
Policies and Procedures Relative
 

(Adopted by nine major multilateral
 to ','conomic Development" 
development assistance institutions.)
 

C. 	Liaison with NGO's, PVO's 
and other organizations working 

in the
 

field of environment and development.
 



DECLARATION OF ENVIRONMENTAL POLICIES 

AND PROCEDURES RELATING TO 

ECONOMIC DEVELOPMENT 

WH9REAS, ECONOMIC AND SOCIAL DEVELOPMENT IS ESSENTIAL TO THE ALLEVIATION 

PROBLEMS BY PROVIDING FOR AN INTEGRAL RELATIONSHIP 

OF MAJOR ENVIRONMENTAL 
REALIZING ALSO THAT ECONOMIC 

THEIR ENVIRONMENT,
BETWEEN SOCIETIES AND AS TO AVOID 

SOCIAL GOALS SHOULD BE PURSUED IN SUCH A MANNER 

DEVELOPMENT AND 

OR MINIMIZE ENVIRONMENTAL PROBLEMS PECULIAR'TO IT, 

THE MAJOR ENVIRONMENTAL PROBLEMS OF THE DEVELOPING 

RECOGNIZING THAT, 
AS THOSE OF DEVELOPED 

OF THE SAME NATURE 
COUNTRIES ARE NOT NECESSARILY 

COUNTRIES IN THAT THEY ARE PROBLEMS WHICH OFTEN REFLECT THE IMPACTS OF 

POVERTY WrICH NOT ONLY AFFECTS THE QUALITY OF LIFE BUT LIFE ITSELF, 

AND ECONOMIC 
CONVINCED,THAT IN THE LONG RUN ENVIROINMENTAL PROTECTION 


AND SOCIAL DEVELOPMENT ARE NOT ONLY COMPATIBLE BUT INTERDEPENDENT AND
 

REINFORCING.MUTUALLY 

SENSITIVE AND 
THAT THE NEED FOR ENVIRONMENTALLY 

ACKNOWLEDGING, 

RESPONSIBLE DEVELOPMENT HAS BECOME MORE IMPORTANT AND URGENT IN LIGHT
 

POPULATION AND CONCOMITANT PRESSURES ON THE EARTH'S RESOURCES
 

OF INCREASING 


AND LIFE-SUPPORTING ECOLOGICAL SYSTEMS IN SOME AREAS,
 

RIGHT OF GOVERNMENTS TO DETERMINE THEIR 
THE SOVEREIGNACKVOWLEDGING, 


DEVELOPMENT PATTERNS,

OWN PRIORITIES AND 

OF THE UNITED 

RECALLING, THAT THE STATES WHICH ADOPTED THE DECLARATION 

ENVIRONMENT (STOCKHOLM, 1972) STATED THEIR 

NATIONS CONFERENCE ON THE HUMAN 

COMMON CONVICTION (PRINCIPLE 25) THAT THEY WILL ENSURE THAT THE INTERNATIONAL 

EFFICIENT AND DYNAMIC ROLE IN THE PROTECTION 
PLAY A CO-ORDINATED,ORGANIZATIONS 


AND IMPROVEMENT OF THE ENVIRONMENT,
 



CONSIDERING, FURTHERMORE, THAT INTERNATONAL DEVELOPMENT ASSISTANT 

TO 

INSTITUTIONS HAVE, ALONG WITH THEIR MEMBER GOVERNMENTS, A RESPONSIBILITY 

ACTIVITIES FINANCED 

ENSURE THE SUSTAINABILITY OF THE ECONOMIC DEVELOPMENT 

BY THEM, 

DECLARED THAT THEY: 
THEREFORE, THE UNDERSIGNED 

RECOMMENDATIONS 
REAFFIRM THEIR SUPPORT FOR THE PRINCIPLES AND 


.
 

FOR ACTION OF THE UNITED NATIONS CONFERENCE
 

TO: 
WILLe TO THE BEST OF THEIR ABILITIES, ENDEAVOUR 

11. 

OF ALL DEVELOPMENT 

INSTITUE PROCEDURES FOR SYSTEMATIC EXAMINATION 
1. 

POLICIES, PROGRAMMES AND PROJECTS, UNDER CONSIDERATION
 

ACTIVITIES, INCLUDING 


FOR FINANCING TO ENSURE THAT APPROPRIATE MEASURES ARE PROPOSED FOR COMPLIANCE 

WITH SECTION I ABOVE; 

AND RELEVANT 

INTO CO-OPERATIVE NEGOTIATIONS WITH GOVERNMENTS 
2. 	 ENE OF APPROPRIATE 

ORGANIZATIONS AND AGENCIES, TO ENSURE INTEGRATION 
INTERNATIONAL 

MEASURES IN THE DESIGN AND IMPLEMENTATION OF ECONOMIC
 

ENVIRONMENTAL 


DEVELOPMENT ACTIVITIES; 

ON ENVIRONMENTAL 
PROVIDE TECHNICAL ASSISTANCE, INCLUDING TRAINING, 

3. 

MATTERS TO DEVELOPING COUNTRIES, AT THEIR REQUEST, THUS DEVELOPING THEIR INDI-

AND FACILITATING TECHNICAL CO-OPERATION BETWEEN DEVELOPING 

GENEOUS CAPACITY, 

COUNTRIES. 

IF APPROPRIATE, SUPPORT PROJECT 

GIVE ACTIVE CONSIDERATION AND,
4. 	 MANAGE OR 

PROPOSALS THAT ARE SPECIALLY DESIGNED TO PROTECT, REHABILITATE, 

ENVIRONMENT, THE QUALITY OF LIFE, AND RESOURCEL 

OTHERWISE ENHANCE THE HUMAN 

THERETO RELATED; 

AND STUDIEF 
INIIATE AND/OR OTHERWISE CO-OPERATE IN RESEARCH 

5. 

LEADING TO IMPROVEMENT OF PROJECT APPRAISAL, IMPLEMENTATION AND 	 EVALUATION 

PROTECTIONOF ENVIRONMENTAL 
METHODO1OGIES, INCLUDING COST-BENEFIT ANALYSIS, 

MEASURESI 



SUPPORT THE TRAINING AND INFORMING OF OPERATIONAL STAFF INTHE 
S. 


DIMENS ION OF ECONOMIC DEVELOPMENT;

ENVIRONMENTAL 

PREPARE, PUBLISH AND DISSEMINATE DOCUMENTATION AND AUDIO-VISUAL 
7. 

MATERIAL PROVIDING GUIDANCE ON THE ENVIRONMENTAL DIMENSION OF ECONOMIC 

DEVELOPMENT ACTIVITIL7,1 

ADOPTED AT NEW YORK ON 1FEBRUARY 1980. 

THE AFRICAN DEVELOPMENT BANK 

Kwame Donkor Fordwor 
President 

THE ARAB BANK FOR ECONOMIC DEVELOPMENT INAFRICA 

Chadli Ayari 
President 

THE ASIAN DEVELOPMENT BANK 

Taroichi Yoshida 
President 

THE CARIBBEAN DEVELOPMENT BANK 

William Demas 
President 

THE INTER-AMERICAN DEVELOPMENT BANK 

Antonio Ortiz Mona 
President 
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THE WORLD BANK 

Robert S. McNamlra.
 
President
 

THE COMMISSION OF THE EUROPEAN COMMUNITIES 

Roy Jenkins
 
President
 

OF AMERICAN STATESTHE ORGANIZATION 


Alejandro Orf la
 
Secretary-Gineral 

THE UNITED NATIONS DEVELOPMENT PROGRAMME 

Bradford Morse
 
Administrator
 

THE UNITED NATIONS ENVIRONMENT PROGRAMME 

Mostafa K. Tolba
 
Executive Director
 



Statement by Mr. William Clark, Vice 
Presidents
 

External Relations. World Bank
 

I1am pleased on behalf of the World Bank 
to Join with other
 

representatives of organizations 
active in development assistance 

iy;.
 

endorsing the "Declaration of Environmental 
Policies and Procedures
 

Relating to Economic Development."
 

It is right and proper for all who are committed 
to the prxncip.-m
 

stated in this Declaration to renew the 
pledges made in Stockholm in 1972
 

at the United Nations Conference on the 
Human Environment.
 

an endeavor which will not end with this 
generation.


Development is 


Our children and their childien's children 
will follow in our footsteps and
 

carry on in support of the same process 
of world economic development.. It
 

is for us to make sure that the conditions 
in which future generations pursue
 

the fight against poverty and disease 
are such that progress will indeed be
 

possible and the battle little by little 
won.
 

world in
 
The very first of these conditions is 

that we leave a 


There will be no development
 
which the cycle of life is safe and protected. 


for the coming generatious if those 
who are today in charge of economic
 

planning close their eyes to the fundamental 
importance of protecting those
 

elements which sustain life on this earth.
 

The World Bank, I am pleased to say, has 
a record in this respect
 

Its own policies and procedures match 
well with those
 

of which to be proud. 


The World Bank has shown that, in practice,
 which the Declaration contains. 


it is indeed possible to design and carry 
out development projects which fully
 

It is right to say that
 
take account of environmental needs and 

conditions. 


the Declaration would have little real 
significance had it not been shown by
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the World Bank to Join with other
 I am pleased on behalf of 


representatives of organizations 
active in development assistance 

in
 

endorsing the "Declaration 
of Environmental Policies 

and Procedures
 

Relating to Economic Development."
 

It is right and proper for 
all who are committed to the 

principles
 

stated in this Declaration 
to renew the pledges made 

in Stockholm in 1972
 

at the United Nations Conference 
on the Human Environment.
 

Development is an endeavor 
which will not end with this 

generation.
 

Our children and their children's 
children will follow in our 

footsteps and
 

carry on in support of the 
same process of world economic 

development.. It
 

is for us to make sure that 
the conditions in which future 

generations pursue
 

the fight against poverty 
and disease are such that 

progress will indeed be
 

possible and the battle little 
by little won.
 

The very first of these conditions 
is that we leave a world 

in
 

There will be no development
 

which the cycle of life is 
safe and protected. 


for the coming generetions 
if those who are today in 

charge of economic
 

planning close their eyes 
to the fundamental importance 

of protecting those
 

elements which sustain life 
on this earth.
 

The World Bank, I am pleased 
to say, has a record in this 

respect
 

Its own policies and procedures 
match well with those
 

of which to be proud. 


The World Bank has shown 
that, in practice,
 

which the Declaration contains. 


it is indeed possible to 
design and carry out development 

projects which fully
 

It is right to say that
 

take account of environmental 
needs and conditions. 


the Declaration would have 
little real significance 

had it not been shown by
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the practitioners of developmeat such as the World 
Bank that the policies
 

ae enforceable and practical and beneficial
 and procedures which it embodies 


to those whose economic and social ,,rllbeing
is the end object of all efforts.
 

All this requires the cooperative efforts of 
the whole international
 

a greater recognition of the reciprocal relation
ccmunity. It also requires 

us as individuals, communities 
ship between the natural environment and all of 

In the coming decades of danger and of opportunity, 
the community
 

and nations. 


of nations must follow development policies 
flexible enough to respond
 

intelligently to the great challenges ahead, 
above all the challenge of
 

- double the
 
producing a decent life for a global population 

of 8 billion 


number today.
 

all in this indispensable global

The Declaration will help us 

It will make it easier to harmonize development 
policies 

community endeavor. 


and procedures and consequently to improve 
the efficiency and the pace of
 

And the Declaration will make it
 
development assistance around the world. 


easier to resist the ever present temptation 
of quick solutions which overdraw
 

our ecological bank account.
 

The presence today of representatives 
of the development community,
 

and particularly of institutions operationally 
involved in development,, is
 

clear testimony to the significance we all attach and 
will continue to attach
 

to this Declaration.
 

February 1, 1980
 



A2.8 PROCEDURES USED BY THE WORLD BANK* 

A2.8.1 The World Bank 

on apleprint written by Dr. J.A. Lee of the World Bank presented in New York, 
*Based 
October 14, 1976, at an international byiedins sponsored by the Center for International 

Environmental Information. 

The World Bank is a group of three institttions, the International Bank for 

Development Associa-
Reconstruction and Development (IBRD), the International 


tion (IDA), and the International Finance Corporation (IFC). The common objec

tive of these institutions is to help raise standards of living in developing countries 
the developingfrom developed countries to 

by channelling financial resources 


world.
 
The Bank has committed itself to helping its 127 member countries with their 

many intractable development problems, including, among others, questions of
 

income distribution, rural and urban poverty,unemployment, excessive population
 

growth, rapid urbanization and, of late, environmental protectioll and rehabilita

tion, and preventive medicine and health care delivery. 

A2.8.2 Environmental Considerations Li Development Assistance 

The environmental problems of the 4eveloping countries can be divided into two 

categories: effects of poverty and zffects of economic development. 

Under conditions of poverty, th,, biophysical environment often exhibits the 

denuded forests,
of long years of mismanagement (over-gazing, erosion,

ravages of life but life itself ismerely the 'quality'
surface water pollution, etc.). Not 

endangered, for it Is often very difficult and sometimes impossible for the environ
countries assign the 

ment to renew its life-supporting capabilities. Developing 

highest priority to finding solutions to problems of this nature. Here the principal 

that has gone through a long period
is to rehabilitate the environment 


of deterioration.
 
concern 

process of development itself. 
The other set of problems accompanies the 

Agricultural growth, for examplh, calls for construction of irrigation and drainage 
all of which have 

use of fertilizers and pesticides 
systems, clearing of forests, 

environmental and health implications. Similarly, the process of industrialization 

could well result in the release of pollutants and in other environmental problems 

related to the extraction and processing of raw materials. 
two are now beginning to be concerned with 

In sum, developing countries 

different types of environmental problems. In the first type, these nations have to 

alleviate poverty; while in the other, they have to seek ways to prevent the environ

mental deterioration often associated with development. The first task is considerably 

difficult than the second, but the second could also become difficult if the 
more 
present concern for the environment is not translated into action. The Bank is 

concerned with both aspects of the problem. 

The World Bank's ApproachA2.83 
1971 had concerned itself with the environ-

Though the World Bank prior to 

mental implications of its development activities, no systematic procedure existed 

and examine those effects. More importantly, methods to prevent or 
to identify 
mitigate adverse consequences had not, in many instances, been devised. In late 

and given a 
of Environmental Adviser was established 

1970, however, the post 
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to review and evaluate e':cry investment project from the stand. 
strong mandate 
point of its potential effects on the environment. That post has now grown into an 

the Bank's environ-Health Affairs which oversees
Office of Environmental and 

mental activities, including, especially, ensuring that projects proposed for financing 

ecological, health, and socio-cultural effects and that 
are examined for their 

appropriate measures are taken to prevent or mitigate serious adverse consequences.
 

Important to this task has been the Bank's handbook Environmental,Health,
 

and Human EcologicalConsideratfonsin Economic Development Projects.Prepared
 

for use by the Bank's own staff, the handbook has found widespread use through. 

out the developing world, including government planners, borrowing entities, 

engineering and construction firms, consultant organizations, universities, etc. As 

become a fixed part of Bank 
environmental considerations have more and more 


operations, these guidelines and criteria now cover many different kinds of project
 

possibilities and settings and are used in the evaluation of environmental impacts of 

virtually all projects. An example of a set of guidelines (for power plants) is given 

below in Section A2.8.4 (World Bank, 1974). 

Experience in environmental evaluations within the Bank has given rise to a 

series of operations which are now being followed for each project believed to have 

significant environmentalinealth/hurnan ecological impacts. 

In brief, these include: 

(1) In-house study of the proposed project, utilizing the Bank's technical staff. 

(2) On-site 'environmiental reconnaissance' to determine likely impact of the 

project; the problems, it' any, likely to result; recommendations for pre
for in-depthor recommendations

venting or mitigating such problems; 

studies of particular environmental responses. 
con

the subject of multidisciplinary investigationsare(3) in.depth studies to the conditions and 
ducted under terms of reference carefully tailored 

or component thereof. 
requirements surrounding the particular project, 

are of uniquethat their environmental impacts
(4) Projects of such a nature 

importance to a regional or global audience, and wherein singularly unique 

and important envirorunental values are involved,must, of necessity, be the 
or if the 

object of comprehensive and detailed studies to determine how 

project can proceed. 
(5) Projects for which environmental safeguards or controls are to be included 

are examined during the construction and pre-operation stages to determine 

their adequacy and sufficiency in light of any changes which may have 

occurred subsequent to final appraisal. 

(6) Projects in operation are examined periodically to determine the continuing 
orand the need, if any, for new 

adequacy of envil3nmental safeguards 

improved controls. 
(7) Projects involving 'important ecological systems' are subjected to 'environ

appropriate points in their implementation to deter
mental post-audits' at 

and the actual 
mine the accuracy of the pre-project impact assessment 

consequences for such systems. 
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In each and every project subjected to one or more of the steps cited above, the 

are the object of cost/benefit
environmental safeguards which may be indicated 

analysis. Efforts are continuing to develop amore suitable methodology for identi. 

fying the diseconomier, social and opportuity costs, and benefits to be antici

this regard are many, and are the subject of 
pated. The difficulties expeiienced bi 

increased research. 
The environmental studies scn as being requisite to financing a project are, in 

manner a. 
most instances, financed by the borrowing entity, in much the same 

other aspects of pyoject preparation, .,ich as engineering, geology, marketing, etc. 

In some cases involving poor countries, the Bank may finance the required stidies. 

Increasingly, the borrowing entity is encouraged to make the necessary studies, 

the right to approve the terms of reference and the qualifi
while the Bank reserves 

cations of those employed in their conduct. The Bank does assist, where appro

priate, in preparing the terms of reference and in defining the disciplines to be used
 

in the studies. In some instances, the Bank will conduct the required studies being
 

any event, findings of environmental studies are 
financed by the borrower. In 
shared jointly with the borrower, member country government, and the Bank. 

Thus, while no formal 'impact statement' on the environmental consequences of 

a development project is strictly required, the Bank does require that major adverse 

as indicated, has established systematic pro
effects be avoided or mitigated and, 

measures 
cedures for accomplishing this. To date, all projects requiring safeguard 


have been successfully negotiated with the borrower and member country.
 
- in FY 1976 the Bankconcern to the BankIndustrial projects are of especial 

and IFC loaned over $800 million in that sector. Like projects in the other sectors, 

industrial projects are examined for their environmental, occupational health, and 

worker safety aspects. 
In addition to the extensive guidelines provided in the Bank's handbook, more 

specific and detailed effluent and emission guidelines have been prepared for the 

many types of industries financed by the Bank (World Bank, 1977). There are close 

working relationships with the WHO, UNIDO, ILO, ECE, and others active in the 

industrial field. 

An Example of a Set of Environmental Guidelines (World Bank, 1974, pp.
A2.8A 
38-40) 

AND HYDRONUCLEAR-FUELEDPOWER PLANTS (FOSSIL-FUELED, 

ELECTRIC)
 

A.Environmental/Resource Linkages
 
" What site selection criteria will be used?
 

o Will they include environmental considerations, such as effects on air and water 
fish, wildlife, and 

quality, and the resulting impact on residents of the area, 

vegetation? 
0 Will alternative sites and alternative orientation of the plant be considered in 

order to minimize adverse environmental impacts? 
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o Does the site correspond to other local or regional development and land-use 

plans? 
o Have the environmental consequences of power transmission rind fuel storage 

been considered in site selection? 

B. Project Design and Construction 

o Will the power-plant construction activities be carried out In a manner that will 

minimize damage to the natural environment? 

o ls there a consolidated construction plan that takes into account spatial planning 

and ecological factors? 
sites, and refuse disposal activities 

o Are road patterns, land excavations, fill 


consistent with good environmental protection practices?
 

areas be restored by filling, grading and reseeding to 
o Will land in construction 


prevent erosion?
 
o Will air pollution be a problem and, if so, how will it be controlled?
 

plant to surface subsidence, earthquakes, torna
o How vulnerable is the power 


does, and other catastrophes?
 

What is the extent and impact of the environmental degradation which could be
 
0 

expected in the event of such catastrophes? 
planned to avoid soil erosion and the silting of streams, as trans

o What steps are 
mission facilities and access roads are constructed? 

C. Operations 
o What disposition will be made of solid and liquid residues (e.g., ashes, nuclear 

wastes)? 
o 	How will fuel be stored? 

o Are low-sulphur fuels available for fossil plants?
 

0 Have alternative ;uel schedules been developed?
 
or storage method include adequate cassetting or neutralizao 	Does the disposal 

tion to minimize the danger of soil or water pollution? 

planned to contain and reclaim ash dumps to avoid pollution of 
O 	What steps are 

surface and groundwater by acid-laden runoff'? 

If waste disposal into water bodies is planned, what will be the effects on aquatic 
-


life?
 
o 	To what degree will tidal action and currents dilute plant effluents? 

wastefor controlling the release of radioactive
o] What provision will be made 

material into water bodies? 

If additional units are constructed, what will the total load of radioactive waste 
o 


materials be?
 
o 	Is the makeup of the plant's gseous emissions known in terms of chemistry and 

volume?	 towith respecteffects can be anticipated
3 	What downwind environmental 


humans, crops, forests, and wildlife?
 

o 	How can such effects be minimized? 
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o Will emission control equipment be installed? If so, is the level of control ade

quate? 
o What impact will thermal effluents have on the receiving waters? 

o What temperature increase can be anticipated, and how will this affect indigen. 

ous biota? 
o Isthere sufficient water motion in the receiving bodies to dissipate heat effec

tively? 
o Has the use of cooling towers or ponds been sufficiently explored? 

o What is the probability of producing undesirable fog conditions through the 

dissipation of waste heat? 
o What impact will the impoundment for a hydroelectric plant have in terms of 

the destruction of agricultural and foresi kands, and habitats for fish and wild

lift? 
measures are planned to mitigate the loss of natural habitats for fish and 

o What 
wildlife?
 

" To what degree will archaeological and scenic values be affected?
 

o 	How will the reservoir and downstream flow affect water quality parameters,
 
nutrients, nitrogen concentration,


such as temperature, dissol-eed oxygen, 


hydrogen sulfide, and color?
 

D.Sociocultural Factors	 eco
or operation of the plant adversely affect agricultural,o Will construction 

nomic or commercial practices in the area, such as farming or access ways in a 

reservoir impoundment area? 
of peoples because of flooding,o Will plant construction cause displacement 


required rights-of-way or because of new opportunities?
 

o Will plant effluent adversely affect agriculture. aquaculture or related practices? 

E.Health Impacts 
o What new public health problems may arise from the project? 

o Will changes in water velocities, temperatures and depth result in a more favor

able environment for disease-bearing organisms? 
water patterns 	 introduce disease-bearing organisms into 

o Will the changes in 

previously unaffected areas?
 

o Will long-term exposurt to gaseous emissions prove a significant health problem? 

available to deal with unexpected problems of health 
o 	Are contingency resources 

or disease control? In the case of nuclear power plants, is there a 
maintenance 
contingency plan for dealing with emergency health problems and accidents in 

the event of an emergency? 

F. Long-Term Considetations 
o What provision has been made for industrial development associated with the 

power plant? 
o What impact due to increased immigration will that activity have on the environ

ment? 

9 
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I 

Never before in the Earth's history have so many people inhabited the planet, 

nor have our numbers grown so rapidly in any other century. We are presently engaged 

in an unprecedented global experiment to see if the human species can humanely 

limit its numbers without massive starvation, violent social upheavals, or nuclear 

holocaust. No one knows precisely how many people the globe can support, but it 

seems obvious that a large proportion of the world's 4.4 billion people is living on 

a slender thread. Accommodating the additional 2 billion people expected by the 

year 2000 will require superhuman efforts, massive infusions of capital and technology, 

and unwavering political commitment on the part of both developed and developing 

countries alike. 

Population Trends 

The human species has existed on Earth for only about 2 million years and has 

grown very slowly until the past two centuries. In the year I A.D., there were about 

250 million people on Earth, less than the Soviet Union's population today. The world 

reached its first billion around 1800. The secoid billion took about 130 years to 

1930; the third billion was reached in 1960 after only 30 years, and the fourth in 

1975, after 15 years. The fifth billion is expected to take just 12 years. 

The rapid growth in the world's population is primarily the result of a dramatic 

reduction in deaths due to improved public health measures and food production 

techniques. Since 1940, the world's death rate has been cut in half while the birth 

rate has remained essentially the same, declining slightly in the past few years. 

Worldwide, the average person born in the late 1940's could expect to live to the 

age of 40; today's life expectancy at birth is 61. 

Nearly 90 percent of t-he world's population growth is taking place in the develop

ing nations, with India and the People's Republic of China accounting for one-third 

of the world's annual growth. At present growth rates, Africa's population would 
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double in just 24 years, Latin America's in 26 years, and that of the Middle East 

in 25 years. Mexico now adds more people to its population annually than the United 

than the Soviet Union. On the whole, the Asian populationStates, and Brazil adds more 


is growing more slowly, at about 1.8 percent annually. However, several countries,
 

including Afghanistan, Bangladesh, Iran and Pakistan are growing at 2.6 percent
 

or more each year.
 

In contrast, the industrialized countries are growing at less than 1 percent 

annually. Six European countries have reached zero population growth, and many 

other countries have reached replacement-level fertility (the number of children 

needed to replace the two parents, calculated to be 2.1 children in countries with 

and the year 2000, the number of people in devellow mortality rates). Between now 

oped countries is expected to grow only slightly, from 1.1 billion to 1.3 billion, an 

increase of 12 percent. The developing countries, on the other hand, are projected 

to grow from 3.3 billion people to 4.9 billion, an increase of 49 percent. 

Because of declining birth rates over the past decade, world population growth 

has slowed somewhat, dropping from a peak of 1.9 percent in 1970 to 1.7 percent 

in 1980. Nevertheless, at this growth rate world population would double in just 

41 years. Even though a 1.7 percent growth rate sounds like a low level, when it 

is multiplied by billions of people and compounded year after year, it adds up to 

large increases. For example, in 1960, about 60 million people were added to the 

world's population. This year some 75 million people will be added, and by the year 

2000 this annual increase will be 97-100 million, assuming the annual growth rate 

drops to 1.6 percent. 

The most recent United Nations projections estimate that world population 

will be 6.2 billion in the year 2000, 9.0 billion in 2025, and 11.1 billion in 2050. Some 

experts believe that world populat ion could level off at about 11 billion, while others 

question whether the Earth's biosphere, already under heavy environmental strains, 
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can surport even 6 or 8 billion. Even with miraculous technological advances that 

would provide unlimited supplies of food and energy, most experts acknowledge that 

supporting larger numbers of people over the long-term will probably require a minimal 

standard of living for most of the world's people. Scientists calculate that the world 

could support only 700 million people (16 percent of its present population) at the 

American standard of living and about 2 billion people at the European standard. 

If the entire world achieved replacement-level fertility by the year 2000, world 

population would stop growing at around 8 billion. For every decade after the year 

2000 that replacement-level fertility is delayed, world population woulq be 10 to 

15 percent higher. Worldwiae, average fertility is about 3.8 chiidren per woman. 

To achieve replacement-level fertility by the year 2000 would require a 44 percent 

reduction in fertility in just 20 years. 

The reason that popu!dtiun growth continues for 50-70 years after replacement

level fertility is reached is that a large proportion of the world's population consists 

of young people who have not yet reached their childbearing years. Today, 35 percent 

of the world's population is L.)der the age of 15. Some 45 million young women enter 

the reproductive age group each year while only about 23 million women leave it. 

The decisions that today's young people make regarding family size and child spacing 

will have major ramifications for world population size in the next few decades. 

H. Consequences of Population Growth 

Population growth hai far-reaching and significant consequences for both indus

trialized and developing countries alike. Growing numbers of people hinder government 

efforts to alleviate poverty and to provide basic public services such as schools, 

utilities, waste disposal, housing, and police and fire protection. In developing coun

tries, population growth especiaily affects the poor majority by increasing competition 

for limited food supplies, jobs and land. Most of the industrialized countries, including 

Europe, 3apan and the United States, already have a large population in relation 

to heir available land and natural resources. 19 



Planners need to take today's demographic realities into account when devising 

development and social service programs. For example, the primary-school attenders 

six years from now are already born, as are the job-seekers 15 to 20 years from now. 

In establishing programs and priorities for the future, planners must take into account 

the large numbers of young people who will soon be needing schools, jobs, housing, 

health care and other services In addition, planners need to examine the relative 

demand for services resulting from alternative population projections. In Jordan, 

!or example, food requirements will more than double by the year 2000 and will triple 

by 2010 if the present fertility of 6.5 children per woman continues. If a three-child 

average were attained by the year 2000, the demand for food would be 25 percent 

less, and if a two-child average were attained by the turn of the century, food import 

requirements would be half of what they are today. 

Following are some specific problems associated with population growth around 

the world: 

Economic Development 

From 1960 to 1976, overall economic growth in low-income developing countries 

nearly matched that of the industrialized countries, and economic growth in middle

income developing countries was even greater. Nevertheless, because of rapid popu

lation growth, the developing world's per capita income remained considerably lower 

than that of the developed countries. Rapid population growth often cancels out 

development efforts by constantly adding to the numbers of needy oeople living a 

subsistence-level existence. For example, in Mexico a new classroom is built every 

50 minutes but in the same short time 240 children are born. At current rates of 

population growth, most developing countries will have to double their economic 

output in the next 25 years just to stay even with population growth. Any improve

ments in living conditions would require even greater economic expansion. 
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Employment 

Between now and the year 2000, 780 million new workers will be added to the 

283 million people currently unemployed or underemployed in the non-Communist 

developing world, according to estimates by the International Labor Organization. 

Thus, over a billion jobs will need to be created in the next two decades; this is more 

than the total labor force of the industrialized countries. Job creation is extremely 

costly, as the Egyptian government learned when it calculated that the average cost 

to create just one new job is about $10,000 (U.S.). Unemployment is particular!y 

high among urban youth aged 15 to 24, politically and socially the most volatile of 

all age groups. 

Urbanization 

When there is not enough work in rural areas to support their burgeoning popu

lation, large numbers of people move to already overcrowded cities looking for jobs, 

often in vain. While the populations of developing countries are doubling every 25

30 years, their large cities are doubling in size every 10-15 years and their urban 

slums or shantytowns every 5-7 years. By the year 2000, 40 cities in the developing 

world will have more than 5 million people, and the developec world will have 12 

such cities, according to World Bank estimates. The concentration of poor people 

into urban agglomerations without a livelihood and without basic amenities such 

as adequate water, sanitation, health care facilities, and durable housing is likely 

to contribute to alienation and frustration on a massive scale. 

Food 

About 500 million people in the world are severely malnourished, and about 

half of the world's population has an inadequate diet, according to the U.N. Food 

and Agriculture Organization. Furthermore, this situation is likely to worsen, since 

the demand for food is expected to double by the year 2000 because of population 

growth and rising affluence. 
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Although world food production has increased by record levels since 1950, it 

has not kept pace with population growth in the developing countries. Per capita 

food production worldwide has dropped since 1973. Many developing countries have 

become net food importers and are using scarce foreign capital to buy basic foodstuffs. 

For example, Egypt is presently spending $1.7 billion (U.S.) annually to subsidize 

imports of food and other basic commodities. 

Some experts are skeptical that food production can continue to increase at 

the rapid rates of the past, since millions of acres of fertile farmland are being lost 

each year due to the growth of cities, erosion, desertification, salinization, defores

tation, overgrazing, and dam construction. Most of the well-watered, arable land 

in the world is already under production, and the potentially tillable land left requires 

special care of tropical soils or supplementary water supplies. 

Housing 

In both urban and rural areas, housing is a critical problem. In Asia, the backlog 

of needed housing units in urban areas increased from 22 million dwellings in 1960 

In Asia's rural areas, the need for housing units went fromto 72 million in 1975. 

15-year period. An increasingly125 million dwellings to 219 million in the same 

large proportion of the world's population is living in cardboard shacks in urban shanty

towns or in other substandard housing. 

Health Care 

Health facilities are finding it increasingly difficult to keep up with population 

growth. Part of the explanation of the recent slowdown in mortality declines in 

developing countries is that health services have failed to keep up with the demand. 

The World Health Organization estimates that 80 to 90 percent of rural populations
 

The urban poor are scarcely
in developing countries have no access to health care. 


better off. In Sao Paulo, for example, infant mortality has risen recently, and malaria
 

and bubonic plague have reappeared. 
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School Enrollment 

Between 1960 and 1974, the number of children in school in the non-Communist 

developing world nearly doubled, from 117 million to 231 million. However, because 

of rapid population growth, the number of children not in school increased by 29 

percent, from 210 million to 270 million during the same period. 

Energy and Mineral Resources 

Rich and poor countries alike face the prospect of increasingly more expensive, 

scarcer supplies of energy arid non-renewable mineral resources. The world's finite 

fossil-fuel mineral reserves are being rapidly depleted as a result of population growth 

coupled with increased consumption due to greater affluence and wasteful energy 

usage. No one knows how long these supplies can last, but they are certain to become 

more costly and therefore beyond the reach of the poor majority of the world's people. 

At present consumption levels, known reserves of minerals essential to modern manu

facturing processes will be used up within the next few decades. Each additional 

person added to the total number of consumers, particularly in the industrialized 

countries, hastens the depletion of resources and shortens the amount of time available 

to develop alternative substitutes or technologies. 

Environmental Degradation 

In recent decades, the Earth's land, water, vegetation and atmosphere have 

undergone a sharply increased rate of pollution and depletion. Air pollution is a 

problem in every major city In the world, and the continued emission of toxic substan

ces into the air may cause irreversible changes in the Earth's atmosphere and climate. 

Water pollution and shortages are common throughout the world. Only one-fifth 

of the world's population has access to processed drinking water. By the year 2000, 

worldwide water consumption is expected to be five times greater than today's level 

due to population growth, increased agricultural production and industrialization. 

In creating greater demands for living space, farmland and lumber, rapid popu

lation growth also affects the destruction of grasslands and tropical rain forests. 
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Half of the world's forests have disappeared since 1950, and at current consumption 

levels forests in the developing countries are expected to be completely destroyed 

within 40 years. The world's forests are being used up faster than they can be replen

ished, with serious environmental consequences such as soil erosion, desertification, 

and possible global climate changes. 

Environmental degradation also results from the desperate efforts of impover

ished people to survive. Vast areas of Africa, South and Southeast Asia, the Middle 

East and Latin America hSve been devastated by slash-and-burn agriculture, over

cropping and overgrazing with consequent soil erosion and depletion. 

I1. Population Policies and ProgTams 

Over the past 10-15 years, awareness of the need to curb population growth 

has grown, and many governments have adopted comprehensive national population 

policies. In 1960, only two countries--India and Pakistan--supported organized family 

planning programs for the avowed purpose of reducing birthrates. By 1978, 35 developing 

countries representing 77 percent of the population in the Third World had official 

policies to reduce population growth. Another 30 countries, with 15 percent of the 

Third World population, supported family planning programs for social and health 

Only 7 percent of the people in the Third World live in the 66 nations that reasons. 

have no family plannlng activities. 

Two major international conferences have underscored the importance of national 

At the 1974 U.N. World Population Conferencepopulation policies and programs. 

held in Bucharest, 136 governments adopted a World Population Plan of Action which 

recommends the formulation of national population policies "consistent with basic 

human rights and national goals and values." The Plan of Action also calls upon govern

ments to "Respect and ensure, regardless of their over-all demographic goals, the 

right of persons to determine, in a free and informed manner, the number and spacing
 

of their children." In 1979, parliamentarians from 58 countries met in Colombo and
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adopted the Colombo Declaration on Population and Development which reaffirmed 

the 1974 Plan of Action and urged governments to "formulate appropriate population 

policies," integrate population programs in all development activities, and ensure 

the basic right of couples and individuals to decide on the number and spacing of 

their children. 

The major policy options for governments seeking to reduce population growth 

include the provision of family planning programs and improvements in selected 

While the issue of familysocio-economic fictors associated with fertility declines. 

planning "versus" development has been hotly debated in recent years, most experts 

agree that this is a false dichotomv, since the countries with the greatest fertility 

declines are generally those with both strong national family planning programs and 

favorable social settings. BLoad economic and social development is needed to create 

the motivation for smaller families and to reduce the dependence of parents on their 

At the same time,children as laborers and as support for them in their old age. 


family planning programs are needed to enable couples to implement their desires
 

regarding family size and child spacing. 

Family Planning Programs 

A large proportion of the births in the world today are unwanted--as many 

as one in four in developing countries and one in 10 in the United States. Based on 

World Fertility Survey studies in 15 countries, about half of the married women of 

reproductive age in developing countries want no more children; yet only about half 

of these women are using effective methods of family planning. The high incidence 

of abortio. throughout the world indicates that millions of women do not have access 

to effective contraceptive methods. Worldwide, about one in four pregnancies is 

terminated by abortion. Half of these abortions occur illegally and now represent 

a leading cause of death among women of childbearing age. In Latin America, the 

Middle East and other areas where family planning services are scarce, the medical 

complications of illegal abortions are reaching epidemic dimensions. 
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An estimated 671 million women worldwide are in need of family planning 

services. Only about 35 percent of these women--mainly those residing in the industrial

ized countries--now have reasonable access to family planning information and services. 

For governments wishing to reduce fertility, the provision of safe, effective and 

convenient family planning methods should be a priority, since there are already 

many highly motivated couples wishing to limit their families. Fan ily planning also 

provides important health benefits for mothers and children and can be justified 

solely on these grounds alone. 

Those family planning programs which have been found to be effective in reducing 

fertility generally include the following elements: 1) Strong commitment from 

national, regional and local leaders; 2) Close involvement of community residents 

in program planning and implementation; 3) The availability of a wide array of contra

ceptive methods through various channels, including clinics, village depots and com

mercial outlets; and 4) Greater involvement of women and paramedics in programs. 

In many countries, family planning programs began with a small privately-run 

clinic operated in the capital city. Eventually a network of clinics and contraceptive 

distribution centers were established, and activities were expanded to include public 

education, training of medical staff and fieldworkers, and community outreach. 

At this stage, many governments began to provide family planning services through 

their own health facilities, and the private sector played a complementary role by 

testing new aproaches, supplementing the government's activities and expanding 

programs to rural areas. To provide family planning services to all those in need 

of them usually requires both a comprehensive national program run, or at least 

sanctioned, by the government as well as energetic private effbrts to ensure continued 

expansion and improvement of the program. 

One of the most successful national family planning programs is in Indonesia 

where the government has introduced an extensive community participation program 

- 10



About 25,000 villages in Java and Bali have set up contraceptive
in rural areas. 


distribution centers using local volunteers to distribute contraceptive pills and con

doms. The centers are supplemented by a network of family planning clinics and 

fieldworkers who refer patients to the clinics for IUD insertions and voluntary sterili-

It is estimated that 27 percent of the eligible couples nationwide
zation operations. 

were using contraceptives in 1977. 

In Colombia, the private family planning association, Profamilia, provides about 

half the family planning services in the country through an extensive network of 

are made available in isolated
clinics and 3,000 distributon posts. Contraceptives 

mountain coffee-growing communities as well as in urban slums in all the major 

The Ministry of Health also provides
cities, in conjunction with community groups. 


family planning services through its health care facilities. About 46 percent of the
 

eligible couples were using contraceptives in 1978, and average family size has dropped 

from 6 children per woman in 1964 to 3.9 today.
 

In Egypt, an experimental household distribution program in one rural province
 

convinced skeptical government officials that there was a large demand for family
 

The program has since been extended to other
 
planning services in the rural areas. 

In the 
areas and will ultimately reach, one-third of Egypt's 7 million rural people. 

test area, contraceptive usage among married women increased from 18 to 31 percent 

The project has been the catalyst for other programs to meet village
within one year. 

needs, including improved health services, literacy clases for women, and up-graded 

day-care facilities. 

In recent years, there is mounting evidence that family planning programs 

can achieve substantial decreases in fertility, even in #7ountrieswhich have not had 

considerable socio-economic development. Programs in many diverse areas of the 

world have demonstrated that there is a strong demand for family planning and that 

poor, illiterate women want and are able to use contraceptives. 
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Improved Social and Economic Conditions 

While meeting the demand for family planning services, governments can also 

promote conditions leading to sustained low fertility by emphasizing those programs 

In most countries, an improvement in the generalassociated with smaller families. 

wellbeing of the average citizen has accompanied declining fertility rates. Factors 

more equitable income distribution, stable
associated with smaller families include: 


employment, adequate nutrition, access to health services, and educational attainment.
 

Even where average family income has increased only slightly, couples who experience
 

some improvements in the quality of their lives have opted for smaller families.
 

In general, couples who have a day-to-day, subsistence-level standard of living have
 

difficulty planning their families; the very concept of planning for the future is unfam

iliar to them.
 

Economic growth alleviates poverty, therefore contributing to fertility declines, 

only if the masses of the people participate in that growth through increased employ

ment, incomes, and consumption of goods and services. Typically, in developing 

countries the upper 20 percent of the population receive about 55 percent of the 

Some 40 percent
national income, while the lowest 20 percent receive about 5 percent. 

of the population is entirely outside the development process. Increasing the produc

tivity and income of the rural and urban poor will ultimately lead to lower fertility 

rates as a result of improved health, education and living standards. 

Increased Education
 

Expansion of basic education, especially for girls, has been associated with
 

For both men and women in traditional
fertility declines in a number of countries. 

environments, schooling broadens the students' view of the opportunities And potentiali

ties of life, encourages independent thinking, and reduces their suspicion of social 

change, including family planning. Girls who attend school tend to marry later and 

to have increased prospects for finding employment outside the home. Studies in 
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Latin America reveal that women who have completed primary school average about 

two fewer children than those who have not. 

Improved Status of Women 

Most observers agree hat programs to enhance the social, economic and polilcal 

status of women could contribute more than any other measure to reduced fertility. 

In many cultures, women are valued solely as mothers and are denied access to edu

cation and employment opportunities that would provide alternative roles for them. 

Women play an important but little-recognized role in childrearing, farming, market

ing and housework and need to be valued for the highly productive work that they 

perform both inside and outside the home. Governments can play a crucial role in 

expanding opportunities for women by including them in development programs, 

providing them with credit and technical assistance, and encouraging them to occupy 

leadership positions. 

Later Marriages 

Women who marry later tend to have smaller families and to be better prepared 

for their role as paientso Between 35 and 40 percent of the birthrate decline in devel

oping countries from 1965 to 1975 has been attributed to the rising age of marriage, 

especially of women. Later marriage enables women to take advantage of educational 

and employment opportunities and may increase a couple's ability to accumulate 

savings and to improve their socioeconomic status. In Sri Lanka, where women have 

the lowest fertility of any country in South Asia--an average of 3.4 children per 

women--the average age at marriage is 28 for men and 24 for women. 

Governments which have instituted Itrong family planning programs coupled 

with effective socio-economic development programs have observed measurable 

declines in fertility ove"r the past 5-10 years. It takes time to build successful pro

grams because of the need to develop extensive infrastructures and facilities, to 
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reach down into communities, and to change traditional attitudes regarding family 

size, Also, in many countries, the data to document program accomplishments are 

difficult to obtain and often lag two or three years behind the actual program results. 

P-icies and programs implemented to reduce fertility require the long-term, 

unwavering commitment of national and local leaders. The problem of excess fertility 

is likely to be felt in much of the Third World for several decades to come. Postponing 

action only makes the problem worse and even more unmanageable. At the same 

time, policymakers and program administrators should not expect miraculous changes 

overnight. Farmily size norms have developed over centuries of tradition and cannot 

be greatly altered in the absence of other social and cultural changes. Dramatic 

declines in mortali-y have altered the traditional balance between births and deaths, 

and it is provii)- much more difficult to influence fertility than it was to introduce 

the changes that led to sharp decreases in mortality. 

One of "thefundamental challenges our generation faces is whether we will 

responsibly and humanely limit our numbers in accordance with the carrying capacity 

of our ecosystem or whether we will continue to despoil our environment, possibly 

triggering irreversible changes that will spell the end of all mankind. The decisions 

we make today and the actions we take will determine whether future generations 

are condemned to a life of deprivation and misery or whether the basic needs of 

the world's poor are met. 
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EXECUTIVE SUMMARY
 

The control of an environmental contaminant, such as radiation
 

exposure, requires an understanding of:
 

a) the major sources affecting the population
 
b) the avenues or pathways through which these sources reach
 

people
 
c) the effects they have on health, and
 
d) techniques available for their evaluation and control.
 

This review of radiation exposure shows that, in spite of the
 

many contributions by man, natural background radiation remains the
 
Among the
greatest contzibutor of dose to the general public. 


man-made sources, the one that contributes the greatest exposure to
 
in medicine and dentistry. Other
the public is the use of x-rays 


man-made sources include nuclear rea(.:or operations, ranging from the
 

the disposition of radioactive wastes; radiation
mining of the fuel to 

industry and medicine;
machines and radioactive materials used in 


low-level fallout from atmospheric detonations of nuclear weapons; and
 

a host of consumer products ranging from airport x-ray inspection
 

systems to clocks and watches with luminous dials.
 
In terms of its potential impact on health, radiation can have
 

both somatic and genetic effects. Examples of somatic effects are
 

certain blood abnormalities, metabolic diseases, and certain
 

congenital-physical abnormalities. Examples of somatic effects are
 

leukemia and other forms of cancer. To evaluate the potential health
 

effects on man from external sources, direct reading instruments are
 

source has for imparting
available to assess the dose or potential the 


energy to tissue. Units traditionally used for expressing such doses
 

are 
the roentgen (for assessing the ionization of x- or gamma rays in
 

air), the rad (for assessing the energy impacted to matter as a result
 

of being exposed to radiation), and the rem (for assessing the
 

potential biological effects of a given absorbed dose). Newer units
 

proposed by the International Commission on Radiological Protection
 

include the Gray (equal to 100 rad) and the Sievert (equal to
 

100 rem). Since all such units are large in terms of normal doses to
 

the public, smaller units such as the millirem (one thousandth of a
 

rem) and the millisievert (100 millirem) have been developed. For the
 

assessment 
of exposures arising through the inhalation or ingestion of
 

radioactive materials into the body, environmental surveys can be
 

conducted to estimate the intake 
of airborne radioactive materials
 

through the atmospheric pathway and the intake of food and waterborne
 

radioactive materials through the terrestrial, aquatic, and marine
 

pathways. Finally, assessments of the actual concentrations of
 

radioactive materials in the human body can be made through analyses
 

of body excreta and through whole body counting.
 

The control of occupational doses in the applications of external
 

radiation sources generally involves utilization of a combination of
 

time, distance and shielding. The limitation of doses to patients
 

from medical x-rays is primarily dependent upon the application of
 

controls to the x-ray machines, themselves. Such controls include
 

collimation (to restrict the size of the beam) and filtration (to
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the beam). The control of exposures
 
remove the softer x-rays from 


and ingestion of radioactive materials generally

from the inhalation 


their releases
to minimize 
upon confining the materials
is dependent to
the goal should be

In all radiation control,
to the environment. 
 goal,
reasonably achievable. To achieve this 
as low as
maintain doses 


Also needed, but not
 
the use of optimization techniques is mandatory. 


a methodology for setting priorities for
 
yet completely developed, is 

to the control of
funds directed

dose reduction to assure that those 


spent effectively.
radiation sources are 
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PRINCIPLES OF RADIATION PROTECTION
 

I. Introduction
 

The purpose of this outline is to provide information on the
 

on people, and methods for
its effects
sources of radiation exposure, 

on those sources of primary


its control. Emphasis I.& placed 

countries. Because the author is
 

importance in the less developed 

in the United States, most examples are
 

most familiar with conditions 


taken from activities within that country. It is hoped that the
 

outlined, however, will be of assistance in assessing the
 
principles 


of this occupational and environmental problem in other
 
magnitude 

countries, and in developing effective procedures for its 

control.
 

II. Sources of Radiation Exposure
 

has always been exposed to ionizing radiation of
The human race 


cosmic origin and from natural sources in the environment and within
 

radiation is important

the body. Detailed information on background 


his present state of development in i 3
 
because man has reached 


he can 

presence and it thus represents an amount which apparently
 

'withstand successfully.

On the average, the population of the world receives about
 

78 millirems per year of dose equivalent from natural background
 

this about 17 millirems per year are

radiation.() Of total, 


attributable to radioactive materials deposited within the body, about
 

through cosmic radiation, and about

28 millirems per year arise 


come from terrestrial sources. As may be noted
32 millirems per year 

range in


from the accompanying graph (Figure 1), there is a wide 

in different


specific dose rates received by people living 

similar range in population doses


geographical areas of the U.S. A 

countries of the


from natural background would probably apply in most 


are the result of variations in the intensity
world. Such differences 

latitude, and differences in the


of cosmic radiation with altitude and 

in the soil in
 

amounts of natural radioactive material present 


For example, cosmic radiation increases by a factor

different areas. 


of 3 in going from sea level to an altitude of 3,000 meters and by 10%
 

to 20% in moving from 00 to 500 geomagnetic latitude. Within the
 

United States, terrestrial dose rates are generally at a minimum along
 

and at a maximum in the Colorado Plateau
the Atlantic Coastal Plain 

some parts of the world (such as the Kerala
 area (Figure 2). In 


India and the States of Rio de Janeiro and Espirito of
regions of 

the radiation from
Brazil), much higher levels prevail. Because of 


external environmental absorbed
thorium-bearing monazite sands, the 

to 30 times the world average.
dose in these areas can range up to 10 


only one of many sources to which
Today, background radiation is 


the world's population is exposed. Radiation-generating machines and
 

which present phases of the
radioactive materials, are in many 


environment, constitute the principal man-made sources.
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A. X-Radiation
 

in industry, medicine,
have found widespread use
X-ray machines 
 are potential sources
such applications
and research. All 


of exposure.
 
commerce, 


1. Medical and Dental Use
 

dentistry represents

of x-ray machines in medicine and


The use 

exposure to the population


of man-made radiation
the greatest source 
 case,
 
every country of the world.(l) This being the 


in essentially 

this source be carefully


important that exposures from
it is 
 are
for example, surveys show that there

assessed.(2) In the U.S., 


x-ray units being used for diagnosis and therapy. About 
over 300,000 

are being used by dentists and about 130,000

170,000 of these units 

used by physicians, chiropractors, veterinarians, etc.
 
are being 
 located in hospitals;
show that 39.0% of the medical units are
Surveys in
(including osteopaths'); 9.0% 

29.9% in medical doctors' offices 


offices; 7.0% in veterinarians' offices; 7.4% in
 
chiropractors' 


3.5% other facilities
 
clinics; 4.0% in podiatrists' offices; and in 


Over 250 units are still being

for education and research).
(such as 


used in mobile x-ray survey vans.
 

It has been estimated that 800,000 to 1,000,000 medical-technical
 
the operation of these
 

personnel are occupationally exposed in 

of general
considerable portion the


machines. In addition, a 

is exposed in the course of diagnostic and therapeutic


population 
 the United
 
procedures. On the average, about 65% of the people in 


or dental purposes each
 
States are exposed to x-rays for medical 


number of people so exposed was 129 million with
 
year. In 1970, the 

the following distributioi:
 

75 million for radiographic procedures
 

59 million for dental diagnosis
 

9 million for fluoroscopy
 
400 thousand for x-ray therapy
 

the of x-ray machines in
 
As would be expected, the extent of use 


country to country.

medicine and dentistry varies widely from 


data on the number of x-ray machines
 
Summarized in the table below are 


of the number
as estimates

in several countries of the world as well 


of films taken annual per thousand members of the population.
 

MEDICAL X-RAY USAGE
 

Number of Machines Number of Films
 
per 10000 people per year
er 10,000 people
Country 


<100
< 1
Kenya 

r.10,000
. 1Sweden 
 --30,000
"'10
United States 


of the genetically significant dose (GSD) to the U.S.
 
Estimates 


from radiographic examinations in 1970 were
 
population resulting 
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17 millirads
 
20 millirads (millirems); this compares to an estimate of 


a dose equal to approximately

in 1964, and represents
(millirems) 


resulting from natural background. The GSD is an
 
one-fourth of that the
impact of radiation exposure on 

index of the presumed genetic 


such as the chest, which
 
doses to specific body organs,
population; 


subjected to the direct x-ray beam during 
routine x-ray diagnostic
 

are For example, the estimated
 
course, be higher.
procedures, would, of diagnostic
adults from 


mean bone marrow dose to U.S. 

per capita to
103 millirads (millrems), compared 
radiology procedures in 1970 was 


are that medical
in 1964. Estimates

83 millirads (millirems) 


77% of the dose,

contributed approximately


radiographic procedures 20% and
examinations contributed about 

while fluoroscopic and dental 


3%9 respectively.
 

2. Industrial Uses
 

primarily (a) radiographic and
 
Industrial x-ray devices include 


in castings,
the determination of defects 

fluoroscopic units used for for


welds, and (b) fluoroscopic units used 

fabricated structures and 


such as food products. At
 
foreign material in items
the detection of 
 radiographic installations


about 8,000 industrial
present, there are 

30,000 to 40,000 people being
 

in use in the United States with about 
are
Such applications
in their operation.
exposed
occupationally 


common throughout the world.
 

3. Commercial Use
 

uses of x-ray
largest commercial
Historicallyp one of the 

almost 10,000
In 1950, there were 


machines has been in shoe-fitting. 

in the United States. Because health
 

units in operation
such 

such exposures unnecessary, the application of
 

authorities considered 

been banned or severely
 

x-ray fluoroscopes in shoefitting has 

The number remaining in operation


in most all states.
restricted 

today is small.
 been
 

Another commercial application of x-ray machines which has 

is in the inspection of passengers'
 

increasing rapidly in recent 
years 


was initiated in response

luggage at airports. This practice, which 

in
bombing threats, resulted

aircraft hijacking and
over
to concern 


of 279 x-ray fluoroscopic scanning

purchase and installation
the 

about 40 U.S. airports by 1974 and today the total number
 
systems at 


600. Although the traveler
is probably over
of such systems in use 

as his or her
 

often walks alongside the cabinet-type x-ray equipment 

are low (in the
 

is being examined, personnel exposures

baggage 
 of these


less) because of the advanced design

microrem range or 

systems.
 

4. Research Use
 

are
accelerators

High voltage x-ray machines and particle 


familiar features of research laboratories in 
universities and similar
 

only 16
the world. In 1941, there were 

institutions throughout 


in the United States. Today, over 1,100
 
cyclotron laboratories 
 are
 van de Graaff generators and betatrons 

cyclotrons, synchrotrons, 

in
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Other x-ray equipment used in research

operation within this country. 


use in the United States)
includes diffraction units (about 10,000 in 

use). Studies show that a


and electron microscopes (3,000 in 

injuries have resulted from accidents
significant number of radiation 


involving diffraction equipment.
 
of ian-made machine produced radiation is the


An emerging source 

1966, about 150 of these were in use in the
 

neutron generator. li 


U.S. with about 50 additional units being sold annually. Also to be
 

considered are cathode-ray tubes, high voltage vacuum switch and cold
 

can be significant sources
cathode gas discharge tubes, all of which 


of x-ray exposure if voltages are high and protection is inadequate.
 

5. Recreational Use
 

x-ray exposure are projection
Other potential sources of 

a
color television sets. In 1967,
television tubes and home-style 


it would repair 90,000 defective
major U.S. manufacturer announced 

it had sold and which were giving off a weak,
color TV sets which 


abnormal, amount of x-radiation. in 1975, color television
although 

were found capable of emitting
sets from two other manufactu.'ers 


0.5 milliroentgen per hour maximum
radiation in excess of the 

incident involved over 300,000 sets, 240,000
permissible limit. This 


of which had already been sold to consumers. Although the hazards to
 

the viewers were minimal, these incidents illustrate the fact that
 

arise through a variety of sources and that
radiation exposure can 


constant attention must be given to the problem.
 

B. Radionuclides
 

1. Naturally Occurring
 

The naturally occurring radionuclide most widely used in medicine
 

and industry is radium-226. The latest reported data indicate that
 

there are a total of 3,579 facilities in the U.S. currently using
 

These include 1,281 industrial
radium or its daughter product, radon. 


operations and 1,806 medical institutions (which use a total of about
 

1,000 curies). In medical applications, it is important to note that
 
exposed to
many individuals besides the patient are potentially 


nurses, technicians,
radiation. These include other patients, 


radiologists, and physicians.
 

The history of the application of radium and its daughter
 

products is replete with instances of injury and death. This is
 

particularly true in the radium dial painting industry. Radium also
 

continues to be a problem today in its applications for medical
 
were surveyed in the
purposes. Of 24 hospitals that used radium and 


U.S. in 1966, eight were found to have one or more leading sources.
 

In only five of the hospitals did the staffs routinely perform leak
 

tests 	of sealed radium sources.
 
Health of the U.S. Department of
The Bureau of Rad.ological 


Health and Human Services has summarized data resulting from 
an
 

analysis of 396 radium incident reports in the U.S. Most of the
 

the loss of sealed radium sources from medical
incidents involved 


facilities, primarily during irradiation of the patient or during
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from the patient. Complete recovery
removal of the radium was
 

and thefts, partial recovery in 5% and
effected in 64% of all losses 


no recovery in 31%. Fifty-four percent of the recoveries of radium
 

lost from medical facilities occurred in trash systems. In general,
 

these recoveries were made in municipal dumps or sanitary landfills.
 

That this problem is continuing is confirmed by the fact that there
 

were 32 reported incidents involving radium or radon in the U.S.
 

during fiscal year 1974. In fiscal year 1975, the number of such
 

incidents had increased to 51.
 
In industry, one of the principal applications of radium is for
 

100 grams (curies) are
radiography. Estimates are that 50 to 

in the U.S. Another important
currently being used for this purpose 


industrial application is in luminous compounds. Several hundred
 

curies were used for this purpose during World War II and about 2,000
 

people were employed in this work in the U.S.
 
Static eliminators employing polonium or radium are widely used
 

in industry. Typical of industries where they may be found are the
 

textile and paper trades, prii ig, photographic processing, and
 

telephone and telegraph companies. Static eliminators are also used
 

with analytical balances and microtomes.
 

2. Artificially Produced
 

As of December 13, 1977, the U.S. Nuclear Regulatory Commission
 

(NRC) and state governments had issued over 20,200 licenses to some
 

authorizing various applications
13,000 organizations or individuals 


of radioactive materials. The Nuclear Regulatory Commission has
 

responsibility for enforcing its regulations for less than half
 
the greatest
(8,766) of these licenses, including those which involve 


potential hazards. State governments have responsibility under
 

agreements with NRC for enforcing regulations for the remaining 11,473
 

licenses. Approximately one-third of NRC's licenses relate to the use
 

of radioactive materials in the field of medicine.
 

It is anticipated that the approximately 10,000 physicians
 

licensed by the U.S. Nuclear Regulatory Commission apply radionuclides
 

in the diagnosis or treatment of 10 to 12 million patients each year.
 

Such applications are currently increasing at a rate of 15% to 20% a
 

year. Similar increases are occurring in countries throughout the
 

world. Exposures can take place during the preparation, handling,
 
of the associated radionuclides. (
application and transportation 


Other exposures can occur through the release of these materials to
 

the environment. Studies show, for example, that over 50% of the
 
through direct
medical users in the U.S. dispose of their wastes 


discharge to the sewer. Lastly, there is the exposure to the patient,
 

as well as to members of his or her family, particularly where people
 

are treated on an out-patient basis. Studies in the U.S. have shown
 

that other members of a family can be readily contaminated by a
 

patient who has been given radioactive materials for medical therapy
 

and then permitted to return home.
 
Since inception of the commercial distribution of radionuclides
 

in the U.S. in 1946, the program has grown to a point where over
 

5 million curies are shipped annually to medical users and almost
 

10 million curies are shipped annually to industrial users. During
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in the U.S. was
 
total number of radionuclide shipments
1975, the 


increase to about
 
almost 2.5 	million; projections are that this will 


5.5 million by 1985.
 

