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PREFACE

iany thoughtful observers of management, planning, design,
operation, monitoring, and research in water supply and wastewater
treatrment have welcomed the increased public support and attention
in recent years for their efforts. However this new interest has
focuse¢ mainiy on the discharge or wastewater end of our water
systemns with the intake or water supply end largely ignored - the
outstanding success of America's water supply industry in reducing
communicable diseases taken for granted - except perhaps for fluori-
dation.

Recognizing that the effluvia of an industrial society, espe-
cially its thousands of synthetic organic chemicals and its toxic
metals, agricultural runoff carrying pesticides and agricultural
chemicals, and even the storm runoff from urban streets, roofs, and
yards may reach man through his drinking water, a dangerous fallacy
has arisen: the best way to insure safe drinking water is through
wastewater ireatment. The reader of these Procecdings will find
that approach woefully inadequate.

A second fallacy is that Americans have the world's best drink-
ing water. Recent national ard regional surveys show that water
quality and its surveillance for too many systems fails to meet
public standards. Further, many millions of space-age Americans,
especially those living in rural America, have grossly inadequate
drinking water.

While cholera and typhoid seem strange and remote to today's
Americans, new concerns are rising over the possibility of health
hazards to man from carcinogens and viruses in his drinking water.
Evidence supporting these threats is sparse and inconclusive; how-
ever, the need for better knowledge and more research is fully
apparent.

Aithough the Symposium was sponsored by the institutions shown
on the title page, it is necessarily individuals who must plan, ar-
range, organize, and run such meetings and special ackncwledgment
must go to the Symposium Committee: Russell F. Christman, F. Eugene
icdunkin, Daniel A. Okun, and Charles M. Weiss of The University of
North Carolina at Chapel Hill; Charles Smallwood, Jr. of North Caro-
lina State University; P. Aarne VYesilind of Duke University; and
James H. McDermott of the Environmental Protection Agency. The Sym-
posium enjoyed the cooperation of the American Society of Civil
Engineers, represented by Ralph Stone; the American Water Resources
Association, Harry E. leGrand; the Universities Council on Water Re-
sources, frnest T. Smerdon; and the American Water Works Association,
represented by Eric F. Johnson.

The Water Resources Research Institute of The University of
North Carolina served as Secretariat for the Symposium. Its staff,
David H. Howells, F. Eugene McJunkin, James M. Stewart, Linda Kiger,
Eva McClung, Jennifer Jordan, and Rose Wilson, assisted by Milared
Weaver and JoAnn L. McJunkin, arranged and coordinated the program,



registration, bookkeeping, printing, publication, physical arrange-
ments, and all the other multitudinous details necessary to insure
an orderly and successful Symposium.

With all due respect to the foregoing individuals, however,
the success of the Symposium was largely due to the programmed speak-
ers and to those who participated in the ensuing discussions, both
within and outside the meeting rooms. Most of the discussions were
tape recorded and are printed herein within the limitations of elec-
tronic transcription. '

Selection of the Symposium theme and planning began in the
spring of 1973. Its timeliness was accentuated by the passage of
the Safe Drinking Water Act of 1974, signed into law by President
Ford on December 17, 1974, ten weeks after the Symposium. Our hope
is that these Proceedings will assist implementation and understand-
ing of the objectives of the new Act.

F. Eugene McJunkin
Secretary for the Symposium

Chapel Hi11, North Carolina
April 1975
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OPENING REMARKS

David H. Howells
Director
Water Resources Research Institute
of The University of North Carolina
Raleigh, North Carolina

Welcome to the National Symposium on Drinking Water. This
sympesium is jointly sponsored by the three Research Triangle Uni-
versities and the Environmental Protection Agency. The three uni-
versities are Duke University, North Carolina State University,
and the University of North Carolina at Chapel Hill. A number of
cooperating societies have also joined with us on a less formal
basis. These include the American Society of Civil Engineers, the
American Water Resources Association, the Universities Council on
Water Resources, and the American Water Works Association.

Many of us here today, perhaps a considerable fraction, com-
menced our professional careers in one or another aspects of the
environmental field back in the days when the principal concern
with respect to water quality was health. Indeed, I think it's
safe to say that the emphasis on health was so single-minded that
the U. S. Public Health Service, which was the federal agency re-
sponsible for such things in those days, was severely criticized
by the Congress for allegedly overlooking ail other good uses of
water such as fish and wildlife.

Then, in the process with which we are so painfully familiar,
the pendulum began to swing to the other extreme where we find that
health had been largely ignored. So we moved from a point where
health was our dominant consideration to one today with which we
are doing very little, particularly with respect to water.

Drinking water is undoubtedly the first ranking priority in
water management; certainly, this is because of health considera-
tions. Yet, drinking water has received too little attention on
the national scene outside the realm of professional societies like
the American Water Works Association.

Three recent actions created much of the interest behind this
symposium. First, the proposed drinking water legislation which has
been under consideration by the Congress for the past few years.
The Safe Drinking Water Act suffered a major setback on Septemberll
when the House Rules Committee unexpectedly deferred action until
this next week. Mr. McDermott may tell us more about this. Of
course, the Senate has already passed its version of the Act.

The second action is the proposed revision of the U. S. Pub-
lic Health Service Drinking Water Standards. The last edition was

*Note: Professor Howells' remarks were transcribed from an elec-
tronic recording.



published in 1962 and has been under revision for many years. It
is my understanding that the new standards are to be {ssued mom-
entarily.

Third and last, the 1972 amendments to the Federal Water Pol-
lution Control Act, particularly the sections dealing with plan-
ning, present new opportunities to deal more effectively with pub-
1ic water supplies in concert with water pollution control.

Professor McJunkin and his planning committee have put to-
gether a very fine program of high current interest. We hope that
you will all find the symposium on this beautiful UNC campus and
the charming community of Chapel Hill a most pleasant as well as a
useful experience.

* ® % * =%

Editor’s Note: The Safe Drinking Water Act was signed by the
President on December 17, 1974.



IMPACT OF THE SAFE DRINKING WATER ACT

James H. McDermott, P.E.
Director
Water Supply Division
Office of Water and Hazardous Materials
U. S. Environmental Protection Agency
Washington, D. C.

INTRODUCTION

The Quest for Pure Water* began some 4000 years ago. Even
the ancients recognized the acute effects of waterborne disease
which the new sciences of epidemiology and bacteriology only began
to catalogue during the last century.

Today, we recognize that the provision of safe drinking water
involves more than a concern for just pathogenic bacteria and vi-
rus. There is growing concern about the more subtle, potentially
toxic effects of inorganic as well as organic chemical agents.
Public health workers, be they medical doctors, scientists or en-
gineers, recognize the importance of constant vigilance in the ap-
plication of the lessons taught by the history of our profession
and concurrently analyzing and applying new information to control
or otherwise mitigate the potential effects of waterborne chem-
1$a1s upon this generation and future generations. The guest con-
tinues.

History gives ample evidence of the penalties paid by past
civilizations which failed, through ignorance or neglect, to pro-
vide for the safety of their water systems. Modern history shows
that such waterborne diseases as typhoid, dysentery, and cholera
are controllable. In fact, they were all but eliminated in the
United States by the 1930's by applying the principles identified
in what are commonly referred to as the U. S. Public Health Service
Drinking Water Standards.

Thus, it can be stated that the community water supply systems
of this Nation serve more good safe drinking water to more people
than any other nation of the world.

Why, then, 1is legislation currently pending before the Con-
gress? What is the problem, and what are the major Jlegislative
provisions and impacts at the federal, state, and local levels?

While most American homes are blessed with an adequate supply
of safe drinking water, many are not. Beginning with the National
Community Water Supply Study of 1970, recent studies have suggested
that we may have begun to backslide. Epidemiological evidence, as
presented by Craun and McCabe, shows that the average annual num-
ber of waterborne outbreaks of biological etiology stopped falling
around 1951 and may have even increased a little since that time.
Indeed, studies have shown that an estimated 5,000 small systems,

* Baker, M. N., American Water Works Association, 1949,



of an estimated total of 40,000 community systems, supply poten-
ttally dangerous water to 8 million people.

In addition to conventional community systems, it is worth
noting that there are an estimated 200,000 self-supplied factories,
shopping centers, restaurants, motels, parks, and resorts supply-
ing drinking water on a regular basis to Americans both at work
and at play. further, 1t has been estimated that as many as 20
million Americans, inhabiting some 4 1/2 million dwellings do not
have running water in the home.

During the 1last several years, deficiencies at the federal,
state, and local level have been identified, catalogued, and ana-
lyzed by citizen groups, trade groups, professional organizations
and government, including a recent report to the Congress by the
General Accounting Office. Each of these groups has testified
before the Congress during the last three years.

During this period, the legislative goals and objectives have
remained the same, but the scope and mechanics of administration
have increased.

During the current 93rd Congress, the Administration estab-
1ished a legislative priority for drinking water and introduced a
proposed Safe Drinking Water Act.* The Senate passed its version
of a drinking water act, S. 433, on June 25, 1973,

In the House of Representatives, the Subcommittee on Public
Health and the Environment worked on water supply legislation
throughout 1973 and then reported H. R. 13002 to the Full Committee
earlier this year. Most recently, the House Full Committee on
Interstate and Foreign Commerce gave major attention to the Sub-
committee bill and then reported-out an amended version on June 20,
1974. Earlier this month, the House Rules Committee considered the
bill and then deferred action until early October.

This series of events 1indicates that the legislative road is
approaching a conclusion, 1if not in the current 93rd Congress, po-
tentially in the 94th Congress next January. While many issues are
still undergoing debate, it is appropriate -that state regulators,
utilities, and the Nation's universities convene meetings to con-
sider the potential impact of this legislation and begin to assess
and then implement their individual roles in the future.

Thus, meetings of this type jointly sponsored by the Univer-
sity of North Carolina, HNorth Carolina State University, and Duke
University are appropriate for at least two reasons:

First, legislation is being considered because existing
technology as codified in current Drinking Water Stand-
ards is not being uniformly applied. We must reassess
our technology, with its proven capability in large
cities and towns, with a view to its applicability to
small systems.

*Editor's Note: The Safe Drinking Water Act was signed by the Pres-
sident on December 17, 1974.
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Secondly, the professional community must establish re-
search and development priorities with a view towards
addressing immediate needs of the mid-70's, as well as
future problem areas, including the health implications
and safeguards required in the future era of reuse, ren-
ovation, and recycling.

GENERAL LEGISLATIVE CONSIDERATIONS

Let me start my discussion of the potential legislative im-
pact on a reassuring note. EPA believes, and has testified on sev-
eral occasions, that the identified drinking water quality problems
of the Nation do not call for

“changing the roles of Federal or State Government ....
(but rather) by assuring the enforcement of National
standards and by strengthening State and local pro-
grams."

Except for the scope of the standards and enforcement provi-
sfons, all bills under consideration by the Congress would reaf-
firm in law the well-established historical relationship between
community water utilities, the universities, and government inso-
far as research, training, technical assistance, and standards
setting and enforcement are concerned.

Further, EPA, as the advocates of the Administration bill,
believes that the citizen has a role to play. The citizen pays
either directly or indirectly for drinking water. He has a right
to know what he is paying for. And, he has a responsibility to act
and secure corrective action at the state and local level, and he
will if someone would but inform him of current and/or potential
problems and alternative solutions.

In this context, the Administration's bill is based in Tlarge
measure on an evaluation of our federal experience with interstate
carrier water supply programs involving definitive responsibilities
at the local, state, and federal levels. Here, we can point to an
institutional and technical model of accomplishment involving 650
interstate carrier watering points which, coincidentally (under
current federal law), also serve a resident population of about 80
million people.

On the other hand, the Administration bill, and the Senate and
House bills, have also drawn heavily on recent studies, the Commoi-
ity Water Supply Study of 1970 involving numerous small systems and
the series of State Program Evaluations that many of you are inti-
mately aware of, including communities, semi-public and individual
water systems.

Evaluation of the data collected in the last several years
provides a simple profile describing underpar drinking water sys-
tems .

1. Inadequate collection and treatment facilities



I11-trained and/or part-time employees
. Poor operation and maintenance
Infrequent state or county inspections
Lower water rates (community systems)
. Lack of public awareness

N BWN

Why do these conditions exist in an environmentally con-
scious nation of the 1970's? To put it simply, in those jinstances
where political, administrative, scientific, and engineering exper-
tise have been brought to bear and augmented by public support,
few problems are evident today. This is a general characteristic
of large cities or mature communities, as typified by interstate
carrier systems, which have confronted historic quality problems
or growth problems.

But in all too many other instances, especially in smaller
communities, the lack of a rallying point leads to apathy at the
community leadership level in regard to the application of existing
standards of good practice, and planning for the future.

DEFINITION OF PUBLIC WATER SUPPLIES

Against this perspective, the definition of the types of sys-
tems which may be covered by legislation is important. All bills
cover

- not just large municipal systems
- not just the conventional community systems

but any system that regularly serves 10-15 service connections and/
or 25-40 people., Thus, the proposed legislation potentially in-
cludes factories, condominiums, and resorts.

Further, a public water system would also be defined in S. 433
as one

“which provides drinking water to carriers or facilities
or establishments serving travelers in interstate com-
merce."

This means not just systems serving interstate carriers--airlines,
trains, and buses--as in the past, but motels, restaurants, and
parks.

As a consequence, except for individual household systems and
those systems which qualify under an exclusion clause in H. R.
13602,* the vast majority of systems serving the traveling public

*To qualify for an exemption, a system must qualify under all three
of the following conditions:
{1) consist only of distribution and storage facilities;
i.e., no collection and treatment facilities;
(2) obtain water from, but is not owned or operated by,
a public system to which the regulations apply; and
(3) does not sell water to any person.



or residential communities would be covered by the regulatory pro-
visions of the legislation.

DRINKING WATER STANDARDS
Federal Role

Now let's turn to the standards themselves, and the roles of
federal, state, and local utilities, Table 1,

The legislation provides that the Administrator of EPA will
establish mandatory, that is, primary drinking water standards.
These would address all health-related limits for constituents of
drinking water which:

"may cause or transmit disease, chemical poisoning or
other impairments to man."

As part of the primary health standards, the Administrator is also
charged with specifying standards for the adequate monitoring and
reporting of water quality. In addition to the primary recommend-
ed health standards, all bills call for the issuance of recommend-
ed secondary standards; i.e., aesthetic standards.

However, there are major differences between the Administra-
tion's bill and the Congressional bills. For instance, the cur-
rent House and Senate bills would also require the issuance of
regulations with respect to the operation and maintenance of public
water supply systems. As noted above, the Administration limited
the scope of its standards provisions to the establishment of con-
stituent levels and the monitoring and reporting of quality. In
addition, the House and Senate bills would require regulations
covering site selection and construction of facilities with a view
to mitigating the consequences of natural disasters. Moreover,
the House and Senate bills provide for the establishment of a
statutory advisory council to assist the Administrator in develop-
ing and implementing the standards.

State Impact

A1l bills make it quite clear that the states are intended to
implement primary enforcement responsibility. The House and Sen-
ate bills, however, provide for direct federal enforcement of the
primary standards as defined in these bills where states fail to
provide adequate enforcement. On the other hand, the Administra-
tion bill specifically provides that EPA is to monitor activities
"only to the extent necessary to determine if there is any adequate
program to enforce the primary (Federal) standards." Federal en-
forcement in the Administration bill is limited only to monitoring,
reporting, and public notification.

Encouraged by federal assistance and a legislative requirement
that each state adopt standards that are no less stringent in scope
and coverage than the federal standards, states are called upon to



Table 1

SAFE DRINKING WATER ACT OF 1974:

DISTRIBUTION OF PRINCIPAL IMPLEMENTATION RESPONSIBILITIES

EPA
- Define Program Dimensions

- Establish Standards

Evaluate State Programs
and Plans*

- Enforcement

]

Technical Assistance

Research and Special Studies

*Senate and House 8ills

States
- Define State Programs
- Prepare Required Plan

- Adopt Standards

Specify Notification
Regulations

Perform Monitoring and
Surveillance & Report
Quatity

Maintain Records and
Report Files

Provide Training and
Technical Assistance

Utilities

- Provide Water to Meet
Standards

~ Provide Notification

Perform Required Moni-
toring and Report
Quality

Make Improvements as
Necessary



develop and implement well-rounded water supply programs. The or-
ganization designated by the Governor to implement the Act will be
responsible for providing public water supply systems with techni-
cal assistance, training (Senate) enforcement where necessary, and
planning assistance.

The states will find it necessary to conduct regular inspec-
tions of public water systems to establish conformance with state
adopted drinking water standards. Further, under the Senate bill
each state would be evaluated on a triennial basis, by EPA to
establish the effectiveness of the state programs, just as the
states are to evaluate the local water purveyor's program for con-
formance to the provisions of the state's standards.

Local Impact

The role of the lTocal water utility will potentially involve
not only compliance with the administrative and operational pro-
visions of the states' standards, but also the regular collection
and analysis of sufficient samples to evaluate drinking water
quality relative to appropriate constituent limits.  Further, de-
pending upon which version of legislation passes and the regula-
tions ultimately adopted at the federal and state levels, the util-
ity or government agency will be responsible for advising the gen-
eral public of standards violations.

PUBLIC NOTIFICATION

The Administration bill, and recently the House bill, call for
federal issuance of regulations defining public notification with
enforcement via state programs. The Senate bill provides that each
state develop regulations governing public notification.

The numerous pressing community issues of our day, including
schools, hospitals, energy, highways, the ever-present monetary
problems, as well as the all too visible signs of air and water
pollution, command attention. Pressed by these acknowledged is-
sues, the community trusts that the stewards of our water supply
systems, who are characterized nationally as the silent service,
will alert them "when something goes wrong."

Public notification is a relatively new tool in water resource
management. Fostered by both the environmentalists and the con-
sumer advocates, it responds to the sentiment that just too much is
happening in the use of the Nation's resources and in the prepara-
tion of consumer products that the consumer doesn't know about. A
feeling of suspicion has developed with recent years regarding the
true quality of many products, and the use of some of the Nation's
resources in the production of these products. While the water
supply industry has a relatively clean slate, should it expect a
continued privileged status? Indeed, it is possible that a change
in status is what is needed to overcome what Eric Johnson has re-
ferred to as the Silent Service Syndrome.

To put public notification within some context, let us look
again at Table 1.  The relationships between the EPA, the states



and the utilities are depicted schematically here. An initial
point to recognize is that EPA envisions 1little direct contact
with individual wutilities in the administration of this program.
Under the Administration's bill, EPA's functions are restricted to
establishment of national drinking water standards, for contami-
nant levels, and monitoring and reporting, to defining the program
dimen#ions directed by the new legislation, to providing technical
support in the development of the state programs needed to imple-
ment the new law, and to participating in enforcement actions,
only with regard to public notification, monitoring and reporting
if these are not adequately implemented by the state.

Once a state has begun to implement the standards promulgated
consistent with the legislation, it will then proceed with inde-
pendence to implement its own state program. This program will in-
clude state adoption of standards, including the specification of
surveillance and monitoring requirements and procedures, the de-
Tineation of the mechanics of public notification orocedures, and
such other operational requirements or data and reporting needs as
may be established.

The responsibility of the utility is straightforward. It must
provide water which meets the standards. Its conformance with
standards is established by a prescribed sampling and analytical
system. Non-conformance, as specified within both the standards
and the surveillance and monitoring procedures, triggers both cor-
rective action and/or public notification. Failure in either of
these latter two responsibilities may 1lead to selected public or
individual legal actions.

If we focus now on public notification, Table 2 summarizes the
key elements of this enforcement mechanism. Properly established
in requlations, administered at the state level, and constructively
implemented by the utility, it is a potentially viable substitute
for both direct federal and state enforcement. Table 3 summarizes
the division of responsibilities.

Full faith disclosure of problems that may occur, what the wa-
ter supplier is doing or wants to do to achieve improvements, and
what the customer (voter) may do to assist, are critical to any im-
provement program.

The public notification provision in its own right, or in
conjunction with the citizen suit provision of the Administration
bill and the Senate bill, should minimize the potential need for
both state and federal enforcement action. From a technical stand-
point all three bills, Administration, Senate, and House, can be
interpreted to mean that it is in the supplier's self-interest to
monitor quality changes which forewarn of developing conditions
weeks or months in advance of the need to notify the public.  When
a spotty record occurs, the operator of a public water system will
then seek state advice and assistance, enlist the support of con-
sulting firms as necessary, and effect corrective action in advance
of defined violation rather than wait to be told that he has a
quatlity problem.

10
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Table 2
PUBLIC NOTIFICATION — POTENTIAL ELEMENTS

What violations require notification?
a. Bad samples - Quality and frequency
b. Insufficient Sampling - repetitive and habitual

What types of notification are required?
a. Regular customer billings
b. Special customer mailings
¢c. Immediate public announcements
d. Could include corrective proposals

Consequences
a. Customer awareness and support
b. State/local participation
c. Plan for correction
d. Possible legal action

Who is involved?

a. Citizen
b. Utility
¢. Locality
d. State

e. EPA

Table 3
PUBLIC NOTIFICATION - DIVISION OF RESPONSIBILITIES
EPA - General Notification Regulations
- Coordination with Drinking Water Standards
Provisions
STATE Specific Operating Regulations

Dictates How & When to Notify
Follows up on Corrective Action
Gives Approval to Cease Reporting
Initiate Legal Action

UTILITY - Conduct Sampling & Analysis per Standards
- Determines Deficiency as per Standards
and Notifies per State Instructions
- Takes Corrective Action per State
Instructions

CUSTOMER - Fully Aware of Quality and Needs of the
Utilities

11



SPECIAL STUDIES

In addition to the legislative proposals noted above, a most
significant difference between the bills relates to the protection
of underground sources of drinking water. A major section of the
House bill would require EPA to promulgate underground injection
control regulations to be enforced by the states with federal back-
up. The Senate bil1l would only require EPA to conduct a study of
the contamination of ground water resources which are utilized for
the provision of drinking water.

The importance of ground water has definitely been established
but the Administration does not recommend the comprehensive regula-
tory approach set out in the House bill. EPA had indicated that
more experience is needed under the current authorities of the Fed-
eral Water Pollution Contral Act. The realization that 50 percent
of the Nation's population 1is dependent upon ground water has led
both the Senate and the House to provide for a special study. A
separate section in both the bill passed by the Senate and the
bil1 pending in the House provide for a Rural Water Survey.

RESEARCH, TECHNICAL ASSISTANCE AND STUDIES

The bills also provide broad authority to provide technical
assistance and to encourage and support drinking water research
through grants and contracts. Acknowledging a federal responsi-
bitity in establishing standards, emphasis is placed on research
and studies relating to the "cause, diagnosis, treatment, control,
and prevention of physical and mental disease” of man and to the
provision of a dependable supply of safe drinking water.

The three major bills include similar language. For instance,
the Administration bill includes:

"1. New and improved methods to identify and measure the
existence of contaminants in drinking water and to
identify the source of such contaminants;

2. New and improved methods to identify and measure the
health effects of contaminants in drinking water;

3. New methods of treating water to prepare it for
drinking, to improve the efficiency of water treat-
ment and to remove contaminants from the water;

4. 1Improved methods for providing a dependably safe
supply of drinking water including improvements in
water purification and distribution, and methods of
assessing the health-related hazards to other char-
acteristics of drinking water supplies; and studies
of the health implications of the reciamation, reuse
and recycling including both indirect and direct re-
use wastewaters as sources of public water supplies.”

12



TECHNOLOGY ASSESSMENT

There are two other provisions of the House bi1l that should
be brought to your attention. First, the House bill provides by
definition that for each contaminant which may have an adverse ef-
fect on human health, the Administrator must specify either

a maximum contaminant Tlevel if it is economically and
technologically feasible to measure the contaminant or

each treatment technique which leads to a reduction of
the contaminant, if measurement is not practical (on a
routine basis).

