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INTRODUCTION

Regulation of water pollution has become one of the most serious
problems of our society and has become a topic of national concern
all over the world. One of the bitter ironies of the history of the
human race is that water, the very symbol of life itself, should have
been so closely and constantly associated with suffering and death.
Not only too much water, like floods, or too little, like droughts,
have killed untold millions, but also the quality of it, like water
contamination, has been devastating in man's survival. Waterborne
diseases, such as cholera, dysentery, hepatitis, and typhoid fever,
have played a significant role in population control, and even in
warfare.

The third academic year was devoted primarily to water pollution
problems caused by the expanding population, urbanization, and
industrialization, which phenomena resulted in enormous amounts of
waste. The "Annual December Meeting in Washington, D. C." with the
World Bank as host was a review of the world situation about these
problems.

The Seminar also organized the "Conference on International and
Interstate Regulation of Water Pollution - March 12 - 14, 1970 in
New York City" in cooperation with Columbia University School of
Law. More than four-hundred-fifty participants from all over the
world attended the Conference, and the Seminar members delivered ten
lectures. As one of the results of the Conference, three law students
received scholarships to study water pollution problems abroad.

Finally, the editors of the Proceedings wish to express their
appreciation to all members who contributed articles and lectures
to foster the Seminar. Publication was made possible only by the
generous help and cooperation of the U.S. Department of the Interior
and the State of New Jersey Department of Environmental Protection.

George J. Halasi-Kun
Chairman of the University
Seminar on Pollution
and Water Resources
Columbia University.
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WATER RESOURCES RESEARCH IN THE UNITED STATES

by
ROLAND R. RENNE, Ph.D.

Professor of Agricultural Economics and Associate Dean of the
College of Agriculture, University of Illinois
at Urbana-Champaign, Urbana, Illinois,
and formerly Director of the Office of Water Resources Research
of the U.S. Department of the Interior, Washington, D.C.
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Only recently (since 1964) has the United States had a systematic,
continuing, Federal-State cooperative water research program to increase
available supplies of useable water and to attain more efficient water
use. In 1964, the Water Resources Research Act was passed establishing
such a program. In addition, the National Water Resources Planning Act
was passed in 1965 to establish continuing, coordinated, comprehensive
planning of water resources development and management with the States
for all major river basins.

Also in 1965, and since, additional legislation has been passed including
the Water Quality Act of 1965 and the Clean Water Restoration Act of 1966,
to establish an effective Federal-State water pollution control program
with authority and funds to provide and enforce water quality systems in
order to prevent further pollution and to clean up existing pollution.
Finally, in September 1968, the National Water Cormmission was created by
Public Law 90-515 to undertake a five-year study of water resources
problems leading to policy recommendations to guide future activity in
water-related flelds.

This legislative package makes possible the solution of many of our more
serious water problems, but in and of itself, it does not assure the
problem solving. To achieve significant increases in useable water
supplies and the more efficient water use so badly needed, a greatly
expanded water resources research program is vital.

The Importance of Research

Research is basic to effective planning and sound development of our
water resources. Without a strong research effort, both basic and
applied, the possibilities and probabilities are greatly diminished for
overcoming our perplexing water problems.

Scientific research is the underpinning upon which technological innova-
tions in resource use and development depend. Policy in turn is shaped
principally by what development and use, practices and controls, are
possible with current technology. Where crash programs are necessary to
meet critical or disastrous conditions growing out of continued abuse of
resources and lack of proper use and management practices, of which our
water resources are a good example, policies may be determined first
along with action programs to implement the policies, with the needed
research and technology following, rather than preceding, the policy-
making process. The latter, of course, is the more desirable and sound
procedure, but by no means always used. This 1s especially so in the
case of our water resources.

Growth in our economy and restoration and improvement of the quality of
our environment can come only from change. Innovation in technology,
through implementation of change in an organized activity, is a major
component of the force that has shaped our economic growth.

Scientists and engineers, working in organized research and development
projects are the principal source of new technology. In earlier times
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"tinkerers and geniuses" accounted for a significant portion of inventions
and innovations. Today, however, though research is supported by State
governments, foundations, and industry, the major share is financed by

the Federal Government.

Our Research Goals

Current dominance of Federal support for research and development has
increased interest in the process of technology transfer and use. Only
two or three decades ago, most corganized research and development were
privately financed, and were directed toward profit-making innovations.
Today, however, under our large Federal programs, economic criteria
govern only a small part of our research and development efforts. Now
they are aimed at much broader and more diverse objectives such as
national security, health and welfare of the people, space activities,
efficicacy of the educational system, restoration and improvement of
the quality of our environment for better living, beauty for America,
continued growth of the economy, and other avowed goals.

Federal research and development funds today make up two-thirds of the
total research and development expenditures of the Nation, and have
increased an unbelievable 230-fold since 1940 (slightly over a quarter
of a century). In 1940, only $74 million, or eight-tenths of one percent
of a $§9 billion Federal budget, was spent on research and development
compared with about $17 billion, or about 12.6 percent of a $135 billion
budget, in 1968. The amount of dollars for research and development is
about the same for the current 1970 fiscal year as for 1968, but the

$17 billion comprises a considerably smaller percentage of the
considerably larger total Federal budget--less than 10 percent.l/

About $12 billion of the $17 billion Federal expenditures for research

and development, or about 70 percent, are spent for development of new
technology oriented principally to the specific mission of the defense

and space agencles. This leaves about $5.2 billion for all other research
and development activities.

It is particularly significant that in the past decade the research porticn
of total Federal research and development expenditures has increased from
21 percent in 1959 to 38 percent today, or from approximately one-fifth

to two-fifths in the decade. This would tend to indicate that the Federal
Government is making a special effort to anticipate and prepare for the
accelerated change situation of the country since scientific research is
basic to effective planning and sound resources development. This assumes
that a major share of the research effort is devoted to the more important
problems of our time. The key to effective adjustment to change is the
relevance of research undertaken to aid in solving major critical problems.

1/ Data on Federal expenditures for research and development were secured
from Special Analyses, Budget of the U.S., published annually for
fiscal years, U.S. Covernment Printing Office, Washington, D.C.
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Research Trends

About two-thirds of the total Federal research expenditures go to support
physical sciences, one-fourth to support life sciences and the remaining
7 percent to support social and other sciences. Many contend that too
little is being spent on the social and other sciences. In absolute
amounts, the expenditures for social science research are relatively
small but since 1956 they have been increasing at a greater rate than
expenditures for the physical and biological sciemces. Support for the
social and psychological sciences has increased at an annual growth rate
of 26 percent, compared with 20 percent for the physical and biological
sciences.2/ However, the 26 percent increase in the social and psycho-
logical sciences is not a large absolute increase because the base on
which the percentage increase is computed is small compared with that of
the physical and bilological sciences.

Currently, Federal programs are placing increasing emphasis on education
and social adjustment, on urban and metropolitan living conditions and
area development, and on the total behavior and life of man. Many
contend that in view of these trends, the social sciences will continue
to show a sharp rate of growth. At the same time, however, emphasis is
being placed on atmospheric sciences, on marine science and technology,
on space programs, on water resources supply and quality management
problems, and on biometrical research, all of which emphasize multi-
disciplinary effort, but draw heavily on the physical and life sciences.

It is obvious that Federal expenditures for research and development
cannot continue to increase indefinitely at the same rate they have
increased the past quarter of a century. In fact, they have already
jeveled off at around $17 billion a year and now comprise a significantly
smaller percentage of the total Federal budget than a short time back.
However, there may be, and no doubt should be, significant changes in the
distribution of research and development funds for various purposes to
meet the Nation's changing needs. This would result in gignificant
increases for some purposes, no increases--or actual decreases--in others.

Although the immediate situation 1s cloudy and uncertain because of fiscal
problems associated with our current domestic difficulties, and our heavy
worldwide obligations and defense expenditures, it seems logical to
conclude that over the longer term there will be imcreased expenditures

of Federal and other funds for research in those fields where serious
problems exist, increase, or persist, including the social and psycho-
logical disciplines as well as the physical and blological sciences.
Serious U.S. water problems exist, and are increasing; and many will
persist for a long time. They would seem to qualify by thelr very nature

2/ See Federal Funds for Research, Development, and Other Scientific
Activities, Surveys of Sclence Resources Series, National Scilence
Foundation, published annually, U.S. Government Printing Office,
Washington, D.C.
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for a strong scientific research effort involving the social and psycho-
logical, the physical, and the biological sciences, and in addition a
considerable multidiscipline research effort.

The U.S. Water Research Situation

In view of the above facts and observations, what is the current water
research situation? How much of the total Federal research effort is
devoted to water problems? Is this amount adequate to provide the
sclentific knowledge essential for satisfactory solution of our more
serious water supply and water quality problems for the next two, three,
or four decades? What are our most serious water research needs today?
Which are being most adequately met and which least or most neglected?

About 2 percent of the total Federal research expenditures are currently
used for research on water problems. Following passage of the Water
Resources Research Act of 1964, the Water Resources Planning Act of 1965,
the Water Quality Act of 1965, and the Clean Water Restoration Act of
1966, appropriations for water research increased sharply. In fiscal
year 1964, Federal expenditures for water research were $65 million. In
1965 they were $70 million; in 1966, $88 million; 1967, $117 million;
1968, $124 million; 1969 (estimated), $130 million; and estimated
expenditures for fiscal year 1970 (July 1, 1969, to June 30, 1970) are
$133 million.

The above figures show that there was an increase of $47 million for
water research in the two years 1965 to 1967 or an average yearly
increase of $23% million. The increase for fiscal year 1968 was only

$7 million over 1967, an increase of cnly $6 million in 1969 over 1968,
and an estimated increase of only $3 million for fiscal year 1970 over
fiscal year 1969. Thus, the indicated increase for the three years
1968-1970 of $16 million is only approximately a third of the $47 millicn
increase for the two-year period 1966 and 1967, and thus, water research
expenditures, although increasing, have been increasing at a greatly
reduced rate since fiscal year 1968.

The Water Resources Research Committee of the Federal Council for Science
and Technology in it? 1966 report "A Ten Year Program of Federal Water
Resources Research"3/ recommended that the Federal water research effort
be stepped up from $70 million, the fiscal year 1965 level, to approxi-
mately $200 million in fiscal year 1971. The estimated water research
expenditures for fiscal year 1970 of $133 million is, therefore, some

$67 million below the recommended fiscal year 1971 level. To attain the
recommended 1971 target would require an increase of 50 percent over the
fiscal year 1970 level. This means that only half the recommended increase

3/ A Ten Year Program of Federal Water Resources Research, Federal
Council for Science and Technology, Committee on Water Resources
Research, 0Office of Science and Technology, U.S. Government Printing
0ffice, Washington, D.C., February 1966.
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was attained in the first four years of the five year period fiscal year
1966 to fiscal year 1971. The prospects that this 50 percent increase
in fiscal year 1971 will be attained are not very bright at this time.

In this author's opinion, the present rate of Federal support for water
research will not be sufficient to enable us to meet our needs for
adequate supplies of good quality water twenty to thirty years from now.
Only one of the nine major categories of water resources research®/ 1is
now securing as much funds as the level recommended by the Committee on
Water Resources Research for this year. This is category III, '"Water
Supply Augmentation and Conservation." -This 1s attributable to the
heavier than expected expenditures for saline water conversion.

Is 2 percent of Federal research expenditures a reasonable share for
water research? How can we determine reasonableness? One way 1s to
compare the amount spent for research with the capital investment in
‘water resources development. The national (Federal, State, local, and
private) investment in water resources plant and facilities 1s about 514
billion yearly. The estimated long-term investment in urban water supply
and waste wat7r (sewers and pollution control) facilities alone 1is over
$90 billion.2

Thus, the current rate of annual expenditures for water research is less
than one percent of the yearly investment in water facilities and plant.
This seems like a very small amount and a larger expenditure for research
would appear to be justified, even with a very small portion of the
research effort being productive of useful results. Annual new investment
will be increasing each year as urbanizaticn spreads, as efforts to control
water pollution expand, and as municipal, industrial, and other water
resourcg/developments are authorized to provide for the needs of a growing
nation.=~ This would indicate that water research should be increased

now to provide the needed knowledge necessary for improved technology for
these future water resource developments.

ﬁ/ The nine categories are: I Nature of Water, II Water Cycle, III Water
Supply Augmentation and Conservation, IV Water Quantity Management and
Control, V Water Quality Management and Control, VI Water Resources
Planning, VII Resources Data, VIII Engineering Works, and IX Manpower
and Crants. See Ten Year Program of Federal Water Resources Research,
Federal Council for Scilence and Technology, Committee on Water Resources
Research, Office of Science and Technology, U.S. Covernment Printing
Office, Washington, D.C., February 1966.

5/ See Federal Water Resources Research Program for Fiscal Year 1969,
Federal Council for Science and Technology, Office of Science and '
Technology, Executive Office of the President, U.S. Covernment Printing
Office, Washington, D.C., August 1968, Foreword, p. vi.

6/ Ibid.
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Major Water Problems

We are currently using* only a fourth of our annual available fresh
water supply and actually consume* only one-fifteenth of it. Our water
demands are increasing, with 1980 demand expected to be double that of
1960, and demand in 2000 triple, but our overall supply is still
expected to be considerably in excess of demand. Nevertheless, the
United States has serious water problems and they are becoming more
serlous.

There are six major water problems that plague different parts of the
Nation. These are: (1) inadequate supply, (2) pollution, (3) uneven
distribution, (4) floods, (5) variability of both supply and demand,
and (6) chemical and sediment problems. Every part of the U.S. has at
least one of these, some have several, and southern California has all
six. But no two areas have precisely the same problem or problems, or
to the same extent.

For example, the Southwest has the most acute water supply shortage,

the Great Lakes region and the eastern seaboard the most serious manmade
pollution problems, the Upper Missouri Basin and the Southwest the most
serious chemical and sediment problems, the Great Plains the most variable
supplies, the Northwest and certain parts of the Midwest the most serious
flcod problems, and much of the area west of the 100th meridian has
serious distribution problems.

The Senate Select Committee in its 1961 report concluded that full
development of all available water resources in 5 of the 22 major water
resources regions will be required by 1980, or earlier, and in three
additional regions by the year 2000, if projected population increases
and econcmic activity are to be achieved.!/ The five are: the South
Pacific area (southern California largely), the Colorado River area, the
Great Basin (the Nevada-southern Utah area), the Upper Rio Grande-Pecos
River area, and the Upper Missouri River area. The first four of these
are in the Southwest. The three regions added for the year 2000 are:
the Upper Arkansas-Red River area, the Western Great Lakes region, and
the Western Gulf area.

Stated In grossly oversimplified form, our overall national water problem
is one of getting the right amount of water, of the right quality, at the
right time, at the right place, at a reasonable cost. In spite of our

* When water is "consumed" its form is so changed that it is not avail-
able for further use. Agriculture is the largest "consumer" of water
because much water is absorbed into the plants and is not available
for other uses. In water power generation, on the other hand, water
1s still availlable for further use after being run through the generator
since it may need only to be cocled.

7/ Report of the Senate Select Committee on National Water Resources, U.S.
Senate Report 29, 87th Congress, lst Session, 1961.
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overall abundance of water, this is not a simple, easy-to-solve problem.
It 1is one of the most complex and difficult we face.

What we do about our water problems between now and 1980 and 2000 will
determine to a great extent whether they will be less or more serious,

or about the same as currently. Our haste, waste, and tastes have created
a great many of our water problems. More specifically, pollution,
complacency, inadequate planning, limited research, uncoordinated
development programs, wasteful use, inadequate facts, and poor management
are among the most serious causes.

I1f widespread, continuing concern and vigorous action replace complacency,
increased research to provide more adequate scientific knowledge for
improvement of technology replaces ignorance, prudent use replaces waste
and neglect, and wise planning and good management replace lack of
effective planning and management, our water problems in 1980 and 2000
can be less serlous than now.

There are at least eight general approaches to solve water problems.
These include: (1) improved treatment of wastes to make water usable;
(2) reuse--treatment or "laundering" after each major use to permit a
further reuse; (3) restricted use through metering or progressive charges
to discourage waste and uneconomical use; (4) use classifications for
water with a quality grade or standard consistent with the quality
required for a given use; (5) improved management of watersheds to catch
and hold water to increase water recharge; (6) desalinaticn; (7) weather
modification; and (8) importation from areas close by or farther away.

The first five, and especially the first two, have proven effective in
varying degrees in different areas over the years. The extent of their
application has been influenced by costs of alternative sources of supply,
tradition, and institutional considerations, state of knowledge and
technology, and quality of management.

Together, these five, singly or in combination, can enable needs in many
areas to be met for the next 10, 20, or 30 years, but their costs may
increase significantly if their use is greatly increased. This will tend
to limit further extensions in the future. 1In addition, technical,
political, and legal factors may prevent unlimited application. In areas
where water supply and quality problems are most acute, any one QY more
of these five approaches may not provide adequate solutions. The other
three approaches--desalting, weather modification, and importation,
singly or in combination, may provide the needed quantity and quality of
water. In a physical sense, these three could supply almost unlimited
quantities, but to date economic feasibilicy and/or technical problems
have definitely limited their use. Much more research is needed to solve
both the economic and technical problems involved. Considerable progress
has been made recently, which is encouraging. With importation, either
interbasin transfers or international importation, political feasibility
is an additional very difficult problem to solve.
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Current Water Research

There has been a marked increase in the amount of water resources
research in the past five years, growing out of recent national legisla-
tion which authorizes such research and funds for it. The extent of the
increase is reflected in part by the number of water resources research
projects currently under way compared with a few years earlier.

Although all research projects are not recorded in the Science Informa-
tion Exchange of the Smithsonian Institution in Washington, D.C., the
most complete data are available from this source. The Office of Water
Resources Research In the Department of the Interior contracts with the
Science Information Exchange to publish catalogs yearly showing all
water research projects under way.

The first catalog was published in 1966 and listed all recorded current
water resources research under way in 1965, whether federally or non-
federally supported. There were about 2000 such projects. Three years
later the 1968 catalog listed approximately 4200 projects, or more than
double the 1965 number. In 1969, more than 4500 projects are listed.

Nearly three-fourths of recorded on-going water research projects are
supported wholly or in part with Federal funds. More than 600 performing
organizations are carrying out the research, of which 135 are Federal
agencies and the remainder (471) are comprised of State and local govern-
ment agencles.

The emphasis in these projects is heaviest on water quality management
and protection, one of the nine major water research categories cited
earlier. Approximately one-third of all current water resources
research projects recorded deal with some aspect of water problems in
this category. These include identification, fate, and effects of
pollutants; waste disposal; waste treatment processes; water treatment;
and water quality contrel. The number of projects dealing with these
problems has increased five-fold since 1965, reflecting the focus on
these problems through establishment and funding of the Federal Water
Pollution Control Administration by the Water Quality Act cf 1965 and
the Clean Water Restoration Act of 1966.

The secend largest type of water research being currently undertaken
throughout the Nation deals with aspects c¢f the water cycle. These
include precipitation; snow, ice, and frost; evaporation and transpira-
tion; streamflow; groundwater; lakes, erosion, and sedimentation;
chemical processes; and estuarine problems. More than one-fourth of

"~ the total recorded projects deal with these water cycle aspects and
reflect a three-fold increase since 1965.

The third largest type of water research under way deals with water
resources planning problems. These include techniques of planning; the

evaluation process; cost allocation, cost sharing, pricing, and repayment;
water demand; water law and institutions; non-structural alternatives;
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and ecologic impact of water development. Currently over one-eighth of the
total projects recorded deal with these water resources planning problems
and reflect an increase of about one and a half times in the number of
these projects since 1965.

All of the nine major water research categories except one show increases
in the number of projects in operation now compared with four years ago,
but over two-thirds of the total increase is accounted for by the three
categories: water quality management and protection, the water cycle,

and water resources planning. The one category that did not show an
increase in number of research projects is water supply augmentation and
conservation, which includes saline water conversion, water yield improve-
ment, use of water of impaired quality, and conservation in domestic use,
in industry, and in agriculture. The number of projects in this category
declined by about one hundred during the past four years.

Relatively small increases in number of research projects occurred over

the four-year period in the five remaining major water research categories:
(1) research in water engineering works covering design, materials,
construction, and operation; (2) research in water quantity management

and control covering control of water on land, groundwater management,
watershed protection, and effects of man's activities on water; (3) research
on the nature of water, including water propertles, aqueous solutions and
suspensions; (4) research in water resources data invelving network design,
data acquisition, evaluation, processing, and publication; (5) research
grants and contracts for manpower and facilities.

The impact of the heavy emphasis currently placed upon research in water
pollution problems, in problems dealing with the hydrologic cycle, and

in research essential for effective planning and development of water
resources programs and projects, should become increasingly apparent as

we contlnue to deal with our water problems throughout the United States.
At the present time it would appear that this emphasis (two out of every
three available water research dollars) on these three research categories
would continue with relatively minor changes at least for the mnext three
to five years or longer, if we are to secure the kind and amount of
scientific knowledge we must have to solve our most serious water problems.

Priority Water Research Needs

Exactly what should be the allocation of available research funds among
the several above-mentioned subcategories of the three major research
categories together involving two-thirds of the total current water
research projects? And what allocation should be made to various sub-
categories in the other six major categories? This 1s, of course, very
difficult to say. Undoubtedly there will be significant budget adjust-
ments from time to time for numercus reasons. The following discussion
is designed to provide some guidelines by pointing up what appear to be
currently relatively high priority research needs.
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First of all, it appears to the author that it would be helpful to
concentrate on perhaps five major solution appreoaches to ocur water
problems. The five suggested are: (1) improved and increased waste
treatment; (2) recycling or "laundering" after each major use for one
reuse or several usings; (3) desalting; (4) weather modification; and
(5) importation from nearby or far away.

In each of these five approaches the economic considerations are highly
important and often critical. The first two--waste treatment and reuse--
are traditional approaches to increase the supply of useable water.
Therefore, the first priority research need is to secure a more complete
understanding of the performance, potential, and limitations of possible
methods of pollution control. Aspects needing much research include:
recovery and reuse both of the used water and of the pollutants; modifi-
cation of contaminants in waste, and their removal and disposition;
product modification by introducing pollution-reducing properties into
potentially contaminating materials; modifying contaminant-using processes
to prevent or reduce release; preventing contaminant from entering the
environment; removing pollutants or diminishing their effects.

Another important research need is improved instrumentation for detecting
gpecific pellutants. Some 240 water pollutants have been identified by
the Federal Water Pollution Control Administration. High reliability,
low-cost automatic instrumentation is needed for determination of odors,
physical properties of aerosols, hydrocarbon reactivity, etc. There is

a need for standardization in sampling methods to ensure amply comparable
data from place to place.

Other important research needs include: (1) improvement of information
on the effectiveness of various legal, administrative, and other means
for giving effect to water resources management programs; (2} improvement
of information on the water-environment-human use interactions, with
special attention to: (a) water resources management in metropolitan
environments; (b) water quality protection in groundwater aquifers,
estuaries and lakes; (3) improvement of methodology for management of
complex water systems with special attention to: (a) conjunctive surface
groundwater management; (b) management of water supply augmentation by
reuse, desalination, and other water salvage methods; (¢) flood damage
hazard mitigation by systems of runoff retardation, reservoir storage,
channelization, levees, flood plain zoning, flood proofing, etc.;

(d) marsh and wetlands management.

The almost complete lack of research in support of Government-wide,
conprehensive planning is a major problem. In this area, our research
objective should be not only improvement in the methodology and criteria
for water resources planning, but also determination of the kinds and
precision of information needed and the analyses relevant to evaluation
of alternatives. Research in these areas should be increased markedly,
as should research on institutional and legal arrangements for facili-
tating the results of more effective planning.
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No sound approach to U.S. water problems is possible without an appre-
ciation and understanding of benefits and alternatives. Consequently,
research into cost allccations, cost sharing, pricing, and repayment
should be greatly increased. The Congress has included recreation in

its benefit-cost ratio legislation for water development projects, and
research is needed to establish more adequate evaluations of recreational
costs and benefits. HNonmonetary berefits are growing in importance, and
a great challenge to researchers 1s the development of an effective way
of including nonmonetary benefits and non-market-determined values of
water resources development in the decisionmaking process.

Research is needed on the problems associated with multiple jurisdictions
and conflicting objectives in metropolitan and regional water resource
planning and management. Research results would be useful in providing

a basis for improved mechanisms for water resources management with a
view to improving management effectiveness through lessening of conflicts,
uncertainties, and confusion among resource claimants.

Research is needed to develop indicators or other means for determining
and predicting ecological changes, both of short- and long-term
significance, occasioned by water resources development projects.
Research findings will be useful in establishing criteria for planning,
construction, maintenance, operation, and use of water resource develop-
ment projects.

Benefit-cost znalysis of public investment programs ranks projects and
programs only in terms of economic efficlency. Research is needed to
determine appropriate alternative social objectives and to develop
methods to evaluate the benefits in relation to costs for the different
objectives, such as alleviation of poverty, improved distribution of
population, environmental quality, and other social values.

The above list of important U.S. water resources research needs is by
no means a complete one. Only a few of what the author considers most
important or high priority are included. More complete lists of studies
that might be considered desirable, but not necessarily top priority
needs, are available. One of the most recent is Ehe May 1, 1969,
tentative list of the National Water Commission.8/ This 1list includes
31 possible studies, which, according to the covering statement of the
Commission, have been prepared to help it accomplish its assigned task,
which is to make a five-year study of water resources problems leading
to policy recommendations to guide future activity in water-related
fields in the United States.

The author has selected ten of these to show the nature and scope of
coverage proposed by the Commission's studies. These are:

8/ Tentative Program of Studies Under Consideration by the National Water
Cormission, Mimeographed, 5 pages, Washingtom, D.C., May 1, 1969.
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(1) Projection of regional water use and water problems for various
sets of assumptions as to technological developments, population, distri-
bution of population, growth of metropolitan centers, national economic
goals, environmental objectives, the price of water, and other pertinent
factors. (This study will be carried out in collaboration with the Water
Resources Council, and the projections will be made to the extent feasible
through the use of regional mecdels.)