C. Nuclear Reactor Operations
 

a total of over 220 nuclear power plants

As of June 30, 1978, 


these were 	in operation in the
 were in operation 	in the world; 70 of 

U.S.), an 	additional 155 reactors
 

U.S. Worldwide (exclusive of the 

more were on order. By the year 2000,
 

were under 	construction and 45 

be as many as 1,000 nuclear power
are that there may
projections 


many nuclear power

plants in operation worldwide. Added to these are 


units being operated by the military services. The U.S., for example,
 

has over 100 nuclear powered submarines in operation.
 
in the U.S. was
During 1976, 9.4% 	of the electricity generated 


power plants. In Belgium, nuclear power

provided by nuclear 


for Sweden and Switzerland, the nuclear contribution
contributed 21%; 

for Spain, 	10.6%; and for
 

was 18%; for the United Kingdom, it was 13%; 

that by the year 2000, the nuclear
 the U.S.S.R., 3%. 	 Projections are 


90% in
 
power contribution to electric generating capacity will be 


50% in Iran,
in Pakistan, 54% in Denmark,
France, 67.5% in Spain, 60% 

in Finland, Portugal and the U.S , and
 

43% in the Arab Republic, 40% 


20% in the U.S.S.R.
 
radiation exposures associated with nuclear reactor


Sources of 

itself, its ventilating and cooling


operations include the reactor 

removal and processing of its
 

wastes, procedures associated with the 

"spent" fuel, and procedures associated with the mining, milling, and
 

Several thousand workers are engaged in
 
fabricatio of new fuels. 


of the Colorado Plateau.,

uranium mining and milling in the region 


in Australia,
Extensive uranium mining operations are also conducted 


South Africa, and the U.S.S.R. Experience has shown

Canada, Niger, 

that many of the miners have been exposed to excessive amounts of
 

to a significant
radon gas and its daughter products and this has led 

in these workers. Until a
 

increase in the incidence of lung cancer 


few years ago, the release of radium bearing liquid and gaseous wastes
 

also resulted in low-level exposures (through

from uranium mills 

ingestion and inhalation) to large segments of the downwind and
 

there are 	20 uranium

downstream population. At the present time, 


there are 21 additional mills
mills in operation 	in the United States; 

in operation that have subsequently been shut


which were formerly 

down. Twenty-one fuel fabrication plants are also currently in
 

operation.
 
It is important to note that each uranium mill results in the
 

tailings waste which contains
generation of millions of tons of 

occurring radionuclides and toxic chemicals.
long-lived naturally 


in effect, constitutes a low-level
Each mill tailings area, 

of the long-lived
radioactive waste disposal site which, because 


present, must be 	confined essentially
nature of 	the radionuclides 

Escaping radon and radioactive particulates present 
 a
forever. 


risk both 	during operation and after the mill has

potential health 

been shut down. There are currently 100 million tons of tailings at
 

By the year 2000, it is

the 20 active uranium mills in the U.S. 


projected that there will be nearly a billion tons of tailings on 
hand
 

that will have to be managed.
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the nuclear industry
Other sources of radioactive wastes from 

product wastes to the


include the discharge of low-level fission 

chemical
atmosphere and aquatic environment from "spent" fuel 


Millions of gallons of high-level liquid wastes

processing plants. 


from chemical processing operations during and following
resulting 

effort was the production of plutonium
World War II (when ihe major 


for weapons) are now being stored in the U.S. and await development of
 

"disposal." For example, about
satisfactory methods for their final 


60 million gallons of such material are being held in underground
 
active program is underway
tanks at Richland, Washington. Although an 


to separate out the longer lived materials from these wastes and to
 

a "salt cake," leaks have developed
convert the remaining liquid into 

still containing wastes in liquid form and


in a number of the tanks 

access to the


sizable quantities of radioactive material have gained 

subsequent
nearby environment. Improvements in processing techniques 


era have resulted in a large reduction in the volumes
to the war time 

advances and


of high-level wastes now being generated and further 


improvements will undoubtedly be forthcoming in the years ahead. As a
 

result, the quantities of liquid wastes produced through the
 
generation of
commercial application of nuclear reactors for the 


reduced from those which have resulted from
electricity should be far 

chemical processing operations in the past.
 

D. Weapons Testing
 

1. Fission Devices
 

The nature of the radioactive materials yielded in the testing of
 

nuclear weapons is very similar to that resulting from
fission type 

the chemical processing of reactor fuels. Fortunately, because of the
 

moratorium on atmospheric tests, there has in recent years been a
 
to


substantial reduction in the quantities of such materials released 


the environment. Except for the occasional venting of gaseous
 
and limited testing by
radioactive materials from underground tests 


test ban treaty, the quantities
nations non-signatory to the of
 

released to the atmosphere today from weapons
radioactive materials 

tests are very limited.
 

of the reservoir of radioactive material in the
However because 

and the limited releases
upper atmosphere from past weapons stests 


cited above, small quantitites of radioactive material will continue
 
to come. These materials
to be deposited on the earth for some time 


and wastes gaining access to the environment from nuclear reactor
 

the food chain and represent a small-scale source of
operations enter 

of the world's population. The current
 exposure to large segments 


annual whole body dose equivalent to the U.S. population from this
 

source is about 5 millirem.
 

2. Fusion Devices
 

Also worthy of comment is the application of the fusion principle
 
future use as
in the detonation of the hydrogen bomb and its possible 


a source of power for generating electricity or as an explosive in
 

major earth moving projects.
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of energy (as compared to present day

Although this source 


in the production of a considerably
nuclear reactors) would result 


smaller quantity of fission products, it will not be without its
 

resulting from

associated radioactive material. Two of the products 


weapon are carbon-14 and
 
the atmospheric detonation of a fusion 


units of
are about 20 times as many

hydrogen-3 (tritium). There 


activity of these two radionuclides released in the detonation of a
 

as there are of strontium-90, cesium-13 7 and
 
pure hydrogen bomb 


detonation of a fission-type device of the same
 
carbon-14 in the 


in the
 
explosive power. Thus, both fission and fusion weapons result 


release of large quantities of radioactive material.
 

III. Effects of Radiation on Man
 

All radiation, whether from radioactive materials or from
 

can produce changes in the human body

radiation-producing machines, 


either by direct or indirect action.( I) With direct interactions
 

collides with atoms of important molecules within the

the radiation 


and thus disrupting
these molecules
cells, ionizing or exciting 

cellular function. Indirectly, cells may be damaged by toxic agents
 

(such as free radicals and hydrogen peroxide) which are formed as a
 

in the cells. Both direct
result of the ionizatiou of water molecules 


and indirect effects of radiation may interfere with normal life
 

processes.
 

A. External Exposure
 

on
The resulting injury 	from external radiation exposure depends 


(a) total dose, (b) dose rate, and (c) percent and region of the
the 

In general, the harm increases with increasing dose and
body exposed. 


dose rate and the greater the percentage of the body receiving the
 

dose, the greater the resulting injury.
 

The basic unit of radiation exposure is the roentgen (symbol, R)
 

named in honor of Wilhelm Roentgen, the discoverer of x-rays. The
 

or gamma rays to bring
roentgen is a measure of the ability of x-

is applicable only to
about ionization in air, and, strictly speaking, 


these forms of radiation. One roentgen represents the absorption of
 

about 86 ergs of energy per gram of air. This corresponds to the
 

of about 2 billion ion pairs per cubic centimeter.
production 

a large number, it is only a small fraction
Although this represents 


this
(about 1 in every 10 billion) of the total atoms present within 


volume.
 
Because the biological effects of ionization vary according to
 

in which the
the types of radiation that cause it (and the manner 


energy is deposited), additional units have been developed for
 

is the rad which is the unit
expressing radiation dose. One of these 


of absorbed dose and is equivalent to the absorption of 100 ergs/gram
 

the unit of dose equivalent and
of matter; another is 	the rem which is 

to the product of the absorbed dose (in rads),
in numerically equal 


the quality factor, Q, and the product of all other modifying factors,
 

N. The quality factor, Q, is intended to allow for the effect of
 

microscopic 	differences iu the distribution of the absorbed energy.
 
into account
The modifying factor, N, is available to take 
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differences, for example, in the absorbed dose rate, in the dose
 
a
manner (uniform or non-uniform) in which
fractionation, and in the 


a given body tissue. Although the

radionuclide is deposited within 


are
 
values of Q and N are important for many types of exposure, they 

x- and gamma radiation. As

essentially unity for external sources of 


a result, for these types of radiation, an exposure of 1 roentgen is
 

1 rad which is essentially
essentially equal to an absorbed dose of 


equal to a dose equivalent of 1 rem.
 

In a recent publication,(4 ) the International Commission on
 
of new terms for
Raiological Protection has recommended usage 


expressing radiation dose. Fortunately, these are directly related to
 

the rem and rad, the specific relationships being as follows.
 

The unit of dose -luivalent is the sievert, where:
 

1 sievert = 1 Sv = 100 rem.
 
Following this pattern:
 

= 
I rem = 0.01 Sv 10 millisievert = 10 mSv.
 

Similarly, the unit of absorbed dc~e is the gray,
 

where:
 
=
I gray 1 Gy = 100 rad.
 

B., Internal Exposure
 

presence of radioactive
Internal exposure results from the 


materials within the body. The potential harm from such exposure
 

depends on the types and quantities of radioactive material consumed.
 
or
Ir general, alpha emitters constitute a greater hazard than beta 


gamma, and the greater the quantity of a given material, the greater
 

the bazard.
 
Maximum permissible body burdens for a large number of
 

and water for
radionuclides and annual limits for intake in air 

recommended by the International
occupation exposures have been 


Cowission ona Radiological Protection(5). Assessment of Gle hazard
 

in a given circumutance can be made by comparing the known amounts or
 

concentrations to these published values. Where the source of
 

is the air or water, standard techniques for sampling
contamination 

with subsequent analysis by gamma spectrometry or radiochemistry may
 

be used to measure the specific radionuclide concentrations present.
 

Gamma emitting -,adionuclides already present in the body can be
 

evaluated by whole body counting (gamma spectrometry). Estimates of 

beta eritting radionuclides in the body can be made through analysis 

of body excreta (urine or feces), samples of hair or extracted teeth, 

or through analysis of tissue samples from accident victims.
 

C. Classification of Exposures
 

On the bacis of total dose and dose rate, radiation exposures can
 

acute or chronic. Acute exposures are large doses,
be classified as 
usually to the total body administered within a short period of time. 

Chronic exposures (the type most generally encountered in 
to all or only a
environmental health) consist of repeated low doses, 


portion of the body, administered over a long period of time.
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exposure may be classified as genetic

The effects of chronic 


somatic (those which
(those which directly affect the germ cells), or 


the germ cells). Examples of genetic effects

affect cells other than 


are certain blood abnormalities, certain metabolic diseases, and
 

Examples of somatic

certain congenital-physical abnormalities. 


of radiation

effects are leukemias and other cancers. The effects 


exposures may also be classified as stochastic or non-stochastic.
 

are those for which the probability of harm is

Stochastic effects 

a
 

dose; examples are chomosomal aberrations, mutations in
 
function of 


and cancer production. Non-stochastic

spermatagonia, ovarian tumors, 


those which the severity is a function of dose;

effects are in 


of the skin, and
 
examples are the production of cataracts, erythema 


4 )
acute death.(


D. Philosophy of Exposure Control
 

control, it is generally assumed that

As a basic approach for 


radiation damage has no threshold--that is, regardless of how small
 

the dose may be, there is some deleterious effect. As a result, each
 

terms of the benefits to
evaluated in
application of radiation must be 

the risks being taken. Such an evaluation is


be accrued versus 

it often leads to controversy in
 as would be expected,
difficult and, 


or application of a given

the justification for the construction 


those which potentially could have a
 
radiation source, particularly 


major negative impact on the surrounding environment.
 

IV. Control Procedures
 

and experience in radiological health,
With increasing knowledge 

have been


appropriate measures for minimizing radiation exposures 


developed.
 

A. X-ray Control
 

the operator of medical,
Control procedures for protecting 


dental, and industrial x-ray machines consist of limiting the time of
 

exposure, maintaining an adequate distance between the x-ray beam and
 

use of adequate shielding. Generally a
the operator, and the 


combination of these three safety measures can be applied to restrict
 

the dose to acceptable lcvels.
 
are limitation
In protecting the patient, two important factors 


the beam through proper coning or collimation, and
of the size of 

the beam to remove soft x-rays which would otherwise be
filtration of 


absorbed 
by the body.(2) Experience has shown that the use of
 

a 2- to 5-fold reduction in the dose
 proper filtration can result in 


to the reproductive organs of the patient; through proper coning, the
 

genetic dose can be reduced by a factor of 200 to 500.
 

B. Radioactive Materials
 

materials may involve containment and
Control of radioactive 


isolation, dilution and dispersion, or a combination of the two. For
 

low-volume high-level wastes, containment is the method of choice;
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dilution and dispersion is generally feasible only for large volume
 

level wastes are often handled by a

Intermediate 


their radioactio .aaterial

low-level wastes. 


combination of the two approaches, that is, 

residual
with the decontaminated 


content is concentrated and confined 

Because of the chemical nature of
 

being released to the environment. 

approach is sometimes
this combined
certain radionuclides, however, 

3
hydrogen- (tritium) and
Notable examples are
difficult to apply. 

reactor


of the contaminants produced in nuclear 

krypton-85, two 


operations.
 
of exposures from radioactive materials released
 

Assessment 

power reactors and chemical fuel
 

through the operation of nuclear 


plants generally necessitates a program of on-site
 
processing 

monitoring and off-site surveillance.(

6 ) Although it is not
 

a large number
the less developed countries will have
anticipated that 

the chemical processing of fuels,


of power reactors or facilities for 


important that environmental health officials in these countries
 
it is 

have knowledge of radiation surveillance techniques for the evaluation
 

for example, that

radiation levels. Data show,
of environmental 


from a major medical
of certain radionuclides
releases
environmental 

of from a nuclear
 

can easily be comparable or in excess those 

center 

power plant. Although routine environmental surveillance around
 

generally recommended, periodic checks would
 
medical centers is not 


certainly appear to be justified.
 
releases both
 

Guides for monitoring environmental radionuclide 

the
 

under routine and emergency conditions have been published by 


Energy Agency(7). Similar recommendations have
 
International Atomic 


International
 
been published by the World Health Organization 

and the 


Although existing ICRP
 
Commission on Radiclogical Protection. 


within the general public to

permit individuals
recommendations 


of those permitted under
 receive radiation exposures at a level of 10% 

to note that such individuals
it is important
occupational conditions, 


so-called "critical population

are assumed to be present within the 


group." Average environmental levels will hopefully be kept far below
 

the public receiving
that would result in members of
concentrations 

10% of those permitted under occupational


doses as high as 

suggests that the average dose
 

conditions. In fact, the ICRP 


rate to the general population should not exceed 50 mreL/y

equivalent 


4 )
(0.5 mSv/y).(
 

V. Commentary
 

uses x-ray equipment
Essentially every country in the world in
 

medicine and dentistry. Applications of radionuclides in medical
 

and therapy, in industrial applications, and in medical,

diagnosis 


are becoming
and industrial research,
agricultural, biological 

natural and man-made
is true of the use of
commonplace. The same 


a variety of consumer products, such as luminous dial
 
radionuclides in 


watches, aircraft instruments, static eliminators, smoke detectors,
 

teeth. Similarly, a wide variety of
 
glass and ceramics, and false 


sources of radiation
equipment can be
commercial and industrial 

include television receivers, airport x-ray


exposure. These sources 


inspection systems, electron microscopes, cathode gas discharge tubes,
 
to receive


and spark gap irradiators. Most countries also continue 
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as a result of
fallout into the environment
low level fission product 

receive exposure from natural
tests and all
prior atmospheric weapons 


as they have been
 
background sources, both ad they exist in nature 

and 


modified (technically enhanced) by man.
 
that exist, it is
 

Because of the multitude cf radiation sources 

available for the
those funds that are


important to assure that 

For this
 

control of the resulting exposures are effectively applied. 


reason, it is essential that detailed data be developed on the various
 

sources of exposure that are present within each country and on the
 

source to the population dose. If
 
relative contribution of each such 

and
data on the technical

this information is supplemented with 


source, 
then an effective
 
economical feasibility of controlling each 


can be implemented. Unfortunately, practical

control program 
 to be
 
procedures for setting priorities for dose reduction have yet 


Hopefully, such guidance will soon be forthcoming and will
 
developed. 

be made available for hpplication on a local basis.
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I. Introduction 

Today there is considerable discussion 
of environmental
 

pollution, and a major portion of the 
commentary has been with
 

respect to the generatiot, of electricity 
in electric power
 

This is due to the fact that where 
coal and oil are
 

stations. 

used, the smoke from the tall 

stacks accompanying such plants 
is
 

clearly visible and easily subject 
to public comment. In
 

addition, the major alternative to 
coal and oil is nuclear
 

a subject that raises the emotions
 power and this, in itself, is 


of the population and therefore 
provokes extensive discussion.
 

a discussion of the various methods 
of
 

Presented in this paper is 


generating electricity with particular 
emphasis on their relative
 

This discussion is intended to serve 
as a
 

environmental impact. 

Case Study for purposes of this 

Seminar.
 

Figure 1 shows trends in the population of the United States
 

our associated use of electricity 
over the
 

and also the trends in 
 As you will
 
past twenty years with projections 

to the year 2000. 


note, the use of electricity is 
growing much more rapidly than 

the
 

Whereas in past years the population was increasing 
at
 

population. 

an annual rate of 2%, the use of 

electricity in this country was
 

Similar relationships
to 6% per year.
increasing at a rate of 5% recent years the rates
 
exist in many other countries. 

Although in 


of growth for both of these items 
in the U.S. have decreased, the
 

rate of increase in the use of electricity 
is still substantially
 

As a result, the amount of electricity
 
above that for the population. 


being used has been doubling every 
10 years for the past three or
 

At the present time, 98% of the 
work done in the U.S.
 

four decades. 

is performed using inanimate energy, 

only 2% being done by horse
 

The United States currently consumes 
34% of
 

power or man power. 

the world's energy, and, of that 

amount, 25% is in the form of elec

-ricity.
 

Flectric Power Production
IT. 


Today there are three basic ways 
of producing electricity in
 

the United States. The first is 
the use of hydro-electric power,
 

next is power generation through 
the combustion of fossil fuels
 

and last is the production of electricity 
through the fission of
 

In the paragraphs that follow, 
each of these pro

nuclear fuels. 
terms of its associated environmental 

risks
 
cesses is discussed in 


and benefits.
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A. Hydro-electric Power
 

Everyone is familiar with hydro-electric power. In this process*
 

use is made of the potential energy of water in an elevated lake,
 

which is being held behind a dam. Advantage is taken of the potential
 

energy in the water to turn turbines and to generate electricity.
 

Many people consider this to be a very simple process without any
 

large detrimental effects on the environment. But even the con

struction of a dam to harness water power for producing electricity
 
There is no method for prohas both its benefits and its risks. 


ducing electricity today which does not have its associated envi-


One of the best modern examples of the problems
ronmental impact. 

development and use of hydro-electric power
which can accompany th 


was the construction ol the Aswan High Dam on the Nile Miver 
in
 

Egypt. The concept here was simply to dam up the River ani then
 

to use the water to produce electric power and to irrigate 
the
 

nearby desert, thereby producing vast amounts of new farmland.
 

But what happened as a result of constructing and placing this
 

system into operation?
 

First of all, when the river originally flowed in its natural
 

state, it carried to the Mediterranean Sea each year a tremendous
 
This material was dumped into
quantity of silt and organic matter. 


the Sea at the mouth of the River. Prior to the construction of
 

the dam, fishermen used to catch vast quantities of fish 
near the
 

mouth of the River. The quantity caught in 1965, for example, was
 

18,000 tons. By 1968, after construction of the dam had been
 

completed and there was no longer as much food material 
being
 

discharged into the Mediterranean Sea, the quantity 
of fish caught
 

had been reduced to only 500 tons and 4500 people 
(fishermen) had
 

been put out of work.
 

Secondly, the River in its normal state annually 
flooded the
 

plains along its banks. The deposition of silt and organic matter
 

(estimated to be about 50 million tons per year) 
in these areas
 

made them excellent farmlands. After installation of the dam,
 

the River no longer flooded the plains, there 
was no longer any
 

deposition of silt and organic matter, and 
the usefulness of the
 

plains as good farming areas declined. In fact, the loss of farm

land through the loss of the use of the plains 
was equivalent to
 

that gained through the use of the irrigation 
system that was set
 

up to use the water in the lake behind LLe dam for producing
 

So the expected increase in
 additional farmland in the area. 


farmland through construction of the dam has 
never been attained.
 

A third impact of the construction of this 
installation was
 

that the watcr-table under the land around 
the lake formed by
 

the dam was raised. This water, unfortunately, dissolved salts
 

within the ground and brought them up into 
the top-soil, thereby
 

contaminating it and making it less usable 
for the growing of
 

crops. As a result, the land around the lake is not 
as good for
 

farming as had originally been hoped.
 

Lastly, because of.the flooding of the area by 
the lake cre
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Lastly, because of the flooding of the area by the 
lake cre

ated by the dam, there were 50,000 to 100,000 people displaced.
 

These people then had to be relocated and new homes had 
to be
 

As can be seen, hydro-electric power
found for them to live in. 


can indeed have a significant impact upon the environment.
 

B. Nuclear Fossil Fuels
 

Now let us consider some of the environmental implications
 The
 
of electric power generation using nuclear or fossil 

fuels. 


basic principles of this process are shown in Figure 2. In this
 

type of system, the fuel Is used to produce heat. 
Whether it is
 

nuclear fuel or fossil fuel, it is used to produce heat which
 
sent to a turbine,
The steam in turn is
converts water to stear.. 


which is coupled to a generator for producing electricity.
 
nearby river, is used to condense
Cooling water, usually from a 


the steam leaving the discharge side of the turbine, 
and the hot
 

water is then returned to the heat source for reheating. 
Conden

sation of the steam leaving the turbine is necessary to produce
 

a vacuum at that point in the system, so that the incoming
 

steam will have the necessary pressure to turn the 
turbines.
 

Nonetheless, it should be recognized that in such 
a process,
 

twice as much energy--that is twice as much heat--is 
discharged
 

to the environment with the cooling water as is converted 
into
 

This is the reason that power plants of this type
electricity. 

are increasingly being cballenged as sources of so-called 

thermal
 

Such plants are also sources of releases of contampollution. 

ination to the atmoshpere in the form of various gases 

and par

ticulates, and they also release certain smaller quantities 
of
 

These will be discussed
 
pollutants in the form of liquid wastes. 


later in the paper.
 

In terms of nuclear power plants, there are two basic 
types
 

These are the so-called Presin use in the United States today. 


surized Water Reactor or the PWR, and the so-called 
Boiling Water
 

Reactor or the BWR. Because they differ in terms of their envi

ronmental releases, distinguishing characteristics 
of these two
 

types of plants will be discussed at this time. 
The Boiling WAter
 

Reactor operates essentially as outlined by the 
schematic diagram
 

in Figure 2. The Pressurized Water Reactor, however, is different
 

in that it has a primary systen in which the water heated by the
 

reactor Is kept under pressure so that it does not 
change into
 

Through means of an intermediate heat exchanger 
(Figure 3),
 

steam. 

this water, in turn, converts water in a secondary 

system into
 

steam which goes on to turn the turbine. As a result, any leakage
 

of water or gases around the turbine in a BWR--a 
Boiling Water
 

Reactor--Will be radioactive water or gases 
which have been in
 

Consequently,

direct contact with the nuclear fuel in the 

system. 


such leakage will carry with it radioactive 
material into the
 

In the case of the Pressurized Water Reactor, 
such
 

environment. 

leakage would be water from the secondary system-water 

that has
 

not been in contact with the nuclear fuel 
and therefore should
 

'
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In actual practice, however,
theoretically not be radioactive. 


often-times there is leakage of water from 
the primary system into
 

the secondary system in PWRs due to leaks that 
develop in the
 

For this 	reason, and because
 heat exchangers (steam generators). 


extensive noble gas delay systems have been 
installed on Boiling
 

Water Reactorr', there is generally a somewhat 
greater release of
 

This
 
airborne radioactive materials from a PWR 

than from a BWR. 


matter will be discussed in more drtail later 
in this paper.
 

This discussion will include the presentation 
of quantitative data
 

through which airborne releases from these 
two types of nuclear
 

power plants can be compared.
 

iii. Assessing the Environmental Impact
 

In assessing the environmental impact of 
electric power generation,
 

consideration must be given to all the steps 
required in the total
 

The analytical

operation. Some concept of this is shown in Table 

I. 


approach used will be similar to that employed 
in the assessment
 

of the impact of hydro-electric power.
 

Table I 

THE GENERATION OF ELECTRICITY THATSTEPr -. 
CAN HAVE ENVIRONMENTAL IPACTS 

1. Fuel 	Acquisition
 

2. Fuel 	Transportation
 

3. Power Plant Wastes
 

4. Processing and Disposal of Spent Fuel
 

5. Power Transmission
 

A. 	 Acquisition of Fuel
 

The first step in the operation of a typical 
electric power
 

What impact has this had
 
station is the acquisition of the fuel. 


on the status of the environment or on the 
health of the population?
 

With the 	acquisition of coal,
 Let us begin with the case of coal. 
 If the
 
there is first the consideration of the 

mining process. 


coal is acquired through the process of 
strip mining or surface
 

mining, and the land is not restored to its original state after
 

the mining process has been completed, 
then extensive defacing of
 

With ,inderground mines, there are frethe environment results. 

celled "acid mine drainage." Various
 

quent problems of what i 


acids drain out of the mine over a 
period of time after the mine
 

Thiu results in the release of liquid 
uastes to
 

is first 	opened. 

Also to be considered are
 

the environment and to nearby streams. 


the occupational health problems associated 
with the people who
 

work in the mines. For example, data show that about 100,000 
men
 

This is
 
have been killed in mine accidents in 

the U.S. to date. 
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equal to approximately 3 human deaths for each day underground mines
 

It is estimated that an additional 100,000 miners
have been in use. 

are affected with black lung disease, so-called "coal miners
 

pneumoconiosis," which leads in its later stage3 to emphysema.
 

Relating these figures to the generation of electricity, 
it can
 

be shown that the mining of coal for one 1,000 MWe power 
station
 

It is further
results in one case of black lung disease per year. 


estimated that the death rate from respiratory illnesses 
among
 

coal miners is five times greater than that for other types of
 

workers.
 

In similar fashion, let us look at the situation with respect
 
In the western
 to the acquisition of uranium as a nuclear fuel. 


portion of the United States there are some 6,000 people 
who are
 

It

currently working, or who formerly worked, in uranium 

mines. 


is estimated that 15% to 20% of these men will die from 
lung cancer-

that is, about 1,000 of them will die from lung cancer--within
 
As in the case with underground coal
the next 10 to 20 years. 


mining, such activities have had a tremendous impact 
upon the
 

public and the public's health.
 

There are problems even
What about the acquisition of oil? 

However, the greatest attention
 with the drilling for oil on land. 


in recent years has been directed to the environmental 
impact of
 

the drilling for oil in off-shore situations. Notable examples
 

were the Santa Barbara and Gulf of Mexico oil spills 
of recent years.
 

Leaks from off-shore drilling operations can cause considerable
 

contamination of the marine environment and its associated 
animal
 

Additional pollution, particularly the release of 
airborne
 

life. 

wastes, results from the operation of oil refineries.
 

B. Fuel Transportation
 

The next step in the process of the operation of a 
fossil or
 

nuclear fueled plant is the transportation of the fuel 
to the plant.
 

In general, the quantities involved are tremendous. 
For purposes
 

consider a 1,000 megawatt electric generating
of analysis, let us 


statio, This is typical of the major size plants being built
 

To fuel one of these plants, assuming it uses coal, 
requires


today. 

If it uses oil, the requirement
over 2 million tons each year. 


If the fuel for the
 is over one-half billion gallons per year. 


plant is natural gas, the consumption is almost 7 billion 
cubic
 

on Lhe other hand, the plant is powered by
feet per year. If, 

nuclear fuels, only one ton of pure fuel is required 

each year.
 

Of course, one must recognize that the nuclear fuel 
would contain
 

certain additional amounts of ores that could not 
be fissioned
 

So the true quantity of fuel
 and therefore could not be used. 


required in a nuclear plant might realistically approach 
something
 

But, in any event, it is considlike 30 to 50 tons per year. 


erably less than that required for any of the fossil 
fueled plants.
 



Let us now consider the coal fired plant and examine in 
more
 

detail the problems of transporting fuel to it. As previously
 

stated, such a plant would annually require over 2 million 
tons
 

of coal. On a daily basis, this amounts to about 8,000 tons,
 

which is equivalent to a hundred or more fully loaded railroad
 

It is estimated that the transportation of this amount
 cars. 

of coal to a 1,000 MWe powcr plant results, on the average, 

in one
 

fatality every two years due to accidents at railroad 
crossings.
 

It is for these reasons that the concept of the "mine 
mouth power
 

plant" is being developed today. Following this approach, the
 

electric power plant is constructed near the 
mouth of the mine and
 

then the principle of "shipping the power, not the coal," 
is
 

There are certain problems 	even with this approach,
followed. 

but it does look attraztive in many ways and is being 

implemented
 

of the United States.
in the western areas 


Now let us briefly examine the problems in the transportation
 

As all of you know, there are problems of accidents with
 of oil. 

oil tankers and there have been many incidents in recent 

years in
 
This


which large quantities of oil have leaked from such vessels. 


was highlighted by Lhe wreck of the Torrey Canyon in 1967, which
 

resulted in the leakage of approximately 30 million gallons 
of oil
 

into the English Channel and onto nearby beaches, the 
grounding
 

the Argo Merchant off Cape Cod, Massaard subsequent breakup of 


chusetts, in December, 1976, and other similar accidents 
in more
 

This latter accident resulted in the leakage of
 recent years. 

7 million gallons of oil into the Atlantic Ocean. Studies
 

over 

by researchers of the characteristics of typical tanker 

accidents
 

have shown that most occur within I0 miles of shore, 
that they
 

usually affect a recreational area, and that the median 
amount of
 

over 25,000 barrels. This 	is equivalent to over one
 oil spilled is 

Data show that the costs of
million gallons of oil per accident. 


cleanup total about $75 per gallon cf oil released.
 

Similar problems exist in the ocean shipment of natural 
gas.
 

For example, a modern tanker transpcrts about 125,000 
cubic meters
 

of natural gas in liquefied form at a temperature 
of -1600C. When
 

the tanker reaches its destination, the liquefied gas is allowed
 

to warm and rc.-gasify as it is tranferred to storage 
tanks for
 

In the course of re-gassifying,
later distribution to consumers. 

A very


the volume of the gas increases by a factor of over 
600. 


significant danger is that an accident might occur as a tanker
 

is unloading its cargo in port and result in the release 
of some
 

80 million cubic meters of 	natural Fas (in expanded cloud 
form)
 

If the cloud were later ignited, such
 as a blanket over a city. 

an event could lead to widespread death and destruction.
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C. Power Plant Wastes
 

The next step in the evaluation of the environmental 
impact
 

of electric power generation is the consideration 
of wastes from
 

the power plant, itself. In a fossil fueled plant, there will be
 

releases of oxides of sulfur, oxides of nitrogen, 
carbon dioxide,
 

Such a plant will also discharge
carbon monoxide and particulates. 


some radioactive material (of natural origin 
from within the f-,el).
 

'A nuclear powered plant will not release 
oxides of sulfur, oxids
 

However, there
 
of nitrogen, carbon dioxide or carbon monoxide. 


All such re
will be releases of radioactive gases 

and liquids. 


leases will be discussed in greater detail 
later in this paper.
 

D. Processing and Disposal of Spent Fuels
 

Next, let us consider the ashes which 
result from the combustion
 

In the case of a nuclear plant,
of fuel in a particular plant. 

With a gas fired plant,
"spent fuel."
such ashes are referred to as 


there is no problem of ashes because gas 
burns cleanly and results
 

For an oil fired plant, there is also little problem
in no ash. 

For a coal fired plant, it is a completely
in terms of ashes. 


As was mentioned previously, a 1,000 
mega

different situation. 


watt plant requires a fuel input of over 
one hundred railroad cars
 

of coal each day. Since 12% 
to 18% of the coal ends up as ash,
 

this same plant would require from 10 
to 20 railroad cars 
for the
 

daily removal of its ashes.
 

a nuclear plant, the removal of the 
"ashes" or
 

In the case of 


spent fuel represents a serious problem 
but fortunately the quantities
 

Also, as these plants are currently operated, 
the used
 

are small. 

fuel is only removed on an annual or biennial 

basis.
 

E. Power Transmission
 

After the electricity is generated, the 
next step is to dis

tribute it to the consumer. Estimates are that about 10% to 12%
 

of the total electricity generated is 
lost during transmission.
 

As a result, there has been much discussion 
in recent years about
 

developing new more efficient transmission 
systems, a prominent one
 

being new super cold cables installed 
underground. The power losses
 

in such a system would be less than 
those currently experienced in
 

In addition, an underground

the high tension overhead power lines. 


system would avoid much of the environmental 
degradation caused
 

Many people object to the swathes cut 
through


by overhead lines. 
 Ex
towns in order to install overhead 

power lines. 

forests and 


amined closely, one would find that the degradation caused by such
 

lines is quite extensive. For example, there are today over 300,000
 

miles of overhead electric transmission 
lines in the United States
 

and they consume about 4 million acres 
of land in terms of right of
 

In New England alone, there ate 80,000 
acres devoted to such
 

way. 
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power lines. It is estimated that for the United States, 
as a
 

whole, 100,000 additional miles of overhead 
power lines will have to be
 

Although there is hope

constructed during the next decade. 


that underground cables will see increasing 
use, a key factor is
 

economics. Overhead lines cost on the order of 
1 million dollars
 

per mile to construct; estimates are 
that underground systems will
 

For this reason,
 
cost as much as 10 to 20 million dollars 

per mile. 


it will probably be some time before 
there is a major change in the
 

current approach.
 

IV. Comparison of Pollution from Different 
Type Plants
 

A. Fossil Fueled Power Plants
 

As the next step in our evaluation, 
let us consider the relative
 

amounts of pollution from each of the 
different types of fossil
 

Data on this subject are summarized in 
Table
 

fueled power plants. 


II which lists the quantities of the major 
pollutants from a coal,
 

In each case, the assumption is
 an oil, and a gas fired plant. 


made that the plant has an electric 
generating capacity of one
 

thousand megawatts, and that it is a 
modern facility equipped with
 

up-to-date airborne effluent control 
systems.
 

As may be noted, a typical release 
rate for oxides of sulfur
 

from a coal fired plant of this size 
is about 10 to 15 tons per
 

For an oil fired plant, the discharge 
of this contaminant
 

day. 

For a gas fired plant, the prois about 30 to 35 tons per day. 
 On this basis,
 

duction of oxides of sulfur is essentially zero. 


it can be concluded that in terms of S02, an oil fired plant places
 

two to three times the stress on the 
environment as does a coal
 

Both the coal and oil fired plants are 
far more
 

fired plant. 

polluting in this respect than a gas 

fired plant.
 

Using this same approach, similar 
evaluations can be made in
 

terms of the oxides of nitrogen. Checking the data in Table ii,
 

one finds that a coal fired plant releases 
over twice the amount
 

of this contaminant as does an oil 
fired plant of similar capacity,
 

and that an oil fired plant is perhaps 
one and a half times as
 

In terms of carbon
 
polluting as a plant fueled by natural 

gas. 


monoxide, the coal fired plant places 
two to three times the
 

stress on the environment as does 
a plant fueled by oil or natural
 

From the standpoint of particulates, 
the coal and oil fired
 

gas. 

plants are about equal in terms of 

their releases of this contam

i ate and both are four to five times 
worse than a plant fueled
 

with natural gas.
 

In terms of each of the specific contaminants listed in 
Table
 

For this
 
II, the plant fueled by natural gas 

is far superior. 

Why do not the
 

reason, one might logically ask the 
question: 




Table II 

AIRBORNE EMISSIONS FROM MODERN WELL-EQUIPPED
 
FOSSIL FUELED ELECTRIC POIER PLANTS
 

Tons Per Day from a 1000 MWe 
Plant(1)
 

Natural Gas
Coal Oil
Pollutant 


Oxides of Sulfur 12 32 0.06
 

Oxides of Nitrogen 86 36 23
 

6 2.5 1.8
Carbon Monoxide 

1
3.6 4.6
Particulates 


public utilities completely convert to natural gas as a source of
 

fuel for the generation of electricity? The answer is simple.
 

The quantities that would be required are not available. Although
 

special facilities are being designed today to convert coal into
 

gas, the practicality of such conversion is not complete or eco

nomical enough for application on a routine large scale commercial
 

basis.
 

B. Nuclear Power Plants
 

Next, let us consider in similar det.ail the production of various
 
Data on this subject
airborne waste materials from a nuclea: plant. 


For purposes of comparison,
are summarized in Table III.(2)(3) 

data are given for model installations of both the Pressurized
 

In terms
Water Reactor (PWR) and the Boiling Water Reactor (BWR). 


of gaseous pollutants, such as krypton-85, xenon-133, and hydrogen

3 (tritium), the Table shows that the quantities released from 
the
 

For 14C, the releases
PWR are greater than those from the BWR. 


from these two types-of plants are about equal; for 1311, the releases
 

from the BWR are greater than those from the PWR.
 

V. Comparison of Fossil and Nuclear Plants
 

These, in essence, are the wastes released from the several
 

types of basic power plants. Now, let us consider the question
 

That is: how do nuclear plants
that is foremost in our minds. 


compare to fossil fueled plants In terms of the relative 
stress
 

they place upon the environment?
 



Comparison Based on Atmospheric Dilution Requirements
A. 


Data resulting from
 
To make such a comparison is difficult. 


Here, the method used was simply
 
one approach are shown in Table IV. 


to compare the volumes cf air required 
to dilute the critical air

borne effluents from each type of plant 
to acceptable levels fnr
 

breathing by the general population.(4)(5) 
Again, to make the data
 

comparable, the assumption was made 
that each plant had an electrical
 

Applying this approach

generating capacity of 1,000 megawatts. 


to a coal fired plant, one finds that 
the critical contaminant
 

discharged from such a facility is NO2 
and that the volume of
 

of air required to dilute this release 
to an acceptable concen-


This is
 
tration for breathing would be 3 X 1014 

cubic meters. 


equal to 300 trillion cubic meters or 
approximately 80,000 cubic
 

Obviously, this is a tremendous volume 
of air.
 

miles. 


For the case of an oil fired plant, 
one finds that the quantity
 

of diluting air required for its critical 
3zllutants (which, in
 

cubic meters per
 
this case, is S02 ) would be about 1.3 

X 10 


Again, for purposes of better visualization, 
this would
 

year. 

be equivalent to a volume of about 30,000 

cubic miles of air.
 

For a gas fired plant, the
 
This, too, is a very sizable volume. 


critical pollutant is nitrogen dioxide 
and the quantity of air
 

required in this case would be about 
8 X 1013 cubic meters per
 

This is approximately one fourth that 
required for the
 

year. 

coal fired plant and is equivalent 

to about 20,000 cubic miles.
 

Although this is still a large volume, 
once again it is signif

icantly less than that required for 
a coal fired plant of com

parable size.
 

In this case, the
 
Lastly, let us look at a nuclear plant. 


the noble gases and iodine
most critical airborne pollutants 

are 


As may be noted from Table IV, the quantity of air required
 
131. 

for diluting these specific releases 

from a PWR would be about
 

This is less than one thousandth
 5 X 109 cubic meters per year. 


of the volume of diluting air required 
in the case of a coal, oil
 

In fact, volume-wise, it amounts
 or natural gas fueled facility. 


to only about ten cubic miles per 
year for a one thousand megawatt
 

the volume of diluting
For a BI-,
nuclear generating station. 


air would be even less.
 

B. Potential Errors in this Approach
 

On the basis of these data, one =ight 
quickly conclude that
 

It
 
a nuclear plant is far superior to any 

of the other types. 


is important to note, however, that 
in the last ca&e the calcu-


They do not include the
 
lations are for the nuclear plant 

alone. 


associated dilution requirements for 
the airborne wastes that would
 

i)
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Table III 

AIRBORNE EMISSIONS FROM MODEL NUCLEAR FUELED PLANTS 

Curies/Yr from a 1000 MWe 
Plant ( 2) (3) 

Pollutant Pressurized Water Reactor Boiling Water Reactor 

470 
 290
85Kr 


133Xa 12,000 3,200
 

14C 40 40
 

0.025 0.3 

3H 1,100 43 

Table IV
 

.A.TN1UAL DILUTION REQUIREMENTS 

(1,000 MWe Power Plant)
 

NO2
Natural Gas 


Type Plant 
Critical 
Pollutant 

Required Dilutio
n* 

Cubic Meters Cubic Miles 

Coal NO2 3 X 1014 80,000 

Oil so 1.3 X 1014 30,000 

8 X 1013 20,000 

10
5 X 109
Noble Gases
Nuclear 

+1311
(PWR) 


Note: Values are approximate only
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result from the operation of the chemical 
processing plant which
 

As a result, the
 
would be necessary to reclaim the "spent 

fuel." 


data in Table IV are in a sense biased 
to show nuclear plants in
 

a more favorable light than they truly 
should be shown.
 

It is also important to recognize that 
when the effluents from
 

various types of plants are compared, 
there are many factors which
 

For example, the results
 
can influence the final numerical 

results. 

When calculating the volume of
 

depend upon the standards applied. 


air required to dilute a given contaminant 
to an acceptable level,
 

the assumption is made that there 
is a single universally accepted
 

If a
 
concentration to which a population 

group can be exposed. 


higher acceptable concentration is 
chosen, the calculated quantities
 

The calculations also depend on
 
of diluting air will be reduced. 


whether it is correct to evaluate various 
pollutants individually.
 

For example, in a coal fired plant, 
both particulates and gases
 

There are serious questiors whether
 are released simultaneously. 
 If the
 
such pollutants can accurately be 

evaluated one at a time. 


combination of pollutants has the 
potential of producing synergistic
 

Also tending
 
effects, then they should be evaluated 

as a totality. 


to make the coal and oil fired plants 
appear less favorable is the
 

fact that there are natural processes 
which remove pollutants such
 

Pad these been taken
 
as SO, NO.., and particulates from the air. 


into consiaeration, the quantities 
of diluting air required for
 

fired plants would have been reduced.
 the coal, oil, and gasi 


In addition to these considerations, 
there are other related
 

factors that many pExople would 
want to have taken into consideration
 

in an overall evaluation of the 
environmental and public health
 

In the case of fossil fueled
 
impact of electric power plants. 


facilities, these considerations 
include the production of "acid
 

rai:" by the release of sulfur 
compounds into the atmosphere, and
 

the impact of the "Greenhouse effect" 
that results from the release
 

In the case of nuclear powered 
plants, such considerations
 

of CO 

inclue the long term disposal 

of the associated high level radio

active wastes, and the evaluation 
of the potential of a serious
 

accident that might result in the 
release of large quantities of
 

All of these events could have
 
radionuclides into the environment. However,
 
far reaching and long range effects 

of large magnitude. 


it is beyond the scope of this review 
to attempt to evaluate each
 

of them quantitatively at this 
time.
 

Considering all such factors (including 
the atmospheric pollution
 

problems associated with the 
processing of spent fuel from 

a nuclear
 

one would find that a nuclear powered 
plant would be equal
 

plant), 

or superior to an electric power 

station fueled by oil or natural
 

All three types of facilities would 
appear to be superior
 

gas. 
If improved types of adsorption systo a plant fueled with coal. 


tems were employed to delay the 
noble gases from the nuclear plant
 

as well as its associated fuel 
reprocessing facility, then the 

nuclear
 

plant would clearly be superior 
from the standpoint of airborne releases
 

under normal operation.
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Future Trends in Electric Power Generation
VI. 


Projections of the relative contribution of each of the major
 

methods of generating electricity in the United States during the
 

next 25 years are summarized in Table V. These data show that the
 

use of nuclear power is expected to increase steadily during this
 

In fact, by 1980, data showed that about 13% of the electric
time. 

Even greater
generating capacity in the U.S. was nuclear in origin. 


uses of nuclear power are projected for other countries. 
For
 

example, data show that, for 1976, 21% of the electricity generated
 

in Belgium was by nuclear power; for Sweden and Switzerland the
 
for the United Kingdom the contribnuclear contribution was 18%; 


ution from nuclear energy was 13%; for Spain, 10.6%; and for the
 

U.S.S.R., 3%. Projections are that by the year 2000, the nuclear
 

power contribution to electric generating capacity will be 90% in
 

France, 67.5% in Spain, 60% in Pakistan, 54% in Denmark, 50% in
 

Iran, 43% in the Arab Republic, 40% in Finland and Portugal, and
 

20% in the U.S.S.R.
 

By the year 2010, it is expected that nuclear reactors will
 

be providing 25% to 30% of the electricity in the U.S. Subsequent
 

expansion both here and abroad will depend on the development
 

and use of liquid metal cooled fast breeder reactors. Such units,
 

which are undergoing rapid development in countries such as France,
 

Great Britain, Japan, the Federal Republic of Germany, and the
 

U.S.S.R., operate at essentially atmospheric pressure and use 
Aiquid
 

sodium as a coolant. Operation at reduced pressure will make these
 

plants (at least from this particular aspect) potentially safer
 

than the PWR or BWR. Fast breeder reactors will also have improved
 

efficiencies over conventional plants, thus reducing the amount 
of
 

heat rejected into the environment. In addition, experience has
 

shown that occupational exposures associated with the operation
 

of this type of reactor have been substantially less than those 
for
 

Lastly, fast breeder reactors will represent
light water reactors. 

essentially an unlimited energy supply because they will produce
 

(hence the origin of the name,"breeder").
more fuel than they consume 

With improved waste effluent clean-up systems, particularly for 

the
 

gaseous emissions, fast breeder reactors have the potentiality of
 

representing a source of reduced stress on the environment.
 

Even with nuclear power and increased dependence on clean
 

sources such as solar power, however, itwill not be possible 
to
 

This is
solve all of our environmental pollution problems. 


well demonstrated by Figure 4 which shows projections for long
 

range releases of sulfur dioxide into the atmosphere in the
 

The uppermost curve shows the projected quantities
United States. 

of SO2 in terms of millions of tons discharged per 

year if all
 

of our future electrical needs are met by fossil fueled plants 
and
 

current removal techniques. If it is
there is no improvement in 
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Table V 

RELATIVE CONTRIBUTIONS OF DIFFERENT FUEL 

SOURCES TO THE GENERATION OF ELECTRICITY
 

IN THE UNITED STATES
 

Percent of Total
 

Fuel Source 1968 - 9 2010* 

Coal 51.9 27.1 31.9 

0il 7.0 32.4 10.3 

Natural Gas 23.0 32.0 17.2 

Nuclear 0.8 4.5 26.9 

Hydropower 17.3 4.0 3.2 

Other (Solar) 0 0 10.5 

*Projected
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possible to apply fast breeder reactors 
on a large scale commercial
 

basis, the projections of SO2 releases 
will be as shown by the
 

In thie case, S02 production will 
reach a maximum
 

second curve. 

about the year 2010 and then decline 

thereafter as fossil fueled
 

plants are phased out.
 

With widespread application of fast 
breeder reactors coupled
 

released from fossil fueled plants,
 with increased control of SO 


projections will be within t~e range 
denoted by the cross-hatched
 

But the fact to note in the
 
section between the two lower curves. 


Figure is that, even with our best 
efforts (denoted by the curve
 

at the bottom of the cress-hatched 
section), experts predict that
 

by the year 2015, SO2 releases in the United States 
will be two to
 

three times what they are today. 
Obviously, much work remains to
 

be done.
 

VI. Commentary
 

In the final analysis, the basic 
question is how much power (and
 

particularly, how much electricity) 
can safely be used on earth.
 

One way to reduce the amount of 
inanimate energy being consumed
 

If, however, all
 
would be to return to the horse 

and buggy era. 


of our electric motors and modern 
machines were replaced by horses,
 

So before
 
there would really be an environmental 

waste problem! 


taking steps to return to the horse 
and buggy era, consideration
 

should be given to the many problems 
which would be associated
 

with such a change.
 

If one examines the situation 
closely, he or she would find
 

that electricity is essential to 
the management of many of our
 

Better
 
current environmentally aL' socially 

related problems. 


lighting has been shown to reduce 
accidents on the highways and
 

crime. Electricity is necessary to clean 
our air and to operate
 

Elec
water purification facilities and 

sewage treatment plants. 


tricity is also required for the 
disposal of old automobiles and
 

It is the source of
 
for recycling other types of solid 

waste. 


energy which powers many of the 
conveniences in modern homes and
 

brings us entertainment in the 
form of radio and television.
 

Although
 
Electricity is essential to the 

quality of modern life. 


conservation can assist in reducing 
our demands for energy, overall
 

electricity needs are almost certain 
to increase in the future and
 

more power plants are going to 
be neeled. The basic challenge is
 

to educate the people to use 
energy supplies more efficiently 

and
 

to encourage the commercial sector 
to design, construct and operate
 

electric generating stations 
that function at maximum efficiency
 

with minimal pollution impact.
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I. Overview
 

a specialized sub-set
Automotive air pollution is 

the total problem of air pollution
of 


operate in a small
Caused when many cars 	 area
 

its auto popula-
Potentially affects every city as 


tion grows
 

Does not occur suddenly, and cannot be solved
 

it has manifested itself
quickly once 


Much easier to prevent than to cure
 

-- once it has occurred --
Correcting the problem 

is not easy. Solution requires changes of
 

use of
socio/political nature, in addition to 


modern technology
 

* 	 May or may not be the most important next thing on
 
spend available resources -- need for
which to 


control of automobile air pollution should be
 

evaluated in context of-other social problems
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II. 	 Health Effects of Automotive Pollutants
 

human exposure to automotive
A 	 Adverse effects of 

pollutants.
 

1 HC -- in most cases no direct health effect 

(but there is concern about benzene, PNA, 

aldehydes) 

2 	 CO -- reduces ability of blood to carry oxy

gen, increases reaction time, exacerbates
 

angina
 

3 	 NOx -- pulmonary problems 

4 	 Ox -- pulmonary problems, eye irritation 

5 	 Particulates -- pulmonary problems, potential
 

carcinogens
 

6 	 Lead -- increases blood level of lead, may
 

contribute to mental retardation
 

B 	 Concern over health effects of automotive pollu

tants depends on levels of concentration in
 
ambient air
 

1 There are differences in views in different 
countries about the levels of concentration 
at which there is a concern about health 

effects. Reasons: limited data, value judg

ments implicit in air quality goals 

2 Examples of Ambient Air Quality Goals 

CO 
Pollutants 

time 

(in mg/m3 ) 

NO 2 time Ox time 

WHO 40 
10 

1 hr 
8 hr 

.19-.32 1 hr .12 
.06 

1 hr 
8 hr 

Japan 23 
11.5 

8 hr 
24 hr 

.08-.12 24 hr .16 1 hr 

U.S.A. 40 
10 

1 hr 
8 hr 

.1 1 yr .24 1 hr 

W.Germany 30 1 hr .3 0.5 hr
 
10 24 hr
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the Need for Control
III. 	 Determining 

of Automotive Air Pollution
 

A Monitoring of Air Quality in Urban Areas -- first 

must determine the existing levels of air pollu

tion 

B Emission Inventory 

* It is necessary to know the sources that con

tribute to air pollution in a jurisdiction 

* An inventory should include non-mobile 
sources of the relevant pollutants 

C Projection of Future Air Quality -- need to pro

ject future levels of concentration of pollutants 

D The technology of monitoring air quality, making 

emission inventories, and modeling future air 

quality involve specialized science that requires 

competent execution if results are to be useful 
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IV. 	 Technological Issues.
 

A 	 The principal automotive pollutante are 

1 HC -- unburned fuel 

2 CO -- partially burned fuel 

3 NOx -- 0 + N combined by heat 

4 Ox -- Photochemical Oxidant, formed from HC 
and NOx in the presence of sunlight 

5 Particulates -- carbon particles, mainly from 
diesels 

6 Lead -- a particulate from leaded gasoline, 
gives rise to special health concern 

B Sources of automobile emissions 

1 Crank-case vapors -- easily and cheaply con
trolled, helps a lot 

2 Evaporation from gas tank and carburetor -

can be controlled with seals and traps 

3 Exhaust emissions -- the most difficult 
technical problem 

C Basic engine exhaust emission-control 

1 Spark retard helps lower HC & NOx 

2 Enleanment of air/fuel (A/F) mixture helps 
lower HC & CO
 

3 Heated intake air helps lower HC & CO
 

4 Injecting air Into exhaust helps oxidize HC &
 
CO
 

5 
 Exhaust Gas Recirculation (EGR) reduces NOx
 

6 
 Engine modification plus EGR, AIR, PCV, and
 
EVAP is the basic system used in the U.S. up
 
through 1974, and is used today in Europe and
 
Australia. (Spark retard tends to increase
 
fuel consumption, as does simple EGR)
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D 	 Alternative Reciprocating Engines
 

Diesel engines have inherently low HC & CO,
 
but are hard to control for NOx. Also have
 
high 	levels of particulate emissions, some of
 
which may be carcinogenic. Visible diesel
 
smoke is unecessary, and from a technological
 
standpoint can easily be cleaned up
 

Stratified Charge Engines have significant
 
potential for low emissions, but not so low
 
as to meet the most stringent standards
 
witiout catalysts.
 

2 


D 	 Catalytic Emission Control
 

I 	 Oxidation Catalysts can greatly lower HC & CO
 
levels after the exhaust has left the engine
 
itself. Avoids need to use spark retard
 
(which increase fuel consumption)
 

2 	 Dual Catalyst Systems can -- in addition to
 
controlling HC & CO -- also lower the levels
 
of NOx. But have not been used on production
 
vehicles because of higher cost and need for
 
poor 	fuel-economy engine calibrations
 

3 	 Three-Way Catalyst Systems make it possible
 
to control HC, CO, & NOx simultaneously, with
 
good fuel-economy. Require sophisticated
 
control of air-fuel mixtures and spark tim
inm. Most cars in the U.S. will soon be
 
equipped with 3-way catatlyst systems
 

4 	 Lead-free gasoline is currently needed for
 
all catalytic emission control systems
 
because lead poisons (Pnd thus inactivates)
 
the catalysts. Lead-Lc erant catalysts are
 
being explored and deve'.oped, but their
 
effectiveness and durability is yet to be
 
proven
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E 	 Alternative Fuels
 

LPG, CNG, LNG are difficult to use and
 

require specialized engine adaptations. They
 

have no special advantage over catalytic con

trol of gasoline engines
 

Electric Vehicles are a long time off because
 

inadequate battery technology. Even with

2 


of 

better batteries, will always have limited
 

range because of time-consuming refueling
 

as a 	fuel, either by
3 	 Alcohol can be used 

it is not
 or mixed with gasoline. But
itself 


without problems
 

0 	 gashol (mixture of alcohol & gasoline)
 

tends to increase the octane (anti

knock) rating of fuel
 

0 for engines calibrated rich, gasohol
 

reduce exhaust emissions of HC

tends to 

& CO, and increase NOx
 

0 	 for engines calibrated lean, gasohol may
 

induce lean-misfire and increase exhaust
 

HC
 

o 	 alcohol substantially increases exhaust
 
are a
emissions of aldehydes, which 


suspected carcinogen (but catalytic
 
effective for
emission control is 


aldehydes)
 

• 	 gasohol has higher vapor pressure than
 
evagasoline, substantially increases 


porative emissions of HC
 

alcohols may adversely affect elastomers
• 

not designed
in fuel system if car was 


for alcohol fuel
 

less heat value than gaso

line, hence range is reduced for
 

equivalent volume of fuel
 

* 	 alcohol has 
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V. Establishing Programs to Control Automotive Emissions.
 

A 	 The first step is to define automotive emissions.
 
To do that one must have an emission test pro
cedure (TP)
 

TP consists of
1 


* 	 instruments that measure chemicals 

* 	 driving cycle 

Three major test procedures are used in the
 
world
 

* 	 USA 

* 	 Europe 

0 	 Japan
 

• 	 There are also some obsolete tesi pro
cedures that are still used in some
 
smaller markets for cars
 

3 	 Because of major differences, these test pro

cedures produce results that cannot be easily
 
or precisely compared
 

4 	 How would a country go about establishing a
 
TP?
 

* 	 developing TP from scratch is a large 

task
 

• 	 it is better to adopt an established TP
 

5 	 There are significant implications in adopt
ing one of the several existing TP's 

0 	 how well does the TP account for the
 
relevant emissions?
 

* 	 selection of a TP creates ties to a
 
country (or group of countries) for get
ting technical help in conduct of the
 
control program
 

® 	 selection of a TP tends to create ties
 
to a market for cars
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Getting the auto industry to build clean new cars
B 


Establishing emissiou standards
 

a 	 for which pollutants?
 

b 	 hov stringent?
 

2 Defining compliance with emission standards
 

a 	 The goal of the control program is
 

achieved by compliance of the -ean ve

hicle
 

Each-car compliarne is nevertheless
b 

advocaced by 3ome authorities
 

0 	 Each-car compliance requirement
 
greatly increases the effective
 
stringency of the emission standard
 

* 	 Each-car compliance with standards
 
comgreatly increases the cost of 


pliance, thus the cost and complex
ity of cars
 

mean
C Defining compliance in terms of 

the
emissions from a sub-set of 


manufacturer's production is the better
 

approach
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cars are 	,11signed and built to
 Assuring 	that new 

emission standards
 

3 

meet 	the 


to require manufacturers
Current practice is
a 	 to sell
 
to demonstrite prior to being allowed 


that 	thiir veh.tcles are designed to meet
 cars 

. useful lives
standards for 


* 	 But there are major technical problems
 
an approach has
that 	suggest that such 


limited validity, and that it provides a
 
cars
 poor 	basis for predicting how well 


will 	do in accual use
 

Also, such systems are costly to admin* 

ister, both for governments 	and industry
 

b 	 Some countries also require testing of indi

vidual cars on the assembly-line, and others
 

have considered requiring dealers to test
 

cars before delivering them to customers
 

0 	 but emission tests of new (not yet
 

broken-in) cars have questionable signi

ficance
 

* 	 new-car testing tells nothing about
 

durability of the control system
 

c 	 An alternative approach would evaluate com

pliance in terms of results of in-use vehicle
 

testing
 

0 	 tests would be made of cars in-use,
 

after some period of use
 

0 	 for classes of cars that fail to meet
 

standards, manufacturer would have to
 
pay fees or fines
 

* 	 advantage is that real objective -

i.e., clean cars in-use -- becomes 

manufacturers' goal, .instead of the
 
manufacturers focussing on how to beat
 

the pre-production testing requirement
 

a problem might be in whether government
* 

has political willingness to impose fees
 

or fines when classes of cars are-found
 
to fail to meet standards
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C What 
cars 

can (or needs to be) done 

stay clean while in use? 

to help assure that 

It is important to conduct surveillance test

ing over the life of the cars, so as to have 

data on how the program is working 
and where 

it needs to be improved 

* Such programs have consistently shown 

that the main reason for cars-in-use 

having excessive emissions is that they 

are not adjusted to their manufacturers 

specifications 

Periodic lnspection/Mantenance 
programs are 

often suggested as a way of controlling in

use vehicle emissions 

a in I/M programs, every car is required 

to be inspected once or twice a year by 

a short emission test. Cars that fail 

are required to be repaired 

b but there are many technical obstacles 

to carrying out effective I/M programs 

0 The main obstacle is that there are 

no good short tests that can corre

late with a full emission test 

0 I/M is costly, not only in money 

but also in public inconvenience 

0 the prospects for 

effective are not 

I/M being cost

good 

3 Limited adjustability of emission-sensitive 

parameters (e.g., idle mixture, choke set

ting) can be required on new cars 
to reduce 

the problem of maladjustment in the field. 

4 Mechanic Training is important. Mechanics 

tend to adjust cars for optimum performance, 

which may not be the same as minimum emis

sions 

5 Retrofit of In-Use Cars is technically feasi

ble, but is probably not logistically or 

economically feasible 
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Warranty of emission control systems has been
 6 

difficult to


in the U.S., but is
required 
 interest
owners have little
enforce because 

their cars
in emission performance of 


cars has been carried out

defective
Recall of
7 
 It is a costly sanc

extensively in the ".S. 


tion against manufacturers, and 
may not be
 

money spent for
 
cost effective in terms of 
 fines
A system of fees or 

pollution abated. 


(instead of government-mandated recalls) 
may
 

be more efficient
 

There are also non-technological 
approaches to
 

D 

air pollution
reducing auto 


Reductions in VMT, parking restrictions,
1 

street and highway planning
 

interadminister and
These are difficult to
2 
fere with vehicle use, thus may 

be very unpo

pular
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A 


B 


C 


* 


* 


• 


* 


Vi. 	 Costs of Automotive Emission Control
 

some 	costs to new vehicles,
Emission control adds 

control can be
 but very significant levels of 


cost 	increase of 5% or
 
achieved with a new-car 

less.
 