Elsewhere in the bill, the Administrator would be required to pub-
lish in the Federal Register a list of contaminants for which rec-
ommended maximum 1imits cannot be established for 1lack of accurate
measurement techniques, and his judgment of required treatment “to
prevent known or anticipated adverse effects on the health of per-
sons to the extent feasible."

In other words, The House bill would authorize treatment
standards in those situations where Tack of measurement techniques
and/or firm health effects data would otherwise prevent the estab-
lishment and enforcement of a constituent standard.

In addition, the House bill would also require the Administra-
tor to support a study by the Mational Academy of Sciences (or with
another independent scientific organization). The study is to in-
clude an evaluation of primary constituent levels which are to be
printed in the Federal Pegister within 90 days after the legisla-
tion becomes law. As part of this phase of the study, NAS would be
directed to consider

a. the existence of groups or individuals in the popula-
tion which are more susceptible to adverse effects
than the normal healthy adult;

b. multi-media exposure;

c. synergistic effects from exposure or interaction by
two or more contaminants; and

d. exposure and body burden which may alter physiologi-
cal functions so as to increase the risk of illness.

Of particular importance is the fact that the proposed NAS study is
also intended to recommend “studies and test protocols for future
research on health effects . . . including a 1ist of major research
priorities and estimated costs necessary to conduct . . . priority
research."

CONCLUSION

Collectively, the water supply profession has demonstrated the
ability to supply most Americans with Safe drinking water. The
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future provides a new opportunity to expand the scope and level of
service and performance based on current standards of good practice.

The immediate 1legislative challenge will be to extend and/or
modify existing practice to apply to numerous small systems. The
future also bodes well for bettering our knowledge of how to im-
prove the quality and dependability of drinking water through re-
search and development under the Safe Drinking Water Act.

So let us press on with implementation of existing technology
today, while we concurrently begin to document research and devel-
opment priorities so that we may assure future generations of
Americans an adequate supply of safe drinking water.
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QUESTICONS AND DISCUSSION

QuesTion: Can you summarize what the Safe Drinking Water Act is
and what impact is expected on drinking water in the Nation?

MR. McDERMOTT: The current House bill is over sixty pages in length
at the present time. You can make a career out of studying it.

But in a few words, it will be the first significant public
health legislation passed in this country specific to drinking wa-
ter. It wil] take us out of the current situation where many fed-
eral activities are hampered by a legislative provision that is
explicit insofar as communicable disease is concerned to the neg-
lect of the broad area of organic and inorganic chemicals.  Fur-
ther, it will establish requirements to assure that contemporary
state drinking water standards are applied not only to large com-
munities, but also to the small communities and many other semi-
public small systems across the nation on a continuing basis.

QuesTIOoN: (Mike Bell, Regional Engineer for the Division of Health
Services in North Carolina) You mentioned something about the Sen-
ate version having information or wording pertaining to training of
the utility people or the operators. Is this included in the House
bill and to what extent will the federal legislation affect or as-
sist in the training of our utility people?

MR, McDermoTT: I singled out the Senate bill because in the report
accompanying the Senate bill, specific recognition is given to the
needs of the states to train their own state personnel as well as
utility people as part of a well-rounded state prcgram. Aside from
that particular reference, the Senate and House bills include broad
grant and contract provisions dealing with the training of person-
nel.

The legislation--it is quite broad and would accommodate both
operator training and training of professionals including univer-
sity training, thus recognizing the regulatory functions of state,
federal and local agencies as well as the needs of consulting firms
and the utilities.

QuESTION: Why has it taken the Congress so long to act?

MR, McDermoTT: I think the Congress and the professionals who have
testified before the Congress are to one extent or another analyz-
ing their recent experiences with water pollution control and air
pollution control legislation and asking themselves whether or not
a similar legislative prescription is appropriate in establishing a
legislative priority for drinking water.

As [ see it, by definition or national consensus, there was a
crisis in water pollution and a crisis in air pollution, and I be-
lieve many people are asking, "Do we have a crisis in water supply?"

1 would say this--our studies have identified many violations
of existing standards, but we have not said that there is a crisis.
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As engineers and scientists, we all know that there's a safety fac-
tor built into the standards. So a violation doesn't mean imminent
hazard. But what it tells us is that we're borrowing on equity,
and you can't do that for very long and expect to avoid a crisis in
the future.

We've got to do a better job today to prepare for the future,
and | think what we're saying is we need a legislative base upon
which to build. We are also saying, and few people seem to realiZe
this, that we are trying to establish a new priority at the state
level--a new priority recognizing the importance of the public
health aspects of public water supply. You might think about that
and establish in your own mind why it is that drinking water pro-
grams have gone downhill 1in the last few years and why it is that
new priority is needed at the state and local levels.

QuesTioN: Can you estimate the increased cost the utilities would
bear as a result of this bill?

Mr. McDErMOTT: We have answered this question at the request of the
House Interstate and Foreign Commerce Committee for state programs
and community systems.

We estimate that given a new priority at the state program
Tevel including technical assistance, training, and hopefully plan-
ning assistance with a view to regionalizing small systems into
larger configurations, that the state program cost associated with
community systems will rise from something 1ike $10 million per
year to upwards of $50 million per year. That would put more state
people and county people out in the field to work with the local
system both to identify problems and begin resolving them as quick-
1y as possible. A1l too frequently the local utility man is not in
a strong position to communicate with the local, political infra-
structure for lack of technical experience or background. We see
the state, or the county man, as the state's delegate, working with
the utility man and with the local infrastructure to identify prob-
lems, the urgency for corrective action, and counseling all parties
on effective means of accomplishing improvements.

At the local level we have estimated, and this is a rough es-
timate, that increased costs will be something in the order of $165
million per year, and most everybody gasps when they hear this num-
ber. Let's put that number in perspective.

The current annual receipts of the water works industry is es-
timated at $2.5 billion. Assuming there is little or no profit made
on drinking water, these receipts are applied towards operation,
maintenance, repairs, and expansions of existing systems. The de-
preciated value of existing systems is between $50 and $70 billion.
If you Took to the immediate future, it may well be necessary in
the next 20 to 30 years to invest another $100 billion to repair
and replace existing facilities which pump water if only to make
sgre that there's water in the fire hydrant if the fire bell should
ring.
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The issue iswhat is it worth to make sure that the bill-paying
public receives the full benefits of past and future investment.
What is it worth to make sure that the water is both safe and wet?
Put all those numbers together, and you might draw the conclusion
that the impact of the primary health constituent standards and
monitoring to assure their implementation could mean perhaps an 8
to 10 percent increase on the average across the Mation inthe com-
munity water bill.  You may want to consider that as an insurance
policy to make sure that the water is both safe and wet.

That's a long answer to what most people think of as a simple
question. But while we are at it, let's go a step further and rec-
ognize the water bill as the cheapest utility bill we pay. If you
read the House hearings, you will note a friendly conversation I
had with Congressman Preyer of torth Carolina where I noted that my
water bill was substantially less per month than was my telephone
bill, and I don't even have grown children. My children are still
in grammar school. So think about that. What are the priorities
of 1life, the life-support system? What are we investing in water
supply to make sure the water is wet? What is an insurance policy
worth to make sure that our drinking water is also safe?

QuesTIon: (J. F. Green, Environmental Health Division in Charlotte)
Is there a possibility which might result from this act of a de-
cline or phasing out of small community water systems owned and
operated by private utilities with increasing expansion and devel-
opment of governmental systems in municipalities?

Mr. McDervoTT: Clearly, there has been a proliferation of small
systems across this Nation in the last 15 years. I would fully ex-
pect that Dan Okun will discuss this issue this evening.

There were some 20,000 systems in 1963 when we last conducted a
National community water supply inventory. Today, we are in the
process of conducting another inventory and estimate there are
40,000 systems. Perhaps some systems were missed ten years ago,
but most assuredly, a substantial number of small systems were
added. These statistics are significant because our studies show
that small systems are most likely to have deficiencies, probably
because they cannot hire or retain competent operators.

To make @ long story short, we would expect small systems to
move into confederation, if not physically at least managementwise,
with larger metropolitan systems.

1 think this isgoing to be one of the major issues which state
programs must confront. The states must work with the smaller com-
munities to find out what is the best overall approach. In some in-
stances, physical integration might be desirable. In other instan-
ces, separate community systems might be the best solution.

QuesTion: (Frank Reynolds, South Carolina Department of Health and
Environmental Control) I want to know something about the funding
provisions of the act. How much is put in it to go to states and
how much for construction and solution of problems?
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R, MDeroTT: Let me start with the question of construction
funding. This is a public health bill, not a public works bill,
There are no funds in this act to support construction grants.
However, there is a small provision in the House bill which would
guarantee loans not to exceed $10,000 where a small community is
encountering difficulty in borrowing money.

Secondly, the administration's position has been opposed to
state program grants to support or otherwise encourage the states
to establish programs to implement the act. But the current Senate
bill provides something like 35 million in the first year, and the
House bill, which started with $5 million at the subcommittee, was
raised to $15 million the first year and $25 million the second
year by the full committee. This can be taken as their reaction
to the needs of the states to implement a new program with a new
program priority.

QuesTioN: (Ken McElroy, Maryland Environmental Service) The State
of Maryland has been encouraging EPA and the Congress to concentrate
the federal efforts on the evaluation of the effectiveness of state
programs and discourage the federal government from the specifying
of regulations for operation, maintenance, planning, etc. It sounds
from your remarks as if the Congress has moved somewhat further than
the administration bill was originally proposed to include more
specification and regulations for the various parts of the water
supply management picture. Can you share with us what EPA has done
to try to bring the Congress back to the original administration-
proposed bill and perhaps share with us why you feel the Congress
and its committees are so intent on specifying detailed regulations
for the various aspects of the water supply program.

MR, McDErmoTT: I will not presume to tell you what the Congress
does in its wisdom, or how they go about it or why they do what
they do. They have held many hearings, and they have listened to
many professional groups and individuals. EPA has testified in the
Senate on at least three occasions and in the House on three or four
occasions.

Perhaps all we can say is that the President has a responsi-
bility to identify legislative needs. The House and Senate are
largely a policy group. They translate need and testimony into leg-
islative language.

I can assure you that EPA is taking advantage of every oppor-
tunity available to it to communicate with the House and Senate what
its position is. I can only hope that others are doing the same
thing. The important thing is that we can come up with a viable
bill that we can all get behind and implement.
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THE DEVELOPMENT AND APPLICATION OF THE 1974
DRINKING WATER STANDARDS

Roger D. Lee
Chief
Surveillance and Technical Assistance Section
Water Supply Diviston
Office of Water and Hazardous Materials
U. S. Environmental Protection Agency
Washington, D. C.

BACKGROUND

Water supply has a long and distinguished history in the Unit-
ed States. Beginning with the first piped water system for Boston
in the 17th Century, the water supply industry has developed new
sources of supply, built new systems, and planned successfully for
the future growth of a vigorous, expanding country. Of consider-
ably less age, drinking water standards have shared credit with the
supplies for the past 60 years in the improvement of the quality of
urban living and the defeat of the scourge of waterborne disease.

Drinking water standards in the United States are Johnny-come-
latelys in the regulations authorized by the Quarantine Act of
February 15, 1893. It was not until 19 years after the Act was
passed that the first water supply related regulation was promul-
gated. It dealt with delivery rather than supply in that it pro-
hibited the wuse of the common drinking cup on interstate convey-
ances. The first water quality standards were not promulgated un-
til October 21, 1914, although a January 25, 1913, regulation had
required that water used on conveyances be certified by state or
local authorities to be incapable of conveying disease.

During FY 1914 approximately 9000 water sources for interstate
carriers were registered, and it was estimated the list would con-
tain 20,000 entries when it was completed. Apparently, train crews
loaded water from any convenient source whenever it was needed, and
these sources might be a well, spring, stream, etc. along the
right-of-way which was favored by the conductor or other members of
the crew. With enforcement of the Interstate Quarantine Regulations
on water supply, the carriers consolidated their watering activities
in a few watering points so that today approximately 700 water sup-
plies serve the transportation industry. They concurrently serve
almost 88 million residents or about one-half the population served
by public supplies.

The water supply indusiry, whose performance country-wide is
measured against the Drinking Water Standards, has achieved an en-
viable record. Craun and McCabe*(1) reported there were only 35 re-
ported outbreaks of disease from communi<y systems (an outbreak could
involve as few as two persons)in the 10-year period 1961-70. These
outbreaks resulted in almost 40,000 cases of disease. Considering
that two outbreaks accounted for 32,000 cases and two more added an-
other 4000 cases, the accomplishment of the industry is impressive.

*Numbers in parentheses refer to correspondingly numbered items in
the References.
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Most waterborne disease outbreaks have biological etiologies,
but a few are traceable to mineral constituents. The tremendous
changes in our standard of living and the conveniences we accept
as commonplace are the result of an explosion of applied technol-
0gy. A by-product of these benefits has been an increasing deter-
joration of drinking water source quality due to the discharges of
tiquid wastes from increased population as well as from the indus-
trial plants that produce the conveniences. With almost monoton-
ous regularity, the scientific or popular press carries reports of
the discovery of new insults to our bodies from these chemical by-
products. They are often present only in microgram or even nano-
gram per liter quantities, and their effects are often reported to
be discermible only after years of exposure. The disinfection of
sewage with chiorine is under attack because of reported adverse
effects on aquatic fauna and the possibility of the formation of
organohalides (2) 1leading to questions about the safety of the
practice for water supplies.

A1l this means that if the Drinking Water Standards are going
to continue to protect human health, they must be continuously
questioned, studied, and revised to cope with ambient conditions.
The 1962 Standards were seven years old when the initial action
was taken for their revision. A Technical Task Force was appoint-
ed in 1969 to review the Standards and prepare recommendation for
their revision. Its job was completed in about two years, in time
for the proposed revision to be submitted to a 14-member advisory
committee appointed by the Administrator of EPA in September 1971.
The Advisory Committee finished its review of the Task Force rec-
ommendations in September 1973 and submitted its report to the Ad-
ministrator in December 1973. In the meantime, a Work Group had
been appointed in EPA to review the Advisory Committee recommenda-
tions.  The Work Group report has progressed to the point that it
is being circulated to other government agencies for review as a
last step prior to the publication in the Federal Register for
formal public comment.

THE NEW "STANDARDS”

The Quarantine Act of 1893 restricts the regulations to those
necessary to control the spread of communicable disease and,
therefore, does not authorize the adoption of physical, chemical,
or radiochemical standards. The drinking water legislation now
before the Congress would authorize standards in three areas in
addition to the biological standards. Several months ago the de-
cision was made to proceed with the current Standards-setting pro-
cess under the current authority. Thus, the package ncow approach-
ing initial Federai Register publication has two parts. The Stand-
ards contain the bacteriological 1limits, the provision for the
substitution of chlorine residual tests for coliform samples, and
the turbidity limit. The guidelines contain the physical, chemical
and radiochemical limits, appropriately identified as health or
esthetic limits. If made necessary by enactment of new legislation
prior to promulgation, the standards and guidelines can be repack-

_____ as primary regulations (health standards) and secondary regu-
lations {esthetic standards).
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Users of the 1962 Drinking Water Standards will find relative-
ly few changes in the proposed standards, although some of the

changes wil]l be important to some supplies. Differences between
the 1962 Standards and the recommendations of the Task Forces, Ad-
visory Committee, and Work Group are shown in Table 1. The pro-

posed new standards that will have the greatest impact on the water
supply utilities and the regulatory authorities are:

A. The reduction of the turbidity limit from 5 units to
1 unit and reclassification as a health-related con-
stituent. The standard will allow turbidities up to
5 units if five conditions are met. The conditions
are that the increased turbidity shall not

(1) interfere with disinfection,
(2) cause tastes and odors upon disinfection,

(3) prevent the maintenance of an effective
residual throughout the distribution sys-
tem,

{4) result 1in deposits in the distribution
system, and

(5) cause consumers to question the safety of
the water.

B. The addition of a mercury standard of 2 micrograms
per liter.

C. The addition of several pesticides for which moni-
toring will be required, and

D. The concept of radiation dose to replace the previ-
ous concentration of radiocactivity in water.

Bacteriological Standards

The proposed Drinking Water Standards appear to be the result
of natural evolution from the 1962 Standards. The changes are not
great, and their effect on the utilities will be relatively small,
except as the changed turbidity 1imit affects unfiltered surface
supplies. In the microbiological area, the coliform limits are
unchanged, and a table, derived from Figure 1 of the 1962 Drinking
Water Standards, replaces Figure 1 to specify the minimum number
of samples per month. The standard sample for the membrane filter
technique will be doubled from 50 milliliters (ml) to 100 ml. This
may, in effect, represent a slight tightening of that standard but
the principal effect will be logistical. Some Tlaboratories will
have to purchase new sample bottles and shipping containers to have
enough sample volume to meet the new standard.

A new bacterial count 1imit of 500 organisms per milliliter is
introduced, but there is no fixed sampling schedule such as is
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specified for coliform. The Standards will provide only that the
frequency of sampling and number and location of sampling points
will be jointly agreed to by the utility and the regulatory agen-
cies. The bacterial plate count can provide the operator valuable
information on the efficiency of treatment and the degree of qual-
ity deterioration in the distribution system, Operators with
their own laboratories should find the plate count a welcome addi-
tional quality control test.

Chlorine Residual

Data from various studies, including the Community Water Sup-
ply Study (3), were evaluated to determine the relationship between
chlorine residual and bacteriological quality, as indicated by the
coliform and the bacterial plate count examinations. It was con-
cluded that residuals of 0.3 milligrams per liter (mg/1) of free
chlorine in the system would result in samples that met both bac-
teriological parameters. This information, together with (1) an
appreciation that bacteriological examinations are not free, (2)
they take enough time that they provide only post facto information
on bacterial quality, (3) are not useful as operating quality con-
trol tests, and (4) are generally not performed with sufficient
frequency to provide a satisfactory historical record of accom-
plishment, has resulted in the inclusion of chlorine residual tests
as a substitute for coliform examinations. There are conditions
that must be met, but the Standards will allow the substitution for
up to 75 percent of the coliform samples by suppiies serving more
than 5000 persons and substitution for 100 percent of the coliform
samples by supplies serving 5000 persons or less. It is expected
that the determination of chlorine residual from 2 to 6 times ev-
ery day, together with turbidities of 1 unit or less, will provide
more health protection than poorly controlled disinfection coupled
with 2 to 6 bacteriological samples per month.

These are changes that will require utility personnel and
regulatory agency personnel to change some of their practices; but,
except for the effect of the turbidity limit on a few filtered sup-
plies and probably most unfiltered surface supplies, their impact
should be a favorable one,

Viruses

The new standards will not include a virus standard. It is
well recognized that many raw water sources are polluted withen
teric viruses and the water supplies derived from them depend en-
tirely on treatment processes to remove them from drinking water.
Even if the processes are completely effective when properly oper-
ated, breakdowns to occur and some plants' operations are marginal.
This indicates a need for a virus standard because it might be ex-
pected that viruses are present in finished drinking water from
time to time. With virological techniques rapidly being perfected
to the point where they can be used to routinely monitor finished
water quality, a standard may soon be forthcoming.

Except for the problem of viruses in water, the microbiologi-
cal standards are fairly straightforward and based on standards and
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practices that have been demonstrated to be satisfactory and to
provide a high degree of public health protection. The development
of chemical and radiochemical standards has not always been so
easy. The deliberations leading to the present recommendations
have sometimes seemed to raise more questions than they answered.

Trace Substances

Refinement of techniques to measure small quantities of ma-
terial has revealed constituents in water where we previously be-
lieved them to be absent. Parallel advances in observing health
effects of traces of materials in test animals have complicated
the standards development process.

Several years ago, there was intense public interest in the
use of DDT with 1{ts subsequent appearance in water because DDT
was believed to cause fragile shells in eggs of birds-of-prey with
a resulting decline in their populations. Man was held to be in-
tervening in the delicate balance of nature, and there was much
debate over whether the benefits of artificial insect control out-
weighed the upset in the birds-of-prey balance. Many researchers
reported the presence of DDT in the fat of animals, but there were
no reports of adverse effects on humans. A DDT limit was devel-
oped and proposed based on chronic toxicity. The limit was calcu-
lated primarily on the basis of the extrapolated human intake that
would be equivalent to that causing minimal toxic effects in rats
and dogs. Data from human and animal investigations were used to
develop the standards by adjusting for factors that influence
toxicity such as inter- and intra-species variability, length of
exposure, and extensiveness of studies. Safety factors were ap-
plied and an allowance was made for exposure from other media,
such as food. This procedure was followed in setting all 1limits
based on toxicity. But at the present time, no DOT limit is being
proposed.

Based on experiments with rats and mice, there is evidence
that ODT, aldrin, and dieldrin are potential human carcinogens.
The development of a standard based on carcinogenisis is different
from the development of one based on toxicity. In toxicity stud-
ies, the object is to establish the intake level that just has an
effect on the human body. The standard is then set somewhat below
that level to provide a margin of safety to protect the extra sen-
sitive individual, to allow for experimental error and to allow
for some failure to meet the standard by some water utilities.

On the other hand, chemicals that are carcinogenic do not
have a safe or threshold level. Any quantity of the chemical must
be considered to be harmful, aned the process of standard setting
thus becomes a process of balancing risk, occurrence of the chemical
in water, and the economics of removing it from water.

What is an acceptable risk? Is it one in 10 thousand, one in

100 thousand, one in a million? If the cancer produced is rela-
tively obvious and easy to cure, such as skin cancer, ar invariably

25



fatal, such as angiosarcoma of the liver, should this make a dif-
ference in the risk considered to be acceptable? Does the popula-
tion exposed influence the acceptable risk? A risk of 1 per 100
thousand represents one cancer each century in a town of 1000, but
it represents 80 per year in New York City. Should the standard be
different for Crossroadsville and Mega City? After these questions
have been answered how do you calculate back from experimental data
to get the value for the standard? Several methods are available;
but as if there were not complication enough, it is possible to get
different answers from different people using the same data and
method.

These are some of the questions that have been asked and de-
bated during the development of the revised Standards. For al-
drin, dieldrin, and DDT, the draft Standards now circulating have
no proposed limits because they will be derived later by estimat-
ing the health risk associated with various concentrations and a
comparison of the calculated concentrations with ambient levels to
permit an assessment of the attainability of a limit using present
day technology. This process 1is temporarily stopped by the non-
availability of data on ambient levels. The pesticides data from
the Community Water Supply Study are questionable, and the only
other record is the 1969 Federal Water Pollution Control Adminis-
tration Report on Pesticides in Surface Waters of che United
States--A Five-Year Summary (1964-1968). No definite conclusions
can be reached on ambient levels in drinking water from these data.
Therefore, EPA has planned and is ready to implement a survey of
water supplies that will permit an estimate of current pesticide
levels in drinking water to be made. It is planned that the sur-
vey be completed and the data be available within about 18 months.