(2) Study to determine the relative productivity of water uses in
various regions: The results to be used in (a) judging the efficiency
of present water uses and programs, (b) formulating recommendations for
the improvement of water uses and programs, (c) revealing areas in which
economic development could be accelerated, at a justifiable cost, by
augmentation of water supply or by more intensive development of the
present supply, (d) evaluating proposals for transfers of water between
basins, and (e) carrying out other studies to be undertaken by the
Commission.

(3) Study of the various ways in which expected future water demands
may be met: This study to encompass (a) means for making the most of the
available supply by the encouragement of more efficient utilization
practices, by metering, by the application of rational pricing policies
or other economic incentives, by minimizing the pollution ¢of the natural
supply, and by treating and reusing polluted waters; and (b) means for
increasing the supply of water now available to selected regions by
desalting, by weather modification, by development of underground supplies
which are not being utilized to the optimum extent, or by importation
from other regions--either within or outside of the United States--and
by further development of the native supply.

(4) Study of the water problems of typical metropolitan regions of
the United States, including the problems resulting from: (a) the
necessity for importation of water from distant river basins and the
consequent need for regional water supply systems, (b) the increasing
magnitude and difficulty of waste disposal problems, (c) the need for
efficient regional planning institutions, (d) the need for the integration
of water supply, waste disposal, and related programs into a comprehensive
and unified program for the metropolitan region, and (e) the need for
coordinating mechanisms capable of insuring that all local, State, and
Federal programs (including grant-in-aid programs) are directed toward
the goals of a unified program for the region.

(5) study to provide a basis for recommendations on the policies and
actions necessary to preserve the water storage sites that will be needed
in the future.

(6) Survey of the State and Federal water laws related to surface,
subsurface, and atmospheric water, and water quality: This survey to

result in a syllabus of water laws especially designed for the use of the
National Water Commission; a brief narrative discussion of basic differences
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in State water laws; a comparison of Federal and State water laws calling
attention to any important incongruities and the problems created thereby;
an appraisal of existing laws from the standpoint of achieving optimum
utilization of the water resource; a discussion of the legal problems
involved in the transfer of water between major basins and its importation
from other nations; and such other legal problems as the National Water
Commission may specify.

(7) Study of the effects--both adverse and favorable--of water
resource management and development activities upon the environment,
including its impacts upon scenic beauty, historic and wild areas, fish
and wildlife resources, recreational opportunities, and related values.

(8) Study of the efficacy of the existing water resources research
program, and of the available basic data, from the standpoint of develop-
ing techniques for making the most of the Nation's water resources.

(9) Development of improved methods for the economic evaluation of
contemplated water resource developments; giving special attention to
the evaluation of secondary benefits, the discounting of long-deferred
benefits, the period of evaluation, the amortization of costs, and the
evaluation of recreational benefits. This study to take cognizance of
the results of the study already under way by the Water Resources Council.

{(10) Study to evaluate the effectiveness of water resource develop-
ment as a means of inducing economic development in underdeveloped regioms,

including its effects on income distribution.

Concluding Thoughts

We have an enormous "deferred performance" accumulation in the field of
water resources research. We are running a serious risk of "too little
too late" in terms of the scientific knowledge and new technology needed
to deal effectively with our growing water problems. In certain areas,
the problems seem almost hopeless because we have let conditions worsen

to such a serious point. There are, however, encouraging signs of prog-
ress and ultimate success. The almost unlimited achievement possibilities
of modern scientific research and technology are powerful offsets to
despair.

The total supply of avallable water is fixed, but the supply of useable
water 1s not. There is a large spread between the two that provides ample
opportunity to apply our best talents in achieving sufficient useable water
for all our needs.

Water resources should be an especially rewarding field for productive
research for years to come. The problems are of sufficient complexity,
scope, and distribution to use fully the science and technology we can
develop. The entire research community, including a large number of our
universities and colleges, should find water resources problems a
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challenging field and can have a highly important role in determining
the ultimate success of the three-way program—-research, planning and
development, and water quality management--upon which the Nation has
embarked.
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The sedihydrogram (SHG) is a double-log plot of mean monthly sediment
yield against mean monthly water yleld. A line conmecting consecutive
months indicates the seasonal rhythm of erosion and runoff occurring in
a drainage basin. Sediment regimes seen on the SHG are explaired by a
model which relates basin hydrology to the dominance of common air
masses. Mediterranean and continental climate and erosion regimes are
well expressed in United States rivers.

Mediterranean regimes in the western U.S. have a dry summer, wét winter,
with strong seasonal contrasts between early wet season floods and less
turbid flow events later in the wet season. It appears that maximum
sediment yileld values may be expected from basins in which seasonal
desiccation alternates with heavy rains.

Continental regimes in central and eastern U.S. have a large water yield
event 1n late winter or early spring, with low sediment concentration.
Summer storms produce high concentrations and a low water yleld. The
summer component of the SHG is dominant in dry regions, but is minor in
humid areas where vegetation offers efifective protection from storms.

Land use factors influence sedihydrogram patterns. Basins in eastern
humid States have a SHG typical of arid regions if strip mining or
urbanization has had an important effect on basin hydrology. Most
climate regimes cause a seasonal shift in sediment-transport-curve
parameters, so analysis of seasonally grouped data results in improved
equations for relating sediment movement to environmental controls.
Prediction of sediment yield also requires that separate consideration
be given to those factors affecting runoff, and those affecting sediment
concentration.

I. Introduction

Sediment yield is a function of many envirommental factors, including
climate, vegetation, land use, basin topography, lithology, scils, and
human activity. The study reported here concerns the role of climate in
determining both seasonal and regional variations in stream sediment
transport. Although the environmental controls of erosion are complex,
only simple and generalized results of this study can be presented in a
limited amount of space.

For this research, I compiled virtually all of the published and unpublished
sediment data for rivers in the United States, especially gaging station
records. Data analysis is a problem due to the mediocre quality of most
gsediment information (Meade, 1969). Quality control was attempted by
screening out all records based on less than five years of daily sediment
discharge, and by rejecting all those rivers markedly affected by upstream
regulation. Records from over 100 gaging stations passed this simple
screening, but some data used by other workers were rejected.

Suspended sediment discharge values, in tons per unit time, were divided
by basin areas, to give sediment yield, in tons per square mile per unit

B-2

NEW JERSEY GEOLOGICAL SURVEY



time. Water discharge was converted to the same units and termed water
yield. No consideration was given to bed load or dissolved load, which
together make up 20 percent or more of the sediment discharge of most
streams.

The accepted data are interpreted as being a measure of all the factors
controlling erosion and runoff in the areas upstream from where the
data were obtained. The effect of one of these factors, climate, was
analyzed in some detaill, as outlined in the following pages.

II. The sedihydrogram

Analysis of sediment records involves many assumptions and difficulties
and it turns out that semiquantitative graphical methods can give more
useful results than are produced by statistical methods (Guy, 196&4;
Fournier and Henin, 1962). A new type of graph, termed a sedihydrogram,
or SHG, gives a coherent picture of seasonal streamflow variations.

Figure 1 shows the basic SHG grid, which is six-cycle double-logarithmic.
On the grid are plotted mean monthly sediment yileld (y axis) and mean
monthly water yield (x axis). On this particular figure are plotted the
12 monthly data points from the Virgin River, Virgin, Utah. Each monthly
point is based on the average of five years of record, but similar results
were obtained for the much larger Virgin River basin, Littlefield, Arizona,
where the record length exceeds 20 years.

For the points plotted in figure 1, mean monthly water yield values range
from 8,000 to 36,000 tons per square mile. Using a scale at the top of
the grid, it can be determined that this water yield represents a monthly
runoff of 2-10 millimeters. Sediment yield varies between 8 and 500 tons
per square mile per month. Using a scale at the right of the grid, it
can be determined that the monthly denudation rate is between one-
thousandth and one-tenth of a millimeter.

Diagonal dashed lines are placed on the grid to give values for suspended
sediment concentration. For the Virgin River mean monthly concentration
ranges from about 700 parts per million to over 30,000 ppm. The incomplete
sedihydrogram in figure 1 is actually a type of sediment-transport graph
in which sediment yield is plotted as a direct linear function of water
yield, but with appreciable scatter of points,

Figure 2 is a completed sedihydrogram and shows a closeup of the 12 points
plotted in the previous figure. A line has been drawn connecting consecu-
tive months, from January, month 1, to February, month 2, through
December, month 12, and back to January. This line can be followed to
obtain a picture of the seasonal hydrologic rhythm in the Virgin River
basin. There are three distinctive peaks or flood seasons on this SHG,
and three low flow periods. Sedihydrograms for individual years show the
same seasonal pattern, although, of course, magnitude and timing of the
flow events can differ appreciably from the average.
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Each spring there are high runoff, low sediment ccncentration events

related to baseflow and snowmelt.
than 100 tons per square mile. Each
floods in response to thunderstorms.

Mean monthly sediment yleld is less

summer there are very turbid flash
Despite the limited rumoff,

sediment yields at this time exceed 300 tons per square mile per month.

In early winter in some years, there
the Pacific Ocean. When these rains
is a third flood season. Runoff and
with values intermediate between the
yield for December averages over 425
of the year, but this large value is

are heavy rains which move in from
occur, usually in December, there
concentration both tend to be large,
other two flood seasons. Sediment
tons per square mile, the highest
partly the result of one storm event.

the three high flow seasons shows unique characteristics,
low flow periods different. For example, sediment yield
times that In January, despite much less runoff in summer
than in winter. It 1s quite clear that the hydrologic regime in the
Virgin River basin changes markedly from season to season. Similar
changes have been noted in nearby areas (see Croft and Goodwin, 1956;
Beatty, 1968).

Just as each of
so also are the
in July is five

These seasonal changes are readily correlated to climatic conditions.

The best model of climate classification and dynamics as applied to
natural processes is that published by John Oliver (1970), based on
earlier work by A. N. Strahler (1965). The Oliver model permits identi-
fication of air mass controls which determine climate dynamics on a month
to month or season to season basis. Each of the high flow seasons in the
Virgin River corresponds to a period when a particular air mass condition
prevails. Without discussing the Oliver model in detail, one can summarize
by saying that air mass interactions in the U.S. produce two distinctive
climate regimes, mediterranean and continental, and hence there are two
distinctive sediment yield regimes in this country.

III. Sedihydrogram for a basin with a mediterranean climate

The mediterranean climate regime occurs along the Pacific Coast where a
cool-wet winter alternates with a very dry summer. Figure 3 shows a
typical sedihydrogram from northern California, where runoff is appreciable
during all months. Low sediment yield, essentially zero, occurs during

the virtually rainless summer, and high sediment yilelds, exceeding 1,000
tons per square mile per month, are typical of the wet winter.

This extreme variability in mouthly sediment yield occurs only in climates
which have a pronounced dry season--when the protective plant cover and
soil are desiccated. Such seasonal climates, including mediterranean

and monsoon, produce much higher maximum and mean denudation rates than
are found under more equable climates. The data I have collected, while
inconclusive, suggest that in the western U.S. basins with the greatest
contrast between wet and dry seasons usually have the highest sediment
yields. However, the effects of factors such as slope steepness, erodi-
bility of basin material, and land use are also important, and can mask
the influence of climate.
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Note in figure 3 that the line leading from summer months to winter falls
considerably to the left of the line leading back to summer. This means
that for a given water yield there i1s much more sediment carried in late
summer and early winter than in other months.

Many studies can be cited in order to help explaln why stream turbidity
and erosion should occur so readily during the beginning of the wet
season (Anderson and others, 1959; Krammes, 1965; Douglas, 1967;

Williams, 1969; Fournier, 1967). Probably a key factor is the poor plant
cover and desiccated soll condition which exists following the dry season.
Such surface conditions make the soil vulnerable to heavy rains that
occur as the wet period begins; landslides are also common as a result of
these rains. As the wet season persists the plant cover improves, soill
cohesion increases, and erosion is less.

Another factor is that readily moved material is eroded during the first
major floods of winter, so later storms find less material available for
transport.

IV. Sedihydrograms for basins with a continental climate

The second type of U.S. climate is continental and occurs virtually every-
where except along the Pacific Coast. Continental climates have a stormy,
relatively wet summer. In central and mountain States winter is celd,
and usually dry; overall the climate is subhumid to arid. In the east,
winter tends to be milder and fairly wet, and the climate overall is humid.

Figure 4 shows two sedihydrograms from New Mexico, where the relatively
dry continental climate prevalls. The SHG on the lower right represents
semiarid conditions and shows a double-peaked form. Sedihydrograms with
two peaks are typical for most basins which have a continental climate.
Sediment yield 1s at a maximum during the winter-spring melt or high
baseflow season, and again during the summer storm season. There is far
less water yield and hence a far greater sediment concentration assoclated
with the surmer peak. Teable 1 summarizes these seasonal contrasts in the
hydrologic regime of dry continental basins {see columns 2 and 3).

The second SHG in figure 4 is from a basin with a very dry climate. 1In
such basins, the winter or spring flow event is minor, and poorly developed
on the SHG. Summer flows are the dominant factor in determining sediment
vield in these desert and subdesert basins. Sediment concentrations are
very high, since aridity precludes a significant plant cover which would
limit particle movement. The two sedihydrograms of figure 4 reveal a
difference in total annual sediment yleld, but this difference 1s due
partly to nonclimatic factors.

Figure 5 shows two basins in Maryland, where a humid continental climate
prevalils. The solid line represents a basin dominated by agricultural
land use. The two-peaked continental SHG 1s clearly seen. Limited data
from humid basins with 2 completely natural plant cover suggests that the
summer peak 1s absent for such basins, with all major flows occurring in
winter and spring.
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The so0lid line in figure 5 is a sedihydrogram in which dominant sediment-
producing flows occur in winter or early spring. In humid continental
river basins summer flows typically are subordinate (see Wolman, 1959).
This contrasts with the dominance of summer flows in drier regions, as
summarized in columns 3 and 4 of table 1. The contrast is especially
noteworthy because summer rainfall has a far greater erosion intensity
in the eastern U.S. than out west. Clearly, the summer plant cover
provides significant protection of soil in the humid east. The cover
also utllizes much of the available water, thus limiting summer runoff.
The protective vegetation is further responsible for overall erosion
rates being less in humid areas than in most basins in drier regions
(Langbein and Schumm, 1958).

V. Other climatic conditions; land use

The preceding discussion has not mentioned all of the variations in
sedihydrogram patterns which can be observed for U.5. rivers. A more
complete discussion of these variations is given by Wilson (1971). The
SHG of each river system is somewhat unique, but most U.S5. rivers have

a basic pattern conforming to those mentioned above. Some SHG's show
the marked influence of hurricanes or rare storms. Others reflect the
total dominance of snowfall and melt, with little effect of storns. In
a few cases, particularly complex climatic patterns result in sedihydro-
grams with three peaks. The Virgin River (figure 2) is an example. The
three flood seascons in this basin occur because the regional climate
involves both continental and mediterranean climate regimes.

Virtually all SHG's show the influence of land use, and in some areas
seasonal timing of land use practices controls the timing of sediment
yield peaks. Analysis of sedihydrograms for midwestern States is often
impractical because land use factors mask the influence of climate. The
effect of land management can also be seen on the SHG. The best examples
occur for many basins in the Tennessee Valley. When postconservation
sedlhydrograms are compared to preconservation graphs, it 1s clearly seen
that management practices effectively lower sediment yield, concentratiom,
and runoff, with maximum effect during the summer storm season.

The dashed line in figure 5 gives the sedihydrogram for a suburban basin
near Washington, D.C. A similar SHG exists for a strip-mined basin in
Kentucky. Note that summer flows are large and actually dominate the
graph. Total sediment yield is much greater than that found in the nearby
basin (s0lid line) where land use is largely agricultural.

It seems logical to conclude from figure 5 that it is the plant cover, or
lack therecf, which is critical in determining seasonal distribution of
sediment yield. The ground surface in an area undergoing suburbanization
is often bare, as is the surface of a strip-mined area. The ground is
thus hydrolegically similar to that of a desert, with the result that
sedihydrogram patterns resemble those found for naturally arid areas. As
indicated in table ! (columns 4 and 5), the most important differences
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occur In summer, the season when precipitation has maximum erosion
intensity. For basins with a mediterranean climate, the most important
effects of land use should be observed early in the wet period.

VI. Sediment yield prediction models

Accurate and reliable prediction of sediment yield variations is not now
possible on a regional or temporal scale, except in a general way, or
except for very small areas (see Wischmeier and Smith, 1965). As data
quality improves, it may become possible to develop multicomponent models
for predicting sediment yleld values. Some suggestions are made here
regarding the nature of these models. The suggestions are made based on
sedihydrogram analysis, as outlined above, and based on regression analysis
of climate and hydrologic data from many basins in the United States
(Wilson, 1971).

It is clear that interpretation of sediment yield data must consider
climate type and climate seasonality. Regional data must be segregated
according to climate regime before any valid study of the data can be
attempted. For example, the relationship between mean annual sediment
yield and mean annual precipitation for 1,500 world basins can be at
least partly understood when the available data are subdivided according
to Oliver's climate classification (Wilson, in press).

A related concept is that the environmental controls of sediment yield
change as the climate of a basin changes seasonally. Table 1 summarizes
some of the seasonal changes for continental climates. For a given basin,
quantitative analysis of hydrologic records is much improved when the

data set is factored into seasonal components. For example, sediment
transport curves using seasonally grouped values have lower standard

errors and higher coefficients of determination than curves using ungrouped
data. This confirms the work of Miller (1951), who clearly established

the importance of the seasonal rating curve for estimating sediment yield.

A third concept of value for those interested in predicting sediment yield
variations is that expressed by Langbein and Schumm in 1958. They observed
that sediment yield variations result from combined variations in water
yleld and sediment concentration. Fach environmental factor affects water
yield and concentration differently, sometimes in ways which have an
opposite effect on net sediment transport. As a result, the relationship
between any environmental parameter and sediment yield tends to be complex
and nonlinear. The regression analysis referred to above (Wilson, 1971)
showed that it is easier to predict monthly variations in sediment concen-
tration and water yield than it is to predict variations in their product,
sediment yield.

Sediment yield values can be effectively estimated only when a variety of
controlling envirommental parameters are included in the prediction model
(see PSIAC, 1969). The model must include nonclimatic as well as climatic
factors. In my regression studies, the following climatically related
parameters have proved most useful in predicting monthly values of sediment
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corcentration, water yield, and sediment yield: total monthly precipita-
tion; storm frequency, intensity, and magnitude; snow conditions;
antecedent soil moisture; plant cover (as estimated from temperature and
moisture variations). The quantitative value and relative importance of
each factor varies from season to season, depending on the type of air
mass that is dominant. A factor that is important in one season may have
a different role or be unimportant in another season. Ultimately, it is
possible tc make general correlations between climate dynamics (air mass
distributions) and regional and seasonal rates of erosion.

VII. Summary

The sedihydrogram, a double-logarithmic plot of mean monthly sediment
yield versus mean monthly water yield, can be used as a tecol in hydrologic
and geomorphic studies. Qualitative analysis of sedihydrograms fer U.S.
rivers has shown that there are two basic seasonal patterns of sediment
yield in this country. One occurs in areas with a mediterranean climate,
the other in areas with a continental climate. The effect of land use on
seasonal sediment yield can be seen on many sedihydrograms.

Prediction of sediment yield variations, both in space and in time, must
consider climate type and seasonality, as well as a variety of nonclimatic
factors. Each factor which affects sediment yield must be analyzed in
terms of its separate effects on the components of sediment yield--water
yleld (runcff, sediment transport hydrology) and sediment concentration
(erosion, ease of particle entrainment).

A model for classifying climates, developed by John Oliver, should prove
very useful to geomorphologists interested in climate-process relation-
ships. The model, not discussed in detail in this paper, permits
identification of the air mass distribution patterns which determine

climate dynamics. Each particular sequence of air mass influences

produces a specific climate regime, e.g., mediterranean, continental, or
others. Each regime in turn gives rise to a particular seasoral rhythm

or pattern of erosion and runcff, and a characteristic type of sedihydrogram.
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Appendix: units for measuring sediment yield

One unnecessary problem facing any study of sediment yield is that the
available data are published in terms of a large number of units. Without
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discussing this problem in detail, it is sufficient to note that there
is much support for converting all values of sediment yield (or denuda-
tion rates) into metric units. The most convenient unit is: cubic
meters of sediment per square kilometer of drainage area per year

(w3 km-2 yr-1; or m3/km2/yr). One such unit, or I mky for short,
represents a lowering of the drainage basin surface by 1 millimeter per
thousand years, and 1 meter per million years.

One English short ton of sediment yield per square mile per year is
equivalent to 0.132 mky, or a lowering of 0.132 millimeter per thousand
vears. This conversion assumes that the earth's surface rocks have a
density of 2,65. One acre foot of sediment yield per square mile per
year equals 476 mky, or a lowering of 476 millimeters per thousand years.
Conversely, 1 mky of sediment yield equals 7.5 tons or 0.0021 acre feet
per square mile per year.

It is heped that the above conversions can be used in the effort to
standardize units for reporting sediment yield and denudation rates.
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Figure 1, Sedihydrogram pgrid with 12 mean monthly flow values for the
Virgin River, Utah,
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Figure 2. Completed sedihydrogram for the Virgin River, Utah.
A line connects points representing flow values for
consecutive months, 1.e. the points of figure 1. The

line reveals the seasonal hydrelogic rhythm of the
basin.
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Figure 3.

Sedihydrogram for East Fork Trinity River, California.

(Errors exist in the scale along the bottom of the
figure - please ignore)}.
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Figure 4. Sedihydrograms for Rio Puerco (upper left) and Gila River
(lower right), New Mexico
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Figure 6,

Mean annual sediment yield as a functinon of mean annual
precipitation, Solid line from Langbein and Schwmm, 1958,
vho used about 265 basins from the U,S.; dashed line based
on work of Wilson (e.g. 1969 & this paper), using 1500 basins
from much of the world,

3
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Figure 7. Simple model showing that sediment yield (S) is a
function of water yield or runoff (Q) and sediment
concentration (C). These flow variables in turn
vary in response to various environmental factors,
such as Fy, Fp, and Fj.

i Nl
F S
¥ =

J C
F:a |

F, is mean annual precipitation in this particular
example. An increase of Fo results in increased Q,
decreased C, and a complex relationship with S.
This relationship is seen in figure la, for basins
with a Continental climate.
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Introduction

Intent

There are primarily two ways of developing a model for the purpose of
forecasting river water quality. One is the construction of a theoret-
ical model which is based on the structure of the causal chemlcal,
biological, and physical relationships of water quality parameters.

The second develops the mathematical dependence among water quality
parameters on a purely statistical basis. Owing to the highly complex
nature of the causal interactive systems, construction of the former
type of model has proven to be an enormous task. Consequently, this
type of predictive model exists for a very few water quality indicators,
such as dissolved oxygen and bilological oxygen demand. Even so, mathe-
matical constants, such as reaction rates, which are necessary for
numerical evaluation of these model equations, require a considerable
amount of data reduction and analysis.

This study concerns itself with the formulation of these water quality
relationships from a mathematical statistics viewpoint and will demon-
strate that, with a sufficient amount of water quality data available,
this methodology will enable the analyst to produce satisfactorily
accurate results (i.e., order of magnitude * 3 percent) in the predicted
value of water quality parameters with a minimum of time and effort
expended. Further, this will be accomplished without dealing with the
complexities of these causal relationships. It should be noted that
statistical dependence among water quality parameters does not necessar-
ily imply causal dependence. Comnsequently, statistical relatlonships
among water quality parameters may be used in their mutual prediction
without assumptions of causal dependence.

This methodology is applicable to any water quality (for which sufficient
data is available) indicator in any non-estuarine river system. This
paper describes an application of this technique in the Passaic River
Basin, specifically in the Upper Passaic Watershed. Relationships among
certain water quality parameters of interest were developed and verified
for six sampling sites along the Passaic River, utilizing the above
methods.

As part of a study (funded by the Office of Water Resources Research,
Department of the Interior) investigating the industrial growth potential
of the Upper Passaic Watershed (fig. 1), our attention was drawn to the
Passaic River as one of the most critical constraints to be considered
in the development of this river basin. The Passaic is an old, slow-
flowing river with consequent low recovery patterns. Many firms that
settled along the Passaic did so because they expected to use the river
to carry away their waste. In addition, approximately 117 sewage treat-
ment plants, which are small, outmoded, and often operate above capacity,
add to an already bad situation. During critical low flow periods in
summer months it is not uncommon to have an effluent to river ratio of 1.
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This creates an especially serious problem since the Passaic is also
used as a source of potable water by the Passaic Valley Water Commission,
which withdraws approximately 75 million gallons daily at its Little
Falls intake (fig. 1). Their water purification plant at Little Falls
has often been referred to as a sewage treatment facility because of the
critically poor quality of the Passaic.

Accordingly, in order to fully evaluate the impact of future development
in the basin, it became necessary to first evaluate the impact of this
potential development on the Passaic River itself. Thus we sought a
model that would represent the effect of changing effluent loading
patterns on the Passaic in terms of water quality parameters reflective
of water quality in this basin. Clearly, these crucial parameters must
be drawn from an examination of the user profile of the basin. Arising
out of this study were parameters such as nitrates, ammonia, carbon
dioxide, chlorides, and pH, as well as dissolved oxygen and biological
oxygen demand, the latter two of which are of more common interest.
Since causal relationships relating the above parameters, one to the
other, simply do not exist, we embarked on an effort to represent these
relationships through statistical approximations, within a specified
degree of accuracy.

Data Acquisition

The study area includes the Passaic River above its confluence with the
Pompton which drains an area of approximately 160 square miles (fig. 1).
The Passalc Valley Water Commission has supplied in-stream sampling data
on 17 different water quality parameters for 7 sampling sites (fig. 2;
tables 1 and 2) along the Upper Passaic River. This data is taken on a
biweekly basis with the exception of sample sites numbered 100 and 110,
which are taken daily. Data taken over a period of approximately five
years, 1963 to 1968, was utilized. The above data was taken largely
during base flow conditions, and corresponding river flow data over the
same period of time was obtained from the U.S. Geological Survey for
data locations as indicated above. Where flow gages did not exist at
sample sites, extrapolations of records at flow gaging stations were
made based on regression curves of flow gaging stations versus partial
records gaging stations. These regression curves were developed by the
U.S. Geological Survey and are calibrated on a periocdic basis.