Conducting control programs costs money, 
requires
 

a long time to
 highly-skilled talent, and takes 


become effective
 

Measuring Emissions from Automobiles requires

* 


well-equipped laboratory facilities and
 

trained technicians
 

easy way of get
0 	 There is no quick, cheap, or 


ting valid emission test results
 

the issue of emission con-
Most significant is 

trols' impact on fuel economy
 

By using unleaded gasoline and catalytic
* 
 control

emission controls, a great deal of 


can be achieved without loss in fuel economy
 

The simpler, non-catalytic approaches tend to

• 


increase fuel conaumption
 

VII. Summing Up
 

First, collect and analyze data to see if you
 

are likely to have a problem. Don't

have, or 

decide without knowing where you are and 

where you
 

be in the future
are likely to 


Control of auto pollution is not cheap; don't
 

invest in it unless there is a current or prospec
Don't just do
 tive demonstrated need for control. 


are doing it
it because others 


motor vehicle
 you decide you need to control
If 


emissions, get help from people who have experi-


Avoid their mistakes. Adapt their
 ence. 

to your needs.
successes 


0xidation-catalyst emission control is hf.ghly
 
reduce fuel economy, but
effective and does not 
 unleaded gasocurrently requires exclusive use of 


line in catalyst-equipped cars
 

###### 
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Environmental Issues in
 
The Petroleum Refining Industry
 

The petroleum industry may be broadly classified 
into five areas:
 

* 	 Exploration and drilling (onshore and offshore)
 

* 	 Production
 
• 	 Transportation and supply
 
• 	 Refining
 
• 	 Marketing and distribution
 

This paper will emphasize the environmental issues in 
the petroleum
 

refining industry, together with some discussion 
of risk assessment. The
 

methodology of this latter area is useful within many branches of the
 

petroleum industry.
 

Petroleum refineries, are exceedingly complex 
sequences of various
 

The equipment necessary to process crude 
oil into the necessary
 

processes. 

finished products depends upon:
 

- sweet 
* 	 Types andquantities of crude oil available 


(low sulfur) or sour (high sulfur); high API 
gravity
 

(produce a relatively large volume of gasoline) 
or
 

low API gravity (produce a relatively large 
volume of
 

heavy products which must be upgraded into 
more desirable
 

lighter products).
 

0 	 Type and specification of products to be 
produced.
 

The cost of energy - some processes are much more energy
* 

intensive than others that may make the same 

products.
 

no such thing as a typical refinery -

It is probably correct that there is 


they are all individually tailored to the 
available crude oils and the
 

needed refined products. However,the process sequence shown in Figure 
1 is
 

representative of that contained in many refineries, both in the United States
 

Given the complexity of this block flow 
diagram, one can under

and abroad. 

stand that describing the pollution emissions 

from a refinery would not be
 

true 	not only because of the complex processing
 a simple task. This is 

sequences, but also because the emissions 

(particularly air) are dependent
 

to considerable degree on the type of crude 
oil processed.
 

A. Refinery Processes
 

a refinery and their function are described
 The major process units in 


below (not all are shown in the block flow 
diagram).
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1.0 	Separation Processes
 

1.1 	Desalting
 

Crude oil is normally contaminated by water, salt and
 
sand, much, but not all,of which will settle out during storage. The
 
portion which does not settle out is removed by electrical desalting, or
 
less 	commonly by chemical desalting.
 

1.2 	Crude Distillation
 

This is the first operation in refining crude oil (after
 
desalting). In this process the crude oil is separated into various fractions
 
by distillation (both atmospheric and vacuum).
 

1.3 	Deasphalting
 

This process separates vacuum tower bottoms (the heaviest
 
product from crude distillation) J.nto resins and more viscous materials by
 
liquid extraction (usually with propane).
 

2.0 	Decomposition Processes
 

2.1 	 Catalytic Cracking
 

This is a technique for breaking down heavier distillation
 
fractions (gas oils) into gasoline using a catalyst, usually in a process
 
unit called a fluid catalytic cracker (FCC).
 

2.2 	 Hydrocracking
 

These units perform both cracking and hydrogenation. The
 
products, primarily saturated hydrocarbons, and are used for blending in the
 

production of gasoline, jet fuel, heating oil and diesel fuels.
 

2.3 	Coking
 

Coking is essentially a severe form of thermal (non-catalytic)
 
cracking. The products are primarily coke and gasoline.
 

2.4 	Visobreaking
 

This is a milder form of thermal cracking than coking.
 

3.0 	Formation Processes
 

3.1 	Catalytic Reforming
 

Saturated straight chain paraffins (e.g., normal octane) have
 

very low octane numbers. In catalytic reforming these low octane materials
 
are upgraded to high octane ring or branch materials such as benzene, toluene.
 
(This process is also called plat~orming, ultraforming and Theniforming).
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- ADLL I-

Summary of Hajor Sources of Air Emissions
 
Within a Refinery
 

Process Units 	 Emission Type
 

Crude Unit Including Desalter 	 None.
 

Vacuum Unit 	 Won-condensable vapors from steam
 
barometric condenser hot wells. If
 
surface condensers are used this source
 
will be essentially eliminated.
 

Catalytric Cracking 	 SO2 , NO , particulates, carbon monoxide, 
hyorocabo;)s, aldehydes, ammonia. These 
emissions Ire released from the regen
erator and not the reactor. 

Catalytic Reforming 	 Generally none, altbouth some hydrocarbons 
may release during regeneration. If 
regeneration is continuous, minor amounts 
of CO may be released. The quantities of 
NI 3 and/or H2 S which may be formed are 
typically recovered in the sour water or 
a refinery fuel gas stream. 

Catalytic Hydrocracking 	 Emissions from catalyst regenerations
 
which may release significant quantities
 
of CO over relatively short time frames.
 
As in the case of catalytic reformers,
 
any NH /H2 S formed is captured either in
 
the relinery fuel gas system or the sour
 
water system.
 

Alkylation 	 None.
 

Light Ends Recovery 	 Essentially none.
 

Catalytic Hydrotreating 	 Similar to catalytic bydrocracking.
 

Hydrogen Manufacture 	 None.
 

Solvent Deasphalting 	 None.
 

Residual Oil Hydrodesulfurizing 	 None, other than catalyst regeneration.
 

Asphalt Bloving 	 None, assuming the vent gases, which
 
are highly odorous, are unvented before
 

release.
 

Coking 	 Wind blown coke dust and emissions from
 
the storage containers for the water used 
In cutting the coke. 

-
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TABLE I (contini ed) 

Other Refinery Units Emission Type
 

Storage and Blending All storage tanks containing light
 
hydrocarbons. Including crude have the
 

potential to emit bydrocarbons to the
 

atmosphere. Breathing losses can result
 
from weathering or during emptying and 

the seals of the floatingfilling. Also 
roof tanks will leak to a certain extent. 

Particu3ates, SO , CO, hydrocarbons,Process Beaters 

aldehydes, NOX . Xihe quantities will of
 
course depend upon the source of fuel 
gas, oil, residual oil etc., the physical 
properties of each, and the burner design 

(for NOX emissions,.particularly). 

API Separator (hydrocarbons).
Wastewater Treatment 


Hydrocarbons.
Pressure Relief and Flare Systems 


Q6
 



Jater Emissions Within a Refinery 

Source 


Desalter 


Crude Distillation 


Vacuum Distillation 


Light Ends Recovery and Distillation 


H2S Removal 


Catalytic Desulfurization 


Catalytic Reforming 


Alkylation 


Chemical Sweetening 


Catalytic Cracking 


Eydrocracking 


Lube Oils 


tube Hydrotreating 


Deasphalting 


Coking 


Fooling Towers 


Source 


Ifscellaneous 


Pollutant Type 

Salt water, oils, phenols, sulfides. 

Stripping steam condensate containing 
sulfides, phenols, ammonia etc. 

Same as crude distillation except vacuum
 
jet water may also be present.
 

Liquid streams associated with caustic
 
and water scrubbing.
 

S.ent amine solutions.
 

Sour water from regeneration and perhaps
 
from separator injection.
 

Similar to desulfurization.
 

Water from caustic scrubbing.
 

'ater washing after scrubbing or treating.
 

Later from catalyst stripping section, 
sour water containing NH3,_H2S, CN , etc. 
Sour water containing NH3 and H2S. 

Solvent containing waters.
 

Sour water.
 

Waste water sources are minimal other
 
.than condensate from steam in solvent/
 
asphalt stripping towers, which will
 
contain oils.
 

Water used for cutting coke - contains
 
oils, sulfur compounds, etc. Also
 
water is often drawn from the overhead
 
accumulator and resulting from steaming
 
from the coke drum.
 

Blowdown water which contains heavy
 

metals, notably chromium.
 

Pollutant Type
 

Quench waters - water resulting from 
steaming during startups. cleaning 
of vessels, etc.; storwaater - even if 
segregated since It will contain oils 
picked up frpm spills, etc., In the 

process units.
 



3.2 Alkylation
 

This is another gasoline producing process in which olefins 
-with isobutane in the presen-e of a catalyst
(propene, butene) react 

sulfuric acid. 

4.0 T'eating Processes
 

4.1 Catalytic Treating (Hydrotreating)
 

This process, with the appropriate catalyst, is used to
 

remove sul:.r,nitrogen,decolorize and stabilize 
products and correct odor
 

problems.
 

5.0 Recovery Operations
 

These processes consist of sulfur recovery and fuel gas 
recovery.
 

B. Sources of Emissions from a Refinery
 

A modern, integrated refinery will emit considerable 
quantities of air,
 

water and solid waste emissions.
 

1.0 Air Emissions
 

The primary air pollutants emitted by refineries subject 
to
 

, CO, hydrocarbon (non
regulatory control within the United States are SOx
 Table 1
 
methane), particulatesNOx, sulfur compounds (H2S) 

and benzene. 

(i.e., from
 

summarizes the major sources of air pollutants 
by process source 


the various types of process units described above). 
In addition to these
 

sources tanks, loading docks, truck loading racks,etc. 
will also be potential
 

One other major source is fugitive emissions scurces of air pollution. 

leaks from valves, flanges, pumps, compressors, 

etc..
 

2.0 Water Emissions
 

Table 2 summarizes the major sources of water 
emissions from a
 

Although the volume of process water discharged 
from a refinery


refinery. 

treating system is not large, relative to many 

other types of industries,
 

the quantity and types of pollutants which must 
be removed is significant.
 

3.0 Solid Waste Emissions
 

The sources of solid waste emissions from a "typical 
refinery" are
 
- i.e.,
Some of these may be classified as hazardous
shown in Table 3. 
 The US
 

requiring special handling and disposal practices 
but many are not. 


EPA has defined the following as hazardous:
 

* Leaded tank bottoms
 

0 API separator sludge
 

• Cooling tower blowdown sludge
 

• Sludge from heat exchanger cleaning
 

* DAF float
 

The above wastes are defined to be hazardous because 
of the presence of toxic
 

metals - lead, chromium, etc.. 



UNIT 

LENGTH 


TIE 


MONEY 


WEIGHT 


VOLUME 


AREA 


ACTZON 


QUALITY 


RATE 


TILCE CONCEFTITON UiRIA.18 
"s 10.110
 

.
 

1 inch/16,000 miles 


L2p-M1ppb1 

1 inch/16 miles 


1 second/32 years
1 mirute/2 years 


.1/$10,000,000
l€/$10,000 


1 pinch salt/10 tons 
I ounce/31 tons 
 potato chips
potato chips 


1 drop vermouth/

1 drop vermouth/ 


500 barrels gin
80 "fifths" gin 


1 sq. ft/36 sq. miles 
1 sq. ft/23 acres 


1 bogey!3,S00,000 golf
1 bogey/3,500 golf tournaments 
 tournaments 


tennis matches
1 lob/l,200 ,00O

llob/l,200 tennis matches 


1 bad apple/2,000,000 barrels
•
1 bad apple/2 ,000 barrels 


I dented fender/1
0,000 car 


1 dented fender/10 car lifetimes 
lifetimes 


.
10-1 


1 inch.16,000,000 miles
 
(A six inch leap on a
 
journey to the sun).
 

1 second/3 20 centuries
 

1¢/$10,0000,000
 

1 pinch salt/10,000 tons
 
potato chips
 

1 drop vermouth/
 

250,000 hogsheads gin
 

or 
1drop vermouth in a pool 
of gin covering the area of 

a football field-43' deep 

or
 
1drop vermouth in 520
 

30,000 gal tank cars of gin
 

1 sq. in/250 sq miles
 

000 golf
1 bogey/3,500,0
00 ,
 

tournaments
 

1 lob/1,200,000,000 tennis
 iatches
 

1 bad .pple/2,000,000,000
barters
 

1 dented fender/10,000,000
 
car lifetimes
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4.0 Control Technologies
 

The type of control technology selected depends 
in large part upon
 

the degree of control required (removal efficiency). This in turn depends
 

upon the regulatory philosophy in any particular region, 
and in some cases
 

Often in the specification of removal efficiencies,
on specific sites. 

processes are required to meet effluent concentrations of 

parts per million
 

or even in some cases, parts per billion. It is difficult to visualize how
 

The information shown in Table 4 helps to
 small these numbers really are. 


relate these very low concentrations to things with which 
most people are
 

lobs/tennis match.
 familiar - albiet in somerather strange units such as 

4.1 Air Pollution Controls
 

Within the United States a source is defined as major, 
and
 

therefore requiring air pollution controls if the emission 
rates exceed a
 

Very few
 
"de minimus" value. These deminimus rates are shown in Table 5. 


refineries of any size or complementary fail to exceed 
these rates and hence
 

require controls.
 

Again, within th; United States, one of two types of control
 

best available control technology (BACT) and lowest achievable
 is required -

The essential distinctions between the two
 emission rate (LAER) technology. 


are:
 

- i.e., ambient

BACT is applicable when the region is attainment 
a 

values of the pollutant do n6t exceed some specified 

value.
 

In specifying BACT one most cons4ders the economic costs
 

of the various competing technologies.
 

LAER is applicable when a region is non-attainment -
i.e.,


* 

ambient values of the pollutant exceed some specified value.
 

In the specification of LAER technology economics are 
not
 

considered.
 

The level of control (removal efficiency) is typically specified
 

These standards do not specify
via a new source performance standard (NSPS). 

A refiner is free to
 

technology but rather the degree of control required. 


select whatever technology is appropriate provided it meets 
BACT or, if
 

Examples of the types of regulations which
 necessary, LAER guidelines. 

may be imposed are:
 

* The allowable NOx emissions from process heaters is
 

0.2 lb/millon BTU fired.
 

a The allowable sulfur content of refinery fuel gas is
 

10 grains per 1000 cubic feet.
 

a Claus plant is 99%.
* The minimum recovery of sulfur in 


As an example of the differences between BACT and 
LAER technology,
 

consider the different methods of NOX control technology. The allowable NOx
 

emissions referred to above (0.2 lb/million BTU) is higher than that allowed
 

in some regions of the United States (especially California) 
where values of
 

0.1 lb/million BTU or less are proposed.
 



1-ol 1ut nt 


Carbon Monoxide 


Nitrogen Dioxide 

Total Suspended Particulates 

Sulfur Dioxide 

Ozone 

Lead 

Mercury 


Beryllium 

Asbestos 

F uorides 

Sulfuric Acid Mist 

Vinyl chloride 

Total Reduced Sulfur: 

Hydrogen sulfide 

Methyl mercaptan 


Dimethyl sulfide 


Dimethyl disulfide 


Reduced Sulfur Compounds: 

Hydrogen sulfide 


Carbon disulfide 


Carbonyl sulfide 


EzniEssion Rate
 

100 tons per year
 

10 tons per year
 

10 tons per year
 

10 tons per year
 

10 tons per year
 
of volatile-hrgani c
 
compounds
 

1 ton per year 

.i tons peryear
 

0.004 ton per year
 

1 ton per year
 

0.02 ton Der year
 

1 ton per year
 

1 ton per year
 

1 ton per year 

1 ton per year 

1 ton per year 

1 ton per year 

(see above) 

10 tons per year 

10 tons per year 

10
 



TABLE 7 

EXAMPLE EFFECT OF TANK/SEAL TYPE AND WIND SPEED 

Hydrocarbon Emissions
 
(lbs/yr)
 

Tank/Seal Type Long Beach, CA. Galveston, TX.
 

Welded Tanks
 

Mechanical Shoe Seal
 
Primary 13,842 31,939
 
Shoe-Mounted Secondary 5,311 10,371
 
Rim-Mounted Secondary 919 1,605
 

Liquid-Mounted Resilient Flu
 
Filled Seal
 

Primary Only 5,056 8,328
 
Weather Seal 3,058 5,048
 
Rim-Mounted Secondary 1,067 1,332
 

Vapor-Mounted Resilient Filled
 
Seal
 

Primary Only 60,358 217,504
 
Weather Seal 37,658 128,346
 
Rim-Mounted Secondary 17,401 74,117
 

Riveted Tanks
 

Mechanical Shoe Primary Only 14,995 34,599
 
Shoe-Mounted Secondary 9,295 18,151
 
Rim-Mounted Secondary 2,772 6,765
 

Calculated Using API 2517, (February 1980)
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TABLE 8 

SUMMARY- STATISTICS AND ESTIMATED VAPOR EMISSION FACTORS 

FOR NONMETHANE HYDROCARBONS 

Emission 
Factor 

Number Number Percent Estimate 
Source Type Screened Leaking Leaking (lb/hr/source) 

Valves 
Gas Vapor Streams 563 154 27.4 0.059 
Light Liquid/Two-Phase 913 330 36.1 0.024 
Heavy Liquid 485 32 6.6 0.0005 
Hydrogen 135 59 43.7 0.018 

Open-Ended Valves 129 30 23.3 0.005 

Pumps 
Light Liquid Streams 470 296 63.0 0.25 
Heavy Liquid Streams 292 66 22.6 0.046 

Drains 257 49 19.1 0.070 

Flanges 2094 62 3.0 0.00056 

Relief Valves 148 58 39.2 0.19 

Compressors 
Hydrocarbons Service:. 142 102 71.8 1.4 
Hydrogen Service 83 69 83.1 0.11 



TABLE 6
 

AIR POLLUTION CONTROL TECANOLOGIES
 

PETROLEUM REFINERIES
 

Control Techniques
Pollutant Source 


None required at present but 
some companies use caustic scrubbing.
 

SO2 Also flue gas desulfurization processes 
developed for the utility
FCC Unit 


industry are being evaluated for 
their aoplicability.
 

SCOT process, Wellman Loid Process
 
Claus Plant Tail Gas 


Flue gas desulfurization or low 
sulfur fuel.
 

Boiler 

Amine Scrubbers and the recovered H2S is 

sent to the Claus Plant
 
Hydrocracking,
H2S for conversion to sulfur.
 
Hydrotreating, etc. 


High temperature regeneration 
or CO boiler to recover the 

waste heat.
 

FCC Unit
CO r Keeping particulates as
 ,.

Cyclones or electrostatic rrecipitato


FCC Unit Delayed Coker 
Particulates well as feasible.
 

Low Nox burners, flue gas 
recirculation.
 

Process Furnaces
NOx 


5_
 



NO_ is formed by two basic routes: fixation of the nitrogen
 

in the air, and oxidation of fuel bound nitrogen. The precise mechanisms
 
by which the NOx is formed are different in each case, as are the relative
 
conversions per unit of nitrogen present in each source.
 

The control technologies currently available are:
 

* Off stoichiometric combustion
 
* Flue gas recirculation
 
* Oxygen control
 
* Low NOx burners
 
* Thermal deNOx with ammonia injection
 
" Selective catalytic reduction with ammonia injection
 

BACT technology is typically low NOx burners, which are capable
 
of reducing NOx emissions to 0.13 lb/million BTU's for the least cost of the
 

available methods. However, if one must reach an emission level below 0.13 

i.e. LAER, selective catalytic reduction with ammonia injection is used. The
 

cost of this latter technology is several times higher (per unit NOx removed)
 
than is the use of low NOx burners.
 

The commonly used technologies employed within a refinery for
 

air pollution control are summarized in Table 6.
 

There are three primary sources of hydrocarbon emissions within
 

a refinery: the API separator, tanks and fugitive sources (valves, etc). If
 

hydrocarbons from the API separator must be controlled the only feasible method
 
is to cover the separator and vent the hydrocarbons to a flare. This technique
 
will recover about 95% of the hydrocarbons.
 

Control of emissions from tanks depends upon the particular
 
type of tank and the material stored in it. Normally floating roof tanks
 

are used whenever the vapor pressure of the stored material exceeds 1.5 psia.
 

The hydrocarbon emissions are also very dependent upon the area in which
 

they are located. This is illustrated by the calculated emissions for
 

various tank types in two locations Long Beach California and Galveston, Texas
 

(much windier), shown in Table 7. The same material is stored in the tank
 
in each case.
 

Fugitive emissions are controllable only through inspection
 

and maintenance programs. If one is implemented, it is probably only cost
 

effective for valves, pumps and compressors, since the large bulk of fugitive
 

emissions comes from these sources. This is shown by thp data presented in
 

Table 8.
 

4.2 Water Pollution Control
 

The number of disposal techniques used to treat refinery wastewaters
 

is quite large. The specific unit processes selected depend upon the waste
 

characteristics, which in turn depend upon the crude oils processed and the
 

actual processing sequence.
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Generally a refinery wastewater system consists of:
 

0 	 A drainage collection system.
 
* 	 Gravity type oil water separators to remove oil and
 

sediment.
 
• 	 Treatment units or disposal facilities to handle segre

gated chemical solutions and other process wastes and
 

to remove toxics.
 
• 	 Some forM of secondary treatment (e.g.,activated sludge)
 

following the gravity treatment.
 
• 	 If needed some form of polishing such as activated carbon
 

(this may also T added to the activated sludge process).
 

An example of a plan for the collection and treatment of refinery
 

liquid wastes is shown in Figure 2.
 

4.3 	Solid Wastes
 

One of the most important aspects of solid waste management is
 

prudent segregation practices. For example, the wastes may be segregated
 

as follows:
 

* 	 Oily process sludges - e.g. API sludge
 
* 	 Non-oily wastes - e.g., storm sewer cleanings
 
* 	 Biological sludges
 
* 	 Sanitary wastes
 
* 	 All others
 

A major management tool is source reduction. Examples of commonly
 

used techniques are:
 

• 	 Tank cleaning - variable angle mixers in storage
 

tanks used in conjunction with selected solvents.
 

* 	 Biosludge from water treatment
 

• 	 Increase the sludge age via use of a well operated
 

air flotation or sand filter system before the bio
unit.
 

• 	 Ensure aerobic sludge digestion.
 

• 	 Chemical treatment (acid) to enhance organics oxidation
 
and sludge dewatering.
 

* 	 Addition of polyelectrolytes to the air flotation unit.
 

It is also extremely important to minimize the amount of sludge to
 

be disposed of (in addition to those methods suggested above) by various
 

sludge concentration techniques. These methods are:
 

Gravity - gravity thickening, dissolved air flotation,
 
chemical flocculation.
 



FIGURE 2
 

EXAMPLE OF REFINERY WASTEWATER TREATMENT SYSTEM
 

Typical Sources of Wastes 	 Collection System Treatment
 
Type 	of Wastewater 


Oil free storm water
 
Special
Oil Free 


Once 	through cooling water (light service)
Oil 	 FreePurpose
 Sewers Separator

steam turbine condenser water roof drainage
Oil Free 


Water treatment plant
 

Filter back wash
 

Purpose

Once through cooling water (heavy service) Oily Cooling Special

Pupor

Oily 	Cooling Oil storm water 


Water Sewers 	 Separator
 

N te2 
Note 	 2
1 

1) Desalter water
Process (Note API Secondary
Process Water
Tank drawoffs 

Sewers Separator Treatment
Pump 	gland cooling water 


Condensate from stripping
 

Barometric condenser water
 

Refinery
 

Sanitary Sewage

Sanitary 	 Locker rooms and 


Sewers 	 Plant 
_ 

lavitories 


or
 

Municipal
 
Sewage
 
System
 

Notes:
 
-;ulVide oxidizers, ovor wutor ntripporn inny dselihrgo to either 

secotunahty
 
(10 	 Effluents from trentinent units such us 

treatment or to receiving water. 
(2) 	Discharge from the API separator can go to a municipal (public) treatment 

works.
 



Mechanical Dewatering - centrifugation, hydrocyclone, disc
 
centrifuge, scroll centrifuge comperforate basket
 
centrifuge, pressure filtration, vacuum filtration,
 
and gravity belt filtration.
 

Incineration - burner type, fluidized bed multiple hearth,
 
monohearth incinerators, grate incinerators and
 
rotary kilns
 

Pyrolysis
 

Finally, we must select an "ultimate" disposal method. The
 
commonly used methods are:
 

* Land fill
 
* Sand lime stabilization
 
* Chemical fiation
 
* Landfarming (both oily and biological sludges)
 

The appropriate method to select is very site specific and waste specific.
 
No matter what method is employed, one must ensure that the hazardous (toxic)
 
materials do not migrate in any manner from the site.
 

5.0 Risk Assessment of Tanker Spills
 

A large amount of crude oil is transported into a refinery via tanker.
 
Similarly many product!, are also removed by tanker. There is always the
 
possibility of environmental damage by oil spill-from any variety of type
 
of accident.
 

Fairly elaborate methods have been developed to predict the
 
frequency and quantity of oil spills from tanker accidents. This methodology
 
is described in the attached paper by Brian Murphy (of ERT) and co-authors.
 

The methodology described has been used to study the potential for
 
oil spills at the terminus of the Northern Tier Pipeline and for an on shore
 
crude oil storage area associated with the offshore oil fields in the Gulf
 
of Mexico.
 

Another method of assessing the risk of environmental hazard is fault
 
tree synthesis. This technique is current less well developed than that
 
described above. A paper describing this approach is also attached.
 



COMPUTER-AIDED FAULT TREE .SrThESIS FOR
 
EL!'VRO,!ENTAL RISK ASSESSMENT
 

by 

Gary J. Powers 

nSevenLappA. 

Department of Chemical Engineering
 
Carnegie-.,e1lon University
 

Pittsbura'n, Pennsylvania 15213
 

Presented at the September 1975 AIChE Meeting in 

.Boston,M1assachusetts
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Abstract 

. is one. means for systematically identifying cause....Fault tree. analysis..... 
Once a 

could lead to environ=ental hazards. 
chains of events whichand-effect 

fault tree has been constructed 
it is possible to compute the 

time dependent
 

ofof occurrencethe probabilityof the hazard givenof occurrenceprobabilitY are in 1) generat
with this approachtwo major problemsevents. Thecausing We have developed 

2) gathering the appropriate probability 
data. 


ing the tree and 
trees for chemical proof faultthe generation

a computer progr.a -ahich aids in 
The fault tree is deduced 

It uses signed digraph models 
for equipment. 


cesses. 

Extensions to other envirormental
 

directly fromthis simple model 
of the system. 


An example is presented for the 
analysis
 

risk situations will be discussed. 


of environmental risks due to 
the operation of a gas scrubber.
 

more important aspect of
 
Environnental risk assessment 

is becoming a 


Environmental impact statements, 
po

the design of chemical processing 
plants. 


tential fines, and lawsuits make 
the potential environmental 

risks an important
 

In the assessment.of risks it 
is necessary to determine 1)
 

business issue. 


e consequences of each potential 
risk, 2) the probability of occurrence 

of each
 

hich could cause the risk and 
4) the costs of
 

event, 3) the chains of events 


potential changes to the process and its operation 
which might reduce the prob

ability or consequences of the 
event.
 

A number of techniques have been 
advocated for determining the 

conse-


They are cormonly based on simulations 
of the transport and
 

quences of risks. The results
 

interaction of released chemicals 
with people and the environment. 


ofare estimates the potential damages which might be caused 
of the simulation is oftenof these estimates

and type. The adequacy
by releases of various size 

At low 
the state of knowledge of the 

reactivity of the chemicals. 

dependent on is very uncerconsequences

levels of exposure the prediction of 
concentration 

In the following discussion 
only high concentration exposures, 

which usually
 

tain. 


occur over short time periods, 
are considered.
 

http:assessment.of


-2-

The prediction of the probabilities of exposure is a more difficult
 

issue. -Intuitive techniques are less suited for the prediction 
of probabilities
 

than they are for consequence estimation. The following sections describe a 

technique which we have developed for using computers to 
aid in the generation
 

The programs place the generatiort of fault trees on 
a basis
 

of fault trees. 


from which risk studies can be made very routinely, quickly, and accurately.
 

In this paper we outline a method for identifying chemical 
process
 

The basis of the approach
their costs and probabilities.hazards and estimating 

fault tree method of safety analysis. Following identification of hazards 
is the 

a safety simulacion of the process is performed. A symbolic model of the pro

tn'the form of a digraph. The digraph's nodes are events with
cess is prepared 


may propagate within the
 
in the process. The digraph edges indicate how events 

state gain and dynamics of each propagation are considered 
system. The steady 


the hazard may be deduced
The fault tree forin the construction of the digraph. 
From the fault 	tree and probability
directly from the digraph for the process. 


the probability of the sys
data on failures and disturbances within the system, 


(Fault Tree Synthesis - FTS)

tem hazard may 	 be computed. A computer program 


safety analyst -will be described.
which aids the 

Introduction
 
motto used by many chemical companies. It illusa
'Safety First' is 


the importance industry places on preventing personal, 
equipment, and
 

trat:e& 

of the major chem

isusines5 interruption hazards. The employee safety records 


a chemical

il conrflanies have been good. The probability of being injured in 


many other industries and much less than stay
processing plant is less than in 

However, the process loss situation has not been 
as encouraging.


Ai at home. 

of major losses have occurred due to fires., explosions, 
and releases of 

A nubler 
c~ micals *inchemical plants. In addition, more stringent laws are being pro

ulgated to ensure worker safety and to prevent releases 
of toxic or otherwise
 

How can the chemical industry improve
hazardous materials into the environment. 


How can they counteract wellthe safety and reliability of their processes? 


The key lies in care
meaning but sometimes misdirected governmental agencies? 


ful attention to the design and operation of each 
part of the chemical processes.
 

i 
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Op-


Designers must be able to analyze 
processes to foresee potential 

failures. 


be trainedcontrol systems, must
well as the automatic 

erators of procet.Ses, as 
In dealing with govertefntal agencies 

to process failures.t respond rapidly 


that "all reasonable precautions have been taken
 
pxocess designers must show 

This last sentence 
of events to acceptable levels". 

to reduce the probability 

law is written so that the
 

of the safety problem. The
the key featurescontair3 

2) decidingthe potential events,1) identifying
indusuy i, responsible for 

of these events to 
reducing probability 

on reisonable precautions, and 3) the 
to the

where meaningful contributions
These three areas are

accepablfe levels. 
can be made. One needs to 1) identify

chemical processesifety analysis of 
3) compute

these events from occurring, and 
to preventevents, 2) decide how 


acceptable probabilities.
'Wat constituteszax° determine 

The following sections describe 
one approach to this analysis 

problem.
 

this approach have been described in previous pap-

The fundamental concepts for 


Fussell, Powers, Bennetts, (1974)). In this
 
ers (Powers and Tompkins (1974), 

illus-
Synthesis) program and 

Oper we will briefly describe the FTS (Fault Tree 
The major points to be covered
 

trate by a simple example how it might be used. 

3) digraph models
 

2) hazard consequence estimation, 
are I) hazard identification, 

fault tree synthesis,
 
individual equipment and complete 

chemical processes, 4)
of 

5) fault tree evaluation (probability 
calculations) and 6) use of the 

piogram
 

for new designs and for the review of existing processes.
 

oComputer-Aided Safety Analsis
 the quan
the major steps required to carry out 

Figure 1 illustrates 
flow di-Initially the process

of a chemical process.
titative safety analysis 

occur with-
Second, the hazarious events which might 

agram must be identified. 
Data are required on the physical 

in or around the process must be 
discovered. 


the mechanical and 
of the species in the process and 

and chemical properties 
Each potential hazardous event
 

electrical properties of the process 
equipment. 


(loss of life, loss of
 
may then be evaluated to determite 

its possible costs 


the environrent).
loss of business, and damage of With 

and material,equipment 
steps a ranked list of potential hazards may

fron, thesethe information derived 
of each hazard.of occurrencethe probabilityWat is required is a constructed. 



PROCESS
 
FLOW DIAGRAM 

"HAZARDPRETYDT 
DT
I4 56IETI

IDENTIFICATION 

_-RAZARD
 
EVALUATION 

QUIPMENT 7 DIGRAPH 
SAFETY" GENERATION 
MODELS
 

' "iFAULTTREE 

•SYNTH ESI S 

T R E E ' ,i pROBABI LIT.YSFAULT 
.DATA:EZVALUATION 

SHAZARD PROBABILiTIES1 

Steps in Htzard Assessment
fig. 1. 
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Since most of these events will occur very infrequently, it is not possible to
 

-take a direct statistical approach to the estimation of their rate of occurrence.
 

a means for estimating the probability of hazardous events
What is needed is 


from the probabilities of more common (and hence more accurately determined)
 

Fault tree analysis (FTA) is one means for carrying out this estimation.
events. 

a logical consequence of fther
PTA is based on the assumption that the hazard is 


events. That is, if we knew the probability of occurrence of the set of events 

Vhich contains the necessary precursors to a fire we could estiate the 
prob-


In this manner, the causative events are reduced to snaller
ability of the fire. 


a level .is reached at which sufficient prob
and smaller sets of events until 

ability data are available.-'
 

One major problem in this approach is the generation of the sets o5 

These sets must contain 'all' the important events in the
 precursor events. 

a very ti-:e 

proper logickl relationships. The generation of fault trees can be 


an average chemical pro
consuming and error-prone procedure. For example,, in 

This large nuwaber of events 
.ss there will commonly be over 50 hazardous events. 

is because a single generic hazard, such as release of toxic material, 
could
 

Each fault tree
 
occur at a number of different locations within the process. 


will often require two to three man-days to carry out the generation, 
docuen-


Hence, several mAn-years
tation, and computation of probabilities of failure. 


of effort are commonly required to carry out a fault tree analysis. 
A recent
 

Commission (WASH-1400) required over t-4enty-five
study by the U.S. Atomic Energy 

pres
man-years to generate the fault trees for one boiling water 

reactor and one 


In addition, high quality people are .required to car--y

surized water reactor. 


The magnitude of the time required for analysishas retarded
 out the analysis. 

the chemical process industry. We are
 

th' growth of the fault tree method in 

currently developing procedures and computer programs (FTS) 
which we hope will
 

greatly reduce the time required for quantitative safety 
analysis.
 



ProsraFTS-Fault Tree brnthesis 

a symbolic process si=ulatio. -ollc-w-
The M program is essentially 

a symbolic odel af the 
ing identification and evaluation of process hazards 

of euip=en=t .-ith-.
from models of individual pieces

complete process is asserbied 
experts and hopefu!ly -epre-

The models have been developed by
in the process. -

of process; ecuip
on the normal and failed-behavior 

sent the latest tainking 


We have developed an agorith -.:hich
 
signed digraphs.ment. The models are 

Once .the 
tree directly from the properties of the digraph.

deduces the fault 
a=d the prob

it is placed in minimal cut-set form
generated,fault tree has been 


top event is computed.
ability of the 

Flowdiara-n Inut = 
in similar to other flowdiagr am 

The flowdiagram is entered a manner 

are numbered and the topology of ta ?ro
simulators.. Th .- equipment and streams 

of each piece of eaui.'ent and each 
cess network defined. The characteristics 


data str-uctL-e

The program consfructs a multilinked 

stream are entered as vell. 

the process.
which contains the inforz-ation on 

Hazard IdentificAtion
 

Potential hazards are identified by considering 
the physical and C"em

of the species within the process land 
the strength of =he ecuip

ical properties 
1) single species property data 

mont. The species hazards are determined from 

etc. amd
flammability, exlosiveress,

detonation tendencies, toxicity,such as 
- i n e ..-heher species 

data. The binary data are required to dote 
2) binary species 

A
 
vithin the process react with each 

other and if so under what codiric2s. 

=r - - ' 

from data in the ?ro s library
constructedbinary species reaction atrix is 

Equipment related hazards are identified 
by consid

end from the program user. 
 -:!e
 
ering the pressure, temperature, and 

corrosion ratings of the equipment. 

and the conditio.s recuired 
result of hazard identification is a list 

of hazards 


Figure 2 jives the hazard "equation' for explosion.
 
for their occurrence. 



Binary or 	 Single Species 
DecompositionDecomposition 

andan 
•.. 

P> P* Speciesignition Species ' P P* T>T% T>T* 

Source 

C>C* 	 C< C 
Fig. 2. The Hazard Equation for ExplosOio 



Hazard Evaluation
 

total cost of each potential hazard is determined in several ways.
The 

First, a detailed calculation of the blast wave 
radius and high radiation fire
 

radius are computed. Equipment, people, and raw materials within 
these radii..
 

are computedBusiness interruption expenses
are used'in the cost evaluation. 

and the current delivery times '1or major pieces 
from product rates and 	values, 

The impact of the release of toxic material 
is based upon 

of process equipment. 

and toxic nature of the 

the release, plume spread calculations,the magnitude of 
a hazard are then combined to 

These features of the cost ofchemical species. 

cost for each hazard. These estimates are used as
 

the total potentialmeasure 
More detailed est.-mates of each

cost of a hazard. a first approximation of the 


hazard will commonly follow the generation of thP fault trees.
 

used by major insur-

The program also contaips several rating schenes 

relative
These schemes use a 

ance and chemical companies in the United States. 


based past loss"'.
rating scale for species, equipment, etc. The ratings are on 

These methods give a very rapid means for screening 
poten

data and intuition. 

They are usually not discriminating enough 

to use
 
tial total process hazards. 


on specific equipment faults within a process.
 

of hazards within the process a ranked list 
Following the evaluation 

What remains is to determine the probability 
of each
 

of hazards is constructed. 


hazard.
 

Digraph Generation 

Signed digraphs are used as models for faults 
in the FTS program.
 

Models have been prepared for pieces of equipment 
normally found in chemiical
 

processes (reactors, pumps, pipes, mixers, 
tees, valves, sensors, controllers,
 

The
 
etc.). Each module is an input/output matrix for 

the piece of equipment. 


In addi
inputs are variables whose information could 

flow into the equipment. 


tion to the normal inputs all known failure 
modes are considered as inputs.
 

That is, if a failure occurs, how does it change 
an output variable? Finally,
 

any changes in relationships between +input and 
output variables due to failure
 

For example, plugging of a pipe changes the input/output
modes are indicated. 


relation for pressure in that pipe.
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Given a particular hazard ekuationi and process flowdiagram, the FTS 

program asse--les a dig:ah for the complete piocess. The assembly of the pro

cess digraph requires consideration of the gains and time constants for each
 

is aninput/output re!._tionshiIJ and for loops within the digraph. The digraph 


the dominant loops with respect to gains and dynamics. This
alyzed to deter--ine 

reduced digraph is conierted to a signed digraph where the gains are +1,0,-I, 

+10, and -10. 7he gains of -10 indicate large changes which exceed the capacity 

occur with negative feedback loops. 'odules alsoof corrective actions such as 

have been dev'elopad for t:'e human operator's actions in the sensing of variables, 

action, and taking control action. External failure modelscomputation of control 


which predict =he propagation of failures outside of the process pipes are also
 

being developed.
 

Fault Tree Sn'.es-s 

Lapp has developed an algorithm which deduces the correct system fault 

O e from a signed digtaph for the process. The algorithm is based on a general 

The key features of the algorithmclassification of cut-sets in si:ned digraphs. 


are: 1) The topology of the digraph is extremely important. 'Negative feedback 

and their cut sets determined. Cases of nestedand feedforward loops are det-ected 


loops are also considered. 2) Conditional expansion of events is performed.
 

That is, certain events may preclud, others from occurring. The test for these
 

conditions is pe.formed at each expansion of an event. 3) The changes in rela

tionships between variables due to failures are included. 4) Comon cause fail

ures are detected direc-ly fram the digraph. 5) Human operator actio:s are in

normal conditions which alter relationships
cluded. 6) Large deviations from 
been previously developedbetween variables are considered. 7) Events which have 

This results in a large computation time savings.
are detected and copied. 


Fault tree synthesis by this algorithm is rapid. Trees containing
 

are generated in 10 cpu seconds on an IBH-360-67 computer. Following100 gates 

generation, the trees are "drawn?' on a line printer. 
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Fault Tree Evaluation
 

The fault tree is passed to a subroutine which 
first places the tree
 

in its minimal cut set form. An algorithm similar to that used by Fussell 
and
 

Once in cut set form probability
 
Vesely (1972) has been developed for this 

task. 


At present, simple deterministic probability 
values
 

calculations are performed. 

are used. We are extending the algorithm to handle time dependent failure rates
 

vith repair.!
 
Ammonia and hydrogen sul-


Consider the flowdiagram given in Figure 
3. 


from thestream. The bortoms 
Zide are being steam stripped from a refinery col

used in this facilfacility. The "bugs" 
umn go to a biological waste treatment 


the waste. Several
of anmoria in 
are very sensitive to the concentrationity 

occurred due to misoperation or failures of the stripper 
'kills' of the bugs have 

These losses of the waste disposal unit 
have caused fairly large releases
 

system. 


of organics to the river into which the 
unit discharges.
 

The stripper system contains several control 
loops for maintaining the
 

for the concentration of aronia
unit. A reduced digraphconstant operation of the 


4." This digraph was constructed from unit
 
given in Figurein the bottoms is 

models for the v lves, sensors, controllers,.strippercolumn, 
pressure relief
 

The fault tree for thia digraph
up the stripper system.valve, etc., which make 

's'given in Figure 5.
 

From the fault tree and probability data 
on the causing events it is
 

possible to determine the important sets 
of events which might lead to high
 

Corrective designs could then be considered 
if the Drob

ammonia concentrations. 


rved to be too high/
ability of occurrnce 


28
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Tanker oil spills are caused by either routine tanker operations or 
The tanker oil spill risk assessment model (TRAM)ABSTRACI: accidental tanker casualties. Operational spills occurmore frequently 

allows a user to investigate this way in which oil spillprobabilities. and 
than casualty-related spills. However, casualty-related spill sizes can 

amounts spilled, vary with such factors as fleet composition, naviga, 
be quite large, making them of considerable environmental impor

of the route.Such acomparison oftionalaids. orparticularpropertles tance. In this paper, we have attempted to quantify the risks of casu
alternatives is generally required for an environmental impact state-

alty-related oil spills to investigate the ways and means in which oil 
inent. spill probabilities and the amounts spilled vary. The formalism to be 

TRAM operates through multiplication of a series of matrices: P. 

Q. R. and S. The rows and columns ofall matrices are parameterized introduced is oriented toward comparing and assessing oil spill risks 

caused by alterative tanker oil transpor.tation examples. For this pur
by accident type (such as collision or grounding)and location (such 

pose, we present a tanker oil spill risk assessment model (TRAM) and 
apier, or in aharbor). The probability ofan accident (P)and of 

as al 
ari based on world tankerfleet data. demonstrate its uses. 

a spilifollowing an accident (Q) 
The matrix Sexpresses the conditional probability that if there is a 

spill, the vessel will be a total loss. This enables catastrophic spills in 

which n,1size ron he re!kricd to vessel size to be distinguished from 
Formalism and model description


minorspills in which vesselsize is generally not afact6r. 

The matrix R contains most of the uniqutefeatures of the model. It 
In the discussion of casualty-related oil spills, we consider the fol

accountsfor vessel and route.spec(fic features that reasonably maybe 
lowing accident and spill probabilities:

expected to alter the world tankerfleet data. Examples arc given from 
to: fleet composi- 0 the probability Pper trip of a tanker accident 

the literature for the elements of R corresponding 
0 the probability Q of aspill once an accident has occurred 

lion (domestic/foreign carrier); navigation aids such as vessel traffic 
e the probability S that the vessel is a total loss, given that an acci

system; vesselage, and construction (double hull, inerting system, seg-
dental spill occurs

regatedballast, etc.); and various features of the tanker route, such as 
o the matrix R, accounting for vessel-specific and route-specific 

channel width and traffic density, based on Macduff's causation 
features used to alter P,Q, and S
 

probability formalism, The practical usage of the model is demon-
The conditional probabilities P,Q. and S are based on worldwide
 

atratedby applying it to a hypothetical project involving tanker oil 
tanker casualty and spill statistics data presented by Keith and Porni-

The extension of this analysis technique to othertransportation. celli.' J. J. Henry Company, SES.' OIW,' and the U.S. Senate 
forms of risk analysis studies (including operations other than oil 

Report.'transport) is also discussed. 
TRAM operates through multiplication of the series of matrices P. 

Q. R, and S.The rows and colunaris of all matrices are parameterized 

by accident type (index i, shown in Table 1). accident location (index j. 
Varying oil spill risks are associated with most oil transport by tank- type (index n). The probability S is intro

shown in Table 2), and vessc 
era. The magnitude and severity of the incremental risks that can be 

assigned to a proposed project Involving tanker oil transport, how- duced so that catastwphic losses (when the volume of oil released de

the volume of oil carried by the vessel) could be distin
pends on 

ever. axe related to the environmental and geographical chatacteriza-
guishcd from smaller (and more frequent) accidental spills that may be 

icOn of the area as well as to the baseline description of oil spill risks 


associated with the current operations. A comprehensive study of oil characterized by an average volume of oil released indcpndent of ves
n number of tankers of vessel type-size (n), each making

therefore, sel size. For N
pill probabilities and the expected amounts of oil spilled is, n annual trips, the spill probabilitiescan be formulated as being pro-

T

based on such factors as fleet composition, navigational aids, and par-


ficular properties of the route. Such asite.spcific study and compari- portional to number of port calls (TnNn)for the given vessel type and
 

environ- size category, denoted by index (n).
Son of available alternatives is Generally required for an 

computes the following spill probabilities and expectedTRAM
mental impact statement (EIS).of a proposed project. Study of the 

(annual average) spill volumes for each location of interest: 
va ious, oil spill risks and thus deter-

available alternatives to asses 
I. Ptj - the probability per year of an accidental spill in location (j) 

mi1e the most desirable alternative iolution for project operations 
(that is.pier, harbor, entrance, coast, or sea) where the loaded
 

forn the basis of such comparisons. (The raost desirable solutions I(Pa) - the total loss probabilvessel is atotal loss, and Pl 
MY rainimize the extent of potential environmental damages or may 

ity along the entire route 
be asociated with other project cost-benefit objetives.) 

34 
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Table 1. Accident types Table 3. Base tanker fleet composition used In 
the oli spill risk assessment of alternatives,

araete Casualt 	 Description
CParameter Sizecass Average loaded 

ParaeterSizelassoil volume in barrelsI Collisions 	 Two vessels strike (ship to ship (n) (thousands of dwt) (Vna)
casualty) 

Predominantly2 Rammints 	 A moving vessel strikes a fixed domestic carriers

object, such as apier or an 
 1 	 190 1.32 x 10offshore drilling platform (ship to 2 165 1.16 x 10
object casualty) 3 	 120 0.84 x 10' 

3 Groundings A moving vessel strikes the ocean 4
5 	 s0 0.53 X10so 0.36 x 10

bottom, where the water is not - Predominantly
deep enough for the ship to foreign carriers 
continue moving 6 >300 2.35 x 10' 

7 250 1.73 x 10'4 Breakdowns 	 Some mcchanical failure aboard 8 225 1.59 x 10'
ship leads to an accident 9 175.200 1.40 x 10' 

5 Fires and 10 150-175 1.12 x 10'A fire or exnlosion aboard ship II 100-125 0.82 x l0'
explosions causes an accident 

1. All alternatives will be chosen to comply with the project capacity6 Structural A ship's structure fails and an of500,000 bpd.

failures accident results
 

7 Capsizing 	 A tanker sines at the pier because The spill frequency and size estimates computed by TRAM a.re de
of rAfaulty valve, and possibly fined by: 
other types of eccidents in 
addition to capsizing occur 	 Pi W % I TnNnPn (1)n 

X VnTnNnP. .A 	 (2) 
2. Vtl- the expected annual spill size at location () caused by total nvessel losses, and Vt ( - lVij) - the exrccted annual spill size 	 P - "TnNpIlJ (3)

m ng the entire route from total vessel losses 
11. . - the probability per year that an accidental spill not involv

a total vessel loss will occur at location j, and Pit (= 1P) -VT n 	 (4)the less-than-total.loss accidental spill probability per year afong
the entire tanker route 

n
 
where Pp and are defined as:
,t Vill - the expected annual spill si2"t at location'(j).aused by acci. t)


ilntal spills not inoiving total vesscl loz;. and Vi. (- Vit) - Pn - R Si P Qn 
 ()
ihce pected annual spill size along the entire tanker route from PrJ i(
ccidcnal spills not involving total vessel losses

1'hesc eight probabilities or expectation values can now be formu- PIJ i RJ (- St) PjjQ 	 (6)
TN",,6, pn. Qn Rn. Sn, Vn, and V9, where Vn is the average


a-.go caipcity in ternu of barrels of oil for tanker class (n)and Vn is 
 (
the (historical) average spill size for agiven type of caiuAlty (i) for all VIl . R9 Vi (11-	 (7)
Itunker classes, : (see Table 3). Note that the data set definin y is as
sirmed to be &n average to which both loaded and ball sled conditions Note that various indices have been suppressed in @iriling thesecontribute and. therefore, no distinction is made betwecn inbound equations. The combination of superscripts and subscripts occurringen aoutbound transits of a tanker port call. in the equations reflects the degree to which the data have been aggre

gated due to sparseness. 
Note that after summation by casualty types (over index i), each 

.....Table 2. Acclidnt alons equation represents the value of the quantity under consideration forany given location (index j). For example, when J , 3. 
,ram.ter Location Description P, T ! NnP, 

6, n
 
I Pier 
 Vessels in contact with awharf, pier, gives the probability of a total loss inside the entrance. Summation 

dock, quay, and so forth over the j indices gives the aggregate probability of a total loss over al 
2 Harbor Vessels within Ihe confines of a the locations along the tanker traffic route. 

harbor, bay, tiver, vnd so forth The routc-specific and vessel.specific factors used in Rn to modify
the pn and Q1 matrices, however, are either bastd on specific vesse

3 Entrance Vessels a; 11tc entrance to aharbor, characteristics (such &sfleet composition, vessel age. and construe
bay, riv-r or astrait tion) or on othcr project specific features. Fleet composition deter

mines tht casualt-enpcsure factor, and its specific choice (or its mod-Coast Vessels withi;i 50 nauical miles of ification via P) is perhaps the single rmost important factor that in
shore fluences the outcome of any type of oil spill risk antlysis. 

A number of choicc for this factor, rome even differing by od-=
5" Vessels outW4.r the 50-nautical.ndi of magnitude 'rom each other (e, lor ceempl., Doolittla'), havelimit been used. Tfiv reason for thse wide variations d.-rtdsort the &'.t



ods used in estimating the site-specific casualty/exposure factors. The 

value (used in the application below) has been estimated 
4.37 x 10' '7his risk exposure

Institute of Washington.' 

factor also can be obtained from the data presented in the U.S. Senate 
by the Oceanographic 

on toe analysis of oil tanker casualties from the 1969.to-1974 
Report" 
data base. The number of incidents divided by the total number of 

x 10-' 
round trips during this six-year period yields a value of 3.95 

casualties per round trip. 
arc P.so shown to have varying

Different size tankers (different n) 

relative risks in terms of nondimensionai analysis that is used to com-

to thc whole sample population (worldwide 
pare relative casualty 
fleet) they arc selected from. We define. flcc,.composition-depeident 


modifications of relative risks or casualhy/rxpnsurc factors by f!'. The 


influence of ,.avigationul aids such as vcssel traffic systems (VTS1) gen-


erally reduces the casualty risks by modifying the P, probabilities. For 

brevity, we call those reduction factors that arc defined in R and that 


are used to alter the elements of the F matrix, P j. 


There may be a number of these considerations. For example, struc-


tural failures can be correlated with vc,;scl age for a given size class; or 


fire and explosions at sea could b,- reduced by vessels equipped with 


such as channel width,
or route-specific featuresinerting systems; 

influence the grounding, ramming,
traffic density, and so forth, can 


and collision probabilities inside channels or harboi i. 


There may be, say. k different cateories based on such considera-


tions that can be used for P (we dete these by Psince each reduc-


tion factor is used separate y in a multip!icative fashion). Similarly, 

there may be I different categories thai can be considered in reducing 

spill risks by changing the structure of the Q matrix. These we define 

Choices for qn can include: reduction in oil 
by factors denoted by q 
spill probabilities from safer vessel construction (double hull, inerting 

forth), or from differ-
systems, defensive segregated ballast, and so 

ences in vessel age and casualty relationships (such as structural fail

ures, fires, and explostions). 

The Rn matrix is then defined as: 


(8)R! is f In011 lR " k i I J 

accident probabilities using slte-specia lea-
eEstnatlon of reat has beenfar, the risk analysispresented so

bure. In the discussion alter risks systenlat-
world tanker fleetquestions arise whether site-specific features can experience. The 

rs 

ically. The obioctive is, therefore, to investigate whether significant 

variations from the initial data base can occur as a result of alternative 

based on estimrte derived from 

to relate accident probabilities to site- and 
t-amples of attempts 

v.msel-specific charateristics, such as density of ship traffic or other 

obstacles, channel width, vessel size, turning radius, and stopping dis-

nie' birthe literature.Lnce, canIe foundin 
probability over a voy-. 

age of length S can be written asAs discued in these refertent 

PB PcS (9) 

whr B is the poaiiyper unit distance that a blind, randomly-
probabilitywhere i 

navigated vessel would suffer an accident from a specific cause such as 

probability", rep-
collision or grounding; Pc, Macduff's' "causation 

on the part of the 
resents the effect of ordinary care and competency 

nd crew in reducing the accident risk. It should be noted 

master/pilot 

that PA L the probability of an accident that may or may not involve 
ian oil spill.

The advantage of Equation 9 is that all site-specific features such as 

channel width, density cf vessels, or other objects enter explicitly in 

the calculation of PB. For example, for a vessel cf (straight line) stop-

ping distance T in a channel of uniform width C, the probcbIlity of 

gfounding per unit disance along the ch'innl for a blind pilot when 

CIs: 
(10)Ps-

',e prol,,bility PC must be
fP 

obtained from accitdent 41a. as go-
b TenT~c.**.6~cfo e~mleby Techt.1

vW~for rctmple.by Macduff' and by Tr. 
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The estimated values for collisions involving two ships can be based 

on the analysis of Macduff and data by Tetra Tech. In this case, PB is 

calculated from the formula: 

P' looCS0 

is the density of ships for which a collision would be of the 
where n cc is the 
type of interest (crossing, parallel, or anti.parallel traffic) and 


is calcuc
collision cross sectionbased on ship dimensions. The value o

ves.sels are station
lated in a frame of reference in which the "target" 


ary; this Introduces the factor Y/S, where Y is the distance traveled in
 

this frame of reference. The details of this ship collision model were
 

set out by the U.S. Bureau of Land Management." In the folloAng
 

and Macduff's collision model will
 
application, Equations 10 and 11, 


be used to investigate the possibility of large deviations from the mean
 

probabilities due to route-specific features.
 

In the discussion of geometrical probabilities of vessel collisions and
 

grounding probabilities. we have delineated the key factors that influ

ence the outcome of casualties as being tanker traffic densities. chan

nel width, and stopping distances. Through these parameters. the cle
can be
 

ments of Rii reflecting the particular properties of the route 


estimated. Again, only significant variations from the worldwide fleet
 
R!' throughconsidered in further augmenting

estimates are to be 


route-specific modifications to Equation 8. In fact, it can be shown
 

that historical worldwide casualty and spill data do represent quite
 

adequately the casualty and oil spill risks of most world enti ances and
 

harbors."
 

Model application 

oil spill riskthe use of the compative tankerTo demonstrate 
have chosen a hypothetical project,weassessment model (TRAM), 

of crude oil transportation. 
involving 500,000 barrels per day (bpd) 
We have assumed that tanker fleet composition and certain asp-tts of 

the proposed tanker route can be subject to some alterations. (In real

not all proposed projects involving tanker oil transpor
ity, however, 

tation plans will have as many available alternatives as will b,. consid

ered below.) The alternative examples arc chosen so that the estimated 
feaand other site or route-specificoprdnolsilrsscnbtnso h ofrjcfleet compositioninfluences 

of the project on oil spill risks can be compared.
Tures 

associated with the transport of 500,000 bpd of crude oil. The oil spill 

risks associated with the project alternatives are from oil transport in 

coastal waters, through an entrance to a harbor, and finally to a fixed 

berth facility at a pier. To select the most environmentally desirable 
the following 

and economically viable alternative by using TRAM, 

choices are compared: 

Choice of fleet composition - composition of domestic versus 
I . foreign tankers; distribution of tanker size classes; and oil spill 

risks associated with specific tanker size (in deadweight tons, dwt) 

classes 
- uniforar casualty/e'nposure with each 

Choice of data base for estimating relative oil spill risks (or casu
2 alty/exposure) factors 

derived from
risks for each size class 

se class; relative oil spill 
tanker fleet data; and relative oil spill risks 

1969-192 worldwide 
associated with each size class based on the data in the U.S. Sen

a Report" 

- no additional
Choice of alternative route-specific examples3. 

1969-1972 worldwideroute-specific features (that is, assume 
tanker fleet casualty data base can generate correctly the oil spill 

risk estimates for the proposed project); the effect of (level 3) 

VTS on oil spill risk probabilities; and the influence of such fac

tors as channel width, traffic density, and tanker soopping dis

tpnce 

To determine the influence of tanker fleet compositon on oil spit1 

a base tanker fleet composition is asncmcd (rabl)e.
tk (timats, 

Five size classes for domestic carriers and six for foreign carriers haVe 

been adopted. For the analysis of fleet-speci. projct alternatives, 
have sp-.iricaly

three distinct tanker fleet compositions (1, H, 1111 

. bcv, selected from the base tanLr fLet composition (Table 4). Corn-. 

http:rctmple.by
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Table 4.DescrIption of tanker fleet composition alternatives 

Alternative Fleet Composition0alugf(TnNn)
.knual Port 

.
 

IA Ib A I IIBi I 113
WedonFleet 

Composition 

5 4 12 9 0 0 
TIN$ 	 0 

is It 24 18 0 
TIN' 2746 3640 30 60 

TAN' 90 68 40
TIN' 	 53 130 99 

0 60 46 
43 33 0

TIN' 	 10 10 
TN 

6 	 0 
10 153 7 

0 03 7T'N' I0 200 0 
TN' 	 55 TP'58i0tfiS88 0TN 
ONSO 30 40 61 0 020 

1. 


1. Total crude oil supply for each alit native is500,000 bpd. 

2. Alternatives denoted with letter A represent two-thirds of crude 

oil delivcry by domestic carriers and one.third by foreign tankers. 
3. Alternative, denoted with letter B represent 250.000 bpd delivery 

by domestic carriers and 250,000 bpd by foreign tankers. 

I are introduced to investigate the effct3IIandmix.Compositions It 	 .Aet-
of deviations.from the more typical 

tanker size distribution 

der eistrb , d-
iz dtankthical s rom thAeoprsenttypofndviatins: 

mestic carriess and onepttird 
by foreign vessels. On the other 

hand, 

citnated by represent delivery of half of the capacity by 
acityalternatives 	 ca ~ol

termnolgytforeign carriers 
altenativesWedoe cier ndagantby Btreresntdelithe bythefhalf ofh 

carriers" i only 
We note nic again that the terminology "foreign 

used to denote an average sample of tankers chosen from aworldwide 

collection of tinkers. Since the special characteristics of these vessels 

not be determined in advance, only carriers with known construe-

n charactcristics (that is, domestic vessels) arc subjected to addi-

tonal considerations, leading to possible reductions in their associated 
suat r'l'lspllproablhesTotal 


casualty or9ii spill probabilities.
The condfional probability of oil spills, P11 per voyage, and prob- i
•'-""--rsnigwrdde---.-----


oil spill after an accident, Q!J representing worldwide 
ability of 'fi 

are shown in Tables 5 and 6, respec-
tanker fleet data (1969-1972). 

tively. For domestic carriers of certain size classes (due to their age or 


an be 
construction), the probabilities presented in Tables 5 and 6 

modified agpropriately. Foreign carriers, however, would be treated 

without sialing these matrices. Table 7 displays the probability of 
n 
for all losses ex-

total vessel loss S,and the average spill volume V
are used in 

cluding toil'glosses. Other fleet-specific parameters that 

the construction of the RR probability matrix ac shown in Table 8. 

onper voyage based
Table. Probability of accldent 

. 199-197/2 world tanker fleet data 

cIltl os

S0-


,2. | 5~ajs 

a GrAudinq" 

llresk~aU54 


S0 

a.aot
Uploofs1 


petirea 


7 PstiPitU 

(P) 


Aoccurred 
Paraer 24 

.1tanceCoas
- -in& 

0.040
0.290
0.210
0.5s0
0.00 

0.20 0.210 	 0.010 0.030 9.020 

0.270 0.00S
0.010 0.370 	 0.1n0 

0.270
0.140
0.020
0.010 0.010 0. 