Radioactive Substances

In setting the standards for radioactive constituents, the
Work Group has accepted the recommendations of the EPA Office of
Radiation Programs which introduce the concept of aggregate dose
as a feature of the Standards. To apply such a standard, it is
expressed in terms of dose. For Radium 226, other alpha particle
emitters, and Radium 228, the standard is that the aggregate dose
received by the customers of the supply shall not exceed 3000
organ-rem per year and that in no case shall the average Radium
226 and/or Radium 228 activity exceed 5 picocuries (pCi)/liter nor
the gross alpha particle activity, including Radium 226, exceed
16 pCi/liter. The text states that the limiting concentrations of
Radium 226 and Radium 228 should result in bone surface doses no

Editor's Note: The curie (Ci) is the unit of radiocactivity. It is
the rate of decay in terms of d151ntegrat1ons of the radium nuclei
in one gram of radium per second; i.e., 3.70 x 1010 d1sintegrat1ons
per second. A picocurie (pC1) is one trillionth or 10~ The
rem (roentgen equivalent in man or mammal) is a quantitative mea-
sure of the biological effect of absorbed radiation.
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larger than 60 organ-millirem per year. Thus, the standard could
be read that the aggregate dose shall not exceed 3,000 organ-rem
per year and in no case shall the 1individual dose exceed 60 organ-
millirem per year, The standard then becomes one of an allowable
individual dose of 60 millirem per year per person in populations
up to 50,000. As population increases beyond 50,000, the allow-
able dose decreases until it reaches 6 millirem per year in popu-
lations of 500,000 or greater. A similar approach is used for
Beta particle and photon activity fron artificial radionuclides.
The guidelines contain tables and numerical examples for calculat-
ing the aggregate dose from two or more radionuclides.

Impact on the industry

What will the effect of the new Standards and Guidelines be
on the water utilities and on the regulatory agencies of the
States?  The numbers defining maximum allowable concentrations
are not significantly changed from those in the 1962 Standards or
those of guidelines that have been developed since 1962. It is
possible to discuss the overall effects of the new Standards and
Guidelines with some degree of certainty, but it is not possible
to generalize on the effects on utilities vis-a-vis the effects
on regulatory agencies because the states have different operat-
ing procedures defining who is responsible for what phase of sur-
veillance and monitoring. Therefore, considering the wutilities
and the regulatory agencies as a whole to be the water supply in-
dustry, the effects can be generalized as follows.

The Standards re-emphasize the need to evaluate alternative
sources and to select the one that presents the minimum risk of
contamination by wastewaters with impurities that may be hazard-
ous to health. Surveys of sources, treatment, and distribution
facilities should be regularly made to identify health hazard and
allow planning for their elimination or reduction. Water supply
facilities should be designed, built, and operated in such a way
that there is a high degree of capability and reliability to effect
compliance with the guality standards. None of this is new. These
concepts are contained in the 1962 Standards, and their effect on
the industry will depend upon the existing degree of compliance
compared to compliance in the future. The content and provisions
of federal drinking water legislation when it is enacted willim
pact more on these provisions than will the new standards.

The familiar Figure 1 of the 1962 Standards will be replaced
by tables based on the curve to eliminate the uncertainty over the
number of bacteriological samples required to be examined. Depend-
ing on how the curve has been read, there may be some minor changes
in the number of samples to be examined from any supply, but these
should be minor and for the industry as a whole, there will be no
effect. On the other hand, the possible substitution of chlorine
residual for the coliform sample has the potential of reducing lab-
oratory loads substantially. For example, it has been estimated the
median size supply serves 5,000 persons. The number of samples re-
quired per month varies from 2 for those serving 2,500 or less to 6
for those serving 5,000. Assuming the average number of samples re-
quired is 3 per month and that half the supplies will utilize the

27



substitution provisions, the bacteriological laboratory load would
be reduced by 30,000 samples per month.

The turbidity standard will ultimately result in the con-
struction and operation of filtration plants for all surface sup-
plied systems.  Since many of the larger systems do not now have
filtration, the potential capital investment and operation costs
are in the millions of dollars. These costs should be viewed in
terms of their effect on the individual household monthly water
bill. This has been estimated to be about 25 cents per month per
capita. It has been pointed out that in communities where water
supply revenues in excess of operating costs are paid into the gen-
eral fund, that the use of revenue to finance new facilities repre-
sents an increase in taxes, Thus, the turbidity limit will impose
additional costs on the users of some systems, either as an in-
creased water bill or as increased local taxes.

At this time, the effects of the physical, chemical, and ra-
diochemical 1imits will generally be small. Based on the limited
national data available, few supplies will fail to meet the new
guidelines; and when they do fail, they fail to meet esthetic lim-
its. Enforcement of the guidelines by the states may not have an
appreciable effect on the need for treatment facilities but will
have a substantial effect on the 1laboratory work to be done. Data
from the interstate carrier program {(4) show that chemical analyses
are not being uniformly performed across the country. The addition
of mercury and nine pesticides plus the sometime need for analyses
for specific radionuclides will increase the laboratory work load.
The passage of the drinking water legislation will probably result
in more, not less, chemical analyses.

The pending legislation will have far-reaching effects on the
water supply industry. A1l water supplies covered by the legisia-
tion, perhaps as many as 240,000, will have to meet primary regula-
tions. The regulations themselves will be updated regularly, the
first time after a two-year iHlational Academy of Sciences study of
the interim regulations. The legislation provides for treatment
standards in place of maximum allowable concentration limits under
certain circumstances. The anticipated inclusion of standards for
known carcinogens will require the industry to seek the development
of new treatment methods. The conventional chemical precipitation/
filtration/chlorination process will not be adequate to solve the
anticipated problems.

In reviewing the impact of the legislation on 40,000 conven-
tional water systems plus an additional 200,000 other systems
that serve the traveling publiic, it was obvicusly not realistic to
plan for the complete analysis of water from each surface supply
annually from each ground water supply triennially, although it
should be noted that such a schedule is substantially less than
that required by the 1962 Standards which provide for semi-annual
analyses with more frequent analyses if there is some presumption
of unfitness due to the presence of undesirable constituents.
Estimates of the impact of the primary regulations required by the
legislation were based on, among other schemes, a sampling sched-
ute that would require in the first year the complete analysis of
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samples from all surface supplies plus samples from the larger
ground water supplies. During the second and third years, initial
analyses of samples from the self-supplied other supplies obtained
from the ground would be made. In total, an estimated 240,000 com-
plete analyses would be performed over a seven-year period. Super-
imposed on this work load, beginning with the second year would be
an annual partial analysis for surface water supplies and triennial
partial analysis for ground water supplies where for any water sup-
ply the partial analysis would include only those constituents
shown to be present in concentrations equal to or greater than 50
percent of the limit established in the regulations or which a san-
itary survey had shown might be present in the water supply. This
scheme, while requiring substantially less chemical analyses than a
straight annual/triennial complete analysis, will still result in a
substantial increase in the chemical laboratory work 1load of the
industry. Every addition of a constituent to the drinking water
standards will increase the effect.

CONCLUSION

Without being a treatise on any aspect of the Drinking Water
Standards, this report has endeavored to present some of the his-
tory behind the present revision of the 1962 Drinking Water Stand-
ards, some of the questions that have been considered and how they
have been resolved, and some observations of their potential ef-
fect on the water supply industry of the United States. It is ob-
vious that some of the answers are interim in nature and that much
additional research must be done on health effects and on treat-
ment technology before standards can be developed that we can be
reasonably certain protect human health adequately on a long-term
basis.
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QUESTIONS AND DISCUSSION

QuESTION:  If pesticides or some of the pesticides are known to
produce these bad effects and if the goal of the standards is to
protect the water supplies, what is the reason for not setting the
standards until further studiesare made? That would seem to throw
protection to the winds until we study it some more.

MR, LEE; Nine pesticides are scheduled to be included in the
drinking water standards so there will be protection from at least
nine more substances. than were covered under the 1962 standards.
In reference to the three that are omitted, aldrin, dieldrin, and
DDT, the reason they are not included is that we don't know where
to set the limits until we have more data. These three pesticides
are possible carcinogens; and since there is a general feeling that
no level of a carcinogen can be called safe, we have to find some
basis for setting a 1imit. The basis we propose to use is to first
find out how much of these pesticides are present in drinking wa-
ter, then set the limit as low as we can without 1imposing undue
economic hardship on water suppliers or communities. This way we
can balance risk against cost. While it may seem that "protection
is being thrown to the winds" until we establish limits, we are
trying to get the necessary data as rapidly as possible; and since
the standards will not be promulgated for some time yet, it is our
hope that we will have the data and will establish limits by the
time the standards go into effect.

QuesTion: (Mark Sobsey, UNC-CH) The whole question of toxic sub-
stances in water brings wus to the problem of assay or detection
methods for materials, not just three or perhaps a handful of
pesticides, but a large variety of other chemical compounds that
may be present in trace quantities in water and may also be toxic.
Can you tell us what you know 1is being done in the way of the de-
velopment of other kinds of assay methods for such substances, not
specific ones but for the aggregate testing of materjals that may
be in water, any kind of biological assays that may be available?

Mr. Lee:  The development of new analytical methods is handled in
another part of EPA, and my personal knowledge is only that these
problems are being worked on. Specifically, what direction is be-
ing taken and how rapidly the work is progressing, I don't know,
and I just can't comment.

QuesTion: (Frank Bell, EPA Water Supply Program) I wanted to ask
something that Roger can confirm or not, but I think it will be
useful for perhaps many of the people here. The question before
us is not one that we have a proven cancer-producing potential in
man. This is all extrapolated from animal experiments and so it's
a suspected kind of a possibility. When we say we have a level of
one in a million or something, that's strictly an extrapolated
figure so we don't know that we're getting it. I think that's a
fact of the case and also would clarify perhaps how they come out
with the final figure on that. Is that right?
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PNSWER FROM SOMEONE IN THE AUDIENCE; I think that's the point with
the business of protection, whether there's some reason to be
scared. This stuff bothers rats or dogs, and we don't have any
hard 1ine data on what concentration knocks people over; but there
is some concern, and that's what the protection would seem to be
all about. I think that's what the insurance value that was men-
tioned by both these speakers means. Just how much trouble do we
want to go to to protect since we suspect there's a problem. The
alternative is to wait until something bad happens and we have real
data. Then, we have a very easy administrative way to handle the
Timits, but it's a heck of a price to pay.

QuesTion: (Jim Lamb, UNC-CH) You mentioned, as [ recall, the num-
ber of sampies or frequency of sampling would remain essentially
the same for the country as a whole. Was this the rationale for
this study actually or was it just something which carried over
without change from the preceding standards?

Mr. LEE: It carried over from the 1962 standards. It isn't some-
thing that we did without some consideration. The matter of bac-
teriological sampling frequency, and chemical sampling frequency
received a great deal of discussion at all three 1levels of devel-
opment of the standards by the technical task force beginning in
1969, by the advisory committee, and also by the working group
that just recently finished its work on the standards. The con-
sensus seemed to be that the basis for Figure 1 in the 1962 PHS
standards is a pretty vague thing. We don't know what the ration-
ale is or was. We do know, historically, tnat if water supplies
are sampled at this frequency and if they meet the drinking water
standards, then save for the experience in Riverside, California,
ten years ago, public health appears to be adequately protected.
We didn't feel there was any basis for making a change. We had no
data to indicate what new sampling frequency should be adopted. To
make a change just to make a change didn’t seem to us to be an im-
provement. So we elected to stay with what we have.

QuesTion:  (Herbert Swenson) Concurrent with the interest in re-
vising 1962 standards, 1is there also interest to your knowledge in
taking a fresh look and revision of the international standards on
drinking water?

MR, LEE: I have no information on that at all. As far as [ know,
tgere is none. It has not been discussed to the best of my knowl-
edge.

CoenT:  (Russell Christman, UNC-CH) I don't know if any of you
attended the Gordon Research Conference or how many of you were at
the one in New Hampshire in July and talking about drinking water
and things in it to be worried about. A man there was reporting
on the use of gas chromatography-mass spectrometer, computer-linked
systems as a very high-powered, very expensive way of detecting
chemicals, and they've done this for drinking water. They've done
it for the City of New Orleans' drinking water, and he showed what
they found in it. There were several hundred people in the room
gasping when he showed the slides of organic chemical compounds
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that the computer had identified in the drinking water. It leads
you to suspect that there's probably some concentration in almost
everything in the water, and as Roger said, the closer you look the
more you're going to find. Setting standards for that list that
was shown in the slide would be an enormous undertaking.

* * * * *x
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NEW ENVIRONMENTAL HEALTH PROBLEMS IN
WATER SUPPLY

*David P. Rall, M.D., Ph.D.
Director
National Institute of Environmental Health Services
Research Triangle Park, North Carolina

INTRODUCTION

I want to talk to you this afternoon about certain problems,
as I see them, in environmental health, particularly the problems
related to the water supply. I come to this meeting as a scien-
tist particularly concerned about human health, and concerned
about the toxic effects of chemicals. And it is on this subset
of the many problems involved in water supply and its purity that
I shall focus. I propose to suggest a series of problems, but then
do not propose to bring forth a series of solutions like rabbits
out of a hat. The concerns that I shall be talking about in the
next few minutes, it seems to me, have no ready solutions, but must
be concerns of all of us.

BACKGROWND

Let us first start out with some considerations of the chemi-
cal process industry. It has been estimated, and I think quite
reliably, that between 500 and 1000 new chemicals are introduced
into commerce every year; and these are added to approximately
10,000 chemicals that are presently produced, distributed, sold
into commerce, and used in the United States. In addition to these
end-product chemicals, there are many intermediates and by-products
involved in the manufacture and disposal of such chemical entities.
I think it is clear that it is inevitable that many of these chemi-
cals are bound to find their way into the water supply and end up
very possibly in the drinking water of the citizens of the United
States.

Now this, as I indicated, 1is a result of the chemical process
industry which has had a literally astronomical growth since the
late 1930's and the early 1940's. This was signaled, [ suspect we
all remember--or most of us remember, by the slogen of “better
things for a better 1ife through chemistry." This, it seems .to
me, was really the second industrial revolution that occurred in
the United States and the other developed countries; ang in many
ways it was significantly different from the first industrial rev-
olution which probably caused the first serious pollution problems
in the developed areas.

The first industrial revolution was primarily concerned with
remaking, reshaping, and reworking existing materials in such a way
that very little new was produced or added; and probiems certainly
were created--smoke, SOX, etc.; but they were not problems of new

*Editor's Note: Dr. Rall was the luncheon speaker on Thursday,
September 26.
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and unique chemical compounds. By contrast, the second industrial
revolution js based on the synthesis of totally new and novel chem-
icals--chemicals that man has never been exposed to before--and many
of which have a potential for a vast array of toxic effects.

Now in light of this impressive number of new chemicals and
existing chemicals in our commercial universe, let me suggest cer-
tain areas which we must be concerned about. First, we don't know
what these compounds are, what the production volumes are, how they
are produced, and where they are produced. There is no systematic
mechanism for identifying newly produced compounds. The recent
losses among the poultry and cattle industry in Michigan clearly
illustrate this problem. Michigan farmers began to report that
their poultry and livestock were i11 and dying of a peculiar unrec-
ognized disease. It was then appreciated that this appeared to be
associated with brominated biphenyls which were present in the car-
casses of these animals. The source of these brominated biphenyls
was initially totally obscure. It was not known that such compounds
were being made commercially. It was finally discovered that a
small chemical manufacturing company had mistakenly shipped a new
fire retardant (which they had just started producing) in bags which
were labeled as some sort of food additive for the livestock and
poultry. This fire retardant, which was to be added to plastics to
make them less flammable, turned out to be a brominated biphenyl
which accumulates very significantly in mammalian and avian systems
and which is quite toxic. It had not been known that the brominated
biphenyls were produced to be used as a fire retardant and were be-
ing used in commerce. The net result of this, fortunately, is that
there has been no human health damage but the loss of many hundreds
of heads of 1livestock and 1literally hundreds of thousands of
chickens.

Secondly, there is no systematic mechanism to know the process
by which these new chemicals are produced; and therefore, the inter-
mediates and by-products which may appear in the environment. [
think we are all reminded of the story of the halo ethers which
have appeared in the Ohio River water, in the Rhine River water and
a variety of other rivers which pass through major industrial areas.
These halo ethers are a by-product of the manufacture of ethylene
and appear in many instances to be discharged by the plant into the
nearest available discharge system. The toxicity of some of the
specific halo ethers that have been discovered in these river wa-
ters is not well understood. But what is clearly disturbing is that
very close relatives are amongst the most carcinogenic substances
known. Yet, these halo ethers are not commercial products, but they
appear in the drinking water and can pose human health problems.
Unfortunately, in this area there is no systematic mechanism to know
of increases in production or new uses of commercially produced
chemicals.

I think the two best examples of this are not new. The first
certainly is the polychlorinated biphenyls of which peak production
was about 80 million pounds a year in 1970, and the fact that poly-
chlorinated biphenyls were a major environmental problem was not
realized until they had been literally accidentally discovered in
the carcasses of birds. Similarly, the phthalic acid esters of
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which production is about one billion pounds a year simply sudden-
ly appeared in a whole variety of environmental areas. It is fortu-
nate that neither of these compounds appears to be particularly
toxic, at least at the levels that are environmentally observed.

MEETING THE PROBLEM

thus, our first major problem: The need to develop systema-
tic mechanisms to monitor the production of new and old chemicals.
We need to know chemical identity, production volumes, processes,
intended uses (how leaky?) and by-products. Unless and until we
have this information, we will be playing a game of hide and go
seek, forever doomed to be the loser.

I think the next major question is a very obvious one. How
can we possibly test each of these chemicals to see if they have
deleterious effects? It is a fair statement that most of these
chemicals have not been tested to any significant extent. The re-
cent wide publicity given to the problem of the vinyl chloride
monomer which had been used in industry for 30 years before its
rather striking carcinogenicity was demonstrated first in animals
and subsequently in man indicates the real need to study in some
detail these sorts of compounds. Similarly, the demonstration a
few years ago that bischloromethylene ether was a particularly
strong carcinogen was most important.

Bischloromethyl ether is used as an agent in polymerization
processes to tie up the loose ends. Through a series of totally
jnadvertent scientific investigations unrelated to the fact that
this was a widely used chemical in industry, it was discovered that
this was highly carcinogenic. In fact, a tenth of a part per mil-
lion in the inhaled air causes a significant increase in broncho-
genic carcinoma. The fact that this compound is affected at a tenth
of a part per million suggests that we cannot be complacent and
simply say that most of these compounds are present at very low con-
centrations and, therefore, are likely to be non-toxic.

Another good example of the very high toxicity of such com-
pounds are the tetrachlorodibenzodioxins of which between a tenth
and one microgram per kilo will cause severe toxicity in certain
laboratory animal species.

In the face of this very large number of compounds it seems to
me absolutely necessary that we develop a battery of rapid, simple,
presumptive toxicity tests--tests which would lead in progressively
more detailed fashion to complete studies, by this I mean lifetime
feeding studies--for those relatively few chemicals which appear to
be most hazardous. This needs to be done again, I think, in a sys-
tematic fashion of reviewing each chemical in terms of its structure,
what is known about the activity of that class of chemicals, the
physical characteristics of the chemical which will tend to make it
stable in the environment, which will tend to make it accumulate in
biological systems, and some appreciation of the extent and use of
the *compound and those patterns of use of the compound which would
bring it into close contact with man.

Research is moving in the direction of developing these sim-
ple presumptive tests. While there is some progress, it seems to

36



me that we have just begun a very major and important task of de-
veloping a mechanism of surveying the vast number of chemical com-
pounds to which we may well be exposed for human health effects.

We are then faced with a third and also very important ques-
tion of what do these tests mean--what do these tests mean in
terms of effects on man? In the test situation, even the life-
time feeding studies, we have a situation in which relatively high
doses of the test compound are given to relatively few laboratory
animals. What we want to estimate from this in the real-life situ-
ation is what do relatively low doses of the compound for very long
periods of time mean for a very large number of people? And this is
truly a very fascinating scientific problem involving molecular bi-
ology, pharmacology, physiology, genetics, mathematics, etc.

There are two primary aspects to this: One, the qualitative
aspect, which is the nature of toxicity. Is the nature of toxi-
city in man the same as that seen in laboratory animals? The sec-
ond is the quantitative aspect--the dosage aspect. What sort of a
dose or concentration will be toxic in man? This is particularly
complicated by the need for the very low-dose extrapolation.

Now the first, the qualitative answer, [ think 1is reasonably
well understood, and I think there is general agreement the chances
are quite high, indeed, that if a compound causes a set of toxic
reactions in a couple of laboratory animal species, it is likely to
cause a similar set of toxic reactions in man. But the second prob-
lem, the one of low-dose extrapolations, is more difficult. I think
the scientific community is not in a position to answer that today.
This is a question of thresholds, of very low doses, and of very
large numbers of people.

It is clear that there are some toxic effects for which
thresholds do exist, but there are others for which thresholds
may not exist or only exist at very low concentrations. And, as
I indicated, [ think this is a problem which will gain consider-
able scientific and public interest and attention in the ensuing
year or two. A good example of this is the effort of the Environ-
mental Protection Agency to delineate reasonable guidelines for
the disposal of benzidine to public waters, and I would suggest
you might read the EPA document on this. It is a good document and
illustrates the sort of problems that we must face.

SUMMARY

I think these three problems that I have briefly touched on
this afternoon are three of the major problems we shall be con-
cerned with in the next decade--whether it be water quality, air
quality, or simply environmental health research. We must devel-
op methods to determine what chemicals are in our environment. We
must develop mechanisms to rapidly and inexpensively estimate their
toxicity, and we must understand the meaning for human health of
the results of these toxicity tests.
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EPIDEMIOLOGY OF WATERBORNE DISEASE IN THE
UNITED STATES, 1971-1973

James M. Hughes, M.D.*
and
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Bacterial Diseases Division
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Center for Disease Control
U.S. Public Health Service
Atlanta, Georgia

and

Gunther F. Craun
Criteria Development Branch
Water Supply Research Laboratory
National Environmental Research Center
U.S. Environmental Protection Agency
Cincinnati, Ohio

INTRODUCTION

The true incidence and clinical spectrum of human disease in
the United States caused by the ingestion of impure drinking water
is difficult to estimate. Outbreaks of various acute bacterial in-
fections such as typhoid fever** (1), non-typhoid salmonellosis
(2), shigellosis (3), and pathogenic Escherichia coli (4) have been
caused by consumption of contaminated water. Of the viral infec-
tions, there are many well-documented reports of waterborne trans-
mission of hepatitis A (5). In addition, many outbreaks of sewage
poisoning, an acute gastrointestinal illness presumably caused by
?ithir coliform organisms or viruses, have also been recognized

6,7).

Since the establishment of the Food and Waterborne Disease
Surveillance System in 1966, the Center for Disease Control (CDC)
has tabulated reports of both food and waterborne disease out-
breaks. Since 1971, (DC and Environmental Protection Agency (EPA)
representatives have worked together to document and report water-
bome outbreaks (8). Before interpreting these data, it is neces-
sary to review the data reporting system and its limitations.

State health departments voluntarily submit reports of food
and waterborne disease outbreaks to CDC. These renorts include
the number of people exposed to the incriminated food or water and
the number who actually became il1, symptoms experienced, incuba-
tion period, duration of illness, etiologic agent, and results of
laboratory studies. Before outbreaks can be reported, they must

*Editor's Note: Oral presentation by Dr, Hughes.
**Numbers in parentheses refer to correspondingly numbered items in
the References.
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first be recognized and then investigated. It is obvious, there-~
fore, that because of the varying interest of practicing physicians
to report illness and the limitations of budget and manpower in
many state and local health departments, many outbreaks occur that
are never reported to CDC or EPA.  Furthermore, sporadic cases of
illness following consumption of contaminated food or water will
seldom be recognized or reported. Those outbreaks that are reported
may b¢ likened to the tip of an iceberg as they represent only a
small percentage of the total number of cases. Despite these limi-
tations, the data give an indication of the pathogens that cause
waterborne disease and the types of water systems and deficiencies
which are associated with outbreaks.

We define a waterborne outbreak as the occurrence of iliness
in two or more persons after drinking water which is implicated
epidemiologically as the vehicle of transmission of the 1illness.
In most reported outbreaks, the water source 1is found to be bac-
teriologically contaminated.