In order to develop an insight into the dynamics of the river, and develop
distributions of the temporal response of critical water quality param~-
eters, it was necessary to install an electronic, continuous monitoring
device on the Passalc. Factors considered in selection of the site for
this device were: (1) location of other data stations; (2) effluent
loading characteristics of the river; (3) hydrologic characteristics of
the river, which includes confluence of the Passaic with any other river(s)
that may affect water quality; and (4) accessibility. The site chosen
was a small precipice at the confluence of the Pompton and Passaic Rivers
(figs. 3 and 4). This site had several advantages: (1) the Pompton River
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has an ameliorating effect on the Passaic (dilution); (2) both the
Passaic and Pompton Rivers may be monitored with one device; and

(3) with a second D.0. analyzer downstream at Station 100, we would
have continuous monitoring of this critical parameter at two compara-
tively near sites. This device provided data on dissolved oxygen, pH,
temperature, turbidity, conductivity, oxidation reduction potential,
solar radiation, and chlorides. The device received water alternately
from two submersible pumps, one in each river, on 30-minute switchover
¢ycles. The information was recorded on pen strip charts which were
calibrated so as to make recordings from each river easily discernible.

Statistical Analysis

Before proceeding into the detailed statistical analysis of the model
equation, the author feels a relation of an overview of the functional
use of the model will be beneficial to the reader's understanding. The
statistical water quality model herein discussed deals with two basically
different types of relationships. The first represents the relationship
among a number of water quality parameters at a given data station or
sampling site (fig. 2). These will hereafter be referred to as "within
station relationships.'" The second relates the upstream and downstream
values of a particular water quality parameter. These will hereafter be
referred to as "inter-station relationships."” A model containing both
types of these relaticnships would function operationally as follows:
(1) a change in known effluent loading conditions on the river would be
the initial stimulus to the model; (2) through volumetric flow mixing
equations, changes in values of those water quality parameters directly
affected by these effluent loads would be computed; (3) resulting
changes in all other water quality parameters would be computed fer that
location through use of the "within station relationships"; and (4) the
effect of this changing effluent load is propagated downstream by use of
the "inter—station relationships."

With reference to point (1) above, a detailed analysis of the effluent
profile of a number of Standard Industrial Code (United States Standard
Industrial Classification) industry categories common to the Passaic
Basin was made. This study is beyond the scope of this paper, however,
for further information refer to Lesser and others (1970). A computer
simulation program has been designed for the purpose  of obtaining a
solution to the statistical model equatioms, which are the subject of
this paper. Briefly, this simulation program (Lesser and others, 1970)
would compute the values of all water quality parameters at each data
station at time intervals of At (t being a period of time which is
system dependent), and print these values as output. These results may
be plotted to show the variability of each water quality parameter at
each data station (fig. 5). System flow logic for this computer simula-
tion program is given in figure 6. Table 3 shows the format of hypo-
thetical output of the program for At of .l hour and a hypothetical
effluent loading pattern called No. 605. The reader should note that a
change in the effluent loading pattern will result in changes in the

C-4

NEW JERSEY GEOLOGICAL SURVEY




moments of the distributions shown (variability, median, skewness,
kurtosis)}, which in turn reflect resulting changes on the river water
quality parameters as effluent loading patterns change.

The statistical model

As occurs with the use of most empirical data, some necessary data
points were missing. These points were satisfactorily handled by the
use of Hicks' (1964) method of incomplete block design. Simply speaking,
these points are constructed so as to minimize the sum of squares of the
error terms assoclated with the analysis of variance. Generally it has
been found that use of this method has little effect on the validity of
the resulting statistical model.

The functional characteristics of a model must be consistent with the
nature of the variables involved. Accordingly, scatter diagrams of the
data were constructed to derive a general picture of the behavior of

the data, Examination of these diagrams led to the intuitive decision

to select an intrinsically linear model both for inter and within station
relationships. That is, the function relating the means of the conditional
distribution with the independent variable is linear, or the function may
be of such a nature that it is linear in terms of transformed variables.
For example, consider the regression curve of Y on X; 1f this regression

is linear the mean of the distribution of the Y's is given by:

(1) Y=a+ BX

If, however, a set of paired data consisting of n points (Xi, Yi)
"straightens out" when plotted on semi-log paper, this implies the
regression curve of Y on X is exponential; namely, that for any given X,
the mean of the distribution of Y's is given by aB*.

X

(2) Y = aR
Taking logarithms of both sides of equation (2) we have:
(3) logY=1loga+ X1logt

Seeking estimates of log a and log B we may now consider n pailrs of values
(Xy, log Yy) and proceed with a "least squares" fitting of the exponential
curve in exactly the same manner as for equation (1) above. Equation (3)
then, represents an "intrinsically” linear relationship. As the reader
will see, almost all within and inter-station model equations did in fact
result in either linear or intrinsically linear (though not all exponen-
tial) relationships. Further, the model equations were found to be
linearly statistically significant for the purpose of predictability.

In addition to the above, the scatter charts served one further useful
purpose, and that is verification of internal consistency of the data.
Imposition of upper and lower statistical control limits (Grant, 1964),
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computed from the mean and range of the raw data, provided information
on whether this data was in statistical control. For example, an out-
of-control water quality reading might result from the river being in
non-base flow configuration when the sample was taken. Since the
statistical dependence of one water quality parameter on another may
concelvably change along with changing environmental conditions, this
reading would blas the resulting model equations. Therefore, an effort
was made to determine the causes of all out-of-control data, and adjust-
ments were made accordingly.

It would also seem reasonable to suspect that seasonal effects might
vary the functional relationships sought. Further, exactly how the year
should be divided (the Passaic Basin being in the Northern Temperate
Zone has four seasons), quadriannually, triannually, blaonually, etc.,
is ancther prcblem. These seasonal effects were handled in two ways;:
(1) the raw data was analyzed for significant differences in the central
tendencies of the various seasonal groupings; and (2) the statistical
model equations were derived separately for the different seasonal
periocds. With the resulting equations being tested through Analysis of
Variance Techniques. Part (2) above will be described in greater detail
later in the paper. Part (1) was accomplished by subdividing the data
as follows:

Annual Months 1 through 12

Biannual Months 6~11 and 12-5

Triannual Months 1-4, 5-8, and 9-12
Quadriannual Months 1-3, 4-6, 7-9, and 10-12

Taking all possible pairwise combinations--annual with biannual, tri-
annual with biarnual, etc., for all 17 water quality parameters plus
flow at all data stations--the means of these distributions were checked
for statistically significant differences. (For sample results see
table 4.) The method used is as follows:

= number of data points for annual breakdown cof parameter 1

b
[
el

i

NKgi = number of data points for biannual breakdown of parameter 1
Xp] = mean of data; parameter Al

Xp)] = mean of data; parameter Bl

Sp]l = sample standard deviation; parameter 1 annual

Sg1 = sample standard deviation; parameter 1 blannual

a = probability of error in judging result significantly different
if not significantly different
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The sampling distribution used to check the significance of difference
in the means of the population of water quality parameters can be shown
to be a t distribution with (Nj; + Ng; - 2} degrees of freedom:

4y t, = (Xp1 -~ Xp)) Npp Npp (Ngy + gy - 2)

N,, + N
2 . 2 Al Bl
\/(NAI = 1) 8%y + (Ngp - 1) 8%

This analysis was carried through as described above with the results
showing that (see fig. 5) most water quality parameters have significantly
different raw data distributions from season to season in all yearly
breakdowns. This would seem to imply that the functional relationship

to be developed among water quality parameters would also vary signifi-
cantly from season to season. This is later shown to be true.

Within station relatiomnships

Prior to developing relationships including all water quality parameters
plus flow, pairwise correlation coefficients were developed for all
stations. This pairwise analysis revealed two necessary pieces of infor-
mation: (1) sensitivity and statistical dependence was revealed on a
partial effect basis; and (2) the dynamics or change in the relationship
between variables at different locations on the river became apparent.

At this point it would be a simple matter to construct a multiple regres-
sion model with each of the 18 water quality parameters taken sequentially
as an independent variable, with those water quality parameters having
the highest pairwise correlation as dependent variables in each case.
However, we not only wish reliable predictive capabilities but we also
recognize that minimization of time, money, and effort in water quality
surveillance equipment and techniques can be accomplished only by a
reduction in both frequency of measurement and number of water quality
parameters needed to maintain and assure meeting approved water quality
standards. In terms of the statistical model we seek:

X=f (YA, Yps Yeseonns Yn)
We wish to predict X as accurately as possible with the fewest number of
independent variables Y. In statistical terminoclogy then, the following
questions arise:
(1) What portion of the explained variation of the dependent vari-
able is contributed by each independent variable; is it statistically
significant?

(2) How does the removal of one or several nonsignificant indepen-
dent variables affect those remaining in the functional relationship?
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Satisfaction of the questions asked above implies a "least form equation”
that will be a truly significant linear or intrinsically linear relation-
ship containing only those variables that significantly contribute to
the explained variation of the dependent variable. To satisfy the above
constraints, a variation of the Gaussian elimination method (Ralston and
Wolf, 1967) was utilized in the design of a stepwise intrinsically linear
multiple correlation analysis. This author refers the interested reader
to either Ralston and Wolf (1967) or the author's Ph.D. thesis for the
theoretical mathematics and derivation of this approach, which are beyond
the scope of this paper. A computer program was written to perform the
required computations, which is capable of handling 10,000 observations
of up to 100 water quality variables each run. The actual analysis per-
formed is as follows:

(1) All data points for all water quality parameters at all sites
are read in, and a matrix of sums of squares, cross products, and partial
correlation coefficients is computed for all variables.

(2) The coefficients of the multiple linear regression equationm,
which shows dependence of one variable as function of the remaining
independent variables, are computed. These regression coefficients are
computed by forming a sequence of regression equations, each containing
one more independent variable than the previous one. At each "step"
the program either removes from the equation a variable whose contribu-
tion to the estimator of the dependent variable is insignificant as
measured by the "removal" F-level (Sum of Squares Regression/Sum of
Squares Error), or, if no variable can be removed, the variable which
produces the largest reduction in the unexplained variance of the
dependent variable; provided that this reduction is significant as
measured by the entry F-level.

(3) Redundancies in each equation are also minimal sirnce, if the
multiple correlation coefficient between a number of so—called independent
variables is so large that most of the variability of one independent
variable is related to the other independent variables, this variable will
not be placed in regression.

The above analysis was completed for all sites referenced in this paper
and done for annual, biannual, and triapnual groups of seasonal data.

The resulting equations, grouped seasonally, were found to be all mutually
significantly different, statistically speaking. {(Sum of Squares
Regressiony - Sum of Squares RﬂgressionIJSum of Squares Error.) The
author chose a biannual grouping of data for the final model due to:

(1) the advantage of a larger number of data points (higher statistical
confidence) per time period; and (2) the natural “warm-cold" months
seasonal difference. Table 5 shows resulting model equations for the
period June through November for Station 100 on the Passaic River.

Verification of the above model has been accomplished through a "back-
fitting" dpproach. In other words, the model equations have been used
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to forecast the past. The results have been excellent in that predictive
capabilities have yielded no greater than 3 percent error. Figure 7
shows the actual values of concentration of chlorine (ppm) plotted on the
same axls as the values predicted via the appropriate model equations.
The high degree of correlation of one with the other is apparent. While
most of the 18 water quality predicting equations have been verified as
reliable within the above mentioned bounds, a few have deviated more than
this guideline. In most cases the researcher has traced these apparent
inconsistencies either to missing data, which had been replaced with

some incomplete block design, or to data taken during nonbase flow condi-
tions which had been 1nadvertently used as input tc the model computations.

Inter-station relationships

Knowledge of variation of water quality parameters from upstream to down-
stream on the Passalc led the researcher to an intuitive belief that
these wvariations would be linear or intrinsically linear. Consequently,
an attempt to generate such relationships was done initially through
graphical analysis. Plots were made of each variable versus itself for
all combinations of sites on the Passaic. Not surprisingly, these
results subastantlated the expectation of linear relationships. Only 19
cut of 108 equations derived from fitted curves necessitated a
logarithmic-exponential fit. Notably, those parameters most often non-
linear were turbidity, odor, nitrites, and coliform. In addition, the
least squares regression technique was fitted to these data for verifica-
tion of the graphical results. These results did substantiate the
graphical analysis (partial results are shown in table 6).

Conclusion

a
Clearly, the advantage of the described methods in forecasting and com-
puting values of river water quality parameters is the construction of
these models without reference to the causal chemical, biological, and
physical relationships. Not only is reference to these relationships
unnecessary, but since it 1s entirely possible for statistical dependence
to exist without causal dependence, it becomes possible to predict water
quality values solely as a function of non-physically related parameters.
In a sense, this is a '"black box" approach wherein with a known input,
one may reliably predict the output. Very often, in water quality
systems and analysis it is of primary importance to develop relationships
capable of accurately predicting system performance under varying environ-
mental conditions in order to critically analyze alternative configurations
of the system. In this instance these modeling equations permitted evalu-
ation of river water quality under varying hypothetical effluent loading
configurations. In other instances it may be necessary to predict the
impact on the river of upgrading certain waste treatment facilities or
stricter enforcement of certain water quality standards. Whatever the
case, the mathematical statistics can provide a sound basis for reliable,
accurate, water quality modeling at a great saving in time, effort, and
expense.

’
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Independent
Variable
|
l. Temp.
2. Turb.
3. Color
4. Odor
5. Hard.
6. Alk.
7. pH
8. 002
9. Chl.
10. ©D.O.
11. Sat.
; 12, BOD
13. NO2
14, NO3
15. NH3

16.% Plate Count ~

17.

18.

Significant

| 3

TABLE 4

Summary Of Seasonally Significant Water Quality Parameters

Coli,

Flow

Alpha
* %  Alpha

.05
.01

+
{(Annual vs, Biannual Tests)

Sites
100 110 120 130 140 165 180
x % * % k % * 'k * x * x * *
&
* % * * % * * %
*
* % * % % %
x %
k %
% % % % % & % % * % * % x %
® % % % * X
* %
* %
% * %
* % * x % * *
* % * % * % % * % % * % * %

Blanks Indicate non-significance

+See Appendix iv for statistical method
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SUBMERSABLE PUMPS

LAYOUT OF BECKMAN ELECTRONIC MONITORING

FIG. 3

NEW JERSEY (SITE 1I0).

DEVISE AT TWO BRIDGES,

FiG. 4

MONITORING SITE
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-ASSIGN W.Q.P.™ VALUES
EROM PRIOR DISTRIBU-
TIONS TO UPSTREAM
STATION i
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{1) LOCATION (2)-FLOW

MAGNITUDE (3) W.Q.P.¥
AFFECTED?

MGENERATE RIVER
FLOW REACHES
LENGTH = ¢ x v

FOLLOW ADVANCE OF REACH -

TO CHECKPOINT i +1
(AT TIME OF TRAVEL RATE)

pIb
EFFLUENT"'DUMPY

FIGURE 6
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CONPUTER SIMULATIOH MODEL
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CLOCKTIME

SET
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USE INTRASTATION
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COMPUTE REMAINING
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i+l

USE INTERSTATION RELA-
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VALUE OF AFFECTED

W.Q.P.'s AT STATION
i+ 1

COMPUTE VALUE
OF W.Q.P.'s
AFFECTED AT
NEAREST SUB-
STATION

(5 MILE INTER-
YALS BETWEEN
STATIONS)

|

OCCUR BETWEEN

CHECKPOINTS
?

l

COMPUTE VALUE OF KNOWN

W.Q

:P.'s AT STATION

i + I (INTERSTATION

RELATLONSHIPS)

COMPUTE REMAINING
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Q.P."'s FROM INTRA-

STATION RELATIONSHIPS

AT i + 1
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SOME REFLECTIONS ON AN ENGINEERING ECONOMIC STUDY OF THE INDUSTRIAL

GROWTH POTENTIAL OF THE UPPER PASSAIC RIVER BASIN

by
ARTHUR LESSER JR., Ph.D.

Professor of Management Science, Stevens Institute
of Technology, Hoboken, New Jersey
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This research project was undertaken in 1968 based on a number of

beliefs, elither explicitly recognized or assumed. Some have turmed

out to be realistic, others questicnable, a few naive, and some simply
incorrect. A review of some of the more significant ones will help to
explain some of the major conclusions of the study as well as some
afterthoughts. A list of beliefs follows, but not in order of importance.

(1) Portions of the Upper Passalc River above Little Falls were
heavily polluted.

{2) Measures should and could be taken to clean up the river.

(3) During the cleanup period, industrial growth in the watershed
could still continue.

(4) It was a generally agreed upon goal, by society in general,
that polluted rivers should be cleaned up as exemplified by the passage
of the Federal Water Quality Act in 1965.

(5) The river water quality standards to be formulated by the
State and approved by the Federal Government for the Upper Passaic
would be definitive and attained within a reasonable period of time,
say 5 to 10 years.

(6) The majority of industrial users spewed their effluents
directly into the Passaic.

{(7) From an industrial and commercial viewpoint, the Upper Passaic
River was a desirable place to locate.

(8) The necessary data for the study was available for the asking.

(9) One criterion for the determination of the desirability of an
industrial firm locating in the Passaic basin would be the impact of the
firm's effluence on the resulting river water quality.

(10) A model could be formulated which would be able to predict
the impact of a firm's effluence on river water quality without knowing
causal relationships.

(11) Undesirable firms could and would be excluded from the basin.

(12) What, where, when, and how to monitor a river's water quality
was known. All that was needed, at most, was its implementation.

The belief has been justified that a model could be constructed to predict
the impact of a firm's effluence on river water quality without knowing
causal relationships, as is explained in a companion paper by Professer
Tirabassl. Other beliefs that have been borne out are: (1) that portions
of the Upper Passaic River were, and still are, heavily polluted;

(2) commerce and industry find the Passaic basin a most desirable place

to locate because of its nearness to markets, skilled manpower, good
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educational facilities, etc.; (3) the necessary data was available for
the asking. (Although the desired data was available, considerable
time and effort went into locating it. For example, stream flows at
specified gaging stations were available from the U.S. Geclogical
Survey, water quality data was furnished by the Passaic Valley Water
Commission, and an inventory of industrial plants in Morris County from
the "Morris County Industrial Directory"); and (4) the Upper Passaic
could and should be cleaned up.

It was assumed by us that the hue and cry which led to the passage of
the Federal Water Quality Act of 1965 represented a national determina-~
tion to improve the water quality of bodies of water, where necessary.
One of the first steps called for by the Act was the adoption by each
State of water quality criterla and a plan for applying them to inter-
state waters within a State. To guard against the temptation of some
States adopting loose standards to attract industry, the water quality
standards were to be approved by the Federal Government. A significant
departure from the past in setting the standards was that they were to
be stream standards rather than effluent standards.

A sampling of the standards set by eight States varies from the very
specific ones of Indiana and Michigan to vague ones typified by New Jersey.
For example, the Indiana and Michigan standards set in 1967 give upper
limits on various chemical constituents, whereas the New Jersey standards
for fresh water, nos. 2 and 3, provide that they should not affect humans
or be detrimental to the natural aquatic biota. Being largely nonquanti-
tative, the New Jersey standards were not suitable for the purposes of
this study or use for monitoring purposes. Therefore, the Upper Passalc
and 1ts tributaries were segmented and standards set for five parameters
based on elght years of water quality data. Where quantitative data was
provided in the State standards, such as for pH and D.0., they were used
as minima. In short, this study adopted the view that the setting of
stream standards was a step in the right direction. However, in retro-
spect this move does not appear as promlsing as it once seemed, especially
since the relationship between resulting water quality in streams and
water quality of effluents is not quantitatively predictable. The question
of effluent and/or stream standards needs further study.

Cur belief that the hue and cry about cleaning up our rivers would mean
reasonably quick and decisive action in New Jersey with special reference
to the Upper Passaic turned cut to be somewhat naive. However, the
obstacles are considerable. Perhaps the most serious is the taxation
system wherein municipalities depend principally on real estate taxzes to
finance their operations. Growing municipalities, as they exist in the
Upper Passaic basin, are constantly looking for new sources of funds.

A promising source is industry. For example, on December 10, 1969, the
Passaic, New Jersey, Herald News pointed out that, "The booming industrial
development in Fairfield (N.J.) is a tax assessor's dream." But the news-
paper goes on to say that acre after acre of new plants are a nightmare

of pollution to the Passaic Valley Water Commission, which draws water
from the Passaic, purifies it, and furnishes potable water mainly to the
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cities of Passalc, Paterson, and Clifton. Each new plant that plans to
flow its effluent intc the Passalc is required by law to obtain a permit
from the Department of Health of the State of New Jersey. Failure to do
g0 means a fine of $100 to $500 per week.* Numerous plants have failed
to get such a permit and have suffered no penalties. There 1s a com—
plaint from an authoritative source that the State has not been aggres-—
sive enough in enforcing this law or in forcing waste treatment plants
to improve their operatioms. This scurce says that 50 out of 117 waste
treatment plants on the Upper Passaic are at this time sources of pollu-
tion and should be forced to improve their operations by court order.

It is rather ironical that a prominent spokesman for the State said that
conventional methods have not been successful in cleaning up the Passalc
when the conventional methods have not been aggressively used.

The cutback of Federal funds to assist in building sewage treatment plants
has also been a severe blow. Many of the 117 plants are both obsolete

and too small for present usage. They need to be replaced by regional
units, but the governmental units involved are either unable or unwilling
to finance them alone. It was estimated in 1968%% that it would cost
$25,000,000 to $30,000,000 to clean up the Rockaway River alome. It
should be pointed out that the New Jersey Department of Health did obtain
a court order enjoining the towns along the Rockaway River from any further
building in these towns until they establish a regional sewage treatment
plant., An example of the economic penalty involved in this move was the
suspension of the building of 500 residential housing units, causing the
township to lose an estimated $500,000 annually in tax revenues.

The unfortunate conclusion is that there is more talk about cleaning up
the river than there has been action. However, this is not an unusual
experience in the antipollution effort.

Important experience was gained in operating an electronic continuous
water monitor lent by Beckman Industrial Instruments, Inc. The Passailc
Valley Water Commission installed it for use during the summer of 1968

at the confluence of the Passaic and Pompton Rivers so that water samples
could be drawm first from one river and then from the other. The greatest
difficulty in operating the monitor was the constant necessity to clean
the probes. They became fouled with algae in two or three days. A
review of the data at the end of the summer showed only slow changes, 1if
any, in the seven parameters measured. This observation confirmed the

*The Federal Refuse Act of 1899 provides fines of $500 to $2,500 daily
for firms that have not received permits from the Corps of Engineers
to flow thelr effluents into navigable waters (any water body suffi-
cient to float a log at high water).

*%"Pollution abatement study for the watersheds of Morris County," pt. 2,
Elson T. Killam Associates, Inc., Millburn, New Jersey, December 1968,

p. 71 ff.
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sampling experience of the Passailc Valley Water Commission, to the
effect that continuous monitoring was neither necessary nor worthwhile.
This led to the further question: Under what conditions is continuous
monitoring essential? More generally it led to the questions: Why,
what, where, when, how, and how often should surface waters be sampled?

A cursory examination of the literature and conversations with knowledge-
able individuals indicated that these questions are largely unanswered.
River surveillance appears to be done mostly on an intuitive basis. The
overriding reason for this condition is that monitoring had been done
previously on effluents, not on the surface waters themselves.

As indicated earlier, the belief that the Upper Passalc should be cleaned
up was accepted as an article of faith. From time to time doubting
questions arose, Among them were: What benefits will arise from the
cleanup and who will receive them? Considering the difficulty of estimat-
ing costs of a cleanup, is it possible to arrive at any judgements as to
whether the benefits are worth the costs?

According to the FW-2 water quality standards for the Upper Passaic, the
river should be suitable as a source of potable water and also for recrea-
tional purposes including fishing, the propagation of native fish species
for angling, and other fish and aquatic life.

With regard to recreation, many parts of the Passaic and its tributaries
are not now desirable for recreation. During the summer the D.C, 1s much
too low to support fish (1% ppm). At the confluence of the Pompton and
Passaic Rivers, the carp in the Pompton turned away from the Passalc
water as 1f there were an invisible physical barrier, a vivid i1llustration
of the quality of the Passalc water. Portions of the Passaic and its
tributaries are used now for beating by individuals and by those belonging
to clubs. If the Passalc and tributaries were cleaned up to the FW-2
standards, there is a question as to where more people would have access
to it, since it 1s bounded principally by private property. There is a
further psychological barrier to overcome, which is that people are not
accustomed to think of the Passalc in terms of recreation. However, that
is an academic question if they do not have access to it. Unless money

is spent to acquire and develop recreational areas, the incremental
benefit cost ratio will be miniscule.

A much more convincing argument can be made for the potable water supply.
If large sums of additional money spent on pollution control would
guarantee against the eventuality of septic river water that cannot be
treated at the Passaic Valley Water Commission's conventional water
purification plant, a large benefit cost ratio would result. This is
because the Commission depends almost exclusively on the Passaic River
for its water supply and therefore a septic river would cut off water
from thousands of people as well as industrial users. The pertinent
question is: Should not the minimum levels needed to guarantee a potable
water supply be the controlling criterion for setting standards? It
might be added that prior to the imposition of the river water standards,
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the State Department of Health had approved effluent standards set by
the Commission. 'Another important question 1s: Was the pollutiomn of
the Passaic in 1968 due to the failure of effluent standards to produce
"clean water" or to the lack of aggressive policing of the standards?
The Commission's water purification engineer says the latter. A case
can be made that effluent standards did not have a chance to prove
their worth on the Passaic.

As a result of our study, we rejected our original belief that indus-
trial growth could continue while the river was being cleaned up. This
conclusion was based on the notion that any added pollution load would
be serious since corrective action on other sources of pollution was
not being vigorously taken.