.
0 o .0 6
0.170 


0.200.030 	 0.030 0.010 0.010 

D.WdZ 0.010 0.0100.04 o.005 

.bythofactr 10-" 
I. A-(v sanhtobes*k 

re
 
i
Table 6. Probability of an oil spill after a tanker accident based on 

1969-1912 world tanker Mlet data 

1 Collisions 

flamin 

0.210 

o.oo 

0.150 

.0to 

0.29 

o.1s 

0.14 

.0 

0.520 

0.200 

Croisnlass 0.0 ,0.10 0.200 0.400 0.0 

4 reakdoonas 0.140 0.070 0.040 0.040 0.040 

5 Fires a 
o.napitol 8 

0.410
0.•40 

0.310 
e.$to 

0.10 0.430 
0.14i0 0.13 10 

6 Structural 
F0iures 0.740 0.B10 0340 0 . 

.000 1.000 1.000 0.0 1.000 
TeCapsizin 


n p,n . 
The vari'us fleet-specific parameters that are used (that is 

a nd a owninTalea rc pia ase ont . hnry C., 'I 
The choice of differ-

Keith and Porricelli.' and U.S. Senate Report." 

ent fn 	 on differentvalues representing the relative oil spill risks of each tanker.ize 

model estimates based 
class is introduced to compare 
relative risk criteria. The primary alternatives I, 2,and 3assume equal 

relative oil spill risks for each tanker size class (percent of pollution

causing incidents to percent of to nker in each size class). Alternatives 

6,7, and 8(Table 8) assume relative risks that are computed from the 

1969-1972 data base. Alternative 9. however, assumes the relative risk 
findings, based on 

values computed from the U.S. Senate Report" 


1969-1974 worldwide tanker fleet casualty and oil spill records.
 

Table 7. Probability of a total vessel loss (Si) and average 
for all losses (excluding total losses)i" volumes (011 

based on 1969-1972 world tanker fleet data 
loss 

Toa osAverageprobabilityCasualty 

0.08Collisions 0.0Rammings 
0.08
Groundings 0.06
Breakdowns 0.18

Fires and explosions 0.60capsizing 	 0.15
Structural failurzn 


(excluding total losses)
volume

V" (b~arrels) 

1,9551453 
1.453
 
3,369
 

4
 
1,001
 
1,127
71 

The P and Q data provided above are altered by the (hypothetical) 

specific composition of the projected domestic tanker fleet supplying 

crude oil as follows: 
Of the 34 fire and explosion incidents noted in Keith and Porricelli,' 

9 explosions occurred with the tanker in ballast. Of these 9 incidents, 5 

during tank cleaning, and 7 (or possibly 8)occurred at sea. 

Since there are no known cargo tank explosions for tankers with inert

systems, the at-sea fire and explosion probability isdecreased by a 

multipliative factor of 0.85 (total, less tank cleaning/total A 29/34 
s denoted with n 

0.85), for thoic tankers with such a system (tanke 

- 1,2). This is avery conservative reduction, since anumber of addi

tional fire and explosion incidents for which there is insufficient infor

mation might also have been prevented 
by an inerting system. 

Tanker size classes n - 1,2.3 have defensive ballast around approx

imately 70 percent of the ship perimeter; therefore, the possibility that 

a collision or ramming would result in a spill is reduced by a multipli

a 3) have both de

cative factor of'0.7. Tankers of 120,000 dwt (n 
fensive ballast and a double hull. The double hull, which has asepa

ration distance of 3 meters, Is assumed to reduce the probability of a 

spill resulting from grounding by a multiplicative factor of 0.06. This 
nci

on the data for 	poundings,. where 2 out of 33 
factor isbated 
dents shown involved a depth of penetration in excess of 3 meters. 

37
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Table S. De,%criptlon of alternatives used in 

TRLAM comparative risk assessment application 

lioute-Specific
parameters
Fle.t.Specific
-Paaeters__ 

De


ie
alent 


i n.i-11o t.
Corresponds to tanker fleet composition
IA 


? 
with no route-spacifie modifications 

in 
 Ps• 0. 


o 0.7 for 
n
 

T 2j 
q3J 

• 0.06 for nos 

%J 0.73 for n.2.3,4.5.6 

Sae as for alternative IA 
Corresponds to tanker fleet compOsition 14.
is 


with no route-spscific 
modifications in
 

for alternative IA
Sae as 
-
r fleet compositiOn IhA, 
Corrsponds to tan,
with no routo-specific modifications in
 

Sane as 
for alternative IA 


Corresponds to tanker fieet 
composition lpB, 


2B 

with no route-specific modifications 

inR
 

Same as for alternative IA 


Corresponds to tanker fleet composition 
thIA, 


3A 

with no route-5pecific 

modifications in 


Same as for alternative IA 


Corresponds to tanker fleet 
composition tis. 


3S 

with no routelsPecific modifications in R 


Sane as for alternative IA 


Corresponds to tanker fleet 
cowpositian IA, 


with VTS (Level 3) -odifications in R. 

Sane as for alternative IA 

Cor,esponds to tanker fleet composition 

IA, 

SA 


with channel and hanker traffic specific 


modification in -for 


sae as for alternative IA 
Sin fo
6A 


Same as for alternative 4A7A 

GA Sae as for alternative 5A 

9A Same as for alterntive IA 

on the diutribution of the 64 pollutinl structural failures and 
Based function of tanker ate during the 1971-1972 PC-

tS ' outflows e 

lod, the Q"6. prcbabilitile of an oil spill after an accident are reduced 

by amult lcaive factor of 0.73. 


4 A, A, and 8A shown in Table 8) is made so that 
byalternaZ.J 4A, 

on oil spill estimates can be compared. The 
routt.speciric influences on the estimates of 
influence of Level 3 VTS is determined based 

01W.' The effect of (Level 9) VTs in entrance collision, grounding. 

and ramming probabilities has been found to be substantial. As are-

- 1). r.uing (I = 2). and 
the PJ values for collisions (IAli, 

3)at the entrance were estimated to be reduced by 
alroundings (i factors ofO.4,0.. O'5. frelpectivelY..1ultiplcative 


eep sAt-J *To now:
SeX-C atertvor alternative IA 

2

n,,. 0.85 for n.1. ,9.10
 

f3j " 1.09; f4e 1.39 


Noe 

None
 

None
 

None
 

81None 


None
 

n 0.4
 
* 0
 

2 •
 
n"23:*0.5
 

for n-l-1 0 

P 2 

AP33 

n-1
 

None
 

gone
F 

7.6
2.14 for n.6.
• 1.23; In . 

fII , 09
 

sae asfratratv"A 


Sane S for alternative 6A Altrntie
sam a fr 


Sane as for alternative 6/ 

SSme asfor alternative IA 

. 1.0 for n.1.2,6.7,5.
 

ex pt-j are now: 
9 10 . e 


fl a 0.9s for n.11
 

ei o o.82 for n - 4.5
 

Sm as for
 

SneS for
ltoernatv 


Sae a 

None 

The effects of channel width, tanker stopping distance, tanker den

and so forth can be estimated using the results of geometrical
sity, 


I. Since 
probabillty formulations, presented In Equations 10 and 
these formulations are by no means definitive, they arc used here for 

purposes of relative comparisons. We have assumed a relatlvcly "un

2 for 
safe route" in alternatives SA and BA by selecting P1 3 P 3 

n. In reality, these larger risks may result from the use of narrower 
all 


,I in Equation 10) and/or from the use of densely 
channels (TiC 
populated channels or harbors (that is, targe oc or 11values in Equation 

It.
 
The summary of all project alternatives is presented in Table8. Re

stlts ofTRAM simulations runs for these project alternatives are dis

38 playedi n Tables 9and 10. 
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Table 9. Results of TRAM slmulallon runs for alternative IA 

Location of Spill
 

Harbor Entrance Coast Sea

Pier
!stimated Spill 


U4 DL(
Probability and Size (Ja) U 

total Loss 0.0030 0.0031
 
Spill Probability (Pt ) 0.0023 0.0020 0.0013 

(1in 323 yrs)( in 330 yrs)
j (1in 431 yrs) (I in 498 yrs) (1in 746 yra)

(per year) 


Total Loss
 2.303 2.437

(Vt ) 1.719 1,527 1,015
Spill Size 

(barrels par year) j 

Spill Probability
 0.0478 0.0305
 
Excluding Total Losses (Pt 0.0285 0.0415 0.0294 

(Iin 33 yri)

i (Iin 35 yrs) (I in 24 yrs) (Iin 34 yrs) (Iin 21 yra)


(per year) 


Spill Size for
 116 32
93 78

Less than Total Losses (Vit) 35 


(barrels per year) j
 

Total Spill
 0.0509 0.0336
 
Probability (Pt * Pit) 0.0308 0.0435 0.0407 


(Iin 32 yrs) (I in 23 yrs) (Iin 33 yrs) (1in 20 yrs) (Iin 30 yrs)

(per year) 


Total Spill 2,419 2,469
 
Site Spii *Vi 1,824 1,619 1,093 


(barrels)
 

Results of TRAM simulation runs for alternativesTable 10. 

Estimated Probabiity 

PAOLess Than Less Than 
Total Lots Total Losses Total Spill

Total Lots Total Los 
Probability Spill Size Probability Total SpillSize 

TankerFleet Spill Probability Spill Size Spilt (barrels)
Alternative, P,(per year) Vt (barrels) Pk (per year) Vt, (barrels) P,* Pi,(per year) V, . Vbi 

6.954
0.155
320
0.1471
0.0087 6,63f
IA (I in 6 yr.)
(1 in 7 yrs)
(1"in 115 yr.) 


29S 0.1426 7,129

6.534 0.1347
5I 0.0079 
 (I in 7 yr.)(I in 7 yrs)(1 In 127 yra) 


253 0.1266 6,610 O
 
ZA 0.0072 6,3S7 0.1194 

(I in 8 yr.)(1 in,5yrs)(1 in 139 yrs) 
6.877
0.1282
2S9
0.1210
6,621
0.0072
23 (1 in I yrs)(I inS yr.)

(1 il 139 yrs) 


0.1738 
 7,093
359
0.1642 
.0.0096 6,734 

(1 in 6 yra)(1 in 6 yr.)(1 in 104 yre) 


0.141S 
 310 0.1498 7.173
 
35 0.0053 6.s63 (I in 7 yr.)
(I in 7 yra)
(1 in 120 yrs) 


280 0.1404 6,443
0.1323
0.0051 6,163 
 (I in 7 yrs)
(I in 5 yrs)
A (I In 123 yra) 


0.1332 
 7,590
7,496 0.1734 394


0.0096
&A 
 (15in yrs)
(1 i 6yrJ
(I in 102 yrs) 


0.197S 
 5.974408
8,566 0.1165
0.0110 
 ( is yra)
(1 in yra)
(I to 1l yro) 
0.1775 8,306356
0.1676
0.0102 7,9507A (1 in 6 yrs)(1 in 6 yra)
(I I's rs) 


0.232S 
 10,195
02
0.2201
0.0124 9,693 
(IIs It ),e) U1 2;,3y) (1 is 4.3 ys) 

297 0.1448 6,&77
0.1367


1A 0.0081 6,250 ( in 7 yrs)
(1 in 7 yrs)(I in 1,3Srs) 

the sms ofpie, habo, m ,and cousu.,piUprobabiUy.wnd size estimates (thatis.,*
f . IUfre4uency asd spin s"e values 

m= ,-
t~mhe o~uu d) ... 39
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DiscussionI of results 

Various spill probabilities and the location of spills, which are corn-

puted using Equations I to 7, are detailed in Table 9, based on TRAM 

output. At-sea spill probabilities are only presented for purposes of 

comparison and completeness. Subsequent results prcsented in Table 

10 exclude all at-sea oil spill frequency and spill volume estimates. 

Results of the tanker risk analysis model indicate that for the alter-

native IA (corresponding to fleet mix IA), the highest total loss spill 


frequency and spill volumes are predicted to occur at coastal areas or 


at sea. One spill in 330 years is expected to take place in coastal areas, 


with an annual average spill size of 2,303 barrels. On the other hand. 


at the entrance portion of the tanker route, total loss spill probabilities 


awe expected to be the lowest (one spill in 498 years, with an annual 

average spill size of 1,527 barrels). Harbor and coastal areas are pre-

more frequent but smaller size spills (spill probability
with intotal losses is oie in 24 years at the harbor arc&,dicted to haveexcluding 

estimated anisual average spill size of 93 barrels). Overall, total loss 

predicted to be one 
spill probabilities (excluding at-sea estimates) are 

of 

in 115 years (see alsoTable 10), with an annual average spill volum 


6,634 barrels. Spills excluding total losses are predicted to occur once 


in 7 years, with an annual total spill size of 320 barrels, 


Results of TRAM simulations runs for the first six alternatives IA. 

of different tanker fleet 
3B 	 representina, the impact

IlB. 2A. 3A, 
mixes, or oil spill risks, do not display significant variations in terms 

of the projected oil spill probabilities. Total spill probabilities at most 

vary by 25 percent and the totRl annual average spill sizes by 8percent. 

Alternative 11 is suggested as the choice leading to the soallest of all 

oil spill probabilities. On the other hand, alternative Ill suggests the 

highest oil spill risks. These predictions, however, are expected since 

11is composed mostly of tankers constructed with double
alternative 

so forth, whereas in alternative Ill the
bulls, inerting systems, and 

Again, it
weighting is 2iven to tankers without such safety fetumes. 

this case, all estimates arc very similar, and alternative I seems to be 

the representative averat e. 

The influence of route-specific features on estimated oil spill risks is 

10. For alternative IA. the influence of 
also demonstrated in Table 

VTS in the entrance results in smaller spill frequency and spill size 

difference between alternatives 4A and IA is about
estimates. (The 
500 barrels per year less oil spilled and a change from one total loss in 

123 years to one total loss in 115 years). Doubling the collision and 

grounding probabilities in the entrance, however, tesults in more sig-

nificant changes. Differences between alternatives 5A and 4A suggett 

that route al:ernative 5A will lead to an expected 1,000 barrels more of 

average oil spilled per year than the alternative 4A. Total loss spill 

probabilities also change from one in 123 years to one in 102 years. 

Finally, the selection and the use of different relative risk values for 

tanke- size classes is also performed by TRAM. Differences between 

the use of size-class dependent relative risks influence the results of the 

model application the most. 

Based on the results presented above, TRAM provides a relatively 

simple and useful means of exploring various project alternatives. The 

utility of incorporating a large number of project-specific variables as 

well as being able to alter the data base is perhaps the most attractive 
feature desired from any risk assessment method. The ultimate choice 

of fleet composition or other route-dependent factors now can be par-

tially based on the results of multiple-simulation tests, similar to the 
ones shown In Table 10. Obviously, for any project there ae always 

certain dcterministically unquantifiable oil spill risks (such as environ-

mental risks due to storms and fogs); however, performing a compar-

ative risk assessment analysis prior to the flal selection of the project 

alternatives should be most useful and desirable in many ways. 

Extensions of TRAM applications

ExtenionsD.C.
 

We would like to discuss briefly here the possiblc extensions of the 

analysis technique Introduced above to other forms of risk analysis 

Studies (not all of them including oil transport operatin). 
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Some of the areas of risk analysis or related reliability problems are: 
pipeline oil spill risk estimates; oil spill risks at single point mooring 

as fire and ex
(SPM) facilities; other casualty-rclated studies, such 

risk esti
plosion; meteorology or process-dependent reliability or 

mates; semi-empirical modeling of physical processes to determine 

various model component relationships; and other types of reliability 

or risk analysis studies. 

The most natural extension of the analysis presented In this paper 

has been to the first four topics mentioned above. pipeline oil spill 
spillom the 

separation of catastrophic or Uarge il 
risks (based on 

Operationaldi pill 
smaller leaks) have been performed in NTPC. 

of different
have been subject to a numbe 

riks at SPM facilities 

tretmnts.'- Rated on the limited number of oil spill records at SPM
 

facilities, it has been possible to replace at-pier oil spill risks io TRAM
 

by suitable numbers categorizing various spill sizes as small, moder

ate, and large.' 
Similarly, various operational fire and explosion hazards have been 

and NTPC.' More subtle extension of the analysis to 
treated in BLM" 
study the relationship of meteorological conditions to grain elevator
 

fires and explosions has been treated in ERT.1 The extended analysis
 

number of spectral analysis
has also included a

proposed in ERT' 
techniques to determine the elements of probability matrices similar in
 

character to the ones used in TRAM. In many similar ways, therefore.
 

other types of reliability or risk analysis studies as well as semi-cmpiri

from the analysis technique pre
efforts may benefit 


sented in this paper.
 
cal 	modeling 

References 

of Testi-Shell Oil Company h- tljghut1. Doolittle, J. C., 1975. 
mony of December 5, 1975 to Washington House Transporta

tion and Utilities Subcommittee. State of Washington. Olympia, 

Washington 
2. 	 Environmental Research and Technology. Inc., 1978. The Rela. 

tionship of Meteorological Conditions to Grain Elevator Fires or 

Explosions. Internal Technical Paper. Concord, Massachusetts 
1976. Alaska Natural Gas Trans

3. 	Federal Power Commission, 
portation System, Final Environmental Impact Statement. Vol. 

11, Appendix D 
4. 	 Henry, J. J., Company. Inc., 1973. An Analysis of Oil Outflows 

to Tanker Accidents. AD-780 315. National Technical Informs

tion Service, Springfield, Virginia 
Keith, V. F. and J. D. Porricelli, 1973. An Analysis of Oil Out

5. 	
flows Due to Tanker Accidents. Proceedings of the 1973 OIl Spill 

Institute. Washington, D.C.
Conference. American Petroleum 

pp3-14 
6. 	 Macduff, T., 1974. The probability of vessel collisions. Ocean 

Industry. September 1974, ppl44-148 
Pipeline Company, 1978. Application for Site

7. 	 Northern Tier 
Certification. submitted to State of Washington Energy Facilities 

SitingCounci!, State of Washington, Olympia. Washington 
1974. Offshore Petro

8. 	 Oceanographic Institute of Washington, 

leum Transfer System for Wshington. Seattle. Washington 

9. 	Socio-Econowic Systems, 1916. Tanker traffic study-Valdez to 

Long Beach. for Port ofLong Beach, Long Beach. California 

10. Tetra Tech, 1976. Environmental Assessment Repor, -Crude Oil 

to Long Beach, Call-
Transportation Systems: Valdez, Alaska, 
fornia, Appendix B. Oil Spill Analysis Prepared for U.S. Army 

Corps of Engineers. Tetra-Tech, Pasadena, California 

11. U.S. Army Corps of Engineers. 	 1974. Waterborne Commerce 

Statistics. Final EnvironmentalU.S. Bureau of Land Management. 1977.12. 	
Oil Transportation System: Valdez, 

Impact Statement---Crude 
Department of Interior. Washington,Alaska to Midland, Texas. 

197B. An Analysis of Oil Tanker Casualties 1969
13. U.S. Senate, 

Science, and Transportation,on Commerce,1974. Committee 
U.S. Oovernment PrintingOffice, Washington, D.C. 

Best Available DocurnM
 



NATIONAL PETROLEUM W-EEINERS ASSOCIATION 
SUITE 1O00 

1SIS L STREET. N W 

WASHINGTON. D C 20036 

AM-80-55 

DETERMINING THE ENVIRONMENTAL CHARACTERISTICS
 

OF REFINERY SOLID WASTE
 

by
 

Alan Gradet, Environmental Engineer
 
W. Leigh Short, Manager, Houston Engineering Office
 

Environmental Research & Technology, Inc.
 
Houston, Texas
 

Presented at the
 

1980 NPRA ANNUAL MEETING
 

March 23-25, 1980
 
New.Orleans, Louisiana
 

41
 



DETERMINING THE ENVIRONMENTAL CHARACTERISTICS
 
OF REFINERY SOLID WASTES
 

INTRODUCTION 

1. Rationale and Purpose 

This paper describes a systematic approach to deter-

mining the environmental characteristics of refinery 

solid wastes. The need for such an approach to solid 
waste data collection evolves directly from statutory 
and regulatory requirements that will demar-d clear and 
accurate information on the composition of individual 
waste streams. An ultimate Goal is sufficient data anddocuenttiofo stadarize daa colecionand 
documentation for standardized data collection and 
reporting procedures and, of course, a better under-
standing of refinery waste composition and character-
istics. 

The need for systematic environmental data on solid 
wastes can be specifically defined in terms of regula. 
tory considerations, technical considerations and eco-
nomic considerations. The primary regulatory consider-
ation, pursuant to the pending RCRA regulations, is 
the classification of a given waste stream as hazardous 
or non-hazardous. It is well known, based on proposed 
regulations, that the Environmental Protection Agency 
intends to designate several refinery waste streams as 
hazardous (e.g., API sludge, DAF sludge, HF alkylation 
sludge). Although specific procedures for non-inclusion 
are unknown, it can be assumed that a non-inclusion 
decision will require accurate environmental data. 
evaluating alternative technologies for solid and hazard-Another consideration is collecting accurate data for 

ous waste management. The number and type of tech-
nologies available is such that economic evaluations 
may not be sufficient for preliminary decision-making. 
Sound environmental data in combination with engi-

neering cost data will allow proper evaluation of all 
alternatives. 

A final consideration involves the cost of environ-
mental analyses. The costs for laboratory analyses of 
conventional environmental parameters, such as trace 
metals, are relatively low considering the established 
state-of-art; however, analyses for trace organics which 
will be of concern withBeausmany refineryargrwastes are rela-oftivey epeniveof he nmbe 
tively expensive. Because of the larger number of 
pollutants and more expensive analyses, a better under-
standing of refinery waste composition can provide a 

screening mechanism for future analyses, 

2. Definitions 

Before describing environmental analyses and their 

application it is appropriate to establish definitions for 

some of the terms that will be periodically used. These 

definitions are summarized in Table 1. 
The definition of "solid waste" Is based on that pro-

vided by RCRA (PL94 580, Section 1004 (27)) although 

the term "solid" is .5omewhat arbitrary as the follow
ing examples will show: 

e API separator sludges - rarely greater than 4% 

solids. 
v Aerobic digester sludges - rarely greater than 3% 

solids. 
The term "waste" is also somewhat arbitrary. Some 
Teterm als osoewat arbitary. o 

terils of re-useab e c re esonly beusetheir disposition and the current economics 
or recycle. That is, certain wastes may contain valuable 
resources or products. 

The term "waste matrix" is used to designate an 
entire waste stream including its transport medium. 
The most obvious example does not directly apply to 
the refinery industry but does provlde the best perspec

tive. Coal ash from power generation can be handled 
in either dry or wet systems. In dry handling, the
 
ash itself is the entire waste matrix; however, in wet
 
systems the ash and its sluicing water represents the
 
entire waste matrix. This viewpoint becomes critical
 
when defining proper analytical procedures and man-


The terms "solids and liquid fraction" asagement technologies. com

monly applied to all solid wastes actually implies three 
fractions within a given waste matrix as shown in 
Table 1. The term solid fraction refers to particulate 
solids, only, although specific analytical procedures 

yield quantification of total solids. The term liquid 
fraction refers to solids dissolved within the liquid por
tion of the waste matrix. The oil fraction is neither 

solid nor liquid but a third general fraction of the total 
si noriql 
The term "composition" refers to the chemical 

make-up of the waste matrix. This includes major 
chemical parameters such as calcium and aluminum in 
ash and minor parameters (in terms of quantity) such 

as trace metals and synthetic organics. A portion of 
this paper is concerned with determining the compo

sition of waste streams. 
"Environmental Characteristics" refersTheThe termte stres. 

to the relationship between a given waste matrix and 
its ultimate resting place in the environment. Environ
mental characteristics include composition and are 

usually determined by laboratory tests which are actually 

simulations of the interaction between a waste matrix 
areand the environment. The majority of these tests 

not engineering tests in that the resulting information 

is not directly applicable to the design of a specific 

solid waste management technology. Another portion 

of this paper deals directly with determining environ

mental characteristics and the proper application of 
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the resulting data. 

3. Format 
(1) compo-

The remainder of this paper concerns: 

1tional analyses of refinery solid wastes; (2) environ-
mental characteristics of solid wastes; and (3) how the 

to a given set of situationsresulting data is ipplit.J 
and problems. The latter subject is actually iterative; 

that is, the definition of a given problem will define 

what analyses should be performed. Therefore, the 

discussions of environmental analysis indicate a some-

what more comprehensive data collection procedure 

than will probably be required for any given situation. 
ssed in detail in the last section ofThis issue is disc 


this paper. 


COMPOSITIONAL ANALYSES 

1. First Level Compositional Breakdown 

wastes are composed of threeMost refinery solid The objective of thefractions: solids, liquid and oil. 

first level of compositional analysis is to separate the 

shown later,waste into these fractions. As will be 

these data have little importance with regard to directinreguatoybuativiieshav grat mporanc 

regulatory activities, but have great importance in 

defining proper handling, disposal and management 
of solid wastes. It should also be noted that, in some 

cases, the oil and dissolved solids fractions of a given 
ste matrix can be considered insignificant; however, 

is suggested that this fact be docmented by the 

The analyses commonly used to separate the three 
These specificwaste fractions are shown in Table 2. 

to a wastelaboratory procedures actually apply only 

which is filterable such as biological treatment sludge 

and aerobic digester sludge. For wastes which are not 

filterable, it is suggested that the liquid portion of the 
waste be separated by decanting or centrifuging and 

analyses for total solids and volatile solids be performed 
fortods.on the separate fractions.analyeseae 

A standard oil and grease analysis, as suggested in 

Table 2, is adequate for the purposes of this level of 

determinations; however, its limitations and application 

should be understood. First, the procedure does result 

in the loss of certain volatile oil components. Second, 

it should be understood that the analysis of volatile 

solids in both particulate and dissolved fractions will 

Thus, there is considerable overlapinclude most oils. 
between the various analyses suggested. As will be 

shown in a later discussion, the value of these data 

is not minimized as long as their limitations are under-

stood, 
The cost of each of the analyses suggested for first 

It is apparentvel determinations is shown in Table 2. 
these costs are not insignificant when considering 

"rlarge number of samples; however, when compared 

to the total cost of a solid waste management program 
including design and construction of proper manage

ment facilities, the cost of first level compositional 

determinations is not a major expenditure. 

2. Second Level Compositional Breakdown 

Contained within the three waste fractions defined 

by the first level of compositional determinations are 

particular compounds and chemicals which are of 

primary environmental importance. The objective of 

the second level of compositional determinations is to 

quantify these specific compounds in terms of their 

relative concentration. A complete assay of each waste 

material is neither st,ggested nor required. The actual 

selection of specific parameters must be based on the 
objectives of the particular environmental program. 

The issue of parameter selection is discussed in a later 
portion of this paper. 

General parameter categories that are applicable to 

most refinery wastes and are of obvious importance 
environmentally are listed in Table 3. As mentionedwaste streams, the definition ofpreviously, for some 
oil fractions is inappropriate. 

can applyThe inorganic parameters listed in Table 3 
fa c n Recenparl ter is ed idT ih r solids fractions. Recentto either particulate or dissolved 

studies by the American Petroleum Institute (API, 1976) 

have indicated that, at least for trace metals, dissolved 

fractions appear to be insignificant. It is suggested, 

however, that trace metal analyses be conducted on 

the entire waste matrix unless the liquid and solid 

fractions are to be handled separately. In cases where 

are expected to be of importance,dissolved metals 
dissolved and particulate traceseparate analyses of 

of dissolvedmetals are suggested. The separation 
with regardversus liquid fractions is more important 

to other inorganic components such as sulfides, ammo

nia and fluoride. 
The three oil fractions suggested for second level 

determinations relate to the possible interactions be
tween oil hydrocarbons and the environment. The 

asphaltic fraction includes those oil hydrocarbons which 

very slowly by natural biological mechare degraded 
compoundsanisms. The aromatic fraction includes 

varying degrees under ambientwhich are volatile to 
saturate fractionsenvironmental conditions. Finally, 

which haveinclude the non-aromatic hydrocarbons 
been shown to be readily degradable by natural bio

logical mechanisms. Data regarding these three frac

tions is clearly important with regards to land-based 

disposal. 

Trace organic parameters are perhaps the most 

difficult to select because only indirect or limited informa

tion is currently available. Using a regulatory perspec

tive, the EPA priority pollutant list is an available start

ing point; however, the cost for quantitative analysis 

of every solid waste sample for 116 organic priority 
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pollutants is unacceptable. Two options for second 
levdl determinations are suggested. The first option 
is to screen samples on a site and waste specific 
basis using a semi-quantitative analytical technique, 
Full quantitative analyses can then be conducted on 
those compounds or classes of compounds identified 
in the sample. A second option is to analyze each 
waste for parameters which are believed to be present. 
The list included in Table 3 are parameters which have 
been identified in either refinery solid wastes or waste-
waters. 

The costs for second level analytical determinations, 
shown in Table 4, are dominated by organic analyses 
when specific compounds are not identified. However, 
costs can be controlled by careful parameter selection 
and screening of both inorganic and organic compo-
nents. 

ENVIRONMENTAL ANALYSES 

1. Introduction 

Environmental analyses are standard laboratory pro-

cedures which evaluate how a waste material will 

biologically, chemically, and physically respond in the 
that theseambient environment. It is critical to note 

are not engineering tests; that is, environmental analy
ses will not define the rate at which a given physical, 
chemical or biological reaction will occur but simply 
the possibility of the response simulated by the test. 

The purpose of this section is to discuss the most 
imprtant solid waste environmental test in view of 
their obvious limitations. 

2. Hazardous Waste Tests 

The tests recommended by EPA in December of 1978 
for classifying solid wastes as hazardous or non-hazard-
ous (for unlisted wastes only) are already the most 

often used procedures for solid waste evaluations. 
Of the four tests proposed (toxicity, ignitabilitV, cor-
rosivity and reactivity), the toxicity test is the most 
often applied and, perhaps, the least understood. The 
stated purpose ef the toxicity test, known commonly 
as the extraction procedure, is: 

of a waste to migrate out and become available to 
contaminate the environment under poor manage-
ment conditions." (43FR58952) 

The EPA extraction test is not intended to simulate 
a land disposal condition or to indicate the quantity of 
pollutants which will leach. The test is designed as a 
mechanism for relative screening of all solid wastes. 

Given these somewhat severe limitations for applica-
tions other than regulatory responses, is there a use 
for the extraction procedure that will proviue valuable 
technical information? The procedure recommended 

by EPA indicates that the solid waste extract on which 
chemical analyses (i.e., second level determinations) 
are performed is actually a combination of the waste 
matrix's liquid phases before and after extraction. In 
some cases, it can be assumed that a waste may be 
classified as hazardous because of constituents dissolved 
in the original liquid phase, not constituents that "mi
grate out" of the solid phase. In order to monitor 
this possibility, the procedure shown in Table 5 is sug
gested. In this way, if a waste extract is found to 
exceed the concentration limits established by EPA, it 
can be determined if the "hazardous" portion of the 
waste is the original solid fraction or original liquid 
fraction. This may not directly affect regulatory activity 
but may indicate the proper handling, and disposal 
techniques to employ. 

The remaining three hazardous waste tests are even 

more limited in terms of their applicability in other 
Few refinery wastes arethan regulatory responses. 

truly ignitable or reactive, as these tests are designed 
for special categories of waste. Corrosivity criteria 

include both a test limit (.25 inches per year of steel) 

and a pH limit. Except for highly acid or caustic wastes, 

it is also doubtful that refinery wastes would be classi

fied as corrosive. 

APPLICATION OF DATA 

1. Regulatory Responses 

The most immediate need for refinery solid waste 
data is responding to the pending hazardous waste 
regulations, specifically section 3001 which defines 

classification criteria for hazardous wastes. Although 
these regula-Jons are expected to change somewhat 
over the next several months, we can use the original 
proposed regulations (43FR58954) as a guide for deter
mining the proper response. 

In the proposed regulations EPA listed eight specific 
wastes associated with petroleum refineries as desig
nated hazardous wastes. These are shown in Table 6 
along with the EPA criteria for listing these wastes. 
Any refinery generating these wastes has two options 
for response. The first is to accept the hazardous 
waste designation and subsequently handle the wastes 
in accordance with the required standards for hazardous 
waste management. A second response is to deter
mine if a particular rcfinery's waste meets the criteria 
or basis assumed by EPA. The actual non-inclusion 

procedure is very unclear in the proposed regulations; 
however, regardless of the final form of the regula
tions, some refinery wastes will be designated as haz
ardous. Non-inclusioni will require the submittal of 

specific data relating to the composition and environ-,' 
mental characteristics of the wastes. It can be anti
cipated that the required composition data will include 
trace metals and trace organics and required environ
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mental characteristics will include similar components 
of the wastes leaching extract. 

Refineries generate several other waste streams inIddition to those listed in Table 6. These unlisted 
wastes include cooling tower sludges, waste catalysts, 
tank bottoms (other than loaded), storm water silts 
and biosludges. In these cases, it is strongly suggested 
that hazardous waste tests be performed in order to 
document a non-hazardous classification. This is 
actually a requirement since the burden-of-proof for 
unlisted waste classification is on the generator. Accord-
ing to the proposed regulations, the required tests 
would be toxicity, ignitability, corrosivity and reactivity. 

.2. Technology Assessments 

The most important long-term use of environmental 
and compositional data is the assessment of alternative 
solid waste management technologies. The data 
described pre7iously can be used directly for evaluating 
the relative advantPejes, conceptual designs and the 
required environmental management of different tech-
nologies. 

First level compositional data (solid, liquid, oil frac-
tions) provides import nt scree.ning information regard-
ing a broad range of possible technologies. For exam-
ple, consider a case where a refinery generates a waste 
of unknown composition and requires information 

oncerning the optimal management strategy for that 
terial. A first level compositional analysis can pro

de all the information shown in Table 7. 
With regard to land based disposal technologies, 

three specific types of information can be gained from 
sep;rating a waste matrix into its solid, liquid and oil 
fractions. The simplest is a determination of whether 
a landfill or impoundment will be necessary based on 

the relative percentages of solids and liquids. Speci
fically with regard to impoundments, determination of 
suspended solids can indicate long-term volumetric 
requirements. Also, the advantages gained by dewater-
ing prior to disposal can be determined from first level 
composition data. 

First level composition data can also provide sub-
stantial .information regarding landfarming. Volatile 
solids and total oil data can be used to estimate 
organic and oil loading rates when combined with 
literature based degradation rates. These estimates, 
in turn, can be used to calculate land requirements. 
Finally, total solids data can be used to calculate solids 
and hydraulic loading rates. The obvious advantage 
of first level compositional data is that preliminary 
costs for landfarming can be based on simple analytical 
procedures. 

First level data provides some information regarding 
bustion alternatives, specifically with regard to the 
Its of incinerating a given waste. When combined 

with standard engineering tests, such as ultimate analy-

ses and heat (BTU) value, these data can also be used 
to develop preliminary costs. 

Second level composition data can be used to refine 
preliminary technology evaluations or as specific indi
cators of potential environmental effects. Oil fraction
ation data is most applicable to landfarming as an 
indic'tor of the relative composition of volatile frac
tions which may be potential air contaminants and 
heavy oils which will degrade more slowly than other 
fractions. Trace metal and inorganic parameter data 
are applicable to all technologies. For landfarms, these 
data indicate possible soil accumulation problems. 
With regard to landfills or impoundments, inorganic 
data, especially if separated into particulate and dis
solved portions, indicates potential leachate and runoff
problems. Finally, for incineration, trace metal data 
in combination with first level composition data can 
be used to calculate metal concentrations in combus
tion ash. Trace organic data is also applicable to a 
combustion option. In this case, the relative advantage 
of incineration is, in part, dependent on its potential 
efficiency in the destruction of priority trace organics. 

All second level data are generally predictive of po
tential environmental problems. Specific target pol
lutants identified in waste analysis can become nart 
of the monitoring plan for a management or disposal 
facility. Second level composition data can limit a 
monitoring program and control management costs. 

One application of the results of environmental anal

yses, specifically the proposed extraction/toxicity test, 
has already been discussed. As previously described,
the maximum use of the proposed analytical procedure 
can indicate possible handling and treatment alterna
tives (such as dewatering). The data can also be used 
for a better definition of ground water monitoring tar

terllutag et nt 

SUMMARY 
In the near future, most refineries will be faced with 

economically important decisions regarding the manage

ment of as many as ten different solid waste streams.
Primarily, these decisions will include the proper re
sponse to environmental regulations and the selection 
of the optimum technology for managing a particular 
waste. Considering the number of different waste 
streams and the number of available technical options, 
these decisions will be difficult. 

This paper has shown that solid waste data col
lected using current analytical techniques can be used 
to greatly simplify the decision-making process. Data 
on the composition and characteristics of refinery solid 
wastes can be used directly to: 

(1) document a position with regard to a regulatory 
classification of solid wastes; 

12) screen technology options with regard to advan
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tages, disadvantages and preliminary costs; and 

(3) 	define site and waste specific environmental' 
monitoring. 

The cost for collecting solid waste data and applying 
the information to specific needs is certainly greater 
than previously experienced for such programs. It is 
suggested that the current perspective on solid waste 
management costs will change due obviouly to regu
latory activity. As solid waste management costs 
Increase, the relative cost of collecting solid waste data 

less severe and the relative advantages willwill 	seem 
Increase. 

DEFITIS 
DEFINITIONS 

any solid, semi-solid or liquid-" 	 Solid waste 

emission except: 

(1) 	 Products or usable intermediates and
 
by-products 


(2) 	 Water and wastewater discharges carrying an 
NPDES permit 

(3) 	 Materials subject to the Atomic Energy Act of 
1954
 

(4) 	 Permitted air emissions 
Waste matrix - the entire waste stream including 
aste 

transport medium 

* 	 Waste fractions - three definable fractions in 

refinery wastes 

(1) 	 Particulate Solids (Solid) 

(2) 	 Dissolved Solids (liquid) 

(3) 	 Total oil 

" 	 Composition - the chemical components of the 
entire waste matrix 

* 	 Environmental characteristics - the relationship 
between a waste's composition and the environment 

TABLE 2
 
ANALYSES AND COSTS - FIRST LEVEL
 

COMPOSITIONAL ANALYSIS
 

Estimated 
Analysis Cost/Sample 

$
 

5-10Total suspended solids 
5-10Total dissolved solids 
5-10Total volatile solids 


Volatile suspended solids 5-10
 
Total oil and grease 15-30
 

TABLE 3 
ANALYSES - SECOND LEVEL
 

COMPOSITIONAL DETERMINATIONS
 

Inorganics Oil 	 Organics 

-ace 	metals Saturates Option 1 

Sufides Aromatics 	 Priority 
Pollutants 

Ammonia Asphaltics 	 (screening) 

Option 2 

Phenol 

PAH 

Benzene
 

Phthalates 

TABLE4
 
COST - SECOND LEVEL
 

COMPOSITIONAL DETERMINATIONS
 

Estimated 
Cost/SampleParameter Category 

$ 

Trace metals 	 200-300 

30-50Sulfide/ammonia/fluoride 

Oil fractions 	 100-200 

Priority organics 	 1000-1500 
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TABLE 5 

ADDITIONAL ANALYTICAL PROCEDURES 


FOR EPA EXTRACTION TEST 


* 	 Measure total solids in waste matrix 

* 	 Measure total solids in original liquid fraction 

" 	 Measure pH in total waste matrix, original liquid 
fraction and combined liquid fraction 

* 	 Analyze both original liquid fraction and combined 
liquid fraction for regulated constituents 

TABLE 7
 
TECHNOLOGY ASSESSMENT APPLICATIONS
 

FIRST LEVEL COMPOSITIONAL DATA
 

Disposal technologies 

(1) 	 Landfill versus impoundment 

(2) 	 Impoundment volume requirements 

(3) 	 Advantages of dewatering 

Landfarming 
(1) 	 Estimated organic loading rates 

(2) 	 Estimated oil loading rates 

(3) 	 Hydraulic loauing rates 

(4) 	 Solids loading rates 

(5) Land requirements 

Combustion 

(1) 	 Estimated ash content 

(2) 	 Estimated combustible materials 

(3) 	 Estimated heat loss due to water 

TABLE 6
 
LISTED HAZARDOUS WASTE
 

EPA Basis 

Contains Contains 
Toxic Ignitable Toxic Mutagenic 

Waste Waste Organics SubstancesWaste 

" HF alkylation sludge X X X 

" OAFsludge • X X X 

" Kerosene filter clays X X X 

X X" Lube oil filtration clays X 

" Slop oil emulsion solids X X X 

Exchange bundle cleaning solvents X X 

* 	 API sludge X X 

* 	 Leaded tank bottoms X 
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EXECUTIVE SUMMARY
 

As a world industry, mining is second only to agriculture in age
 
and importance. Throughout history the localized occurrence of
 
mineralsp as opposed to their widespread demand, has contributed
 
heavily to international commerce. The ready availability of mineral
 
re-ources has encouraged the development of mineral-dependent
 
societies in most developed countries. This heavy dependence has led
 
to increacing global eAploration and mining activity. Along with the
 
increased demands for mineral resources have come increased social
 
interest in the side effects of mining and processing activities,
 
especially air and water pollution effects.
 

The nature and severity of environmental problems are closely
 
related to the type of mineral resource being removed and the type of
 
extraction methods involved. For convenience of discussion, minerals
 
and extraction methods are grouped here into broad categories
 
producing similar environmental effects. These categories are the
 
following:
 

1) 	 Solid fossil fuels (coal, oil shale, lignite, etc.)
 
A. 	 Surface mining
 
B. 	 Underground mining
 

2) 	 Hard rock minerals (copper, iron, phosphate, uranium, etc.)
 
A. 	 Open pit
 
B. 	 Underground
 
C. 	 Placer (primarily dredging)
 
D. 	 In situ leaching
 

3) 	 Liquid and gaseous minerals (oil and natural gas)
 

4) 	 Construction minerals (sand, gravel, limestone, granite,
 
etc.)
 
A. 	 Rock quarrying
 
B. 	 Sand and gravel dredging
 
C. 	 Sand and gravel open pit
 

(This discussion excludes off-shore drilling and undersea mining
 
because of the vastly different environmental effects involved.)
 

The environmental aspects of the fourth category are shared
 
almost universally since such low-valued construction materials are
 
ubiquitous and seldom transported beyond short distances. Minerals
 
in the other three categories are typically localized enough to
 
warrant international commerce. Hence, specific environmental
 
effects may be concentrated in those areas where extraction of an
 
individual mineral occurs. Because of the localized occurrence (or
 
development) of most minerals, it is common for most of the world's
 
supply of a given mineral to be produced by only a few countries.
 
Primary examples include: gold and diamonds - South Africa; 
molybdenum - Canada and United States; tin - Malaysia and Bolivia; 
and chrome ore - U.S.S.R. and South Africa. 



The significance of environmental 
impacts associated with mining
 

relates to local land uses, population densities2 
and the
 

To date the principal
 
environmental awareness of the 

local society. 
on the
 

countries which have instituted 
regulatory controls 


environmental impacts of mining 
are those with relatively high per 

to
 
capita incomes. As developing nations become more 

affluent, it is 


be expected that more emphasis will 
be placed on control and
 

mitigation of mining impacts.
 

As consumption levels of mineral ores have increased in recent
 

to utilize lower
 
decades, it has become necessary, 

in many cases, 


grades of ore, resulting in far greater 
volumes of ore being
 

As it
 
processed and higher potentials 

for environmental degradation. 

the total quantity of
 

becomes economical to process lower 
grade oresp 


recoverable mineral and the number 
of locations where it may be
 

At the extreme of this progression
 
obtained increase dramatically. 


sand and gravel building materials 
which are abundant in most
 

are 
 typically extracted in
 
regions, command low values, and are 


relatively small operations.
 

For more developing nations, the 
environmental concerns related
 

to mineral extraction will focus on:
 

* 	 prevention of direct safety hazards;
 

* 	 preservation of water quality for 
local domestic and
 

agricultural uses;
 

* 	 prevention of air quality in heavily 
populated areas; and
 

to other
 
maximum practical reclamation of 

mined areas 

0 


beneficial uses.
 

In order to achieve these objectives, 
environmental control or
 

mitigation measures may be implemented 
at each or any of the
 

sequential stages in the development 
and life of a mining operation.
 

to be
 
Depending on the specific operational 

process and the empty-sis 


placed on local, environmental concerns, 
such measures may be either
 

remedial in nature.
preventative or 
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INTRODUCTION
 

tools there has been a
Since humans first began to use stone 

resources
steady demand for an increasingly diverse array of mineral 


The first uses of mineral resoures
suitable for specific purposes. 


were based on gross physical characteristics of the ore, e.g.
 
Over the
suitability for chipping into a crude blade or axe. 


extract desired minerals from the host
centuries, man has learned to 


rock and to process and combine these minerals into even 
more useful
 

on

products. This evolution of the mining industry has been based 


development of applications to utilize an
 two underlying factors: 


ever increasing diversity of minerals; and continual development 
of
 

more sophisticated methods for locating, extractingg and processing
 

these minerals.
 

Availability of mineral resources has been closely tied to
 

The

development of major civilizations throughout history. 


widespread demand for mineral resources and their localized
 

to early trade between .ieighboring
occurrence contributed strongly 


peoples and today constitutes a major factor in international
 

This demand for mineral resources, closely related to
 commerce. 

population levels and standard of living, has provided the impetus
 

for continuous mineral exploration and the development of lower
 

quality deposits.
 

Along with the acceleration in mineral extraction has come 
an
 

increasing concern for environmental effects of mining 
activities.
 

The significance of environmental impacts associated 
with mining
 

local land uses, population densitiesy and the
relates to 

To date the principal


environmental awareness of the local society. 

on the
countries which have instituted regulatory controls 


those with relatively high per
environmental impacts of mining are 

to


capita incomes. As developing nations become more affluent, it is 


be expected that more emphasis will be placed on control and
 

mitigation of mining impacts.
 

As consumption levels of mineral ores have increased in recent
 
to utilize lower
decades, it has become necessary, in many cases, 


grades of ore, resulting in far greater volumes of ore being
 
For
 

processed and higher potentials for environmental degradation. 


largest copper mine in North Wales
example, around 1800 the world's 


produced copper ore containing about 6% copper. Today, much of the
 

copper. Likewise, the United
 copper ore contains less than 0.5% 


States iron industry in the Great Lakes region which was biilt 
on
 

high grade ores has largely shifted to the more abundant, but lower
 

As it becomes economical to process lower
grade, taconite ores. 


grade ores, the total quantity of recoverable mineral and the number
 

of locations where it may be obtained increase dramatically. 
At the
 

sand and gravel building materials
extreme of this progression are 

are
which are abundant in most regions, command low valuesl and 


typically extracted in relatively small operations.
 



TYPES OF MINING OPERATIONS
 

The nature and severity of environmental problems are 
closely
 

related to the type of mineral resource being removed 
and the type of
 

The basic mineral categorie and most
 
extraction methods involved. 


common mining methods for each are discussed below.
 

Solid Fossil Fuels
 

This category includes anthracite and bituminous 
coal, lignite,
 

oil shale, and tar sands. Excavation of these materials may be
 

The type of
 
conducted by either surface or underground 

methods. 

on the thickness, dip, and
 

me'hod used at a particular site depends 

on various economic 4nd
 accessibility of the deposit as well as 


Contour surface mining with equipment 
ranging
 

engineering factors. 

to large shovels is common in mountainous 

terrain
 
from bulldozers 

where mining occurs as a narrow strip along 

the mineral outcrop
 
lie roughly parallel to
seams
line. In flatter terrain where coa1. 


the ground surface and are overlain by 
relatively soft strata, large
 

bucket wheel excavators may be utilized 
in area surface
 

draglines or 

mining. Extremely thick coal seams, thick steeply dipping coal
 

are commonly excavated in open pit fashion.
 seams, and oil shale 


oil shale deposits of suitable quality which 
lie more than
 

Coal or 

100 to 200 m below the ground surface are 

typically recovered by
 

underground mining methods, normally room-and-pillar. 
In areas of
 

suitable geologic characteristics, longwall 
underground mining is
 

advantageous since it allows a higher level 
of mineral recovery.
 

Current research with oil shale indicates that 
in situ retorting
 

some areas
 
may be practical; similar procedures may also be used in 


for direct conversion of coal to gaseous 
or liquid fuels.
 

some

Hard Rock or Metalliferous Minerals (plus 


nonmetals)
 

occur as (1) veins of
 The minerals in this category commonly 


rich minerals within the surrounding host 
rock, (2) mineralized zones
 

(3) stream-laid deposits
 
or pockets within the surrounding rock, 

or 


of the heavier minerals in gravels and sands 
of ancient stream beds
 

The first type of deposit is commonly excavated 
by
 

and lake bottoms. 

Larger mineralized zones,
 

simple shafts following the mineral veins. 


often of low grade ore, are typically excavated 
by open pit surface
 

mining or, if considered more practical because of the 
surrounding
 

room-and-pillar or stoping
geology, by underground methods, such as 


Under certain geologic and hyrologic conditions, 
uranium
 

(caving). 

a few other minerals may be extracted by 

solution mining in which
 
and 

a leaching solution is pumped into and recovered from the mineral
 

deposit. The stream-laid deposits mentioned above 
are commonly
 

excavated by dredging.
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Liquid and Gaseous Minerals
 

Petroleum and natural gas constitute the major minerals in this
 

these materials ar; extracted from
 In almost all cases 


free flowing or pumped wells.
 
category. 


Industrial Materials (most nonmetals)
 

Included in this category are the common 
building and industrial
 

materials such as sand and gravel, limestone, 
granite, sandstone,
 

Most operations excavating these materials 
are
 

bentonite and pumice. 


relatively small and mining is primarily 
by surface techniques
 

determined largely by the size of 
operation and type of materials.
 

These materials are most frequently 
excavated in small, open pit
 

fashion, but other methods, including 
dredging of sand and gravel,
 

may be used in particular situations.
 

TYPES OF ACTIVITIES INVOLVED IN A MINING 
OPERATION
 

further dissect all of the categories 
above
 

It is possible to 

a set of sequential activities which 

are common to
 
with respect to 


These basic activities are identified
 almost all mining operations. 


below.
 

Exploration
 

a major

While seldom considered b, non-mining 

personnel as 


component of the mineral extraction 
process, exploration activities
 

may take several years on a given 
site and can contribute
 

Exploratory drilling and the
 environmental impacts.
significantly to 

road development can be quite extensive 

for major
 
associated access 


mineral deposits.
 

Fiilities Development
 

With the exception of small scale 
operations, most mineral
 

extraction operations require on 
site office buildings, equipment
 

maintenance shops, storage buildings, 
and parking lots.
 

Excavation for Mineral Access
 

This activity may range from drilling 
of wells (petroleum,
 

natural gas, solution mining) to major 
excavations for large open pit
 

In the case of most excavations, 
substantial quantities
 

operations. 

in the miris vicinity.


of waste rock must be disposed of 




Mineral Extraction
 

Although this is the key element of the operation, it is commonly
 

a minor element from the standpoint of environmental concerns. This
 
activity along with some of the following activities typically
 
continues throughout the life of the mining operation.
 

Mineral Transport
 

From the ore body, the mineral resource is typically transported
 

to some on site or nearby preliminary processing facility. This
 

facility may involve crushing, washing, sorting, or complete
 

refining. Transport of solid ores to this point is usually by truck,
 

conveyor, or rail. Transport beyond this point is often by a
 

differedL type of carrier and is not considered in this disc4ssion as
 

part of the mineral extraction process.
 

Mineral Processing
 

The extent of mineral processing occurring on site normally
 
depends on the size of mining operation, the weight ratio of mineral
 
to ore, the cost of transport to external processing plants, and the
 
cost of development for on site processing. Some types of processing
 
such as uranium milling, coal crushing, copper smnelting, and phosphate
 

beneficiation are typically conducted at or near major mine ites.
 

Other types of ore such as bauxite, iron ore, chromite, and ores of
 

rare earth elements commonly enter international trade before they are
 

pzocessed. In fact, may nations heavily involved in steel and
 
aluminum refining have no domestic ore supplies.
 

Reclamation
 

The extent of economically feasible reclamation differs
 
considerably between different types of mining operations. Within the
 
United States and several European countries the reclamation of coal
 
mined lands has become an accepted part of each operation. On the
 
other hand, few people would seriously suggest that the market cost of
 

copper, iron, and similar minerals be increased to cover the
 
substantial costs of backfilling and fully reclaiming major open pit
 

mines. In most countries where environmental concerns are a major
 

factor in mine design and development, the type and extent of
 

reclamation is a key environmental issue.
 

NATURE OF ENVIRONMENTAL PROBLEMS
 

In their book "Environmental Impact of Mining", Down and Stocks
 

(1977) categorize environmental problems according to the effect of
 
the problem upon man. Their categories will be used for this
 
discussion.
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Direct Hazards to Human Safety and Heath
 

Such hazards may exist with 
respect to either the mine employees
 

In almost all countries, 
strict laws and
 

the general population.
or 

regulations exint to protect 

employees from most major 
safety and
 

Obviously, some of the less industrialized nations
 
health hazards. 


still evolving legislation 
in this area, particularly 

with respect
 

are 

to the less conspicuous chronic 

health hazards.
 

In general, regulations 
protecting mine workers 

aid in protecting
 

Various types of hazards, 
however, may be
 

as well.
the local populace Such
 

generated by mining operations 
which do threaten public 

safety. 


other problems:
 
hazards include the following 

as well as 


Failure of tailings dikes, 
reservoirs, and waste dumps,
 

* 

Major subsidence of underground 

mined areas,
 
* 

• 	 Abandoned shafts and water 

filled pits,
 

Abandoned explosives,
* 

Flying rock and debris 

from blasting,

* 

* 	 Traffic accidents, and local water supplies
or 


Toxic effluents into the 
atmosphere


* 


Indirect Hazards to Human Safety and Health
 

Although most legislative 
attention has been focused 

on the
 

direct and obvious hazards, 
several nations have, during 

the past
 

two, developed regulations 
concerning those activities 

which
 

may affect public health 
and safety over a long 

period of exposure.
decade or 


Primary examples of such 
possible hazards include:
 

Air pollution and dust,
 

Water pollution below 
toxic levels, and


* 

* 

" Noise.
 

Damage to Property, Crops, 
and Livestock
 

Several of the same problems 
that pose hazards to human 

health
 

and safety will commonly 
result in economic losses 

of buildings,
 

Various effluents may also 
be toxic to plants or
 

animals, and crops. Subsidence and
 

animals without creating 
direct hazards to humans. 


ground vibrations from 
blasting can frequently 

cause structural damage
 

Thus, mining aspects commonly 
leading to damage
 

to local buildings. 


in this category include:
 

Air pollution from mining 
activities and on-site or 

nearby
 
* 


mineral processing plants,
 

Water pollution,
* 

* 	 Subsidence, and
 

* 	 Vibration and shock from 
blasting.
 



Loss of Quality of Life and Aesthetic Values
 

During the past decade increasing 
emphasis has been directed in
 

to the loss or impairment of intangible 
values such as
 

several nations 

severe levels of impact, most
 

solitude and scenic beauty. At 

More commonly, however,
 

individuals agree that damage 
has occurred. 


intermediate impact levels lead to subjective questions of whether 
the
 

acceptable or unacceptable. Obviously, these
 
nuisance aspect is 


subjective questions are strongly 
affected by other considerations
 

such 	as governmental goals, economics 
and alternative employment.
 

Thus, practices which may result 
in an unacceptable nuisance in 

one
 

situation may not only be tolerated, 
but welcomed wholeheartedly 

in
 

other situations.
 

The principle factors contributing 
to loss of quality of life and
 

aesthetic values include:
 

* 	 Noise,
 
Visual instrusion,
" 


* 	 Non-hazardous air pollution, 
and
 

Changes in land use patterns.
* 


Resource Depletion or Irreversible 
Commitment
 

The rapid (and accelerating) 
rate of mineral consumption during
 

to a growing concern for future 
supplies of
 

recent decades has lead 

land, water,
for the other resources such as 
these materials, or 


wildlife habitat, and labor which 
may be committed over a long 

term
 

While depletion of easily
 
while mineral development occurs. 


accessible, high grade ores has 
obviously occurred during past
 

reserves of most minerals continue 
to grow with
 

centuries, present 


increased exploration and improved 
recovery and processing
 

technology. Additionally, as a given mineral 
becomes less available
 

are tendencies toward (1) greater 
recycling
 

and more expensive, there 


of that mineral, (2) greater substitution 
with more abundant
 

materials, and (3) increased exploration 
and processing research to
 

utilize lower grade ores.
 

FACTORS AFFECTING ENVIRONMENTAL 
IMPACTS
 

The severity of impacts associated 
with a particular mining
 

development will be determined 
in large part by the type of 

mining
 

operation (type of mineral and method of extraction), 
the size of
 

the sensitivity of adjacent land uses.
 
operation, and the location or 
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Type of Mining Operation
 

The aforementioned types of minerals each possess 
tendencies for
 

Thus, an open-pit

relatively consistent environmental problems. 


copper mine in the southwestern United States 
will likely generate
 

to an open-pit copper mine in
 similar environmental problems 


Obviously, some differences in problems will occur when
 
Australia. 

the natural environment is drastically different between two sites.
 

Solid Fossil Fuels
 

Coal represents by far the major mineral of current 
interest in
 

On a world-wide basis, both underground
the solid fossil fuels group. 

Since most coal seams are
 are common.
and surface extraction methods 
 large


but a few meters thick, a given operation 
typically extends over 


Thus; with underground mining, subsidence may 
become an
 

areas. 
 left to be
 
extenaive problem; with surface mining, 

large areas are 


Underground mines may also be accompanied by disposal 
of
 

reclaimed. 

substantial quantities of carbonaceous earth 

and other waste materials.
 

in some regions are associated with
Since coal seams 


concentrations of pyrite, the weathering 
of waste materials and
 

exposed surfaces frequently results in acid formation which must be
 

to prevent serious water pollution problems.
treated
controlled or 


the scale conducted in
 Surface mining operations, particularly at 


the United States and West Gpr m-ny, often involve 
major commitment of
 

uses.
and long-term changes in land 

local non-mineral resources 


The use of long wall underground mining in those 
areas of
 

suitable geology not only allows a higher recovery 
of the coal
 

resource than by conventional underground 
methods, but also helps
 

Within the realm of surface
 minimize the impacts of subsidence. 

trucks and scrapers for
 

mining, the use of bucket wheel excavators 
or 


removing the overburden are noteworthy. 
These methods permit
 

selective replacement of overburden strata, 
thus allowing deep burial
 

of potentially toxic or otherwise undesirable 
materials.
 

Hard Rock Minerals
 

low grade ores which are
 In most cases these minerals occur as 


refined at nearby processing plants. Recovery of such minerals
 

typically results in production of large volumes 
of waste rock prior
 

or more of the ore material as
 to processing and rejection of 90% 

Tailings materials are normally ground and pulverized
waste tailing. 


during processing and commonly contaminated with 
strong acidic or
 

Thus, waste tailings are typically piped as a
 alkaline chemicals. 
 Dewatering of
 
slurry to nearby impoundments or abandoned mine pits. 


most tailings is hampered or prevented by the fine texture of solids.
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Recovery of metalliferous minerals 
usially involves sophisticated
 

Such processing is
 
processing to handle the low grade ores. 


frequently accompanied by air pollution 
(in the form of dust and
 

smelter fumes) and water pollution (resulting 
from accidental spillage
 

of chemicals, uncontrolled waste discharge, 
and seepage from tailings
 

The severity of such effluents depends on 
the specific


impoundments). 

Various minerals in this category,
minerals and processes involved. 


as well as many of the processing reagents, 
are toxic to humans,
 

animals, and vegetation. Thus, environmental impacts of the
 
severe depending on
 

processing activities may range from negligible 
to 


the process technology and degree of environmental 
control.
 