WATERBORNE DISEASE OUTBREAKS
National Picture

The mean number of waterbormme disease outbreaks reported in
the United States annually since 1938 (Figure 1) decreased from
45 between 1938 and 1940 to 11 between 1951 and 1955. Between 1956
and 1970, an average of 10 to 15 outbreaks were reported each year
{9). However, in the past three years, an average of 24 outbreaks
have been reported; this increase probably reflects a renewed in-
terest in the problem of waterborne disease by health officials.
The remainder of this discussion will concern those outbreaks re-
ported between 1971 and 1973.

The number of outbreaks and cases reported each year between
1971 and 1973 are shown in Table 1. The large number of cases in
1971 may be explained by the occurrence of approximately 3500 cases
of gastroenteritis in one outbreak following contamination of a
municipal water supply in Pico Rivera, California (10).

The geographic distribution of reported outbreaks between 1971
and 1973 (Figure 2) probably reflects the level of interest in in-
vestigating and reporting them in different states rather than the
true magnitude of the problem. Thirty states have reported at least
one outbreak; Pennsylvania, Colorado, and New Jersey have reported
the most outbreaks.

The seasonal occurrence of waterborne outbreaks (Figure 3} is
apparent., The majority of reported outbreaks occurred between May
and September; 32 of 69 (46 percent) reported outbreaks occurred
in June, July, and August. An explanation for this clustering will
be proposed later.

The diseases associated with the 71 outbreaks and 8537 cases
are shown in Table 2. Sewage poisoning, a clinical entity char-
acterized primarily by abdominal cramps and diarrhea 24 to 48 hours
after consumption of contaminated water (6,7) accounted for 49
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Table 1
WATERBORNE DISEASE OUTBREAKS AND CASES

1971-1973
1971 1 19727 1973 [ Totals
Qutbreaks 18 29 24 71
Cases 5,179 ]1,638 | 1,720 | 8,537
Table 2
ETIOLOGY OF WATERBORNE DISEASE OUTBREAKS AND CASES
1971-1973
Qutbreaks Cases
Percent Percent
Number | of total| Number | of total
Sewage poisoning 35 49 6,680 78.2
Hepatitis A 13 18 351 4.1
Shigellosis 10 14 941 11.0
Giardiasis 5 7 140 1.6
Chemical poison-
ing 4 6 205 2.4
Typhoid fever 3 4 217 2.5
Salmonellosis 1 1 3 0.1
TOTAL 71 99 8,537 99.9

percent of the outbreaks and 78 percent of the cases. Hepatitis A
accounted for 18 percent of the outbreaks, while shigellosis ac-
counted for 11 percent of the cases.

For analysis, water systems were classified as municipal,
semi-public, or individual. Municipal systems are defined as pub-
lic or investor-owned water supplies that serve communities. Semi-
public systems are those used by several residences (for example,
those in subdivisions) or by industries, camps, parks, resorts, in-
stitutions, or hotels. Individual water systems are those used only
by individual residences.

The types of water systems implicated in the 71 waterbome
outbreaks between 1971 and 1973 are shown in Table 3. Semi-public
systems were implicated in 62 percent of the outbreaks and account-
ed for 45 percent of the cases, an average of 86 cases per out-
break. While municipal systems accounted for only 27 percent of
the total outbreaks, they were responsibie for 55 percent of the
total cases, an average of 248 cases per outbreak. However, when
the Pico Rivera outbreak was excluded, the average number of cases
per outbreak involving a municipal system decreased to 67. Indi-
vidual systems, on the other hand, accounted for 11 percent of the
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outbreaks but only 0.3 percent of the cases, an average of 3 cases
per outbreak.

Table 3
WATERBORNE QUTBREAKS BY TYPE OF SYSTEM
1971-1973
Qutbreaks Cases
Percent Percent
Number [ of total |Number { of total
Municipal 19 27 4,713 55.2
Semi-public 44 62 3,798 44 .5
Individual 8 n 26 0.3
TOTAL IAl 100 8,537 100.0

The system deficiency most often responsible for contamina-
tion of the water supply was untreated ground water which was im-
plicated in 39 percent of the outbreaks (Table 4). Treatment de-
ficiencies (for example, malfunction of a chlorinator) were in-
volved in 35 percent. Although over 60 percent of the cases were
associated with treatment deficiencies, over half these cases
occurred in the Pico Rivera outbreak. When the system deficiencies
jmplicated in outbreaks associated with semi-public systems were
analyzed (Table 5), a similar trend was apparent. However, when sys-
tem deficiencies in outbreaks involving municipal systems were ex-
amined (Table 6), deficiencies in the distribution system and treat-
ment deficiencies were each implicated in 32 percent of the out-
breaks, while untreated ground water was the most common deficiency
of individual systems associated with outbreaks (Table 7).

Table 4
WATERBORNE OUTBREAKS BY TYPE OF DEFICIENCY
1871-1973
Qutbreaks Cases
Percent Percent
Number | of total { Number | of total
Untreated Surface Water 5 7 577 7
Untreated Ground Water 28 39 1,889 22
Treatment Deficiencies* 25 35 5,333 62
Def. in Distrib. System 6 8 449 5
Miscellaneous 7 10 289 3
TOTAL 71 99 8,537 99

*Includes outbreaks caused by systems using a known contaminated
water source for which chlorination 1is required at all times to
ensure potability.
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Table 5

DEFICIENCIES OF SEMI-PUBLIC SYSTEMS
ASSOCIATED WITH OUTBREAKS

1971-1973
Qutbreaks Cases
Percent Percent
Number | of total | Number | of total
Untreated Surface Water 2 5 100 3
Untreated Ground Water 18 41 1,795 47
Treatment Deficiencies 19 43 1,620 43
Def. in Distrib. System 0 0 0 0
Miscellaneous 5 11 283 7
TOTAL 44 100 3,798 100
Table 6
DEFICIENCIES OF MUINICIPAL SYSTEMS
ASSOCIATED WITH OUTBREAKS
1971-1973
Outbreaks Cases
Percent Percent
Number [ of total | Number | of total
Untreated Surface Water 2 11 474 10.1
Untreated Ground Water 4 21 74 1.6
Treatment Deficiencies 6 32 3,713 78.8
Def. in Distrib. System 6 32 449 9.5
Miscellaneous ] L) 3 0.1
TOTAL 19 101 4,713 100.1
Table 7
DEFICIENCIES OF INDIVIDUAL SYSTEMS
ASSOCIATED WITH OUTBREAKS
1971-1973
Qutbreaks Cases
Percent Percent
Number| of total | Number | of total
Untreated Surface Water 1 13 3 12
Untreated Ground Water 6 75 20 77
Treatment Deficiencies 0 0 0 0
Def. in Distrib. System 0 0 0 0
Miscellaneous 1 13 3 12
TOTAL 8 101 26 101

45



When waterborne outbreaks caused by semi-public and indivi-
dual systems were examined by population affected and month of
occurrence (Figure 4), it was apparent that 36 (69 percent) of the
outbreaks involved a transient population (for example, travelers
and campers) and that 32 of these 36 outbreaks (89 percent) occur-
red in the spring and summer months (that is, April through Sept-
ember). Many of these outbreaks involved systems in recreational
areas that were not used during the winter.

Specific Examples

A brief review of five waterbormne outbreaks that occurred in
1972 and 1973 and the results of a survey conducted in 1973 will
provide examples of specific system deficiencies and measures em-
ployed to correct them.

Typhoid in Dade Cownty, Florida, Migrant Labor Camp

In February and March 1973, 210 cases of typhoid fever, 170 of
which required hospitalization, occurred in a migrant labor camp in
Dade County, Florida (11-13). Epidemiologic investigation clearly
implicated water as the vehicle for transmission. Two wells, ap-
proximately 20 feet deep, supplied water for the camp. The ground
water aquifer was composed of solution channels and both wells had
a history of coliform contamination. The water was chlorinated
prior to distribution, but the only contact time available was that
provided in the distribution lines. This contact time was not opti-
mal as evidenced by previous bacteriologic records showing coliform
contamination in treated water collected at household taps near the
wells. Gaseous chlorine was fed from a single 100-150 1b. cylinder
through a manually operated rotameter; however, no scales were pro-
vided to determine when the cylinder was exhausted.

Samples collected on December 29 showed high coliform counts
in both the raw water and treated water in the distribution sys-
tem. Although only a limited number of samples were collected as
part of routine surveillance, coliforms were found again in the raw
water on January 3 and February 26. During the investigation num-
erous samples were collected and analyzed for both total and fecal
coliforms. On March 2, samples of water from the wells showed high
counts of both total and fecal coliforms. It was also discovered
that sometime in early February chlorination was interrupted for
approximately eight hours because of an exhausted gas cylinder. It
was felt that the contamination of the water supply occurred at
that time, although the source of contamination could not be iden-
tified. -

Although no cross contamination between the camp sewerage and
water systems could be demonstrated, fluorescien dye placed in a
drain near the well house appeared in the well water within 3 1/2
minutes, and dye placed onthe ground near the well house and wetted
down appeared in the well water within 15 minutes. Salmonella typht
organisms were not isolated from the camp water or sewage despite
the use of large-volume sampling techniques. The system deficiency
in this outbreak was interruption of chlorination.
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Fig. 4 5I*WATERBORNE DISEASE OUTBREAKS ASSOCIATED
WITH SEMIPUBLIC AND INDIVIDUAL WATER
SUPPLIES, BY MONTH OF OCCURRENCE AND
POPULATION AFFECTED, 1971-1973
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Control measures included a boil-water order and superchiori-
nation of the well to 10 parts per miliion. Arrangements were made
to pipe water from a private utility company into the camp, and
bottled water was provided until this could be accomplished.

Shigellosis in Stockport, Iowa, School

In November 1972 a shigellosis outbreak affecting 208 students
and staff occurred at a school in Stockport, lowa (14). ilearly 150
additional secondary cases occurred in family contacts of these in-
dividuals. Epidemiologic investigation implicated the school's wa-
ter supply. This supply was derived from two shallow-bored wells
cased with ceramic pipe segments whose joints were not watertight.
The wells were not chlorinated. The outflow pipes of the submersi-
ble pump of the well in use at the time of the outbreak had pierced
the lining of the well below ground level permitting ground water
to seep into the well. Numerous fluorescent dye studies were per-
formed; dye flushed dovn the drain of the coach's shower, located
a few feet from the wells, appeared in the well water three hours
Tater. Water samples collected on two consecutive days yielded col-
iform organisms; in addition, Shigella sonnei was isolated from a
1600-milliliter sample of well water. The system deficiency asso-
ciated with this outbreak was untreated ground water. Control mea-
sures consisted of superchlorinating the wells and promptly con-
necting the school to the municipal water supply.

Hepatitis at Alabama Rural School

In October and November 1972, 50 students and staff at an ele-
mentary school in a rural area of Alabama contracted hepatitis A,
and the school's water was implicated as the vehicle of transmis-
sion (15). The school, located at the top of a hill, derived its
water from two springs located 125 yards downhill. Inspection re-
vealed that water in the springs came primarily from surface seep-
age. The spring water was stored in two concrete reservoirs, both
of which were subject to contamination by surface water. Water was
pumped uphill to a pressure tank where it was chlorinated before
distribution. In early October, one incubation period before the
onset of the epidemic, the bottle of hypochlorite solution was
found empty having last been inspected three weeks previously;
therefore, the water supply may have been unchlorinated for as long
as three weeks. In addition, aerial photographs demonstrated lush
vegetation overlying several Tlines in the drain fields of the
school's two septic tanks and a prominent strip of vegetation ex-
tending downhill to within fifteen yards of the springs. Finally,
rainfall during the month preceding the presumed date of exposure
was unusually heavy.

Although water samples obtained at the school at the time of
the outbreak were negative for fecal coliforms, samples of unchlor-
inated spring water were repeatedly positive. The system deficiency
in this outbreak was a malfunctioning chlorinator.

Control measures consisted of transporting potable water from
a nearby town and establishing an inspection log to ensure that the
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chlorinator would be checked daily. In addition, it was recommended
that the septic tank drain fields be relocated and that either the
municipal water be extended to the school or that wells be drilled.

Arsentic Toxicity in Minnesota Well

Beginning in May 1972, 11 cases of arsenic toxicity occurred
in Perham, Minnesota (16). Epidemiologic investigation implicated
well water, and two samples of the water were found to contain ar-
senic in concentrations of 21,000 and 11,800 parts per billion
(maximum allowable in the U. S. is 50 ppb). The well began oper-
ating shortly before illness occurred. Investigation revealed an
arsenic concentration of 12,600 parts per million 1in soil at a
depth of two meters near the well. In the late 1930's, grasshop-
per bait containing arsenic had been stored on the property. Neigh-
bors believed that the bait was later buried in the area although
no documentation could be obtained. Thus, this outbreak was pre-
sumably caused by contamination of ground water by a chemical in
the soil. Control measures consisted of disconnecting the well.

Shigellosis on Caribbean Cruise Ship

In June 1973, an explosive outbreak of shigellosis affecting
690 passengers and crew occurred aboard a cruise ship in the Carib-
bean Sea (17). Data from this outbreak have been excluded from the
1973 outbreak reports since it was not reported by a state. Epi-
demiologic investigation implicated water and ice aboard the ship

as vehicles of transmission. In addition, two types of shrimp
cocktail made from shrimp which had been in contact with water and
ice on board were considered possible secondary vehicles. Six wa-

ter samples obtained from the distribution system at the time of
the outbreak contained elevated total and fecal coliform counts.

An investigation revealed that water was bunkered into four
halding tanks and was pumped from these tanks into the distribution
system by two fresh-water pumps. Chlorine was added as sodium
hypochlorite by a non-automatic chlorinator to the suction manifold
of the water pumps 20 feet proximal to charcoal filters. Since
these filters removed the chlorine, the contact time of the chlor-
ine in this system was calculated to be only four seconds. Inade-
quate chlorination was clearly an important factor in this ctbreak.
Additional investigation revealed that to wash the decks while in
port, potable water from a pier source was connected to the fire-
fighting system which normally contained circulating sea water. A
hose connected to any fire hydrant could then be used to wash the
decks. After completing this procedure, crew members extended a
hose from a fire hydrant to an air relief vent of a water-holding
tank to fill the tank, permitting contamination of the water in the
tank with organisms originally present in the salt water in the
fire system.

Contro) measures included recommending batch chlorination of
water at the time of bunkering and installing an automatic hypo-
chlorinator, a free-residual-chlorine feedback control analyzer in
the distribution system, and a chart recorded to monitor free re-
sidual chlorine. In addition, the company was advised to cease the
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practice of bunkering water through the air relief vents. It was
also recommended that color-coded hoses with caps be designated
specifically for bunkering potable water only and that free resid-
ual chlorine be measured daily until an automatic chart recorder
could be installed.

Giardia lamblia in Colorado

Between 1971 and 1973, Giardia lamblia was the fourth most
common etiologic agent associated with waterborne outbreaks. In
1973, CDC and the Colorado State Health Department conducted a sur-
vey of 256 giardiasis cases that occurred in Colorado between July
1972 and June 1973 (18). Persons with giardiasis were significantly
more likely to 1live in or near the mountains and to have ingested
untreated mountain water obtained from streams or welis during the
two months before the onset of their illness than were controls
matched for age, sex, and place of residence. Untreated surface and
ground water in the mountains, therefore, appeared to be important
vehicles for transmission of giardiasis in Colorado.

Water-Contaninated Food

The outbreaks which were reported between 1971 and 1973 all
directly followed consumption of contaminated drinking water. Con-
taminated water may also lead to human disease indirectly. For
example, an outbreak caused by an invasive strain E., coli which
affected at least 387 persons was traced to imported, commercially
distributed French cheese in 1971 (19). The same serotype of E.
coli was isolated from patients, sampies of cheese, and a curdling
tank in the plant in France. The source of E£. coli was thought to
be river water which was used to clean the plant. The filtration
system used for filtering the river water was malfunctioning at the
time the contaminated cheese was produced. In October and November
1973, approximately 285 cases of hepatitis A in Georgia and Texas
were traced to the ingestion of raw oysters presumably contaminated
in the ocean prior to harvesting (20,21). Thirteen outbreaks of
foodborne disease traced to shellfish contaminated with Vibrio
parahaemolyticus present in sea water have been reported in the
United States since 1969 (22). Shellfish, both harvested from and
freshened by water contaminated with human sewage, were implicated
as vehicles in the transmission of cholera in Italy in 1973 (23).
An outbreak of six cases of cholera in Guam in July 1974 was traced
to the ingestion of a raw fish caught in 2 bay at a point near
which Vibrio cholerae was isolated from bay water approximately six
weeks later (24-26). These two cholera outbreaks illustrate how
untreated human sewage disposed of near shore can cause disease.
Ice used to chill syringes before collection of blood specimens for
arterial blood gas determinations was implicated as the source of
FPlavobacteriwm sp sepsis in 14 patients in an intensive care unit
in Prince George's County, Maryland. Arterial cannulae in patients
had apparently been contaminated by ice water at the time tne blood
specimens were drawn (27).

Water Supply and Chronic Disease

Although the importance of contaminated water in the transmis-
sion of acute infectious gastrointestinal illness is generally well
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accepted, its influence on the development of certain chronic dis-
eases remains controversial and unresolved. Reports have shown an
inverse correlation between water hardness and the incidence of
cerebrovascular accidents and cardiovascular disease {28). One re-
port has even suggested that exposure to contaminated drinking wa-
ter in a New England town was responsible for the development of
multiple sclerosis, a degenerative disease of the nervous system,
in eight patients a mean of 23 years after the exposure (29). Ad-
ditional epidemiologic studies are clearly needed to assess the
possible influence of drinking water of different compositions on
the incidence and course of these chronic diseases (30).

SUMMARY

In summary, there is 1little doubt that disease caused by
drinking contaminated water continues to occur in the United States.
The true incidence of acute waterborne illness is difficult to es-
timate but is certainly greater than the number of outbreaks and
cases reported annually to CDC and EPA.  The possible contribution
of components of drinking water to the etiology or progression of
cardiovascular diseases remains undefined.

Reported outbreaks of waterborne disease most frequently in-
volve semi-public systems which are frequently inadequately main-
tained and monitored. The most common system deficiencies asso-
ciated with these outbreaks are lack of treatment of ground water
and treatment deficiencies such as malfunctioning chlorinators. Al-
though municipal systems account for fewer outbreaks than do semi-
public systems, they account for more cases. Tue most common fac-
tors associated with these outbreaks are treatment deficiencies and
deficiencies in the distribution system.

To decrease the incidence of waterborne disease, local, state,
and federal agencies must work together to establish effective sur-
veillance systems to permit prompt recognition and reporting of
outbreaks and to coordinate effective maintenance and monitoring of
municipal and semi-public water systems.
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QUESTIONS AND DISCUSSION

QuesTioN: Did you allude in your discussion to the single case of
cholera that occurred in a resident of Port Lavaca, Texas, during
19737

DR, HucHEs: No. I did not allude to that case. The source of the
patient's cholera infection was sought for months by several of my
colleagues at CDC, but it was never determined. The patient lived
in a mobile home adjacent to a small motel. Both the motel and the
mobile home were supplied with water from a 300-foot well. Although
V. cholerae was not ' isolated from the well, the well was found to
be contaminated with coliforms, and it is possible that water might
have been the vehicle of transmission.

QuestioN: Does your department concern itself with cross connec-
tion control at all?

DR, HugHeEs: We are responsible for surveillance of waterborne dis-
eases, and we assist in investigations of waterborne disease out-
breaks. If we discover a cross-connection during an epidemic in-
vestigation, we recommend it be corrected.

QuesTioN:  (Don Johnson, School of Public Health, UNC-CH) In view
of the difficulty of identification of viral diseases, could you
make any estimate as to how big the iceberg 1is underneath the tip
that you alluded to in the beginning of your talk?

DR, HusHes: I would hesitate to do that. No one knows the cause
of sewage poisoning. Escherichia coli, other coliform bacteria,
or viruses may be etiologic agent(s). Much experimental work is
now being done to develop techniques for isolation and identifi-
cation of viruses in stools of persons with gastroenteritis. Hope-
fully, within the next few years we may be able to answer that
question,

QuesTion: (Hutchinson, EPA, Atlanta) I believe that the waterborne
shigellosis outbreak that occurred in Richmond Heights, Florida,
from January through March 1974 might shed some light on that. You
probably have the correct figures, but there were eight or nine
cases of shigellosis and then when you went in and made an indepth
evaluation, 1200 gastroenteritis cases were estimated. Could you
expand on that?

DrR. Huaies: Yes. Initially, only ten cases of shigellosis were
recognized by health authorities. Our investigation revealed that
approximately 1200 cases actually occurred. This finding is not
uncommon.  In common-source waterborne and foodborne outbreaks, it
is not unusual to identify ten or sometimes as many as 100 times
the cases that were initially recognized.

QuesTion: I think a couple of things are important about that. One
is that they normally have 20 to 25 cases of shigellosis in that
county a year so if they had not been really alert to the possibil-
ity of a common-source outbreak, it probably would have gone unnot-
fced. The other thing that's very interesting to us is that the
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seriousness of the disease changed. I don't know how that came
about--maybe by the dosage or whatever, but you had only, say, 8 to
12 cases of clinical shigellosis, but subsequent investigation re-
vealed that 100 times that many people were affected with a similar,
possibly milder, illness that was not reported. In this example,
the tip of the iceberg was quite small.

DR, HucHES: That's right. It is significant that a waterborne out-
break as large as this one might not have been recognized at all;
if local health authorities had not been conducting surveillance,
the initial ten cases of shigellosis might not have been recognized
as an unusual occurrence.
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INTRODUCTION

Despite the fact that documented waterborne enteric virus
disease has been recognized for nearly two decades (Viswanathan,
1957), the public health significance of enteric viruses in water
has not been adequately evaluated and remains poorly understood.
In this time of significant legislative activity concerning the
quality of America's drinking water, the question of waterborne
enteric virus transmission must be carefully considered. The pur-
pose of this paper is to briefly review the status of our knowl-
edge concerning the enteric virus probiem with respect to drinking
water, to assess its current public health significance, and to
define the priorities for approaches to its further evaluation.

ENTERIC VIRUSES AND THEIR OCCURRENCE IN WATER AND WASTEWATER

So much information on waterborne enteric viruses has accumu-
lated over the years that it is impossible to provide here a com-

prehensive review of all aspects of this subject. Instead, only
those aspects of particular relevance to drinking water will be
considered in detail. Comprehensive coverage of this subject is

available in a number of recent reviews (Berg, 1967; Snoeyink and
Griffin, 3971; University of Texas, 1974, American Public Health
Association, 1974). (Full citations given at end of text.)

The viruses of major concern in water are those that infect
the alimentary tract of man and are excreted in large quantities
with the feces by infected persons. These are the so-called en-
teric viruses, and they are likely to be present in waters recent-
ly contaminated with sewage (Table 1). Because of the continuous
use of oral polio vaccine, the most prevalent enteric viruses in
sewage are often vaccine strain polioviruses. It should be kept
in mind that enteric viruses are obiigate intracellular parasites
of man and, 1in the case of reoviruses, lower mammals as well.
Therefore, they cannot multiply in sewage or water, and their num-
bers in aquatic environments will decrease due to removal and in-
activation process. Enteric virus concentrations in domestic raw
sewage cannot be precisely established because of limitations in
virus detection methods and because of the variability in the
amounts and types of viruses that may be present under different
conditions. The socio-economic and hygienic level of the popula-
tion and the time of the year influence the enteric virus concen-
tration in sewage. In the U. S. the enteric virus concentration
in raw sewage probably ranges from as little as a few to more than
100 infectious virus units per 100 ml, with peak levels occurring
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Table 1

ENTERIC VIRUSES AND THEIR ASSOCIATED DISEASES

Number
Virus Group of Types Common Disease Syndromes
Enteroviruses
Polioviruses 3 Poliomyelitis, aseptic
meningitis
Coxsackieviruses A 23 Herpangina, aseptic men-
ingitis, exanthem
Coxsackieviruses B 6 Aseptic meningitis, epi-
demic myalgia, myocarditis,
pericarditis
Echoviruses 31 Aseptic meningitis, exanthem,
gastroenteritis
Adenoviruses K] Upper respiratory illness,
pharyngitis, conjunctivitis
Reoviruses 3 Upper respiratory illness,
diarrhea, exanthem
Hepatitis Viruses
Hepatitis A Virus (HAV) 1? Viral hepatitis type A (HA)
or "Infectious Hepatitis"
Hepatitis B Virus (HBV) 4 Viral hepatitis type B (HB)
or "Serum Hepatitis"

in the late summer and early fall. If the coliform bacteria con-
centration of raw sewage is estimated at about 107 to 108 organ-
isms per 100 ml, then the enteric virus concentration-is perhaps 5
to 7 orders of magnitude lower (Clarke and Kabler, 1964, Geldreich
and Clarke, 1971).