Our belief that the majority of industrial users flowed their effluerts
directly into the Passaic turned out to be incorrect. Most of them
flow their effluents intc local treatment plants. As pointed out
earlier, this has not helped river water quality because of the inade-
quacies of these municipal waste treatment plants.

The belief that undesirable firms, those that added to the pollution
load of the Passaic, would be excluded from the basin also turned out
to be incorrect, as Indicated earlier.

Our study concluded that industrial growth on the Upper Passaic should
be stopped if it will add to the pollution load in the river. The
exceptions would be dry industries whose effluents would be little more
than sanitary waste, assuming it can be treated adequately, that is at
least secondary treatment, and industrial firms that treat their
effluents in the same manner. In addition, these effluents should
contaln no harmful pollutants that camnot be removed by secondary treat-
ment because these pollutants would epndanger the potable water supply.

The conclusions of this study are: (1) that water quality standards
should be reexamined and set with an explicit knowledge of the environ-
ment and the intended "mission" of the stream; (2} further research is
needed on the question of stream and/or effluent standards and their
interrelationship for setting standards as well as for control purposes;
and (3) extensive research is needed on economical stream surveillance
methods. One comfort 1s that more and more well equipped people are
becoming actively interested and engaged in working on these problems

as well as on others relating to the complex nature of water quality
management.
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THE BASIC PRINCIPLES AND PRACTICAL CONSEQUENCES OF
A NEW CONCEPT IN STRENGTH OF MATERIALS

(Why did the Arch Concrete Dam of Malpasset
at Fre2jus, France, collapse in 19597)

by
CEORGE REDEY, M.S. in C.E.

Board of Water Supply of the City of New York
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The Arch Concrete Dam of Malpasset at Frdjus, France, broke to pileces
like an eggshell. The collapse could not be explained by the conserva-
tive concepts. With the here-presented new theory, the cause of the
catastrophe can be fully explained. Therefore, Columbia University
Seminar on Pollution and Water Resources should find it worthwhile to
take a closer look at this new concept.

1. Introduction

It is a well-known fact that every material is composed of elementary
particles which attract and repel each other. In other words, among
themselves or in compounds, the atoms of the elements are exposed to
the forces of attraction and repulsion (oy, 0¢). The resultant of the
two forces 1s the actual cohesive force, or gravitational attraction
(0 = oy + 0p). Figure 1 illustrates schematically the specific forces
working between atom No. 1 at the origin of the two coordinates and
atom No. 2 taken up on the horizontal coordinate at "r" distance from
the origin. In the case of an r,~distance, there is no bond or gravita-
tional force between the twc atoms because at this distance the atoms
give only heat vibrations.

If atom No. 2 is shifted to the right, we find that first the force of
attraction will increase, but after reaching the critical rj-distance,

it will gradually decrease. The intereffect or bond between the atoms
which forms the basic material cohesion may be primary or secondary.

These two types of bond are essentially determined by the difference
between the quantities of energy represented by them or by the distance
between the individual atoms. In the case of a primary bond, the distance
between atoms 1is 1-1.5 X, whereas in secondary bonds, this increases to
3-4 X, Primary bonds play an important role in the building of molecules;
secondary bonds may be considered as intermolecular bonds (between the
molecules). The so-called Van Der Waals forces belong to this second
category. Their source is the short-period movement of electrons in the
atoms where, as a result, constantly fluctuating dipoles are established.
(For example, dipoles arise in molecules where the center of gravity of
the positive and negative charges does not fall to the same place.)}

Previously, the tensile strength of solids was usually explained as being
some kind of "material cohesion.'" Furthermore, it was assumed that there
is a connection between the outside forces and movements o¢n the one hand,
and the inflicted charges in the internal forces and the deformation of
material on the other.

Another basic assumption was that, without outside forces, there 1s no
stress in solids.

On the basls of the above—mentioned circumstances, however, it is easy
to see that this concept contradicts itself because "material cohesion"
can exist only between different particles, but it does not explain,
among other things, the existence of tensile stress; at best 1t can be
set up as an axiom.
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To clear up this contradiction, let me present the latest stress theory,
which repudiates several concepts accepted as correct for many centuries
and throws a new light on the whole complex of theoretical mechanics
(see Szab6, 1970).

In the subsequent part of this presentation, let me briefly review the
most important theoretical conclusions and practical results of this

modern theoretical mechanics.

2. All solids are under continuous stress

The particles of solids are held together by the forces of attraction.

The attracting forces press the particles one against the other. Conse-
quently, compressive forces will arise at the surface of contact, and

they are in balance with the attractive forces (fig. 2). Naturally,

these "attractive-compressive" forces will also be working when the
particles are not stressed by cutside forces. Therefore, solids are never
really unstressed even when they are not engaged by outside forces. At
the first reading, this recognition may only have a theoretical signifi-
cance. But in reality it leads to some far-reaching practical conclusions.

Due to the "attractive-compressive" forces, the particles are always
deformed even when they are not stressed by an cutside force. The extent
of their deformation is different depending on their location in the
solid. This 1s because in the so-~called border area (see fig. 3) close
to the outside surface the particles are deflected by the undirectional
stress at right angles to the outside surface. Deep inside the solid,

in the so-called imner core (see fig. 3), much deflection cannot take
place because the "attractive-compressive'" forces are coming evenly from
every direction. Consequently, the center of gravity distance of the
individual particles is different in the various areas of the solids.

It was found that the size of the "attractive-compressive' forces is
inversely proportionate to the distance of the particles from the center
of gravity. This means that, consequently, the "attractive-compressive"
forces working parallel to the outside surface are larger, but those
working at right angles to the surface are smaller in the border area
than in the inner core (see fig. 3).

The "attractive-compressive" forces working dispersed in every direction
create internal stresses, or "attractive-compressive" stresses which (in
the usual manner) may be illustrated on a stress diagram by the so-called
Bo-surface. The shape of these B, ,-surfaces is shown in figure 4 for
several cross sections most commonly found in practice. (The mean (average)
ordinate of By-surface is marked as B, in all three sections.)

The common characteristic of these Bg-surfaces is that the internal stress
is greater in areas close to the cutside surface and the corners of the
cross section than it is deep inside the cross section. This circumstance
may be explained by the above-mentioned individual deformation of the
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various particles and with the different size of the "attractive-
compressive'" forces. The thickness of the border area depends only on
the material composition of the solid; it is not affected by the size
of the cross section.

Let us examine now the mechanical model of a material. The material
model shown in figure 5 was highly effective in practice, as we shall

see in the following part of this study. Therefore, this new theory may
lead to expanding natural science with a new branch. (This may be neces-
sary because previously the physics of solids did not devote sufficient
time to exploring the characteristics of mechanical stability.)

3. Tensile strength, bending tensile strength, and splitting tensile
strength

Mechanical stability is sclely and exclusively the result of the above-
mentioned own or self-stress ("attractive-compressive' stress) found in
solids.

In the course of a gradually increasing tenslle stress, the own or self-
stress ("attractive-compressive" stress) will also gradually decrease;

at every point breaking will occur when the attractive and compressive
stress is reduced to zero. This means that the greater the own or self-
stress ("attractive-compressive'" stress) of the solid during the original
unstressed condition, the greater its tensile resistance. Therefore, the
Bo-surfaces illustrate simultaneously beyond the distribution of own or
self-stress ("attractive-compressive" stress) the distribution of tensile
strength in the cross section. Consequently, the extent of the tensile
strength is not the same at every point of the cross section. Tensile
strength 1s not a constant factor of the material; it is not a scalar,
but, rather, a vectorial quantity.

The value of the so-called centric tensile strength By = PgpF is equal

to the mean ordinate (B,) of B,-surface: B, = By. This mean ordinate

is greater in small cross sections than in large ones, because, as
mentioned before, the thickness of the border area showing higher tensile
resistance is always the same in the same material. Therefore, the same
thickness has a greater significarce in small cross sections than in
large ones. Consequently, the value of the so-called centric tensile
strength also depends on size of the cross section: the value is greater
in small cross sections than in large ones.

The so-called "bending-tensile" stremgth Bgz is equal to the mean border
ordinate of the Bo-surface because, in the case of bending, the tensile
strength of the outer filaments in the border area will determine the
working load of the cross section: Bg, = Bg (see fig. 6). Therefore,
the bending tensile strength is always substantially greater than the
centric tensile strength.
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The so-called "'splitting tensile" strength fg¢ is equal to the mean ordi-
nate of the inner core of Bg-surface because, In the case of a splitting
resistance test, the tensile strength of the inner core will determine
the resistance of the cross section: Bgy = B, (see fig. 7). Therefore,
the splitting temsile strength is always a little smaller than the bend-
ing tensile strength.

4. Shearing strength and torsional shearing strength

The shearing strength of various materials is attributed to the frictiomn
between the particles. As stated before, the own or self-stress
("attractive-compressive' stress) presses the particles one against the
other. 1In the case of tangential stress, therefore, friction may arise
along the contact points of the particles; this friction is called the
shearing strength of the material. As we know, the size of the friction
is equal to the normal force multiplied by a " u " friction coefficient.
The normal force, which in our case 1s the own or self-stress (Vattractive-
compressive" stress), is not constant at every point of the cross section
(see fig. 4). Therefore, the shearing resistance of the material cannot
retain the same value at every point. When multiplyirg each ordinate of
Bo-surface by u factor, we shall obtain the distribution diagram of the
shearing stress (the so-called uB,~surface; see fig. 4). This shows that
the shearing stress is not constant in the same material, and that it is
not a scalar but rather a vectorial quantity. 1In the case of simple
shearing stress, the shearing strength of a cross section is determined
by the mean ordinate of the uB,~surface. Of course, the value of the
ordinate depends again on the size of the cross section. Consequently,
the shearing strength must also be determined by the size of the cross
section, which means that the shearing strength of small cross sections
is greater than that of large cross sections.

The so-called torsional shearing strength is greater than the simple
shearing strength because--as we know--in the case of torsional stress,
the shearing strength of the border area determines the loading capacity
of the cross section and it is always greater than the average ordinate
of nfg-surface (see fig. 4).

5. Compressive strength

The new concept leads to an even more surprising and important observa-
tion in connection with the compressive strength. In the case of
compression stress, the material always breaks along a surface with a
certain angle of inclination because the overstress of the shear and
rupture (breaking) strength of the material. (See picture of compres—
sion failure in fig. 8.)

Naturally, the shape of the compression failure and the distribution of
forces have a decisive influence on the size of the breaking force.
This shape of compression failure is different for each solid shape.

It means that a different breaking force and compressive strength is
attached to each solid shape and solid size. For example, it can be
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early proved that in the case of a rectangular cross section the longer
the form of the cross section, the smaller the compressive strength
(see fig. 9), assuming of course that the height of the tested material
remains the same.

The dependence of the theoretical compressive strength on the shape of
the cross section is very substantial; for example, in concrete. The
theoretical compressive strength is also affected by the helght of the
test material and its absolute size. This shows that the compressive
strength, similarly to the other types of strength, is not comstant in
a given material.

6. Practical consequences

According to the new theory, as indicated above, each kind of mechanical
strength--tensile, bending, splitting, shearing, torsional, and compres-
sive--depends to a very considerable extent on the size, shape, and
height of the test material. This fact should be taken into considera-
tion when determining the permissible or critical stresses (some countries
base their calculations on the permissible stress, others on the critical
stress). For many types of stresses, the permissible or critical stress
value could be set at a substantially higher level in small cross
sections than in larger ones. The compressive stress of circular and
rectangular cross sections could be set higher than that of long-shaped
cross sections. Let me demonstrate this by a few examples on concrete
structures.

Following the principle of equal safety margins, the permissible or
critical stresses should be correspondingly determined according to a
gradual scale. For example, for temsile strength, bending tensile
strength, and splitting tensile strength the permissible or critical
stress values should set at different values, because the bending tensile
strength of the concrete (see table 1) is always 50 percent greater than
its tensile strength, and the splitting temsile stremgth of the same
concrete is approximately 5-10 percent smaller than its tensile strength.
In the case of larger cross sections, substantially higher shearing
stress could be permitted for torsion than for shearing.

The dependence of compressive strength on the shape of the cross section
has an extremely great practical significance. As shown by table 2, if
B/D = 5, the theoretical compressive strength is only one-half the
strength of the 77/g-inch cube. Therefore, concrete walls exposed to
centric stress--naturally, these walls are usually constructed with a
long-shaped cross section--always have a much smaller safety margin
against breaking than previously believed. (See fig. 11 and fig. 12.)
By an interesting coincidence, most of the experimental results prove
that logically and mathematically this theory was correct. Particular
attention must be called to the dependence of compressive strength on
the shape of the cross section. In the case of long- and narrow-shaped
cross sections, the theoretical compressive strength may attain only
one-fourth of the cube strength. This means that in these types of
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cross sections the theoretical compressive strength is barely larger--
sometimes it may be even smaller--than the permissible compressive
strength. Consequently, the safety factor is barely greater than one
in such structures. An unfortunate proof for this was furnished by
the catastrophic collapse of the 197-foot-high concrete dam at Fréjus
in Southern France which occurred in 1959 (see fig. 13).

The quality compressive strength of the concrete used for this dam was
6400 psi; the calculated compressive stress (centric pressure) at the
time of the catastrophe came to approximately 1294 psi. At this computed
compressive stress, the concrete dam broke to pleces like an eggshell.

This collapse could not be explained by the earlier concepts. According
to the new theory, however, the theoretical compressive strength is set
at 1237 psi for the very long and narrow cross section of this dam. This
makes the catastrophe fully understandable. This undoubtedly means.that
the permissible or critical stresses for centric pressure should be set
at a graduated scale (see table 2). Additionally, the previously
established safety factors should be also recalculated.

This modern theory explains from a different angle--and throws a new
light on~-the phenomena of flow, rehardening, contraction, tensile and
breaking strength, the strength, the strength ratios of cubes, prisms,
and cylinders. 1Tt also explalns the relationship between compressive
strength and bending or splitting strength, for which it also delivers
the mathematical proof.

7. Contraction and slow deformation (creeping)

The affinity of contraction and slow deformation has been known for a

long time. The new theory offers a very simple explanation to this
phenomenon: contraction is the same as the slow deformation of a material,
unstressed by outside forces, under the effect of the By-stress. The new
theory is also supported by the observation that, generally speaking, the
full contraction, creeping deformation of the concrete is approximately
equal to the slow deformation of the test material stressed by a compres-
sive force corresponding to the value of breaking strength. However, the
results of the large number of experiments do not fully agree with the
theory, mainly because the cutside stress cannot be simultaneously applied
with the B,-stresses since B,-stresses arise only in the course of contrac-
tion, and stressability requires a certain amount of strength.

The contracticn of concrete is usually attributed to the drying out of
concrete structures. But contraction takes place also in materials which
do not contain water (for example, in synthetic resins). It is also
possible that in the case of other materials, it is completed within a
very short time (in iron, for instance, during the period of cooling dowm).
Therefore, the previously accepted concepts of contracticn should be
reconsidered.
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B. Result of abrupt changes in the section

When shaping solids, at the place of interrupting the continuity of the
material--where the Bo-stresses are also terminated by the cutting--they
follow a similar pattern as if stopping an outside load equal in size to
the B,-value; therefore, the solid is deformed additionally, the isotropy
comes also to an end in the vicinity of the cutting because the origi-
nally constant B,-stresses are changed. This conclusion shows, therefore,
that the introduction of B,-stresses means more than a simple coordinate
transformation.

To 1llustrate the above thesis, let us investigate the behavior of a
circular-shaped bar weakened by a cut (see fipg. 14). The effect of the
notch may be taken into consideration by assuming that the stress working
at the new surface is equal in value to the Bgi-stress. In this investi-
gation it is not necessary to satisfy the conditions of equilibrium with
the usual strictness because the equilibrium of the bar as a whole is
guaranteed regardless of the weakening. Therefore, when investigating,
for example, the X-X cross section, it is sufficient to examine an r-long
piece in the area of the cross section.

The resultant of B,-stresses working in the "r" section is:

de+rcost

7 2ar=—foar{dg+rcosd)

ZH(=‘—ﬂo

The stress caused by this resultant in the X-X cross section may be
expressed by the following equation:

LK cos P
! ﬁ'o-.: n

drcoad(dg+rcosf) dgn
=ﬂ0 d-_- T
X

In view of the fact that the B,-stress was working in the X-X cross
gsection from the very beginning, the stress at the notch is:

8(d i)
ﬁx=ﬂ,+ﬁ;=ﬁo[1+""°°“ (‘;‘;”"” )

The K sin & components forming a right angle to the bar axis cause shear-
ing stress which can also arise from the fact that the B,-stress gradually
decreases by moving away from the X-X cross section. These stresses,
however, do not substantially influence the behavior of the bar.

As mentioned above, we cannot talk of an iscotrop material after the com
pletion of the notch.

From our discussions, it follows that the ultimate tensile stress of the
X~X cross section will increase to:

Bux=—(fo+ fo)=—Bx
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From the ratio of the increased and the original tensile stress:

ﬂ.,x 4r cos #{dx 4 r coe §)
1+ i
Bu dx

We can conclude that, in addition to the known ~-angle, its value also
depends on the unknown r-distance. Experiments have indicated that,

when using the customary steel test rods, the r-value may be put at
1.5-2 mm.

The above example shows that, with the help of the new theory, so far
unsatisfactorily explained phenomena may be easily understood.

9. Strength of variously shaped test materials

With the new stress theory, we can also easily explain the different
strength of variously shaped test materials when they cannot move
laterally. For example, the breaking strength of a quadratic prism
(fig. 15) may be determined as follows:

The breaking strength is composed of two parts
Br=Bi+ B

where AP=08lolM.g ;o tpe compressive strength computed in Szabé
(1970, p. 61), and By is the increase in strength caused by the preven-
tion of lateral movements which is a function of the tensile strength
of the frame-shaped solid body illustrated by figure 15.

According to figure 15, the forces working on the frame-shaped body
indicate the following correlation:

P 4P

where P}, is the horizontal force acting on one-fourth of the frame-shaped
body, AP is the increase of the breaking force, yy and ¢ as on figure 15.

The tensile strength of a cross section of the frame-shaped body is:
Bt
P&l - ﬁ' 48 Yo

But at the moment of breaking

therefore
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from this

n AP —'ﬂ tg ?n
T B g (¥o-0)

and the theoretical compressive strength of the prism is:

tk Tn

6,314
br= ﬁn[ BT tb(?o

It should be noted that the value of Bp 1s somewhat reduced by relatively
small bending stresses acting on the flame-shaped body.

The strength of a cylinder--when ignoring the above-mentioned small bend-
ing stresses--1s equal to the strength of a quadratic prism.

Following the above steps and procedure in determining the breaking
strength of a "B" wide and "A" long rectangular prism (wall body), the
following wvalues will be obtained:

B L tZ
24~-B tg(y,-0o

ﬁr=ﬂo[6'3'9"" +

This equation shows that the greater the A/B. ratio, the smaller the
breaking strength. In the case of an Infinitely long rectangular prism,
the second member of the above equation--representing the additional
strength due to the prevention of lateral movements--becomes zero.

In this article, we discussed the strength of test bodies where

H 2 B tg Yo and, therefore, the breaking strength is developed as
illustrated in figure 15. However, the possibility to determine also
the breaking strength of lower prisms such as that of the cube follows:

2tgo
Px o BolTig o tg(45°-o)]

10. Conclusions

We must assume that, between the elemental particles of solids, there are
certain attractive forces and--at the contact points--alsc some counter-
balancing repulsive forces. This assumption leads to the following
conclusions:

(1) Solids are always under stress, even in unloaded conditiomn.
(2) The previously known stress calculations have only determined
the change of the stress; they failed to compute the real value of the

existing stress because there is no tensile stress but only compressive
stress of wvarious extent.
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(3) There is no basic difference between tensile and compressive
loadup condition.

(4) All static values are in direct proportion to the Bo-stress
affecting the material in unloaded conditionm.

(5) Additionally, the value of the shearing and crushing strength
also depends on the "¢" angle of inside friction, which is an unknown
factor and, consequently, its value must be determined by a series of
tests. ,

(6) Finally, it is very important to recognize that, along the out-
side surface, the shape of the elemental particles of solids undergoes a
certaln change effected by the "attractive-compressive" forces. The na-
ture and size of this change differs from the change affecting the inner
particles of the body, because in the so-called border area the particles
can be deflected in the direction of surface. Consequently, the B ,—values
characteristic of the prevailing "attractive-compressive" stresses may be
illustrated by a distribution diagram drawn along a selected cross section,
which diagram is flat in the inner side of the cross section, shows a ris-
ing curve toward the surface, and takes a pointed shape at the edges of
the cross section.
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Table l.--Theoretical stress values

{Computed for a square~shape concrete test piece with 4275 psi compres-
sive strength tested for 28 days, 7-7/8" wide x 7-7/8" high, and "a"-
variable long (see fig. 10). 1 kg/cm? = 14.2234 psi).

a Tensile—| Shesring-| Torsional- Bending - Splitting-
Shearing - Tensile— Tenslle-
§ ¢t r e n g t h
inch p 8 |
2.4 485 360 368 615 440
4,0 4lo 308 351 5675 a7l
7.9 346 256 351 521 371
15.8 Jo4 224 351 460 292
39.4 283 204 351 426 278

Table 2.--Theoretical compressive strength (B,)

(Computed for a rectangular-shape concre*- test piece with 4275 psi
compressive strength tested for 28 days, and a B/D cross section where
"D'"-thickness of the test piece is 7-7/8" and its "H" height is also

7-7/8" (H = D).

1 kg/cm? = 14.2234 psi).
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Figure 1. The forces working between atom Nos, 1 and 2.
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Figure 2. Attractive and compressive forces under different stress
conditions.
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Figure 3. Selection of
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Figure 4. Stress diagrams of internal forces.

i

The mean (average)

ordinate of Bo—surface is marked as Bo in all three sectious.

(A, - SURFACE /?

BORDER AREA

Bo »

)

. ..pf’
BORDER 'BORDER
ABEA AREA

| BOR
E-14

NEW JERSEY GEOLOGICAL SURVEY

.
ﬁ

D[z:ii;;:SEZEigééf'



Figure 5.
solid body.
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Stresses found in the different cross sections of a cubie
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Figure 6. Diagram of stresses and strength under loads.
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Figure 7. Diagram of splitting stress.
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Figure 8. Picture of compression failure in the case of a cylindrical
test material.

Figure 9. Rectangular cross section shape bodies with increased length
for compressive strength test.
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Figure 10. Square shape concrete test piece.

Figure 11. Variation of compressive strength.

§(Q,B,H,D)

Qe345°%.. 37.5°

E-18

NEW JERSEY GEOLOGICAL SURVEY



Figure 12. Rectangular shape of concrete body to table 2.
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Figure 13. The Arch Dam of Malpasset at Fr&jus, France.
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Figure 14, Stress increase at cross section of a circular bar

weakened by a cut.
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Figure 15. Breaking strength of a quadratic prism.
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Definition of symbols

Angstrom unit, Q.1 p or 1078 centimeter

Area of section

Stress for a linear foot on perimeter

The resultant stress of the Bo-stresses

Acting horizontal force on one quarter of the frame
Ultimate tensile force of a section of the frame
Tensile force on section

The increase of the breaking force

The decreased diameter

Qutside compressive force

Distance

Designation of stress diagram surface or magnitude
of various stresses

Magnitude of stress at center or centric stress
Magnitude of stress at border area

Magnitude of stress at inner area

Activated stress of K

Stress on section X-X

Bending~tensile stress

Theoretical ultimate compression stress on a cubic
shape test prism

Splitting-tensile stress
Ultimate tensile strength
Centric tensile strength
Angle

Attractive-compressive force
Angle of a cut on the bar
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Ot

Factor of friction
Interval friction of material or angle

Resultant force of attraction and repulsion
of atoms

Repulsion force of atoms

Attractive force of atoms
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WHAT'S HAPPENING TO LAKE ERIE?

by
JOHN A. JONES, Ph.D.
Miami-Dade Junior College

(Former Acting Director, Lake Erie Environmental Studies, State
University (New York) College at Fredonia, 1968-1970)
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Introduction

Nearly a decade ago, on October 20, 1961, Dr. Stanford H. Smith of the
U.S. Bureau of Commercial Fisheries Great Lakes Laboratory at Ann Arbor
described Lake Erie as "a dylng lake" to a small group of citizens. The
press in Cleveland seized upon his statement to express the frustration
of an urban population forced to reach farther and farther out into the
lake for their drinking water, drive greater distances to find clean
beaches, and seek alternative sources of protein (or income) for the
sports and commercial fisheries. Dr. Smith (1969) admits that he might
have gotten "a little too emotional™ with his statement, but the comment
drew the world's attention to an infamous example of a polluted, misused
water resource.

Besides Smith's early work, others have documented the deterioration of
Lake Erie and the other Great Lakes. Early notice of the effects of
pollution was taken around the urban areas of Detroit and Toledo (Hunt,
1962) and Cleveland (Davis, 1964). Beeton (1965) documented changes in
the physical, chemical, and biological characteristics of the lakes
occurring during the 20th century. The Federal Water Pollution Control
Administration (1968) drew heavily on Beeton's work for the controversial.
"Lake Erie Report." Fisheries decline in Lake Erie through 1966 has been
traced by Smith (1969) and Applegate and Van Meter (1970).

Characteristics of the Great Lakes

The Great Lakes constitute the largest single mass of fresh water in the
world, ultimately discharging over 7000 m3/sec of water through the

St. Lawrence River, draining the wastes of 30 million people (40%Z of the
total U.S. population), and supporting the industries which provide 30%
of the U.S. Gross Natiomal Preoduct.

During the 19th century, the lakes had total dissolved substances concen-
trations of about 100 ppm (mg/kg cof water), oxygen concentrations near
saturation at all depths throughout the year, limited abundance of
plankton, and predominantly coregonid and salmonid fish populations
{Chandler, 1964 and Beeton, 1965).