Mining of hard rock minerals may involve 
either surface or
 

With underground mining, the primary
underground operations. 

environmental impacts include contamination 

of nearby streams,
 

subsidence, and problems associated 
with disposal of waste rock and
 

Surface mining for these minerals may involve extensive
 tailings. 

dredging, thus severely impacting local 

streams and associated water
 

uses, or development of sizable open 
pits which will likely never be
 

These surface methods also involve the 
extraction of
 

reclaimed. 
 In
 
substantial quantities of waste rock in 

order to reach the ore. 


dredging operations, such waste materials 
are commonly replaced in
 

areas. 
Waste materials produced by open-pit
previously dredged 

operations are typically disposed of 

in nearby valleys.
 

Solution mining, normally for uraniumg 
avoids the drastic surface
 

disturbance of open-pit operations and 
the problem of tailings and
 

The only significant environmental impacts 
from
 

waste rock disposal. 

solution operations involve potential 

contamination of local
 

groundwater supplies with the alkaline 
or acidic leaching qolutions.
 

are
 
Such contamination can largely be avoided 

if recovery wells 


properly spaced and if the recovery area 
is properly flushed following
 

Within the United States, such operations 
must
 

solution mining. 

carefully monitor the water in local 

aquifers to prevent possible
 

contamination.
 

Liquid and Gaseous Minerals
 

The primary environmental impacts associated 
with petroleum and
 

natural gas development include spillage 
and leakage at the well site,
 

similar spillage in transport, and air 
and water pollution at the
 

Since petroleum refineries are seldom 
located at
 

refinery location. 

not considered further in this
 the point of extraction, they are 


On site spillage is most common along with discharge of
 discussion. 

drilling muds and other waste materials 

during installation of the
 

Steps may easily be taken to impound 
and remove such wastes
 

well. 

before they contaminate local water 

supplies.
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Industrial Minerals
 

While these minerals seldom 
command a high value, their
 

widespread occurrence and consumption 
render this a major category 

of
 

Most extraction operations 
for these minerals are
 

mining activity. 

small in comparison to other 

types of mining and neither 
the products
 

Thus, the most common
 
nor processes involve toxic 

materials. 


environmental problems associated 
with mining of industrial 

minerals
 

include noise, dust, stream 
sediments, aesthetic impacts, 

and
 

These problems are commonly 
aggrevated by
 

reclamation difficulties. 


the proximity of such operations 
to major population centers 

where the
 

,products are consumed.
 

Size of Operation
 

In almost all cases the severity 
of environmental impacts is
 

The
 

.directly related to the 
size of the mining operation 

involved. 


relationship may or may not 
be linear since an increase 

in operational
 

size may necessitate a disproportionate 
increase in excavating or
 

Small mining operations for 
metalliferous
 

processing facilities. Thus, upon
 
minerals seldom involve on 

site processing facilities. 


reaching a given threshold 
at which it becomes economically 

desirable
 

to install a processing facility, 
the environmental aspects 

change
 

dramatically.
 

Adjacent Land Uses
and Sensitivit
Location 


Aside from the environmental 
impacts involving direct 

hazards to
 

human health and safety, most 
environmental impacts become 

more severe
 

they are perceived by increasing 
numbers of the local population.
 

as 
 environmentally acceptable 
in a remote
 

Thus, mining methods which 
are 


location may become unacceptable 
as a population center develops
 

Likewise, water or air pollution 
levels may not
 

around the mine. Public and
 

create problems in the absence 
of sensitive receptors. 


governmental attitudes also 
affect the determination 

of what is
 

Economically depressed countries 
or
 

environmentally acceptable. 

commonly willing to accept greater environmental 

impacts
 

regions are Public attitude is
 

in order to stimulate the desired 
economic growth, 

Thus, some
 

also affected by the history 
of mining in the vicinity. 


communities are conditioned 
to mining operations and 

the environmental
 

On the other hand, a history 
of local mining with
 

problems involve4. 

extremely severe environmental 

problems may result in negative
 

attitudes toward additional 
mine development.
 

SOURCES OF POLLUTION DURING 
MINERAL EXTRACTION
 

As indicated in a previous 
section, all mining operations 

can be
 
The
 

viewed as comprising a limited 
number of similar activities. 


sequential activity stages 
mentioned previously may 

be further
 

subdivided into basic operational 
activities which are similar 

from
 

9vt
 



mine to mine regardless of whether a given 
mining operation includes a
 

few or all of them. For example, construction of stream crossings 
at
 

different mines causes relatively similar 
environmental problems
 

regardless of the type of mining involved.
 

In an analysis of mining impacts prepared 
under contract to the
 

U.S. Fish and Wildlife Service, ERT 
and Hittman Associates,
 

Incorporated (Moore and Mills 1977) developed 
a list of basic
 

operational activities and their potential for generating 
specific
 

A modification of this list is shown
 
types of environmental impacts. 


Obviously, this analysis is
 
in Table 1 (Streeter et al, 1979).* 


highly generalized and oriented toward 
environmental resource concerns
 

present in the Western United States, but the 
same approach may be
 

used for analyzing the potential effects 
of any given mining operation.
 

As shown in this analysis, primary 
sources for dust and other air
 

pollutants include areas of initial 
surface disturbance, overburden
 

removal and disposal operations, smelting 
or processing plant
 

Major sources of water
 
operations, and tailings disposal sites. 


pollution and sediments include areas 
of surface disturbance,
 

or other processing
 
overburden or waste rock disposal areas, 

smelters 

Other potential environmental
 

plants, and tailings disposal areas. 


impacts may accompany changes in available water supplies, soils,
 
or
 

vegetation and crops, topographic characteristics, 
and land use; 


res-lt from solid waste disposal, fires, 
direct livestock and wildlife
 

This table
 
mortality, and human disturbance and 

noise in the area. 


impacts of mining on environmental resources 
exclusive of
 

focuses on 

A similar analysis could be performed 

with
 
hazards to human safety. 


respect to human hazards.
 

can be shown that the majority of significant
In general, it 


environmental impacts result from a 
small number of mining
 
are the initial disturbance of
 Among these activities
activities. 


land surfaces, dumping and storage 
of rock and earthern materials,
 

excavation of earthern materials, earthmoving 
operations, distrubances
 

of local stream channels, traffic to and from the site, disposal of
 

tailings and wastes, and operation of 
on-site processing facilities.
 

control or mitigate environmental problems 
should be
 

Efforts t:o 

As an example, in areas
 

oriented toward those particular processes. 


where severe water pollution occurs 
as a result of acid mine drainage
 

from surface coal mines, the mines 
may be made environmentally
 

acceptable if the acidic potential 
of the soil materal is neutralized,
 

if the material is selectively replaced 
to minimize or prevent
 

or 

Often the substitution of one
 

weathering of the pyritic minerals. 


methodology for another may be used to overcome environmental
 

For example, the West German coal field 
of North-Rhine
 

problems. 

Westphalia could be mined by other, 

perhaps cheaper techniques, but
 

the bucket wheel excavator and conveyor 
systems in use are conducive
 

to the desired types of reclamation.
 

*Tables appear at the end of the paper.
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TABLE 1 

Mining activity 

Exploration 

Surface clearing 

Construction of " 
facilities 

Excavation 

Mineral removal 

Mineral storage 

Mineral transport 

, 

INTENSITY 
VARIOUS MINING 

Coal area Coal 

surface underground 

22 

1 3 

2 2 

1 3 

3 -

2 2 

1 2 

OF IMPACTS TO LOCAL BIOTA FROM 
ACTIVITIES, SUMMARIZED BY MINE TYPE 

Coal contour Uranium Uranium small 

surface solution surface 

3 2 2 

2 3 

3 3 3 

2 - 3 

2 2 3 

3 3 3 

3 3 3 

Uranium large 

surface 

2 

1 

2 

1 

2 

2 

3 

Oil shale 
surface 

2 

1 

2 
2 

1 

2 

2 

2 

.Operation of 
support facilities 2 2 2 2 3 

Waste materials 
containmnent & 
disposal (including 
sediment) 

Personnel 

transport 

Employment 

Reclamation 

2 

2 

1 

1 

2 

2 

1 

3 

2 

2 

2 

2 

3 

3 

3 

3 

3 

3 

3 

3 

1 

2 

1 

1 

a 1 - Major, 2 - Moderate, 3 - Slight,  - Unanticipated or insignificant. 

(Source: Streeter et al. 197"). 



INTERNATIONAL OVERVIEW OF MINERAL AND ENVIRONMENTAL 
PROBLEMS
 

As mentioneu earlier, many industrialized nations process
 
The highly important
minerals for which they have no domestic ores. 


role of developing nations in world production of metals 
is shown in
 

Table 2.
 

Table 3 presents a summary of the principle mineral commodities
 

produced by irdividual nations and Table 4 identifies 
for individual
 

minerals, the countries possessing known reserves, 
the major types of
 

mining used, and the major environmental concerns 
associated with
 

development of that mineral.
 

These summaries indicate that a large number of countries 
share,
 

some degree, environmental problems from both surface 
and
 

at least to 

Thus, it
 

underground mining of a wide variety of mineral products. 


hppears possible to learn from the experience of other mineral
 

producing nations which possess similar developments.
 

It is also apparent from this view that the primary environmental
 

problems associated with mineral extraction on a world-wide 
basis
 

1, short list, including:
constitute a relativ,'


Excavation and extractioV activities
 
Dust
 
Water pollution
 

* sediments
 

* 
 leached chemicals from wastes and minerals
 

Visual intrusion
 
-Land use conflicts
 
Reclamation difficulties (especially for
 

open pit or dredge operations)
 

Noise
 
Mineral processing activities
 

Dust
 
Fumes
 

SO2 or acidic mist
* 

* 	 trace elements
 

toxic mineral compounds
* 

* odor
 

Water pollution
 
* 	 accidental discharges and spillage
 

* 	 low level effluents
 
seepage from tailings impoundments
* 

dumping of waste materials
* 


Visual impacts
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TABLE 2 

DISTRIBUTION OF WORLD METAL PRODUCTION 1978.1 

(Percent) 

Metal 

Countries 

United States 

Alumina 

20.5 

Aluminum 

31.4 

Copper 

(smelted) 

16.8 

Copper 

(refined) 

19.1 

Lead 

17.9 

Nickel 

6.3 

Tin 

2.0 

Zinc 

7.5 

Other developed 

countries 

Developing countries 

Centrally planned 

economies 

Total 

45.5 

17.0 

17.0 

100.0 

42.7 

7.0 

18.9 

100.0 

29.1 

32.0 

22.1 

100.0 

33.9 

20.7 

26.3 

100.0 

36.1 

15.3 

30.7 

100.0 

50.62 

15.2 

27.9 

100.0 

14.0 

62.0 

22.0 

100.0 

52.8 

9.2 

30.5 

100.0 

'Preliminary data. 

2 lncludes New Caledonia, a French territory. 

(Sources: U.S. Secretary of Interior 1979). 
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TABLE 3
 

SUMMARY OF INTERNATIONAL MINERAL PRODUCTION 
BY COUNTRY
 

(SOURCE: U. S. BUREAU OF MINES 1973).
 

Country 


Algeria 


Angola 


Argentina 


1
Metals 


Antimony 

Copper 

Iron 

Lead 

Mercury 

Silver 


Iron 

Manganese 


Beryllium 

Columbian-tantalum 


Copper 

Iron 

Lead 

Manganese 

Silver 

Tin 

Tungsten 

Uranium 

Zinc 


2 
Nonmetals 


Barite 

Cement 

Bentonite 

Diatomite
 
Phosphate
 
Gypsum
 
Lime
 
Pyrite
 
Salt
 
Sulfur
 

Cement 

Diamonds 

Gypsum
 
Kaolin
 
Salt
 

Asbestos 

Barite 

Bentonite 

Boron
 
Cement
 
Chalk
 
Diatomite
 
Feldspar
 
Fluorspar
 
Graphite
 
Gypsum
 
Kaolin
 
Lithium
 
Mica
 
Pumice
 
Salt
 
Sulfur
 
Sulfates
 
Talc
 
Vermiculite
 

Mineral Fuels
 

Coal
 
Natural gas
 

Petroleum,
 

Natural gas
 

Petroleum
 

Coal
 

Natural gas
 

Petroleum
 

IVarious of the minerals shown, especially 
for the industrialized
 

rather
 
European nations, result from processing 

of imported ores 


To the extent practical, mineral
 than from ores produced locally. 


production from imported ores has 
been deleted from this summary.
 

nor full
2Not including common varieties of sand, gravel, and stone; 


listing of clays and fertilizer materials.
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TABLE 3 (Continued) 

Country Metals 1 Nonmetals 2 Mineral Fuels 

Australia Antimony 
Bauxite 

Asbestos 
Barite 

Coal 
Natural gas (limited) 

Bismuth Bentonite PetroleuL (limited) 

Cadmium Cement 
Cobalt Diatomite 
Columbian-tantalum Feldspar 
Copper Gem Stone 
Gold Gympsum 
Iron Kaolin 
Lead Lime 
Manganese Lithium 
Monazite Magnesite 
Nickel Phosphate 
Platinum Pyrites 
Selenium Salt 
Silver Talc 
Tin 
Titanium 
Tungsten 
Uranium 
Zinc 
Zirconium 

Austria Antimony Barite Lignite 

Bauxite Cement Natural gas 

Copper Diatomite Petroleum (limited) 

Germanium Feldspar 
Iron Graphite 
Lead Gypsum 
Manganese Kaolin 
Silver Lime 
Zinc Magnesite 

Pumice 
Salt 
Sulfur 
Talc 

Belgium and 
Luxembourg 

Cement 
Gypsum 
Lime 

Coal 

Bolvia Antimony 
Bauxite 

Gypsum 
Sulfur 

Natural gas 
Petroleum 

Copper 
Gold 
Iron 
Lead 
Silver 
Tin 
Tungsten 
Zinc 



TABLE 3 (Continued) 

Country Metals 1 Nonmetals 2 Mineral Fuels 

Brazil Arsenic Asbestos Coal 
Bauxite Barite Natural gas 
Berylium Cement Petroleum 
Chromite Diamond 
Columbium-tantalum Fluorspar 
Copper Gem Stone 
Gold Graphite 
Iron Gypsum 
Lead Lime 
Manganese Lithium 
Monazite Magnesite 
Nickel Mica 
Silver Phosphate 
Tin Quartz 
Titanium Salt 
Tungsten Talc 
Zinc Vermiculate 
Zirconium 

Bulgaria Cadmium Asbestos Lignite 
Copper Cement Natural gas (limited) 
Iron Gypsum Petroleum (limited) 
Lead Kaolin 
Manganese Lime 
Zinc Pyrite. 

Salt 

Burma Antimony Barite Coal 
Copper Gypsum Natural gas (limited) 
Iron (limited Gem Stones Petroleum (limited) 
production) 
Lead 
Silver 
Tin 
Tungsten 
Zinc 

Canada Bismuth Asbestos Coal 
Cadmium Barite Natural gas 
Calcium Cement Petroleum 
Cobalt Diatomite Tar sand 
Columbium Feldspar 
Copper Fluorspar 
Gold Gpsum 
Iron Lame 
Lead Magnesite 

Potash 
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TABLE 3 (Continued) 

Country Metals1 Nonmetals Mineral Fuels 

Canada (Con't) Magnesium 
Mercury 

Pyrite 
Salt 

Molybdemum Strontium 

Nickel Sulfur 

Platinum & Related Talc 

Metals 
Selenium 
Silver 
Tellurium 
Titanium 
Tungsten 
Uranium 
Yttrium 
Zinc 

Chile Copper 
Gold 
Iron 

Barite 
Cement 
Feldspar 

Coal 
Natural gas 

Petroleum 

Manganese Gem Stones 

Mercury Gypsum 

Molybdenum Iodine 

Silver Kaolin 

Zinc Nitrates 
Phosphate 
Quartz 
Salt 
Sulfate 
Sul fur 

Taic 

China Antimony 
Bauxite 

Ajbestos 
Barite 

Coal 
Natural gas 

Bismuth 
Copper 

Cement 
Fluorspar 

Petroleum 
Shale Oil 

Gold Graphite 

Iron Gypsum 

Lead Hagnesite 

Magnesium Phosphate 

Manganese Pyrite 

Mercury Salt 

Molybdenum Sulfur 

Silver Talc 

Tin 
Tungsten 
Zinc 

Columbia Gold 
Iron 

Asbestos 
Barite 

Coal 
Natural gas 
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TABLE 3 (Continued)
 

Country Metalsl Nonmetals2 Mineral Fuels 

Columbia (Con't) Mercury 
Nickel 

Cement 
Diatomite 

Petroleum 

Platinum Feldspar 

Silver Gem Stones 
Gypsum 
Kaolin 
Lime 
Salt 
Talc 

Cyprus Chromite 
Copper 

Asbestos 
Bentonite 
Cement 
Gypsum 
Lime 
Pyrites 
Salt 

Czechoslovakia Antimony 
Copper 
Iron 

Barite 
Cement 
Fluorspar 

Coal 
Lignite 
Natural gas 

Lead Gypsum Petroleum 

Manganese Kaolin 

Mercury Lime 

Nickel Magnesite 

Silver Perlite 

Uranium Phosphate 

Zinc Pyrite 
Salt 

Egypt Iron 
Manganese 

Cement 
Diatomite 

Natural gas 
Petroleum 

Titanium Feldspar 
Kaolin 
Phosphate 

Salt 
Talc 

Finland Chromite Asbestos 

Cobalt Cement 

Copper Feldspar 

Gold Lime 

Iron Pyrite 

Lead Talc 

Mercury 
Nickel 
Platinum 
Selenium 
Silver 
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TABLE 3 (Continued)
 

Country Metals I Nonmetals 2 Mineral Fuels 

Finland (cont'd) Titanium 
Vanadium 
Zinc 

France Arsenic Asbestos Lignite 

Bauxite Barite Natural gas 
Bismuth Bentonite Petroleum 
Cadmium Bromine 

Cobalt Cement 
Gold Diatomite 

Iron Feldspar 
Lead Fluorspar 
Magnesium Gypsum 

Silver Kaolin 
Tin Lime 
Uranium Mica 
Vanadium Phosphatic chalk 

Zinc Potash 
Pumice 
Quartz 
Salt 
Sulfur 
Talc 

Gabon Gold Natural gas 

Iron Petroleum 
Manganese 
Uranium 

East Germany Cop::C; Barite Coal 
Iron Boron Lignite 

Lead Cement Natural gas 
Silver Fluorspar Petroleum (limited) 

Tin Gypsum 
Zinc Lime 

Potash 
Pyrite 
Salt 
Sulfur 

West Germany Bauxite Barite Coal 
Bismuth Bromine, fluor- Lignite 
Cadmium ine, iodine Natural gas 

Cobalt Cement Petroleum 
Copper Diatomite 
Gold Feldspar 
Iron Fluorspar 
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TABLE 3 (Continued) 

Country Metals l Nonmetals
2 Mineral Fuels 

West Germany 
(Cont'd) 

Lead 
Nickel 
Platinum 
Silver 
Zinc 

Graphite 
Gypsum 
Kaolin 
Lime 
Potash 
Pumice 
Pyrite 
Quartz 
Salt 
Sulfur 

Ghana Bauxite 
Beryllium 
Gold 

Cement 
Diamond 
Salt 

Petroleum 

Manganese 

Greece Bauxite 
Chromium 
Iron 
Lead 
Manganese 
Nickel 
Zinc 

Barite 
Bentonite 
Cement 
Gypsum 
Magnesite 
Kaolin 
Pumice 
Salt 

Lignite 

Talc 

Hungary Bauxite 
Gold 
Iron 
Lead 
Manganese 
Silver 

Cement 
Bentonite 
Kaolin 
Lime 
Pyrite 
Talc 

Coal 
Lignite 
Natural gas 

Petroleum 

Zinc 

India 

Bauxite 
Beryllium 
Chromite 
Copper 
Gold 
Iron 
Lead 
Manganese 
Monazite 
Silver 
Titanium 

Asbestos 
Barite 
Cement 
Chalk 
Diamond 
Feldspar 
Fluorspar 
Gem Stones 

Gypsum 
Kaolin 
Lime 

Coal 
Lignite 
Natural gas 

Petroleum 
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TABLE 3 (Continued)
 

Country Metals 1 Nonmetals 2 Mineral Fuels 

India (Cont'd) Uranium Magnesite 
Zinc Mica 

Phosphate 

Quartz 
Salt 
Talc 
Vermiculite 

Indonesia Bauxite Barite Coal 

Copper Cement Natural gas 

Gold Diamond Petroleum 

Iron Kaolin 
Manganese Salt 
Mercury Sulfur 
Nickel 
Silver 
Tin 

:ran Bauxite Barite Natural gas 
Chromite Bentonite Petroleum 
Copper Cement 

Iron Gem Stones 
Lead Gypsum 
Manganese Kaolin 

Zinc Lime 
Magnesite 

Salt 
Sulfates 
Sulfur 

Iraq Iron Cement Natural gas 
Sulfur Petroleum 

Ireland Copper Barite Coal 
Lead Cement Petroleum 

Mercury Gypsum 
Silver Lime 
Zinc 

Israel Copper Cement Natural gas (limited) 

Iron Lime Petroleum (limited) 
Phosphate 

Italy Antimony Asbestos Coal (limited) 

Bauxite Barite Lignite 
Cadmium. Bentonite Natural gas 
Copper Cement Petroleum 

Iron Diatomite 

Lead Feldspar 
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TABLE 3 (Continued)
 

Country Metals1 
2 

Nonmetals Mineral Fuels 

Italy (Cont'd) Magnesium 
Manganese 
Mercury 
Mercury 
Silver 

Fluorspar 
Graphite 
Gypsum 
Lime 
Perlite 

Zinc Potash 
Pumice 
Pyrite 
Salt 
Sulfur 
Talc 

Japan Arsenic 
Bismuth 

Asbestos 
Barite 

Coal 
Petroleum (limited) 

Cadmium Cement 

Chromite Feldspar 
Columbium-tantalum Graphite 
Copper 
Germanium 

Gypsum 
Koalin 

Gold Lime 
Iron Pyrite 
Lead Sulfur 
Manganese Talc 

Mercury 
Silver 
Tin 
Tungsten 
Uranium 
Zinc 

Kenya Copper 
Gold 

Barite 
Cement 

Lead Diatomite 

Silver Feldspar 
Gem Stones 
Gypsum 
Kaolin 
Lime 
Magnesite 
Salt 
Soda ash 

North Korea Cadmium 
Copper 
Gold 

Barite 
Cement 
Fluorspar 

Coal 
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TABLE 3 (Continued)
 

mineral Fuels
Nonmetals
Country Metals 


Graphite
Iron

North Korea (Con't) 
 Magnesite
Lead 


Phosphorus
Silver 

Tungsten Pyrite
 

salt
Zinc 

Talc
 

Coal
Asbestos
Antimony
South Korea 

Cement
Bismuth 

Diatomite
Copper 

Feldspar
Gold 

Graphite
Iron 

Kaolin
Lead 

Salt
Manganese 


Molybdenum Talc
 

Silver
 
Tungsten
 
Zinc
 

Lime Natural gas
Kuwait 

Salt 
 Petroleum
 

Petroleum
Sulfur 


Cement
Gold
Liberia 

Diamond
Iron 

Kyanite
 

Natural gas
Cement
Iron
Libya 
 Petroleum
Gypsum 

Salt
 

Petroleum
Cement
Antimony
Malaysia 

Koalin
Bauxite 


Columbium
tantalum
 

Copper
 
Iron
 
Manganese
 
Monazite
 
Tin
 
Titanium
 
Tungsten
 
Zirconium
 

Coal
Barite
Antimony
Mexico 
 Natural gas
Bentonite
Arsenic 

Petroleum
Cement
Bismuth 
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TABLE 3 (Continued) 

Country Metalsl Nonmetals
2 Mineral Fuels 

Mexico (Con't) Cadmium 
Copper 
Gold 
Iron 
Lead 
Manganese 
Mercury 
Molybdenum 

Nickel 
Selenium 
Silver 
Tin 
Tungsten 
Zinc 

Diatomite 
Feldspar 
Fluorspar 
Graphite 
Gypsum 
Kaolin 
Magnesite 
Mica 
Perlite 
Phosphate 
Salt 
Strontium 
Sulfur 
Sulfates 
Talc 

Morocco Antimony 
Cobolt 
Copper 
Iron 
Lead 
Manganese 

Nickel 
Silver 

Barite 
Bentonite 
Cement 
Fluorspar 
Phosphate 
Pyrrhotite 
Salt 

Coal (limited) 
Natural gas (limited) 

Petroleum (limited) 

Tin 
Zinc 

Mozambique Bauxite 

Beryllium 
Cesium 
Columbium-
tantalum 

Copper 

Iron 
Nickel 

-Abestos 
Bentonite 
Cement 
Fluorspar. 
Gem Stones 
Kaolin 

Lime 
Quarz 

Uranium 

Netherlands Cement 6a0uraa0 
(off-shore) 

Petroleum (off-shore) 

New Zealand Bauxite 
Cadmium 
Copper 
Gold 
Iron 
Lead 
Silver 
Tunsten 
Zinc 

Cement 
Bentonite 
Diatomite 
Kaolin 
Limestone 
Magnesite 
Perlite 
Pumice 
Salt 
Sulfur 

Coal 
Natural gas 

Petroleum (limited) 
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TABLE 3 (Continued) 

Country Metals1 Nonmetals2 Mineral Fuels 

Nigeria Columbium 
Gold 

Cement 
Kaolin 

Coal 
Natural gas 

Iron Limestone Petroleum 

Monazite 
Tin 

Norway Copper 
Iron 
Lead 

Cement 
Feldspar 
Graphite 

Coal (limited) 
Natural gas 

Petroleum (off-shore) 

Molybdenum Lime 

Nickel Mica 

Titanium Olivine 

Vanadium Pyrite 

Zinc Sulfur 
Talc 

Pakistan 
(Including 
Bangladesh) 

kntimony 
krsenic 
Bauxite 
Chromite 

Barite 
Cement 
Gem Stones 
Gypsum 

Coal (limited) 
Petroleum (limited) 

Iron Salt 

Platinum 
Uranium 

Peru Antimony 
Arsenic 

Barite 
Bentonite 

Coal 
Natural gas 

Bismuth 
Cadmium 
Copper 

Cement 
Diatomite 
Feldspar 

Gold Gypsum 

Indium Kaolin 

Iron Lime 

Lead Phosphate (guano) 

Manganese Salt 

Mercury Talc 

Silver 
Tellurium 
Tin 
Tungsten 
Zinc 

Phillipines Bauxite 
Cadmium 

Asbestos 
Bentonite 

Coal 

Chromite Cement 

Copper Diatomite 

Gold Feldspar 

Iron Gypsum 
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TABLE 3 (Continued) 

Country Metals Nonmetals2 Mineral Fuels 

Phillipines 
(Con't) 

Lead 
Manganese 
Mercury 
Molybdenum 
Nickel 
Platinum 

Lime 
Perlite 
Phosphate 
Pyrite 
Sulfur 
Talc 

Silver 
Zinc 

Poland Copper 
Iron 
Lead 
Nickel 
Silver 
Zinc 

Barite 
Bentonite 
Cement 
Feldspar 
Gypsum 
Magnesite 
Phosphates 
Pyrite 
Salt 

Coal 
Natural gas 
Petroleum (limited) 

Sulfur 

Portugal Arsenic 
Beryllium 
Columbium-
tantalium 

Copper 
Gold 
Iron 
Lead 
Manganese 
Molybdenum 
Silver 
Tin 
Titanium 
Tungsten 
Uranium 
Zinc 

Asbestos 
Barite 
Cement 
Diatomite 
Feldspar 
Gypsum 
Kaolin 
Lime 
Lithium 
Mica 
Pyrite 
Salt 
Sulfur 
Talc 

Coal (limited) 

Romania Bauxite 
Bismuth 
Cadmium 
Copper 
Gold 
Iron 
Lead 
Manganese 
Silver 
Zinc 

Barite 
Bentonite 
Cement 
Fluorspar 
Graphite 
Kaolin 
Lime 
Pyrite 
Salt 
Talc 

Coal 
Lignite 
Natural gas 
Petroleum 
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TABLE 3 (Continued),
 

' 2
' 


Coun Metals1 Nonmetals Mineral Fuels 

Saudi Arabia Copper 
Lead 

Cement 
Gypsum 

Natural gas 
Petroleum 

Silver Lime 

Zinc Sulfur 

Sierra Leone Bauxite Cement 

Iron Diamond 
Titanium 

Republic of 
South Africa 

Antimony 
Beryllium 

Asbestos 
Barite 

Coal 

Bismuth bentonite 
Chromite Cement 
Columbium- Corundum 

tantalum Diamond 
Copper 
Gold 

Diatomite 
Feldspar 

Iron Fluorspar 

Manganese 
Nickel 

Gem Stones 
Graphite 

Platinum Gypsum 

Silver Kaolin 

Tin Lime 

Titanium Lithium 
Tungsten 
Uranium 

Magnesite 
Mica 

Vanadium Phosphate 

Zinc Pyrite 
Zirconium Quartz 

Salt 
Talc 
Vermiculite 

South-West Arsenic Diamond 

Africa Bismuth Fluorspar 
Cadmium Graphite 
Cesium Lime 
Columbium- Lithium 

tantalum Mica 
Copper Gem Stones 

Gold Salt 
Iron 
Lead 
Manganese 
4olybdenum 
Silver 
Tin 
.Tsngsten 
-Vanadium 
.Z7nc 
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TABLE 3 (Continued)
 

Country Metals Nonmetals 2 Mineral Fuels 

Spain Bauxite. 
Antimony 

Barite 
Bentonite 

Coal 
Lignite 

Arsenic Cement Petroleum 

Bismuth Chalk 
Cadmium Diatomite 
Copper Feldspar 

Iron Fluorspar 
Lead Gypsum 

Manganese Kaolin 
Mercury Lime 
Silver Mangesite 

Tin Pumice 
Titanium Phosphate 

Tungsten Potash 

Uranium Pyrite 
Zinc Salt 

Strontium 
Sulfur 
Sulfates 
Talc 

Sweden Arsenic Cement Coal (limited) 

Bismuth Chalk Oil Shale (limited) 

Copper Diatomite 

Gold Feldspar 
Iron Kaolin 

Lead Limestone 
Manganese Pyrite 

Selenium Talc 
Silicon 
Silver 
Uranium 
Zinc 

Tanzania Gold Cement Coal 

Silver Diamond 

Tin Gem Stones 
Tungsten Gypsum 

Kaolin 
Lime 
Magnesite 
Mica 
Salt 
Vermiculite 
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TABLE 3 (Continued)
 

Country Metals Nonmetals
2 Mineral Fuels 

Taiwan Copper 
Gold 
Silver 

Asbestos 
Cement 
Limestone 

Coal 
Natural gas 

Petroleum (limited) 

Pyrite 
Sulfur 
Talc 

Thailand Antimony 
Chromite 

Barite 
Cement 

Lignite 
Petroleum (limited) 

Columbium - Fluorspar 

tantalum Gypsum 

Iron Kaolin 

Lead Talc 

Manganese 
Monazite 
Tin 
Tungsten 
Zinc 
Zirconium 

Tunisia Iron 
Lead 

Barite 
Cement 

Natural gas 

Petroleum 

Mercury Fluorspar 

Silver Gypsum 

Zinc Lime 
Phosphate 

Turkey Antimony 
Bauxite 

Asbestos 
Barite 

Coal 
Lignite 

Chromite Boron Petroleum 

Copper Cement 

Iron Emery 

Lead Fluorspar 

Manganese Gypsum 

Mercury Magnesite 

Zinc Phosphate 
Pyrite 
Salt 
Sulfur 

Uganda Beryllium 
-Bismuth 

Cement 
Lime 

Columbium - Phosphate 

tantalum 

=oper 
Go d 
Irqn 
Tin 
Tungsten 
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Countr_ 


U.S.S.R. 


United Kingdom 


Venezuela 


Metals I
Me aso 


Antimony 

Arsenic 

Bauxite 

Beryllium 

Bismuth 

Cadmium 

Chromite 

Cobalt 

Copper 

Gold 

Iron 

Lead 

Magnesium 

.angannse 

Mercury 

Molybdenum 

Nickel 

Platinum 

Silver 

Tin 

Titanium 

Tungsten
 
Vanadium
 
Zinc
 

Cadmium 

Copper 

Iron 

Lead 

Magnesium 

Nickel 

Tin 

Tungsten 

Zinc 


Gold 

Iron 


TABLE 3 (Continued)
 

Nonmetals2
me as____ 


Asbestos 

Barite 

Boron 

Cement 

Corundum 

Diamond
 
Diatomite
 
Feldspar
 
Fluorspar
 
Graphite
 
Gypsum
 
Kaolin
 
Lime
 
Magnesite
 
Mica
 
Phosphate
 
Potash
 
Pyrite
 
Salt
 
Sulfur
 
Talc
 

Barite 

Cement 

Chalk 

Diatomite 

Feldspar
 
Fluorspar
 
Gypsum
 
Kaolin
 
Sal;:
 
Strontium
 
Talc
 

Cement 

Diamond 

Gypsum 

Limestone
 
Phosphate
 
Salt
 

Mineral __ Fuels _ 

Coal
 
Lignite
 
Natural gas
 

Oil Shale
 
Petroleum
 

Coal
 
Natural gas
 
(off-shore)
 

Petroleum (off-shore)
 

Coal
 
Natural gas
 

Petroleum
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TABLE 3 (Continued)
 

Country Metals1 Nonmetals 2 Mineral Fuels 

Yugoslavia Bauxite 
Antimony 
Bismuth 
Cadmium 
Chromite 
Copper 
Gold 
Iron 
Lead 
Aanganese 
Mercury 
Selenium 

Asbestos 
Barite 
Cement 
Feldspar 
Gypsum 
Lime 
Magnesite 
Mica 
Phosphate 
Pyrite 
Salt 

Coal 
Lignite 
Natural gas 

Silver 
Zinc 

Zaire Be-yllium 
Cadmium 
Cobalt 
Columbium -

tant&lum 
Copper 
Germanium 
Gold 
Manganese 
Monazite 

Cement 
Diamond 

Coal 
Petroleum (limited) 

Silver 
Tin 
Tungsten 
Zinc 

Zambia Calmium 
Cobalt 
Copper 
Gold 
Manganese 
Selenium 
Silver 
Zinc 

Amethyst 
Cement 
Gypsum 
Lime 
Talc 

Coal (limited) 

Other Central American Countries 

British 
Hondoros 

Limestone 

Costa Rica Gold Cement 
Diatomite 
Limestone 



TABLE 3 (Continued)
 

2 Mineral Fuels
Nonmetals
Metals1 
Country 


Other Central American Countries (Cont'd)
 

El Salvidor Gold 
Silver 

Cement 
Gypsum 
Limestone 
Salt 

Guatamala Antimony 
Iron 
Lead 
Zinc 

Cement 
Feldspar 
Gypsum 
Limestone 
Quartz 

Honduras Antimony 
Cadmium 
Gold 
Lead 
Silver 
Zinc 

Cement 
Gypsum 
Salt 

Nicaragua Copper 
Gold 
Silver 
Zinc 

Cement 
Gypsum 
Salt 

Panama Iron Cement 
Limestone 
Salt 

Other South American Countries 

Ecuador Cadmium 
Copper 
Gold 
Silver 
Zinc 

Cement 
Kaolin 
Sulfur 

Natural gas 

Petroleum 

French Guiana Gold Clays 

Guyana Bauxite 
Gold 

Diamond 

Paraguay Cement 
Gypsum 
Kaolin 
Lime 
Talc 
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TABLE 3 (Continued)
 

Nonmetals2 	 Mineral Fuels
 
Country 	 Metals1 


Bauxite Clays
 

Gold
 
Surinam 


Cement
Uruguay 	 Iron 

Clays
 
Feldspar
 
Gem Stones
 
Sulfur
 
Talc
 

Other European Countries
 

Cement Lignite
Chromite 

Petroleum
 

Albania 

Copper 

Iron
 

Cement Lignite
Iron 

Diatomite Petroleum
 

Denmark 

(Including 	 Lead 


Lime
Greenland) Zinc 

Salt
 

Cement
Iceland 

Diatomite
 
Pumice
 

Cement
Switzerland 

Gypsum
 
Lime
 
Salt
 

Other African Countries
 

Diamond
Botswana 	 Copper 

Manganese Gem Stones
 

Nickel 
 Talc
 

Lime
Bastnaesite 

Columbium
tantalum
 

Gold
 
Tin
 
Tungsten
 

Burundi 


Cement
Cameroon 	 Gold 

Tin
 

Diamond
Central African 

Republic
 

Sodium carbonate
Chad 
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Country 


Congo 

(Brazzaville) 


Ethiopia 


Guinea 


Ivory Coast 


Lesotho 


Malagasy 

Republic 


Malawi 


Mali 


Mauritania 


Mauritiuo 


TABLE 3 (Continued)
 

2

Nonmetals
Metals1 


Potash
Copper 

Gold 

Lead
 
Tin
 
Zinc
 

Cement
Gold 

Feldspar
Platinum 

Gypsum
 
Kaolin
 
Limestone
 
Pumice
 
Salt
 

Diamond
Bauxite 

Gold
 

Cement
Columbium-

Diamond
tantalum 


Manganese
 

Diamond
 

Cement
Bastnaesite 

Corundum
Beryllium 


Chromite Feldspar
 
Garnet
Gold 

Gem Stones
Monazite 

Graphite
Zirconium 

Mica
 
Quartz
 
Salt
 

Cement
 

Corundum
 

Kyanite
 
Limestone
 
Salt
 

Salt
Gold 


Salt
Copper 

Iron
 
Monazite
 

Salt
 

Mineral Fuels
 

Natural gac
 

Petroleum
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TABLE 3 (Continued)
 

Country Metals1 Nonmetals
2 Mineral Fuels 

Other African Countries (Con't) 

Niger Gold 
Tin 
Tungsten 
Uranium 

Cement 
Gypsum 
Salt 
Limestone 

Rhodesia Beryllium 
Chromite 
Columbium-
tantalum 

Copper 
Gold 
Iron 
Nickel 

Asbestos 
Cement 
Fluorspar 
Graphite 
Limestone 
Lithium 
Magnesite 
Mica 
Pyrite 

Coal 

Rwanda Veryllium 
Columbium
tantalum 

Tin 
Tungsten 

Sengal 
Cement 
Clay 
Phosphate 
Salt 

Somali 
Salt 

Sudan Chromite 
Iron 
Manganese 

Cement 
Gypsum, 
Magnesite 
Mica 
Salt 

Swaziland Iron 
Tin 

Asbestos 
Barite 
Kaolin 
Talc 

Coal 

Togo 
Cement 
Clay 
Phosphate 
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TABLE 3 (Continued)
 

Nonmetals 2 Mineral Fuels
 
Country Metals1 


Other Near East Countries
 

Natural gas

Bahrain 
 Patroleum
 

Cement
Jordan 

Gypsum
 
Limestone
 
Phosphate
 
Salt
 

Cement
Lebanon 

Gypsum
 
Lime
 
Salt
 

Natural gas

Oman Petroleum
 

People's Democratic Republic of Yemen
 

Natural gas
Cement
Qatar 
 Petroleum
 

Petroleum
Cement
Syrian Arab 

Gypsum
Republic 

Salt
 

United Arab Emirates
 

Natural gas

Abu Dhabi 
 Petroleum
 

Natural gas

Dubai 
 Petroleum
 

Salt
Yemen 


Other Far Eastern and South Asian Countries
 

Coal
Cement
Afghanistan 

Gem Stones Natural gas
 

Salt
 

Natural gas

Brunei 
 Petroleum
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TABLE 3 (Continued)
 

2 Mineral Fuels
Nonmetals
Metalsl
Country 


Other Far Eastern and South Asian Countries 
(Con't)
 

Cement
Monazite 

Feldspar
 

Sri Lanka 

Titanium 


Gem Stones
Zircnnium 

Graphite
 
Kaolin
 
Limestone
 
Mica
 
Salt
 

Cement

Hong Kong 


Feldspar
 
Graphite
 

Kaolin
 
Quartz
 

Cement
Gold
Khmer 

Gem Stones
 

Republic 

Phosphate
 
Salt
 

Salt
Tin
Laos 


Coal
Cement

Mongolia 


Fluorspar Petroleum
 

Gypsum
 
Lime
 
Salt
 

Cement

Singapore 


Coal
Cement

North Vietnam 


Phosphate
 
Salt
 

Cement

South Vietnam 


Kaolin
 
Limestone
 
Salt
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TABLE 4
 

SUMMARY OF MAJOR MINERAL RESOURCES, THEIR INTERNATION.,L DISTRIBUTION,
 

MOST COMMON EXTRACTION METHODS, AND PRINCIPAL ENVIRONMENTAL CONCERNS
 

(SOURCE: BUREAU OF MINES 1970)
 

Distribution of Known Primary Extraction Principal Environ
(2 )  


Minerals Major Deposits(l) 	 Methods mental Concerns
 

Energy Minerals
 

Coal ana Lignite 	 United States North Vietnam R&PUG e subsidence
 
U.S.S.R. North Korea CSM e acid water drainage
 
China South Korea ASH o solid waste disposal
 
Belgium United Kingdom o surface reclamation
 
Franco Rep. S. Africa
 
West Germany Netherlands
 

Natural Gas 	 United States Saudi Arabia Wells * usually minor
 
U.S.S.R. Canada
 
Algeria Kuwait
 
Iran United Kingdom
 
Netherlands
 

Petroleum 	 Saudi Arabia Abu Dhabi Wells * water pollution
 
Kuwait Venezuela (brine discharge)
 
U.S.S.R. China e air pollution related
 
United States Indonesia to consumption
 
Libya Canada * spills in transport
 
Iraq - Algeria 

Oil Shale and 	 United States Uruguay R&PUG a solid waste disposal
 
Tar Sands 	 Brazil Paraguay OPSM e water pollution
 

Canada Australia ISR * water consumption for
 
China Spain s air pollution
 
Rep. S. Africa France e surface reclamation
 

Uranium 	 United States Argentine OPSM o tailings disposal
 
Canada Portugal R&PUG e water pollution from
 
Rep. S. Africa Zaire SUG processing
 
U.S.S.R. Nigeria 	 LWUG s radiation during all
 
France Morocco SOl stages from mining to
 
Spain India disposal of spent fuel
 

Austr~lia Japan a reclamation of mine and
 
Sweden tailings
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TABLE 4 (Continued)
 

Minerals 


Ferrous Minerals
 

Chromiua 

(chromite) 


Cobalt 


Columbium 


Iron 


Manganese 


Molybdenum. 


Principal Environ-

Concerns
 

& 	air pollution related to
 

processing
 

same as concerns for major
 
metals with which it io
 

mined. (irons copper,
nickel)
 

o 	water pollution
 

(sedimentation)
 

water pollution (chemical)
 

and thermal)
 
e tailings disposal
 
0 pit reclamation
 

a air pollution from dust
 

and processing
 

a 


e water pollution (chemical
 
and thermal)
 

a air pollution from dust
 

and processing
 

a 	reclamation of pits
 

* 	tailings disposal
 
a 	air pollution-related
 

to processing
 

Distribution of Known 


Major Deposits() 


Rep. S. Africa 

Rhodesia 

U.S.S.R. 

Turkey 

United States 

Greece 


Zaire

Cba 


New Caledonia 

Zambia 


Brazil 

Canada 

U.S.S.R. 

Nigeria 

Uganda 

Tinzania 

KLnya 


U.S.S.R. 

Canada 

Australia 

United States 


Venezuela 

Brazil 

Chile 

Peru 


Rep. S. Africa 

U.S.S.R? 


Gabon 

United States 


United States 

U.S.S.R.
Chile 


Canada 


Phillipines 

Finland 

Canada
 
Greenland
 
India
 
Yugoslavia
 

U.S.S.R. 

Canada 


United States 

Morocco 


aird 

Norway 

Rwanda 

Malaysia 

Thailand 

Guyana
 
United States
 

Liberia 

Morocco 

Mauritania 

Guinea 

Sierra Leone 

Angola 

India
 
Rep. S. Africa
 

Brazil 

Australia 


India 

China 


Japan 

Norway
Turkey 


Mexico 


Primary Extraction
Mehd() _mental 


Methods
 

OPSM 

R&PUG 


(Recovered as byproduct 

of other metals) 


OPSH 
SUG 

SUG
 

(Recovered principally 


as byproduct of tin) 

DSH
 
OPSM
 
SUG
 

OPSM 

R&PUG 


OPSH 

ROPUG 


LWGU 

SUG 


OPSM 

SUG 




TABLE 4 (Continued)
 

Minerals 


Nickel 


Rhenium 


Tantalum 


Tungsten 


Vanadium 


Nonferrous Minerals
 

Aluminum 

(bauxite) 


Principal Environ

mental Concerns
 

* 	reclamation of pits
 
e 	water pollution related
 

to processing
 

* 	minor except as related
 
to processing of copper
 
and molybdenum
 

e 	water pollution
 
(sedimentation)
 

minor
 

o 	same as the specific
 
coproducts involved
 

* pit reclamation
 
e waste disposal from
 

processing
 
e air pollution during
 

processing
 
e 	water pollution from
 

tailings and processing
 

Distribution of Known 


Major Deposits 


Cuba 

New Caledonia 

U.S.S.R. 

Canada 

Indonesia 


United States 

U.S.S.R. 

Chile 


Zaire 

Brazil 

Nigeria 

French GCiana 

U.S.S.R. 


China 

United States 

South Korea 

Bolivia 

Burma 


U.S.S.R. 

United States 

Rep. S. Africa 

Australia 


Australia 

Guinea 

Jamaica 

U.S.S.R. 

Ghana 

Surinam 

Yugoslavia 

Hungary 

China 


Philippines 

Australia 

Guatemala 

Dominican Rep.
 
United States
 

Peru 

Mexico 

Zaire 

Canada
 

Mozambique 

Thailand 

Australia 

Canada 

United States
 

Brazil 

Malaysia 

U.S.S.R.
 
Australia
 
Canada
 
Portugal
 

India 

Finland 

Norway 

South-West
 

Africa
 

Primary Extraction 

(2 )  


Methods


SUG 

OPSM 


(Recovered as by-

product with copper 

and molybdenum) 


(Recovered as by-

product of tin 

processing)
 

DSM
 

SUG 

OPSH
 

(Recovered as coproduct 

with other metals,, 

uranium, and phosphates)
 

Dominican Rep.&Hati OPSM 


Greece 
 R&PUG 


Guyana 

Fr. Guiana 

France 

India 

Malawi 

United States
 
Brazil
 
Turkey
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Minerals 


Antimony 


Arsenic 


Beryllilm 


Bismuth 


Cadmium 


Cesium 


TABLE 4 (Continued)
 

Primary Extraction
Distribution of Known 

( 2 )  


Methods
Major Deposits 


China (Usually mined as 


Bolivia 
 a coproduct with 


Rep. S. Africa lead, silver, or
 
gold, often in small
U.S.S.R. 

shafts or adits)
 

Turkey
 
Mexico 


SUG
United States 

Australia
 

United States (Recovered as a 


Mexico byproduct of pro-

duct of processing
France 


Japan 
 othL- minerals,
 

Peru especially copper)
 

Syeden
 
U.S.S.R.
 

United States (Beryl is normally 

a 


(No data for other countries) recovered as 


coproduct with feld-

spar, mic., lithium,
 
columb *e, tantalite,
 
or cas-iterite in
 
granite pegmatites)
 

Small OPSM
 

Japan Boliva (Recovered as a 


United States 
 Canada 	 byproduct with 

lead, copper,
South Korea 


France tungsten and gold)
 
Mexico 

Peru 

U.S.S.R. Yugoslavia
 

(Same as zinc distribution) (Recovered as a 


byproduct of zinc 

processing 


Canada (Surface mined as 

lucite or recovered
Rhodesia 


South-West Africa 
 as 	coproduct from
 
granite pegatites)
Mazambique 


United States
 

Principal Environ

mental Concerns
 

a 	same as the specific
 

coproducts involved
 

a highly toxic
 

e often a component of
 
smelter stack gas
 

a 	dust and fumes potentially
 
toxic to susceptible
 

individuals
 

0 	same as the principal
 

ores involved.
 

* 	Cadmium fuimes are
 

extremely toxic.
 
Other concerns same
 
as for zinc
 

* 	minor due to low
 
consumption levels
 



TABLE 4 (Continued)
 

Primary Extraction Principal Environ--

Distribucion of Known 


( 1) mental Concerns
Methods(2)
Major Deposits
Minerals 


OPSM . railings and waste disposal

United States Canada
Copper 
 land use cobflicts
SUG a

Chile China 


* air pollution as dust
 U.S.S.R. Australia 

and smelter fumes
 

Zambia Phillippines 

* water consumption


Peru Poland 

Zaire Rep. S. Africa
 

* same as for zinc
(Recovered as a minor 
Germanium (Distribution parallels that 


of zinc, fluorspar, and byproduct 
from zinc
 

some coals) ores)
 

a land use conflicts
SUG

Gold 

OPSH * tailings disposal

Rep. S. Africa 

U.S.S.R. 


DSM # air pollution as dust
Canada 

and smelter fume
Australia 


* water pollution,
United States 

especially with dredging
Colombia 


Rhodesij
 

@ air and water pollution

Lead (Deposits of ore present in SUG 


from smelters
R&PUG
more than 50 countries) 

a toxicities to local biota
OPSH 

e. waste disposal


United States China 

Canada Mexico
 
Australia Morocco
 
Yugoslavia Peru
 
U.S.S.R. South-West Africa
 

* air pollution from
 
Magnesium (Unlimited resources as dolotaite, OPSM 


SUG processing
sea water, or well brines in 

0* possible fire hazards almost all countries. List below 


based on magnesite reserves)
 

China India
 

North Korea Czechoslovakia
 
New Zealand Austtia
 
U.S.S.R. United States
 

potential toxicitier, to
 
Mercury Spain Czechoslovakia SUG * 


OPSM employees and local
 Italy Japan 

populace


China Mexico 

* air and water pollution
Yugoslavia Philippines 


from processing

U.S.S.R, Turkey 

United States
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TABLE 4 (Continued)
 

Distribution of Known Primary Extraction Principal Environ-


Minerals Major 	Deposits(l) Methods(2) mental Concerns
 

water pollution (dredging)
Platinum and Rep. S. Africa (Mined in small quan- .
 
tities as lode and . generally same concerns
Related Minerals 	 U.S.S.R. 


Canada placer deposits) as for copper
 

Colombia 
 SUG
 

United States DSM
 
Rhodesia (Also recovered as by-


Ethiopia prodcut from gold and
 
copper ore)
 

Radium 	 Current demands are primarily met from existing stocks and * none related to present
 

secondary sources. Some primary production occurs as ore production
 

from Zaire is processed in Belgium. 
 * some health hazards exist
 
at previous processing
 
sites due to radon release
 

from old tailings
 

Rare Earth United States 	 Malagasy Rep. (Recovered on world wide 9 water pollution from
 

South Korea basis from monazite and dredging
Elements 	 India 

Australia Canada 
 from bastnaesite within
 

U.S.S.R. Taiwen United States. Monazite 

Brazil - MC1;wi is a common byproduct of
 

Egypt Sri Lanka titanium mining)
 
DSM
 

Selenium 	 United States (Recovered as a byproduct e same as for copper
 

Chile of copper and lead
 

U.S.S.R. refining)
 
Zambia
 
Peru
 
Zaire
 
Canada
 

* air pollution from
 

United Sts.es Bolivia (Normally produced as processing
 
3ilver 	 U.S.S.R. Australia OPSM 


a water pollution from
 

Rep. S. Africa with copper, lead, or tailings
 
Mexico Honduras coproduct or byproduct 


Canada 

Peru zinc) * waste disposal
 

United States (Recovered as a by- * same as for copper
 

Chile 

Tellurium 


product of copper .	 tellurium and related
 

U.S.S.R. 	 refining) compounds are toxic
 
at low concsntrations
Zambia 


Peru
 
Zaire
 
Canada
 

ent 



TABLE 4 (Continued)
 

Primary Extraction Principal Environ-

Distribution of Known 


(2 ) 
 mental Concerns
Methods
Major Deposits()
Minerals 


a same as for zinc
(Recovered as a by-
Distributed similar to zinc
Thallium 
 * thallium and related
product of zinc 
reserves 
 compounds are toxic and
processing) 

may accumulate in the body
 
ever a period of time
 

9 water pollution from
DSM
Burma
Thailand
Tin 
 OPSM dredging
United Kingdom
Malaysia 
 a air pollution from smelting
SUG
Canada
Indonesia 
 * use of tin as a lining for
 
France
China 
 cans hinders reprocessing


Bolivia Japan 

of the cans for scrap iron
 

North Korea 


Zaire South Korea
 

Nigeria Portugal
 
Australia 


U.S.S.R. 


Rep. S. Africa
 
Tanzania
 

Titanium water pollution from
DSM * 
Sri Lanka
(Ilmenite ore Norway 

OPSM dredging


U.S.S.R. Spain 

e disposal of waste slimes
 

United States China 

0 disposal of waste iron
 

Canada Japan 

sulfate from processing


India Finland 


Egypt Malaysia
 
Australia Brazil
 

Sri Lanka
 

Sierra Leone U.S.S.R.
 
Canada 


(Rutils ore) Australia 


India
 
United States
 

water pollution from
 U.S.S.R. (RecovereI from monazite- a 
India
Yttrium DSM, and as a byproduct dredging and tailings

United States Malagasy Rep. 


from uranium processing- disposal
South Korea
Australia 

• radiological aspects


Egypt Malawi OPSM) 

when produced with
 Taiwan
Canada 
 uranium
Rep. S. Africa 

Sri Lanka 
Brazil 
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TABLE 4 (Continued) 

Minerals 

Distribution of Known 

Major Deposits 
(1 ) 

Primary Extraction 

Methods
( 2 ) 

Principal Environ

mental Concerns 

Zinc Commercial grade deposits 
located in over 50 countries 
Major reserves in: 

United States Ireland 

Canada Mexico 

Australia Morocco 

China Peru 

U.S.S.R. South-West Africa 
Yugoslavia 

SGU e 
o 
a 

a 

subsidence 
dust and water pollution 

disposal of waste rock 

and tailings 
fumes from smelters 

Zirconium 
(Ilmenite ore) United States 

U.S.S.R. 
India 
Australia 
Sri Lanka 

Rep. S. Africa 
Egypt 
Malagasy Rep. 
Brazil 
Thailand 

DSM 
(Commonly mined with 
titanium) 

e 

9 
* 

water pollution from 

dredging 
disposal of waste slimes 

disposal of iron sulfates 

from processing 

(Rutile ore) Australia 
Sierra Leone 

Nonmetallic Minerals 

Asbestos Canada 
U.S.S.R. 
Rep. S. Africa 
Rhodesia 
China 
United States 
Italy 

Swaziland 
Japan 
Cyprus 
Finland 
Yugoslavia 
Australia 
Bolivia 

OPS 
BUG 

e health hazards are 

present throughout the 

processing and consumption 

cycle. Fibers are con

sidered carcilvogenic. 

Barium 
(barite) 

United States 
China 
U.S.S.R. 
West Germany 
Mexico' 
Canada; 
Japan 
Thailand 
Peru 

Brazil 
Rhodesia 
Pakistan 
Algeria 
Liberia 
North Korea 
Morocco 
Chile 
Argentina 

OPSM 
SUG 9 tailings dust and 

disposal 



TABLE 4 (Continued)
 

Primary Extraction Principal Environ-
Distribution of Known 

( 1 mental Concerns
Methods(2)
Major Deposits )
Minerals 


minor with respect to
OPSH * 
United States
2aron 
 production
U.S.S.R. 

Turkey
 
Argentina
 
Chile
 

s 	objectionable odors and
 
United States (Primarily recovered from 
Bromine 


brines of saline lakes) fumes from processing

U.S.S.R. 


facilities
France 

Israel
 
Japan
 
West Germany
 

.	 land use conflicts
OPSM
Abundant in most countries
Calcium 

SUG * reclamation of abandoned
 

(Limestone, 
 quarries

dolomite, chalk) 
 d 	noise and dust near
 

population centers
 

OPSM e noise, dust, and visual
 
Most types of clay are widely
Clays 
 appearance of mines near
 

(bentonite and distributed around the world 

population centers
 

kaolin, plus ball 
 . land use conflicts
 
clay, fire clay, 
 * 	reclamation of pits

and fuller's earth) 
 * 	sedimentation to local
 

streams
 

noise and blasting near
 
U.S.S.R. Mozambique 	 OPSM e 

Corundum 
 population centers
 
Rhodesia Malagasy Rep. 


Rep. S. Africa Brazil
 
India Malaysia
 
Malawi
 

noise and blasting near
OPSM * 

Emery Turkey 


population centers
 
United States 

Greece
 
West Germany
 
U.S.S.R.
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TABLE 4 (Continued) 

Distribution of Known Primary Extraction Principal Environ-

Minerals Major Deposits
( 1) Methods

( 2) mental Concerns 

Diamonds Zaire 
Rep. S. Africa 

Ghana 
U.S.S.R. 

Guinea 
South-West Africa 

Tanzania 
Brazil 

OPSH 
SUG 

. 
e 

* 

land use conflicts 
reclamation of abandoned 

pits 
waste rock disposal 

Sierra Leone Venezuela 
Angola (Other African 

countries) 

Diatomite United States 
U.S.S.R. 
Fr.nca 

OPSH e 

a 

reclamation of abandoned 

pits 
disposal of waste rock 

West Germany 

Italy 
Algeria 

(Plus about 20 other countries) 

Feldspar Abundant in mogt countries OPSH 
SUG 

s reclamation of abandoned 

pits 
e land use con.licts 
9 disposal of waste rock 

Fluorine 
(fluorspar) 

Mexico 
U.S.S.R. 
Spain 

United Kin&uom 
Rep. S. Africa 
West Germany 

SUG 
R&PUG 
OPSH 

e 
e 

disposal of waste rock 
air and water pollution 

from processing 

China Canada 

Thailand East Germany 

France Mongolia 
United States South Korea 

Italy North Korea 
Japan 

Garnet United States 
U.S.S.R. 
a;,dia 

OPSH 
USH 

e minor 

Australia 
Spain 
Argentina 

Graphite 'South Korea 

North Korea 

Malagasy Rep. 

West Germany 

SUG e minor 

U.S.S.R. Sri Lanka 
Mexico Norway 
China United States 

Austri4 



TABLE 4 (Continued)
 

Minerals 

Distribution of Known 

Hajor Deposits(l) 

Primary Extraction 

Methods
(2 ) 

Principal Environ

mental Concerns 

Gypsum Abundant in most countries 
(Producing countries) 

OPSM 
SUG 

. 
* 
* 

reclamation of abandoned pits 

dust from processing 
disposal of waste rock 

United States 
France 
U.S.S.R. 
United Kingdom 
Canada 

Italy 
Spain 
Iran 
India 
Mexico 

Lithium United States Rep. S. Africa 
U.S.S.R. Argentina 
Rhodesia Mozambique 
China Uganda 
South-West Africa 
Australia 

OPSH 
SUG 

and recovery from brines 
(often mined as coproduct 
with beryl, columbite, 
feldspar, mica, quartz, 
tantalite, etc.) 

e potential water pollu
tion from processing 

mica Abundant on all continents 
(Producing countries) 

OPSH e disposal of mining and 
processing wastes 

India 
Halagasy Rep. 