Little quantitative information is available on enteric virus
Jevels in sewage-contaminated surface and ground waters, but there
have been a number of reports of enteric virus isolations from
such waters (Akin, et al, 1971). Most enteric virus isolations
have been made from heavily polluted surface waters, but Berg and
co-workers (1973) detected enteric viruses in Missouri River water
having a fecal coliform concentration as low as 60 per 100 ml.

Virtually nothing is known about enteric virus levels in U.S.
drinking water, a situation that I consider both unacceptable and,
as I shall attempt to show, no longer justifiable or excusable.
Initial reports of virus isolations from the drinking waters of
two New England communities in 1972 are now considered question-
able because of the likelihood of laboratory contamination of the
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water samples (Clark, et al, 1973; Clark, 1974). However, moni-
toring of the drinking water supply of Paris, France, during the
1960's revealed that about 18 percent of the 200 samples examined
contained enteric viruses, and the average virus concentration was
estimated at 1 infectious unit per 300 liters (Coin, et al, 1966).
More recently, Nupen (1974) has reported finding enteric viruses
;n 10-liter samples of drinking water from communities in South
frica.

Although available evidence indicates that enteric virus con-
centrations in drinking water are likely to be very low, it is im-
portant to be mindful of the fact that as little as one virus in-
fectious unit for laboratory host systems such as cell cultures is
probably capable of also producing infection in man (Plotkin and
Katz, 1967; Katz and Plotkin, 1967).

EPIDEMIOLOGY OF WATERBORNE ENTERIC YIRUS DISEASE

Documented evidence for waterborne transmission of enteric
virus disease exists only for infectious hepatitis virus (hepati-
tis type A virus) and perhaps poliovirus. In recent years, more
than 50,000 cases of type A hepatitis have been reported annuaily
in the U. S., but of this total, only a fraction of a percent have
been attributed to drinking water as a source. In the period 1961
to 1970 a total of 30 waterborne outbreaks of hepatitis type A in-
volving 903 cases were reported (Craun and McCabe, 1973). It
should be noted that the annual number of waterbormne type A hepa-
titis cases is increasing, and that it is now the most prevalent
waterborne disease attributable to a specific etiological agent.
The majority of waterborne type A hepatitis outbreaks have been
due to obvious sewage contamination of private and semi-public
water supplies in which treatment was either inadequate or totally
lacking. Outbreaks arising in public systems are usually caused
by contamination through the distribution system.

With the possible exception of a few poliomyelitis outbreaks,
there is no evidence of waterborne disease outbreaks in the U, S.
due to other specific enteric viruses. The most prevalent water-
borme disease in the U.S. is gastroenteritis of unknown etiology.
In the period 1971-1972 there were 22 reported outbreaks involving
5615 cases (Merson, et al, 1974). Although the term gastroenteri-
tis describes a recognizable clinical illness, this disease cate-
gory for waterborne outbreaks is often used when laboratory stud-
les either were not made or yielded completely negative results
(Moseley, 1967, Goldfield, 1974). Although some waterborne out-
breaks of gastroenteritis may represent the lack or inadequacy of
laboratory work, it is also possible that some outbreaks in this
category were caused by viral agents. In fact, evidence is now
accumulating that the long-recognized clinical syndrome of acute
infectious non-bacterial gastroenteritis (AING) has a viral etiol-
ogy (Wyatt, et al, 1974). Virus-like particles have recently been
detected in stool filtrates from an AING outbreak, and preliminary
evidence suggests that they may be parvoviruses (Kapikian, et al,
1973). It is interesting to note that evidence is accumulating
for the agent of hepatitis type A to also be a member of the par-
vovirus group (Feinstone, et al, 1973, Feinstone, et al, 1974).
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Although documented waterborne virus disease is almost exclu-
sively limited to a relatively small number of hepatitis type A
outbreaks, it does not necessarily follow that waterborne trans-
mission of other enteric viruses and resultant disease does not
occur. One reason for this is the generally inadequate recogni-
tion and reporting of viral disease (Goldfield, 1974). Further-
more, Berg (1966a) has suggested that low-level enteric virus
transmission via drinking water could occur in the absence of any
recognizable waterborne disease. Individuals subclinically in-
fected via water could serve as the initial or index sources of
enteric virus infection in a community. Person-to-person trans-
mission would then predominate, producing overt illness in the
subsequent spread of the infection. Goldfield (1974) has sug-
gested that the very nature of waterborne enteric virus transmis-
sion would make it difficult to recognize as a distinct disease
entity when using the usual epidemiological surveillance proced-
ures, and he cites several specific reasons for this position:
(1) A substantial proportion of the population is likely to pos-
sess prior immunity to the virus and, hence, would have only in-

apparent infections. (2) The ratio of disease to inapparent in-
fection is usually so low that only a small proportion of exposed
susceptibles would develop clinical disease. (3) Most enteric

viruses cause such a broad spectrum of enteric and respiratory
disease syndromes that the scattered cases of illness would prob-
ably be too varied in symptomatology to be attributed to a single
etiologic agent. (4) Secondary spread via person-to-person con-
tact would quickly obscure the role of water in the initial dis-
semination of an enteric virus.

Thus, demonstration of enteric virus disease transmission via
drinking water using conventional epidemiological procedures does
not appear to be very likely unless there is an explosive disease
outbreak due to extensive sewage contamination, such as the hepa-
titis type A outbreak that occurred in New Delhi, India, in 1959
(Viswanathan, 1957). Therefore, alternate investigative approaches
are needed to recognize waterborne enteric disease transmission.

ENTERIC VIRUS REDUCTIONS BY WATER AND WASTEWATER TREATMENT
PROCESSES

There is much experimental evidence to indicate that enteric
viruses are considerably more resistant to various sewage and wa-
ter treatment processes than either coliform or enteropathogenic
bacteria. Thus, the initial high ratio of coliform bacteria to
enteric viruses in raw sewage may be increasingly reduced as the
water undergoes various treatment processes.

Sewage Treatment

The results of both laboratory and field studies have shown
that sewage treatment will not remove or destroy all enteric vi-
ruses (Berg, 1966b). A conventional sewage treatment system con-
sisting of both primary and secondary treatment plus effluent
chlorination is not likely to reduce the enteric virus concentra-
tion by more than perhaps 99 percent (Sproul, 1974). Thus, if raw
sewage contains, for example, 1000 infectious virus units per 100
ml, then the conventionally treated effluent can be expected to
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still contain at least 10 infectious virus units per 100 ml. From
the limited experimental information currently availabie on virus
removal by advanced wastewater treatment processes such as lime or
alum coagulation and activated carbon adsorption, these processes
could perhaps be expected to produce an additional 90 to 99 per-
cent virus reduction (Sproul, 1974}, In a field study on polio-
virus removal from strong raw sewage by a packaged, physical-
chemical, advanced wastewater treatment system, the overall virus
reduction averaged about 99.95 percent (Sobsey, et al, 1973a).

Water Treatment

Chemical coagulation and flocculationm with alum or iron is
capable of achieving virus reductions of more than 99 percent if
conducted with proper attention to such process variables as pH,
coagulant concentration and flocculation speed (Sproul, 1974).

Water softening precipitation by the excess 1ime-soda ash
process has been shown in laboratory experiments to be capable of
reducing virus concentrations by more than 99 percent (Wentworth,
et al, 1968). Virus reductions of even greater magnitude have
been obtained at pH levels above 11.0 (Sproul, 1971).

Rapid sand filtration is not in itself effective for removing
viruses from water unless the viruses are associated with larger
particles that can be removed by entrapment or sedimentation in
the filter bed. However, when preceded by chemical coagulation-
flocculation and sedimentation, rapid sand filtration has achieved
virus removals of about 99 percent (Robeck, et al, 1962; Berg, et
al, 1968). Effective virus removal requires that floc breakthrough
of the filter bed be prevented, because most of the viruses in a
coagulated water will be present in the floc and will still be in-
fectious.

Chlorination with hypochlorous acid is effective for virus
disinfection and is capable of achieving substantial virus reduc-
tions if properly applied to water of adequate quality. However,
it should be noted that many enteric viruses are considerably more
resistant to chlorine than coliform bacteria (Berg, 1966c), and
there is much variation in the relative chlorine  sensitivity of
different enteric viruses (liu, et al, 1971). Hypochlorite ion
and combined forms of chlorine are relatively poor virucides, and
the latter should not be relied on to produce any substantial en-
teric virus reductions. A free chlorine residual of 0.3 to 0.5
mg/l after 30 minutes is likely to produce a 99.99 percent reduc-
tion in enteric virus concentration if the water has a pH of less
than about 8.5.

Ozone has received much recent attention as an alternative
disinfectant to chlorine, but relatively little is known about its
ability to inactivate enteric viruses. Available evidence indi-
cates a threshold effect with virus ozonation, in that there is a
certain critical ozone concentration below which virus inactiva-
tion is relatively poor and above which it is relatively good.
This threshold ozone concentration has not been precisely estab-
lished but appears to be within the range of 0.2 to 1.0 mg/1 (Coin
et al, 1964; Majumdar, et al, 1973; Katzenelson, et al, 1974). On
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the basis of limited laboratory experiments with only a few dif-
ferent enteric viruses, extensive virus inactivation has been
achieved with relatively short contact times at ozone concentra-
tions above the threshold level.

From the available experimental evidence, a properly managed
water treatment system consisting of excess lime-soda ash soften-
ing, coagulation-flocculation, sedimentation, rapid sand filtra-
tion and chlorination is 1ikely to produce a reduction in virus
concentration of perhaps 8 orders of magnitude. In the absence of
softening a 6 to 7 order of magnitude reduction could still be
expected.

DETECTION METHODS FOR ENTERIC VIRUSES IN DRINKING WATER

Determining whether or not America's drinking waters contain
enteric viruses and if they do, how much they contain, is obvious-
ly a key issue in evaluating the public health significance of en-
teric viruses in drinking water. Without such information, our
knowledge concerning the waterborne virus question will remain in-
direct and largely speculative, Enteric virus concentrations in
drinking water are likely to be so low that virus detection would
be impossible unless the viruses are somehow concentrated from the
water. It has been argued in the past that the lack of adequate
methods for detecting small amounts of viruses in large volumes of
water made it impossible to reliably and quantitatively determine
if drinking water contained enteric viruses. I believe that this
is no longer true and that adequate virus detection methodology is
now available to quantitatively detect the presence of enteric vi-
ruses in drinking water.

Significant advances have recently been made in waterborne
virus concentration methods which make it possible to detect small
amounts of viruses in up to 100-gallon volumes of drinking water.
Two types of methods appear to be promising: (a) flow-through
filter adsorption-elution systems such as the Wallis-Melnick port-
able virus concentrator (Wallis, et ql, 1972a; Mallis, et al,
1972b; Scbsey, et al, 1973b), and the apparatus developed by Hill
and co-workers of the EPA (Hil1l, et al, 1974), and {b) ultrafil-
tration systems employing polymeric, anisotropic membranes in
tangﬁntia] fluid flow configurations (Nupen, 1973; Sweet, et al,
1974).

Filter adsorption-elution systems are based upon the fact
that viruses present in water containing little or no organic mat-
ter will adsorb to the surfaces of submicron porosity cellulose
ester or fiberglass filters under conditions of low pH and/or the
presence of polyvalent cation salts. The adsorbed viruses that
accumulate on the filter surfaces as the water is passed through
the filter can then be eluted with a small volume of either pro-
tein, surfactant or high pH buffer solution. Using this approach
the Wallis-Melnick portable virus concentrator concentrates en-
teric viruses in several hundred-gallon volumes of water to a vol-
ume of less than 10 ml by a two-stage process. In experimental
trials with 100-galion volumes of tapwater experimentally contami-
nated with small amounts of poliovirus, virus recovery efficiency
averaged about 75 percent when concentrating the viruses nearly

61



40,000-fold (Sobsey, et al, 1973b). Comparable results have been
obtained by Hill and co-workers at the EPA using a somewhat dif-
ferent apparatus which is based upon the same general principle
(Hi1l, et ai, 1974). In fact, the demonstrated capabilities of
flow-through filter adsorption-elution systems for concentrating
viruses from large volumes of water make it likely that such meth-
odology will be included in the next edition of Standard Methods
as a tentative procedure for finished waters.

The utility of ultrafiitration systems for concentrating
small amounts of enteric viruses from lTarge volumes of water has
also been recently demonstrated. The basis for virus concentra-
tion by ultrafiltration methods is that water and microsolutes can
be driven through a microporous membrane by pressure while macro-
solutes such as viruses and other high molecular weight materials
are retained and thereby concentrated because they are too large
to penetrate the membrane pores. The application of anisotropic
polymeric membranes has reduced virus losses due to adsorption and
entrapment, and the use of equipment employing tangential fluid
flow across the membrane surface has improved filtration fluxes by
reducing membrane pore clogging due to concentration polarization
effects. Experimental studies by a number of workers have shown
that this methodology is effective in concentrating enteric virus-
es by factors of several thousand-fold from 100-1iter volumes of
tapwater (Sweet, et al, 1974; Nupen, 1974a). This type of meth-
odology is now being used by Nupen and co-workers in a virological
survey of South African drinking water supplies (Nupen, 1974b?.

Another aspect of detection methodology for enteric viruses
in water concerns the availability of suitable assay systems based
upon virus infectivity for a laboratory host. No single type of
cell culture or laboratory animal is capable of detecting all en-
teric viruses, and there is often considerable variability in host
sensitivity to different virus types. Furthermore, some enteric
viruses, notable hepatitis type A, cannot as yet be routinely
assayed by infectivity in any laboratory host system., Although
there have been a number of reports on the relative sensitivities
of various cell culture systems for enteric virus detection, no
systematic, comprehensive studies have been conducted on this
problem. Despite the fact that there are limitations in our meth-
ods for assaying enteric viruses, the concurrent use of a number
of the more sensitive cell culture systems available makes it pos-
sible to detect the majority of known enteric viruses that may be
present in water.

Continued efforts should be made to increase the efficiency
and reliability of existing waterborne virus detection methods,
and the development of new and improved methods should be encour-
aged. However, it appears that reasonably reliable and sensitive
methods are now available to conduct much needed virological sur-
veys of drinking water. It should be recognized that this method-
ology is not recommended for routine use but rather for special or
unusual situations. In addition, this methodology should be used
only by highly trained workers having well-equipped facilities.
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ENTERIC VIRUSES AND MICROBIAL DRINKING WATER STANDARDS

If reliable, sensitive virus detection methods are applied to
America's drinking water and viruses are actually found, then the
following question arises: How many viruses, if any, are to be
allowed in drinking water? This, of course, brings us to the con-
sideration of microbial standards for drinking water. Present mi-
crobial standards for drinking water utilize bacterial indicators
of fecal pollution; namely, the coliforms. The use of the coli-
form group as indicator organisms is a well-established concept
whose principles have been described in detail (Fair and Geyer,
1958} and whose adequacy is based largely upon experience (Geld-
reich and Clarke, 1971). It is important to recall that the coli-
form standard for drinking water allows a certain degree of fecal
contamination. It embodies the concept of a small but acceptable
or allowable risk of enteric infection and acknowledges the fact
that all risk from enteric infection and disease cannot be elimi-
nated from drinking water.

Although some have suggested that drinking water should con-
tain no enteric viruses, the fact that we accept a small but mea-
surable amount of fecal contamination in drinking water also im-
plies that we are willing to accept small but possibly measurable
amounts of enteric viruses in drinking water. Therefore, a criti-
cal question that must be answered is: What enteric virus concen-
trations are being allowed when drinking water is allowed to con-
tain up to one coliform bacteria per 100 m1? In my opinion, this
should be a major priority in evaluating the public health signi-
ficance of enteric viruses in drinking water. Although surveil-
lance studies on enteric viruses in the water supplies of several
U. S. communities are now being conducted by the EPA (Akin, 1974;
Clarke, 1974), these studies should be greatly expanded. It is
only by knowing how many enteric viruses are present in drinking
waters meeting current microbial standards that we can rationally
and realistically begin to determine the risk of enteric virus in-
fection and disease to those consuming the water. Only then will
we be in a position to determine if current microbial standards
are adequate with respect to enteric viruses.

SUMMARY

Enteric viruses are present in sewage and sewage-contaminated
natural waters. Although information on enteric viruses in U. S.
drinking waters is quite limited, viruses have been isolated from
gublic water supplies in Paris, France, and in a number of South

frican comunities.

Documented epidemiological evidence for waterborne transmis-
sion of enteric virus disease is largely 1limited to outbreaks of
hepatitis type A which have resulted from the lack or inadequacy
of treatment of private or semi-public supplies or from contamina-
tion of the distribution system of public supplies. The absence
of documented waterborne disease outbreaks due to other enteric
viruses does not necessarily mean that waterborne transmission of
these viruses does not occur. The inadequacy of recognition and
reporting of virus diseases and the characteristic epidemiological
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features of enteric virus transmission make it unlikely that en-
teric virus transmission via drinking water would be demonstrated
by current epidemiological surveillance procedures, unless there
was gross sewage contamination of the water supply.

Conventional primary-secondary sewage treatment systems are
not likely to reduce the enteric virus concentration of sewage by
more than 99 percent. A properly managed water treatment system
consisting of coagulation-flocculation, sedimentation, rapid sand
filtration and chlorination is likely to produce a reduction in
virus concentration of perhaps 6 to 7 orders of magnitude.

Although waterborne virus detection methodology should be
further developed and improved, reasonably sensitive and reliable
methods are now available to quantitate small amounts of enteric
viruses in up to 100-gallon volumes of drinking water. The two
most promising methods for this type of water are flow-through,
filter adsorption-elution systems and certain types of ultrafil-
tration systems.

Recognizing that it is impossible to eliminate all fecal con-
tamination from drinking water supplies, surveillance studies to
determine enteric virus levels in drinking waters meeting current
microbial standards should be a major priority for research on vi-
ruses in water. It is only by knowing the extent of enteric virus
contamination of currently acceptable drinking water supplies that
we can begin to determine if current microbial drinking water
standards are adequate with respect to enteric viruses.
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QUESTIONS AND DISCUSSICN

ESTION: (Dr. Craun, EPA, Cincinnati) I have one comment that
I'd like to make on your observation on waterborne infectious dis-
eases that have been documented in regard to hepatitis A. It's
true that in the private, which includes individual semi-public
systems, the vast majority of infectious hepatitis outbreaks have
been related to consumption of untreated contaminated water. Look-
ing at municipal systems we do have a number of infectious hepa-
titis outbreaks that have also been related to this factor. How-
ever, when you Took at infectious hepatitis outbreaks that have
been documented in municipal systems employing some form of treat-
ment, the vast majority of the outbreaks of infectious hepatitis
seem to occur as a result of cross connections, not contamination
gﬁtting through the treatment system. Do you have any comment on

at?

Dr. SoBsey: It is important to recognize that the distribution
systems of municipal water supplies must be protected from contam-
ination by cross connections, back siphonage and other possible
causes. Obviously, programs must be implemented to insure that
adequately treated municipal drinking water is not degraded in
quality after the water leaves the treatment plant and before it
is consumed. The fact that outbreaks of infectious hepatitis in
municipal water supplies occur largely as a result of cross con-
nections suggests to me that chlorine residuals 1in such treated
supplies are inadequate for controlling that type of contamination
with respect to infectious hepatitis.

Question: (Bob Stewart, Hazen and Sawyer, Raleigh) The business
of viruses in public water supplies, especially large operated wa-
ter supplies--are there any big systems like Hew York, Chicago or
Los Angeles or foreign instances where the source waters are
troublesome? Is there any kind of, say, virus analysis not ne-
cessarily as a routine thing, but as some kind of a research pro-
gram associated with it or the Dallas water reuse or even in the
space program where I suppose they've got to figure recycling
people's water for days or months?

Dr, SoBsey: The question is what types of virus surveillance
studies have been done on water supplies. So far as I know the
only studies on 1large municipal supplies were those conducted in
Paris, France, during the mid-1960's. They used an 1inefficient
virus detection technique employing gauze swabs, but it was the
only one that was readily available at the time. Viruses were
very easily recovered from the raw water intake that the City of
Paris was using, and viruses were recovered in the final finished
water. I might add that the City of Paris uses ozonation and not
chlorination. Ozone does not maintain a residual in the distribu-
tion system. It's my understanding that after the discovery of
enteric viruses in Paris drinking water, the ozonation levels were
increased, and in subsequent studies, the incidence of virus iso-
Jation from the drinking water was lower. The studies that I know
about in terms of reclamation systems are those at the Windhock
Wastewater Reclamation Plant in South Africa and the Santee proj-
ect in Southern California. Extensive virus studies have been
done on both systems, and those at Windhock are still in progress.
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Virus surveillance studies on selected water supplies are now be-
ing conducted by the Environmental Protection Agency.

QuESTION: You made a statement to the effect that polioviruses
are often the most prevalent enteric viruses in wastewater because
of the widespread use of oral polio vaccine and that waterborne
poliomyelitis is rare. Could you comment on the prospects of a
vaccine for gastroenteritis?

DR, ScBsey: The prospects of developing vaccines for waterborne
gastroenteritis are dim and will remain so until more is known
about the etiology of such outbreaks. The etiology of gastroen-
teritis, waterborné or otherwise, is not fully understood. The
term gastroenteritis is used to describe a clinical syndrome which
can be produced by reactions to such diverse things as foods,
toxic chemicals, bacterial toxins and infections with enteropatho-
genic bacteria. In addition, there have been outbreaks of acute
gastroenteritis of unknown etiology. Some of these outbreaks may
have been due to viruses which have not yet been isolated and
identified, such as the Norwalk outbreak in which parvovirus-like
particles were found in bacteria-free filtrates of fecal samples
collected from acute phase cases. As ] mentioned before, the use
of the term gastroenteritis for waterborne outbreaks also includes
outbreaks in which laboratory work was either not performed or
gave completely negative results.
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INTRODUCTION

The reuse of wastewater 1is not innovative to this country.
Unplanned, indirect reuse of wastewaters as a part of domestic wa-
ter sources is a common practice; for example, where wastewater is
discharged upstream into rivers used for domestic water supply.
About 50 percent of the population in the United States uses water
that in part is made up of wastewaters from industrial discharges,
untreated sewage, urban runoff, and effluents from a variety of
sewage treatment plants (1).** The Public Advisory Committee in
their report on the proposed 1974 Federal Drinking Water Stand-
ards considered this situation and stated that it views with alam
the increase in the number of wastewater discharges, the decreas-
ing dilution of these effluents with natural waters and the de-
creasing distances between these discharges and water supply in-
takes (2).

Planned reuse is also not new, particularly in California
where almost every potential form of wastewater reclamation is
practiced including crop irrigation, landscape-golf course irriga-
tion, industrial water supply, recreational and ornamental impound-
ments and groundwater recharge. These activities range from the
use of primary effluent on fodder, fiber and seed crops to two of
the world's most highly publicized reuse projects, the recreational
facility at Santee and the reclamation project at South Lake Tahoe.
California has about 200 projects using renovated wastewater with
an estimated 18 percent of all domestic wastewater being reclaimed
for reuse or percolated to underground waters where it is available
for reuse.