The lakes essentially drain from one to another (fig. 1), Lake Superior
lying over 180 m above sea level, Lakes Michigan, Huron, and Erie about
175 m above sea level, and Lake Ontario about 75 m above sea level
(Ayers, 1962; Beeton and Chandler, 1963; Chandler, 1964).

Lake Erie receives the drainage from Lakes Superilor, Michigan, and Huron
through the Detroit River and discharges into Lake Ontario through the
Niagara River and over Niagara Falls. The Lake Erie basin supports a
population of 13 million, all but 1.5 million of whom are residents of
the United States, more than half of whom are concentrated in the cities
of Detrolt, Toledo, Cleveland, Erie, and Buffalo. The basin has an
annual economy of more than 17 billion dolliars.
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Although Lake Erie is not the smallest of the lakes in surface area
(fig. 1), it contains by far the least volume, one-fourth that of
Lake Ontario (the next smallest), due to the extraordinarily shallow
depth, 17 m mean and 60 m maximum, compared with 200 to 400 m depths
in the other four lakes. A riverine circulation pattern, primarily
concentrated along the U.S. shoreline, carries enough water through
the lake to replace its total volume every two and one~half years.

Lake Erie is divided into three basins (fig. 2), two of which were
heavily silted prior to the Niagara uplift. The western basin, enclosed
by a group of islands north of Sandusky, Ohio, has a maximum depth of

11 m and a surface area of 3200 km?. The central basin, separated from
the eastern basin by a ridge between Presque Isle (Erie, Pennsylvania)
and Long Point (Ontario), has an overall depth of about 25 m and a
surface area of 16,300 km?. The eastern basin, the youngest portion

of the lake, consists of a rounded basin with a maximum depth of 60 m
and a surface area of 6200 km2.

The lake is stratified annually between May and December. By mid-July

a stable thermocline exists between 10 and 20 m (near bottom in the
western basin) which migrates vertically in response to internal waves
and seiches. TFrom late December through March the lake is nearly covered
(except in the central basin) by ice accumulated from the shoreline and
tributary rivers, often shingled into pressure ridges up to 20 m thick.

Lake-effect storms, contributing heavily to the 800 mm annual precipita-
tion along the U.S. shoreline, characterize the half-year period during
which lake temperatures exceed those of the air. During periods when
northerly or northwesterly winds carrying few condensation or freezing
nuclel in coel dry air masses blow acress the lake, tremendous amounts

of moisture and energy are contributed by the relatively warmer water.
Large drops or ice crystals, borne aloft by thermal circulation in the
lake atmosphere, rapidly fall out along the narrow lake plain as the
thermal 1ift 1s lost. These storms have been the subject of considerable
atmospheric research during the past decade. During the storms, the lake
surface becomes very rough, not so much as a result of the shallowness

of the lake, as commonly claimed (the wave generation is fetch-limited

in Lake Erie at storm wind velocities, frequently reaching 30 m/sec, and
waves are chéfacteristically of deep-water form beyond a half kilometer
from shore), but more likely as a result of wave reflectivity typical

of the steep bluff and cliff slopes. Storm surges "set up" by the winds
develop seiches in the lake having a node in the vicinity of Cleveland
and two-meter or more amplitudes near Toledo and, especially, Buffalo.

Crises on the Lake
As a direct result of the seas and surf developed by storm winds and the
varlation in lake level (normally ranging about 0.5 m annually) produced
by the seiches, shoreline erosion constitutes a significant problem in

Lake Erie. Continental rebound accompanying the retreat of glaciation
ten thousand years ago (Nlagara uplift) has exposed bluffs of poorly
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consolidated glacial till 10 to 20 meters high around the eastern and
central basins of the lake. Erosion has cut back the bluffs at an
average rate of 30 c¢cm per year.

The eroded till, together with sediments from agricultural erosion and
inadequate control measures around harbors and beaches, amounts to 33
million tons of sediment per year, or over 25 km? per century (FWPCA,
1968). Silt is filling the lake at a rate of 3 cm per century In the
western basin, 6 cm per century in the central basin, and 16 cm per
century in the eastern basin. Extensive long-shore drift carries eroded
sediments from the shores of the central basin eastward to depositional
sites in the vicinity of Long Point (encrocaching upon the deepest part
of the lake) and Presque Isle. The geomorphology of the two sites
probably differs primarily in that the former has more source material
and less coriolis effect than the latter.

Another contributor to siltation and other pollution problems in Lake
Erie is the U.S. Army Corps of Engineers' harbor improvement program.
Annual dredging of the major harbors of the lake supports a shipping
industry which moves 150 million tons of cargo per year, including

20 percent of the world's iron production and 50 percent of the world's
nickel preduction.

The problem of where to dump the spoil is acute. In the lake, the
release of sediments reduces water transparency and erodes or clogs the
gill structures of aquatic organisms. Entrapped pollutants from the
harbor bottoms, especlally the nutrients, are released into the lake
waters. While the nutrients encourage plant growth, the reduced trans-
parency inhibits photosynthesis. Decreased oxygen production and
increased oxygen demand from reduced organic materials in the sediments
combine to decrease the dissolved oxygen concentration of the lake water,
while gill damage creates additional respiratory problems for the aquatic
1life. Dumping the spoil in coastal marshes or bays for land-fill buries
or destroys the heavily vegetated nursery grounds of many of the lake's
animals.

The shipping industry is assocliated indirectly with oil and gas pollution
problems in Lake Erie. Allegedly the first oll and gas deposits in North
America were tapped within 100 km of the lake. Currently thére are over
500 producing gas wells on the Canadian side. Few are oil producers, and
few accidents or spills have occurred to date. However, well-heads are
endangered annually by massive ice scour. Such a winter accident, inac-
cessible beneath the ice, would release quantities of toxic hydrocarbons
into the lake waters, leave an artificial asphalt on beaches if oil were
released, and possibly send large volumes of brine to the lake bottom
where, undiluted, it could destroy all fresh water 1ife. Nearly every
community along the shore relies, at least in part, on Lake Erie for
municipal water supply, amounting to about 10 percent of the flow rate
through the lake. A serious spill rendering the water unpotable might
deprive several million people of fresh water.
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Spills do occur in tributary harbors and rivers, either from processing
plants or shipping and boating. Both the Cuyahoga River in Cleveland
and the Buffalo River in Buffalo have proven to be fire hazards due to
such spills. On lesser scales, the practice of pumping bilges by ships
and small craft and the discharge of up to 30 percent of outboard motor
fuel unburned through exhaust and cooling systems, leaves a film of oil
on the water surface which reduces gas (including oxygen) exchange
across the interface.

Man's activities have resulted in significant physical and chemical
changes (Beeton, 1965). Total dissolved solids concentrations have
increased by 80 percent (to 180 ppm) while transparency has been reduced
by half. Summer dissolved oxygen concentrations in the hypolimnion have
decreased to zero in the western basin, less than 10 percent saturation
in the central basin, and 50 percent saturation in the easterm basin.

According to Beeton (1965), specific ionic increases since 1900 include
calcium from 31 to 38 ppm (120 percent), sodium plus potassium from 6 to
11 ppm (180 percent), chloride from 7 to 24 ppm (350 percent), and
sulfate from 13 to 25 ppm (200 percent). Some of the toxic heavy metals,
for which no prior concentrations are available, have been reported
(Schmidt, 1970) in concentratioms as high as 15 ppb for copper, 5 ppb

for lead, and 10 ppb for chromium and zinc. Concentrations of arsenic
and mercury are nearly undetectable in water, but mercury has been found
in concentrations up to 7 ppm in perch and walleye, 10 times the limit
considered safe for human consumption. Copper, mercury, lead, and
arsenic are used commonly as pesticides, while mercury electrodes (mercury
and most of its compounds are generally listed as insoluble in water) are
employed in chemical, plastics, and paper manufacture. Lead is scrubbed
from the atmosphere (as an automotive exhaust emission) by precipitatiom,
dissolved from "duck shot" pellets used by hunters, and with chromium,
zinc, and copper, corroded from trash and solid wastes, dumped into the
lake or its tributaries. Heavy metals "fix" or precipitate protein
(including enzymes), deactivating the tissue in much the same way as an
egg becomes hard bolled.

Other toxic substances introduced into the lake include oxrganic pesticides,
in particular those with relatively long half-lives such as DDT and
dieldrin (about four years). Seven half-lives are required to decrease

the concentration of a substance to 1 percent and 10 are required to
decrease its concentration to 0.1 percent. Although DDT has been in use
for little over 7 half-lives, and the cohc salmon has been an inhabitant

of the Great Lakes for a mere 5 years, concentrations of DDT and its
residues up to about 20 ppm have been reported for whole fish in Lake
Michigan, and 2 to 3 ppm has been found in Lake Erie salmon only 3 years
after their introduction. Sale by interstate shipment of food containing

5 ppm of DDT and its residues is prohibited by the Food and Drug Administra-
tion. The average concentrations in humans is 12 ppm, an amount equivalent
to the mass of one toe, mostly stored in fatty tissue where it is inert.
Since DDT is known to affect calcium metabolism, a basic cellular functicn,
one wonders what might happen to a dieting obese person as he remetabolizes
the pesticide concentration from storage over a short period of time.
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Thermal loading is beginning to create problems on some of the other
lakes, for example, southeastern Lake Ontarie near Oswego, where two

new nuclear power plants are soon to be placed in operation. However,
thermal loads have been little burden to Lake Erie so far, perhaps

because of the relatively high temperatures attained by the lake water.

At Dunkirk, for example, in August the Niagara Mohawk FPower Corporation
steam generators use water at 20°C as a coolant and discharge an effluent
about 10°C warmer (Braun and Jones, 1970). The effluent warms the harbor,
creating an artificial thermal bar at the entrance, promoting the growth
of some aquatic weeds (but apparently not that of Cladophora, the

nuisance alga), and creating frequent fog conditions ("sea smoke") around
the harbor. On the other hand, significantly warmed water is not returned
to the lake at Dunkirk (the added heat is apparently lost to the atmosphere
from the harbor), and the harbor remains ice-free throughout the winter,
an advantage enjoyed by boaters, commercial and sports fishermen, fish,
and birds. Perhaps, however, our power-hungry society will demand more

of the lake's cooling capacity in the near future, possibly strengthening
or extending the summer thermal stability of the lake to a greater degree.

The greatest crisis that Lake Erie faces today, however, is eutrophica-
tion. A young lake, about 10,000 years old, it has the fertility and
other indicators of a lake 60 to 70 thousand years old (Beeton, 1965;
Davis, 1964). The nutrient input to the lake, as gauged by phosphates,
amounts to over 25,000 tons of phosphorus annually (FWPCA, 1968). The
situation for nitrogen, less easily measured, and other nutrients is
similar.

The results of eutrophication include enormous growth rates of algae,
especially the filamentous green alga Cladophora, algal deposition on
beaches where it decomposes creating immeasurable aesthetic problems,
oxygen demand as the organic mess returns to the water, and the recycling
of nutrients from the decomposed algae to further promote plant growth.
This combination of circumstances results in the recently noted oxygen
depletion in the hypolimnion, the elimination of many aquatic insects
(such as the Mayfly), and the loss of fish specles which are dependent
upon the insects for food (for example, whitefish and "pike"). The

fish which prefer cool water, and thus retreat to the hypelimnion during
summer, are frustrated by the insufficiency of oxygen in the deeper water.
Competitive "rough fish" take over the lake, feeding on algae until their
food supply, oxygen demand, or other needs are no- longer satisfied, then
die off in large numbers contributing further to problems of oxygen demand
and foul beaches.

The nutrients are derived from several sources, the greatest being domestic
sewage. Few treatment plants perform any tertiary treatment for nutrient
removal. Most plants are incapable of handling the loads they receive,
especlally those for which interceptors serve as storm drains as well as
ganitary sewers. Many lake shore residents discharge raw sewage directly
into the lake. Human waste accounts for about 6,000 tons of phosphorus

per year, while detergents contribute about 11,000 tomns annually to the
Lake Erie basin (FWPCA, 1968).
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Agricultural runoff, which accounts for about 5,000 tons of phosphorus
per year, combines the waste from livestock (cattle produce about 15

times as much organic waste as humans), fertilizers (often applied on
snow covered fields, only to run off with the melt water before the
nutrients can soak into the so0il), and soil minerals eroded from rectan-—
gular crop fields crammed onto rounded hillsides. Industrial wastes for
an additional 1,000 tons of phosphorus annually, and the contribution of
nitrogen from automotive exhausts scrubbed from the atmosphere by precipi-
tation has reached measurable amounts.

The fishing industry, at one time producing nearly 40,000 toms per year
commercially and landing about 25,000 tons in 1966 (Applegate and

Van Meter, 1970), has felt the brunt of the changes in the lake. Accord-
ing to Smith (1969), a fishery composed of about 60 percent coregonids
(cisco, whitefish, and chubs) and about 20 percent salmonids (lake trout)
existed around the turn of the century. Commercial landings fluctuated
between lows of about 15,000 tons per year (1929 and 1940) and highs
around 36,000 tons per year (1915 and 1956) (Applegate and Van Meter,
1970). Species composition has changed until most recently the yellow
perch, once considered of only secondary value, constituted over

30 percent of the commercial landings, while sports landings are esti-
mated to exceed those of the industry. Smelt, introduced into the upper
Great Lakes early in the century and fished commercially by Canadians
since around 1950, have increased to comprise about 30 percent of
commercial landings.

The earliest species losses to Lake Erie include the sturgeon, in 1895 a
2,500 ton per year fishery but now a rarity, due to intentional over-
fishing (sturgeon wrought heavy damage on nets), and the lake trout, a
9,000 ton per year fishery in the 1870's but gone by 1930, due to
unintentional overfishing and possibly lamprey predation. The cisco and
whitefish disappeared from the lake in 1955 and 1959 respectively, while
the sauger and "blue pike' (both pikeperch) disappeared from commercial
catches in 1958 and 1960 respectively. The disappearance of these
coregonids and percids is related tc the loss of insect larvae upon which
they feed, the deterioration of summer oxygen supplies in their favored
deep cool water, and thelr failure to breed due to other factors related
to eutrophication. The walleye or yellow pikeperch is undergoing a
similar decline at present, providing landings of less than 1,000 tons
in 1966. Chubs (several species of coregonids) flourished in the last
decade, although some species failed to compete successfully with the
alewife, but those surviving the lamprey invasion have been lost to
interstate markets due to pesticide contamination.

The lost species have been replaced by yellow perch, smelt, alewife,
glzzard shad, sheepshead, and the experimentally introduced coho salmon.
Except for the perch and smelt, the former fishes are of little commer-
cial or sports value. On the other hand, the coho, which has been known
te attain a weight of 7 kg in 2 years, has little prospect of being
established as a self-perpetuating species due to its need for clean,
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cool, flowing "trout streams" for breeding. The streams in Ohioc and
southern Ontario are predominantly sluggish and turbid. Those in
New York and Pennsylvania are either intermittent (driest during the
late summer or early fall breeding season) or grossly polluted.

The fishing industry collapsed in 1970 when a graduate student from the
University of Western Ontario amnounced that he had detected mercury
concentrations in walleye and perch to levels of 5 ppm. Subsequent
investigations indicated the mercury contamination to be a nationwide
problem {e.g., 50 times the concentration was reported in Lake Ontario
alewives), and it was revealed that the Swedish fisheries on the nearly
fresh Baltic Sea had experienced a similar problem 10 years ago.
Mercury contamination and DDT residue concentrations in the few remain~
ing useful species have all but closed the commercial fisheries, while
the sportsman has been advised to carefully filet the fatty tissue from
his catch, to bake, broil, or fry it to remove up to 70 percent of the
pesticides, or else neither eat nor feed his catch to pets. Consumer
reluctance has reached the "all-you-can-eat" fish fry. The future of
commercial and sports fishing in the Great Lakes is indeed bleak.

Recreational losses other than sports fishing have touched many others.
Nearly 100 million visits are made annually to 170 shoreline parks.

Ten to fifteen percent of the parks had to close their beaches in 1967

due to bacterial contamination. The city of Cleveland has initilated a
program of chlorinating its lakefront beaches to render them safe for
bathing. Other beaches are fouled by dead fish and decomposing algae,
creating an unaesthetic atmosphere for park users. Boaters are reluc-
tant to expose their investments of several thousand dollars to the
oil-stained, filthy water. Tybout (1969) estimates that up to $60 million
per year may be lost to the Lake Erie recreation industry due to pellution
and eutrophication.

Potential for Corrective Action

Any change in the trend of deterioration of Lake Erie depends upon a
cessation of pollution. This will require a change in the individual
attitudes and efforts of the public. Cleanup cannot be meaningful until
the public not only supports State, Federal, and international programs

of abatement, but also ceases leaving a trail of debris, litter, discarded
beer cans and pop bottles, and raw sewage in the wake of civilization or
in the name of progress.

Extensive domestic sewage treatment is necessary. Treatment plants
employing advanced waste removal processes will have to be bullt. Sewer
interceptors will have to extend out to the semirural, but populous, areas.
Storm drains will have to accompany the sanitary sewers in order to reduce
the volume of plant loads during rainy spells. The detergent industry
will have to find a substitute for phosphates to produce "whiter, brighter
washes." All this demands large contributions from taxpayers and will be
noticeable on the supermarket shelves.
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Strong enforcement of industrial pollution abatement laws is necessary.
Polluting industries will have to be required to cease polluting or
shut down. Such an ultimatum now faces some industries in western

New York. These requirements, too, will be felt on the supermarket
shelves. Society simply must bear the cost of its waste disposal.

Changes in agricultural practices will be necessary. A farmer spreads
manure on snow-covered fields because his equipment operates best over
the frozen ground, and he need handle the manure only once from barn

to crop. New methods of handling, storing, and applying the manure
will have te be developed by agricultural engineers. Pest control
practices will have to be revised toward decreasing environmental
damage. The consumer will feel these increased costs at the supermarket
too.

Lake Erie, being the smallest of the Great Lakes by volume, showed the
effects of pollution first. Itswaters assimilated all the pollutants
they could handle, and the symptoms became evident. Having a riverine
clrculation, the lake should be able to be flushed clean. Provided all
pollution ceases entering the lake, it may be estimated that pollutant
concentrations might be reduced to about 1 percent in about 18 years

(7 flushing periods or half-Ilives) or about 0.1 percent in about 25 years
(10 half-1ives). However, lake sediments, acting as reservoirs of pollu-
tants, may continue releasing these to the lake waters for up to 5 times.
as long, or about 100 years! By this same reasoning, Lake Michigan might
require 1,000 years to clean up, should it ever become as polluted as
Lake Erie. )

Other means of cleaning up Lake Erie must be employed. Since eutrophica-
tion is a major part of the problem, nutrient removal by harvest of

ugseful products is suggested. Such removal may not be considered economi-
cally profitable, unless the cost of repair to a damaged environment is
congidered. As undesirable as subsidization may seem, it appears that

it might be necessary here. Although somewhat more costly, nutrient-rich
spoil from harbor bottoms might better be returned to upland crop lands.
Nutrient-rich, fibrous algae might make excellent soil conditioner for
these same crop lands. With the elimination of toxicity problems,

greater fish harvests might contribute to world protein shortages. This
might be facilitated by the careful introduction of useful exotic species,
especlally predatory fishes. Smith (1969) advises that this is still
possible for Lake Erie, since there are other large shallow-water eutrophic
lakes in the world from which replacement specles may be obtained. He
cautions, however, that there are no deep-water lakes from which eutrophic~
tolerant speciles might be obtained if we allow the other Great Lakes to
deteriorate as Lake Erie has.

With the application of energy and resources, a technological recovery
is entirely possible, and a new life may yet dawn on Lake Erie. The

alternative appears to be similar damage to the resources of the remain-
ing Great Lakes, an effectively irreparable loss.
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URBAN AIR POLLUTION

by
LAWRENCE SLOTE, Eng. Sc.D.

Manager, Environmental Techmology, Advanced Civil Systems
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Introduction

Man's most vital resource is the air he breathes. An average man can
live on 4% pounds of water a day and 4 pounds of food. But to stay
alive, he requires approximately 30 pounds of air. Ee can select his
food and water; its contamination is often revealed by taste, odor, or
appearance. But he has no choice about the air he breathes. He must
take it as it comes to him, even though it may be laden with pollutants.

Air pollution is ubiquitous. It is primarily a problem of municipal-
ities where people and sources of air pollution tend to concentrate.
These sources are many and varied. They derive from our expanding needs
for transporting ourselves and our goods, and from industrial activities
which add copious amounts of gaseous and particulate contaminants to the
atmosphere. Expansion of our science and technology brings about new
kinds of pollutants which are added to the old. These pollutants derive
from combustion of fuels for heat and power, from the processing of
materials, and from the disposal of wastes.

All of these trends are increasing rapidly. At the same time, popula-
tion and urbanization are increasing. In 1920, for example, less than
half the country's 100 million people lived in cities. Forty years
later, the urban population accounted for 70 percent of the Nation's
179 million people. By the end of the century, 95 percent of an esti-
mated 280 million people in the United States will live in urban areas.

While these and other similar trends of contemporary life continue to
rise, one critical factor, the available supply of air, remains constant.
The more we concentrate our population into small portions of the total
land mass, the less of the total air mass we have available for our use.

Nature and Source of Pollution

The earth's atmosphere is divided into three regions characterized by
progressively lower air pressures and widely fluctuating temperatures.
The troposphere, which rises to a height of 5 to 12 miles, contains

95 percent of the earth's total air mass and provides the locale for
nearly all meteorological phenomena. The stratosphere stretches beyond,
to about 60 miles, and finally, the ionosphere, containing mainly charged
particles, reaches out to some 650 miles.

Clean, dry air contains 78.09 percent nitrogen by volume, and 20.94 percent
oxygen. The remaining 0.97 percent of the gaseous constituents of dry

air includes small amounts of carbon dioxide, helium, argon, krypton,

and xenon, as well as very small amounts of other inorganic and organic
gases whose concentration may differ with time and place. Water vapor

and carbon dioxide, which are essentially harmless though present in
relatively large amounts, are not generally regarded as part of the
pollution problem.
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The air also contains aerosols, dispersed solid or liquid particles.
The size of the individual species ranges from several angstroms

(108 ¢m) to hundreds of microms. Suspensions of particles that settle
out by virtue of their large size (Iin excess of 50u) are customarily
clasgified as particulates, whereas stable suspensions containing
smaller particles are referred to as aerosols. Dust particles occur

in a size range (0.1-1000W that stans the boundary between aerosols
and particulates.

Formation of air pollutants can be caused by natural processes or by
human activities. Typical of the former are wind erosion, volcanic
eruptions, evaporation of sea spray, plant and animal discharges, and
atmospheric reactions engendered by solar radiation and lightning.
Some 30 million tons of particulates due to natural processes settle
out annually over the United States alone.

Human activities contributing to air pollution include mechanized
attrition, combustion, and vaporization. Mechanical attrition comprises
a large variety of demolishing, crushing, grinding, cutting, mixing,

and sweeping operations, a common aspect of metropolitan and industrial
activities. The effective extraction of energy from nature by man has
significantly contributed to atmospheric pollution. Combustion is
utilized primarily to provide energy for motive power, for industrial
processes, for electrical power plants, for space heating, and also as

a means of refuse disposal.

Emission of the principal pollutants in the atmosphere in the United
States totals about 142 million tons per year (table 1).

Table l.--Natiomal air pollutant emissions,
"~ " millions of tons per year, 1965

Carbon Sulfur Hydro- Nitrogen % of
monoxide oxides carbons oxides Particles Totals totals
Automobiles 66 1 12 6 1 86 60
Industry 2 9 4 2 6 23 17
Electric power .
plants 1 12 1 3 3 20 14
Space heating 2 3 1 1 1 8 6
Refuse disposal 1 1 1 1 1 5 3
Totals 72 26 19 i3 12 142 72
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Analysis of table 1 shows: (1) internal-combustion-powered transporta-
tion to be the major source of carbon monoxide, the oxides of nitrogen,
and the hydrocarbons; (2) central-station generation of electricity to
be principally responsible for the oxides of sulfur; and (3) industry
to be the principal source of particulate matter.

Though the problem of atmospheric pollution is ubiquitous, it is primar-
ily a2 problem of municipalities, where pollutants are concentrated and
often become entrained in relatively small geographical areas that are
also densely populated. For example, the major pollutants found in

New York City's air are given in table 2.

Table 2.--Major pollutants in New York City air

Type of pollutant Tons per year
Carbon monoxide 1,536,000
Sulfur dioxide 750,000
Hydrocarbons 567,000
Nitrogen oxides " 298,000
Particulates 230,000

Analysis of table 2 is identical to the analysis of table 1.

The average New Yorker is forced tc contend with approximately 870
pounds of pollutants each year. But even this large amount of noxious
and obnoxious airborne materials is not enough to cause a major problem,
there are other factors which greatly affect a city's air pollution
problem, such as location, topography, and climate.

By climate is meant the net result of several interacting variables,
including temperature, the amount of water vapor in the air, the speed
of the wind, the amount of solar radiation, and the amount of precipitation.

Weather and Air Quality

Air quality is strongly dependent upon weather. When waste products have
been discharged into the atmosphere, thelr subsequent chronological
history is a meteorological problem. Even though pollutants are put

into the atmosphere at a constant rate, the condition of the weather
will determine whether these contaminants accumulate to the point where
discomfort and damage result or whether they are thinned out enough so
that no problem results. Weather conditions also determine whether such
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a problem will be localized in one small sectlon of the community or
will be widespread.

The weather elements of primary concern in air pollution are: (1) air
temperature, (2) instability and turbulence, (3) inversions, and
(4) wind direction and speed.

Air temperature

Within the troposphere, the stability of the air can be characterized
in terms of its temperature lapse rate, usually chortened tc lapse rate.
The lapse rate is the rate of decrease of temperature with height. The
equilibrium conditien for nonsaturated air is -1°C per 100 meters or
-5.4°F per 1000 feet. This is the rate at which nonsaturated air would
cool 1if displaced upward, or heat if displaced downward, and is called
the adiabatic lapse rate. Thus, 1f a theoretical parcel of air is moved
from a low altitude to a high one and there is no exchange of heat with
its enviroonment, it becomes colder at a given rate as the pressure on

it decreases and allows it to expand. The reverse is also true: 1if the
air parcel is moved to a lower altitude, the pressure lncreases, the alr
1s compressed, and i1ts temperature rises.