Brazil 
United States 

Perlite United States 
Greece 
Japan 
Iceland 
Scotland 

Ireland 
Italy 
Japan 
Australia 
New Zealand 

OPSH o reclamation of abandoned 
pits 

9 disposal of waste rock 
and processing wastes 

e dust from prncessing 

Phosphorus 
(phosphates) 

Abundanton all continents 
(major reserves) 

Morocco China 
United States Algeria 
U.S.S.R. Peru 
Tunisia N. Vietnam 

OPSH e land use conflicts 
* disposal of overburden and 

processing wastes 
o water and air pollution 

from procesing 
* reclamation of pits, waste 

dumps, and slime ponds 

o release of fluorine during 
processing 
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TABLE 4 (Continued) 

Mneral. 
Distribution of Known 

Major Deposts (1 )  
Primary Extraction 

Methods
( 2)  

Principal Environ
mental Concerns 

Potassium 
(potash) 

U.S.S.R. 
Canada 
East Germany 
West Germany 
Israel and Jordan 
United States 
France 
Spain 
Italy 

(plus numerous other countries) 

SUG 
R&PUG 
SOL 

plus recovery 
from brines 

a disposal of tailings 

a water pollution 
a water pollution 

from processing 

• land use conflicts 
a dust from tailings 

dispoaal areas 

Pumice Widespread abundance 
(Producing countries) 

OPSH e land use conflicts 

Italy 
West Germany 
United States 
Greece 
France 

Martinique 
Chile 
Spain 
Austria 
New Zealand 

Quarts crystal 

Sodium 
(salt, soda ash) 

Brazil 
(plus numerous other countries) 

Abundant on all continents 

(Producing countries) 

United States France 
China Canada 

U.S.S.R. Italy 
West Germany Mexico 

United Kingdom Poland 

India Netherlands 

Mined by hand methods 

to preserve crystals 

Rock salt - R&PUG 

Soda ash - R&PUG 
Brine salt - recovered 

by evaporation 

. 
9 

a 

overburden disposal 
generally minor 

land use conflicts 

(brine recovery) 

Strontium 
(Celestite) 

Reserves aL worldwide but 

poorly documented 

Small scale OPSM a minor 

United Kingdom 
Spain 
Mexico 
U.S.S.R. 

Italy 
Pakistan 
Argentina 
United States 
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TABLE 4 (Continued)
 

Distribution of Known Primary Extraction Principal Environ-


Minerals Major Deposits'1l  	 Methods(2) mental Concerns
 

Sulfur Abundant worldwide - wells (steam injection) * air pollution from 
- OPSH processing 
- recovery from processing e water pollution at points 

of pyrites and from sour of consumption 
natural gas e 	water pollution from
 

mining of sulfur bearing
 
minerals such as coal.
 

Japan Rumania OPSM air pollution (dust) from
 
United States South Korea SUG mining and processing
 
U.S.S.R. Norway 	 * magnesium silicate in dust
 
France Austria is health hazard to humans
 
India Canada and livestock
 
Italy Sweden * reclamation of abondoned
 
China Rep. S. Africa pits
 
(plus numerous other countries)
 

Vermiculite Rep. S. Africa Kenya 	 OPSM e disposal of waste
 
United States Tanzania rock
 
Argentina * reclamation of abandoned
 
Brazil. pits
 
India 	 a dust from processing
 

* 	disposal of processing
 
waste (fines)
 

(1 These distributions are not inclusive, but rather show significant known reserves
 
or documented production. Where possible, the countries were ranked according
 
to size of known reserves (or production) starting with largest. Ranking is only
 
meaningful for the first few countries in each list.
 

(2R&PU - room and pillar underground mining
 
LWUG - longwall underground mining
 
SUG - standard underground mining - shaft or stopping
 
ASH - area surface mining
 

OPSH - open pit surface mining
 
CSH - contour surface mining
 
DSH - dredge surface mine
 
ISR - in situ retorting
 
SOL - solution mining
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BASIC CONTROL MEASURES AND MITIGRATION
 

OF MINING IMPACTS 

Controls for the primary environmental problems listed in the
 

previous section may be categorized into controls of atmospheric
 

emissions and particulates, controls of water pollutants, 
reclamation
 

of disturbed areas, and approaches to minimizing 
land use conflicts.
 

These categories are discussed individually below.
 

Control of Atmospheric Emissions and Particulates
 

Atmospheric pollutants generated during the excavation and
 

mineral extraction activities tend to consist primarily of
 

particulates while gaseous emissions assume a more important 
role
 

during processing activities.
 

Generation of particulates around a mining operation can be
 

substantially reduced by a few simple procedures including:
 

Reduction in the area of land surface disturbed at any given
* 

time,
 

* 	 Use of water or chemical dust suppressants on 
haul roads,
 

Paving, where practical, of permanent roads,
 

0 Reduction in the number of exposed transfer points 
for ore
 

and waste rock, and
 

Prompt and effective reclamation of abandoned mine 
areas and
 

* 


* 

dump sites.
 

During mineral processing, a broader array of atmospheric
 

These include not only ore and rock
pollutants are .involved. 

in smelter fumes, fumes
particulates from crushing, but also SO2 


from processing reagents, and particulates of various 
process
 

materials which may involve concentrations of trace elements 
and toxic
 

Reduction or containment of atmospheric emissions at 
the
 

compounds. 

processing stage commonly involves:
 

Use of bag filters, electrostatic precipitators or 
wet
 

* 

scrubbers at crushing facilities and on smelter stacks,
 

Use of scrubbers or other suitable SO2 recovery 
techniques


* 

in the smelter process, and
 

0 	 Substitution of refinery processes to minimize use and
 

production of unessential toxic materials.
 

Control of Water Pollutants
 

Primary water pollutants in the excavation and extraction 
areas
 

include sediments from disturbed areas and leachates 
from exposed ore
 

Control of such pollution should focus on
 and toxic waste materials. 


the following:
 

Avoidance of unnecessary surface disturbance,
• 

Prompt reclamation of exploration roads, abandoned 

mine
 
* 


areas, and waste dumps,
 



Use of sediment ponds below areas of disturbance,
0 

* 	 Impoundment and removal of will drilling wastes including
 

drilling muds, brackish water and oil,
 
toxic waste materials in spoil or waste
• 	 Burial of pyrite or 


dumps to prevent oxidation and leaching,
 

* 	 Avoidance of disturbance to stream channels or use of
 

channels as access roads, and
 

• 	 Chemical treatment of acidic drainage.
 

rotential water pollutants from the processing facilities
 

constitute an almost endless list depending upon the type 
of
 

processing involved. In general, reduction of impacts is related to
 

the following generic practices:
 

" Containment of spills and accidental discharges,
 

" Recirculation of cooling and process waters wherever
 

possible to minimize quantiiy of discharges,
 
Avoidance of use or production of toxic materials where
 

possible,
 
" 


* 	 Discharge of process wastes into suitable burial sites or
 

tailings impoundments instead of local drainages,
 

" 	 Use of effective clay liner or other seal around tailings
 

impoundments,
 
* 	 Avoidance of flood prone drainages for tailings disposal
 

sites,
 
" 	 Protection of tailings pond dikes against erosion and
 

failure by revegetation or suitable rip-rap, and
 

* 	 Implementation of effective downstream or discharge
 

to provide prompt detection of potential
monitoring programs 

problems.
 

It is important to note that, in contrast to atmospheric emission
 

where pollutant effects typically develop over a considerable 
period
 

of time, a single release of toxic materials into a watershed may 
have
 

drastic, far reaching, and long term implications.
 

Reclamation and Disturbed Areas
 

Reclamation has already been discussed in the context of 
reducing
 

atmospheric and water-borne pollutants, but is also vitally important
 

to other productive uses and in
in returning the disturbed areas 


reducing the long-term aesthetic impacts of the mining operation. 
As
 

environmental awareness becomes more pronounced, an increasing 
number
 

of countries are beginning to'consider mining as a temporary land 
use
 

like any other industry. This is most apparent in several European
 

nations where the reclamation planning and subsequent land use is a
 

While some types of mining
principal factor in mine design. 

operations are not conducive to reclamation in the sense of a return
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to previous land uses, these areas may logically be developed 
for
 

other uses if given adequate consideration at an early stage.
 

Reclamation practices should include the following for excavation 
and
 

extraction sites:
 

* Salvage, protection, and re-use of available topsoil where
 

possible,
 
Return of spoil, waste dumps and other disturbed areas to
* 

minimum practical slopes,
 

Planting of vegetation species that are ecologically suited
* 

to the particular site and to anticipated subsequent uses of
 

the area, and
 
0 Steps to avoid contamination of local soils with waste
 

chemicals and oil.
 

In addition to reclamation of disturbed areas, which considerably
 

reduces long term visual impacts, simple procedures such 
as retention
 

of wooded areas or natural hills around the mine or processing
 

facility will help provide visual screening and noise reduction.
 

CONCLUSIONS
 

It is evident that mineral extraction is a vital and continual
 

part of all modern societies. Thus, it has to occur and under
 

At the same time, the recent
economically tolerable conditions. 

history of several countries indicates that these societies are
 

willing to pay some additional cost on mineral products to insure
 

protection of environmental resources. The practices outlined in this
 

paper to mitigate environmental impacts range from those which 
might
 

be unacceptably expensive to implement (zero water pollutant discharge
 

and total reclamation of open pit mines) to others which 
can be
 

Certainly as many
implemented at little or no additional cost. 


environmental problems arise in mineral extraction from carelessness
 

from economic considerations. Some
and lack of forethought as 

pollution resulting from economic constraints can be justified 

on a
 

national priority basis in some developing countries; pollution
 

resulting from carelessness and indifference cannot be justified
 

anywhere.
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EXECUTIVE SUMMARY
 

A solid waste management system consists of a plan of operation
 

or mechanism for the orderly control of the storage, collection,
 

transport, processing, reuse, and final disposal of unwanted waste
 

products. The principal objectives of the system are to protect the
 

public health and to prevent environmental degradation. In developing
 

countries the primary concern is with control and limitation of
 

communicable diseases through proper containment and disposal of human
 
sources -- household,
body wastes. However, management of other waste 


commercial, institutional, industrial, agricultural, and mining -- are
 

all important:
 

to control the spread of communicable diseases by
" 

eliminating the feeding and breeding ground for disease
 

vectors, e.g., rats, flies, mosquitos;
 

* 	 to prevent air pollution resulting from open burning and
 

wind-borne dust;
 

* 	 to prevent the generation of foul odors and unaesthetic
 

appearance associated with uncontained and/or uncollected
 

garbage;
 

* 	 to prevent the degradation of streams and lakes associated
 

with uncontrolled dumping into surface waters;
 

" 	 to prevent contamination of useable groundwater by leachate
 

arising from solid waste; and
 

* 	 to prevent uncontrolled disposal of hazardous materials into
 
to
the environment, thereby reducing exposure of humans 


these materials.
 

The five major steps to be taken in deciding on a system are
 

described below.
 

source of the waste. Determine how much you
 

is coming from, how much is produced at each location,
 
1. 	 Define the 


have, where it 

what is in the waste, and what its physical and chemical
 

characteristics are. This information is necessary to properly select
 

from available storage, transport, processing, and disposal options.
 

to do with the
2. Determine the alternatives available for what 


waste within each element of the disposal system. Storage options
 

include open piles, pits, ponds, and lagoons, or closed containers.
 

A variety of
Collection is a critical problem for urban systems. 


used depending largely on the density of population.
methods are 

Methods range from individual house-to-house collection to pick-up of
 

centrally located bulk containers serving apartmet houses and
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are usually generated
tenements. Industrial and mining residues 

Continuous
continuously so no special collection is necessary. 


transport of these wastes can be provided by a combination of chutes,
 

belt and bucket conveyors, pneumatic and slurry pipe lines, trucks,
 

and railr.ads.
 

A wide range of processing alternatives is available to condense
 

and compact the waste or change its properties, making it easier to
 

handle. Processing alternatives include:
 

Sorting - A combination of magnetic separation, air
 o 

flotation, pulping, thickening, dewatering and other methods
 

to accomplish separation of different waste components.
 

Mechanical processing - May include shredding, baling, and
* 

compaction to achieve volume reduction.
 

Thermal processing - Incineration or pyrolysis to achieve
 

waste destruction and volume reduction.
 

Biological processing - Digestion and composting 	used to
* 

reduce "activity" and volume of the waste
 

* 	 Chemical processing - Includes neutralization,
 

precipitation, and others to reduce waste hazard and improve
 

handling quality.
 

Disposal options are limited to landfill, land farm, and ocean
 

disposal. Landfilling, the controlled burial of wastes, is popular
 

because it is cheap, flexible, safe, and permanent. Landfarming is
 

popular for the same reasons but also incorporates the recycle/reuse
 

concept. Ocean disposal is only suitable for selected wastes.
 

3. Set the evalutation criteria by which you determine whether
 

the elements of the system are appropriate for your situation.
 

Overall the system must be realistic, relevant, flexible, acceptable,
 
Four 	principal
affordable, suitable to local conditions, and safe. 


items to consider are the technical/operating factors, cost,
 

health/safety/environment considerations, and institutional/political
 

factors. Major criteria are:
 

- Provide extra storage and equipment redundancy
* 	 reliability 

Use rugged,
to accommodate all the waste all the time. 


heavy duty, standard equipment.
 

* 	 Elexibility - Avoid overly specialized equipment. Use
 

versatile rather than single purpose vehicles. Design the
 

system to operate in all kinds of weather.
 

system complex.
* 	 simplicity - Do not make the equipment or 


Keep it understandable.
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* 	 availability of labor and materials - These are typically
 

lacking. Use local labor, equipment, materials, and fuel
 

whenever possible.
 

* 	 security - Protect equipment, materials, and fuel from theft
 

and vandalism.
 

* 	 Cost - Balance capital costs agaitst operational costs but
 

assume maintenance will be poor. Buy the equipment
 

requiring the least maintenance and repair.
 

* 	 objectives - Make sure you have the equipment and labor to
 

achieve the objectives - protection of public health and the
 

environment.
 

" 	 acceptability - Choose a method that will be acceptable to
 

local users and will not radically contravene long-standing
 

customs and beliefs. Choose a system that people can
 

understand and use.
 

4. 	 Evaluate the alternatives in the context of the selection
 

Use a matrix method or other technique 'o
criteria established above. 

systematically consider all the relevant factors.
 

5. Develop the management controls needed to govern and opei:ate
 

the system. A variety of alternatives have been utilized for
 

ownership and operation of municipal systems: government operation or
 

licensing, special authorities, non-profit corporations,
 

cooperatiaves, special districts, and inter government agreements.
 

Other alternatives are available. Whatever the system selected,
 

someone or 
some group of individuals must be accountable for making
 

the system work and be given the authority and responsibility to carry
 

out that mission.
 

Finding financing and operating revenues for municipal'systems
 

constitute another set of problems. Capital financing can be secured
 

from internal government sources (e.g., oil or mineral revenues,
 

taxes) or external sources such as grants and loans from the World
 

Bank or foreign countries and corporations. Operating revenues can
 

come 	from government revenues, special taxes, or user charges.
 

Industrial and mining operations do not have the same
 

institutional or revenue problems as government systems providing
 

services to individuals. In industrial and mining enterprises, the
 

solid waste disposal system is a necessary cost of doing business and
 

should be accounted for in the same manner as other essential services.
 

All systems (municipal, 	industrial, etc.) must have and maintain
 

additional management controls which need to be considered: staffing
 

requirements, equipment mairtenance requirements, manpower management,
 

accounting, record keeping, and monitoring. All these management
 

controls should be considered along with the technical aspects of the
 

solid waste system.
 



These basic precepts are the same regardless of context 
municipal, industrial, mining, or agricultural. The application of
 
these principles should be tailGred to meet the particular constraints
 
of climate, resources, culture, economics, institutions and other
 
factors unique to conditions in each developing country.
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PRINCIPLES OF SOLID WASTE MANAGEMENT
 

IN DEVELOPING COUNTRIES
 

By: William A. Duvel, Jr., Ph.D., P.E.
 

Introduction
 

The principles of solid waste management in developing countries
 

so very different from the principles in "developed"
are not 

are the
countries. Actually the principles of solid waste management 


same; the application of the principles is different because of
 

different constraints of climate, resources, culture, economics, and
 

some general elementary
other factors. Thus, this paper sets out 


definitions and guiding principles of solid waste management and shows
 

how they can be applied in developing countries.
 

What is Solid Waste?
 

What do we mean by solid waste? What are we talking about? We
 

are simply talking abnut the solid residues, leftovers, and unwanted
 

by-products of an activity. A more formal definition puts it this way:
 

"Solid waste means any garbage, refuse, sludge from a waste
 

treatment plant, water supply treatment plant, or air pollution
 

control facility and other discarded material, including solid,
 

liquid, semisolid, or contained gaseous material resulting from
 

industrial, commercial, mining, and agricultural operations, and
 
"1
 ....
from community activities 


This more formal definition includes the concept of source; that
 

is, solid wastes are typically characterized by where they come from.
 

This characterization is important because it often determines how
 

those wastes are managed and where they go.
 

As shown in Table 1, there are 7 broad categories of solid waste.
 

Each of these categories is composed of different kinds of materials
 

generated from different activities. Domestic, institutional, and
 
Garbage
commercial sources typically consist of garbage and rubbish. 


is the waste resulting from the handling, storage, sale, preparation,
 

and cooking of food. Rubbish consists of such
 

lFrom regulations developed for the Resource Conservation and
 

Recovery Act of 1976, Federal Register, Vol. 44, No. 179,
 

September 13, 1979 p. 53461.
 



TABLE 1
 

SOURCE CATEGORIES OF SOLID WASTE
 

" Domestic Sources * Mining Sources
 

Single family homes Extraction
 

Multi-family homes Processing &
 

Apartments & condominiums 	 beneficiation
 

* Institutional Sources 	 * Agricultural Sources
 

Schools Farm operations
 

Government offices Crop production
 

Hospitals Livestock production
 

* 	 Commercial Sources a General Municipal Sources
 

Stores Demolition
 

Offices Construction
 

Service stations Street cleaning &
 

Warehouses maintenance
 

Landscaping
 

* 	 Industrial Sources Park and beach
 

Process industries operation
 

Non-process industries Catch-basin cleaning
 

Utilities 	 Water & sewage treatment
 

solids
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items as paper, cartons, barrels, yard trimmings, furniture, cans,
 
glass, ash, tires, appliances and other similar articles. These
 
wastes along with those from the general municipal sources are
 
sometimes referred to collectiveiy as "municipal solid waste" or
 
"municipal refuse." 
 This term is used because in many urban areas
 
their collection and disposal is provided by (or at least regulated
 
by) the municipal government.
 

Industri-l waste represents the residues from diverse industrial
 
operations. in general the process industries such as petroleum
 
refining, chemicals and plastics, food processing, metals refining and
 
finishing, textile production and finishing, and paper and wood
 
products operations generate significant quantities of solid waste,
 
some of which is hazardous. Electric utilities, particularly those
 
using coal or wood, are also significant industrial sources. The
 
non-process industries such as electronics and metal fabricating for
 
the most part do not generate significant quantities of wastes and
 
have less difficult problems than do the process industries.
 

Mining, mineral extraction, and benefication ty?ically generate
 
enormous quantities of solid wastes. In many cases a large proportion
 
of these wastes are inert residues which can be returned directly to
 
the earth. However, some materials such as drilling muds and
 
processing residues are difficult to dewater and pose serious
 
management problems.
 

Agricultural operations, both crop and livestock production, are
 
also important major sources of waste. Management of many of these
 
wastes is simplified by the enhanced opportunity for direct recycling
 
and reuse of the waste products.
 

What is Solid Waste Management?
 

Simply put, solid waste management is the controlling, nandling,
 
or supervision of the fate of solid wastes. Management involves
 
exercising some degree of influence over these primary elements of the
 
system:
 

e storage
 
* collection
 

* transport
 
* processing
 
* reuse/recycle
 
* disposal
 

A solid waste management system is a plan of operation or
 
mechanism for the orderly control and disposition of solid waste. A
 
management system can be very simple or very complex, depending upon
 
the quantities and characteristics of the waste, the number and
 
variety of wastes involved, general economic conditions, and a
 
spectrum of other factors which vary with the particular case. Not
 
all of these elements are found in all systems. Consider, for
 
example, the very simple case of a latrine. Here human fecal matter
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(one type of soli waste) is deposited directly into a pit in the
 

ground which serves as both the storage and final disposal point.
 

There is no collection, transport, or processing of the waste.
 

A typical municipal management system in the United States
 

Here, storage by individual homeowners is
represents a complex case. 

These cans are
provided in trash cans which are placed at the curb. 


a week into specially designed collection trucks
emptied once or twice 

At the transfer station the wastes
which go to a transfer station. 


are compacted (the processing step) into large packer trucks and then
 
The landfill
a landfill on the outskirts of the town.
transported to 


serves as the final disposal point.
 

to be quite varied, the important
While these examples appear 


point is that the same fundamental principles apply for both the
 

simple case and the complex case. The same principles apply to the
 

case of government control or private control.
 

Why is Management Important?
 

the effort to develop a management
Why is it necessary to go to 


system? Why not just leave the wastes unmanaged? There are two
 

for properly managing solid wastes: health and
compelling reasons 

environment.
 

The primary concern in solid waste management is for protection
 

of public health. Historically the first concern is for contrnl of
 

fecal matter through good personal sanitation practices.
human 

Control and limitation of communicable diseases (see Table 2) through
 

proper containment and disposal of human body waste has been
 

decisively documented and should be a primary goal for developing
 

concern for, as shown in
countries. Animal fecal waste is also of 


Table 2, it too contains disease producing organisms.
 

sources
Houschold, commercial, and institutional wastes are also 


However, the public health hazard associated with these
of pathogens. 

Garbage and rubbish provide
materials is somewhat less direct. 


Garbage and refuse provide
excellent habitat for disease vectors. 

rats and other similar vermin);
food and harborage for rodents (e.g., 


a
breeding grounds for flies, mosquitos, and other insects; and 


Table 3 shows the principal diseases which
feeding ground for birds. 


can be transmitted to humans and animals from the three primary
 

Proper control of municipal
offenders -- flies, mosquitos, and rats. 

if these vectors and related
solid waste is universally essential 


diseases are to be curtailed.
 



Source: Wilson, 1977
 

TABLE 2
 

DISEASES ASSOCIATED WITH FECAL HATTER
 

Diseases Associated with
 

Human Fecal Waste
 

Bacterial infections
 

Typhoid fever
 

Paratyphoid fever
 

Cholera
 

Shigellosis (bacillary dysentery)
 

Viral infections
 

Poliomyelitis
 

Coxsackie infection
 

Infectious hepatitis
 

(very many other enteric viruses exist)
 

Protozoal infections
 

Entamoeba histolytica
 

Helminthia3is
 

Fish tapeworm
 

Beef tapeworm
 

Pork tapeworm
 

Pinworm
 

Roundworm
 

Whipworm
 

Hookworm
 

Diseases Associated With
 

Animal Fecal Waste
 

Salmonellae
 

Infection from pig intestinal protozoan
 

(Balantidium coli)
 

Helminthiasis
 

Pig sacaris
 

Animal tapeworms
 

Hydatid worm
 



Rodent-Borne Diseases 


Echinostoniasis 


Hemorrhagic septicemia 


Histoplasnosis 


L-m.phocytic choriomeningitis 


Plague 


Rat-bite fever 

Rat-mite dermatitis 


Rat-taneworm infection 


Rocky Mountain spotted fever 


Salivary-gland virus infection 


Salmonellosis 


Schistosomiasid 


Bilharziasis 


Sporotrichosis 


S,:ine erysipelas 


Trichinosis 


Leptospirosis 


Leishmaniasis
 

Relapsing fever
 

Tularemoa
 

Rickettsial pox
 

Murine ryphus
 

Source: Wilson, 1977
 

TABLE 3 
DISEASES ASSOCIATED WITH VARIOUS VECTORS 

Fly-Borne Diseases 


Typhoid 


Bacillary dysentery 


Amoebic dysentery 


Diarrheas 


Asiatic cholera 


Helminth infections (worm) 

Myiasis 


Loiasis 


Onchocerciasis 


Ozzard's filariasis
 

Leishmaniasis
 

African sleeping sickness (trypanosomiasis)
 

Yaws
 

Tularemia
 

Bartonellosis
 

Cararrhal conjunctivitis
 

Sandfly fever
 

Fosquito-Borne Diseases
 

Dengue
 

Encephalitis
 

Filariasis
 

Malaria
 

Yellow Fever
 

Tularemia
 

Lymphocytic choriomeningitis
 

Melioidosis
 

Rift-Valley fever
 



same 	as
 

garbage and create the same problems. Residues from many industrial
 

process operations such as petroleum refining, chem.cals and plastics
 

manufacturing, metals refining and finishing, and tanning, utilize
 

and/or produce hazardous materials. Residues from the production or
 

use of these materials may be corrosive, explosive, toxic,
 
or otherwise directly injurious
 

Agricultural and food processing wastes are much tae 


carcinogenic, mutagenic, teratogenic, 


to people who come into contact with them. Table 4 shows some
 
industrial waste
representative hazardous substances found in various 


Control of these hazardous industrial residues is also
streams. 

essential to protection of the public health.
 

There is an additionai set of potential hazards which may result
 

from improper storage, handling, and disposal of solid wastes.
 

" 	 Spontaneous combustion and resulting fire are potential
 

threats in all organic wactes subject to rapid bacterial
 

action. Spontaneous combustion, long recognized in storage
 

of hay, wood chips, coal, and grain can be a problem in
 

municipal waste storage. Bacterial action within a pile of
 

refuse can sometimes generate sufficient heat to ignite
 

combustible materials in that pile. The resulting fires can
 

cause property damage, air pollution, personal injury, and
 

death.
 

* 	 Gas production can also come about through bacterial action
 

within the waste. Buried wastes (including those in
 

controlled landfills) containing putrescible matter breaks
 

down in the absence of air to form C02 , H2S, N2 , and
 

CH4 . The latter can form explosive mixtures with air if
 

allowed to accumulate in confined spaces.
 

The second major concern in solid waste management is for
 

protection of the environment. Improper management of municipal and
 

industrial residues can seriously degrade the air, water, and land.
 

For example:
 

* 	 Open burning of solid waste can contribute to air pollution
 

and associated adverse health and aesthetic effects;
 

* 	 uncontained and/or uncollected garbage and refuse will
 

generate foul odors and an unaesthetic appearance;
 

* 	 solid wastes allowed into surface waters (lakes, rivers, and
 

streams) can degrade the appearance and quality of water
 

making it unsuitable for drinking, fishing, bathing, and
 

other beneficial uses;
 

* 	 water coming into contact with solid wastes (even buried
 

wastes) will leach out soluble components of the waste which
 

may degrade groundwater quality so that it is no longer
 

useable as a source of potable water.
 



TABLE 	 4 

WITHIN INDUSTRIAL WASTE STREAMSREPRESENTATIVE HAZARDOUS SUBSTANCES 

Hazardous Substances
 

Chlorinated 
 Miscellaneous
 

Industry As Cd hydrocarbons* Cr C-1 Cyanides Pb Hg organics+ Se Zn
 

Mining and metallurgy X X X X X X 	 X X X
 

X X X
Paint and dye X X 	 X X X X 


X
Pesticide X X X X X X 

Electrical and electronic X X X X X X 

Printing and duplicating X X X X X X 

Electroplating and 

metal finishing X X X K X 

Chemical manufacturing X X X X X 

X X XExplosives X X 

Rubber and plastics X X X K X 

Battery X X X X 

X X
Pharmaceutical X 


Textile 
 X X X
 

X
Petroleum and coal X X 


Pulp and paper 
 X X
 

Leather 	 K X
 

* Including polychlorinated biphenyls. 

For example, acrolein, chloropicrin, dimethyl sulfate, dinitrobenzene, dinitrophenol,
 

nitroaniline, and pentachlorophenol.
 

+ 


Source: U.S. Environmental Protection Agency. 1974. Disposal of hazardous wastes:
 

report to Congress. Environmental Protection Publication SW-115.
 



The last two points mentioned above are particularly relevant to
 

developing countries in which provision of an adequate supply of fresh
 

vater is important for domestic purposes (drinking, cooking, and
 

washing) and for food production through irrigation.
 

Some countries may believe they cannot afford the luxury of
 
faced with the difficulty of
environmental. protection when they are 


providing essential human services -- food, water, housing, and health
 

care. These countries should not be concerned. If the solid waste
 

can be managed in such a way as to protect human health, most of the
 

time and at no extra
environmental protection is achieved at the same 


cost.
 

In lesser developed countries, there is properly a focus (at the
 

government level) on management of household, commercial, and
 
an essential human
institutional wastes because it is perceived as 


service. It is closely linked with provision of clean water, proper
 

wastewater disposal, basic health care and other similar services.
 
In some
However, industrial waste disposal should not be ignored. 


ways industrial residue disposal is easier to deal with because:
 

* 	 it is usually physically in remote areas away from the
 

general public;
 

* 	 there is a better financial base from which to operate;
 

* 	 better maintenance and equipment are likely to be utilized;
 

and
 

* 	 you do not need to change the behavior patterns or large
 

numbers of people to make the system work.
 

Selecting a Management System
 

To develop effective solid waste management, a system or
 

If a system can be
framework is needed in which to operate. 

As stated previously
developed, then you may be able to manage it. 


the elements of the system include storage, collection, transport,
 

An orderly method for selecting and
processing, reuse, and disposal. 

developing a system is described here. It is not possible in this
 

short space to consider all possible situations. However, the
 

fundamental method is the same regardless of what the waste is
 

(municipal, industrial, agricultural, etc.) or what institution
 

manages it (local government, family, private company, etc.). The
 

basic steps to selecting the system are these:
 

1. 	 Define the source
 

2. 	 Define the alternatives
 



3. Set the evaluation criteria
 

4. Evaluate the alternatives
 

5. Develop the controls
 

The steps are outlined in more detail in the following sections.
 

Define the Source
 

Defining the source simply means determing what you have.
 

* How much waste is there?
 

* Where is it produced?
 

" How much is produced at each location?
 

* What is in the waste?
 

* What are its physical and chemical characteristics?
 

Answers to t'hese questions are fundamental to system design. The
 
information is needed to evaluate alternative storage, transport, and
 
disposal options, to develop manpower and equipment needs, and to
 
determine system costs. The more information you have about the
 
waste, the better your chances of success for the system. However,
 
common sense should dictate how much information to get and what level
 
of information is required. For example, with municipal waste it is
 
sufficient to know that this will be composed of garbage and rubbish.
 
Nearly anyone can determine what is in the waste quantitatively just
 
by looking. It is rarely necessary to have information on the exact
 
chemical composition (e.g., carbon, nitrogen, and water). It is often
 
more useful to have a general idea of composition -- glass, paper,
 
food scraps, etc. On the other hand, for industrial residues it is
 
often important for safety reasons to have the chemical composition of
 
the waste determined. Workers will rarely know just by looking what
 
is in a waste, so a compositional analysis is usually very helpful.
 
However, a compositional analysis is not always required. For
 
example, it is well established that fly ash and bottom ash from coal
 
burning operations are not usually hazardous. Unless you are
 
considering reuse of the fly ash for building materials, it is not
 
necessary to know the composition. It is sufficient to know that you
 
can spread the material with a bulldozer but the material must be
 
moist or you will have dust everywhere.
 

Define the Alternatives
 

After you have determined what you are dealing with, you can
 
begin to determine the alternatives available for what to do with the
 
waste. Defining the alternatives seems a bit complicated at first
 
because there are a large number of factors to consider. However, the
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As
 
process can be simplified by an orderly development 

of ideas. 


stated previously, there are six principal elements 
making up the
 

system:
 

* storage
 

* collection
 

* transport
 

0 processing 

* reuse
 

* disposal
 

For each of these six elements, four fundamental questions 
must
 

be answered.
 

What are you going to do?
a 


* How are you going to do it?
 

* Where are you going to do it? and
 

0 Who is going to do it?
 

The spectrum of alternatives can now be identified for each
 

Table 5 shows in summary form the alternatives
element of the system. 


available for each element in the system.
 

For the storage options you can consider open piles, 
pits, ponds,
 

Inert
 
and lagoons, or closed containers (e.g.9 drums and 

tanks). 


residues which are not subject to wind and water 
erosion, such as
 

bottom ash and mine process waste, can conveniently 
be stored in open
 

stockpiles. Wastes subject to scavenging by humans, rodents, or birds
 

should be stored in closed containers. Dusty wastes subject to wind
 

erosion can usually conveniently be stored in closed 
containers (tanks
 

and bins) or kept wet in pits, ponds, or lagoons.
 

Collection.is most notably a problem in municipal systems 
where
 

picked up at hundreds of diverse points on a
 household wastes are 

some central facility for
discontinuous basis and brought to 


In apartment houses, institutions, and
 processing and/or dispsoal. 


commercial establishments and in densely populated areas, 
a large bulk
 

3 ) is used to store refuse deposited
container (usually 1 to 4 m

The container is then periodically emptied
there by the inhabitants. 


into a specially designed truck.
 



TABLE 5 

SOLID WASTE DISPOSAL ALTERNATIVES
 

What to do How-to do it Where to do it Who to do it 

Storage 
" 
" 
" 

* 
* 

open piles 
pits, ponds, lagoons 
open rigid container 

(e.g. drums, tanks) 
closed rigid container 
flexible container 

(e.g. bag) 

Use materials constructed of: 
* plastic 
s metal 
* concrete 
a stone 
* brick 
a wood 

a 
9 
* 

at source 
at processing location 
at disposal site 

a 
* 
a 
a 
a 
a 

generator 
collector/transporter 
disposer 
owner 
municipality 
contractor 

Collection 
* 

* 

bring waste to processing 
point 

bring waste to disposal 
point 

Use: 
a bags/buckets/crocks 
a carts/wheelbarrows 
a wagons/trucks 
a chutes 
a pipeline 
a conveyor 

Collect continuously 
Collect intermittently 

a 

a 

from source 
point 

from source 
point 

to central 

to disposal 

a 
a 
a 
& 
a 

generator 
owner 
disposer 
municipality 
contractor 

Transport 9 bring waste to disposal 
point 

a individuals 
a pack animals 
o trucks/wagons 
a pipeline 
9 conveyors 

a railroad 

a from processing to 
disposal point 

a 
a 

a 
9 
a 

generator 
owner 

disposer 
municipality 
:ontractor 

Processing a 
a 

hand processing 
mechanical processing 

a sorting 
a dewatering 
* compaction 
s baling 
* shredding 
* pulping 

a flotation 

a 
a 
a 

at source 
at central facility 
at disposal point 

a generator 
a collector/transporter 
a disposer 
* municipality 
a contractor 

* thermal processing a 
a 

incineration 
pyrolysis 

a biological processing a composting 
* digest:on 

a chemical processing a neutralization 
* precipitation 
* fixation 



louse 


Disposal 


1hat to do 

e direct recycle 

sseparation and recycle 


e landfill 

e landfarm 

• ocean disposal 

TABLE 5 (Continued)
 

to do It Where to do itH 


at source• complete recycle 

a partial recycle 
 • at diSposal point 


* energy recovery 
- materials recovery 

a final vaste repository* excavation 

9 fill existing hole 

a build new mountain 

* surface spreading 
* ploved under 
9 deep sea 

Who to do it 

a generator
e 
• disposer 
C owner 
* contractor 
e municipality 

e generator 
e collector/tranportar 
a owner 
e municipality 
a contractor 



In suburban areas, house to house collection is commonly used.
 

Here the waste from each household is placed into a packer truck which
 

is specially designed to compress the waste into the body of the
 

truck. In rural, sparsely populated areas, often times no collection
 

is provi.ded. Rural residents are usually closely allied to
 

agricultural activities, and most of the household wastes are disposed
 

of on-site or can be recycled directly along with agricultural
 

residues. In other cases, at least in the U.s., residents bring their
 

wastes directly to a central disposal facility. In some cases,
 

to centrally located bulk containers.
residents bring their refuse 


These containers are then periodially emptied into large trucks which
 

take 	the refuse to a central disposal facility.
 

Commercial, institutional, and demolition waste is often stored
 
3


in large roll-off containers up to 20m capacity. When these
 

containers are full, they are rolled onto a truck body and hauled to
 

the disposal point. Sometimes a stationary compactor is used in
 

combination with the roll-of:E container so 
that more waste can be
 

accomodated in one container,
 

Waste collection from industrial and mining operations pose
 

problems different from those of municipal collection. Industrial and
 

mining residus are typically generated continuously and from a
 

central location or from a relatively small number of locations.
 

Thus, collection and transport are basically the same. Industrial and
 

mining operations use chutes, belt and bucket conveyors, pneumatic and
 

slurry pipelines for continuous transport. They also use trucks and,
 

to a 	much lesser extent, railroads for hauling waste.
 

There is a wide assortment of waste processing alternatives
 

available. The use of these alternatives should be tailored to the
 

particular circumstances or resources available to the waste
 

management system. The simplest type of processing which can be
 

employed is hand sorting. Sorting can also be accomplished with one
 

or a 	combination of steps involving:
 

" 	 magnetic separation - separating iron and steel products or
 

magnetic ores from non-magnetic materials.
 

pulping - a wet grinding process resulting in a paste-like
 

material.
 
* 


* 	 air flotation - a pneumatic process used to separate heavy
 

materials (like cans and glass) from light materials (like
 

paper).
 

* 	 thickening or dewatering - an aqueous process used to
 

separate heavy materials (like sand) from water or oil.
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Other types of mechanical processing such as shredding, baling,
 

and compaction are sometimes used to reduce the volume of waste and/or
 

make it easier to handle and dispose of. These operations are common
 

with all types of waste.
 

Thermal processing via incineration or pyrolysis (controlled
 

burning under high pressure and low temperature) is commonly employed
 

refineries, chemical manufacturing,
in industrial operations such as 


and pulp and paper manufacturing where the residues are combustible
 
This is an important alternative
and have a significant heat content. 


for energy recovery and waste volume reduction. Biological processes
 

such as digestion and composting are used on wastes subject to
 

bacterial action and putrefaction (such as biological waste treatment
 

plant sludges, food processing residues, tannery residues, and paper
 

mill sludges). Chemical processing is also popular to neutralize,
 

consolidate, and reduce the volume and or hazard of industrial and
 

mining residues.
 

Reuse, recycle, and recovery of materials and energy (the 3 R's
 

of solid waste management) are important concepts to consider in the
 

a solid waste management system. If conservation of
development of 

a primary national goal, then optimizing the
natural resources is 


three R's is a key step to achieving that goal. The concepts are not
 

new and in lesser developed countries they are probably utilized more
 

than in developed countries. Those countries with a "higher standard
 

of living" tend to waste resources and throw away things which would
 

not be thrown away in other countries. Here developing countries have
 

a unique opportunity to maintain an old and worthwhile standard (i.e.,
 

no waste) while undergoing an industrialization and economic
 

development process.
 

Solid waste disposal alternatives are essentially limited to
 
Landfilling is widely
landfilling, land farming, and ocean disposal. 


used for all types of waste, including municipal, industrial, mining,
 

and agricultural. Landfilling is in effect the controlled burial of
 

waste products. It typically consists of placing the wastes on the
 

ground (commonly, but not necessarily in a natural or excavated pit or
 

depression), spreading and compacting the waste to a uniform thickness
 

(from about one to five meters), and then covering with an inert
 

material (usually soil). The method is popular because it is cheap,
 

flexible, safe, and permanent.
 

Landfarming is a combination processing and disposal method. It
 

involves placing the waste on the ground and/or plowing wastes into
 

the ground at a shallow depth (less than one meter), allowing natural
 

microbial action to breakdown the wastes, and eventually incorporating
 

the waste into the soil matrix. This type of waste disposal is used
 

commonly worldwide for dispsoal of human body waste (night soil),
 

animal waste (manure) and crop residues (mulch). To a lesser extent
 

it is used for disposal of some industrial residues such as petroleum
 

refinery wastes and food processing and canning wastes. The
 

advantages of landfarming are much the same as landfilling.
 



The potential. liabilities of both landfarming and landfilling are
 

the same.
 

* 	 They must be operated properly or they will revert to an
 

open 	dump.
 

* 	 They require substantial land area.
 

* 	 Leachate may contaminate groundwater supplies.
 

* 	 Operation may be weather dependent - you cannot operate in
 

extreme cold or extreme wet periods.
 

" 	 Runoff may contaminate surface water supplies.
 

• 	 Production of methane gas may constitute a fire or explosion
 

hazard.
 

The degree of risk associated with each of these liabilities is a
 

function of the materials being disposed of and the way in which a
 

facility is oeprated. In all cases mitigating measures can be
 

employed to insure that the risks are minimized or eliminated.
 

Finally, disposal into the ocean is an alternative. In many
 

areas the ocean is a convenient dumping ground. However, it has been
 

conclusively demonstrated that this alternative is suitable for only
 

selected types of wastes - principally those which will disperse and
 

degrade without causing adverse environmental effects or those bulky
 

wastes which will remain intact and will be absorbed into the ocean
 

ecosystem. Because many countries depend on the sea for their
 

livelihood or foodjource, ocean disposal is not recommended except in
 

special cases and under controlled conditions.
 

Set the Evaluation Criteria
 

Collectively the evaluation criteria are the cornerstone of
 

selection of the system. The criteria are the yardsticks by which you
 

determine whether the components of the system (i.e., storage,
 

collection, etc.) and the system itself is appropriate for your
 

situation. Before talking about specific criteria, it is important to
 

emphasize that solid waste disposal systems in developing countries
 

must 	be realistic, relevant, flexible, acceptable, affordable,
 

suitable to local conditions (e.g., climate, customs, economics,
 

etc.), and safe. In one sense these are the overriding criteria and
 

can be used collectively to determine the suitability of a system.
 

Above all, the system developer must take into account local
 

conditions so that it is appropriate for the situation. It must not
 

be assumed that technologies such as packer trucks, or shredders,
 

which are used in the U.S. and other developed countries are
 

appropriate to lesser developed countries. In many instances these
 

technologies are "over developed"; they cannot be absorbed by local
 

forces and hence become useless. It is often more appropriate to use
 

less 	sophisticated equipment, materials, and labor.
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The overall criteria can be broken down into the specific factors
 

shown in Table 6. Technical and operating factors are very
 

The system and components must be sufficiently reliable to
important. 

If the equipment or
accommodate all the waste generated all the time. 


labor can not be relied upon to provide continuous service, then you
 

must provide extra storage at various points to accommodate the waste
 

being generated while the down component is brought back into
 

service. Alternatively you must provide backup, substitute (so
 

take over when the regular
called, redundant) equipment or labor to 


For example, if you are collecting waste from
 component goes out. 


point A in a truck and the truck breaks down, in order to keep the
 

solid waste collection system going you must either (a) provide extra
 

(b) provide an alternate truck. In general,
storage at point A or 


providing extra storage capacity is preferrred because it is
 

inexpensive and increases the overall flexibility of the system.
 

This is
Overall sytem flexibility is a second major criterion. 


usually achieved by incorporating flexibility into each component of
 

the system. In general you should use standard equipment with
 

so you can take maximum advantage of a spare
interchangeable parts 


parts inventory. Avoid overly specialized equipment, particularly
 
too
specialized pumps and trucks. Generally, motorized equipment is 


expensive in developing countries to reserve for a single isolated
 

activity. For example, it is often more appropriate to utilize open
 

body trucks capable of hauling dirt, ash, tree stumps, people, and
 

other bulky items as well as capable of hauling solid wastes. With
 

this type of vuhicle, you can handle different sizes and loads with
 

the same vehicle. As noted previously, allow for extra itorage at all
 

that equipment or labor shortages
collection points in the system so 


will not curtail use and function of the system.
 

Develop the collection, processing, and disposal system so that
 

it can operate in all kinds of weather and under all kinds of
 

conditions. One of the reasons that landfilling is a popular disposal
 

method is that it is flexible. Landfills can accommodate wide
 

variationa in the quantity and chracteristics of wastes and can
 

function well (usually) even in adverse weather conditions.
 

Simplicity is another very important criterion. Developing
 

a highly skilled labor force
countries typically do not have access to 


service complex electrical and mechanical equipment. It
trained to 

takes time and money to train experienced mechanics, electricians, and
 

other repair people. Therefore, at least initially, the system and
 

its components should be simple enough to run with minimum training.
 

While such a system may not appear to be the most efficient use of
 

least allow the system to get started. You can
resources, it will at 


improve and upgrade the system after you get going.
 



TABLE 6
 

CRITERIA FOR EVALUATION OF
 

SOLID WASTE MANAGEMENT SYSTEMS
 

1. Technical/Operating Factors
 

a. reliability/certainty
 

b. flexibility
 

c. time frame for implementation
 

d. land availability
 

e. s.mplicity/complexity
 

f. availability of labor
 

g. availability of materials
 

h. permanance
 

2. Cost Factors
 

a. capital cost
 

b. operating and maintenance costs
 

c. affordability
 

3. Health/Safety/Environment Factors
 

a. health aspects
 

b. safety
 

c. environmental acceptability
 

d. resource conservation
 

4. Institutional/Political Factors
 

a. political feasibility
 

b. public acceptability
 

c. worker acceptability
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Availability of labor and materials are also fundamental
 

criteria. As noted above, developing countries typically lack skilled
 
that local
labor. Components of the system should be designed so 


labor can be used with minimal training. This is particularly true
 

for urban collection systems in which you are relying on a work force
 

that does not receive close on-the-job supervision. Garbage
 
it is work commonly taken
collection has never been a glamorous job so 


by unskilled, uneducated, and often illiterate poople. In many cases
 

these workers are not highly motivated; that is, they are not
 

interested in their work. The work itself is not iirinsicly
 

interesting and the workers may be looked down on by the rest of the
 

community. Therefore, you must provide strong, clear incentives to
 

get the job done. These are either passive incentives (e.g., loss of
 

pay, lowering of seniority, loss of priviledges) or positive
 

incentives (e.g., bonuses, time off, promotion). You must provide
 

clear instructions and simplified training so the workers understand
 

what to do. You must also provide clear and close supervision until
 

the worker understands what is expected.
 

The problem of labor availability is also relevant to industrial
 

operations but with some differences. Industrial operations are not
 

typically far-flung geographically. The workers, although perhaps
 

illiterate and/or untrained, will ordinarily receive much closer
 

supervision and better on-the-job training.
 

Availability of replacement parts, equipmento materials, and fuel
 

should all be considered. Substituting local materials, such as stone
 

or brick, for storage containers, may make more sense than trying to
 

use steel or concrete which may not be available.
 

In the United Staes, paper and plastic bags and rigid plastic as
 

well as galvanized steel cans are typically used for storage of
 

household wastes. In many developing countries these materials may be
 

unavailable or inappropriate. It would be more useful to use stone
 

containers, cley pots, woven baskets, or other containers made from
 

local materials which are readily available.
 

If motorized trucks are not available or you have trouble getting
 

parts, why not utilize something like goat carts or ox carts until
 

such time as you can get trucks? These "primitive" means seem
 

inefficient, but they do work and they can be implemented with local
 
talent and equipment. Set up the system with these items and then
 

work toward adding the mechanical means later when you bave more
 

experience and money. This philosophy is particularly useful for
 

dealing with agricultural wastes in farming areas where pack animals
 

are typically available and in urban poor areas where crowded
 

conditions and/or poor roads make motorized transport impractical.
 



In developing countries there is sometimes a sense of urgency to
 

do things the "modern" way with up-to-date equipment. Such equipment
 

is available (in other countries) but not in the developing country.
 

It will take time to develop the import mechanism or local
 

manufacturing to supply the equipment, to develop the transportation
 

network (roads, railroads, etc.) to deliver the equipment where it is
 

needed, to develop the distribution network which can be relied upon
 

to stock replacement parts and to supply fuel, to educate the local
 

work force in how to operate and maintain that equipment, and to
 

change from the "old way" of looking at the problem to the "new way".
 

While all this is taking place, you should proceed to develop the
 

solid waste management system using local. items which are available
 

now, while at the same time, continuing development of the more
 

mechanized way of doing things.
 

Where machnical equipment is available it is generally advisable
 

to get the "best" equipment. The best equipment is usually very heavy
 

duty equipment which requires the least amount of maintenance under
 
rugged and continuous service.
 

Security is a very important criterion to consider. You must
 

provide measures and develop a system that will be safe from theft and
 
the local community.
vandalism of tools and equipment by workers or 


Security measures preventing theft and vandalism can include:
 

" 	 surveillance or guarding of unattended equipment
 

" 	 central warehousing or stockpiling of supplies and equipment
 

with controlled access by fencing and locked gates
 

* 	 periodic inventory of supplies and equipment
 

* 	 check-out/check-in of supplies and equipment
 

" 	 education and training in the value and use of equipment
 

strong punitive measures for stealing or vandalism
* 


Land 	availability is sometimes a limiting factor and generally
 

relates to the disposal component of the management system. In
 

crowded urban areas, there may not be sufficient land nearby to
 

develop a landfill for municipal or industrial residues. In these
 

cases some method of processing (e.g., incineration, baling) can be
 

utilized to reduce the volume of waste required for disposal. In
 

rural, undeveloped areas, land availability is typically not a
 

constraint and you may consider shallow lagoons which take up large
 

areas for waste disposal. This is particularly valid for industrial
 

developments such as refineries, paper mills, chemical plants, and
 

similar ventures. These facilities are often located well outside
 
areas
metropolitan areas and can take advantage of having large land 


available.
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In many cases, cost factors constitute the overriding criteria.
 
The principal aspects are capital cost (i.e., the initial investment
 
or purchase) and the operating and maintenance costs (e.g.,
 
maintenance, service, spare parts, and fuel). In general it is better
 
to get and use good equipment which will last a long time and will
 
require little maintenance than to use cheap equipment which is
 
constantly breaking down. However, this is not always possible
 
because the better equipment is typically more expensive and therefore
 
not "affordable." You must make the decision based on knowledge of
 
local money availability, b'it over a longer period of time, it is
 
usually preferrable to purchase the better equipment because reliable
 
maintenance and repairs are usually not available.
 

It has already been stated that the reason for developing the
 
solid waste management system is for protection of public health and
 
the environment. These factors then become major criteria for
 
selecting a system which:
 

* protects the public health:
 

" is safe for workers and the general public; and
 

* does not contribute to environmental degradation.
 

By failing to meet these criteria you have not achieved the primary
 
purpose and the whole exercise is a wasted effort.
 

For example, if you do not provide closed containers for
 
household garbage to prevent contact with disease vectors then you
 
have not adequately protected public health. Similarly, if you allow
 
toxic industrial sludges to accumulate in unlined lagoons in an area
 
where ground water is or could be used for drinking water or
 
irrigation, then you have not adequately provided for protection of
 
the public health and you are contributing to environmental
 
degradation. In the same vein, you must also provide a setting for
 
individual workers so they are protected from accidents and personal
 
injury either by use of equipment or exposure to hazardous materials.
 

Finally, you must consider institutional, political, and public
 
acceptability factors. You must secure political acceptability; that
 
is, the system must have the approval of the local political entity.
 
This is particularly true in areas where local autonomy (e.g., state
 
governments, municipal governments, tribal groups) is very important
 
and strong. Without this acceptability, imposition of an unwanted
 
system may result in covert or overt hostility and eventual system
 
failure.
 



You must also win individual public acceptability. If people
 

the system, then what good is it? Getting people to use
will not use 


the system is often a difficult task because it requires changing
 

local customo and beliefs and getting people to do things
 

differently. Gaining public acceptance often becomes a matter of
 

intensive and continuous training and instruction. Winning public
 

acceptance can often be accelerated if people can see the benefits of
 

the system and why it is advantageous to them. Thus, a program of
 

public education should emphasize highly visible results. In
 

selecting a system, consider whether or not you can achieve public
 

acceptance and to what level.
 

Evaluate the Alternatives
 

Evaluating the alternatives is a complicated process which means
 

simultaneously looking at all the alternatives reasonably available in
 

light of all the criteria discussed above. Usually, three or four
 

principal alternatives can be identified early by a quick screening of
 

all the alternatives and the criteria. 
 Once these have been
 

identified it is appropriate to systematically evaluate each
 

alternative in light of the criteria. The simplest way to do this is
 

with an evaluation matrix. The matrix is not amenable to a strict
 

numerical evaluation because a large number of value judgments must be
 

made. Actually, any method can be used. The important concept is
 

that 	all the evaluation criteria should be considered.
 

Develop Management Controls
 

The final activity in developing the management system is to
 
to govern and
determine and institute the controls which will be used 


operate the system. The primary decision is who will own and operate
 

the system. For municipal collection and disposal systems there are
 

any number of alternatives available for public and private ownership
 

or a 	mixture of ownerships, each with advantages and disadvantages
 

(see 	U.S. EPA 1976 for more detail). The alternatives typically
 

available include:
 

0 	 Public - Provide services through a governmental department. 

Private firms contract wiL.h the governmental unit
* 	 Private 

to provide services.
 

- Private firms openly compete for service to
* 	 Private 

individual homeowners with governmental unit providing
 

licenses.
 

* 	 Mixture - Provide some services by governmental unit and
 

others by contract with private firms.
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In developing countries, the private sector is usually not prepared to
 

no one is in the
offer collection and disposal services. 	That is, 

it is a new idea. Therefore,
collection and disposal business because 


local governments must typically assume leadership and institute the
 

collection and disposal system.
 

In the United States a variety of mechanisms is used to own and
 

operate public systems for municipal collection and disposal. A
 

municipal entity (e.g., city, town, borough, township, incorporated
 

county) can provide services for its own 	constituency.
village, or 

However, other mechanisms have been set up to meet local conditions.
 

Among these alternatives are:
 

authority set
* 	 Authorities - A special board, commission, or 


up (elected or appointed) expressly for the purpose of
 

organizing, operating, and financing a solid waste
 

management system.
 

* 	 Non-profit public orporation - An entiLy formed by the local
 

governmental unit to provide the.needed services in the
 

manner of a private company.
 

* 	 Multicommunity cooperative - Several communities get
 

together and pool resources to provide servicer to all the
 

communities
 

* 	 Special districts - A subdivision or grouping of residents 

not following political boundaries who have gotten together 

to provide their own solid waste collection and disposal 

services.
 

* 	 Governmental agreements - A simple but formal agreement
 

between contiguous towns to pool resources and cooperate in
 

providing services.
 

This is by no means an exhaustive list. There are any number of
 

other arrangements which could be developed. The important factor in
 

all these systems is that there must be a financial base - some way to
 

pay for the services provided - and there must be recognized authority
 

and responsibility - someone or somebody of individuals must be
 

accountable for making the system work.
 

Getting the money to finance municipal systems is typically a
 

major stubling block in developing countries. In all cases some sort
 

of backing is required to get the system up and running. In petroleum
 

rich developing countries, government revenues may be tapped to pay
 

for the capital equipment, training, and education necessary to
 
or
implement the system. Other counties may need extended loans 


grants from the World Bank, foreign counties or foreign corporations.
 



Operating revenues are another problem. The principal
 

alternatives are government funding (as may be possible in petroleum
 

rich countries with government control of oil sales), taxes (property
 

tax, sales tax, municipal utility tax, or special levies), or user
 

charges. all of these have advantages and disadvantages which must be
 

considered based on local conditions.
 

same
 

set of problems as governmental units. The costs of developing,
 

implementing, and operating a solid waste disposal system are usually
 

an integrated element of the development of the industrial operation
 

when it is initiated. The solid waste disposal system is a necessary
 

cost of doing business and should be accounted for in the same manner
 

as the cost of procuring raw materials or development of water supply,
 

electric utility, or other essential service.
 

Industrial and mining operations typically do not have the 


Within the overall operating framework for either municipal,
 

industrial, mining, or agricultural operations there are other
 

managment controls which need to be considered. These are:
 

" 	 Staffing requirements - determine the number of individuals
 

required at different skill levels and when you will need
 

them (e.g., day shift, night shift, seasonal variation).
 

* 	 Equipment maintenance requirements - set up a schedule for
 

routine overhaul and maintenance of all mechanical
 

equipment. Set up a schedule for replacement. Keep a spare
 

parts inventory. Keep accurate records of what maintenance
 

was done and when it was done.
 

" 	 Manpower management - Develop procedures for supervising and
 

maintaining the labor force. Consider training
 

requirements, especially for emergencies.
 

Accounting - Develop the mechanisms for purchasing, payroll,
 

recording cash flows, and other similar financial management
 

procedures.
 

* 


• 	 Record keeping - Maintain accurate records on the type,
 

quantity, flow rate, method of transport, and disposition of
 

all solid waste streams.
 

" 	 Monitoring - Monitor processing and disposal operations to
 

detect adverse environmental degradation (e.g., uncontrolled
 

air emissions, ground water contamination).
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All these management control systems should be consideied along
 

with the technical aspects of the solid waste system. The management
 

control system is the means by which the technical aspects are
 

achieved, so the two aspects should be considered together.
 

Conclusion
 

A solid waste management system consists of a plan of opersion
 

or mechanism for the orderly control of the storage, collection,
 

transport, processing, reuse, and final disposal of unwanted waste
 

products. The principal objective is to protect the public health and
 

prevent environmental degradation. Developing a management system is
 

the same in any context - municipal, industrial, mining, or
 

agricultural. The five major steps in deciding on a system are
 

defining the source to quantify what you are dealing with, defining
 

the alternatives to establish what avenues are open, establishing the
 

evaluation criteria, evaluating the alternatives in light of the
 

evaluation criteria, and, finally, developing the controls utilized to
 

implement and operate the system. The application of these principles
 

should be tailored to meet differing constraints of climate,
 

resources, culture, economics, and other factors. However, in all
 

cases the system chosen must be realistic, relevant, flexible,
 

acceptable, affordable, suitable to local conditions, and safe.
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EXECUTIV9 SUMMARY 

Presentation Outline
 

1. Technical basis for Air Quality Modeling
 

A. 	 Scales of Atmospheric Motions and their Relation to Air Pollution
 

Problems.
 

1. 	"Global" Scale Motions (1000-10,000 km in horizontal; 10km
 

in vertical). Possible long-term build-up of C02, CO,
 

S02, Ozone, Particulates, etc.
 

"Synoptic" Scale Motions (100-1000 km in horizontal; to
2. 


10 km in vertical).
 

Regional differences in meteorology.
a. 


b. 	 Long-range transport and transformation of pollutants.
 

to 3 km in
3. 	 "Mesoscale" Motions (10-100 km in horizontal; 


vertical).
 

a. 	 Urban-heat island flows
 

b. 	 Sea/lake breeze flows
 

c. 	 Regional air quality studies
 

4. 	 "Microscale" Motions ( 10m to 100 km in horizontal; 10 to
 

1000 m in vertical).
 

a. 	 Industrial plant impact studies
 

b. 	 Nuclear siting studies
 

B. 	 Atmospheric Dispersion Processes and Air Quality
 

1. 	Effects of Meteorological Parameters
 

a. 	Wind speed and direction
 

Turbulent mixing rates and atmospheric stability
b. 


c. 	 Mixing depths
 

d. 	 Time variations of meteorological parameters
 

2. 	 Effects of Source Emission Rates and Geometry
 

a. 	 Isolated sources (poi t)
 

b. 	 Mobile sources (line)
 

c. 	 Land use sources (area or shallow-volume)
 



3. 	 Chemically Reactive Pollutants
 

a. 	 Time scale of reactions vs. dispersion time scales
 

b. 	 Effect of different "mixes" of pollutants
 

c. 	 Reactivity as a function of meteorological conditions
 

4. 	 Combinations of Meteorological and Emission Conditions of
 
Special Importance to Air Quality Levels.
 

a. 	 Low wind speeds and low level sources
 

b. 	 Fumigation phenomena
 

c. 	 Prolonged atmospheric stagnation
 

d. 	 Rough terrain influences
 

C. 	 Atmospheric Modeling Techniques
 

1. 	Tracer equation
 

2. 	 Gaussian plume models
 

a. 	 Basic model
 

b. 	 Modifications
 

3. 	 Numerical Simulation Models
 

a. 	 Eulerian
 

b. 	 Lagrangian
 

4. 	 Meteorological Inputs
 

a. 	 Frequency of occurrence data
 

b. 	 Sequential data
 

c. 	 "worst case" inputs
 

5. 	 Output Analysis
 

a. 	 Concentration fields
 

b. 	 Statistical presentations
 

c. 	 Model accuracy
 

d. 	 Sensitivity analyses
 

D. 	 Use of Physical Modeling Techniques
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On a rotating earth with a uniform surface, the general circulation
 
of the Northern Hemisphere would be composed of the northeast
 
trade winds, prevailing westerlies, and polar easterlies.
 

Source: Fire Weather... A Guide for Application of Meteorological
 
Information to Forest Fire Control Operations, by Mark J. Schroeder
 
and Charles C. Buck, Agriculture Handbook 360, Forest Service, U.S.
 
Department of Agriculture, May 1970.
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1. INTRODUCTION AND OVERVIEW
 

Water quality modeling is a branch nf Environmental 
Engineering
 

which seeks to evaluate the consequences of the 
discharge of materials
 

The general questions to be
 
into natural or man-made bodies of water. 


what are the causes of presently existing water 
quality


answered are: 

other
 

conditions and what can be expected to occur if remediil or 


The methods used are quantitative rather than
 actions are taken. 