WASTEWATER REUSE

California policy is to encourage wastewater reuse where such
uses do not present hazards to the public health. Wastewater, how-
ever, 1is an infectious, hazardous material which must always be

* Editor's Note: Oral presentation by Dr. Spath.
**Numbers in parentheses refer to correspondingly numbered 1tems
in References.
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treated with cautious respect. For each kind of reuse, there is a
certain level of public health risk and hazard. Use of renovated
wastewater for many purposes can be accomplished with safety when
treatment and quality standards are appropriate to the degree of
potential human contact.

With higher level risks, higher degrees of treatment are re-
quired, higher standards of performance are imposed, and the need
for fool-proof reliability becomes compeiling. Standards have been
established by regulation for treatment facilities and product wa-
ter quality for various uses. In California, regulations are in
the process of being adopted to include reliability requirements
for various types of reuse. These regulations, however, do not in-
clude standards for use of renovated wastewater for major groundwa-
ter recharge projects, nor for more direct use of renovated waste-
water for domestic purposes.

Standards for the latter uses are not known to exist in any
part of the world. Along with the problems of virus removal and
performance reliability, a major obstacle to these uses lies in the
uncertainty about the risks of chronic illness from long-term ex-
posure to the residual organics that remain in the most highly
treated wastewater,

HEALTH CONSIDERATIONS

Until recently, concern over ingestion of various, generally
small, quantities of wastewater in drinking water has been focused
on possible communicable disease transmission and, to a lesser de-
gree, the possibility of acute toxic effects. The 1962 Public
Health Service Drinking Water Standards do not address themselves
to the existence of potentially toxic organic chemicals other than
the gross standard for Carbon Chloroform Extract (CCE)} which is not
based on toxicological data. The proposed 1973 Federal Orinking
Water Standards have been somewhat expanded to include limits for
specific chlorinated hydrocarbon pesticides, the organophosphate
insecticides and two chlorophenoxy herbicides with only those lim-
its established for the chlorinated hydrocarbon pesticides being
derived as tolerance for use levels over a }ifetime. Moreover, the
Advisory Committee takes the position that "the revised standards
are not intended for the ultimate reuse of municipal wastewater as
a direct source of public supply for human consumption with little
or no intermediate dilution" (2).

Health agencies are not expressing concern over the matter of
potential long-term effects from prolonged ingestion of organic
residues originating in domestic sewage and other wastewaters
reaching domestic water sources. Most important are those communi-
ties that have long been consuming water from supply sources re-
ceiving wastewater discharges. Information is needed on the iden-
tity of organic residues in these water sources and any resulting
health effects from their use. With regard to the possible future
use of renovated wastewater as a water source, research should be
focused first on those organic constituents in domestic sewage from
residential communities. The large number of new, potentially
toxic, organic chemicals discharged by industries each year would
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make the use of industrial waste-laden sewage as a source highly
unpracticable.

At present, available information on the nature and identity
of organic chemicals in water supply sources burdened by upstream
waste discharges and the raw and treated domestic sewage is limited.
Techniques required to isolate and identify these materials are
quite sophisticated and time-consuming. The most promising analy-
tical tool for organic identification appears to be the gas chroma-
tograph-mass spectrometer (GC/MS) computer couple system similar to
that employed by EPA's Southeast Environmental Research Laboratory
(3). As pointed out by Hrutfiord and Christman (4), these systems
are expensive and are available at only a limited number of labora-
tories.

Little is known about the toxicity of residual organic chemi-
cals, and assessment of adverse effects are relatively difficult.
Although acute or chronic toxicity may be measured in animals using
classical toxicological techniques, extrapolations from experimental
animals to humans are often difficult and uncertain.

Screening tests to determine the carcinogenicity of a chemical
is also an expensive and time-consuming operation. In the National
Cancer Institute's (NCI) carcinogenesis program, each chemical
tested for carcinogenicity requires, on the average, three years,
800 animals, and $70,000 (5).

Even less satisfactory 1is the evaluation of possible genetic
effects; i.e., teratogenicity and mutagenicity. In addition to
these difficulties, the possible synergistic effects of combinations
of chemicals are almost totally unknown.

Regarding difficulties with respect to carcinogens, Stokinger
and Woodward ?6) wrote, "The question of the factor to be used to
modify the limiting water concentration of a known or potentially
carcinogenic agent poses an almost insoluble problem at present."
The reasons for this pessimistic position relate to understanding
lifetime dosage in water, the unknown relationship between carcino-
genicity in animals and in man and the uncertain role of cocarcino-
gens. A study by Bormeff (7) of the interrelationship of benzpyrene
and detergents, both of which may be present in wastewater, showed
that the simultaneous ingestion of both produced cancer, whereas
{ngestion of benzpyrene alone did not.

It is interesting to consider the position of the U.S. Food and
Orug Administration (Food, Drug, and Cosmetic Act) (8) regarding
food additives. The Delaney amendment states "that no additive
shall be deemed to be safe if it is found to induce cancer when in-
gested by man or animal, or if it is found after tests which are
appropriate for the evaluation of the safety of food additives, to
fnduce cancer in man or animal ...." This has been interpreted to
mean that no substance can be added to food if it causes cancer in
any animal at any dosage., Should this policy be applied to water,
some present water supply sources would likely be rejected.

In similar fashion, from an industrial-hygiene point of view,
hazardous carcinogenic substances have been identified for which no
exposure by any route--respiratory, skin, or oral--should be per-
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mitted because of the high incidence of cancer in man (9). This
1ist includes p-aminobiphenyl and benzidene and its salts (beta-
naphthylamine, 4-nitrodiphenyl, dimethyl-sulfate, and bis-chloro-
methylether). At least two of them have been 1identified in river
water (benzidine and napthylamine) (10).

DOMESTIC SOURCE AUGMENTATION

The pressures for reusing renovated wastewater as a means for
augmenting existing domestic sources, especially in water-short
areas, are steadily increasing. In California this trend has gained
impetus from a legislative declaration of policy (11) (Porter-
Cologne Water Quality Act of 1967) which states that "the people of
the State have a primary interest in the development of facilities
to reclaim water containing waste to supplement existing surface
and underground water supplies ..." The Resources Agency of Cali-
fornia in a preliminary statement of environmental goals and policy,
not officially adopted, also proposes to commit the State to waste-
water reuse "as a part of a comprehensive water supply and manage-
ment program."

At present, there are three planned augmentation facilities in
operation in California, all of which involve recharge of ground-
water basins. These include the activities at Whittier Narrows,
Hemet and Camp Pendleton (U. S. Marine Base). The largest opera-
tion, which began in 1962 at Whittier Narrows in Los Angeles County
recharges between 50,000 to 60,000 acre-feet per year (44.8 to
53.7 MGD) of secondary effluent. Estimates have indicated that
within ten to twenty years 100 percent of the water pumped from
areas nearest the spreading grounds will be recharged water (12).
Unfortunately, until recently the organic content of the basin wa-
ter has not been adequately monitored.

A number of specific project proposals are also being devel-
oped for major groundwater replenishment with renovated wastewa-
ter. One such project, the Orange County Water District Water
Factory 21, 1is near completion. This facility will inject a 50
percent blend of desalinated sea water and renovated wastewater
into a groundwater basin for purposes of providing a sea water in-
trusion barrier. Approval of this project by the California State
Board of Public Health 1is conditional and subject to strict con-
trols including continuous monitoring of injected water and long-
range studies of health effects of using renovated wastewater, An
important condition applied to the project is "that an alternate
source of domestic water supply shall be provided any user whose
groundwater is found to be impaired by the injection program."

Other proposals, still in very preliminary form, would intro-
duce reclaimed sewage into existing domestic water impoundments
and even (in the extreme) utilize treated sewage directly as a
portion of the raw water supply with or without dilution.

ALTERNATIVE USES
In many cases, proposals for the augmentation of domestic wa-

ter sources have been made with 1little consideration given to non-
engineering factors (e.g., environmental, public health, etc.) in
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evaluation of these projects. Since many of these projects, par-
ticularly those involving groundwater recharge, risk the potential
degradation and possible loss of whole domestic water sources, a
review of alternative uses would appear to be most appropriate. The
substitution of renovated wastewater for high quality water for
purposes requiring somewhat lesser quality water such as agricul-
tural irrigation and industrial use for process and cooling could
prevent the squandering of fresh water sources. Where this approach
has been taken, the results have been most favorable.

As early as 1929, the City of Pomona initiated a project util-
izing renovated wastewater for domestic irrigation of lawns and
gardens. Kaiser Steel has reclaimed water for industrial purposes
in their mill in Fontana, California, for 20 years. The City of
Burbank supplies approximately 3.5 MGD of renovated wastewater for
cooling purposes while Contra Costa County is about to embark upon
a major reclamation activity by supplying 30 MGD to a number of oil
companies for process and irrigation water.

A too-little noted reclamation operation exists at Colorado
Springs where renovated wastewater 1is sold as irrigation water and
with some additional treatment for industrial purposes. The cost
of the renovated wastewater is $0.26/1000 gallons, while the price
of potable water is $0.38/1000 gallons (13).

Reuse through regionalization of wastewater collection and
renovation is being actively investigated in California, especially
with regard to agricultural use. This approach has been considered
in the San Francisco Bay Area where renovated bay area wastewater
would be conveyed to the San Joaquin Valley for crop irrigation.
Regionalization becomes attractive in such cases where available
waste flows are sizable enough to make extensive renovated water
transport practicable.

SUMMARY AND CONCLUSION

The unplanned introduction of a myriad of organic chemicals
into domestic water sources occurs daily. Ingestion of these ma-~
terials in various quantities exposes a large population group to
potential health risks. Emphasis should be placed on determining
these organic constituents and identifying their health effects.
Intensive water quality surveillance programs must be instituted,
and a protocol for examination must be developed employing the
sophisticated tools required both for the concentration of these
trace organics and their analysis.

Planned wastewater reuse for domestic purposes, both direct
and indirect, carries a heavy burden of responsibility with it.
The identity of organic residues in renovated domestic sewage has
been only partly established and essentially nothing is known about
potential health effects from long-term use of wastewater contain-
ing these substances. Such reuse projects must be approached with
extreme caution and alternative, less restrictive uses considered
especially in substitution for high-quality domestic water.
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Without question, until more is known about this subject, ef-
forts should be made to reduce quantities of stable organics now
present in water supply sources and to prevent their introduction
at places now receiving organics-free water. Since the proper po-
sition of a health agency must be conservative, no practice that
increases the organics burden on a water supply should be encour-
aged or permitted until positive assurances of water safety are ob-
tained (14).
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QUESTIONS AND DISCUSSION

QuesTion:  (Hutchinson) Just recently I had an opportunity to re-
view that Orange County Water Factory No. 21 proposal. It's unu-
sual in that California is a gqood distance away from Florida so
what goes on in California sets a precedent which might be fol-
lowed in Florida. There's a lot of interest in water reclamation,
and this was described as being done. Then, when I checked into
jt, I found out that it was proposed, and there are a lot of safe-
guards which you mentioned. One thing I didn't notice in the docu-
ments I had was how close the drinking water supply was to this
injection point. You mentioned specific requirements if any en-
dangerment came about that there would have to be something done
about it.  Could you expand your remarks on that a little bit?

Dr, SpaTH: Ostensibly, the project was set up to be a sea water
intrusion barrier. Recent information has indicated that it will
have an influence on domestic water wells, although I'm really not
sure as to how close they are and what the time of travel is
through the underground. I think the California State Board of
Public Health has put the proper restrictions on the operation;
and secondly, they intend to convene a panel of medical experts
who will take a look at this operation prior to its actual imple-
mentation and make a final judgment at that time as to whether to
actually allow it to go in or add more safeguards. There is also
the possibility that these domestic wells would be closed if a
health hazard was found to exist after the project was in opera-
tion.

CoMMENT : (from audience) 1'd like to congratulate the author and
the deliverer of the paper because it expresses sentiment with
which I am in full agreement. I wanted to just add a little item
on Colorado Springs. Our speaker mentioned that the reuse of
wastewaters that are well treated has been extremely useful for
cities because what it has done by substituting for fresh water is
to put off, perhaps permanently, what would have been a very large
new water resource project and would have required tunneling
through the mountains and getting water from the west side of the
Rockies. But ['d like to cite another example of this kind of re-
use which I believe has far more potential and that's in the case
of Singapore. Singapore is a highly industrialized island and has
very limited fresh water resources. In trying to make these fresh
water resources go farther, they established an industrial water
supply made up entirely of activated sludge treatment plant efflu-
ent. They use this extensively for industrial cooling process wa-
ter. They've done one other thing which I think is exceptional.
They have these developments in the industrial area, and they con-
nected this reused industrial water supply for the flushing of
toilets. If fresh water 1is as short as it is in California and
other areas, it seems to be rather strange to use it for the lar-
gest single household use which is toilet flushing.

QuesTioN:  (Dave Smith, School of Public Health, Graduate Student)
Pursuing the thought that you presented today, there were three
points made which seemed to me ought to warrant some discussion.
First of all, since we assumed that the exact composition of the
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organic fractions in water is pretty well known and since the dan-
ger of the identified compounds is basically unknown and since the
presence of these compounds which are known are basically ubig-
uitous, for example, BP is shown by Borneff in Germany to be found
in ground water, surface runoff and river waters, doesn't this in-
dicate better water treatment is more important than expending a
great deal of money in wastewater treatment?

DR, SpaTH: That certainly would be a good point, but I imagine eco-
nomics has a great deal to do with that. Improved water treatment
would also involve the expenditures of large sums of money; and
since water treatment systems do not benefit from state and federal
construction funding, municipalities must shoulder the full cost of
these improvements. In many cases, this situation prohibits the
construction of new systems even where they are badly needed.

* * % X %
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INTRODUCTION

On the federal level, the U. S. Public Health Service has for
some 60 years had the responsibility for certifying the safety of
drinking water supplied to and used on interstate carriers. Drink-
ing water standards (1)** have been established and are applied to
these particular water supplies. The current standards and pro-
posed revisions include limits for some inorganic constituents.
Each constituent 1imit was selected by an advisory group after con-
sideration of various factors, such as occurrence, available scien-
tific literature, 1legal precedence, and practical experience; and
?ach has a different degree of scientific and field data to support

ts limit.

The U. S. Environmental Protection Agency inherited this re-
sponsibility from the Public Health Service and is currently updat-
ing the 1962 standards. The Water Supply Research Laboratory of
the National Environmental Research Center in Cincinnati conducts
health-effects studies and research for the agency to enable the
setting of limits for various contaminants not in the Drinking Wa-
ter Standards and for the revision of current 1limits not based on
sound health effects data. In addition, the laboratory is respon-
sible for development of the necessary engineering technology to
ensure attainment of the limits established.

An overview of some of the problems associated with inorganic
contaminants in drinking water and a discussion of some of the re-
search being conducted in this area by our laboratory will be pre-
sented in this paper.

Almost always, whenever the chemical constituents of drinking
water are discussed, a negative approach is taken and seldom is
any consideration given to what elements should be present. Thus
far, we have attempted to provide an optimum concentration of only
fluoride in drinking water. The basis for this was derived pri-
marily from epidemiological studies in areas where the naturally
occurring concentration in water was either minimal, optimal, or

* Editor's Note: Oral presentation by Dr. Craun.
**Numbers in parentheses refer to correspondingly numbered items in
References.
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excessive. Despite the numercus studies that confirm the benefi-
cial aspects of maintaining an optimum concentration of fluoride
in water, this issue is still controversial. The reason for men-
tioning the idea of optimal concentration is not to create addi-
tional controversy, but to emphasize that for many elements found
in water, there is a beneficial effect, and we do not have to have
a zero tolerance. The essential inorganic elements that man re-
quires include calcium, magnesium, iron, sodium, potassium, and
recent research (2) has suggested fluoride as essential. Animal
studies have shown a need for zinc, copper, cobalt, and manganese.
and man probably has the same essential needs. For many of the
other heavy metals, there is no benefit known to date; but man
seems to be used to exposure of some degree, and a zero tolerance
is not always indicated.

WATERBORNE OUTBREAKS

Even though it is recognized that reporting is incomplete, it
is helpful to review waterborne outbreaks to see which inorganic
contaminants are most often involved in chemical poisonings. Dur-
ing the 27-year period 1946-1972, it was found that 405 waterborme
outbreaks occurred in this country resulting in over 79,000 cases
of illness (3,4). The vast majority of these outbreaks were asso-
ciated with infectious agents, but 19 outbreaks and 279 cases of
illness were related to chemical poisoning. There were 11 out-
breaks because of inorganic contamination--about three percent of
theitgta] number of waterborme outbreaks documented during this
period.

The chemical poisoning as a waterborne illness resulted in
fewer cases per outbreak than the average, but there was an exces-
sive number of deaths. For all waterborne illness, the mortality
was only 0.05 percent, but the outbreaks from inorganic chemical
poisonings had a mortality of 3.4 percent (208 cases of illness and
7 deathsg.

The largest outbreak of this type caused 150 cases of illness
in a Pennsylvania school--the fluoride feeder was run when the well
was not pumped. The fluoride concentration was 67 milligrams per
Titer (mg/1), but a complicating feature was the detection of 4.5
mg/1 of copper in the Kool Aid made with the water. A similar
occurrence in North Carolina (5) was reported in April 1974 and is
not included in the previous tabulations. Two bhundred and one
(201) students and 12 adults at a rural grammar school in Stanley
County became i1l within minutes after drinking orange juice at
morning recess. There were 126 persons who did not drink the juice;
none of these people became i11. The school's water is supplied by
a private well. In the month prior to the outbreak, the water pump
had operated intermittently, and in the week prior to the outbreak,
while school was closed for the £Easter holidays, the fluoride
feeder malfunctioned causing fluoride solution to be fed into the
water system continuously while the water pump was not operating.
Laboratory analysis of the orange juice served at the school re-
vealed a fluoride level of 270 mg/1. A water sample obtained at
the school on the afternoon of April 16 had a fluoride concentra-
tion of 125 mg/1. Both of these outbreaks are consistent with the
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observation that as little as 16 mg of sodium fluoride can produce
nausea while 65 mg can cause vomiting (5).

Arsenic was related to five, about half, of the outbreaks,
and the reasons for the outbreaks are most varied. One outbreak
of 10 cases and 3 deaths resulted when an arsenical weed killer was
deliberately added to a well in West Virginia. These are the only
murders that have been noted in the review of waterbome ocutbreaks.
Two outbreaks concerned the backsiphonage of arsenic compounds into
water supplies, and five cases of illness and four deaths resulted.
Recently, a well was drilled at a new factory site in Minnesota,
and people working there became i11 (6). Arsenic was detected in
the blood of those becoming i1l, and investigation revealed arsenic
in the well water--11.8 to 21 mg/]. The site had been used to mix
grasshopper bait many years before, and it was reported that some
unused pesticide had been buried where the well was drilled. Two
girls in a Nevada family became ill, and after some difficulty of
diagnosis, it was determined that they had arsenic poisoning. The
well at the family ranch varied between 0.5 to 2.75 mg/1 of arsenic
from natural causes.

Two outbreaks of selenium poisoning occurred in families using
private wells. A family in Colorado suffered from selenium poison-
ing because their well had 9 mg/] of the element. Another family
in Alabama was reported i1l because of drinking well water contain-
ing selenium.

Two outbreaks of copper poisonings and one of chromium were
associated with water coolers or soft drink machines. When the
valves of soft drink machines allow carbon dioxide to leak back in-
to the water line, the copper tubing usually used for a feed line
becomes excessively corroded. In many cases, the product tastes so
bad it is not consumed; but sometimes the tastes are masked by the
soft drink, and people drink it and become i11. The chromium out-
break was caused by the erroneous connection of the water feed tub-
ing to a hot-water heating line that contained corrosion control
chemicals.

It is useful to review these outbreaks so that the circumstan-
ces that allowed them to occur can be examined and future occur-
rence prevented by proper control. The water utilities and state
control agencies should be interested in these statistics, but the
research scientist 1is generally more concerned with chronic low-
level exposures than acute poisonings.

The effect of drinking water quality on chronic disease mor-
tality has been studied by a number of investigators since Kobay-
ashi (7) showed a correlation between cerebrovascular mortality and
the acidity of water supplies in Japan. Winton and McCabe (8) and
Masironi (9) have summarized information presented by various in-
vestigators regarding the relationship of drinking water to disease
and death. A number of investigators (10-24) have contributed evi-
dence supporting hypotheses that areas with hard water tend to have
lTower death rates and less cardiovascular disease than soft water
areas. The lower heart disease death rates could be caused by some-
thing beneficial 1in hard water or the higher heart disease death
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rates could be caused by something detrimental in soft water. Soft
water is generally more corrosive and should contain more metal con-
taminants from water piping, whereas hard water contains larger
amounts of calcium and magnesium. In addition to the hard versus
sogt water hypothesis, various trace substances have also been con-
sidered.

Lindeman and Assenzo (25) and Mulcahy (26) have presented evi-
dence for Oklahoma and Ireland that is contrary to the findings of
these investigators. Sauer (24) discussed one unpublished study of
North Carolina data that showed an opposite relationship, with low
death rates in the mountain counties having soft drinking water.
Unfortunately, there are not enough data on water quality at the
consumer's tap to enable studies to be very definitive, and there
are many co-variables that must be considered.

McCabe (27) calculated the age-adjusted death rates for dis-
eases of the cardiovascular system and the parts making up this in-
clusive category for the metropolitan areas of the country in 1950.
These central city-county data were placed into three groups based
on the mineralization of the drinking water supplied to at least
half of the population of the area. In some cases, the water sup-
ply was so mixed that an area could not be included in the analy-
sis. The limits used for dissolved solids content were 0-99, 100-
199, and 200 or more milligrams per liter.

Table 1 displays these rates, and the people drinking the more
mineralized water have lower heart disease mortality. Because
cardiovascular disease is the leading cause of death, the total
death rates reflect the same trends, and it cannot be said that the
people are just dying of something else. These are sizable differ-
ences in death rates, and it is most important to understand the
reasons for this occurrence.

Groundwater is more mineralized than surface water, and the
smaller metropolitan areas are more likely to use groundwater be-
cause the yield will still meet their demands. Thus, there is an
effect of the population size of the metropolitan area complexing
these relationships. But both size and mineralization seem to have
an effect that is additive.

Research on water hardness and human health has been most rig-
orously pursued in England, and there seems to be a general consen-
sus thgre that municipal softening plants should not be built (16-
18, 28).