Instability and turbulence

If the gradient of temperature in the atmosphere exceeds the adiabatic
lapse rate, it is obvious that a parcel of alr, displaced upward by an
infinitesimal amount from a level at which it had the same temperature
and pressure as the surrounding atmosphere, will be at a higher temper-
ature than the environment at the pew level and will therefore be of
lower density than the surrounding air. The force of buoyancy which

must result from this condition means that the volume is likely to con-
tinue ascending, so that such an atmosphere must be classed as statically
unstable. On the other hand, in an atmosphere whose gradient of tempera-
ture falls below the adiabatic lapse rate, a mass of air forced upward
will be denser than its environment and will tend to sink back to its

old level, a necessary condition for gtatic stability. The same result
holds if the displacements are downward, and therefore gemerally, provided
that the changes are always adiabatic.

The vertical temperature gradient controls the up and down motions of
the air and thus the rate at which diffusion in the vertical direction
occurs. For example, in a sunlit level grassland, the warm ailr near
the ground tends to rise, and the cold air aloft to sink, resulting in
rapld convective overturning and thorough mixing of the ailr near the
ground with clean air from upper levels. 1In this way a mixing process,
called thermal turbulence is effected and helps to dilute pollutants.

Inversions

Temperature inversion is a meteorological phenomenon which, when occurring
over large cities, can have very serlous consequences. Essentially,
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temperature inversion is an atmospheric condition in which the air
temperature increases with height above the earth's surface.

Temperature inversions may be brought about in several ways, and occur
more often in the fall and during the early morning hours. The most
frequent cause of temperature inversions is radiative cooling of the
air layer near the surface of the earth. At night, the earth radiates
its warmth into space and the ground cools. Alr passing over the
ground is cooled and sinks. By morning the lowest layers of air are
considerably cooler than the air above, thus producing a ground
inversion.

A temperature inversion can also be produced by radiative cooling of
a cloud bank or a dust layer. In this case, the ccol air sinks and
is warmed at the adiabatic lapse rate of 5.4C0F per 1000 feet. This
sinking air will produce a layer of air warmer than the layer of air
that is at the earth's surface, thus forming a temperature inversion.

Temperature inversions may also be produced by warm or cold fronts.
These frontal inversions are caused by a warm alr mass riding over a
cold air mass. The reason the warm alr rises is the difference in
density between warm and cold air.

The final and most efficient inversion producer is a high stationary
atmospheric pressure system or anticyclone. Wind currents within the
anticyclone spiral slowly downward, in and around the center of the
air mass. The subsiding currents, compressed by the weight of the air
above, are both warmed and dried, and result in a cloudless sky. The
sinking air is compressed further causing the formation of warm air
layers over the cooler air mass. The resulting subsidence inversions
will then act independently or together with typically formed ground
inversions to inhibit the dispersal of air pollutants.

All inversions have one particular feature in common, they are stable.
The warm air acts like the 1lid on a pot, inhibiting the natural upward
movement of air; this restricts vertical air currents and air pollutants
become trapped in this layer. Unless the inversion is broken, the air
pollutants will not be dispersed and an air pollution problem or episode
will exist.

Persistent thermal inversions have been experienced in New York City.
Under such conditions, lethal layers of sulfur dioxide, carbon monoxide,
nitrogen oxides, hydrocarbons, particulates, and many other pellutants
have been statically entrapped for days at a time. Either alone or
when combined, these pollutants have proved to be detrimental to health,
economic welfare, and aesthetics.

Wind speed and direction

Inversions imply a lack of air movement, not just the convection caused
vertical movement of alr called thermal turbulence. Inversiocns also
imply a lack of wind.
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Wind is the horizontal movement of the air from one place to another.
It is the means by which contaminants are transported through the
atmosphere. The wind speed tells how fast the pollutants are being
carried. 1In addition, the wind speed determines the volume of air
into which the pollutant is injected per unit time, and the degree

of turbulent diffusion. The stronger the wind, the more energy goes
into turbulent fluctuations which spread the pollution laterally and
vertically. Wind blowing over level ground ordinarily moves smoothly.
Wind blowing over rough and hilly terrain, or around and over tall
bulldings, stirs up eddies and cross-currents. These swirls are
referred to as mechanical turbulence. Thus the pollution tends to be
less concentrated if the wind is strong, more concentrated if it is-
light or calm.

The total accumulated downwind dosage is a function of the variability
of wind direction. Naturally, the degree of air pollution you are
exposed to depends on whether the wind is blowing pollutants from its
source toward you or away from you,

Heat Island Effect

Cities differ from the countryside not only in their temperature, but
in all other aspects of climate. The city itself is the cause of
these differences. Because of its preponderous high perpendicular
buildings and its ravine-like streets and the properties of the mate-
rials used in these structures and the surrounding streets, the city
absorbs more energy during the day and retains it longer at night.

The many vertical surfaces tend to reflect solar radiation to the
ground instead of the sky. Since air is heated almost entirely by
contact with warmer surfaces rather than by direct radiation, a city
provides a highly efficient system for using sunlight to heat large
volumes of air. 1In addition, the city's many structures have a braking
effect on the wind, thereby reducing surface wind speed and the amount
of heat carried away. The city also produces an appreciable amount of
energy generated Internally through space heating and other activities.
This also contributes to heating the air.,

The resulting phenomenon is the heat island effect: warm air tends to
concentrate near the structural center of the city. This warm air
rises, carrying with it its burden of pollution; then it expands, flows
outward over the edges of the city, and, cooling, sinks. Cooler air
from the edge of the city flows into the center to replace the rising
alr and is followed by the now cooled, dirty city air. A self-contained
circulatory system has been set up.

Over a long period of time, the continucus introduction and movement of
particles creates a dome-shaped layer of haze over the city. In the
absence of a prevailing wind, or a heavy rain to clear away the dust
dome, this system can become highly stabilized and trap pollutant emis-
sions in a closed system. A characteristic haze or dust dome 1s created
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over the city that tends to be self-perpetuating, since it serves to
reflect and back-scatter appreciable quantities of solar energy before
it reaches the surface.

In winter, since less and less sunshine penetrates the dome to warm
the city naturally, more and more fuel is burned to make up the differ-
ence. The combustion contributes further to the processes that build

up smog. It is in this gradual but inexorable way that the smog problem
has attained serious dimensions in many large cities.
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As an introduction to the seminar topic "Urban Water Supply and Sewerage
Problems in Developing Countries,'" the objective of this paper 1/ is to
explain the World Bank's criteria im selecting and appraising water
supply, sewerage, and other environmental sanitation projects. However,
before dealing with this specific subject, it appears useful to summarize
in the first chapters some recent discussions, and to analyze a few
statistics on foreign aid in general and on bilateral and multilateral
development financing in particular, as well as to describe the World
Bank Group's origin, nature, and functions and the basic criteria, which
it applies to the financing of any type of project.

I. BILATERAL AND MULTILATERAL AID

The best known and most comprehensive recent analysis of foreign aid

is the '"Pearson Report''2/ which was commissioned and sponsored by, but
carried out independently from, the World Bank. Among other statistics,
it includes comparisons of the magnitude and regional distribution of
financial assistance to developing countries, from developed countries,
and from various multilateral institutions during the past decade.

Table 1 shows the total annual average and the regional distribution

of "Net Official Assistance” from bilateral and multilateral sources.
While these averages refer only to financial assistance under "conces-
sional” terms, cover only a relatively short period of four years
(1964-67), and do not include the most recent developments, they reflect
the proportions in which "foreign aid" has been allocated, and the
relative emphasis which is given by different donor countries and
lending agencies to different regions. Attention is drawn to the
following:

(1) Multilateral aid represents only 14 percent of the total.

(ii) The U.S. has contributed more than half (53 percent);
France, U.K., Germany, Japan, and Canada together have
provided more tham a quarter (28 percent); and the
remaining donor countries (Belgium, Netherlands, Italy,
Australia, Sweden, Austria, Depmmark, and Switzerland)
about 5 percent of the total.

1/ This paper is based on, and has been updated from, the author's
presentations in January 1970 at a Water Supply and Sewerage
Seminar in Bangkok, Thailand (sponsored by the U.S. Trade Center,
Bangkok, and the U.5. Department of Commerce) and at the Second
Annual Convention of the Indian Water Supply Association in
Bombay, India.

2/ "Partners in Development,' Report of the Commission on Inter-
national Development, Chairman Lester B. Pearson, September 1969.
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{(iii) The U.S. is the most important donor in all regions,
except 'in Africa, where France has been contributing
slightly more.

(iv) Most donor countries have allocated the largest
share of their aid to Asia (highest Japan with
98 percent), but a few have given more to Africa,
especially Belgium (99 percent) and France
(92 percent).

(v) 0f the multilateral aid, 43 percent has been for
Asia, 32 percent for the Western Hemisphere and
25 percent for Africa. The comparatively high
proportion for the Western Hemisphere reflects
the important contribution of the Inter—-American
Development Bank to this region.

With respect to the regional distribution of aid and its allocation to
specific countries, the Pearson Report makes some interesting gemeral
comments:

"If aid had been distributed to any economic criteria, the
distribution would certainly have been different from what
has occurred over the past 15 years...There is also a
general bias in aid allocation against large nations, which
regularly received smaller amounts of aid on a per capita
basis. ...It is absurd, but true, that India would have
received more aid in the past if she had split into several
independent countries."

Concerning the role of the multilateral agencies the Report states:

"Since some bilateral donors will continue to give high
priority to political, humanitarian and cultural con-
siderations, distribution of additional aid primarily
according to performance can be ensured only if multi-
lateral agencies try to fill gdps left by bilateral
preferences. This is one of the strongest arguments which
developing countries have been making over the past two
decades in favor of expansion of multilateral aid. ...The
most important advantage of multilateral process is the fact
that 1t is mutual. It gives recipients an opportunity to
monitor donors and donors to monitor other donors, as to the
performance of thelr commitments, the quality and terms of
proffered aid, the criteria of performance, and the ties and
strings attached to aid."”

Finally, the Pearson Report expresses some unusual and thought-provoking
views on "foreign aid" in general:

H-3

NEW JERSEY GEOLOGICAL SURVEY




"The real economic burden of foreign aid to wealthy nations
is often considerably exaggerated. It is mot uncommon to
hear the total flow of resources to developing countries
referred to as something which the rich countries “give"

to the poor.

Nothing could be further from the truth, or more misleading.
...The flow of private capital and official credits under-
taken for commercial reasons have no more the character of
"aid", when they flow to developing countries than when they
flow between industrialized countries. ...If there is reason
to believe that goods devoted to foreign aid would otherwise
have gone to waste, their real cost to the supplier would be
nil. ...In view of the fact that most bilateral aid is tied
to purchases in the supplying country and helps to promote
more production and exports, the real burden must be less
than the face value of the resources which are transferred.

..It is doubtful whether transfers directed primarily to
military purposes and only secondary to long term development
should be thought of as an aid burden at all. In the same
vein, suppliers who expect economic returns from general aid
programs in terms of a foothold in future markets can hardly
maintain that aid is a burden equal to its face amount. In
short, the real burden of aid clearly rumns below the dollar
value of all resources transferred from the developed to the
developing countries. This fact deserves to be more widely
known."

The Pearson Report does not underestimate the importance of commercial
foreign aid programs; what it wants to stress is that foreign aid should
be considered under a new light and that the developed and the develop-
ing countries should become more aware of their common role: to be
"Partners in Development,” as is the appropriate title of the Report.

In this respect, the multilateral agencies, such as the World Bank, in
which both "donors" and "recipients' are represented, are probably the
best vehicle to promote this partnership, and to make it operative.

IT. MULTILATERAL AID AND THE WORLD BANK GROUP

Table 2 illustrates the amount of lending by the different multilateral
agencies for each year from 1960 to 1968. During this period, the
number of multilateral agencies increased from 4 to 9. While the World
Bank (IBRD) is still the largest among these agencies, its share in
the total multilateral operations (which has tripled) has decreased
from 70 to 40 percent. The International Development Association (IDA)
and the Inter-American Development Bank (IDB), which were founded in
1960 and 1961, respectively, have provided an increasing share of the
total, reaching 14 and 15 percent, respectively, in 1968. The share of
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the UN institution, which have mainly financed project preparation,
not implementation, has been fairly uniform with 20 to 25 percent.
The new regional development banks, namely the Asian Development Bank
(ADB) and the African Development Bank (AfDB) have started operations
only in 1968, but are expected to quickly accelerate their lending
volume in the coming years.

The World Bank Group (IBRD, IDA, IFC} will probably continue to be the
leader among the multilateral agencies. Furthermore, although the volume
of multilateral aid will probably always remain small compared with the
volume of bilateral aid, the World Bank has an important role as
coordinator of multilateral and bitateral aid through the increasing
number of consultative groups for specific countries or regions, and
through joint financing arrangements. This means that the World Bank
has a special responsibility in establishing and applying its criteria
for development finmancing, and it is understandable that these criteria
are the target of special interest, and sometimes criticism. But before
explaining these criteria, it is necessary to explain briefly what the
World Bank Group is and what it does.

IITI. THE WORLD BANK GROUP--QRIGIN, NATURE AND FUNCTIONS

The World Bank Group consists of three international financial institu-
tions, the World Bank itself, formally the International Bank for
Reconstruction and Development (IBRD or, in short, Bank) and two
affiliates, the International Development Association (IDA) and the
International Finance Corporation {(IFC). Each has its own special
function, but all are devoted to the same general objective--the
prometion of economic development.

The Bank, the senior institution of the three, was established in 1944
together with the International Monetary Fund. It makes loans to govern-—
ments, or with a government guarantee, at conventional rates of interest.
By June 30, 1970, the Bank had 113 members and had lent a total of nearly
US$14,300 million 1/ to 87 countries.

The International Development Association (IDA) was created in 1960 and
has 105 members (only a few Bank members are not members of IDA). It
finances the same general type of projects as the Bank, selected according
to the same standards, but on terms which place a lighter burden on the
balance of payments of the borrowing country. Its assistance, in the
main, has been confined to countries where per capita incomes are excep-
tionally low (currently, a GNP of US$300 per capita or less determines
the eligibility of a country for IDA funds), and which cannot meet all
their external capital requirements on the basis of borrowing on con-
ventional terms. At the end of June 1970, credits amounting to about
US$2,800 million had been extended by IDA to 55 countries.

1/ A substantial portion of Bank loans (US$2,300 million) has been sold
to participating banks, investment companies, etc.
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The International Finance Corporation (IFC), founded in 1956, supplements
the activities of the Bank by making and encouraging investments on
commercial terms in productive private enterprises in developing member
countries. By June 30, 1970, IFC had 94 members and has made net commit-
ments totaling US$450 million to private companies in 43 countries. (For
the purpose of this paper, the operations of IFC are irrelevant and will
not be further mentioned.)

In most major respects the operating policies of the Bank and IDA are
identical. Both institutions lend only for projects or programs which are
of high priority for the borrowing country's economic development, which are
economically and technically sound and which have satisfactory prospects

of being carried out and operated successfully. The two institutions apply
the same methods and standards in determining for what purposes loans or
credits should be extended and in deciding what conditions need to be estab-
_lished to assure that these purposes will be achieved. The interrelation-
ship between the Bank and IDA can be seen from the fact that of the 55
countries which have been receiving IDA funds, 36 have also received Bank
loans. Some of these countries received these loans before IDA was estab-
lished in 1960, and others became eligible from IDA funds as a result of

a deterioration in their economic situation after that date; nevertheless,
there are quite a few countries which have received and are receiving a
"blend" of Bank loans and IDA credits.

Source of Funds

The fundamental differences between the Bank and IDA are in the sources of
their funds, which in turn have a bearing on the terms under which these
funds are being relent.

The Bank started its operations with a paid-in portion of 10 percent of the
subscriptions of its member countries amounting to about US$2,300 million.
However, the most important source of its funds has become borrowing in the
international capital markets (total outstanding US$4,600 million), mainly
the U.S. (outstanding US$2,900 million) and Europe, especially Germany
(outstanding US$1,100 million). The Bank's bond issues are secured by the
total uncalled capital (90 percent of the members' subscriptions), which

is worth US$20,850 million. It is partly because of this large security-—-
and partly because of the Bank's general credit rating as an efficient and
profitable organization--that it has been able to borrow, and consequently
relend, funds at premium terms. For the borrowing countries, this is the
most apparent tangible benefit from the Bank, namely, that it can provide
funds at better terms than they would normally be able to obtain by borrow-
ing directly in the capital markets. To illustrate this point, the total
amount of bond issues placed by developing countries in the international
capital market from 1964 to 1968 has been a significant US%$1,800 millien,
but US$1,400 of this total were placed by 5 out of 26 countries, namely,
Argentina, Israel, Mexico, Portugal, Spain. During the same period the
Bank placed bonds for US$2,400 million. Nevertheless, because of the
increasing cost of the Bank's own borrowings and in spite of its desire to
hold its interest rate as low as possible, these rates have increased from
less than 4 percent in the first years of Bank operations, to at present

7 1/4 percent.
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In contrast IDA credits (the terms '"loan" for Bank and '"credit" for IDA
are normally used to make a distinction between the two operations) are
interest free, and carry only a low service charge of currently 3/4 percent.
The repayment period is much longer, normally 50 years, compared with 15
to 25 years for Bank loans. These favorable terms are possible only
because the major source of funds for IDA credits are grants or interest
free loans from 18 nations (the so—called Part 1 countries), of the Bank
and IDA members. However, it has been far more difficult for IDA to
assure adequate and timely replenishment of its resources than for the
Bank to obtain additional funds through borrowing in the capital markets.
The original contributions to IDA in 1960 totaled US$780 -million;

since then they have béen twice replenished, in amounts of US$750 million
million and US$1,200 million respectively, Also, the Bank has transferred
US$385 million from its net earnings to IDA.

Purposes and Regional Distribution of Bank Loans and IDA Credits (Table 3)

In the past, Bank loans have mainly been made for Electric Power (33
percent), Transportation (31 percent) and Industry (15 percent); whereas

IDA credits have mainly been for Transportation (31 percent) General Develop-
ment Programs (24 percent) and Agriculture (23 percent). Water Supply

and Sewerage Projects account for only a small fraction (less than 1 per-
cent of Bank loans and less than 2 percent of IDA credits) of the Bank
Group's operation; this phenomena is discussed later in this paper.

There are also marked differences in the regional distribution between

Bank loans and IDA credits: While the former are more evenly distributed
(Asia & Middle East 36 percent, Latin America 39 percent, Europe 18 percent,
Africa 14 percent), the bulk of IDA funds (72 percent) went to Asia &
Middle East, leaving 20 percent for Africa, 5 percent for Latin America

and 3 percent for Europe.

IV. GENERAL CRITERIA FOR PROJECT APPRAISAL BY THE BANK AND IDA

Before any particular project which has been presented to the Bank or IDA
for financing, is appraised, the "creditworthiness' of the country is being
assessed to ensure, in the interest of not only the Bank/IDA but of the
prospective borrowing country; that the terms and amounts of the loan (or
credit) are within the limits which the country can reasonably be expected
to service, taking into accounts all existing and prospective future foreign
debts. The appraisal of the project itself usually involves six different
aspects: economic, technical, commercial, financial, institutional, and
organizational and managerial aspects.

The objective of the appraisal of the economic aspects is to determine

(1) whether the sector involved is of priority for the economic development
of the country concerned, and (ii) whether the project is of sufficiently
high priority in this sector to justify investment in it. The relative
financial return of different projects is frequently not a sufficient

test of their relative contribution to a country's development. In many
cases, basic investments are required before other investments in more
Ammediatelv profitable activities can be undertaken,
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The benefits properlvy attributable to these basic investments mav be very
great even though the direct earnings, at least in the short rum, are not
high or may even be non-existent.

The economic appraisal involves an investigation of the demand for

the goods or services which the project is expected to produce. This
study may be of varying scope, ranging from a narrowly localized study,

as in the case of a municipal water supply project, to one that is nation—
wide, as in the case of a national railway project. In some instances,
the investigations may need to be world-wide; for example, in the case of
a project to develop a source of iron ore for export. An important
question which will normally be investigated during the economic appraisal
includes the relative merits of alternative ways to provide the goods and
services required.

The appraisal of the technical aspects of a project involves an investiga-
tion of the detailed engineering plan for its construction and operation,
including the proposed scale of the project, the type of process or equip-
ment to be used, the location, layout and design of the various elements.
The technical staff available to the borrower, both for carrying out the
project and for operating it, is evaluated and a judgement is reached whether
outside help is required. When, in the Bank's opinion, consulting engineers
or other experts should be brought in, the Bank often assists the borrower
to prepare terms of reference. The choice of consultant is made by the
borrower, but the Bank satisfies itself that the consultant chosen is
suitably qualified; it believes that a selection should be made on the

basis of qualification to perform the work, not on price.

An important part of the technical appraisal of a project is an investiga-
tion of the assumptions on which the cost estimates have been calculated.
Cost estimates should include adequate contingencies and provisions for
interest during construction, and for initial working capital.

The commercial aspects of project appraisal entail a review of all arrange-
ments for buying and selling. In the construction phase, this involves

the arrangements for buying the materials needed to construct the project.
The Bank is concerned that the borrower shall obtain the best value for

the money spent--an objective normally attained by requiring international
competitive bidding. For the operating phase, it involves the proposed
arrangements for obtaining the raw materials, power and labor needed to
operate the project, and for marketing its product.

The appraisal of the financial aspects of a project usually falls into

two sections: that concerned with the amount of money required to bring
the project into operation and with the sources from which it is to be

obtained, and that concerned with operating costs and revenue and pro-

spective liquidity in the operating phase.
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Since the Bank and IDA finance only a part of the project cost, it is
necessary to ensure that funds from other sources are available on
reasonable terms to meet the balance.

Financial projections must also be calculated for the operating period
and are necessary, for example, for a revenue-earning project to estimate
the financial return on the investment and to determine whether the
borrower is likely to have sufficient working capital. In the light

of these projections, a judgement has to be made about the soundness

of the financing plan.

The institutions are also concerned with the organization proposed for
the execution of a project, both during the construction and operating
phases. 1In the case of some projects, the Bank has conditioned its
assistance upon the creation of an autonomous operating authority
insulated from political pressures and rigidities of government administ-
rative procedures.

The Bank and IDA place particular stress upon the assurance of adequate
management for a project. In cases where adequate local management is
not available, the borrowing country or the enterprise concerned is asked
to look for organizations or individuals qualified to assist in running
the enterprise, at least during the initial stages, and to provide
appropriate management training to local personnel.

It would seem that all these criteria are reasonable and ought to be
applied not only by a lending institution such as the Bank or IDA, but

by any authority which is involved in programming, preparing or imple-
menting a project, regardless whether it is located in a developing or

in a developed country, and regardless of whether outside financing is
involved or not, Yet, as Mr. Shoaib, one of the Bank's Vice Presidents,
stated at the 1967 Water for Peace Conference in Washington, "Looking
back after two decades, it is easy to see that any country in a position
to meet such apparently routine requirements without help could hardly

be classified as underdeveloped'. However, the conclusion to be reached
is not that the requirements are too rigid, but that most of the develop-
ing countries need assistance in meeting - gradually - these requirements.
This distinguishes the Bank Group (and the other multilateral agencies)
from most normal lending institutions: It acts, increasingly, as advisor
and counsel for its poorer members and not as a lender who is only
interested in protecting his investment.

The key question and the area of potential controversy is, of course,

how the Bank and IDA apply their general policies and criteria to

specific cases. In the following chapters, this is explained with respect
to water supply and sewerage projects.
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V. FINANCING OF WATER SUPPLY AND SEWERAGE PROJECTS

A. Background

The World Bank is mot a prime lender for water supply and sewerage (hence-
forth WS&S 1/) projects, nor does it claim to be an authority in financing
such projects. Certainly, it is far from becoming what Professor Mehta 2/
once suggested as a desirable vehicle for promoting these projects, -
namely an "International Water Supply Bank". If any institution deserves
such a title, it would be the Inter—American Development Bank (IDB),

but its operations are limited to Latin America. Latin America is indeed
fortunate to have not only the IDB but also the Pan American Health
Organization (PAHO) preparing projects in the sanitary engineering field,
and assisting in their implementation. The following table--showing the
status as of 1969--may illustrate this fact better than words:

% of
Lending for WS&S Projects Million % of Latin
Us$ Worldwide America
Worldwide 895 100
Latin America 557 62 100
IDB 399 45 72

A comparison between the operations of IDBE and the World Bank with respect
to WS&S project lending is interesting in several other respeects (Table 4).
Two points should be highlighted:

(i) Compared with only 1-2 percent of all Bank/IDA lending,
IDB loans for WS&S projects represent more than 15
percent of all IDB lending.

(ii) The average Bank/IDA loan for WS&S projects was about
US$7-8 million (Bank US$10 million and IDA US$4 million)
which is somewhat higher than the average IDB loan for
WS&S of US$5 million. However, while the average IDB
loan for WS&S has been about the same as the average
amount of all IDB loans {(US$6 million), the overall
averages of Bank loans (US$20 million) and IDA credits
(US$13 million) are two to three times higher than the
respective averages for WS&S projects.

These comparisons give an indication of the different type and scale

of operations of the respective institutions. But WS&S is not the only
area of Bank/IDA lending, where the average loan amount is below 'mormal"; «
the same is true, for example, in the case of Education Projects.

1/ This refers to water supply or sewerage projects, or a combination
of both.

2/ Central Public Health Engineering Research Institute in Nagpur, India.
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Also, the number of loans made in the past and their size are by no means
an indication of a preference of the Bank Group for specific types and
sizes of projects, and there is no "bias" against WS&S projects. The
Bank's position and experience with WS&S projects is reflected as follows
in the Annual Report - 1970:

"Water supply projects provide valuable benefits to the
population of areas in which they are located, but there
are often serious problems involved in setting up sound
projects for this purpose. The need for such projects
is usually greatest in the rapidly growing cities of the
developing world; all too often, however, these cities
do not charge or collect adequate tariffs, and are
dependent on their countries' already overburdened
national budgets for urgently needed funds.