They are based on numerical and mathematical nethods
 descriptive, 


that are characteristic of all engineering disciplines, 
rather than
 

qualitative and descriptive methods that are more 
common to the
 

The essential issue is that of
natural biological sciences. 


causality: to relate the observed effects in a body of water to the
 

It is, therefore, not significantly difnatural and man-made causes. 


ferent from other engineering disciplines in its aims, 
methods, and
 

goals.
 

The calculations are based on the principle of mass 
balancee In
 

sources of
 
its simplest terms one simply accounts for all the 


materials of concern that enter the body of water, 
and all the sinks
 

An
 
of this material within the water body, and all 

mass that exists. 


A mass discharge rate of magnitude W
 example is shown in Figure 1. 

a river with flow rate Q (volume/time).
with units (mass/time) enters 


the space scale
 A volume element of the appropriate size relative to 

entering the
 

is considered and an accounting is made of the mass 


volume; the mass leaving the volume due to the river flow; and the
 

leaving the volume due to the reactions occurring within the
 mass 

For this example it is assumed that only one reaction is
 volume. 


removes mass at a constant fraction per unit time at
 occurring and it 

a rate, K. It is further assumed that the time scale of the problem
 

is such that all the quantities in the calculation are constant in
 

The result of the mass balance is that the concentration 
of
 

time. 

in the volume element, c (mass/volume) is given by:
mass 


c = W/(Q+KV). This result illustrates the components of water quality
 
are used; (2) the
 

modeling: (1) the appropriate time and space scale 

specified; and
 mass discharges are known; (3) the transport regime is 


(4) the kinetic structure is approximated. As shown subsequently
 

these requirements can only be satisfied if adequate and appropriate
 

receiving water and mass discharge measurements are made.
 



Mass Discharge
 

W (mass/time)
 

River Flow
 

Concentration
 
C (mass/volume)
 

-
Q (volume/time) 


Volume Element
 
V (volume)
 

Mass Balance
 

Mags Lost in V + Mass Out
Mass In 


+ Qc
KC
W 


= (Reactions) + (Transport)(Inputs) 


Figure 1 Water Quality Monitoring: The Framework
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1. INTRODUCTION AND OVERVIEW
 

Water quality modeling is a branch of Environmen'al Eugineering
 
which seeks to evaluate the consequences of the discharge of materials
 
into natural or man-made bodies of water. The general questions to be
 
answered are: what are the causes of presently existing water quality
 
conditions and what can be expected to occur if remedial or other
 
actions are taken. The methods used are quantitative rather than
 
descriptive. They are based on numerical and mathematical methods
 
that are characteristic of all engineering disciplines, rather than
 
qjalitative and descriptive methods that are more common to the
 
natural biological sciences. The essential issue is that of
 
causality: to relate the observed effects in a body of water to the
 
natural and man-made causes. It is, therefore, not significantly dif
ferent from other engineerin3 disciplines in its aims, methods, and
 
goals.
 

The calculations are based on the principle of mass balancee. In
 
its simplest terms one simply accounts for all the sources of
 
materials of concern that enter the body of water, and all the sinks
 
of this material within the water body, and all mass that exists. An
 
example is shown in Figure 1. A mass discharge rate of magnitude W
 
with units (mass/time) enters a river with flow rate Q (volume/time).
 
A volume element of the appropriate size relative to the space scale
 
is considered and an accounting is made of the mass entering the
 
volume; the mass leaving the volume due to the river flow; and the
 
mass leaving the volume due to the reactions occurring within the
 
volume. For this example it is assumed that only one reaction is
 
occurring and it removes mass at a constant fraction per unit time at
 
a rate, K. It is further assumed that the time scale of the problem
 
is such that all the quantities in the calculation are constant in
 
time. The result of the mass balance is that the concentration of
 
mass in the volume element, c (mass/volume) is given by:
 
c - W/(Q+KV). This result illustrates the components of water quality
 
modeling: (1) the appropriate time and space scale are used; (2) the
 
mass discharges are known; (3) the transport regime is specified; and
 
(4) the kinetic structure is approximated. As shown subsequently
 
these requirements can only be satisfied if adequate and appropriate
 
receiving water and mass discharge measurements are made.
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Mass Discharge
 

W (mass/time)
 

River Flow
 

o-1 -- Concentration
 
C (mass/volume)
 

Q (volume/time) 
Volume Flement
 

V (volume)
 

Mass Balance
 

Mass Lost in V + Mass Out
Mass In = 

W - KcV + QC 

(Inputs) = (Reactions) + (Transport) 

Figure 1 Water Quality Monitoring: The Framework
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2. PRINCIPLES AND METHODOLOGY
 

2.1 Time and Space Scales
 

The framework of analysis begins with a specification of the
 
appropriate time and space scales. These are intervals of time and
 
space within which the concentrations of the materials of concern can
 
be assumed to be constant or over which an averaging of the concentra
tion fluctuations is reasonable. These are determined primarily by
 
considering: (1) the reactivity of the substances; (2) the character
istic mixing and flushing time and space scales of the receiving
 
water; (3) the time and space scate at which impacts are important.
 
Figure 2 illustrates the orders of magnitude for various classes of
 
materials. The range reflects the different receiviing water types.
 
Highly reactive materials, such as coliform bacteria and the reactions
 
affecting dissolved oxygen are analyzed on hourly to weekly time
 
scales and local to regional space scales. Suspended solids,
 
nutrientsp and algal growth have weekly to yearly time scales and
 
local to regional space scales. Acute toxic effects on receiving
 
water biota are short time and space scale phenomena, whereas long
 
term toxic ef"ects are cumulative and depend on the residence time of
 
the material in question.
 

2.2 Mass Discharges
 

Adequate estimates of the mass inputs to receiving water are
 
required. For point sources the issue is usually one of representa
tive sampling for the appropriate time scale: for example, industrial
 
effluents can change quantity and quality abruptly. The more severe
 
difficulties are related to non-point sources: atmospheric inputs;
 
distributed inputs related to overland and groundwater inflow to the
 
water body; and inputs from stormwater and combined sewer drainage.
 
For situations in which these are likely to be important, specialized
 
sampling programs and estimation methods are required. In water
 
quality modeling there is no substitute for reliable mass discharge
 
information based on direct measurements at the appropriate time and
 
space scale.
 

2.3 Transport
 

Adequately characterizing the transport is not straightforward
 
because the receiving water geometry and hydrodynamics are fixed by
 
natural circumstances and tend to be complex. There are very few
 
perfectly uniform streams or circular flat-bottomed lakes. As a con
sequence the transport regime usually is estimated from the distribu
tion of tracer substances. Detailed numerical calculations of circu
lation, if they are necessary, are also compared to observations of
 
water motion and tracer distributions. Therefore, data are central to
 
the estimation of the transport regime.
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It is usually necessary and always advisable to simplify the
 

problem by reducing the spatial dimensionality to either one or 
two
 

Whether this is reasonable is determined
dimensions as appropriate. 

by the water quality observatioz.sy the spatial detail reqired for the
 

Figure 3 illustrates comnon simplianalysis, and the spatial scale. 

Advection refers to the unidirectional
fications that are employed. 


velocities averaged to the appropriate time and space scale, and dis

persion refers to the mixing induced by the circulations and velocity
 

fluctuations that are not incorporated into the time and space
 

averaged velocity field.
 

2.4 Kinetics
 

The most complex issues arise from the reactions which occur 
in
 

natural waters. Chemical and biological reactions are both involved
 

and they must be characterized realistically and quantitatively. 
In
 

other engineering disciplines, for example chemical engineering, 
the
 

important chemical reactions can be investigated in laboratory
 

reactors and the results are directly applicable to the prototype. 
In
 

The difficulty is that most
natural waters this is not the case. 


reactions of interest are either explicitly biological, such 
as the
 

the result of the interactions of
 growth and death of algae, or are 

the oxidation of
 

microorganisms and the substance of interest, such as 

These reactions are influenced by the
organic carbon compounds. 


nature of the water body being analyzed in complex and 
uncertain
 

The type of drainage area, the hydrology, the geomorphology 
of
 

ways. 

the receiving water, the type and composition of the sediment, 

the
 

quantity and characteristics of suspended particles and other 
dis

solved materialsp all influence the biological rigime, 
and contribute
 

to the reaction kinetics. Laboratory experiments in highly simplified
 

and idealized settings are not adequate analogues of the 
natural body
 

of water, although they can add important information for certain
 

isolated reactions.
 

It is primarily this lack of direct laboratory analogues that has
 

forced the development of methods in water quality modeling 
that rely
 

an integral part of the analysis. The
 
on observed data directly as 


use of these methods in a wide variety of water bodiec 
has lead to the
 

accumulation df empirical information from which it is possible 
to
 

establish realistic models for certain of the important 
reactions and
 

to establish probable ranges of the important parameters.
 

The historical sequence of development of analysis frameworks 
for
 

water quality problems is iljustrated in Figure 4. The analysis of
 

to the oxidation of the organic comdissolved oxygen in streams due 


ponent of wastewater (BOD) by bacteria was the first water quality
 

modeling framework and is still employed today with some major 
modifi

cations: the inclusion of benthal oxygen demaud and algal photo-


The oxidation of reduced nitrogenous
synthesis and respiration. 
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compounds, which is usually important, as shown in a case study, was
 

then incorporated into the kinetic framework used for dissolved
 

ogygen.
 

The complex kinetic structures that describe the growth and death
 

of planktonic algae have more recently been developed. They differ
 

from the more empirical kinetics described above in that they attempt
 

to relate the physiological responses of the organisms to the effects.
 
of temperature, sunlight, and nutrient concentrations. Inorganic
 

chemical reactions which determine pH have been included and these are
 

affected by the biological reactions. Reactions which are charactor

istic of the interstitial waters of sediments have been investigated
 
and included in refined computations of dissolved oxygen and nutrient
 

balances. This increased realism increases the complexity of the
 
numerical calculations, the quantity of the data required, and the
 

This is illustrated
interpretation of results that are obtained. 

subsequently in the case studies.
 

An important current area of development in water quality
 

modeling is the analysis of the behavior of toxic chemical com

pounds. There are complications in specifying both the appropri.,',
 

transport regime and kinetic structure. The transport of most toxic
 

chemicals considered to date is strongly coupled to the transport of
 

fine grained suspended and bed sediments, an area which is not well
 

understood in spite of a long history of investigation. The kinetics
 

of biological interactions are also not well understood. However,
 
progress is being made and developments are expected in the near
 

future.
 

For the kinetic frameworks and transport structures discussed
 

above the state of the science is not well developed when compared to
 

other engineering disciplines. Therefore judgment and experience play
 

an important role in formulating the inevitable idealization and sim-

Water
plifications which are required for successful model building. 


quality modeling is as much an empirical engineering art as it is an
 

engineering science.
 

Nevertheless, quite a range of water quality problems can be
 

analyzed successfully within these limitations. It is the purpose of
 

the remainder of this paper to present a few case studies that illus

trate the applications of the principles discussed above.
 

Case Study - The Delaware Estuary
 

The analysis of the dissolved oxygen distribution in the Delaware
 

Estuary was performed using the kinet: framework that incorporates
 
The transport regime was
nitrification as well as carbonaceous BOD. 


one dimensional advection dispersive. Figure 5 includes a lication
 

map and two dissolved oxygen deficit profiles comparing observations
 

to computation for two quite dissimilar periods: low flow high
 



temperature, and higher flow and low temperature. The agreement
 

indicates that the model properly accounts for temperature and flow
 

variations.
 

The components of the calculation are shown in Figure 6. The
 

mass discharges of carbonaceous avd nitrogenous BOD are used to
 

compute the BOD5 , ammonia and nitrate distributions. The com

parisons to observations are used to calibrate the kinetic parameters
 

of carbonaceous oxidation and nitrification. The oxygen consumed by
 

these reactions produces the dissolved oxygen deficit shown in
 

Figure 5.
 

The use of the model in evaluating treatment and other alter

natives is illustrated in Figure 7. For conventional secondary treat

ment the m-ximum deficit is projected to be lowered from 7 mg/1 to
 

between 5 and 6 mg/l. This relatively small effect for a 60% reduc

tion in total mass discharged is due to the nitrification reaction.
 

If the effluents are nitrified in the treatment plants, the deficit is
 

sharply reduced. The effects of increasing freshwater flow during low
 

flow periods from new flow augmentation reservoirs is shown to be
 

ineffective since the dispersion is the dominant transport mechanism.
 

Displacing the location of the mass discharges downstream of their
 

present locations is effective but qu
4te expensive when compared to
 

treatment.
 

Case Study - Lake Erie
 

The water quality conditions in Lake Erie have been the subject
 

A number of different water
of analysis for a long period of time. 

quality variables have been investigated, and these provide examples
 

of differing kinetic and transport structures.
 

The coliform distribution in the Western Basin of Lake Erie is
 

due to mass inputs from its major tributaries, thL Detroit and Maumee
 

Rivers. The organisms are transported into the Western Basin where
 

their natural mortality and the transport field combine to sharply
 

reduce their concentration, as shown in Figure 8. The transport field
 

is estimated from numerical circulation models and the chloride dis

tribution. Bacterial mortality kinetics are assumed to be first
 

order.
 

The principle water quality problem in Lake Erie is the anoxia
 

that develops in the Central Basin Hypolimnion. This is caused by the
 

algal respiration, the oxidation of detrital organic caron (which is
 

primarily of algal origin), and the oxidation of sedimented algae and
 

organic carbon. The increased algae over the years is due to
 

increased nutrient input into the Lake.
 

The computation is done for each basin epilimnion, hypolimnion,
 

and surface sediment layer. The model calibration with 1970 is shown
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in Figure 9 for chlorophyll, primary production and total 
phosphorus,
 

in the epilimnia of the basin and in Figure 10 for the dissolved
 
In fact, twelve
 oxygen, pH and chlorophyll in the Central Basin. 


variables in all segments are used in the calibration. A verification
 

of the dissolved oxygen distribution was performed for 1975 
when no
 

anoxia developed. The model compared quite well with the year's
 

data.
 

An example of the type of toxic chemical models which are 
being
 

The structure uses the phytoplankton
developed is shown in Figure 11. 


model kinetics in order to estimate the uptake rate in 
those compart

linear. A calibration to
 ments. The remainder of the kinetics are 


observed ranges of data in various compartments is shown. 
Although
 

these models are not well developed, in the sense that 
a large amount
 

of experience has been accumulated, it is clear that the 
framework
 

will be further developed and refined as concern 
for toxic chemicals
 

in natural waters increases.
 

14
 



2 _0 

tO4 

0 0 

44 Cd 

711 

o 

G 

0 

0z 

LLLLL -

00 

CC' 

1/51 't 11A.4 U0. 

8L 

J4/ 

d 

w..'Nt. 

E, 

8-8 

-a 

owsn*W4~ 

a 
d 

, 

d 

4s 

w 

-hk 



HYPOLIMNION
EPILIMNION 


1 4TR O 
- TURA TIONISA 

1 2.00-
E 
,, DISSOLVED .DOSSOLVEDOXYGENIS V OOXYGENL6,r.00 t* 

0- -CENTRALBASIN
 
gHYPOLIMNION


CENTRAL BASIN EPILIMNION S m 
2FIMIA I ij SOme
 

0.00 S D 

00 0J'F'M'A'M'j'J'A S-'O'N 1 D JFMAMJ ',SOND 

CENTRAL BASIN HYPOLIMNION 

CENTRAL BASIN EPIL IMNION 8.0 SegmentS5 
9.10 Segment2?, 8.40 M 

068.30 7.20 

7.50 6.00 iMI JI-i ISO 
'A'SO 1N'D J'F'M'A M JJA'S''N'D'.1 F'M'AMW -J 

CENTRAL BASIN HYPOLIMNIONCENTRAL BASIN EPILIMNION 
Segmnt 5S16.00 Segment?2 

;j 
.j 

8.00
C.
0 

25
0-J 0.00 M M SAS M J J A IS'O'NDJMAM JF MAS JIF J I A S0 N D 

Lake Erie Central Basin Calibration, 1970
Figure 10 


16 



Baso~ictrUeo 

Phlaocpi 

€ 
" 

S e a rowth grow-t h 

water 
on 'z~pnkton 

W o t' aPhft¢d 

(cadmium Icoat (cadmiu 

f fodchi 

od c 

mdl 

F ish 

mm 

oderl.m 

n dy ay 

Lollbis 

C drr -ium l 

I0 

21. 

° Public: HeolthSerwle drinking water standard 

1004-e 

near shore 

to 

I41 

Com iparison o 
sand a rd 

Figure 11 



REFERENCES AND BIBLIOGRAPHY
 

Delaware Estuary Case Study
 

J. P. St. John, and D. M. DiToro. 
"Water Quality
 

O'Connor, D. J., 	 Proc. ASCE, J. Sanit.
 
Analysis of the Delaware River Estuary." 


Dec. 1968.
Engr. Div., Vol. 94, No. SA6i 


Contains the details of the analysis 
presented in Figures 5
 

to the earlier estuary literature.
 through 7, and references 


Lake Erie Case Study
 

DiTorop D. M., D. J. O'C onnor, 	R. 
V. Thomanno and J. L. Mancini.
 

,'Phytoplankton-Zooplankton Nutrient Interaction 
Model for Western
 

Lake Erie" in Systems Analysis and 
Simulation in Ecology,
 

Vol. III, ed. B. Patten, Academic Press, 
1975.
 

Contains the details of the transport 
field for the Western Basin
 

and an earlier analysis of phytoplankton 
chlorophyll.
 

DiToro, D. M. and J. Connelly. 	"Mathematical 
Models of Water Quality
 

Lake Erie EPA Ecological Research
 in Large Lakes, Part II." 


Report Series (in press) 1979.
 

Contains the details of a state-of-the-art 
phytoplankton, dis

solved oxygen and sediment calculation, 
a portion of which is
 

shown in Figures 9 and 10.
 

Thomann, R. V., D. S. Szumskip D. M. 
DiToro, and D. J. O'Connor.
 

Water
 
"A Food Chain Model of Cadmium 

in Western Lake Erie." 


Research, Vol. 8, 1974.
 

Contains the details of the calculation 
illustrated in
 

Figure 11.
 

General
 

Systems Analysis and Water Quality 
Management, McGraw
 

Thomann, R. V. 


Hill, 1972.
 

The only textbook in the field of 
water quality modeling.
 

An Assessment.".'EPA Water Pollution 
Control
 

"Estuarine Modeling: 
16070 DZV 02/71, EPA Water Quality 

Office,
 
Reseach Series. 


1971.
Washington, D.C., 


of 1971.
 
A series of papers which give the state-of-the-art 

as 


19
 



DiToro, D. M., R. V. Thomann, D. J. O'Connor, and 
J. L. Mancini.
 

"Estuarine Phytoplankton Biomass Models Verification Analyses 
and
 

In The Sea: Ideas and Observations
Preliminary Applications." 

on Progress in the Study of the Sea, ed. E. Goldberg, John Wiley,
 

Inc. 1977.
 

A review article presenting the state-of-the-art in phytoplankton
 

modeling in estuaries, with references to previous literature.
 

"The Temporal and Spatial Distribution of Dissolved
O'Connor, D. J. 

Oxygen in Streams." Water Resources Res., Vol. 3(1), 1967.
 

Contains a review of dissolved oxygen modeling in streams 
with
 

emphasis on different geometries, temporal patterns 
of
 

photosynthesis and flow variation.
 

20
 



ADVANCED ENVIRONMENTAL INFORMATION SYSTEMS 

Case Study: Hydrologic Information Service
 

James Huston 

.General Manager
 
Satellite Information Services
 

Environmental Research & Technology, Inc.
 

June 1980
 

International Environmental Management Institute
 

ENVIRONMENTAL RESEARCH & TECHNILOGYt INC.
 

Concord, MassachusetI, 'USA
 



INFORMATION SYSTEM OPERATION AND SERVICES
 

1. System Description
 

The Hydrologic Information Service is provided by means of a data
 

sensing, collection, processing and dissemination system. This system
 

includes sensors and Data Collection Platforms (DCPs) placed at
 

selected sites of various environmental exposures and geographlc
 
These DCPs sample data from water stage sensors in the
diversities. 


vicinity of the sites and then transmit this information through a
 
receive earth station. Specialized equipment at
satellite system to a 


to a
this receive earth station time-tags the data and forwards it 


computer processing center where it is processed into an information
 

structure specified by the customer. This information is then
 

disseminated to the customer through a distributed intelligent
 

communication network.
 

The structure of the hydrologic information system consists of
 

the following subsystems:
 

0 Sensors
 
* Data Collection Platforms
 
" Satellite Communications
 
* Receive Earth Station
 
" ENVIRONET Information Center
 
* User Interface Subsystem
 

USGS Computer System (Customer Furnished Equipment)
* 


Figure 1 shows a functional block diagram of these subsystems. 

1.1 Sensors
 

a water height sensor. Standard sensors
Each DCP is connected to 


are used at most sites. At some sites,
(float-pulley type) 

sensors which have electronic measuring equipment are
experimental 


used. Figure 2 shows hydrologic stage sensors.
 

The standard sensors are electromechanical devices which contain
 

a float% pulley, and an electronic encoding module. As the float bobs
 

on the water surface, the pulley is rotated. The position of the
 

rotation is read by the electronic encoder which returns the value to
 

the DCP. This is an analog-to-digital conversion; i.e., the
 

continuous variable position of the float-pulley is converted to a
 

binary number by the use of mechanical gears. The float is installed
 

in a stilling well in order to minimize instantaneous fluctuations in
 

the water surface due to wind or current effects.
 

The all-electronic experimental sensors are installed and tested
 

at selected sites. These sensors measure the water height from above
 
tube and weasuring the return
by "strobing" an acoustic pulse down a 


time of the reflected pulse. This sensor is designed to be more
 
Those sites with the
 accurate and reliable than standard sensors. 


are closely watched in order to determine their
experimental sensors 


performance characteristics relative to the standard sensors.
 

£~I~1 



1 7j 

:SEN'SORr-i CP 
PACKAGE -Z~ LECTRONICS 

,RG 

[POW'ER IL SOLAR'. 1
. I 

SUPPYPAUSER 

. 

DG ~S 
ORG 

ENV RONET 

IF I 
II 

1M DE 

II~i • 

DINTERFACE 

GFE_i ° 
IUSGS

HONEYWELL 

I 

I 

CO'MUNICATION LINKS 

1. 460 M.-O 
2. IL COMPTr3. D IG ITA L.: c OMPUT E l -T 0 

4. DATA LINK 

5. DEieTA LINK 

CO P T R 

I 

ERT 
CON.CORD, MASS 

I~ 

i.._. 

MODEMODE 

USGS 2ESTON. VA 
. .. 

I 

Figure I Environmental Information System, 



i* . 

,:._III_ IA
 

" l - ~~ii:i ... ; 
iLval, ,..II II ihilllI # I-I, 

. >' '),' I IIII " * :' 

- 11 
j' POWER 

-P..lot., Plsi tu 

cylinderl .Gas 

(Buchanan & Somers,b) LOAT-GAGEINSTALLATION 16968) 

2I1Oa cylnde I, 

\. IIPOW. iJT,.9
\ 2 Hydrologic Stage . 

\ _. /. . ........ y .......... . .no-n , ,,
 
-- . ... .....i"eiiib ......... h ,:', ""o 
 !4 

., . ,, 

ESALATION (Buchanan & Somerso1968)8)ACUTCSNOb) BUBLE-AE FLOTA 

esriguo,re 2.yrlgcStg 



sensors may be placed. This is to
At some sites, additional 

further demonstrate and experiment with remote satellite data
 

collection techniques.
 

1.2 Data Collection Platform
 

the hydrologic
A DCP is an electronic device which (a) causes 


to activate, (b) reads the digital representation of thestage sensor 
water height as measured by the sensor, and (c) transmits a message 

measurements to a communication satellite.containing the hydrologic 

consists of the following modules:The DCP functionally 

A. The Controller Radio Set Transmitter
 

the components which affectThe controller module contains 
The controller is a
the operational performace of the DCP. 


the sensor, formats amicroprocessor which periodically samples 
The radio set equipment
message, and transmits the message. 


a carrier at the
consists of an RF transmitter which modulates 

The transmit frequency is controlled
appropriate UHF frequency. 


by setting micro-switches internal to the controller/radio set 

transmitter. 

B. Antenna 

of a five element crossed Yagi typeThe antenna consists 

which is designed to perform at UHF frequencies.
 

C. Batteries
 

There are six (6) cells, two (2) volts each, packaged
 

together in series to provide a twelve (12) volt battery pack.
 
which are expectedThe batteries are of the rechargeable Gel-Type 

to last a least one year without service.
 

Solar Panel and Voltage Regulators
D. 


At most sites, a 400 milliampere (at 14 volts) solar panel
 

is installed to charge the batteries. In the northern sites,
 
Both types have a
650 milliampere solar panels are installed. 


voltage regulator which prevents battery overcharge.
 

E. Cables
 

To connect the antenna to the DCP, a shielded RF cable with
 
This battery and stage
mile TNC connectors at each end is used. 


sensor will be connected to the DCP through a second cable.
 

Figure 3 shows the DCP site configuration.
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1.3 	 Satellite Communication
 

The COMSAT General/ERT Hydrologic Information System uses a U.S.
 

Government Geostationary Operational Environmental Satellite (GOES).
 

This satellite system is operated by the National Oceanic and
 

Atmospheric Administration/National Environmental Satellite Service
 

(NOAA/NESS). The GOES satellite receives DCP messages at 400 MHz
 

frequency and translates it to 1600 MHz frequency for retransmission
 

to the receive earth station. All initial COMSAT General DCPs will
 

utilize the GOES Work satellite.
 

Figure 4 shows the coverage area of the GOES satellites and the
 

look angles from the DCP to the satellite.
 

1.4 	 Receive Earth Station
 

The Receive Earth Station is designed to perform the following
 

functions:
 

* 	 Receive the DCP messages
 
* 	 Time tag the messages
 

* 	 Verify the messages for errors
 
Forward the messages to the ERT Data Processing Center
* 

* 	 Store the messages to guard against loss
 
* 	 Monitor the performance of the DCP (frequency offset, 

transmit power, and bit error rate) 

The recei. station equipment will be installed at the ERT facility in
 

Concord, Massachusetts. This equipment will be duplicated to ensure
 
that there is no single failure point which can cause a major loss of
 

data. Both of these stations will operate simultaneously with
 
selection of data based on the best performing station.
 

2. ERT ENVIRONET Information Center
 

The ERT ENVIRONET Information Center receives the data from the
 

Receive Earth Station. The Center then adds value to the data stream
 
by centralizationg organization, validationp archiving, reformatting
 
and combining the independent raw data into useful logical information.
 

The data processing subsystem is an ERT computer system based on
 

the Data General M600 Eclipse computer. For backup to the M600, ERT
 

will use either a Data General S.250 or a Data General C/330 Eclipse.
 

The data from the Receive Earth Station to the ERI computers is
 

transmitted over a computer-to-computer line. The ERT computers
 
archive the input data, avaluate the contents of the input data,
 
format an output message, and transmit the converted record downstream
 
to the USGS/WRD Interface Subsystem.
 

Figure 5 shows the block diagram of the ERT computer system;
 
Figure 6 shows the processing flow of the DCP messages.
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INFORMATION SYSTEM OPERATION AND SERVICES
 

1. 	 System Description
 

a data
The Hydrologic Information Service is provided by means of 


sez.sing, collection, processing and dissemination system. 
This system
 

includes sensors and Data Collection Platforms (DCPs) placed 
at
 

selected sites of various environmental exposures and geographic
 

These DCPs sample data from water stage sensors in the
 
diversities. 

vicinity of the sites and then transmit this information 

tbrough a
 

Specialized equipment at
 satellite system to a receive earth station. 

a


this receive earth station time-tags the data and forwards 
it to 


computer processing center where it is processed into an information
 

This information is then
 structure specified by the customer. 


disseminated to the customer through a distributed intelligent
 

communication network.
 

The structure of the hydrologic information system 
consists of
 

the following subsystems:
 

* 	 Sensors
 
* 	 Data Collection Platforms
 

* 	 Satellite Communications
 

* 	 Receive Earth Station
 

* 	 ENVIRONET Information Center
 

* 	 User Interface Subsystem
 

USGS Computer System (Customer Furnished Equipment)
* 


Figure 1 shows a functional block diagram of these subsystems.
 

1.1 	 Sensors
 

sensor. Standard sensors
Each DCP is connected to a water height 


used at most sites. At some sites,
(float-pulley type) are 


sensors which have electronic measuring equipment are
 experimental 

used. Figure 2 shows hydrologic stage sensors.
 

The standard sensors are electromechanical devices which 
contain
 

As the float bobs
 a float, pulley, and an electronic encoding module. 


on the water surface, the pulley is rotated. The position of the
 

rotation is read by the electronic encoder which returns 
the value to
 

the DCP. This is an analog-to-digital conversion; i.e., the
 

continuous variable position of the float-pulley is converted 
to a
 

The float is installed
binary number by the use of mechanical gears. 


in a stilling well in order to minimize instantaneous 
fluctuations in
 

the water surface due to wind or current effects.
 

The all-electronic experimental sensors are installed 
and tested
 

at selected sites. These sensors measure the water height from above
 

an acoustic pulse down a tube and measuring the return
 by "'strobing" 

This sensor is designed to be more
time of the reflected pulse. 


Those sites with the
 accurate and reliable than standard sensors. 


sensors are closely watched in order to determine their
experimental 

performance characteristics relative to the standard sensors.
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At some sites, additional sensors may be placed. This is to 

!urther demonstratc and experiment with remote satellite data
 

:ollection techniques.
 

1.2 Data Collection Platform
 

the hydrologic
A DCP is an electronic device which (a) causes 


3tage sensor to activate, (b) reads the digital representation of the 

water height as measured by the sensor, and (c) transmits a message 

containing the hydrologic measurements to a communication 
satellite.
 

The DCP functionally consists of the following modules:
 

A. The Controller Radio Set Transmitter
 

The controller module contains the components which affect
 

The controller is a
 the operational performace of the DCP. 
 a
 
microprocessor which periodically samples the sensor, formats 


The radio set equipment
message, and transmits the message. 

a carrier at the


consists of an RF transmitter which modulates 

The transmit frequency is controlled
appropriate UHF frequency. 


by setting micro-switches internal to the controller/radio 
set
 

transmitter.
 

B. Antenna
 

The antenna consists of a five element crossed Yagi 
type
 

which is designed to perform at UHF frequencies.
 

C. Batteries
 

There are six (6) cells, two (2) volts each, packaged
 

together in series to provide a twelve (12) volt battery 
pack.
 

The batteries are of the rechargeable Gel-Type which are expected
 

a least one year without service.
to last 


and Voltage Regulators
D. Solar Panel 

At most sites, a 400 milliampere (at 14 volts) solar panel 

is installed to charge the batteries. In the northern sites,
 
Both types have a
 650 milliampere solar panels are installed. 


voltage regulator which prevents battery overcharge.
 

E. Cables
 

the antenna to the DCP, a shielded RF cable with
To connect 

This battery and stage
male TNC connectors at each end is used. 


sensor will be connected to the DCP through a second cable.
 

site configuration.Figure 3 shows the DCP 
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1.3 	 Satellite Communication
 

The COMSAT General/ERT Hydrologic Information System uses a U.S.
 

Government Geostationary Operational Environmental Satellite (GOES).
 

This satellite system is operated by the National Oceanic and
 

Atmospheric Administration/National Environmental Satellite Service
 

(NOAA/NESS). The GOES satellite receives DCP messages at 400 MHz
 

frequency and translates it to 1600 MHz frequency for retransmission
 

to the receive earth station. All initial COMSAT General DCPs will
 

utilize the GOES Work satellite.
 

Figure 4 shows the coverage area of the GOES satellites and the
 

look angles from the DCP to the satellite.
 

1.4 	Receive Earth Station
 

The Receive Earth Station is designed to perform the following
 

functions:
 

* 	 Receive the DCP messages
 

• 	 Time tag the messages
 

* 	 Verify the messages for errors
 
Forward thc mensages to the ERT Data Processing Center
* 

* 	 Store the messages to guard against loss 

* 	 Monitor the performance of the DCP (frequency offset,
 

transmit power, and bit error rate)
 

The receive station equipment will be installed at the ERT facility 
in
 

This equipment will be duplicated to ensure
Concord, Massachusetts. 

that there is no single failure point which can cause a major loss of
 

Both of these stations will operate simultaneously with
data. 

selection of data based on the best performing station.
 

2. ERT ENVIRONET Information Center
 

The ERT ENVIRONET Information Center receives the data from the
 

Receive Earth Station. The Center then adds value to the data stream
 

by centralization, organization, validation, archiving, reformatting
 

and combining the independent raw data into useful logical information.
 

an ERT computer system based on
The data processing subsystem is 


the Data General M600 Eclipse computer. For backup to the M600, ERT
 

a Data General C/330 Eclipse.
will 	use either a Data General S.250 or 


The data from the Receive Earth Station to the ERT computers is
 
The ERT computers
transmitted over a computer-to-computer line. 


archive the input data, evaluate the contents of the input data,
 

format an output message, and transmit the converted record downstream
 

to the USGS/WRD Interface Subsystem.
 

Figure 5 shows the block diagram of the ERT computer system;
 

Figure 6 shows the processing flow of the DCP messages.
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i. Introduction
 

The need for environmental education and 
training has never been
 

This need extends through
 
as stong and widespread as it is today. 


nearly all segments of the population, 
including policy makers,
 

administrators, scientists, technicians, 
equipment operators, children
 

in and out of school, and the general 
public.
 

The target populations for environmental 
education, as recommended
 

by the UNEP/Unesco Intergovernmental 
Conference on Environcmental
 

Fducation, are as follows:
 

general public: this education should be
 0 Education of the 


provided at every age and at all levels 
of formal education,
 

-
for pupils and teachers and in the various 

non-formal education 


activities for young people and adults, 
including the handicapped.
 

In this education, voluntary organizations 
may play an important
 

role.
 

roups: this
 
Education of specific occupational or social
* 


education is focused on those whose activity 
and influence have
 

an important bearing on the environment, 
for instance, engineers,
 

architects, administrators and planners, 
industrialists, trade
 

unionists, policy-makers and agriculturalists. 
Various levels in
 

formal and non-formal education should 
contribute to thiE training.
 

this
 
Training of certain professionals and scientists:
* 


training is for those working on specific 
prbblems of the environment,
 

such as biologists, ecologists, hydrologists, 
toxicologists, soil
 

scientists, agronomists, foresters, landscape 
architects,
 

oceanographers, limnologists, meteorologists, 
and sanitary
 

It is important that the training of scientists 
include
 

engineers. 

an interdisciplinary component.
 

This paper is concerned with applying 
educational strategies to
 

The founding principle is that education
 solve environmental problems. 

has a major role to play in responding to 

environmental issues, and
 

that education can be a critical means by 
which to implement technological
 

solutions, instiLutional and social changes, 
and policy options for
 

environmental management.
 

The need for environmental education is
present wherever there
 

are environmental problems whose solutions 
require information, knowledge,
 

While the need exists in countries of all 
types and levels
 

and skills. 

of economic development, different educational 

programs must be designed
 

to solve different environmental problems.
 

In many developing countries, the need for environmental 
education
 

a call for
 
as basic as the bare necessities of life, 

and this is 

is 

public education programs that deal with 

health and sanitation, food and
 



water, shelter, including protection from natural 
disasters, and
 

even literacy.
 

in countries experiencing infrastructure and 
industrial
 

development, the need for enviroinmental 
education and training calls
 

for programs to develop environmentally sound 
planning, siting, management
 

and operations of projects and industries.
 

Some countries following legislative or 
other compelling requirements
 

demand that environmental impact assessments 
preceed certain projects
 

and that polluting utilities, industries, 
and other operations meet
 

national air and water quality standards. 
These requirements have
 

founded a major market for environmental 
skills and technologies,
 

including control and monitoring systems 
technologies, all of which,
 

in turn, require specialized environmental 
education and training.
 

As such technologies transfer to other 
countries, there is a corresponding
 

need for training in the recipient countries.
 

In the United States there is even legislation 
that specifically
 

The Environmental Education Act of
 calls for environmental education. 


1970 authorizes the Commissioner of Education 
"to establish education
 

programs to encourage understanding of 
policies, and support of activities,
 

designed to enhance environmental quality 
and maintain ecological
 

balance."
 

The need for environmental education and 
training is, therefore,
 

It is also diverse and requires appropriately
 strong and widespread. 

designed and implemented strategies sensitive 

to different social,
 

political, economic, cultural, and technical 
realities from country
 

to country.
 

A quick review of worldwide trends in environmental 
education will
 

assert the need for action among policy 
makers and practitioners alike.
 

Worldwide Trends in Environmental Education
2. 


The need for effective and rapid environmental 
education and training
 

results most directly from a combination 
of fast population growth and a
 

disproportionate distribution of resources 
to accommodate such growth.
 

Today, the physical size of the world is 
obvious and well known.
 

Not so well known is how fast the world's 
population is growing, and what
 

the implications of this are to everyone 
in developing and developed
 

countries alike.
 

The following trends will help sharpen an 
appreciation for world
 

population growth:
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* 	 It took from the origin of mankind, over a million years
 
ago, to the early 1800s for the world to reach a human
 
population of 1 billion.
 

* 	 The next billion was reached in about 100 years, by 1930.
 

* 	 The third billion was reached in 30 years, by 1960.
 

* 	 The fourth billion in 15 years, 1975.
 

• 	 Today, in 1980, the world's population is about 4.5 billion.
 

* 	 Today's population size is expected to double in about 30
 
years, and the population is most likely to peak between
 
8 and 11 billion, reaching about 6 billion by the year 2000.
 

Numbers of people alone are not the issue. The availability and
 
distribution of resources necessary for life combine with the sheer size
 
and concentration of the population to cause increasing stress on social,
 
political, and economic stability. These stresses are not to be placed
 
aside for future generations; they are present throughout the world
 
today and they underscore the need for very rapid and effective education
 

education for basic needs and education for wise management in a
 
time of difficult choices.
 

Although the principles of living in harmony with nature have long
 
appeareu in customs and religions, the need for environmental education
 
and training has only relatively recently become recognized as an important
 
area for local, regional, national, and international action. The world's
 
first intergovernmental meeting at the ministerial level was held on the
 

subject in October 1977, when delegates from 66 countries around the
 

world met in the Soviet Union and endorsed 41 recommendations for action
 

in environmental education and training.
 

This meeting, called the Tbilisi Conference, was jointly sponsored
 

by the United Nations Environment Program (UNEP) and the United Nations
 

Education, Scientific, and Cultural Organization (Unesco). UNEP and Unesco
 

also jointly coordinate an Office of Environmental Education based at
 

Unesco headquarters in Paris. The mission of the office is, in part,
 

to develop and implement a worldwide approach to environmental education
 

and training. The office also publishes a newsletter, CONNECT, which
 

provides a summary of selected world events and activities in environmental
 

education and training of concern to UNEP and Unesco.
 

The Thilisi Conference produced a final report, which includes a
 

declaration, a statement on the role, objectives, and guiding principles
 

of environmental education, and strategies for the development of
 

environmental education at the national level.
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The UNEP/Unesco Office of Environmental Education has funded the
 
regionsdesign and development of a small number of pilot projects in 

around the world. These are reported in various issues of CONNECT. 

a number of internationalMore recently, in February 1980, 
financial institutions signed a declaration pledging funds for environmental
 

These
projects, specifically those for education and training. 


institutions include:
 

" African Development Bank
 

" Arab Bank for Economic Development in Africa
 

* Asian Development Bank
 

" Caribbean Development Bank
 

" Inter-American Development Bank
 

* World Bank
 

* Commission of the European Communities
 

* Organization of American States
 

• United Nations Development Program 

* United Nations Environment Program
 

These trends, giving recognition and funding to needs for
 
There is
environmental education, are promising, but iot adequate. 


much initiative required by national governments, non-governmental
 

organizations, private corporations, community groups, and individuals.
 

These trends assert the need for action among policy makers and
 
key management tool
practitioners to apply educational strategies as a 


The next section presents some
in solving environmental problems. 

specific educational program.
design considerations useful in developing a 


3. Design Considerations
 

In general, there are four elements of an educational program
 

(including training) that deserve careful consideration:
 

• Need and Target Population
 

* Goals and Objectives 

* Implementation Techniques and Schedule 

* Evaluation Techniques 
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3.1 Need and Target Population
 

The need for education is an urgent one among all ages of the
 
population and across a wide array of occupations. However, specific
 
needs will differ from group to group.
 

In many developing countries, the needs for education are so
 
great and obvious that there is little sense in spending time and
 
resources to conduct a needs assessment. It would perhaps be more
 
worthwhile to apply whatever resources are necessary and available to
 
responding to known needs.
 

Within organizations, the situation may be different. A newly
 
developed Ministry of the Environment, for instance, would do well
 
to undertake an analysis of position requirements for the next five
 
years to determine specific needs for trained human resources. Once
 
the positions are quantified and associated with job descriptions,
 
the organization will be in a better position to determine training
 
needs. A five year plan for training can be developed that takes
 
advantage of traditional sources of education, such as universities,
 
as well as newly developed programs, which the organization can
 
undertake under contract or by utilizing internal trainers.
 

Regardless of how obvious a need for education or training is,
 
it will be helpful, if not critical, to document and describe the
 
need accurately and with justification. Such a description may help
 
convince decision makers, including funders, to agree to implement a
 
program..
 

A good statement of need also will help determine how best to
 
evaluate the program's success.
 

3.2 Goals and Objectives
 

The goals and objectives of specific educational efforts also will
 
vary among groups, depending on the needed outcomes. These outcomes
 
may range from an increased general awareness of environmental issues;
 
to sanitary handling of food and water; to formulating effective
 
environmental standards and regulations; to assessing the environmental
 
effects of development projects; to designing engineering controls; to
 
operating and calibrating pollution monitoring instruments; and so forth.
 

Each program should have a clearly defined goal and set of
 
objectives. The entire design of the program and the evaluation strategy
 
should reflect this statement. The success of the program will be measured
 
against the statement and the program itself will be judged accordingly.
 

3.3 Implement tion Techniques and Schedule
 

The implementation, or educational techniques required to accomplish
 
a program's goals and objectives also will vary, depending largely on
 

5
 



the age and occupation of the target group. Some techniques may involve
 

parent-child interaction; others may require a large-scale media 
broadcast; others may be tied to on-the-job training; yet others may 
involve individualized, programmed instruction. The range of techniques
 

to choose from is nearly as large as all possible means of communication.
 

Scheduling is a critical element of educational programming. Events
 

should follow each other logically and according to a plan of action.
 

Timing, too, is important, but sometimes overlooked. Imagine a television
 

broadcast for teenage males and females timed for 7:00 pm on a Saturday
 

night. Nearly every teenage person among the target group might be out
 

on a date that night, docming the message and wasting time and money.
 

3.4 Evaluation Techniques
 

Evaluation is one of the most important, but largely ignored or
 

poorly treated components of an educational program. The evaluation
 

designs necessary to know whether the educational effort will be or
 

has been effective also will differ depending on the circumstances and
 

resources available.
 

In one case, a simple examination following a course on how to
 

operate a piece of equipment may suffice. In a case involving changing
 

public behavior in favor of more sanitary handling of food and water,
 

a test for a lower incidence of physical impairment or disease may be
 

highly desired as an indicator of success, but may simply not be
 

possible, especially in areas where epidemiological data are not
 

available. In such cases, perhaps selective interviews and observational
 

studies may prove the best evaluation techniques.
 

A very few new educational programs are beginning to use
 

effective evaluation techniques to measure success and to correct for
 

program defects during implementation.
 

3.5 Additional Considerations
 

It is especially helpful to consider first the ultimate goal or
 

purpose of the program. This can guide the selection of the most
 

appropriate implementation procedure. For instance, one category of
 

programs may attempt to achieve environmental literacy -- the teaching/
 

learning of fundamental concepts, principles, and methodologies for
 

thinking, communicating, and acting in an environmentally sound way.
 

Such teaching and learning naturally begins at home, as part of a
 

person's general upbringing and socialization process. Later such
 

learning may find its best place in schools, universities, and other
 

formal educational systems, or in community organized activities, such
 

as religious programs, scouting groups, and so forth among the various
 

informal educational systems.
 

Environmental literacy need not require newly designed and heavily
 

funded courses or programs; rather, existing curricula in the sciences,
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technology, and the professions, such as engineering, law, business
 
administration, and public policy easily can be revised to include
 
environmental concepts, material, and discussion focusing on
 
environmental topics and issues. After all, it is the students of
 
these curricula who likely will be engaged in life-long professions that
 
have an environmental impact and toward whom we will turn for
 
environmental solutions.
 

Another category of educational programs deals directly with the
 
teaching/learning of specific skills required for particular jobs. This
 
kind of program may find its best place within the various development
 
s.Bctors that require environmentilly sound operations and that demand
 
people trained in specific environmental disciplines or with special
 
skills. In such programs, the necessary education and training costs
 
should be borne by that sector, and not by the public.
 

Time is a critical dimension to be considered in the design of
 
an education program. Does the program require a very rapid, short
term payoff? Can the goals wait for a long-term payoff?
 

As in all educational programs, there is a time lag between
 
inception and results. Formal educational programs tend to have a
 
long-term payoff, meaning an extended time period during which the
 
human resources being educated are generally unproductive. Formal
 
education includes primary and secondary school and higher education.
 
Calculate at least twenty years, ages 1 to 20, before an educational
 
system can turn out a crop of higher educated citizens.
 

Informal or non-formal education can have a short-term payoff.
 
Such education can be undertaken through the media, community outreach
 
programs, such as family planning and health care programs, and in
 
work-related training, such as vocational training, extension work,
 
and on-the-job training. Media broadcasts can enlighten a listening
 
or viewing public in a matter of minutes; on-the-job training can
 
produce experts in weeks or months.
 

Policy makers and practitioners would do well to consider carefully
 
these various components of a program: needs and target population;
 
goals and objectives; implementation techniques and schedule; and
 
evaluation techniques. There is little time to study needs and
 
experiment with programs that do not have a sound evaluation design.
 
These are reasons to turn to educational experts for advice and direction
 
in helping to solve specific environmental problems.
 

4. Funding Sources
 

Venerable national and international institutions gravely concerned
 
with the environment and environmental education will point you to the
 
following sources of money for your.project:
 



* Government agencies 

* Non-governmental organizations 

* International agencies 

* Foundations
 

* Universities
 

It is likely thst the person guiding you will agree that your
 
project is of exceedingly high importance. It is also likely that
 
this person will be in one of the above organizations. In other words,
 
do not depend on the traditional sources of funding for environmental
 
education programs. Ve logical sources often simply do not have
 
the money.
 

There are other sources of funds that are beginning to show
 
more or new support. These include the international financial
 
institutions (development banks) and private corporations. Additionally,
 
church federations and foreign governments (especially those among
 
dzveloped countries and OPEC) should be considered.
 

There are several points that may be helpful in securing funding.
 
First, a program with a sound evaluation design that will show results
 
should deserve funds over those without such evaluation. Programs
 
with proven effectiveness should be replicated and funding sources would
 
do well to support them.
 

Second, it may be futile to wait forever for funding. Instead,
 
consider developing the program with whatever resources are available,
 
donated, or borrowed. If a program begins to show success, further
 
support may be forthcoming. Community organizers would do well to
 
initiate programs and use their on-going success to attract attention
 
and funding.
 

Third, anticipating a program's results in terms of money saved
 
can show an effective justification for funding the program. For instance,
 
Project Burn Prevention was designed to use educational strategies "to
 
increase knowledge, change attitudes,. alter burn-safety-related
 
behavior, and thereby reduce the number and severity of burn injuries
 
among various groups of the public" in the United States. Over two
 
million Americans are burned by hot liquid, flame, electricity, and
 
other burn sources each year. It can cost over $50,000 per patient to
 
treat severe burns requiring plastic surgery. A cost analysis of the
 
possible savings such a program could produce led to the funding of
 
an experimental public education program at a cost of $1 million. The
 
experimental program is now complete, showing favorable results (the
 
program was rigorously evaluated), and the program is now being
 
disseminated nationwide.
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In the longer term, those sectors having environmental impacts
 
should bear the cost of protection, including the costs of education
 

and training. Meanwhile, imagination, nerve, and some aggressive
 

qualities may be required to supplement funds from the usual sources.
 

5. 	 Selected Suggestions
 

The following are additional considerations that may help to
 

create and design environmental education programs-and policies:
 

" 	 Environmental education policy should have clearly defined
 
goals and objectives. These muot relate directly to your
 
country's goals for development and achieving a certain
 
standard of living.
 

" 	 Environmental education must have the commitment of the
 
government, both in principle and in terms of providing
 
sufficient resources to achieve goals for environmental
 
education.
 

* 	 Environmental education should be designed to correspond
 
to economic and income incentives in the private and public
 
sectors. There must be jobs for graduates in environmental
 
fields, and environmental education must be a qualification
 
for other jobs that have environmental implications.
 

* 	 Environmental education should bA used in public information
 
and awareness efforts to ensure an informed public capable of
 
intelligently challenging or supporting policies that will
 
have environmental consequences. The public must be able
 
to recognize environmental issues and choose options.
 

* 	 Environmental education policy must anticipate and plan
 
for future needs and a rapidly changing set of circumstances
 
brought about, in large measure, by rapid population growth.
 

Goals of environmental education shouldbe relevant in the
 

future as well as today.
 

" 	 Environmental education opportunities should be linked
 

directly to other sectors of development, with regulations
 

and incentives guiding responsibilities for environmental
 
protection in each sector.
 

* 	 Environmental education opportunities should be identified for
 
each development project, so that when a road, dam, power
 
plant, airport, school, or irrigation project is planned, the
 
planners should include opportunities to educate workers at
 
all levels of the project regarding the environmental aspects of
 
the project.
 

* 	 Development banks and other development institutions should
 

educate their managers and planners in the environmental aspects
 

and implications of development.
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* Environmental managers should not wait for funding or the 

results of plans in order to 	get started with environmental
 
education programs. .They should use whatever resources
 
are currently 	at their disposal, which, if modified, could
 

begin the process of education. Success can then help to
 
justify needed funding.
 

" 	 Environmental managers probably know already the needs for
 

environmental education, and should probably get started
 

impementing programs with sound evaluation techniques.
 

• 	 Environmental education should not be limited to the public
 

The private sector should, by incentive or
sector. 

regulation, also contribute to the environmental education
 

effort.
 

* 	 Incorporate environmental messages in national literacy
 

programs. This is a way to reach large numbers of people
 

early in their development.
 

Much
" 	 Mobilize volunteers for scientific research projects. 


basic data and samples can be collected by capable people if
 

appropriately o'--anized.
 

Make the private sector include environmental content in
 

For instance, design soft drink advertisements
 
* 


its advertising. 

to include environmentally sound messages.
 

* 	 Create opportunities for women in development; educate accordingly.
 

* 	 Use indigenous training resources.
 

• 	 Tap non-governmental sources of credibility, such as scientists
 

They can help convey environmental
and religious leaders. 

messages to the public and decision makers.
 

Challenge and 	change unsound policies, especially those that
" 

threaten the quality of life. Educational programs can be
 

designed to involve the public in ensuring environmentally sound
 

They also can help to correct unsound policies.
policies. 


This paper has provided an overview of world trends in environmental
 

education, presented several critical components of educational programs,
 

discussed briefly sources of funding, and set forth selected suggestions
 

regarding environmental education action. References that follow will be
 

helpful in pursuing further information on environmental education
 

programs and the design, development, and evaluation of educational programs
 

in general.
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6. 	 References
 

In the broadest sense, the concept of "environmental education"
 
can refer to any activity that falls within the intersection of the
 
concepts of "environment" and "education," both of which are very
 
broad concepts indeed. The following few references will not do the
 
subject justice; however, they provide a range from general issues
 
that deserve attention as candidates for educational programs, to
 
specific texts on educational objectives and evaluation.
 

1. 	 Barbara Ward, Progress for a Small Planet, W.W. Norton &
 
Company, New York, 1979.
 

A readable and up-to-date book describing critical environmental
 
issues for environmental management. Appropriately designed
 
educational programs should be considered among the problem
solving tools required by these issues.
 

2. 	 International Union for the Conservation of Nature and Natural
 
Resources, World Conservation Strategy: Living Resource
 
Conservation for Sustainable Development, Morges, Switzerland,
 
1980.
 

Recent compendium of selected needs for conservation along
 
with recommendations for management, including education al,d
 
training recommendations.
 

3. United Nations Environment Program/Unesco, Intergovernmental
 
Conference on Environmental Education, Final Report, Tbilisi,
 
USSR, 14-26 October 1977, Unesco, Paris, 1977.
 

Results of the first ministerial level conference on environmc~ntal
 
education and training. Includes recommendations for action,
 
as welk as a declaration and set of goals and objectives.
 

4. The World Bank, Education, Sector Working Paper, December 1974.
 

Overview of trends in education and development to 1970, a
 
statement of the Bank's education development strategy for the
 

1970s, and a description of the Bank's education lending policy.
 

5. 	 Mats Hultin, Guidelines for Education Sector Work, Office
 
Memorandum, The World Bank, 3 April 1978.
 

A description of the Bank's sector work in education, including
 
guidelines for undertaking education sector surveys and
 
identifying projects.
 

6. 	 Economic Development Institute, Semninar on Teaching Project
 
Analysis, Readings, compiled by Robert Youker, The World Bank,
 
December 1977.
 

An eclectic collection of readings on learning theory, the
 

process for developing a training program, teaching methods and
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techniques, the case study method, evaluating training,
 
and developing a course schedule and calendar.
 

7. 	John Whitman, Internet Teacher Guide, Strategic Environmental
 
Planning, 1977.
 

Teacher guide for one of the larger UNEP/Unesco pilot
 
projects in environmental education. Contains source
 
documents including the Environmental Education Act of 1970,
 
a publication titled, Fundamentals of Environmental Education,
 
other copies of environmental legislation, and news reports on
 
environmental issues.
 

8. 	Benjamin Bloom, ed., Taxonomy of Educational Objectives: The
 
Classification of Educational Goals, David McKay Company, Inc.,
 

New York, 1956.
 

The principal text dealing with the nature and types of
 
educational objectives. Includes two handbooks, one on the
 
cognitive domain, the other on the affective domain.
 

9. 	Donald T. Campbell and Julian C. Stanley, Experimental and
 
Quasi-Experimental Designs for Research, Rand McNally College
 
Publishing Company, Chicago, 1963.
 

The prevailing text on how to set up a program for the purpose
 
of evaluating its effectiveness for research.
 

10. 	 Carol H. Weiss, Evaluation Research: Methods of Assessing
 
Program Effectiveness, Prentice-Hall, Inc., Englewood Cliffs,
 
New Jersey, 1972.
 

Useful considerations of applying research methods to the
 
evaluation of social programs, including those in education,
 
social work, health, job training, and other non-formal
 
efforts to apply and evaluate educational strategies.
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WILLIAM D. RUCKELSHAUS AND
 
THE ENVIRONMENTAL PROTECTION AGENCY 

On December 2, 1970, William D. Ruckelshaus took on a new job, Administra
tor of the Environmental Protection Agen-y. EPA was merely an idea embodied
 

in words on a piece of paper. The job remained to turn tbAt idea into a reality.
 

The existing facilfties, programs and people, their work and their tools had
 

to be brought together both physically and organizationally. For the first
 

their efforts had to be realigned into some kind of coordinated protime, 

greM #, raflcted the iterdisciplinary nature of envir icnt-zI pollution. 
William D. Ruckelshaus, thea Assistant Attorney General in charge of the 
Civil Division of the Justice Department, was chosen by President Nixon to be 

Others within the Nixon Administrathe first EPA administrator on October 31. 

tion had been offered the job, but turned it down. "Day One" for EPA was less
 
than 5 weeks away--December 2, 1970.
 

The EPA, the first new line agency formed by the Nixon Administration,
 
was established under a Presidential Reorganization Plan that took effect in
 
October 1970 when it was not disapproved by either House of the Congress.
 
Recommended by the President's Advisory Council on Executive Organization
 
(PACEO) chaired by Roy Ash, the rationale behind the new agency was to coor
dinate an attack on pollution.
 

The state of the environment was gaining momentum as an issue of popular
 
concern in 1970. Membership in both old conservation groups such as the Sierra
 
Club and younger, more militant groups like the Friends of the Earth was in
creasing. In response to mounting public concern, Congress established the
 
Council on Environmental Quality in 1969, lodging it in the Executive Office
 
of the President. The CEQ'had set out an extensive environmental agenda for
 
the Administration by early 1970. In February 1970, President Nixon delivered
 
a message on the environment which laid out 37 separate goals he wanted to
 
achieve that year. Senator Edmund Muskie, the leading contender for the 1970
 
Democratic presidential nomination, was also trying to capitalize on the en
vironmental groundswell. He was the major congressional spokesman for the
 
environment and chairman of the Senate Public Works Subcommittee on Air and
 
Water Pollution. Muskie sponsored some of the early pollution acts, as well
 
as the Resources Recovery Act of 1970 and the Clean Air Act Amendments of 1970.
 
He was an outspoken proponent of Earth Day. "Earth Day," April 22, 1970,
 
was a great public relations succesp. Widespread media coverage created the
 
impression that millions of Americans were up in arms about environmental
 
degradation.
 

This case was prepared by Ms. Peggy Wiehl under the supervision of Professor
 
Joscph L. Bower as the basis for class discussion rather than to illustrate
 
either effective or ineffective handling of an administrative situation.
 
It is based on a case study prepared by Mr. Gregory B. Mills. Funds for the
 

development of this case were supplied by the Alfred P. Sloan Foundation.
 

Copyright @ 1974 by the President and Fellows of Harvard College
 

Distributed by the Intercollegiate Case Clearing House, Soldiers Field, Boston,
 

Mass. 02163. All rights reserved to the contributors. Printed in the U.S.A.
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The creation of EPA brought together in one agency a 
variety of research,
 

monitoring, standard-setting, grant-making, technical 
assistance, and enforce

ment activities formerly scattered through several departments 
and agencies.
 

As noted, its designers sought to provide a governmental 
structure for approach

ing pollution control problems that treated the total 
environment as a single,
 

interrelated system.
 

Exhibit 1 shows the divi-
EPA inherited 5,743 employees from 15 agencies. 

These resources were to be used for
 sion of the employees and the budget. 


dealing with six basic types of pollution under a variety 
of legislative man

dates. A description of some of the programs and problems inherited 
by the
 

agen'cy fullows. They.coe.titutid the neii material for Ruckelshaus' agenda.
 

The Federal Water Quality Administration had been moved
 Water pollution: 

Charged with the control
 

from HEW to the Interior Department, and then to EPA. 


of pollutants which impair water quality, FNQA was broadly 
concerned with
 

It performed a wide variety of functions,
the impact of degraded water quality. 


including research, standard-setting and enforcement, 
and provided construc-


Progress against water pollution had
 tion grants and technical assistance. 


been slow, however, in spite of large expenditures of 
cash. Federal enforce

ment was limited under the 1965 Water Quality Act 
to only interstate cases,
 

and there had been only intermittent attempts at enforcement. 
Another diffi

culty was that as known pollutants were becoming controlled, 
more were discovered.
 

The mercury scare of early 1970 is an example.
 

The BWH's
 
Also joining EPA was the Bureau of Water Hygiene from HEW. 


responsibility was to monitor drinking water quality, but 
it had no enforce

ment powers.
 

The National Air Pollution Control Administration was
 Air pollution: 

NAPCA was responsible for motor vehicle and
 transferred intact from HEW. 


stationary pollution control and had concentrated on 
research for pollution
 

Its regulatory functions were similar to
 control methods--without much luck. 


vhe FWQA's, and the 1963 Clean Air Act provided limited 
enforcement powers.
 

it had taken only one
 NAPCA had not been an active enforcement agency: 


polluter to court. Yet air pollution was an area of strong public and 
govern

mental concern due to the periodic occurrences of 
heavy smog and scientific
 

Pressures from the automotive and manufacturing
warnings of health hazards. 


interests charged environmentalists with advocating 
unreasonable, costly,
 

and technically impossible measures.
 

HEW's Bureau of Solid Waste Management moved intact 
to
 

Solid waste: 

EPA. It concentrated its efforts on R & D projects and 

hence the bureau's
 

activities would be able to expand under the 1970 
Resource Recovery Act spon

sored by Muskie. This act authorized $460 million over the next 
three years
 

for construction of local disposal facilities, 
federal research on waste re

cycling, and expanded personnel.
 