Although we are still far from fully understanding the rela-
tion of trace elements in drinking water to cardiovascular dis-
eases, it does appear likely that such a relation may exist. To
better define the role of water quality in chronic disease mortal-
ity, particularly cardiovascular diseases, a cooperative study be-
tween our laboratory and the National Heart and Lung Institute, the
National Center for Health Statistics and the Bureau of the Census
is currently being conducted. A health and nutritional survey of
some 4200 individuals in 35 geographically distributed areas is to
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Table 1
CARDIOVASCULAR DISEASE
DEATH RATES AND WATER QUALITY
135 CENTRAL CITY-COUNTY AREAS

Mineralization of Drinking Water
Dissolved Solids - mg/1
0-99 100-T99 200+
MALE-WHITE
Diseases of Cardiovascular Sys. 643 616 583
Diseases of Heart 517 478 436
Vascular Lesions CNS 90 100 105
General Arteriosclerosis 21 23 24
Hypertension without Heart 7 8 9
Other Circulatory Diseases 6 6 7
FEMALE-WHITE
Diseases of Cardiovascular Sys. 446 406 361
Diseases of Heart 330 282 237
Vascular Lesions CNS 87 94 93
General Arteriosclerosis 17 18 19
Hypertension without Heart 7 7 7
Other Circulatory Disease 4 4 4

{Age-adjusted death rates per 100,000)

Reprinted from the 16th Annual Sanitary Engineering Conference,
Trace Metals in Water Supplies: Occurrence, Significance, and Con-
trol, Univ. of I1linois, Urbana-Champaign, Feb. 12-13, 1974,

be completed by December 1976 and will provide data on cardiovas-
cular function for correlation with water quality data. The sample
areas and sample persons have been selected by the Bureau of Cen-
sus to be representative of the U. S. population. A comprehensive
physical examination, which includes a medical history and cardio-
vascular questionnaire and the measurement of various health
parameters such as blood pressure, £EKG, cholesterol levels, will be
conducted for each person. A major effort is being made to char-
acterize the quality of drinking water for the study population and
includes the collection and analysis of tap water samples and
source water samples after treatment for some 28 trace elements and
other water quality parameters that have been suggested or are felt
to be related to cardiovascular disease (Na, K, Ca, Mg, As, Se, Si,
F, NO3, hardness, alkalinity, conductivity, pH, TDS, Li, V, Mn, Fe,
Cu, Zn, Mo, Ag, I, Cr, Co, Ni, Cd, and Pb). For many of the ele-
ments, routine analytical methods cannot achieve the sensitivities
required for detection of the element in the very low concentrations
expected in drinking water and a combination of wmulti-elemental
techniques such as proton-induced X-ray fluorescence and spark
source mass spectrometry will most likely be utilized in addition
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to more routine analytical procedures such as atomic absorption,
anodic stripping voltametry and wet chemical methods.

SOURCE OF METALS IN DRINKING WATER

Some of the problems come from geochemical pollutants. It is
Jjust part of the natural cycle of erosion and solution to have these
contaminants in water. Arsenic, barium, and selenium are good ex-
amples of this problem. Supplies have been found that exceed the
arsenic limit in the Southwest. Supplies exceeding the barium 1im-
it have been found in mid-Atlantic, Southern and Midwestern states.
The State of I1linois EPA has identified 16 cities and 3 subdivi-
sions as having drinking water sources with barium concentrations
higher than the current limit (29). A1l of the supplies use well
water and the highest concentration found was 10 mg/liter. Some
supplies have been found to exceed the selenium limit in all but
the Pacific northwest region, but the problem is greatest in the
Denver region.

Other metals may result from industrial waste, and mercury
would be the best example of this type of contamination. The EPA
is establishing effluent standards for toxic pollutants to take
care of this type of problem (30). Standards are proposed for
nine toxic pollutants, and two of these are metals: cadmium and
all cadmium compounds, and mercury and all mercury compounds.

There have been situations where industrial waste holding
ponds have polluted groundwater with excessive metals, and several
of these have involved chromium.

Municipal sewage can contribute metal to surface water and
will continue to do so until more treatment is provided. The
physical-chemical tertiary treatments proposed seem to be capable
of removing most metal to required concentrations for water supply.
The resulting sludges will be high in metals and must be suitably
disposed.

A major source of metal contamination to drinking water is the
water supply system. This starts out with the chemicals wused in
treatment., Copper might be added for algae control in reservoirs.
Other treatment chemicals have trace metal content and may contrib-
ute to the metal levels in water, Aluminum is an example.

Corrosion of the distribution and household plumbing contrib-
ute to the metal content of drinking water. An industrial health
survey was conducted in Chicago in 1968 (31). Water samples were
collected as part of this survey and provide an opportunity to de-
termine the metal content of a large number of samples from a sin-
gle system. Composite samples were collected at the treatment
plants, and these results can be compared with 550 grab samples
collected from the distribution system to give an indication of
metal pickup. Samples that had a higher concentration than the
maximum found at the plant are used as evidence of metal pickup.
The percent of samples with pickup were as follows: cadmium 15,
chromium 17, cobalt 10, copper 28, iron 39, lead 20, manganese 32,
nickel 34, silver 15, and zinc 67 percent.
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The pickup of metal in the Chicago system did not result in
samples exceeding the drinking water standards except for lead.
For lead, 0.7 percent exceeded the limit. Some samples of drinking
water exceeding the lead limit are common as it was found that 1.4
percent of the samples in the Community Water Supply Survey (32)
exceeded the lead limit. When corrosive water is distributed, the
problem can be more serious. Distribution studies conducted several
years ago by EPA in Seattle (33) and Boston illustrate the effect
of corrosive water on tap water quality. Both Boston and Seattle
use impounded surface water and provide chlorination as the only
treatment. Seattle also fluoridates adding H,Si Fg. The hardness
and alkalinity of these waters are low, and tﬁe pH is on the acidic
side. The dissolved oxygen content of Seattle's water approaches
saturation. The distributed waters are good solvents and exhibit
aggressive corrosion tendencies. The following water quality par-
ameters were measured on treated water at the source:

Boston (MDC) Seattle
1. pH 6.7 5.5
2. hardness (CaC03) 14 mg/1 -
3. TOS 50 mg/1 -
4, Alkalinity (CaC03) 8 mg/1 2 mg/1
5. Chlorides 12 mg/1 1.7 mg/1
6. Calcium - 2.1 mg/N
7. Magnesium - 0.3 mg/1
8. Conductivity - 20 umho*

In Seattle, that part of the distribution system served by the
Tolt River was sampled. Samples were collected from 31 points in
the distribution system, primarily from household taps, but some
samples were collected from major transmission mains. Two types of
samples were collected early in the morning for comparison, a
standing and a running sample. Standing samples were the first wa-
ter to run out of the faucet and represented water with a long res-
idence time in the household plumbing -and service line. Running
samples were collected afterward, ensuring that the house 1lines
were well flushed and represented water from the mains. This same
procedure was followed in Boston, and running and standing samples
were collected at 54 households in the Beacon Hill area. Standing
samples that had a higher concentration than the moning sample
collected at the same point are used as evidence of metal pickup.
The percent of samples with pickup were as follows: Boston - cad-
mium 13, chromium 39, copper 44, iron 52, lead 30, manganese 11,
zinc 35; Seattle - cadmium 61, copper 73, iron 86, lead 95, man-
ganese 82, zinc 95. The distribution samples collected in these two
cities resulted in a number of the drinking water standards being
exceeded.

In Boston, 19 percent of the distribution samples exceeded the
1imit for copper (1.0 mg/1), 9 percent exceeded the 1imit for iron
(0.3 mg/1), and 65 percent exceeded the 1imit for lead (0.05 mg/1).

*Micro-ohms.,
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In Seattle, some samples exceeded the drinking water standard for
all six of the constituents measured: cadmium (0.01 mg/1) 7 per-
cent, copper (1.0 mg/1) 24 percent, iron (0.3 mg/1) 76 percent,
lead (0.05 mg/1) 24 percent, manganese {0.05 mg/1) 5 percent, zinc
(5.0 mg/1) 10 percent. A summary of the Boston and Seattle data is
presented in Table 2.

Table 2
DISTRIBUTION SAMPLING IN SEATTLE AND BOSTON

Running Samples Standing Samples
Max. Mean’ Max. Mean
Conc. |Conc. |Standard Conc. |Conc. |Standard
{va/1) | (ug/1) |Deviation | N |{va/1) [(vg/1) |Deviation | N
Seattle]
Cd 0.8 0.3 0.1 28 25 2.5 5.2 28
Cu 1670 160 350 22 | 2050 450 610 22
Fe 1200 270 220 21 | 5400 1400 1300 21
Pb 17 5 4 22 170 39 49 22
Mn 23 1 4 22 79 24 17 22
In 1730 230 380 21 | 5460 {1740 1520 21
Boston
Cd 8 1.0 1.4 54 5 0.7 1.0 54
Cr 8 3.1 1.9 54 8 3.4 1.8 54
Cu 1540 432 298 54 | 2410 494 504 54
Fe 560 141 116 54 442 142 83 54
Pb 241 58 49 54 321 80 78 54
¥n 34 24.6 4.8 54 42 25.4 2.9 54
In 1625 223 333 54 791 148 203 54

The difference in metal pickup between these systems is most
likely related to the type of plumbing material and service lines
in use. In Boston, a high percentage of homes sampled had lead
service pipes; in Seattle, copper and galvanized iron were more
commonly used. No lead pipes were reported in Seattle, and it is
assumed that the source of lead in this case is from the solder
used to join copper piping. Additional studies are currently be-
ing conducted 1in both cities. In Boston, a comparison of wetal
pickup in the MDC system with neighboring Cambridge will be avail-
able. A section of Cambridge is served by surface water from
Hobbs Creek with characteristics similar to the Boston (MDC) source
water, but the raw water is treated by coaguiation, settling, fil-
tration and pH adjustment to about pH 8.

To assist in gathering data on the water quality in distribu-
tion systems, a Mobile Water Quality Monitoring Laboratory, which
was built under contract by the National Sanitation Foundation,
was delivered to WSRL on October 1, 1973. Before delivery, it was
field tested in Chicago for one month and in Philadelphia for one
month. An on-board computer operates and collects data from each
of the analyzer systems. The computer obtains data from each of
the 17 different monitoring systems once or twice every 13 minutes
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and also can activate a sampler to collect samples with a preset
frequency or whenever any of the 17 parameters shows an anomaly.
The results are punched out on paper tape for later computer pro-
cessing and analysis. Parameters measured by the mobile unit are:
temperature, pH, alkalinity, dissolved oxygen, hardness, nitrate,
fluoride, free and total chlorine, cadmium, lead, copper, index of
corrosion, scale formation, sulfate, turbidity, and conductivity.
Although no decision has been made regarding future surveys with
the monitor, Boston, Seattle, and the Metropolitan Water District
of Southern California have all expressed interest in cooperating
in distribution system studies.

METAL INTAKE AND HUMAN BODY BURDEN

The Community Water Supply Survey (CWSS) collected water sam-
ples at the consumer's tap and covered 969 water systems located
in nine geographic areas around the country (32). It was not a
totally representative sample of the U. S., but its wide coverage
should provide an estimate of the metal intake from water of con-
sumers of community water supplies. Estimates of average intake
of the metals are in Table 3 along with the percent of samples that
had some of the elements present at 1 microgram per liter (ug/1)
detection.

Table 3

ESTIMATED AVERAGE INTAKE OF METALS FROM WATER
COMMUNITY WATER SUPPLIES

Average Micrograms intake Percent of
concentration at 2 liters samples with 1 ug
pg per liter per day per liter or more

Cadmium 1.3 3 63
Chromium 2.3 5 n
Cobalt 2.2 4 62
Copper 134.5 270 99
Iron 166.5 330 99
Lead 13.1 26 74
Manganese 22.2 44 78
Nickel 4.8 10 78
Silver 0.8 2 23
Zinc 193.8 390 100

Reprinted from the 16th Annual Sanitary Engineering Conference,
Trace Metals in Water Supplies: Occurrence, Signtificance, and Con-
trol, Univ. of I1linois, Urbana-Champaign, Feb. 12-13, 1974.

The most widespread metal was zinc, being detected in 100 per-
cent of the samples. With a 2-1iter consumption of drinking water
the average intake of zinc would be 390 ug. Iron was the next
highest intake with 330 ng, but this would only supply 2 percent
of the needed daily intake of the adult female. Copper, as well
as iron, was present in virtually all of the samples, and the in-
take would be 270 ug per day.
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Manganese intake would average 44 ug from drinking water and
it is rather widespread, being present in 78 percent of the sam-
ples. Cobalt is another of the essential elements, and the intake
from water is 4 ug.

Some investigators consider nickel and chromium to be essen-
tial. MWater would make a contribution to the nickel intake of 10
ug per day. Chromium only occurred in 11 percent of the samples.

Lead and cadmium seem to be elements we do not need but re-
ceive with most of our drinking water. The maximum daily permis-
sible intake of lead for children is set at 300 pg to prevent ac-
cumulation. The average intake from water may provide 5-10 per-
cent of this allowed intake depending on the water consumption of
the child. The average cadmium intake is 3 ug and is rather wide-
spread, with 63 percent of the samples showing some cadmium.

Silver had the 1lowest average concentration of metals mea-
sured in the survey and was detected in only 23 percent of the
samples. Mercury was not measured in the CWSS but was surveyed
later (27). Of the 273 communities sampled, 96 percent had less
than 1 ug of mercury per liter.

Most investigators feel that man's major source of trace met-
als is his food intake. A recent study of intake from food used
institutional total diets for children 9 to 12 years of age (34).
If a comparison 1is made between this study and the CWSS, it is
found that the largest proportion of trace metal intake from water
compared to food is for zinc, but this is only 4.3 percent of the
total. Next is cadmium at 3.3 percent, and then manganese at 2.8
percent. The water cobalt intake was only 0.4 percent. The chrom-
jfum intake figures out to be 0.8 percent, but it must be remembered
that chromium does not occur in water very regularly.

If the average content of metals in water 1is to have any ef-
fect on man, there must be something different about the metal that
occurs in water compared to metal that occurs in food. Metals often
occur in food in a chelated form and may not be as available as the
fonized form in water. To help answer this question, it is planned
to study the physiological availability of various inorganic con-
stituents, beginning with cadmium. The relative bioavailability of
cadmium in drinking water will be compared with that of naturally
occurring cadmium found in plants and grains, and with that of cad-
mium admixed with the diet. In each case, cadmium absorption is to
be quantified in test animals. In addition, since cadmium has been
suggested as a factor involved in cardiovascular disease, the ef-
fect of various concentrations of calcium and magnesium in drinking
water on the absorption of cadmium will also be investigated.

The analysis of tissue, such as hair, nails, blood, and teeth,
have proved to be an expedient method of measuring human body bur-
dens in living populations (35). We are participating in epidemi-
ological studies currently being conducted by EPA through the Na-
tional Environmental Research Center (NERC) at Research Triangle
Park to determine human body burdens of various trace elements and
correlate these with environmental exposure. Studies have been
completed in the New York City area, Charlotte, North Carolina, and
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Birmingham, Alabama, and the data are being analyzed. Data from a
pilot study show that even though man's intake of iron and mangan-
ese from water are relatively low when compared to food, gradients
of iron and manganese have been observed in scalp hair in popu-
lations using different water supplies.

Because of the unusually high concentration of lead found in
the Boston area, an epidemiological study was conducted to deter-
mine the relationship between 1lead body burden (as measured by
blood lead levels) and the lead concentration in household tap wa-
ter. The study is nearing completion, and results should be avail-
able within the next three months. Approximately 300 households
in Brighton, Somerville, and Cambridge were sampled according to
the type of service line, 1lead or non-lead. Blood samples were
obtained from various residents according to age groupings and en-
vironmental samples collected at the home to determine other sour-
ces of lead exposure in addition to tap water. A questionnaire
was administered to account for various co-variables.

TOXICOLOGICAL STUDIES

Research into the effects of chemicals in animal systems is an
essential part of the effort to define possible health hazards.
Animal experimentation has two basic advantages in this regard:
(1) animals may be exposed under defined conditions with known
amounts of a chemical to the point of maximum insult, and (2) mea-
surements of effect may be made directly on the affected system.

Data from toxicological experiments also have definite limita-
tions, but as long as the limitations of animal models are clearly
recognized, they can be used to generate specific and useful infor-
mation which is otherwise unobtainablie. The range of qualitative
data that can be provided from animal models is as follows:

1. Effect,

2. Bioavailability,

3. Long versus short-term toxicity,

4. Retention of effect,

5. Interaction with disease processes, and
6. Group-linked susceptibility.

Of all the types of drinking water contaminants, the trace
metals have received more attention and research effort than any
other in terms of their toxic effects. This has resulted in a huge
volume of literature on certain of these elements. Unfortunately,
many basic questions remain to be answered concerning the effects
of this group of chemicals.

Consequently, we have projects that attempt to define the pro-
perties of toxic elements at the enzymic, subcellular, cellular,
tissue, and whole animal levels of organization. These projects
include: (1) studies of the effects of lead and manganese on the
metabolic integrity of the central nervous system (since some water
systems complex manganese by use of polyphosphates rather than b
removing it, complexed manganese will also be investigated), 2
study of the effects of cadmium on hepatic detoxification enzymes,
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(3) a study of the effects of cadmium on renovascular function,
particularly its effect on the renin-angiotensin system and renal
hypertension, and (4) studies to determine the absorption, dis-
tribution, and excretion and the toxic effects of subchronic in-
gestion of soluble barium. The barium study 1is in response to a
need for additional health effects data to support the present
1imit of 1.0 mg per liter in drinking water.

Qur approach to determining the effects of trace metals on the
central nervous system combines elements of both neurophysiology
and neurochemistry (36). By removing a slice of tissue from a spe-
cific area of the brain, we can examine certain aspects of brain
metabolism directly and determine how it may be modified by trace
metals. This test system is felt to be quite sensitive for docu-
menting low-level effects and was initially employed to study meth-
ylmercury effects. Using this test system we found that cerebral
cortex slices taken from rats exposed to methylmercury display al-
tered metabolic responses to stimulation. The Tlowest dose at
which change was observed occurred at exposures in the drinking
water approximately 0.01 mg/kg/day for a six-month exposure. No
effect was observed at an exposure approximating 0.002 mg/kg/day
for the same time period. These doses would correspond to expo-
sures of 0.7 and 0.14 mg/day for a 70 kg man, respectively. Con-
sidering all sources of exposure, these data support the 0.002 mg/
Titer limit proposed for mercury in drinking water.

MJUTAGENTC/CARCINOGENIC EFFECTS

This area has received very little attention until recently
in setting limits for water supplies, but it is becoming increas-
ingly important. Because of the relatively large expense, time,
and large numbers of test subjects required for animal studies,
we have concentrated on rapid, sensitive screening technigues that
can be applied to the assay of various chemicals or water samples
directly. Our research is in the area of mammalian cell culture
monitors or bacterial indicator systems.

We have completed control experiments, and the standardization
of the BUdR-visible 1ight technique for determining mutant mammal-
jan cells in the CHO-K1 cell line 1is essentially complete. Appli-
cation of the technique as a bioassay system was initiated 1late
this year and will continue for the next several years. Inorganics
to be screened for mutagenic activity will include arsenic, beryl-
1ium, cadmium, cobalt, nickel, selenium, barium, chromium, copper,
lead, manganese, mercury, and zinc. A1l chemicals screened for for-
ward mutation using the BUdR-visible light isolation technique will
also be tested for their ability to induce reverse mutations at the
proline marker. Thus, the assay system is useful for confimming
the mutagenicity of chemicals by two independent methods. Several
experiments have been carried out with respect to reverse mutation
at the proline marker. Although all results obtained so far must
be considered strictly preliminary, some interesting trends have
been noted. Data obtained from experiments on cells not receiving
treatment with chemicals show a low spontaneous mutation rate.
Ethy) methane sulfonate (EMS), a mutagen known to be able to revert
the proline lesion, was tested at two different concentrations and
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found to produce mutation rates significantly above the spontaneous
rate. Arsenic (A5203) has been tested, and data suggest a mutation
frequency at least equal to that obtained with EMS, and possibly
higher. On the other hand, all experiments with selenium (SeOz) S0
far have yielded no revertants.

A grant was awarded last year to the Louisiana State Univer-
sity Medical Center to evaluate bacterial and/or mammalian cell
monitors for use in screening municipal water supplies and sources
for the presence of carcincgens. The first year of the grant was
spent primarily in defining the test systems and evaluating the
test systems with known carcinogens. The indicator systems were
also employed on a limited number of finished and raw water sam-
ples from the lower Mississippi River, Indicator systems under
investigation include histidine-dependent strains of S. Typimuriwn,
mouse embryo cell R616U infected with the AKR mouse leukemia virus,
the rat embryo cell S1193h, and the human diploid cell WI-38., Sig-
nificant reversion rates were obtained from active carcinogens with
histidine-dependent mutants alone but not with compounds requiring
metabolic activation. The use of liver homogenates to activate
such compounds resulted in significant reversion rates being ob-
tained. A working bacterial indicator system was found, and the
primary goal in the coming year will be the development of an ef-
ficiently functioning detection system and establishment of a
standard technique applicable to all samples. For the mammalian
cell monitors, further work on refining methodologies and tech-
niques are required to ensure that a working system of high sensi-
tivity is utilized. After the appropriate systems and methodolo-
gies are well-defined, a number of raw and finished water samples
will be screened from the lTower Mississippi River.

OCCURRENCE

Additional data on the occurrence of inorganics not included
in the Drinking Water Standards are required to enable decisions
to be made regarding needed health-effects studies. A survey of
community water supply systems is to be conducted in the 35 areas
currently included in the cardiovascular study since this will
provide results based on a statistical sampling of the U. S. popu-
Jation.

The applicability of multi-elemental techniques, such as neu-
tron activation, X-ray fluorescence, emission, and spark source
mass spectrometry was reviewed for the analysis of these water sam-
ples. Spark source mass spectrometry was selected since this tech-
nique appears to have a broader range of elemental applicability
and greater sensitivity at the present time and will be used to de-
termine the occurrence of the following elements in the ug/1 sensi-
tivity range: 8, Be, Al, Sc, Ti, Ga, Ge, Br, Rb, Sr, Y, Pd, In,
Sn, Sb, Te, Cs, Ba, La, W, Pt, T1, and Bi.

REMOVAL. OF HEAVY METALS BY CONVENTIONAL TREATMENT

A program of research on the removal of trace inorganic sub-
stances by water treatment processes has been underway for several
years at the Water Supply Research Laboratory. Constituents in the

92



proposed EPA Drinking Water Standards that have been or are being
studied are mercury, barium, arsenic, and selenium. Among those
considered for possible future study are lead, cadmiumand chromium.
Treatment processes studied in the laboratory are iron coagulation,
aluminum coagulation, lime softening, excess lime softening, and
activated carbon adsorption. A water treatment pilot plant was re-
cently installed and 1is capable of treating in parallel two 2 gpm
streams of water. One treatment train of this plant has been oper-
ated in a conventional manner to study removal of metals.

Results of our research for the removal of inorganic contami-
nants have been summarized by Logsdon, et al. (37). Of th? sub-
stances studied thus far (with the exceprbﬁ_bf selen1um ),
the Timits in the Drinking Water Standards are not exceeded by a
factor of more than 3 to 5, some conventional treatment method ex-
ists that should be adequate to reduce the concentrations below
the Timits set in the Drinking Water Standards.

Because of the limited amount of pilot-plant data available,
it is not possible to make broad generalizations, but it can be
stated that, so far, pilot-plant results agree with jar test re-
sults obtained earlier. Additional work involving treatment of
raw river waters and groundwaters is needed because studies have
used tap water that is dosed with bentonite to increase turbidity.

SUMMARY

There are health problems occurring because of chemical con-
tamination of drinking water, but those that are recognized are
small in number. Understanding the relation between drinking wa-
ter quality and heart disease is very important. It is hard to
imagine how drinking water could play a role because of the major
intake of metals from food, but epidemiological evidence indicatas
an effect of water quality. The sources of water contamination and
methods of treatment must be understood to protect the public's
health and provide an acceptable quality drinking water. Standards
are needed to judge the quality of water and should be applied to
all water systems.
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QUESTIONS AND DISCUSSION

QUESTION: Do you care to say anything about the correlation be-
tween the blood levels of the metals in Boston that you said you
were studying? I'm not sure I heard you clearly on that.

Dr. CRaN: We have collected and analyzed blood samples and var-
ious environmental samples, such as tap water, house dust, house
paint, for most of the study participants. The results of these
analyses and data obtained from the questionnaire are currently
being compiled so I can't make a statement on that now. However,
our data analysis should be completed within the next three months
or so.

QuesTiaN:  The goal of this, though, 1is to correlate metal intake
in water with levels accumulating in the blood?

Dr. CrawnN: For lead, yes.