This situation, which often leads teo the unavailability of
sufficient funds to carry out projects, underlines the
desirability of adequate levels of charges which will provide
the funds to enable the water authority to work effectively.

The Bank Group is also concerned that the water authority has,

or can develop, the ability to execute and operate the project

in a reasonably effective manner. This often requires a

large measure of institution building. The Bank's concern

with rate levels and institution building is part of its overall
policy of taking every possible step to see that the projects

it assists provide a soundly based, economical and self-sustain-

ing service to the community for whose benefit they were established.

Notwithstanding the real difficulties involved in establishing
expanding properly managed water supply systems, the Bank
hopes it may be able to support further projects during the
coming years in this area of urgent need. It encourages and
assists in the preparation of suitable projects and examines
with special interest UNDP pre-investment studies in this field
being carried out by the World Health Organization (WHO)."

Hence, the problem has been mainly that--except in Latin America, which
is relatively well assisted by the IDB and others, including the Bank
Group--there are not enough suitable WS&S projects ready for finamecing.
In many countries, Water Supply and Sewerage is not even recognized as
a matter of national concern. Consequently, the investment programs
prepared by the national planning offices of these countries have often
no, or only inadequate, provisions for this sector. Usually only the
capital cities are able to attract sufficient attention to their needs
in water supply and sewerage.
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In fact, with a few exceptions, most Bank/IDA lending for WS&S has been
for capital cities (see Table 5). There are certain economic arguments
for placing a high priority on WS&S projects in large urban areas (there
the greatest number of people can benefit from the minimum expenditure

of money, manpower, and other resources), compared with smaller cities and
rural areas. But the Bank Group is aware that, so far, the projects for
which financing has been requested and was provided, were not selected on
the basis of balanced and comprehensive country-wide sector studies. This
leads to the question of what is the "economic justification” for WS&S
projects.

B. Economic Aspects

One of the elements on which the economic appraisal of a WS&S project is
based, are demand projections., These should be as detailed as possible
and should take into account not only projected population growth, increase
in per-capita demand, different requirements and consumption patterns of
different consumer groups (domestic, commercial, industrial, public) but
also the "elasticity" of water demand, as for example, affected by price,
rate structure and metering. Textbooks are not always the best guide in
establishing demand estimates, and the per-capita consumption in some
developed countries is more an example of water waste than an indication
of high economic development. Most important is a realistic estimate of
the amount of unaccounted, water, or more general "water losses", which
in many cases have been found to be far above any acceptable level, some-
times unknown even to the engineers responsible for the system.

The techniques to analyse projects from an economic point of view. and to
quantify the merits of different projects. can only briefly be mentioned
here. They are: Cost-Benefit Analvsis, Internal (or incremental) Rate

of Return Calculation, Discounted Cash flow, Present Worth Analysis, etc.
In all these different but interrelated types of analysis, the sources

and terms of financing are immaterial. 1In other words, the results are
the same if a proiect is financed without, with limited, or with a large
amount of foreign funds; nor are they affected by the proportion between
borrowed funds, funds generated from operations, and others. Economically,
all these funds are capital, which has a "price", sometimes called the
"opportunity cost of capital. The "price" is different from country to
country, but is always above the actual lending rates: nobody would borrow
money unless he expects to earn from investing it more than the amount
needed to service his debt. Similarly, any country should be careful in
investing its scarce financial resources (whether its own or borrowed) in
projects which have an economic return below the respective "opportunity
cost of capital".
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Accordingly, the key factor in analyzing the economic efficiency of any
project is the mesurement of cost and benefits in economic, not financial,
terms, While the "cost" of WS&S projects can normally be defined without
too many difficulties, there is considerable discussion among economists
on what should be considered the "benefits'". The easiest solution would
be to define such benefits as the "maximum consumers would be prepared to
pay for succsssive quantities of water or for successively better sewerage
service." There are, however, two more types of benefits, normally
referred to as "social benefits', which are above those realized by
individual customers,

The first is related to the collective nature of water use like-—for
instance, street cleaning and public gardens watering, in short, the
contribution to the aesthetics of urban 1life; the second - more important -
are the "external" effects of water use, namely eradication or reduction
of water-borne diseases, resulting in reduced disability, morbidity and
death rates, in lower medical expenses and in increased productivity of

the labor force. Further benefits are reduced fire losses, and, in turn,
sometimes a reduction in fire insurance premiums. ’

Unfortunately, the efforts spent by many talented people to quantify these
"social benefits" have not yet resulted in formulas which have been generally
accepted or could be generally applied, Moreover, there is a wide gap
between those who consider even a discugsion of the desirability to quantify
such benefits as "immoral", or at least strange, and those who suggest that
(i) from an economic point of view some of these benefits--especially
population prowth--—are no benefits at all., but rather unfavorable side
effects of improved water supplv: or (ii) "social infrastructure" such as
water supply. sewerage. housing is normally productive only in the long

run., and cannot be considered a precondition for. but rather a "fruit"

from, development; or (iii) improvements in urban WS&S are likely to
accelerate migration from the rural areas into the cities and thus worsen
the urban problems.

The truth, as always, 1s probably somewhere between these extreme positions.
On the one hand, there are intangible benefits of water supply which cannot
be quantified but are important for the improvement of human life and of
living conditions. On the other hand, social infrastructure is not a means
by itself, but its development should be programmed in balance with other
basic investments in the economy. There are quite a few examples, where

an originally sound policy of placing pricrity on productive investments
has led to an impasse for further development when there was an overcapacity
in, say, electric power and industrial facilities, but a severe backlog in
other essential services, such as water supply for industrial and domestic
use.
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As to the "urban" argument: migration from the rural into the urban areas
will take place (and has taken place) even if the social infrastructure

is deficient, because urban areas are, and will increasingly become, the
essential dynamos for progress in all industrializing countries. The

World Bank has become increasingly aware of urban problems and it is
concerned about the deteriorating conditions in many cities in the develop-
ing world. This was expressed in Mr. McNamara's address to the Bank's
Board of Governors at the Annual Meeting in 1969: '"The phenomenon of urban
decay is a plague creeping over every continent, but its corrosive effects
are critical in the poorer nations. The resources required to provide
minimal services and infrastructure for urban populations, which in the
year 2000 may be 500% higher than today, are staggering. Our knowledge of
how to best deal with the whole issue of urbanization remains primitive.
But one point is clear: the problem must be dealt with on a comprehensive
national basis".

C. Technical Aspects

As pointed out earlier, preparation of WS&S projects for Bank lending has
required proportionately much time and effort. In most cases, the reasons
were not so much deficiencies in detailed engineering but unsatisfactory
planning. This refers mainly to the identification and analysis of
alternatives of staging long range master plans, and of alternative schemes
for the proposed initial stage, and is closely related to the economic
analysis and justification of projects. In many cases, when the Bank/IDA
eventually approved a loan, the project had changed substantially from the
time when it had first been presented for financing. Changes had been
made, '

(i) in the scale of the project: and contrary to some
beliefs, there have also been cases where the Bank
has encouraged much larger schemes than had been
proposed;

(i) in the basic supply alternative: e.g. groundwater
instead of surface water and vice versa;

(iii) 1in the emphasis on various project elements: often
the possibilities of reducing water losses by rehabili-
tating the distribution system had not been sufficiently
explored; additional supply would have largely fed water
leaks, and would have been lost for actual consumption.
This problem is of special importance where supply had
been intermittent and supply hours are expected to
increase as a result of the project.
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0f particular concern in preparing WS&S projects in developing coun-
tries are the design criteria. Criteria which have proven to be
adequate or may even be standards in "rich'" countries with a shortage
of labor and with a sophisticated technology should be carefully
reviewed and if necessary modified, before being applied to projects
under different climatological, social and economic conditions.
Important savings in cost can be made if, in preparing specifications
for bidding, engineers leave as wide a range of options as possible
for different, but equivalent equipment (e.g. pipe materials, pump
sizes, meter types). The desire to maintain a reasonable degree of
standardization is, of course, an acceptable constraint.

In summary, based on the Bank's past experience, there is much room for
improvement in the preparation of WS&S projects. Planning engineers
from the developing countries, and consulting engineers from the
developed countries assisting them in project preparation, should be
aware that the product of their work is in competition with many other
proposals for investment in the countries concerned and that it depends,
among other things, on the quality of this product whether or not more
WS&S projects will be implemented in the future.

Professional enthusiasm alone is not sufficient, and the desire to
design a technically perfect scheme, using the most advanced techniques
and employing sophisticated devices, often leads into the wrong direction.

D. Commercial Aspects

Under "General Criteria for Project Appraisal' it was stated that
these aspects refer to all arrangements for buying and selling, during
the construction and during the operating phase.

The "selling" aspect is frequently neglected by agencies responsible
for WS&S services; this is understandable, because in most cases the
backlog and shortages are so great that it seems hardly possible that
there would ever be a problem of finding a market for water. However,
there have been cases where it has proven difficult to attract and to
connect the projected number of customers to the new facilities. This
problem is likely to occur where the project provides new facilities

in an area which had previously no or only partial community WS&S service,
and where consequently the public was forced and able, and later accus~
tomed, to using private facilities. Special legislation may be needed,
but may not be easy to obtain, to ensure an adequate support of the new
system.

Naturally, during the stage of project preparation and implementation
the "buying' aspect is of much more immediate concern. The Bank/IDA
has issued '"Procurement Guidelines” which normally become part of its
agreements with the borrowers. These Guidelines suggest specific steps
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to the project authority with respect to preparation of bidding documents,
bid advertisement, bid opening, bid analysis, and to gemeral contract
provisions. The basic requirement is that--with a few exceptions—-
borrowers are expected to assure "international competitive bidding"

on all contracts related to the project. The term "international” is
qualified in the sense that bidding must be open but is limited to all
Bank member countries (and Switzerland, which is not a member but has a
special relationship with the Bank). In exceptional cases, the Bank
may agree to reserve certain contracts for local procurement; however,
these contracts may be excluded from the package of works regarded as
the '"Project" financed under the loan; this has no implications when the
loan is only made for foreign exchange expenditures, but it may be im-
portant, if the loan amount is determined as a percentage of the total
"project" cost.

The requirement of international competitive bidding is accepted by
all Bank borrowers witheout difficulty, when procurement is for goods
for which there is no competition from within the borrowing country.
There is overwhelming, and sometimes dramatic, evidence from thousands
of contracts procured under Bank/IDA financing, that such competition
results in substantial savings, compared, for example, with the "tied
aid" of many bilateral assistance programs. However, internaticnal
competition is more controversial when the goods and services involved
are also available from within the borrowing country.

The Bank Group's two basic objectives, namely (i) to ensure--through
wide competition~-that borrowers obtain the best value for their money
and that all member countries have the opportunity to participate in
such bidding, and (ii) to provide a reasonable degree of protection

to the domestic industry of developing countries, thereby stimulating
industrialization and economic growth, seem to be difficult to reconcile.
In practice, the question is how to compare bids from foreign and

local suppliers, and how to determine the "lowest evaluated bidder"

to whom the contract should be awarded. 1In the past, the Bank has, in
appropriate cases, and at the request of the borrowers, agreed to a
certain degree of "preference" for local suppliers, nermally 15%, or

the amount of custom duties on the CIF price of the lowest foreign bidder,
whatever is lower. Such an across-the-board formula is simple but, de-
pending on each case, it may or may not provide an acceptable and ade-
quate degree of protection for local suppliers. This is especially true
if the locally produced goods themselves have a large import component.
Therefore, from an economic point of view, a formula based on "value
added" (to the import component) would be preferable, but is more diffi-
cult to design and more so to apply.

With respect to WS&S projects--as in most other projects--the ability of
local firms to compete with foreign suppliers varies from country to

country and depends on the stage of development. It is first for civil
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works, and later in the manufacture of pipes (especially concrete pipes),
and then in the production of mechanical equipment (pumps, motors, and
sometimes water meters), where local firms become increasingly
competitive.

E. Financial Aspects

The need to have sufficient funds available to cover the cost of con-
struction of a proposed project would seem to be a generally accepted
fact. It is all the more surprising that in some of the Bank/IDA's
WS&S projects, it has taken a long time after the loan/credit was in
principle assured, to obtain evidence that the balance of the funds

was available from local sources (the project authority, the Government,
local financing agencies or others).

However, it is with respect to the financial criteria for the
"operating phase," not for "project construction,'" where the Bank/IDA
is most commonly criticized as being too rigid and following a hard
line. The principal scapegoat is the concept of the "financial rate of
return," or more general "profit,'" which the Bank applies to all
revenue earning projects, and specifically to public utility projects
(electric power, telephones, water supply).

The financial Rate of Return (in?%) for a given year is defined as:
A+ B

C x 100
Whereby:
A = Net Income = Gross Income minus the sum of
(from Water Sales, (i) Operating Costs (Sal-
Sewerage Service aries, supplies, etc.)
charges, etc.)
(ii) Amount added to reserves
for depreciation.
(iii) Financing Charges
(see B).
B = Financing = Interest (but not
Charges Amortization)
C = Net Fixed = The realistic present minus Accumulated depreciation
Assets value of all fixed (based on realistic
assets (excluding present value of the
inventories and other fixed assets).

current assets) except
work in progress.
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It is important to stress that for the purpose of calculating the Net
Income, amortization is not a cost; it is, of course, an expenditure
to be taken into account in cash flow forecasts. ''Capitalized”
Operating Costs (e.g. salaries of staff directly engaged in project
preparation and supervision) and Capitalized Interest (interest on
loans for projects during the construction period of such projects)
have to be deducted from the totals before entering the amounts Iinto
the calculation; these capitalized costs become part of the project
cost and thus of the "Rate Base."

Arguments brought forward against the ''rate of return concept' are

both "qualitative" (namely on the principle of using this concept for
WS&S projects) and "quantitative" (on the size of the return requested

by the Bank). As to the concept, which in*simple terms requires a

WS&S company to earn enough money to cover not only its current expendi-
tures but to accumulate certain amounts for future expenditures,

Barbara Ward, the well-known British economist, who can hardly be accused
of being a "capitalist,” wrote in 1962:

"A developing country should aim its policies at ensuring the
quickest rate of capital accumulation. Profits should be
strongly encouraged, in public as in private enterprise, and
tax systems arranged so that all the incentives are towards
their reinvestment. This does not always arouse much
enthusiasm among planners brought up to believe in the inherent
immorality of profits and ready to run essential public services
on a 'no profit, no loss' basis. But profits are one of the
chief means by which resources can be put at the disposal of
society, and, as is little known, are a major source of
investment in Soviet Russia.”

As to the size of the return, the Bank is aware of the fact that water
supply and even more so sewerage authorities, have normally to recover
from a substantial backlog in investments and cannot be expected to
immediately generate as high returns as would be desirable.

Therefore, as is reflected in most of the Bank/IDA loan agreements for
WS&S projects, borrowers are given a certain period of initially low,
but increasing returns to achieve the desirable target; the target
itself depends on each case, but is normally between 8 to 10 percent.
In practical terms, the rate of return concept, coupled with the pro-
jections on actual cash requirements (which sometimes demonstrate the
need for more funds than would be necessary to achieve the agreed-upon
rate of return), has a direct bearing on the charges which have to

be levied on the water and sewerage customers. This is where economic
and financial "theory" ends, and where practical and often political
considerations begin.
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It is sometimes argued that it is irrelevant, and the Bank should not
be concerned about, how the total amount of the necessary funds for
WS&S5 services is being generated. However, in the Bank's view, the
most equitable way of charging for water, and the least conducive to waste,
1s to relate water charges as closely as possible to actual consumption:
this requires metering of preferably all connections which can normally
only be achieved in stages. Proposals to charge for water on any other
basis than consumption (e.g. property value, fixed amounts with minimum
consumption allowance) or to give water "free" to certain consumer
groups (hospitals, schools, government) are therefore carefully reviewed
during financial appraisal of a WS&S project. . It has sometimes been
accepted that the Government or the municipality pay, or subsidize pay-
ment, for water consumption of certain economically weak consumer groups
which they wish to assist.

Financial management of a WS&S company, or of any other public utility,
requires an efficient and business-like accounting system. Billing and
collection, budget control and budget programming are important areas

of financial management. Accounts should regularly be audited by
independent auditors. The quality and effectiveness of a public utility
company, as of any other business or government, canvalways best be
assessed from the way it is handling its financial affairs.

F. Institutional, Organizational and Managerial Aspects

If there is a single most important objective of the Bank Group's
operations, besides providing funds for financing projects and programs,
it is to help the developing countries in building institutions which
provide the necessary organizational and administrative framework for
planning and implementing public and private investments. The need for
such assistance is especially great in the WS&S sector. It involves

the institutional setup at the national government level, the local
organizations responsible for constructing and operating WS&S schemes,
and the recruitment of competent managers, experienced professionals
and skilled labor to staff such organizations. However, there are no
textbooks or formulas which provide a tool for defining the best proposal
or for measuring the success in a given case. Neither does the Bank
have ready-made solutions.

W5&5 has some peculiar features: On one hand, WS&S services are mostly
"local," seldom regional, and almost never national (in the sense of
nationally interconnected systems).

On the other hand, while the supply of good and sufficient water is
essential for almost any economic activity, the demand for industrial,
and even less for potable water represents normally but a small
percentage of all available water resources in a country; most of these
resources are used for other purposes (especially hydropower generation
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and irrigation). Therefore, one can find a variety of institutional
solutions in different countries with respect to the allocation of
responsibility for WS&S, and for "water' in general. For the purpose
of water resources allocation and from the point of view of WS&S, most
of these arrangements can be adequate, as long as it is assured that
sufficient quantities of water are reserved for water supply. However,
in spite--or possibly because—-of the proportionately small quantities
of water involved, this requirement is sometimes overlooked and in some
national water programs there is '"no water left” for community water

supply.

More important from an institutional point of view, is the guestion
how to organize and exercise at the national government level regulatory
functions related to WS&S services, such as developing and adminis-—
trating rate policies, monitoring financial performance, setting
technical standards, etc. Considering the difficulties of most WS&S
services in developing countries, the need for such coordination and
central assistance is obvious. Therefore, while the Bank does.not
necessarily suggest or support the establishment of a national water
authority, it strongly recommends instituting and enforcing sound na-
tional public utility policies (not limited to WS&S) and giving support
to the operating agencies in following such policies.

As to the responsibility for constructing and even more for operating
WS&S services, the Bank/IDA's experience indicates that this should
normally be left, or delegated, as close as possible to the local
level. However, regardless of whether the authority is established

at the municipal, regional or national level, it should be organized
and operated as a revenue-earning utility, separated from normal '
government bureaucracy, and not be subject to political interference
in its normal affairs. It should be able to independently set water
rates in accordance with sound financial criteria and within the limits
of generally accepted rate policies in the country. It is in this re-
spect that the Bank/IDA has a preference for setting up a new autono-
mous authority before approving a loan for a public utility project.
0f course, this authority will normally be owned by the public and it
may have a board in which the political councils are represented.

Even where such an autonomous authority cannot, or not immediately,

be established, the Bank/IDA suggests that the WS&S service be
organized as a separate department within the general structure of the
respective local or national government. This refers especially to
keeping WS&S accounts separate from the general books in order to
clearly allocate income and expenditures, and determine the financial
performance, of the WS&S service.

The organizational structure of a WS&S service should be functional
and should define lines of responsibility in such a way that management
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can effectively delegate authority without losing control over the
operations. This requires the installation of effective management
Teporting systems and of general communications systems within the
organizations,

In this respect, a WS&S service should not be different from any other
commercial firm. Experience shows, however, that the principle of
operating revenue-earning public enterprises in a business-like manner
is least developed at the municipal level and, in turn, seldom adopted
for WS&S service.

The best institutional framework and the most perfect organizational
structure are useless if there are no men to staff the key positions

on the top and at the supporting levels of these organizations.

Without any doubt, and this is the case not only in many developing but
also in a number of developed countries, WS&S companies are not very
glamorous; they have usually great difficulties in attracting qualified
staff, and even in competing with other public enterprises in recruit-
ing competent people, especially for the top management positions. In
many countries, where career opportunities for engineers in top
government positions are scarce, management of WS&S companies is usually
"reserved" for civil or public health engineers. While there may be
many good reasons for this policy, it fails to recognize that management
is an art on its own, and no professional group——engineers, accountants,
lawyers, etc.--can claim to offer the best or exclusive qualification
for management.

Quality of management and of staff at any level of an organization

is always closely related to the salaries and salary incentives, and

to the job security which this organization can offer. Public enter-
prises can seldom compete with salaries in private industry, and thus
job security is often their main attraction. Even if this element is
absent, as it is for many top positions of politically influenced public
services, it is hardly surprising that qualified people stay away from
them, and if a Government employee is "deputed" to such an organizatien,
he is more likely to consider it a demotion than a possibility to

expand his experience.

In a number of countries, there is not only a scarcity of good managers,
but also of engineers with sufficient experience and expertise in the
specific technical aspects of a WS&S service. In these cases, scholar-
ships for training in well-established foreign water authorities or

for graduate studies at specialized foreign universities may provide

a solution, although not for the immediate future. Once a certain amount
of experience has been accumulated in the country itself, and this
process normally starts at the WS&S services of the larger cities,
specialized courses at local universities and national training programs
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should be established. In this way, experience can be handed down to
the smaller cities and to the rural areas. This is a long process, and
the absence of sufficient and sufficiently trained staff can be a strong
argument in favor of establishing a national water authority responsible
for all aspects of WS&S, including operation of certain systems, where
the local authorities cannot provide the necessary support of personnel.

The foregoing notes show that the solution of the management problem

is first of all a question of manpower and second of education and
training. Outside assistance can help to resolve the latter problem,
but very little to overcome the first, which will always remain the
responsibility of government at all levels in the country concerned.
Management consultants can be of great help, and employment of such
consultants may be one of the conditions for a Bank/IDA loan. However,
they should primarily be advisors to local executives and should be
given executive responsibilities only in exceptional circumstances

and for a limited period. This does not mean that their task is limited
to designing manuals and giving lectures in advanced techniques of busi-
ness administration; on the contrary, they should not only make sure that
the new manuals are understood by the people concerned and can be made
operative under the specific circumstances but should--especially in

the early phases of their assignment--actively participate, when nec-
essary, in the day-to-day operations of the organizatiom. '

VI. LOAN ADMINISTRATION AND PROJECT SUPERVISION

Project selection, preparation and appraisal are only the initial

steps in the Bank/IDA's involvement with a specific project. Once a
project has been appraised and in principle accepted by the '"Loan
Committee" in the Bank/IDA, representatives of the respective govern-
ment, the borrower, and the project authority {(which may be identical)
are invited for negotiations. After negotiations, the legal documents
are finalized and the loan/credit proposal is presented to the Bank/IDA's
Board of Executive Directors, who represent the member countries. After
the Board's approval, the loan is signed and--provided certain steps

are taken by the borrower--becomes effective.

It is at this time, when the second major phase of the Bank/IDA's
involvement with a particular project begins: Supervision. On the
average, each "active" project is visited at least once a year ("problem"
projects more often). The great importance which the Bank/IDA attaches
to project supervision can be seen from the fact that there are as many
supervision missions every year as there are project identification,
preparation, or appraisal missions. In addition, the Bank requests its
borrowers to prepare and submit periodic progress reports {monthly,
quarterly, annual), covering all important aspects of project construc-
tion and of operations. These progress reports are designed not only
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to provide the Bank with information, but also to serve as part of the
borrower's internal management reporting system. Supervision of Bank
financed WS&S projects is essentially the same as for any other type
of projects. However, as was mentioned in connection with preparation
and appraisal, WS&S projects have required much more attention than
the "average" Bank project.

VII. OUTLOOK

The Bank/IDA's experience with, and its interest in, Water Supply and
Sewerage (WS&S) projects is considerably larger than what the rela-
tively small number of past Bank/IDA lending for such projects would
suggest. The number of WS&S projects which are currently under
consideration by the Bank/IDA and are expected to result in loans

or credits within the next two years is almost twice as large as the
total number of WS&S projects financed since the early sixties, when
the Bank/IDA started lending in this sector.

This increased emphasis in WS&S projects is in line with the Bank's
growing interest in urban rehabilitation and development problems and
with the trend of expansion of the Bank's activities into other
"difficult" sectors like education and population planning.
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TABLE

Comparison between the World Bank znd the Interamerican

Development Bank wiith respect to Financing of Water

IDB {as of December 1969)

Number
Amount - Total

- Average

Supply snd Sewerage Projecls
{amounts in million US$H)

Loans for Water Supply & Sewerage

IBRD (Bank) (as of June 1970)

Number
Mmount - Total
- Average
IDA (as of June 1970)
Number

Aount - Total

Average

2

Bank and IDA (as of June 1970)

MNumber
Amount -~ Total

~ Average

Source: "Annual Report -

All loans
565 86
3,429 L5t
6.1 5.3
706 12
1h,275 125
20,2 10.4
221 10
2,773 38 Y
12.5 3.8
927 22
17,047 163
18.4 b

World Bank 1970" and

"Anrmual Report - IDB, 1965".