One of these units,
EPA inherited three pesticide units.
Pesticides: 

the Pesticides Regulation Division, with responsibility 

for registering and
 

labeling all commercially-used pesticides, was 
transferred intact from the
 

The transfer was opposed by farm interests who 
feared
 

Agriculture Department. 

chemicals would be considered as pollutants rather 

than as aids to production.
 

According to Ralph Nader's Water Wasteland, the 
division traditionally had
 

close working relationship with pesticide companies.
a 
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The EPA received 275 of the 475 employees in FDA's Office of Pesticide
 
Research. It set and enforced standards limiting pesticide residues in food.
 
The FDA, however, retained its authority to remove food with excess pesticide
 
residues from the market.
 

The Interior Department's research projects on the effects of pesticides
 
on fish and wildlife were also moved to EPA. Actually this involved only one
 
laboratory.
 

Radiation: Controversy over the adequacy of federal radiation standards
 
had been growing. Scientists and environmentalists were calling for an
 
immediate stiffening of the standards. The Atomic Energy Commision's authority
 
to set standards and emission limits for radioactilvity was transferred to the
 
EPA, although AEC retained responsibility for the implementation and enforce
ment of radiation standards.
 

EPA received over half of another HEW agency--the Bureau of Radiological
 
Health. Its function was to monitor the r-diatior in the air and precipitation
 
and to conduct research into the biological effects of radiation.
 

Noise: The Reorganization Plan est:ablished the Office of Noise Abate
ment and Control within the EPA. This "Involveda one-year study of the noise
 
problem.
 

The New Administrator's View of the Job 

Faced with a wide range of publicly visible problems and a confusion of 
agencies, organizations, and laboratories, Ruckelshaus commented to the re
searcher on why he took a job others rejected:
 

What can you expect to accomplish? I think the chance of
 
accomplishing something with a brand-new agency like this,
 
where you have a problem that has a lot of legitimacy to it
 

and high public visibility, and therefore the political
 
support that you need to move forward very fast--the chances
 
of succeeding are enormous.
 

I felt there was a chance here, in this area, to try to turn
 
that situation around. To try to start because, number one,
 
there 'was a lot of public support to do something about it, 
and there was a real chance to take this process and use it 
as effectively as possible, and thereby convince people that 
government was willing to do something about the problem. 

I was convinced then that in spite of all of the faddism that
 
was associated with the problem, there is enormous legitimacy
 
to the issue itself.
 

Also, the fact that a new agency like this comes along once
 
every fifteen years in the federal government, and a chance
 
to be in on the formation of such an agency was something you
 
just don't get very often.
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Ruckelshaus
 

a native of Indiana. After receiving his law
 William Ruckelshaus is 


degree from Harvard in 1960, he joined 
his father's law firm. Shortly there-


There
 
after a family friend appointed him deputy attorney 

general of Indiana. 


he drafted the state's air pollution control 
law and in 1963 he represented
 

In 1966,
 
the state board of health in water pollution 

abatement actions. 


Ruckelshaus was elected to the state legislature 
and named majority leader
 

In 1968, he opposed Birch Bayh in the U.S. Senatorial elec
one year later. 


Recruited to the Justice Department, Ruckelshaus 
was the
 

tion, but lost. 

A though the tough aesignment involved responliaison to college campuses. 


sibilities such Rs quelling student demonstrations 
in Washington over Cambodia,
 

-he".Aore outgoing and accessible members 
of the
 

he became known as one of 

In spite of his good reputation at Justice, 

Ruckelshaus'
 
Administration. 


Environmentalists were apprehensive about 
having
 

appointment drew criticism. 


a confidante of Attorney General Mitchell 
heading EPA, especially since he
 

lacked outstanding environmental credentials.
 

When Ruckelshaus was presented at a White 
House news conference in
 

November 1970, the national news teams, 
including Walter Cronkite, came rolling
 

in the door at 20th Street where Ruckelshaus 
and company had made a home.
 

Even though there was not even a legal agency 
yet, everyone expected full

blown competence, articulate EPA spokesmen, 
and the ability to do things
 

if they had been in operation for five years.
as 


Ruckelshaus was forceful and dynamic, the 
image was one of momemtum
 

The TV cameras focused on a little door 
sign
 

of exciting things happening. 


that read "Environmental Protection Agency"; 
the press felt the symbol was
 

important, that the public should perceive 
that something new was in place.
 

Ruckelshaus was in his own new setting, 
not on somebody else's historical
 

He and EPA had their own identity, but 
getting the EPA to function
 

ground. 

effectively would be a challenging task.
 

The Early Moves 

Although coordinatint the various agencies 
EPA had acquired would be dif-

EPA task force1 had been established in July 
to prepare the ground 

ficult, an 
The group examined the structure most 

appropri
work for the agency's start up. 
 It
 
ate to allow for a strong top management 

which they felt EPA would need. 


also selected key immediate tasks that 
the administrator would have to deal
 

with. 

A special OMB team was assigned to prepare 
EPA's budget for FY 1972.
 

During its first 7 months, the agency would be operated 
from the allocations
 
So it was importantfor FY 1971 (Exhibit 1).

left in the inherited budgets 

for the administrator to get involved 
in upcoming legislation and the budgeting
 

Getting a permanent headquarters in 
Washington was essential in
 

process. a half floor in 
image. Although the agency had been given

establishing EPA's 
one building, it would be better to 

have a location that could house all
 

from such agencies as NASA, Depart1 The team consisted of about 15 members 
Its work primarilyand CEQ. was

of Transportation,ment of HEW, Department 
directed by Howard Messner, an OMB 

management analyst on special assignment.
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of the 2,000 EPA employees, facilitating administrative control. Ruckelshaus 
also had to select his top and middle management. Constraints in the number 
of top civil service positions (much as heads of divisions) allocated to EPA 
complicated the task. 

While the task force aided Ruckelshaus with start up problems, the
 
administrator was confronted with two major issues. He had to keep the various
 
agencies EPA had inherited running while a new organizational structure was
 
being developed. And, he had to generate sufficient activity to convince the
 
public and other interest groups that EPA was serious about cleaning up the 
environment. These problems interacted and were potentially conflicting. 
On the one hand, Ruckelshaus needed to minimize disruption during the transi
tion period so that he would have time to create a new organizational structure. 
The urgency of the attack on pollut.on demandod that vital on-going programs 
not be disturbed or delayed by the realignment. Certain statutory deadlines 
had been set that the new EPA would have to meet. The concomitant directive 
to "keep doing things the way you always have," however, meant in some cases 
to continue to do nothing, or to keep doing things the wrong way. On the other 
hand, Ruckelshaus recognized that he had to act quickly and dramatically to 
capture the constituency he needed to make a successful agency. But if the 
agency continued "to do things the way you always have," dramatic action was 
impossible. Yet if Ruckelshaus seized the initiative from these agencies, 
he would only contribute to the disruption and dissatisfaction he was struggling 
to avoid. To make matters more complicated, Ruckelshaus had to consider 
how to deal with the fragmented policies and people now in his charge, at the 
same time that he pondered what the goals of EPA should be. 

I realized very rapidly that I was going to have to grit
 
my teeth for a while with this structure we had chosen in 
the beginning so that I could absorb enough of this informa
tion, sort of through the pores, to get a feel for what we 
ought to do. I had to go around to all of these regions and 
to the major laboratories that we had; sit down and listen
 
to these people and just get a feel myself, personally, for
 
what was going on.
 

There was a need to establish for the agency some clear
 
goals that everybody could identify with. I went around and 
talked to a lot of them in the agency. There were all kinds 
of different opinions as to what those goals ought to be, in
cluding a strong recommendation that there wasn't enough 
authority. I looked at the two most recent examples of
 
agencies like EPA: OEO and NASA. I looked at them in terms
 
of what their statutory goals were. NASA's had been very
 
narrowly defined, in terms of "let's get to the moon in ten 
years" and they achieved it--in the process, almost did them
selves out of bustiess. OEO, on the other hand, had a very 
amorphous goal: "let's do something about poverty." Some 
would say that is what they were doing: something about 
poverty. This was the kind of progress that is very difficult
 
to measure.
 

I felt that we had to be very careful that EPA did not go
 

to either of those extremes. So, we defined our initial
 

http:pollut.on
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goal an pollution abatement. This was fairly narrow, in the
 
environmental sense, but nevertheless It wn Identifiable
 
enough, understandable enough, to let us know what we were
 
doing, so that we could move towards the goal. To the ex
tent that we were successful in achieving that goal, a
 
relatively narrow goal, I felt that the larger responsibil
ities in the environment would much more naturally gravitate
 
toward that agency than they would if we tried to fight for
 
them at the outset.
 

Internal Difficulties
 

.The physical searation of facilities created identity and communication
 
problems. The initial move of agencies into EPA was largely done on paper,
 
leaving most of the employees sitting at their old desks. In some cases
 
even personnel within the same division were physically separated. Employees
 
complained that they did not feel a part of EPA. The first pesticide head
quarters office, a sall room in a shabby office building, was moved three
 
times within five months. The director, Raymond E. Johnson, snent most of
 
his time on the phonc trying to keep in touch with employees located in three
 
other buildings while fending off industry representatives anxious to register
 
their concerns. Johnson logged some 600 phone calls in the first six weeks.
 

Said Ruckelshaus:
 

I tried to establish initially, with all the key people that
 
we had inherited in the agency, a feeling of mutual trust.
 
I didn't believe that because people had been coming in here
 
telling me what a bum they were, that that was necessarily 
true. If I didn't trust them and believe in them, there was 
no way for them to do the same for me. I found that by and 
large, that works. Human beings respond to that. It is clear 
to me that you are not going to get loyalty just because you 
demand it. You have to earn it. 

[The key officials] reported directly to me, and I would have
 
Dominick and Middleton [Commissioners of the Office of Water Pro
grams and the Office of Air Programs, respectively] come in at
 
least once a week for a major reporting session. I tried to
 
call them every chance I got to keep them involved inwhat
 
I was doing and what was going on. I wasn't so interested
 
about the Pesticide Office and the Solid Waste Office. You
 
could kind of put them aside because there wasn't the same
 
kind of pressure in that area to do something as there was in
 
Water and Air.
 

Further problems stemmed from the uncertainty--which persisted months after
 

the agency was in operation--as to what actually belonged to EPA. This confusion
 

resulted from the unwillingness of some "donor" departments to give up valuable
 

facilities and personnel. In a number of places the Reorganization Plan had
 

failed to specify precisely what was to be transferred to EPA. Consequently,
 
high EPA officials had to spend time negotiating with the various depart

ments which were supposed to provide EPA with its structural components.
 

Perhaps the worst example of this bureaucratic power struggle was the decision
 

made concerning HEW's Twinbrook Research Laboratory in Rockville, Maryland. 
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The first settlement provided for joint ownership of the laboratory with a
 
result that research teams were split down the middle, half belonging to
 
EPA and half to HEW. Both agencies were dissatisfied. As Ruckelshaus commented:
 

While we were deciding how to form the ultimate structure,
 
the turf fighting that was going on at this time was just

ferocious--people vying over who was going to get what piece.
 

Ruckelshaus had to work out the most effective way of dealing with these
 
difficulties. Another organizational issue had to be considered as well.
 

Organizing the Structure2
 

The existing bureaucracies W zsu ad by categorical programs.
Both the EPA task force and the PACEO fe).t a functional organization where
 
the agency subunits were responsible for such areas as research, standard
setting, and enforcement was the most appropriate structure. They devised
 
an evolutionary strategy where the agency would maintain its programmatic

orientation under a "Commissioner System." On "Day One" only research and
 
management would be fully functionalized. The rest of the functionalization
 
would occur in stages.
 

The Nixon Administration's "New Federalism" called for decentralized
 
federal administration and strong regional authority. Moving quickly to
 
delegate responsibility to the regional offices was problematic for several
 
reasons: (1)the need for immediate enforcement action required early cen
tralized control; (2)there was little knowledge of the capabilities of re
gional personnel; (3)the delegation of authority to the regions was strongly
 
resisted by EPA headquarters bureaucracy; (4)the selection of regional
 
administrators required time.
 

Consequently, Ruckelshaus delayed action on the regions. He left the
 
field offices intact, and assigned an interim coordinator for each of the ten
 
regions in an order dated December 4, 1970.
 

Early Staffing Decisions
 

At Ruckelshaus' request, four members of the task force stayed on to
 
help EPA through the early months. While reorganization was occurring at
 
the top, Ruckelshaus was highly dependent on the existing leadership of the
 
inherited units. Neither he nor his assistant administrators were capable

of steppinr' n and running them. To fill the deputy and assistant administra
tor positioi , Ruckelshaus worked with a White House executive search team.
 
Although this could have resulted in clashes over whose nominee would get the
 
job, the joint effort proved successful. An early selection was the Assistant
 
Administrator for Enforcement: John Quarles. A member of Interior Secretary

Hickel's staff, Quarles was highly recounended and in office on "Day One."
 

As noted earlier, Ruckelshaus wanted to "hit the ground running," to
 

2For a full Oiscussion of this issue see Design for Environmental Protec

tion (C16-74-026). 
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it was Quarles, who
 
show his willingness to "take polluters to the mat." 


He recalled that Ruckelshaus
 would orchestrate the enforcement actions. 


0 * . was concerned with establishing the credibility 
of the 

I remember that he mentioned this to me--he emphaagency. 

sized it at about the first meeting we had in November, 

in
 

advance of his being confirmed. We were talking about what
 

the agency would do at the beginning, and he was very 
anxious
 

to identify some strong enforcement actions that we could 
take
 

right at the start.
 

Past Enforcement
 

Hitting the ground at anything beyond a crawl was a 
serious problem for
 

Federal agencies had made little headway in com-
Ruckelshaus and Quarles. 

In part this was because of ineffective federal and 

state
 
batting pollution. 

laws and unwieldy enforcement provisions. The "conference" procedure was
 

It b6gan with the covening of federal and
 one of the major vehicles used. 

If no action was taken in 6 months,
 

state officials to discuss the problem. 

After another 6 months' waiting period, the
 the hearings could be held. 


case could be taken to court. Before the creation of the EPA, only one
 
3 
The difficulty--aside from the time
 polluter (of water) was taken to court.
 state of failure to act
 

involved--was that the procedure required accusing 
a 


before the federal government could go to court.
 

The Water Quality Act of 1965 was passed to strengthen 
water pollution
 

(The technical
 
enforcement but it applied only to interstate waterways. 


difficulties were similar to the conference restraints--the 
government had to
 

prove that the welfare of specific individuals was 
endangered, and how much
 

the water quality was affected. Then the polluters were allowed 6 months
 

to take corrective action.) According to a Nader report, these standards
 

ignored the most effective standard: effiuent controls. FWQA showed little
 

willingness to move against industries and municipalities 
which were not
 

By December 1970 only 30 states possessed fully approved 
standards
 

complying. 

and compliance schedules, although the deadline 

had been June 30, 1967.
 

The rediscovery early in 1970 of the Refuse Act 
of 1899 finally gave
 

Originally passed to keep
 
water pollution enforcement its broadest mandate. 


navigable waters free of shipping obstructions, 
it forbade discharges into
 

navigable waters and their tributaries without 
a permit from the Army Corps
 

of Engineers. The penalty was up to $2,500 per day and up 
to one year in jail
 

Polluters could be prosecuted in criminal
 for the responsible executive. 


suits to enjoin further pollution, and industries 
could be compelled to treat
 

Civil suits were another tool that gave some 
power
 

dumpings into streams. 

In March 1970 the Justice Department moved 

against Florida
 
for enforcement. 

Power and Light, and in July 1970, it filed 

10 civil suits over the mercury
 

discharges.
 

3This involved sewage discharges from St. Joseph, Mo. into the Missouri
 

River. The conference was convened June 11, 1957, 
and a court order issued
 

For the next six years no attempt was made 
to monitor the
 

October 31, 1961. still 
By the end of 1970, one-fourth of the city's 

sewage was 
discharges. 


the river.being discharged raw into 

A
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As in the water area, little enforcement action had behi taken in the
 
area of air pollution. The Clean Air Act of 1967 established a federal
 
policy for stationary polluters. It required NAPCA to designate air quality
 

control regions and establish air quality criteria and emission control
 
techniques. States were to then establish their own ambient air standards
 

and propese implementation plans. In October 1969, however, only 25 of the
 

expected 90+ regions were designated by NAPCA. By March 15, 1970, 57 regions
 

were designated, five criteria reports completed, two control technique
 
documents prepared. By December 1970, none cf the plans had been adopted.
 

Although HEW was authorized to issue maximum levels for auto emissions
 

for 1968 model cars, they were not effective. The certification procedure
 

was dubious. Prototype vehicles the auto manufacturers submitted to HEW
 
.abs ,ere often pamp2-sd. To impose the $1,00.n Z- a 2lo'ed for violation 
of federal standards, NAPCA had to show each car was in violation-hardly 
useful for nationwide compliance. 

The pending Clean Air Act amendments of 1970 brought what little enforce

ment there was to a halt. If passed, NAPCA would be required to set national
 

ambient air quality standards--instead of approving the regional standards.
 
It would also change federal policy on auto emissions. So, little could be
 

done until the fate of the amendment was decided.
 

Thus, while the major organizational changes were occurring, Ruckelshaus
 

had to begin to formulate a strategy for dealing with enforcement. Enforc

ing the pollution laws involved a wide spectrum of groups and issues the
 

EPA and Ruckelshaus would have to deal with. The administrator had to decide
 

how fast he should act, and against which polluters. Any EPA action had to
 

consider the reactions of the main interest groups: the environmentalists,
 

the press, the White House, Congress. Ruckelshaus did not want to undermine
 

the EPA's image by making large, costly mistakes in the beginning.
 

Since the past enforcement of pollution laws had been sporadic at best,
 

and the policy and legislative goals set by the White House were weak, it
 

was unclear what the EPA could actually accomplish. Ruckelshaus stated that
 

he was concerned about the actual White House commitment to the environmental
 

issue.
 

I could see some enormous difficulties if they were going
 
to give lip service, as everybody was doing at that stage,
 

to the problems of the environment, and then try to get the
 
&dministratorof that agency to act as a front man for that 
lip service when in fact he wasn't implementing these acts 
or doing what he was supposed to do. I thought that would 
be just disastrous. 

I think this was pretty clearly perceived in the White House
 

as the President's agency. It was his plan that had gone up
 

there, and they saw fairly strong vested interest in seeing
 

the thing succeed. I do not think that perception was nearly
 

as accurate among many as it should have been. Because while
 

there was some pressure in the White House against strict
 

enforcement of these standards, that didn't neceswarily mean
 

that they didn't want this agency to succeed. They really
 

did.
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Ruckelshaus decided that the first major consideration was how to deal
 
with enforcement action. This was important for two reasons: (1) to gener
ate public interest and support for EPA, and (2) to put other polluters on
 
notice that EPA was serious about enforcement. He decided to litigate as
 
quickly as possible.
 

As a way to build a constituency out of the few materials he had,
 
Ruckelshaus decided to act immediately. To meet the need for immediate,
 
visible action he instituted a series of lawsuits against major polluters.
 

During EPA's first week, Ruckelshaus brought suit against three cities--

Atlanta, Detroit, and Cleveland-- for violating the Federal Water Pollution
 
Control Act. Recognizing the need for maximum media coverage, Ruckelshaus
 
took advantage of a December 10 speech invitation from the Mayor of Atlanta
 
to announce these suits. As Ruckelshaus recalls:
 

I called him up just before I made the speech and told him
 
just exactly what I was going to say, and did he still want
 
me to come, and he said he'd already beer. elected for the
 
present, so he had no problem.
 

Then, on December 17 the EPA asked the Justice Department (under the
 
Refuse Act) to prosecute both Jones and Laughlin Steel for discharging pol

lutants into the Cuyahoga River, and US Plywood-Champion Papers for polluting
 
the Great Ohio River. EPA revoked the conditional certification for two heavy
 

duty trucks manufactured by Ford which did not meet the emissions standards.
 
(Ford was required to stop sales of the engines and modify any still on its
 
hands before they could be sold.) The agency also sought p:osecution
 
against ITT-Rayonier for its pulp mill operations on Puget Sound. The Lake
 
Superior enforcement conference dealing with Reserve Mining's taconite
 
wastes was reconvened. Other companies singled out for enforcement actions
 
were Armco Steel, US Steel, Union Carbide, Du Pont, and General Motors. In
 

its first two months EPA brought five times as many enforcement actions as
 

all of its inherited agencies combined had initiated in any previous two
month period. Media coverage was heavy, and the agency quickly acquired the
 
activist image Ruckelshaus sought.
 

While Ruckelshaus saw these early actions as vital to the agency's
 

credibility, they were also risky moves. They made EPA vulnerable to attack
 

from conservative congressmen and the White House. A number of the affected
 

industries publicly called the agency "irresponsible." While such general
 

broadsides were unlikely to do damage, there was always the danger that EPA
 

might not be able to back up particular claims.
 

A lot of adverse publicity could conceivably force large industries to
 

comply voluntarily; however there were many variables associated with com

pliance. The laws on pollution were changing, making it difficult for the
 

companies to set up a permanent strategy. And the publicity would have to
 

be kept up for a long time to have any real effect. The case by case approach
 
(citing one company's violations) finds the headlines for a few months, then
 
fades into the background.
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While these prosecutions were being initiated, new environmental issues
 
and legislation arrived. The removal of phosphates and NTA from detergents
 
had been a battle between public health officials, environmentalists, and the
 
manufacturers. On December 19, 1970, the Surgeon General and Ruckelshaus
 
announced that major soap manufacturers had agreed to remove NTA from their
 
detergent products due to alleged potential hazards. A Shell Oil platform
 
in the Gulf of Mexico caught fire in the beginning of December. After a
 
two-year ban due to the Santa Barbara disaster, the Interior Department ap
proved offshore leasing. Ruckelshaus was bombarded with protesting telegrams,
 
for by that time (mid-December) the Shell fire was still blazing and an oil
 
slick three miles long and one mile wide had settled on the water. He announced
 
that EPA was concerned with the safety of offshore operations. On December 23,
 
the Justice Department filed charges against four oil companies for their
 
failure to maintain safety devices on oil XigB in the Gulf of Mexico.
 

EPA's enforcement tools were altered with the passing of new legislation.
 
On December 23, 1970, President Nixon signed the Refuse Act Permit Program
 
into law. It was to be a joint effort by EPA and the Army Corps of Engineers

"to regulate the discharge of pollutants or other refuse matters into the
 
navigable waters of the U.S." The Corps would have administrative responsi
bility for the permits; the EPA would submit opinions on matters of water
 
quality. Each industrial polluter had to apply for a permit by July 1, 1971.
 
The EPA had to be prepared to advise the Corps on permit requests itwould
 
be deluged with.
 

In still another field, pesticides, a Federal Court in January 1971
 
ordered the EPA to decide whether it should suspend production of DDT and pro
hibit its interstate transport. The agency decided to impose a 60-day deadline
 
on itself to decide the issue and to request comments from the public on DDT's
 
hazard. In addition to pacing the EPA's litigation and focusing on certain
 
polluters, Ruckelshaus had still other deadlines to face.
 

The Clean Air Act Amendments, passed December 31, 1970, required EPA to
 
promulgate national primary and secondary ambient air quality standards by
 
January 31, 1971. As mentioned earlier, this Act changed the entire approach
 
to air pollution. These were to be the basis on which emission standards would
 
later be established. Ruckelshaus had to evaluate whether meeting the dead
line was more important than using careful judgment. He recognized this as
 
a crucial decision since,
 

The ability we had to review and analyze the standards at
 
that time was almost non-existent. We inherited almost no
 
analytic capacity. We just didn't have a very good assess
ment of what the options were; no analysis of what the real
 
choice was as far as the statute was concerned, any secondary
 
or tertiary effects. We had no real analysis of this.
 

But based on the need for public support, Ruckelshaus decided to meet
 
the air standards deadlines. The problem was not so much that of creating
 
public interest as it was harnessing existing concerns. He thought that once
 
public support started to diminish slightly, congressmen and the Administration
 
would receive a lot of complaints about the EPA's actions. And the commitment
 
of many legislators was only as strong as public opinion. Ruckelshaus noted that.
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For purposes of agency credibility it was important to meet those
 

deadlines [of the Clean Air Act] at the beginning of the agency.
 

I think that in achieving some of them we may have made some
 

mistakes by doing things faster than we were ready to move
 

wisely, but that had to be weighed against Zhe fall-out of not 

meeting the deadline, which could have been deadlier to the 

agency. Once we got established and had to implement the Water 

Bill [in 1972], I felt we were strong enough as an agency to be
 

able to slip those deadlines if it was unreasonable to meet them
 

and we weren't ready to act.
 

Securing an Independent Constituency
 

wave of
Through the early months, Ruckelshaus was riding the crest of a 


public concern over environmental degradation. Ruckelshaus perceived that
 

wave as enabling him to resist pressures from Congress, the White House,
 

industry, or others who might seek to interfere in EPA's activities. 
The
 

it did not lead to unstronger the environmentalist pressure, as long as 


reasonable demands, the more autonomy Ruckelshaus would have in his 
leadership
 

of EPA.
 

One problem faced by Ruckelshaus was the tendency for environmentalists
 

to view public officials as either friends or enemies of the environment; 
one
 

was either "tough" or "soft" on polluters. This polarity was reinforced by
 

media coverage of environmental news. Environmentalists had easy access to
 
'
 

the press and had the ability to call the public tune on what was 
"to°,gh,
 

and therefore "good." As Ruckelshaus put it: "We couldn't afford even the
 

appearance of being soft."
 

The key to Ruckelshaus' ability to maintain public support would 
thus
 

be his direct relations with the national environmental groups 
and his dealings
 

with the national media. Ruckelshaus had to consider the best way to communi-


How to approach them and how frequently to meet
 cate with these two groups. 

with them were important decisions. There were numerous requests for speaking
 

engagements; Ruckelshaus had to decide where he could get 
the most exposure.
 

What issues should be dealt with first, through which medium, 
and to which
 

groups were key decisions.
 

There were several special interest groups whose opposition 
might prove
 

The farmers were one such group, especially powerful
disastrous to EPA. 

because of their ties to Rep. Jamie Whitten and other influential 

congressmen
 

from rural districts. Ruckelshaus had to assuage their fears that EPA would
 

underplay agricultural concerns. He noted:
 

One of the things that occurred to me very quickly was that
 

farmers were going to be scared to death and also the agricul

tural organizations, because we inherited the pesticides 
from
 

One of the agencies we in-
Agriculture and Interior and HEW., 


herited was created to regulate what another was created 
to pro-


They were both all of a suddn under the same roof. The
mote. 

There were these
agriculture organizations were just terrified. 


environmentalists who were fooling around with their pesticides.
 

Those guys could have an impact on Congress, going in there 
and
 

screaming about this nutty organization that Is going to dry
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up all the pesticides %r,the country. We had to make sure
 
that they didn't perceive this agency's role as putting them
 
out of business.
 

To combat this possibility Ruckelshaus hired a friend with strong ties to the
 
agricultural industry as a consultant. In this capacity, he flew over the
 
country reassuring the farmers that the EPA recognized their position.
 

Congress
 

Despite Ruckelshaus' pleas, the responsibility for EPA's authorizing
 
legislation remained fragmented among several committees, of which Muskie's
 
and Whitten's were most important. As Ruckelshaus desired, appropriations
 
.ere consolid,.-ed to :rat EPA'u budget as a whole. In Februay 1971 House
 
Appropriations chairman George Mahon (D-Tex.) assigned EPA to the newly
created Appropriations Subcommittee on Agriculture, Environment, and Consumer
 
Protection. Chairman of that subconnittee was Jamie Whitten of Mississippi.
 
Ralph Nader's staff, in their Water Wasteland report, called Whitten "the
 
virtual czar of the federal farm bureaucracy."
 

The urgency of the environmental issue in the public eye and Senator
 
Muskie's personal stakes in the matter meant that Ruckelshaus enjoyed no
 
"honeymoon."
 

Whitten and Muskie presented different problems for Ruckelshaus. Whitten
 
could be effectively neutralized by a high level of constituent pressure for
 
strong environmental policy; Whitten's fear of defeat on t'-'+ Vc',Se floor of
 
any appropriations bill served to check his power. The cultivating
 
environmental concern was that Ruckelshaus might simply enable Muskie to
 
seize the issue, while criticizing EPA for its inactivity. This conflict
 
created the need for both grass roots support and "public sanity."
 

So as not to antagonize either Mitten or Muskie, EPA's decisions and
 
actions had to be "above the table" and defensible.
 

It was just that wherever you got some charge that some
 
industry was in there fiddling around the Administration,
 
trying to get a standard lifted or something, this is the
 
kind of thing that Muskie would land on, and in my opinion,
 
it would destroy that agency if they ever showed it.
 

Given the whole tenor of the way the press viewed this
 
Administration as favoring big business, we had to just be
 
constantly careful. Not only about whether we were doing
 
the right thing or not, but did we give them the appearance,
 
did we give them something to hold onto to make us look
 
awful--and you didn't need much!
 

The budget was another issue that had to be dealt with. Circumstances
 
were such that Ruckelshaus dealt with relatively liberal authorizations com
mittees and a conservative appropriations comittee. He noted that:
 

We had a political problem in that the authorization commit
tees authorized enormous sums of money for all of these pro
grams with no way in the world for us to spend all of it.
 
Any suggestion that the Administration came up'with below that
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nuthorizlng figure would he nut.cked as Inndt-quate. We 
had to defend that budget from both sides. We would go
 
in to Whitten, and he would say itwas too much; then we
 
would go to the authorizing committee and they would
 
say: "Why didn't you spend all the money we gave you?".
 
They would never come down and testify in front of Whitten's
 
committee and say we need more money. Itwas really
 
a game. And after a while I found the easiest way to deal
 
with that was to call it a game, to say, "We know what you
 
are doing. If you want to give us more money, go on down
 
there and testify."
 

Dealing.with the White House
 

The pressures exerted on EPA from the White House were greatly determined
 
by President Nixon's personal view toward environmental protection and his
 
calculations of political support. While Nixon had no strong personal in
terest in environmental policy per se, he saw the political need fnr at
 
least the appearance of governmental response to pollution problems. The
 
opposition of environmental groups was a potential thorn in his side,
 
particularly if Senator Muskie could marshal them effectively in his presi
dential bid. Nixon wanted the EPA to succeed as an effective regulatory agen
cy for it was "his baby." However, the President saw the need for "balance"-
ecological concern should not endanger the health of the domestic economy.
 
Thus, in February 1971 Nixon assured industrialists that they would not
 
become scapegoats of the drive for cleaner air and water.
 

The attitude of the White House toward EPA's policy of cultivating
 
its own independent constituency was not clear. Ruckelshaus noted that:
 

[John] Ehrlichman [Assistant to the President] understood
 
the dilemmas we were facing and the problems that we had. As
 
long as I was in communication with him it was all right. I
 
think [Nixon] sees [the development of an independent constituency]
 
and he is ambivalent about it. On the one hand, he recognizes
 
what is happening, as in the case of the people in his cabinet
 
who had constituencies independent of their association with
 
him-like Hickel orRomney or Volpe --who had been politicians
 
themselves. On the other hand, he definitely perceives from
 
time to time the need to have people like that around. I think
 
it is directly proportionate to the amount of public support
 
he personally has.
 

During early 1971 Nixon's popularity, as measured by the Gallup Poll, was de
clining. In November 1970 the "Nixon approval index" stood at 57%, the 1970
 
average. By April 1971 it dipped for the first time below 50%, to 49%.
 
The Cambodian invasion, among other things, contributed to this trend.
 

To Ruckelshaus, there were advantages and disadvantages to provoking
 
White House disapproval:
 

I felt that to a certain extent the desires of the White House
 
and my feelings that we needed public support were antagonistic.
 
From time to time to get whacked by the White House probably
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wasn't a bad taing--in order to g.n more public support
 
to do something about the issue. I didn't consciously go
 
out and try to antagonize them into slamming at me. But
 
when it did happen, as it did occasionally, I didn't feel
 
that it had hurt the ability of the agency to move forward.
 

On the other hand, he added,
 

Every time I was pitted against the White House it was, in 
my opinion, a very bad thing. I know that from the point of 
view of some environmental organizations, if they believe that, 
it might enhance me somewhat in their eyes. In fact, what 
happens is that it makes the White House mad. So when you 
go over there Rnd yo, E.re talking about budget items or which 
direction we ought '.o go in, the really important policies 
we are dealing with, they are already mad at you. They think 
you are out there stimulating that publicity. 

Fortunately for Ruckelshaus, early circumstances did not require decisions
 
involving substantial tradeoffs between environmental and economic interests,
 
he admitted that:
 

I would have been in some jeopardy if we had had to start
 
making some very tough decisions as opposed to just saying
 
I'm for clean air and clean water.
 

The Problem for the Future
 

In the first six months, Ruckelshaus had created the public activist image
 
he desired for himself and for EPA. The obvious executive and legislative
 
pressures had been carefully calculated and dealt with. Now that the hectic
 
start up demands had subsided somewhat, Ruckelshaus had to consider EPA's
 
future course in enforcing pollution control. In spite of the initial flurry
 
of suits and actions against polluters, EPA's effectiveness was being challenged.
 

The Justice Department and conservationists were criticizing EPA's approach, 
accusing the agency of failing to move vigorously against polluters. They 
charged that since the enforcement procedure was so cumbersome, EPA depended 
on negotiation and the conference with publicity as the primary abatement tool. 
Quarles responded that EPA had changed the federal policy to a more balanced 
approach, that previously the emphasis had been totally on voluntary compli
ance. Now "we stand ready to go to court if necessary . . . and are developing 
the technical capability to do so. . . . What counts is being willing to go to 
court if that is required . . . and we have gone to court." 

Two critical deadlines were coming up. The manner in which Ruckelshaus
 
chose to deal with them had implications for EPA's future enforcement policy.
 
He had pledged vigorous use of the Refuse Permit program. But cooperative or
 
not, some industry leaders feared they would not be able to meet the July 1
 
permit program deadline--even if the agencies provided applications and other
 
documents immediately. Itwould be impossible for some companies to analyze
 
their discharges in time to file complete applications. (One firm, for in
stance, had ordered monitoring equipment April 12 and was told it could not
 
be delivered until September 1.) There was also a question of the program's
 
legality. Businessmen for the Public Interest, on behalf of conservation
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It attempted to
 
groups, filed suit in ChicRgo against the EPA and the Army. 


block permit issuance to Lake Michigan industries 
until stricter regulations
 

for lake pollution were established.
 

The other key decision involved the automobile emission 
standards set
 

out in the Clean Air Act Amendments. Auto manufacturers had to file appli

cations on January 1, 1972 for a suspension of 
the 1975 emission standards
 

Such an extention could be granted by
 for hydrocarbons and carbon monoxide. 


the administrator only if "all good faith efforts 
have been made to meet the
 

It was generally accepted that the auto companies 
would request


standards." 

such suspensions, after which the administrator 

had 60 days to decide on the
 

request.
 

Ruckelshaus commented on the importance of 
his action on automobile ex

haust:
 

something we
 
The automobile emission problem is obviousl 

There is going to come a
 are going to have to deal with. 


time in '71 and they [the auto companies] 
are going to come
 

ask me for some more time [to comply with 
the emission stand-


I am going to have to decide whether or not 
they have
 

ards]. 

If this whole situation isn't
 made a "good faith" effort. 


going to be completely farcical, the first 
thing I have to do
 

is to convince the automobile industry that 
we are serious
 

That has been completely clear to me.
 about enforcement. 

Otherwise, there will be no way two years hence, 

or whenever
 

they ask for an extension of time, I could 
conceivably make
 

a judgment that they have made this good faith 
effort. So, 

we Lave to figure out how we are going to convince 
them that
 

we are serious.
 



Major 

units 


Federal Water Quality
 
Administration 


Bureau of Water Hygiene 


National Air Pollution
 
Control Administration 


Bureau of Solid Waste
 
Management 


Pesticides Regulation 

Division 


Office of Pesticides
 
Research 


Research on effects of
 
pesticides on wildlife
 

and fish 


Bureau of Radiological
 
Health (Environmental
 
Exposure Division) 


Federal Radiation Council 


Division of Radiation
 
Protection Standards 
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Exhibit 1
 

The EPA "Inheritance"
 

# of 

Previous per-

agency sonnel 


Interior /,/0 


HEW 	 160 


HEW 	 1,100 


HEW 	 180 


Agriculture
 
(Agric. Re-

search Service) 425o 


HEW (Food and 275 

Drug Administra
tion
 

Interior 	 9 


HEW 	 350 


Interagency 4 


Atomic Energy
 
Commission 3 


Fiscal'71
 
budget
 

(millions) Administrator
 

1,000 David D. Dominick
 

2.3 James McDermott
 

110 	 John T. Middlihton
 

15 Richard D. Vaughan
 

G. G. Rohwer
 
5.1
 

10.7
 

0.216 Raymond E. Johnson
 

9 John C. Villforth
 

0.144
 

0.075
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DEVELOTECH SITING COMMISSION: (A)
 

Jordan Philips had recently been appointed as Deputy Minister of
 

the Environment, and he planned to do what seemed appropriate. In
 

fact, he planned to what many, if not most people in his situation had
 

done before and probably would continue to do. Mr. Philips was on his
 

way to visit the U.S. Environmental Protection Agency for advice, with
 

the hopes that EPA would agree to send a team of experts from the
 

United States to his country to make recommendations on critical
 

environmental problems, proposed environmental standards, and
 

necessary actions to ensure environmental protection during the
 

country's growing economic development. For Mr. Philips, the trip
 
a week away from
meant several thousands of miles by air and about 


home. Mr. Philips settled deep into the back of his seat, gazed out
 

over 
the earth, and thought about how far his country had come in such
 

a short time.
 

His Country
 

Mr. Philips' country is situated on the coast of one of the
 

largest continents. Eventually explored by Europeans less than one
 

hundred and twenty-five years ago, the country in fact could boast of
 

possessing the skull of the earliest known man on earth, and the
 

country's seemingly ageless culture was rich with customs that prized
 

the value of nature and the balance between earth, man, and the gods.
 

Some of the country's tribal religions were central to the way nomadic
 

groups learned to cope with a shifting, sometime tumultuous, but
 

always fickle nature, which mostly was kind and providing, but could
 

be unexpectedly harsh with drought one season, floods the next, and
 

occasional volcanic eruptions or jarring earthquakes. The scales of
 

balance had always been set by nature, but were now to be tipped by
 

human activities.
 

Philips smiled to himself as his country's profile flashed before
 

his mind:
 

EQUATORIAL REPUBLIC
 

LAND:
 

114,536 Km2, 32% arable (under cultivation), 21% forested,
 
30% desert and mountainous, 9% urban, 8% unreported,
 
probably waste.
 

the basis for analytical
This case was prepared by John Whitman as 


discussion of issues of environmental management. 
The case is a
 

composite of fictitious but possible events, situations, people, and
 

not intended to refer to any particular country.
places. The case is 


Copyright 0 1980 by Environmental Research & Technology, Inc.,
 

696 Virginia Road, Concord, MA 01742, U.S.A.
 



WATER:
 

200 nautical 	miles
Limits of territorial waters (claimed): 

Coastline: 1,053 km
 

PEOPLE:
 

Population: 	 43,462,837 (January 1980), average annual
 

growth rate (current) 2.7%
 

Literacy: est. 15%
 

Language: English official
 
Labor Force: 42% of total population, most unskilled
 

GOVERNMENT:
 

Legal name: Federal Equatorial Republic
 
Type: Republic; under military rule from October 1967 to
 

May 1979
 
Capital: Star City
 
Legal system: Based on English common law; tribal law
 

Suffrage: universal adult suffrage
 

Political subdivisions: 17 counties
 

ECONOMY:
 

GDP: 	 $22 billion (FY79 current prices), $506 per capita;
 

6.9% growth rate (1975-1979)
 

Agriculture: 	 main crops -- cotton, rubber, cassava,
 

sorghum, palm kernals, millet, corn, rice,
 

livestock
 

Fishing: 	catch 503,265 metric tons (1979); imports $16.2
 

million (1978)
 

crude 	oil,
Major 	industries: extractive industries --

natural gas, 	coal, copper; processing
 
industries -- oil palm, cotton, rubber
 

petroleum, wood, hides/skins;
 
manufacturing industries -- textiles,
 

cement, building 	materials, food
 
products, 	chemicals
 

Electric power: 	 1,428,000 kW capacity (1978); 62 kWh per
 

capita
 

Exports: 	$12.6 billion (f.o.b. 1978 est.); oil (94%)
 

$15.2 	billion (c.i.f. est.); machinery and
Imports: 

transport equipment, ma-ifactured goods, food,
 

chemicals
 

Major trade partners: U.K., European Communities, U.S.
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COMMUNICATIONS:
 

Railroads: 3,206 km
 
Highways: 73,254 km
 
Inland waterways: 9,340 km consisting of Silton River,
 

Flowing Lake, and small rivers and creeks
 

Ports: 2 major (deep water), 5 minor
 
Civil air: 25 major transport aircraft
 
Airfields: 46 total, 41 usable
 
Telecommunications: Above average system composed of
 

radio-relay links, open-wire lines, and
 

radiocommunication stations; 99,000
 
telephones; 14 AM, 3 FM, and 6 TV
 
stationo; 1 Atlantic Ocean and 1 Indian
 

Ocean satellite stittion.
 

The picture faded out as Philips turned his thoughts to his
 ...

country's recent history.
 

Equatorial Republic had conducted its self-sufficient ways, based
 

primarily on agriculture and fishing, until the early fifties, when
 

U.S., British, and Dutch oil companies discovered oil off-shore and
 

on-shore, centered in the country's prime fishing and agricultural
 

regions. The exploitation of this mineral wealth led to a series of
 

political and economic upheavals until 1967, when the military took
 

control of the government. The military established domestic rule
 

.effectively, but the people felt the imbalance between favoritism
 

toward foreign industries interested in making investments in the
 

country, and poor management of such critical domestic affairs as
 

providing basic health care, sewage and waste systems, clean water,
 

and adequate housing for the fast-growing numbers of people moving off
 

the land and away from the fishing areas to cluster around the cities
 

and developing industrial areas. Self-sufficiency in agriculture and
 

fishing, too, had been lost, partly as a result of the migration to
 

the cities, and partly due to the loss of agricultural land to
 

urbanization and industrial uses.
 

The change to civilian rule in 1979 was a planned event, but the
 

new President had quickly to gain credibility with the general public,
 

foreign investors, and surrounding countries, not to mention the
 

One of the first objectives of the new government was to
military. 

establish a Ministry of the Environment, but the ministry had to act
 

quickly to gain its own credibility among the various interest groups
 

that could so easily be affected by the ministry's policies. Because
 

so many of the country's domestic problems could in the broadest sense
 

be considered environmental problems, there was the vast expectation
 

by the public that the new ministry would provide relief for its basic
 

needs. Yet because of the heavy foreign investment in dirty
 

induatries, particularly oil and chemicals, there was considerable
 

pressure felt by the ministry to formulate policies that would not
 

detract from the country's economic priorities.
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Mr. Philips thought back to the year before, when he attended the
 

International Seminar on Principles of Environmental Management in
 

Developing Countries. He remembered the case study on William D.
 
How,
Ruckelshaus and the Environmental Protection Agency, and winced. 


he wondered, would his own boss, the Minister, pull if off. He had
 

promised her that he would do his best to ensure environmental
 

protection, but not at the expense of industry and the country's
 

economic plans.
 

The specific problem at issue was where to locate the planned $25
 

billion industrial complex, which would bring together a broad range
 

of turnkey industrial development projects, including:
 

" 	 a commerical harbor . electrical power generation
 
* 	 sea water pumping station
* 	 water desalination plant 


* 	 the National Petroleum Co. . a petrochemical industry
 

" a cement company processing plant for urea,
 

" a packaging and plastics aLvnonia, ammonia sulfate,
 
and sulfuric acid production
factory 


* 	 the Equatorial Fisheries * an industrial repair and
 

Processing Center maintenance engineering
 

* 	 a refinery company
 

An estimated 14 million square meters would be required to
 

accommodate the complex, not including the housing and settlement
 

areas for some 240,000 workers and their families. The date of
 

completion is 27 May 1984, exactly five years following the changeover
 

to civilian rule.
 

The Develotech Siting Commission
 

In January 1980, the new President established the Develotech
 

Corporation, a government-controlled entity responsible for all
 

aspects of planning and coordinating the development of the industrial
 

complex. In February, the corporation assembled the Develotech Siting
 

Commission, a group of representatives from government ministries and
 

industries selected to plan the location of the complex.
 

Members of the Commission include a representative of the
 

President and individual delegates from the following Ministries:
 

Agriculture; Commerce; Economic Planning; Environment; Health;
 

Industries; Lands, Natural Resources, and Energy; Rural Development;
 

Tourism; and Works and Public Housing. The Commission also includes
 

representatives from the National Petroleum Company; the cement
 

company; plastics company; Equatorial Fisheries Processing Center; the
 

Equatorial Institute of Fisheries; and the Equatorial Institute of
 

Science and Technology, which was concerned with the development of
 

the desalination plant. The President's representative was appointed
 

as Chairman of the Commission.
 



The Commission's ability to work together in a short period of
 

time would prove critical to the proper selection of a site, a
 

location that would hopefully minimiz disruption of the current
 

affairs and also fit well into plans for future use of the country's
 

nptural resources, including coastline areas.
 

Mr. Philips was appointed as the representative of the Ministry
 

of the Environment. His responsibility was to provide guidance on the
 

environmental aspects of the project, including the soundness of 
the
 

implementati;on, operations, and termination phases associated with
 

each of the industrial components and, of course, the complex as a
 

whole.
 

Since construction was to begin on 1 September 1980, Mr. Philips
 

'ation. A great deal was riding
squirmed with a feeling of near deL 


on his effectiveness, not least of which was the credibility of the
 

new government.
 

Jordan Philips
 

Mr. Jordan Philips was born in the Equatorial Republic, which at
 

the time was part of the British Empire. He received a degree in
 

engineering from the University of California and went on to study 
law
 

in England. Following receipt of his law degree in 1960, Mr. Philips
 

returned home to begin teaching at the national university in 
Star
 

City and to consult regularly with the National Petroleum
 
the principal author of the agreement
Corporation. Mr. Philips was 


leading to the transfer of 60% ownership of all foreign oil operations
 

to the government, and he cited frequently the list of adverse impacts
 

foreign operators had on the local -conomies, populations, and
 

environments of the various petroleum operations in the country.
 

Philips was bothered by the trade-offs inherent in many
 

a higher standard of living. A
technological approaches to 

particularly memorable anecdnte on the subject was told by a
 

well-known economist during a speech following the economist's return
 

from the Soviet Union. The Soviets, he reported, were eager to import
 

American transportation technology, especially automobiles, the 
big
 

ones. While sympathetic with the hunger the Russians felt for
 

luxurious commodities, the economist could not figure out why the
 

Soviets were also seeming to desire the massive ribbons of concrete
 

and asphalt, the time-wasting congestion of traffic jams, and the
 
The dilemma of wanting
health-threatening smogs of choking emissions. 


the best from the West and taking the worst with it stuck with
 

Mr. Philips, and now was coming home to him in terms of his own
 

country's choices. Indeed, traffic jams had become a way of life in
 

Star City.
 



There was an additional feeling that gave Mr. Philips a twinge of
 

He knew that given his country's population growth
personal concern. 

and the corresponding demands for resources, the environmental
 

policies he helped to develop today were in large measure 
going to
 

determine his personal comfort following his retirement. Would there
 

then be enough food, water, jobs, sanitation literacy, and amenities
 

to ensure social and political stability? Or would he retire to a
 

situation of massive squalor?
 

In three more hours
Mr. Philips was still an hour away from JFK. 


he would be arriving in another plane at Washington National Airport.
 

The next day he would have to face the experts with his problem:
 

"Where, and how, do I begin?"
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Study Questions
 

1. 	 What is the most important task facing Mr. Philips? If you
 

were Mr. Philips, how would you order your priorities for
 

action?
 

2. 	Who are the various individuals and groups to whom Mr.
 

Philips must account? What is he trying to deliver to them?
 

What does Mr. Philips need to know to provide guidance on
3. 

the environmental aspects of the project?
 

4. 	 What are the pros and cons of going to the U.S. EPA for help?
 

5. 	 What should Mr. Philips ask membersof the EPA? Should he
 
If so, what should he ask industry?
talk to industry, too? 


Should he also talk to other siting commissions?
 

How can Mr. Philips convince 	the other Commission members to
6. 

agree on a site with the least environmental impact even if
 

its cost is greater than another, environmentally degrading
 

site?
 

7. 	 How would you measure Mr. Philips' success after one year in
 

How will those to whom he is accountable measure
office? 

his success?
 

8. 	 What are some of the other critical issues facing Mr.
 

Philips?
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Jordan Philips had recently been appointed as Deputy Minister of
 

the Environment, and he planned to do what seemed appropriate. In
 
fact, he planned to what many, if not most people in his situation had
 
dcie before and probably would continue to do. Mr. Philips was on his
 
way to visit the U.S. Environmental Protection Agency for advice, with
 
the hopes that EPA would agree to send a team of experts from the
 
United States to his country to make recommendations on critical
 
environmental problems, proposed environmental standards, and
 
necessary actions to'ensure environmental protection during the
 
country's growing economic development. For Mr. Philipsp the trip
 
meant several thousands of miles by air and about a week away from
 

home. Mr. Philips settled deep into the back of his seatp gazed out
 

over the earth, and thought about how far his country had come in such
 
a short time.
 

His Country
 

Mr. Philips' country is situated on the coast of one of the
 
largest continents. Eventually explored by Europeans less than one
 
hundred and twenty-five years ago, the country in fact could boast of
 
possessing the skull of the earliest known man on earth, and the
 
country's seemingly ageless culture was rich with customs that prized
 
the value of nature and the balance between earth, man, and the gods.
 
Some of the country's tribal religions were central to the way nomadic
 
groups learned to cope with a shifting, sometime tumultuous, but
 
always fickle nature, which mostly was kind and providing, but could
 
be unexpectedly harsh with drought one season, floods the next, and
 

occasional volcanic eruptions or jarring earthquakes. The scales of
 
balance had always been set by nature, but were now to be tipped by
 

human activities.
 

Philips smiled to himself as his country's profile flashed before
 

his mind:
 

EQUATORIAL REPUBLIC
 

LAND:
 

114,536 Km2 , 32% arable (under cultivation), 21% forested,
 
30% desert and mountainous, 9% urban, 8% unreported,
 
probably waste.
 

This case was.prepared by John Whitman as the basis for analytical
 
discussion of issues of environmental management. The case is a
 

composite of fictitious but possible events, situations, people, and
 
The case is not intended to refer to any particular country.
places. 


Copyright © 1980 by Environmental Research & Technology, Inc., 
696 Virginia Road, Concord, MA 01742, U.S.A.
 



WATER:
 

'200 nautical 	miles
Limits of territorial waters (claimed): 


Coastline: 1,053 km
 

PEOPLE .
 

Population: 	 43,462,837 (January 1980), average annual
 

growth rate (current) 2.7%
 

Literacy: est. 15%
 
Language: English official
 

Labor Force: 42% of total population, most unskilled
 

GOVERNMENT:
 

Legal name: Federal Equatorial Republic
 

Type: Republic; under military rule from October 1967 to
 

May 1979
 
Capital: Star City
 

tribal law
Legal system: Based on English common law; 


Suffrage: universal adult suffrage
 

Political subdivisions: 17 counties
 

ECONOMY:
 

$22 billion (FY79 current prices), $506 per capita;
GDP: 

6.9% growth rate (1975-1979)
 

main crops -- cotton, rubber, cassava,
Agriculture: 

sorghum, palm kernals, millet, corn, rice,
 

livestock
 

catch 503,265 	metric tons (1979); imports $16.2
Fishing: 

million (1978)
 

extractive industries -- crude oil,
Major industries: 

natural gas, coal, copper; processing
 

oil palm, cotton, rubber
industries --

petroleum, wood, hides/skins;
 

-- textiles,
manufacturing industries 


cement, building materialss food
 

products, chemicals
 

Electric power: 1,428,000 kW capacity (1978); 62 kWh per
 

capita
 

Exports: $12.6 billion (f.o.b. 1978 est.); oil (94%)
 

$15.2 billion (c.i.f. est.); machinery and
Imports: 

transport equipment, manufactured goods, food,
 

chemicals
 

Major trade partners: U.K., European Communities, U.S.
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COMMUNICATIONS:
 

Railroads: 3,206 km
 
Highways: 73,254 km
 
Inland waterways: 9p340 km consisting of Silton River,
 

Flowing Lake, and small rivers and creeks
 

Ports: 2 major (deep water), 5 minor
 
Civil air: 25 major transport aircraft
 
Airfields: 46 total, 41 usable
 
Telecommunications: Above average system composed of
 

radio-relay links, open-wire lines, and
 
radiocommunication stations; 99,000
 
telephones; 14 AM, 3 FM, and 6 TV
 
stations; 1 Atlantic Ocean and 1 Indian
 

Ocean satellite station.
 

...The picture faded out as Philips turned his thoughts to his
 

country's recent history.
 

Equatorial Republic had conducted its self-sufficient ways, based
 

primarily on agriculture and fishing, until the early fifties, when
 

U.S., British, and Dutch oil companies discovered oil off-shore and
 

on-shore, centered in the country's prime fishing and agricultural
 

regions. The exploitation of this mineral wealth led to a series of
 

political and economic upheavals until 1967, when the military took
 

control of the government. The military established domestic rule
 

effectively, but the people felt the imbalance between favoritism
 

toward foreign industries interested in making investments in the
 

country, and poor management of such critical domestic affairs 
as
 

providing basic health care, sewage and waste systems, clean water,
 
and adequate housinR; for the fast-growing numbers of people moving off
 

the land and away from the fishing areas to cluster around the cities
 

and developing induotrinl areas. Self-sufficiency in agriculture and
 

fishing, too, had been lost, partly as a result of the migration to
 

the cities, and partly due to the loss of agricultural land to
 

urbanization and industrial uses.
 

The change to civiliao rule in 1979 was a planned event, but the
 

new President had quickly to gainc,:edibility with the general public,
 

foreign investors, and surrounding-countries, not to mention the
 

One of the first objectives of the new government was to
military. 

establish a Ministry of the Environment, but the ministry had to act
 

quickly to gain its own credibility among the various interest groups
 
that could so easily be affected by the ministry's polici,.j. Because
 

so many of the country's domestic problems could in the broadest sense
 

be considered environmental problems, there was the vast expectation
 
by the public that the new ministry would provide relief for its basic
 

needs. Yet because of the heavy foreign investment in dirty
 

industries, particularly oil and chemicals, there was considerable
 

pressure felt by the ministry to formulate policies that would not
 

.detract from the country'S economic priorities.
 



Mr. Philips thought back to the year before, when he attended the
 

International Seminar on Principles of Environmental Managemet. in
 

Developing Countries. He remembered the case study on William D.
 
How,
Ruckelahaus and the Environmental Protection Agency, and winced. 


He had
he wondered, would his own boss, the Minister, pull if off. 


promised her that he would do his best to ensure environmental
 

the expense of industry and the country's
protection, but not at 


economic plans.
 

The specific problem at issue was where to locate the planned $25
 

billion industrial complex, which would bring together a broad range
 

of turnkey industrial development projects, including:
 

. electrical power generation
" a commerical harbor 

sea water pumping station
• water desalination plant * 


" the National Petroleum Co. * a petrochemical industry
 

* a cement company 	 processing plant for urea,
 

* 	 a packaging and plastics ammonia, ammonia sulfate,
 

and sulfuric acid production
factory 

* the Equatorial Fisheries * 	 an industrial repair and
 

Processing Center maintenance engineering
 

company
" a refinery 


An estimated 14 million square meters 	would be required to
 

accommodate the complex, not including the housing and settlement
 

some 240,000 workers and their families. The date of
 areas for 

27 May 1984, exactly five years following the changeover
completion is 


to civilian rule.
 

The Develotech Siting Commission
 

new President established the Develotech
In January 1980, the 


Corporatioaq a government-controlled entity responsible for all
 

aspects of planning and coordinating the development of the industrial
 

complex. In February, the corporation assembled the Develotech Siting
 

Commission, a group of representatives from government ministries 
and
 

industries selected to plan the location of the complex.
 

Members of the Commission include a representative of the
 

President and individual delegates from the following Ministries:
 

Agriculture; Commerce; Economic Planning; Environment; Health;
 

Industries; Lands, Natural Resources, 	and Energy; Rural Development;
 
The Commission also includes
Tourism; and Works and Public Housing. 


the cement
representatives from the National Petroleum Company; 


company; plastics company; Equatorial Fisheries Processing Center; the
 

Equatorial Institute of Fisheries; and the Equatorial Institute of
 

Science and Technology, which was concerned with the development of
 

the desalination plant. The President's representative was appointed
 

as Chairman of the Commission.
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The Commission's ability to work together in a short period of
 

time would prove critical to the proper selection of a qite, a
 
location that would hopefully minimize disruption of the current
 

affairs and also fit well into plans for future use of the country's
 

natural resources, including coastline areas.
 

Mr. Philips was appointed as the representative of the Ministry
 

of the Environment. His responsibility was to provide guidance on the
 

environmental aspects of the project, including the soundness of the
 

implementationg operations, and termination phases associated with
 
a
each of the industrial components and, of course, the complex as 


whole.
 

Since construction was to begin on 1 September 1980, Mr. Philips
 

squirmed with a feeling of near desperation. A great deal was riding
 

on his effectiveness, not least of which was the credibility of the
 
new government.
 

Jordan Philips
 

Mr. Jordan Philips was born in the Equatorial Republic, which at
 

the time was part of the British Emoire. He received a degree in
 

engineering from the University of talifornia and went on to study law
 

in England. Following receipt of his law degree in 1960, Mr. Philips
 

returned home to begin teaching at the national university in Star
 

City and to consult regularly with the National Petroleum
 
Corporation. Mr. Philips was the principal author of the agreement
 

leading to the transfer of 60Z ownership of all foreign oil operations
 

to the government, and he cited frequently the list of adverse impacts
 

foreign operators had on the local economies, populations, and
 

environments of the various petroleum operations in the country.
 

Philips was bothered by the trade-offs inherent in many
 
technological approaches to a higher standard of living. A
 
particularly memorable anecdote on the subject was told by a
 
well-known economist during a speech following the economist's return
 

from the Soviet Union. The Soviets, he reported, were eager to import
 

American transportation technology, especially autumobiles, the big
 

ones. While sympathetic with the hunger the Russians felt for
 

luxurious commodities, the economist could not figure out why the
 

Soviets were also seeming to desire the massive ribbons of concrete
 

and asphalt, the time-wasting congestion of traffic jams, and the
 
The dilemma of wanting
health-threatening smogs of choking emissions. 


the best from the West and taking the worst with it stuck with
 
Mr. Philips, and now was coming home to him in terms of his own
 

country's choices. Indeed, traffic jams had become a way of life in
 
Star City.
 



There was an additional feeling that gave Mr. Philips a twinge of
 

He knew that given his country's population growth
personal concern. 

and the corresponding demands for resources, the environmental
 

policies he helped to develop today were in large measure going to
 

determine his personal comfort following his retirement. Would there
 

then be enough food, water, jobs, sanitation, literacyp and amenities
 

to ensure social and political stability? Or would he retire to a
 

situation of massive squalor?
 

Mr. Philips was still an hour away from JFK. In three more hours
 

he would be urriving in another plane at Washington National Airport.
 

The next day he would have to face the experts with his problem:
 

"Where, and haw, do I begin?"
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Study Questions
 

1. 	 What is the most important task facing Mr. Philips? If you
 

were Mr. Philips, how would you order your priorities for
 

action?
 

2. 	Who are the various individuals and groups to whom Mr.
 

Philips must account? What is he trying to deliver to them?
 

What does Mr. Philips nced to know to provide guidance on
3. 


the environmental aspects of the project?
 

4. 	 What are the pros and cons of going to the U.S. EPA for help?
 

Should he
5. 	 What should Mr. Philips ask members of the EPA? 

If so, what should he ask industry?
talk to industry, too? 


Should he also talk to other siting commissions?
 

6. 	 How can Mr. Philips convince the other Commission members to
 

agree on a site with the least environmental impact even if
 

its cost is greater than another, environmentally degrading
 
site?
 

7. 	 How would you measure Mr. Philips' success after one year in
 

How will those to whom he is accountable measure
office? 

his success?
 

8. 	 What are some of the other critic&l issues facing Mr.
 

Philips?
 