1/ Net of cancellations

JKrombach IBRD

September, 1970.
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% of all loans

15.2

13.3

1-7

9

4.5
1.k

2.4
1.0




IZRD LODARS AND INE CREDITS FOR WATER SOTPLY £ND - WERAGE TROJFCTS

(A8 of pugust 11, 1370,
{amounts in =illion US})

~e—ununne—Forelgy Floaacing-~---—=-=
Total Total Cancellotion
Fincal Loan or w3 Project Joint Frojact a:?d S
Years Countxy Gredit No. City o S Lont IERD I Loana _Cost _ Pefunding Disgluraed
1962 CHTNA 9 Talpei kil 9.7 L.L Lg b }%
JCELARD n Reykjavix (hot) WS €.2 20 - 2 - 1
JoRDAH 18 Apzan wSs 2. = 2.0 8 =5 )
18.8 2.0 [ B
! 100
1963 H1CARAGUA 26 Fanagus ¥ L8 — 2:0
2/
. &1 Dacca WS&S 50.1 - 26.0 g2 12.8 17
104 ;ﬁiﬁﬂ L2 Chittagorg W5kS L3.0 - 2.0 56 1'1.1.3 “3)3 2/
JGRDAN 83 Various Cities WS 5.0 - 3.5 10 .
98.1 S 2.2 0.8
1965 PHILIPPINES 386 Mnjla w3 La.2 0.2 - L2 R :£
$1KGAPORE Ias 1 w3 13.1 6.8 = %0
B1.3 27.0 .
77
. ac Bujuntars s 1.6 - 1.1 69
1966 BURUNDI s .1 21 - ® 80
VENEZUELA L, Cavacas Shel e
. 21, 1.
1967 PAKISTAN 106 Lahore W5kS g.6 — 18 L1 {3weden) 0
(i 50
1948 SINGAPORE 503 Ir S 16.0 8.0 - 5
i . iL.0 - 3.0 (vs & Lb he
COLOMHTA 536 Bogota ws 35.3 = ; ‘
JAMATCA 598 Kingeton w3 9.0 5.0 L —_
50.h 27.0 - .0
1969 STRGAPORE it Foed s 22.L 6.0 - - 21 1
HALAYSIA ch1 Fuals Luspur us 7.7 3.6 - - L7 3
TUNISIA 584 Tunie & Others I w3 32.8 15.0 - 5.0 {:\m; 81 3
R}
CAMEROUN 0L Yaounde Tuals w3 6.1 5.0 - 1. 36
(France)
636 256 - 6.l
1970 GEANA 160 dcera-Tema vaes 5.9 - 3.3 59 1
COLOMBIA 62 ca1y vsaS 7.5 18.8 - - 19 -
TUNISIA 209 Tunis & Othars II WSkS 19, - 10,5 3.5 (swe- T3 -
- 62.6 18.5 1 1.5 dma)
TOTAL (As of August 31, 1970) 4o -
5 W5aS
1 s
22

wLs @A 88 M€ W8
(12 Loura} (10 Credite)

Source; "Statement of Loana and Credits,"as of August 31, 1%70.

i W5 « Water Supply
8 = Sewerage

2/ Of reasining credit after partial capcellation.

Jireabach IBRD
Septenber, 1970 H- 28
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FEDERAL POLLUTION CONTROL LITIGATION

by

WALTER KIECHEL, JR., S8.J.D.

Deputy Assistant Attorney General, Land and Natural Resources
Divigion, U.S8. Department of Justice, Washington, D.C.
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The year 1970 brings an increasing awareness and concern about conserva-
tion of natural resources and improvement of our environment. As a
charter member of this seminar, I am aware of the awareness of this
group of the problem. In fact, it is due to the activities of scholarly
groups such as this seminar, as well as conservation organizations who
have long been at work crying the alarm, and local, State, and Federal
agencies, and the increasing severity of the conservation and environ-
mental problems that we have this increased concern.

I. Changing attitudes

One of the remarkable things apparent to one who has been engaged in
conservation litigation for a number of years is the change in attitudes.
I am referring not just to the public concern and awareness regarding
conservation values and enviroumental control. I refer to the change in
attltude of responsible officials of corporatiecns, governments, and other
such '"policymakers."

A case in point is the Great Lakes litigation concluded in June 1967 by
decree of the Supreme Court of the United States. To pollute Lake
Michigan deliberately is, in this enlightened year of 1970, unthinkable.
But it was not always thus. In fact, little more than 10 years ago, the
complainants in this litigation, the sovereign States of Wisconsin,
Minnesota, Ohio, Pennsylvania, Michigan, and New York, sought and obtained
the reopening of the 1930 Supreme Court decree on the representation that
the Court should require the return of Chicago's treated sewage effluent
to Lake Michigan.

The United States, which had never been a party to this interstate litiga-
tion involving diversion of water from the Great Lakes to the Mississippi
watershed, intervened. Prominent in the grounds for our motion for inter-
vention in 1959 in the reopened litigation was the protection of Lake
Michigan and the other Great Lakes as one of the precious natural
resources of the Nation. A comprehensive Federal pollution study of the
Great Lakes was initiated; results from that study were introduced into
evidence and formed the basis of Findings of Fact confirmed in the decree
of the Supreme Court (which, incidentally, became effective March 1, 1970).
By this Federal intervention and participation, the proposal for discharge
into Lake Michigan of sewage effluent was illuminated and rejected.

Today, the whole endeavor is to keep pollution out of Lake Michigan.
Today, there is a considerable amount of anxiety and activity directed
toward that end with respect to not only the Great Lakes but our other
lakes and rivers. There is great concern also about the pollution of
our air, the accumulation of solid wastes, noise pollution, and how we
can control these and other such insults to our environment.

I1. The "problem"

With this rebirth of responsibility comes the realization that it is not
solely a pollution problem. Related is our increasing population, and
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its concentrations in urban areas; prosperity and greater leisure time;
the returnable tourist with the nonreturnable bottle. It is our affluent
and expanding soclety (and you can begin the word effluent with either
an "a" or an "e" in this context) that causes many of our environmental
problems. As Pogo so wisely observed in this connection: 'We have met

the enemy, and they is us."

It is unnecessary for me to chronicle the various happenings by which
this environment of ours is being despoiled. We are confronted with
evidence of that in our daily papers, weekly news magazines, television
and radio, and our everyday living. And to those of us who continuously
breathe Washington air, and frequently see, feel, or smell the dirty
Potomac River, we know, as the song goes, "We got troubles right here in
River City."

III. Interrelation of pollution problems

One of the things that needs to be said preliminarily to any intelligent
consideration of environmental problems is the complicated and interrelated
nature of those problems, factually, legally, governmentally and economi-
cally. Moreover, we need to recognize in our consideration of the relation-
ship of our environment to government institutions and legal remedies that
the environment is different for each community. Although we have a
national problem of water pollution, air pollution, disposal of solid waste,
and noise nuilsance, some communities may have problems in all of these
areas, some in only onme or two, and in some rare cases, in none (if you
know of any in the last category, please let me know). In some places,

the problems are getting worse, and in others, better, and the fragmented
treatment of such may lessen one type of pollution and at the same time
increase another. An illustration of this is the burning of solid waste
because of the increasing shortage of landfill areas; the burning minimizes
the landfill shortage but it certainly increases the air pollution. With
regpect to institutional arrangements (the fancy phrase presently in such
vogue), you need to look no further than on the Washington scene to see

that these various pollution problems have, up to now at least, been
substantially treated as independent and separate problems. Water pollution
contrel 1s within the jurisdiction of the Federal Water Pollution Control
Administration of the Department of the Interior. Air pollution control

1s under the jurisdiction of the National Air Pollution Control Administra-
tion of the Department of Health, Education, and Welfare, Public Health
Service, Consumer Protection and Environmental Health Service. Solid
wastes or land pollution is within the jurisdiction, as far as what Federal
program presently exists, of the Public Health Service, Department of
Health, Education, and Welfare. And this lack of coordination is not
confined to the executive branch. The jurisdictional overlaps of various
congressional committees have contributed to these coordination problems.

This fragmented situation was recognized last year by President Nixon in

his establishment of the cabinet-level Environmental Quality Council; and
now by the National Environmental Policy Act of 1969, signed by the
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President on the first day of 1970. This Act creates in the Executive

Office of the President a three-member Council on Environmental Quality.
The Council has a legislative mandate to advise and make recommendations
on Federal programs and activities and national policies on environment.

IV. Pollution control litigation

The Federal Government first got into the field of water pollution con-
trol in a major way by the Federal Water Pollution Control Act of 1948.
Starting with the amendments of 1956, adding enforcement powers and
other later significant amendments including the Water Quality Act of
1965, the Federal Government has taken an active role. With respect to
the intergovernmental relations, the Act states it to be policy of Con-
gress to recognize, preserve, and protect the primary responsibilities
and the rights of the States in preventing and controlling water pollu-
tion and disclaims any effect on the rights of such States. Moreover,
the specific policy enunciated in connection with the enforcement provi-
sions is that State and interstate action to abate water pollution is
encouraged, not displaced, by Federal enforcement action. However, sub—-
saction (a) of Section 1 of the Act says that the purpose of the Act is
"to enhance the quality and value of our water resources and to_establish
a national policy for the prevention, control and abatement of water
polliution."

How does the Act undertake to accomplish this purpose? It provides for
research not only by the Federal Government itself but by Federal grants;
it encourages interstate cooperation and uniform laws; it provides for
Federal grants for construction of sewage treatment works and grants for
research and development as well as water pollution control programs by
the States. And it provides for enforcement measures against pollution
of interstate or navigable waters. These provisions were substantially
added to by the Water Quality Act of 1965. In connection with water
quality standards, the law provides in general for the States to adopt
water quality criteria applicable to interstate waters or portions thereof
within such State, and a plan to enforce the same; and if the Secretary
of the Interior determines that such criteria and plan protect the public:
health or welfare, enhance the quality of water and serve the purposes of
the Act, then such criteria and plan shall be the water quality standards
applicable to such interstate waters. The Act authorizes the Secretary
to establish standards, in the event of the failure of a State to act.
All States have acted in this matter and the water quality standards are
being established, state-by-state. Discharge of matter into interstate
waters, which reduces the quality of such waters below the water gquality
standards established, is subject to abatement under the enforcement
provisions.

The history of the Clean Air Act is similar, although a few years later
in point of time. The Act of 1955 provided for research and technical
assistance by the Federal Government. The amendments of 1963 added en-
forcement powers and the Air Quality Act of 1967 provided for establish-
ment of air quality standards, as well as an "emergency' enforcement
provision, both authorizing enforcement without resort to the three-phase
procedure.,
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Generally speaking, the three-phase procedure may arise in one of two
ways:

(1) Proceeding to abate the pollution of air or water which is
interstate in character or of navigable (including coastal) waters may
be initiated by the Secretary of the Interior with respect to water pol-
lution, and the Secretary of Health, Education, and Welfare with respect
to air pollution, acting on his own or upon the request of a Governor or
of a State pollution contreol agency of an affected State (or in certain
circumstances, of an affected municipality).

(2) Proceeding to abate pollution which is intrastate in character
(that is, pollution endangering the health or welfare of persons only in
the State in which the discharge originates) may be initiated by the
appropriate Secretary, whenever requested by the Governor of that State.

In either case, the first formal act in any enforcement proceeding is the
calling by the appropriate Secretary of a conference of State and inter-
state pollution control agencies. The agencies may bring such persons as
they desire to the conference. The statute requires that interested
parties (i.e., polluters) be given an opportunity to present their views
to the conference. The conference goes into detall as to the nature and
effect of the pollution and considers means of abatement. Following the
conference, the Secretary recommends remedial action to the appropriate
agencies and allows such agencies at least 6 months for the taking of
such action.

Thereafter, if remedial action satisfactory to the Secretary has not been
taken, he calls a public hearing before a five-man hearing board which he
appoints. The board makes findings as to whether the pollution is occur-
ring and whether effective progress toward abatement is being made. If
progress is not being made, the board makes recommendations concerning
the measures that should be taken to secure abatement. The Secretary
sends the findings and recommendations to the alleged polluters together
with a notice specifying a reasonable time, not less than 6 months, in
which the pollution is to be abated. He also sends the findings and
recommendations to the State and interstate agencies involved.

If the pollution continues after the specified time, the Secretary (in
case of interstate pollution) may request the Attorney General to bring
sult on behalf of the United States to abate the pollution. In the case
of intrastate pollution, the Secretary may do so only with the consent
of the Governor of the State in which the pollution originates.

The court must receive in evidence in any suit for abatement the tran-
script of the proceedings before the hearing board and a copy of the
board's recommendations. The court may receive further evidence in its
discretion and, giving due consideration to the practicability and to the
physical and economic feasibility of securing abatement of any pollution
proved, has jurisdiction to enter such judgment as the public interest
and the equities of the case may require.
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There have been and are a number of enforcement conferences initiated
under the Water Act. Substantial progress, measured either in terms of
improvement of water quality or amounts of money spent for pollution
abatement, has been achieved by these proceedings. In only one case to
date has court action been required.

In 1960, the Department of Justice brought under the Federal Water Pollu-
tion Control Act an action entitled United States v. City of St. Joseph,
Missouri, in the Western District of Missouri. There, the city of

St. Joseph, Missouri, was polluting the Missouri River with untreated
sewage, It refused to take remedial action on the grounds that its citi-
zens had refused to vote a bond issue to provide a sewage plant and,
accordingly, the city was without power to act. After pretrial hearings,
the city, under threat of severe judicial penalties, took steps to build
a sewage plant. To insure this action, the court entered an order dated
October 31, 1961, requiring the city to file periodic progress reports
with it, which the city has done.

Manifestly, the three-phase procedure is quite ponderous and lengthy with
the various statuteorily prescribed minimum periods. In the S5t. Joseph
case, for example, the interstate conference was in June 1957, the hear-
ing in July 1959, and the court complaint filed in September 1960. More-
over, had it been necessary to go to trial, the court review would not
have been limited to the hearing board's findings and recommendations to
determine whether they are supported by substantial evidence. Instead,
the court is, under the statute, free to weigh all such evidence as well
as what further evidence is permitted at trial, and make independent
findings and determinations.

The additional enforcement procedure authorized by the Water Quality Act
of 1965 amendments is designed to permit more expeditious enforcement.
The discharge of matter in violation of such standards is subject to-
abatement in court action after 180 days notice by the Secretary to the
violators and other interested parties. However, the court in an action
based upon violation of the standards may undertake a complete review of
the standards and the practicability and feasibility of complying with
such.

Under the Clean Air Act, a number of enforcement conferences have com-
menced. Only one of these has gone beyond the conference recommendation
stage. That case involves a rendering plant in Bishop, Maryland, which
was charged with emitting vile odors endangering the health and welfare
of persons in Delaware.

In the first suit brought under the Clean Air Act, 42 U.S.C. 1957 et seq.,
the Fourth Circuit Court of Appeals has upheld the injunction issued by
the district court against the Bishop Processing Company. Speaking for
the court, Judge Sobeloff affirmed the order of the United States Dis-
trict Court for the District of Maryland, which directed the processing
company to cease all manufacturing and processing in its rendering plant.
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The Bishop plant began operating in 1955 in Bishop, Maryland. From
1959 to 1965, the States of Maryland and Delaware engaged in futile
efforts to abate the malodorous air pollution which moved across the
State line, polluting the alr of Selbyville, Delaware. In 1965, the
Secretary of Health, Education, and Welfare was requested by the
Delaware authorities to take the necessary action to secure abatement of
the air pollution problem. After several years of administrative pro-
ceedings under the Clean Air Act failed to produce abatement of the
noxious odors emanating from the plant, suit was brought against Bishop.

In November 1968, Bishop stipulated to the entry of a consent decree,
agreeing to "cease all manufacturing and processing" upon the filing of
an affidavit by Delaware government officials "stating that the defen-
dant is discharging malodorous air pollution reaching the State of
Delaware...." Under those terms, the United States twice filed affidavits
with supporting documents alleging continued interstate pollution. The
second filing resulted in the entry of an injunction closing down the
plant. The Fourth Circuit Court determined on March 3, 1970, that the
lower court's action was correct in all respects; since it had been shown
that the pollution continued in violation of the decree, Bishop was
properly ordered to shut down its operations.

Looking to the future, the Clean Air Act as amended in 1967 also provides
for direct enforcement of air quality standards, once such standards

are established. The procedure for setting of air quality standards is
sufficiently new and different than the procedure for setting water
quality standards that some detail 1s in order. Like the standard-setting
procedure for water quality standards, the initial formulation of
standards is.s matter of State action. Before State action, however, the
Secretary of Health, Education, and Welfare is required to take the three
following actions:

(1) Designate air quality control regions, based on a number of
factors necessary to provide adequate implementation of ailr quality
standards.

(2) Develop and issue criteria of air quality requisite for the
protection of the public health and welfare.

{3) 1Issue information on those recommended pollutiom control
techniques necessary to achieve levels of air quality set forth in the
criteria.

Within 90 days after receiving any air quality criteria and recommended
control techniques, the Governor of a State may file a letter of intent
that such State will, within 180 days, adept, after public hearings, alr
quality standards for any designated air quality control region or portions
thereof within its jurisdiction, and will, within 180 days thereafter
adopt a plan for the implementation, maintenance, and enforcement of such
air quality standards.
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If the Secretary determines that the standards and plan are consistent
with the Act, and provide adequate enforcement authority, including
authority to deal promptly with emergency air pollution conditions, such
standards and plan become the air quality standards applicable to that
State.

If the State does not take the prescribed action, or if the Secretary

finds the standards and plan are not consistent with the Act, he may,

after reasonable notice and a conference of representatives of "appropriate
Federal departments and agencies, interstate agencies, States, municipal-
ities, and industries involved," publish standards for air quality regions
within that State. Unless, within 6 months from such publication, the
State has adopted its own consistent standards or has asked for a public
hearing, the Secretary is directed to promulgate such standards.

Prior to 30 days after the promulgation date of Federal standards, the
Governor of any affected State may ask for a public hearing. The hearing
board, on the basis of the evidence presented to it, may approve the
standards or modify them and such action is binding on the Secretary.

The statute contemplates that the standards, established by either of the
routes outlined above, will be implemented by the State concerned, since
further Federal action is contingent on findings by the Secretary that:
(1) the air quality in the region is below the standards, and (2) that
such lowered air quality is due to the fallure of a State tc take reason-
able action to enforce such standards.

If these findings are made, the Secretary is directed to notify the
affected State or States, persons contributing to the alleged violation,
and other interested parties of the violation. Unless reasonable action
to enforce the standards is taken within 180 days from such notification,
the Secretary may, in the case of pollution "which is endangering the
health or welfare of persons in a State other than that in which the
discharge or discharges (causing or contributing to such pollution)
originate,” ask the Attorney General to bring suit on behalf of the United
States to abate pollution.

I1f only intrastate pollution is involved, the Secretary is not authorized
to take action on his own initiative but may, if so requested by the
Governor, provide technical and other assistance to help the State abate
the pollution or ask the Attorney General to bring suit on behalf of the
United States to abate the pollution.

If suit is brought under these provisions, the court will receive in
evidence the record and recommendations of the hearing board convened on
standards, and "such additional evidence, including that relating to the
alleged violation of the standards, as it deems necessary to complete
review of the standards and to determination of all other issues relating
to the alleged violation." After giving due consideration to the practi-
cability and to the technological and economic feasibility of complying
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with the standards, the court may '"enter such judgment and orders
enforcing such judgment as the public interest and the equities of the
case may require."

And in addition, the Air Quality Act of 1967 added a third judicial
remedy or Federal enforcement procedure. Pursuant to the so-called
emergency provision, the Secretary, upon receipt of evidence that pollu-
tion is presenting "imminent and substantial endangerment to the health
of persons” and finding that State or local authorities have not acted
to abate such pollution, may request the Attorney General to bring suit.

In addition to the Water Pollution Control Act and the Clean Air Act,
the Federal Government may bring pollution suits under the Refuse Act.
It was enacted in 1899 as a criminal statute but has been interpreted to
permit injunctive suits. It prohibits the depositing of refuse into any
navigable waters of the United States. The Refuse Act is one of the
legal bases of the test case on thermal pollution--the pending suit
against Florida Power and Light Company with respect to Biscayne Bay.

Conclusion

Decisions of these cases involve consideration of socioeconomic, technical,
and "public interest" questions as well as strictly legal questions.
Indeed, the two comprehensive Federal acts to which I refer, the Water
Pollution Control Act and the Clean Air Act, expressly provide that in
enforcement suits brought pursuant to these Acts, the court, "giving due
consideration to the practicability and to the physical and economic
feasibility of securing abatement of any pollution proved," has juris-
diction to enter such judgment "as the public interest and the equities

of the case may require." So the recaleitrant polluter can drag his feet
through the enforcement proceedings, administrative and judicial, over a
number of years, never denying the fact of his pollution, but arguing to
the end that it is neither in the public interest nor equitable to close
him down and throw his employees out of work. 1 am not speaking entirely
hypothetically; the described state of affairs has a remarkable resemblance
to the situation in the Bishop case. And notwithstanding the public
awareness about pollution and the resurgence of responsibility, public

and private, for its abatement, to which I have referred, we all know

that the defendant in the Clean Air case is not the only recalcitrant
polluter alive and polluting grossly in the United States.

So, in conclusion, I say to you, the challenge to us is to seize the oppor-
tunity presented by the present climate of opinion. Recognizing the
complexity of these matters, and recognizing that marked improvement in

our environment won't come easily or quickly, the time to make real progress
is now. We in the Department of Justice are prepared to do just that. We
expect to file and win new pollution abatement suits. We will use all
effective legal remedies available to us. We are in the forefront of the
fight for a better environment.
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Introduction

With the advent of scientific knowledge and technology, man has
inadvertently and carelessly contaminated his environment. Increased
industrial production has resulted in letting undesirable pollutants
mix with our air, drinking water, and food. Recent discoveries of
mercury in rivers has caused the U.S. Government to apply stringent
regulations and strict enforcement of these laws. In order to protect
his food supply, man has been waging war against insects, weeds,
bacteria, etc., for a number of years. Indeed, pesticide residues

are found today in virtually every part of this planet.

Due to population increase and shortage of food, ocean floors in the
near future will have to assume the role of land for growing food.
Oceans will also become vast areas for mining. Today, ocean waters
are increasingly used as recreational playgrounds. It is now impera-
tive that human beings carry out intensive investigation into the
character of ocean waters and ocean floors.

There are several public beaches, boating facilities, and other re-
creational areas along the shores of Long Island. It will be interest-
ing and of value to inquire into the quality of the sediment at these
public beaches, and if found unsatisfactory, a healthy discussion
regarding the ways to better the sediment quality can follow.

In the present work it is proposed to carry out quantitative estimation
of mercury, hexavalent chromium, and residues of commonly used chlori-

nated pesticides.

Methods of Analysis:

Mercury: Two methods for concentrating mercury are available. One
consists of coprecipitation with copper as sulfidel, and the other ex-

traction with dithizone.?2>3 Sandell® has described a colorimetric method

for estimation of mercury in dithizone solution. This method has been
used even in clinical applications, such as estimation of mercury in
urine of patients.® Atomic absorption spectroscopy, being more selec-
tive and highly sensitive,6 has become a major tool for detection and
quantitation of several elements including mercury.’”

Hexavalent Chromium: Hexavalent chromium (Cr+6) is of particular inter-
est due to its carcinogenic potential. Titrimetric,ti> 2 gravimetric,l
colorimetric,4’ 5~ and atomic absorption21 methods are available for
the estimation of chromium. Due to the complexity of interferences by
other metals such as iron, molybdenum, mercury, etc., in other metheds,
the atomic absorption method has become a method of choice.

Residuvues of chlorinated pesticides: Literature on the methods of analy-
sis of pesticide residues is most abundant. In this country, most of
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the work in this field is published in five journals--J. Ass. Off.
Anal. Chem., J. Agr. Food Chem., Bull. Environ. Contam. Toxicology,

J. Chromatography and Analytical Chem. Methods range from gas
chromatography, thin-layer chromatography, column chromatography, mass
spectrometry, nuclear and quadruple magnetic resonance, countercurrent
distribution, to isotopic dilution.

Experimental:

I. Colorimetric Estimation of Mercury:["5

A sample of beach sediment is mixed with 30% sulfuric acid solution

and excess potassium permanganate. The mixture is then refluxed for

one hour to oxidize all organic matter and to bring any mercury in
organic compounds to ioniec form. After excess of potassium permanganate
is destroyed with hydroxylamine, the pH of the solution is adjusted
between 1.0 and 2.0; and mercuric ion (Hg ) is extracted with dithizone
solution in chloroform. Optical density of this extract is measured at
620 mu, Mercuric ion is back extracted with potassium acid pthalate and
potassium iodide solution, and the optical density of the dithizone
layer is again measured. The difference between the two optical density
readings is proportional to the concentration of mercuric ion. This
procedure eliminates interference due to silver and copper ions.

Preliminary studies on the beach sediment obtained from the public swim-
ming area at Hecksher State Park have shown approximately 1.5 ug. of
mercury per 100 gms. of dry sediment. Mercury determination on the

same sample by atomic absorption spectroscopic method was found to be
about 1.1 ug. mercury per 100 gms. of dry sediment.

IT. Atomic Absorption Method for Estimation of Mercury:7'9

Mercuric ion is extracted with dithizone and back extracted with potassium

hydrogen pthalate and potassium iodide as described above. Mercuric ion
is then reduced to free mercury by addition of a solution of stannous
chloride. Air is bubbled through this solution to vaporize free mercury,
which is collected in a glass cell. Radiation signal from a mercury
vapor lamp (A=2536 A) is passed through the cell, and the intensity of
absorption is recorded, the latter being proportional to the concentra-
tion of mercury present. Alternate treatment of the extract consists

of aspirating a solution containing mercuric ion into a flame and measur-
ing the loss of intensity of same radiation signal while passing through
the flame.

Dr. Rowley of Brookhaven National Laboratories kindly granted me permis-
sion to work in his laboratory to perform atomic absorption analyses.

He also supervised my work done in his lab. One sample spectrum of
atomic absorption is on page 6.
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III. Colorimetric Estimation of Hexavalent Chromium:%»1°

Hexavalent chromium is extracted from highly acid solution with
diphenyl carbazide to produce reddish purple color which is measurable
at 540 mu.

IV. Analysis of Chlorinated Hydrocarbon Pesticide Residues:21-22

A sample of beach sediment 1s extracted with pesticide-free chloroform.
The neutral constituents of the extract are separated by acid and
basic extractions followed by adsorption on silica-gel column. The
components of the neutral fraction are identified by comparing their
Rf values with those of standards in thin-layer chromatography.

It is proposed to analyze beach sediments for following most commonly
used chlorinated hydrocarbon pesticides: Methyl parathion, Parathion,
Dieldrin, Endrin, Heptachlor, Heptachor~epoxide, Lindane, bDD, DDT, DDE,
Aldrin, and ¥-Chlordane.
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