QuUESTION: Just out of curiosity, how did you get the blood samples?
Were these volunteers?

Dr. Craun: Blood samples were obtained by the micro or finger prick
technique. With this technique, approximately 0.1 ml of blood is
collected from the finger tip by capillary tube. This technique is
frequently used in many of the lead screening programs with good
success. The advantage, of course, 1is that participants are much
more agreeable to having blood collected than if venous sampling
were used. However, with the micro technique considerable care is
required to avoid contamination problems 1in both collection and
analysis. We employed a field worker experienced in this technique
and found, through control studies, that contamination was not a
problem in our case.

In our study, we sampled all age groups, children through el-
derly adults, and the field team visited homes to collect the sam-
ples. One of the interesting things we noticed during the study,
and I hope you regard this as preliminary because all the data
have not been analyzed, was that in some homes adults as well as
children were showing up with high lead 1levels indicating a possi-
ble common source of exposure. We are following up on this by do-
ing a case-control study of a smaller number of families that have
been referred to us by community lead screening programs in the
Boston area. We are selecting our cases from homes where at least
2 family members have been found to have a higher than the normal
background level of blood lead. The control population is being
selected on the basis of having low blood Teads and each control
i{s to be matched with the appropriate case and a detailed study
conducted to see if there are differences in environmental sources
of lead exposure.

QuEsTION: I was curious as to how these people were selected. Tak-

ing blood from people is a little different than taking a water
sample.
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Dr, Craw: There was a large amount of publicity through both the
newspapers and TV in the area, and people have been quite coopera-~
tive.

QuUESTION: But they volunteered?

CrALN: Yes. We originaliy made a selection of study parti-
cipants and sampled volunteers from this group. We selected about
200 homes in each of the three communities in the study expecting
a response rate of about 50 percent.

QuESTION: Oh, I see, you chose these people first for some reason?

Dr, CraN: Yes. We chose our study population on the basis of
lead service lines. We felt that tap water from homes with lead
service lines would most Tlikely contain some lead. Since we also
wanted a control group not exposed to lead in tap water, we se-
lected homes having service lines of other materials.

QuesTion:  (Jim Lamb, UNC-CH) I wasn't clear in looking at your
data on metals pickup, how you separated pickup from analytical er-
ror. In some instances, for example, in one of them you showed a
13 percent pickup. I wondered whether you determined statistically
if that really was a significant pickup.

Dr. CRaN:  For the Boston and Seattle data, analytical error was
taken into account in determining if the concentration of a mowmning
sample was, indeed, lTower than a standing sample. In this respect,
the percentages reflect pickup and not laboratory error. A statis-
tical analysis has not yet been done to determine if the pickup is
significant, I would think that for those metals showing a low per-
centage of pickup, such as cadmium, that the pickup will not be
statistically significant. (uOue The following comments are added
to clarify this point. A statistical analysis of these data was
done after the paper was presented. The t-test was used to deter-
mine if the observed increase -in concentration of the various met-
als from a running sample to a standing sample was due to random
error or if the differences were real. Realizing that variances are
not the same for the two sets of data, the Satterswait formula was
used to calculate the appropriate degrees of freedom for testing
the significance of the differences. For all metals analyzed in the
Seattle study, this test revealed that there is less than a 95 per-
cent chance that the observed increases are due to random error;
and hence, it appears that the standing samples definitely have a
higher level of metals than do the ruming samples. This signifi-
cance, however, was not found in the Boston data.)

98



EVALUATING STATE DRINKING WATER QUALITY
SURVEILLANCE PROGRAMS

Donald H. Taylor
Chief
Technical Assistance Section

and

Gary D. Hutchinson*
Chtef
Water Supply Branch
Office of Water Programs
U.S. Environmental Protection Agency
Region IV
Atlanta, Georgia

BACKGROUND

During the past several years, the Water Supply Branch of the
Environmental Protection Agency and its predecessor, Public Health
Service agency, has completed, or underway, twelve State Water Sup-
ply Program Evaluations. One of the first was completed in Jan-
uary 1971 by the Region IV staff in Atlanta for the State of Ten-
nessee. The Region IV Water Supply Branch subsequently conducted
evaluations for the States of Kentucky, Georgia, and a fourth state
soon to be released. In view of the large quantity of information
and data gathered during these evaluations, it seemed appropriate
to compile the results for the southeastern states. This paper
summarizes 1important water supply conditions found in the four
states and characterizes the State Water Supply Programs which pro-
vide public health and engineering surveillance.

These State Water Supply Program Evaluations followed the long
established Public Health Service tradition of providing technical
assistance and special studies to states. Other more direct means
of federal assistance have not recently been available to State
Water Supply Programs.

During discussions with Tennessee Water Supply Program offi-
cials in spring of 1970, the idea developed that a comprehensive
program evaluation by an outside, authoritative agency (then the
Public Health Service) would serve two essential purposes:

1. It would provide an independent, unbiased appraisal
of the current Tennessee program perhaps more ob-
jectively than could be done by program administra-
tors involved on a day-by-day basis.

2. Hopefully, it would attract a wider, more attentive
audience to the problems and needs of the water
supply industry and public agencies charged with
health and engineering surveillance responsibili-
ties.

*Editor's Note: Oral presentation by Mr. Hutchinson
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Pursuant to these discussions, Dr. Eugene W. Fowinkle, Commis-
sioner, Tennessee Department of Public Health, requested that the
Public Health Service evaluate the Department's Water Supply Pro-
gram.

SCOPE OF EVALUATION

The scope of the evaluation and the procedures developed for
the Tennessee study guided subsequent state program evaluations in
the Southeast and elsewhere in the country.

The principal objectives of the evaluation were to determine
the effectiveness of the current program and, if necessary, recom-
mend modifications and additions needed for a fully satisfactory
program. The effectiveness of the current program was determined
by studying water utility compliance with state requirements and
general standards of good water supply practice. The regulatory
program could not be judged adequate 1if many deficiencies were
found. Similarly, 1if few deficiencies were found, large-scale
changes or increases in the state program would be difficult to
Justify.

The basic water supply statutes, regulations, and program pol-
icies were reviewed. The program activities, responsiveness to
problems, staffing, and leadership were critically examined. State-
sponsored waterworks operators training courses and their influence
on water utilities were observed. Reported waterborne disease out-
breaks were studied. Additionally, many state and local health de-
partment employees, municipal officials, waterworks personnel, and
citizens were interviewed, and state and other bacteriology and
chemistry laboratories were surveyed and evaluated.

Three general classes of water supply systems were identified.
These were: (1) public water supplies - systems generally serving
a resident population larger than a specified minimum, plus possi-
bly other types of systems specified as public by state regula-
tions; (2) small public water systems (sometimes called semi-public
Class III, or other designation) - systems generally serving fewer
than the specified minimum resident population for public water
supplies or serving the non-resident public at installations such
as child care centers, service stations, roadside restaurants,
campgrounds, parks, and motels; and (3) private, individual systems
serving a single family. The dividing line between public and small
{or semi) public supplies differed somewhat from stateto state, but
in all cases such a distinction had been made for the administration
of the state program.

A cross-section of the water supply industry in each state
was selected for study. The sample was selected to represent Sup-
plies of varying size, geographic location, types of source, and
types of treatment. It included municipally owned systems, in-
vestor-owned systems, and utility districts. Unfortunately, the
total number of supplies which could be examined with available re-
sources was limited. Thirty-nine (39) public supplies were examined
in Tennessee, 36 in Kentucky, 20 in Georgia, and 30 in the fourth
state (See Table 1). These supplies serve in excess of 5.4 million
people.
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Table 1

NUMBER OF WATER SUPPLIES STUDIED AND

POPULATION SERVED BY STATE

Number of PeopTe Percentage of those
supplies served who use
State studied | (millions) public supplies
Tennessee 39 1.7 58
Kentucky 36 1.2 61
Georgia 20 1.0 31
4th State 30 1.5 24

It was also necessary to obtain a representative sample of the
small (or semi) public systems. Since state inventories of these
systemswere generally incomplete, it was decided to select several
counties and evaluate all the small public supplies located within
them. Selection of the counties was based upon geographic location,
geological conditions affecting groundwater, land use and economic
patterns in the county, and local health department resources. Gen-
erally, three counties were selected in each state. The small pub-
lic supplies were located and surveyed with the assistance of county
health department sanitarians.

Private, individual systems were included in the Tennessee and
Kentucky evaluations. Many persons are dependent on this type sys-
tem for daily use and little data existed as to the number, type,
or condition of these systems. Nearly 600 systems were surveyed in
each state through contract with the Southern Regional Education
Board, who employed college students to perform the work and pre-
pare reports. A similar study had been conducted previously in
Georgia. The results and conclusions of these studies are the sub-
Jject of another paper and will not be further discussed here.

FINDINGS

Principal findings assembled from the 125 public water supply
systems and the 282 small or semi-public water systems studied in
the Southeast are shown in Tables 2 through 5.

With only a few exceptions, the data shows great similarity
between the status of the water supply industry in the four states.
In those instances where marked differences exist, they usually can
be accounted for by priority or resource differences in the state
programs or by geological differences between the states.

It is not the purpose of these data to promote comparison of
one system against another or one state against another. Taken as
a group, the water systems showed significant deficiencies, and
this is the finding that the State Program Evaluations attempted
to document. Those water system deficiencies and deficiencies in
health agency surveillance provided the basis of recommendations
for improvements in the state water supply surveillance programs.

101



201

Table 2

DRINKING WATER QUALITY

Percent of Supplies Studied
Tenn. y. Ga. 4th State | Overall

PUBLIC WATER SUPPLIES

Failed Bacterial Standards - 12-month period 31 3+ 35%* KX Ll 3

Failed Mandatory Chemical Standards 5 3 0 0 2

Failed Recommended Chemical Standards 33 22 5 20 22

Failed to Fluoridate at Correct Level**#* 50 64 17 43 47
SMALL PUBLIC WATER SUPPLIES

Failed Bacterial Standards - Single sample 19 36 12 5 17

Failed Mandatory Chemical Standards - 5 7 0 4

Failed Recommended Chemical Standards 13 34 33 36 30

*17% had no data.
**25% had insufficient data to judge.
***37% had insufficient data to judge.
****Based on state requirements for acceptable range.
acceptable fluoride levels,

Thus, some states had narrower range of



Table 3
WATER SYSTEM SURVEILLANCE

Percent of Supplies Studied

Tenn.| Ky. | Ga.| 4th State Overall
PUBLIC WATER SUPPLIES
Failed Bacterial Samp-
ling Requirement 54 64 55 70 61
failed Chemical Samp-
ling Requirement 80 6 15 43 39
No annual State Agency
Inspection 4 67 50 47 51
Inadequate Cross-
Connection Program 72 92 90 90 85
SMALL PUBLIC WATER SUPPLIES
No Health Agency Visit 17 37 27 51 33
Table 4

WATER SYSTEM FACILITIES

Percent of Supplies Studied

Tenn. | Ky. | Ga. | 4th State Overail
PUBLIC WATER SUPPLIES
Need Additional Treatment
Facilities 67 58 70 70 65
Need Additional Storage 28 19 50 47 34
Inadequate Source Pro-
tection 33 28 45 10 27
SMALL PUBLIC WATER SUPPLIES
No equipment for Dis-
infection 59 36 89 83 69
Visible Sanitary Defect 9 34 17 1 14
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Table 5
WATER SYSTEM OPERATION

Percent of Suppiies Studied
Tenn.] Ky. | Ga. J4th State Overal]
PUBLIC WATER SUPPLIES
Part-time operator 36 39 45 27 36
Operator not certified 33 56 50 29 41
No chlorine residual 30 28 47 30 32
Important operation
changes needed 62 73 55 37 57
SMALL PUBLIC WATER SUPPLIES
No chiorine residual 46 68 56 77 62

In general, the State Water Supply Programs were plagued by
common problems. In historical perspective, water supply surveil-
lance was among the first environmental programs established in
the state health agencies. During the decades of the 1950's and
1960's, other environmental programs were initiated and/or gained
momentum at the state and federal levels. At best, water supply
programs remain virtually unchanged, although effectiveness de-
creased as key personnel abandoned water supply activities for bet-
ter funded, more rapidly expanding programs. The net effect was a
de-emphasis of water supply activities.

As shown in the data, public health surveillance in the four
states evaluated wes not adequate to assure continuous, safe drink-
ing water. This is probably best supported by the almost uniformly
high rate of failure to meet bacteriological quality and surveil-
lance requirements (Tables 2 and 3). In addition, an equally cru-
cial deficiency not immediately apparent was the lack of careful
review and analysis of the bacteriological data which was avail-
abte. In one state, data was simply not reviewed at all. In ather
states, review was neither timely nor consistent; and when it was
reviewed, it was often not interpreted in accordance with existing
state regulations. In many instances, it was impossiblie to docu-
ment any response whatsoever to unsatisfactory quality.

A related deficiency common to all four state programs was in
engineering inspections of system facilities (Table 3). Overall,
less than one-half of the public systems had been inspected by a
representative of the state surveillance agency during the 12-
month period selected for evaluation. Although not apparent from
the data, the lack of system inspection is even more serious for
the small public supplies, where the health agency visit generally
consisted of collecting a bacterial sample by a county health de-
partment employee. The deficiencies in facility inspection gen-
erally were attribyted to shortages of personnel assigned to the
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field surveillance activity. Several of the state programs had
essentially abandoned routine field surveillance so as to redirect
available resources to those supplies with known problems.

The fregquency and extent of chemical surveillance was depend-
ent in large measure upon available laboratory resources. In sev-
eral instances, state governmental reorganizations had separated
the water supply programs from available chemistry laboratories.
Capability was not available in any of the states to perform analy-
ses for many constituents of health significance {such as trace
metals or pesticides) in sufficient numbers to support a routine
surveillance program. Most of the analyses reported in the data in-
cluded few constituents of health significance. Chemical analyses
of samples collected as part of the state evaluations and analyzed
in EPA laboratories showed a significant percentage of public and
small public supplies failed to meet recommended ?esthetic) chemi-
cal standards. A few supplies failed to meet mandatory (health)
chemical standards.

Water system operation was shown to be deficient in all states
evaluated, with the level of operation generally decreasing with
system size (Table 5). Training and certification of operators has
impacted many in the waterworks industry, and the studies indicate
that those trained and certified.operate better (although not nec-
essarily faultless) water systems. Much remains to be done, how-
ever, to upgrade the training and reach the remaining approximately
40 percent who are not trained or certified. Also, many systems
with trained and certified operators had important deficiencies.

Failure to maintain a chlorine residual throughout the dis-
tribution system was a common operational failure in all states.
Less than a third of the small public supplies were equipped with a
chlorinator and well over one-half of those were not operating it.

Three of the four water supply programs evaluated were operat-
ing under Tegislation which provided significantly 1less legal au-
thority than was provided for other state environmental programs.
There was also much reluctance on the part of the state programs to
utilize the limited legal avenues available. Further, legal staff
was not generally available to mount an effective water supply en-
forcement program.

RECOMMENDATICONS

Program needs were detailed for each state as evidenced by the
data summarized above and more fully developed in the complete
State Evaluation Reports. All four programs were judged to be
without sufficient staff and laboratory resources to conduct a sat-
isfactory program to protect public health. Recommendations were
submitted for staff and budget increases which enable the state
programs to provide needed services. Recommended staffing levels
ranged from approximately three to four times existing levels, with
similar ranges of budgetary increases. The establishment and staff-
ing of additional regional offices was recommended in order to put
more engineering personnel in the field. Substantial increases were
also recommended in budget and staff of bacteriological and chemi-
cal laboratories.
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Additions and changes to water supply program legislative au-
thority were recommended, generally to provide a more comprehen-
sive program and to provide more responsive enforcement measures.
While cooperation and encouragement should continue to be empha-
sized, expanded use of legal techniques were recommended when vol-
untary measures fail to achieve necessary or timely compliance.

Recommendations were directed toward State Rules and Regula-
tions for inclusion of additional and more stringent standards and
guidelines on raw and finished water quality, surveillance require-
ments, and numerous other details.

Recommendations were also submitted regarding program prior-
ities and administration. A1l state programs were judged weak in
the review of bacteriological surveillance data and response when
data indicated water did not meet established standards. More con-
sistent review of this data and more timely response to potential
problems were recommended. Engineering inspections on at least an
annual frequency were recommended. Basic management tools, such as
accurate and complete inventories of all public water systems regu-
Tated under legislative authority, standardized engineering inspec-
tion forms, and program-wide distribution of policy documents were
also suggested.

SUMMARY

In summary, water supply practice was found deficient in al}
four states, as were the state programs designed to assure adequate
quantities of safe drinking water to the public. This conclusion
fs not reassuring with regard to the future.

State legislatures, the administrative levels of state govern-
ment, and the water supply industry need to make more vigorous com-
mitment to restore and broaden the margins of safety that our water
supplies provide against transmission of disease, toxic substances,
and shortages of water in the Southeast. Today and in the future,
provision of safe, adequate water supplies will depend on universal
application of high waterworks industry standards and vigorous reg-
ulations, surveillance, and enforcement by public environmental
control agencies.
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FIGURE |A
Location of Water Supplies Surveyed
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FIGURE IC
Water Supply Systems Selected For Study : GEORGIA
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APPENDIX A
Evaluation Criteria

The effectiveness of the State's Water Supply Program was
gauged to a large degree on the basis of drinking water quality,
adequacy and condition of water system facilities, and water supply
surveijllance.

WATER QUALITY

Bacteriological quality of public water systems was judged by
comparing the bacteriological sampling record compiled during the
previous 12 months against the Public Health Service Drinking Water
Standards. Any system failing to meet the bacteriological limits
one or more of these months was considered to have failed the bac-
teriological standard. Since the Water Supply Programs do not rou-
tinely sample all small public water systems, they were judged on
the basis of a single bacteriological sample collected during the
field visit and examined by the department laboratory. Any sample
showing organisms of the coliform group 1in three or more of five
10 ml portions (MPN of 9.2 or greater), a membrane filter count of
greater than 4 coliform colonies per 100 ml, and/or having fecal
coliform bacteria was considered to have failed the bacteriological
standard.

Chemical quality of public water supplies was judged on the
basis of a trace metals sample collected from the water treatment
plant during the field inspection. Carbon filter, radiological and
pesticide samples were also collected at selected treatment plants
utilizing surface waters. These samples were analyzed by Environ-
mental Protection Agency laboratories. Each sample was compared
individually to the Public Health Service Drinking Water Standards
and determined as either:

1. meeting the standards for all constituents, or

2. meeting all mandatory constituent limits, but
failing to meet one or more recommended con-
stituent limits (some are aesthetic parameters),
or

3. failing to meet one or more mandatory constit-
uent limits, or

4, failing to meet both recommended and mandatory
limits.

FACILITIES

Public water supply source, treatment, operation and quality
control were judged on the basis of the Manual for Evaluating Public
Drinking Water Supplies and the Drinking Water Standards, employing
the same interpretations as were used in the U. S. Public Health
Service Community Water Supply Study.
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Source

Quality of the source was judged where possible by chemical
analyses and also by past experience of the treatment plant opera-
tor. Quantity was judged by historical experience and current wa-
ter demands. Source protection was judged by the type of source,
gotengia] and/or actual problems, and adequacy of monitoring con-

ucted.

Treatment

Treatment was judged on the basis of the facilities and their
operation (as observed on the day of the field visit), bacteriolo-
gical records and chemical analyses. Effective of disinfection
was judged by the presence of a detectable free chlorine residual
in all parts of the distribution system.

Distribution System

Finished water storage was judged adequate if elevated or non-
pumped storage equaled or exceeded the system's average daily de-
mand. Pumped storage was included only where on-site internal com-
bustion or steam auxiliary powered pumping equipment was available.
Raw water storage was also included if auxiliary power was avail-
able to provide treatment and pumping. Storage for distribution
only systems included consideration of storage in the parent sys-
tem. A distribution system pressure of at least 20 psi in all
parts of the system was considered adequate.

Quality Control

Water quality testing was judged by the bacteriological and
chemical tests being performed by the water purveyor on finished
water. Record-keeping practices were judged by records maintained
at the water treatment plant or water treatment plant operator's
office and available for inspection at the time of the field visit.
The cross-connection control program was judged by the existence
of an ordinance, program implementation, and progress toward elimi-
nating hazards.

Small public water systems were judged on thebasis of the Man-
ual of Individual Water Supply Systems in addition to the refer-
ences already cited. The adequacy of these facilities was judged
on the basis of a sanitary survey accomplished at the time of the
field visit.

SURVE ILLANCE

Water supply surveillance was judged on the basis of the Drink-
ing Water Standards and the Manual for Evaluating Public Drinking
Water Supplies. Bacteriological surveillance was considered satis-
factory if the number of bacteriological samples examined per month
during previous 12 months met the minimum number specified by the
Drinking Water Standards. Chemical surveiliance was considered
satisfactory if a chemical analysis (as distinguished from normal
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in-plant operational checks) was performed by the state or an inde-
pendent laboratory within the past three years, and there was no
record of significant problems. (The supplies were not rated un-
satisfactory even though a state's routine analysis might have only
included few constituents of health significance.) Engineering
surveillance was considered satisfactory if an inspection by Water
Supply Section personnel had been made sometime during the previous
year. More frequent than annual inspections, however, are consid-
ered necessary for optimum surveillance.

OTHER CRITERIA

Bacteriological laboratories were judged on the basis of the
Public Health Service Manual entitled, Evaluation of Water Labora-
tories, and Standard Methods for the Examination of Water and
Wastewater. Chemical laboratory procedure was also judged by
Standard Methods.

The adequacy of operator training was judged by the absence or
presence of operational and quality control deficiencies, the op-
erator's certification status, and the operator's awareness of the
relationship between drinking water gquality and public health.
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QUESTIONS AND DISCUSSION

QuesTion:  (Jim Stewart, WRRI-UNC) What consideration has been
given to recommending to some of these states where they have vi-
able regional organizations the possibility of regional layout for
the training, surveillance, handling of water samples, etc. on a
regional basis, particularly in areas where there are a lot of
these small rural systems?

MR, HutcHinsON: I really don't want to get too deeply into the
subject of rural individual water supply systems, but assuming that
you meant rural public systems, in the interest of time I didn't
cover all our recommendations. One of our main recommendations was
for the establishment of regional offices to bring the state pro-
gram people in closer contact with field problems so that they
might be more responsive to these problems. [ believe three of the
states we evaluated did have some resemblance of a regional activ-
ity already with regional labs, etc. Almost universally, though,
we didn't find chemical analytical capabilities at that level, but
we did find bacterial analytical capabilities. It's probably ques-
tionable whether sophisticated analytical work should be done at
the regional level. That may depend upon whether a region had a
particular problem or something of that nature. In that case per-
haps that region ought to be equipped to respond immediately with
sophisticated chemical analysis. Certainly, regional bacterial
laboratory capability is needed since we're dealing with time-
dependent samples here, and there's just no way that you can ade-
quately handle them without going to regional labs. Those states
which depend upon mail service have run into very difficult prob-
lems recently. I know in the Atlanta area mail from just north of
Atlanta goes to Chattanooga and then is bulked up and sent back to
Atlanta. If you've mailed bacterial samples from there, you aren't
going to get them to the laboratory in the thirty hours that's re-
quired.

QuesTion: Earlier today we heard some of the speakers express con-
cern over situations in which there might be a potential percentage
risk, maybe one in a million or one in 100,000, from some trace or-
ganic compounds. Here, we see you mentioning the possibility of
cross connections in Tampa, and [ know of a U. S. Public Health
Service funded recycling project in which they had a two-inch pipe-
line of fresh sewage siudge connected to the city's water supply
even though it was built under constant supervision of the U. S.
Public Health Service, and so I wonder if you'd care to comment.
At the same time, we've heard a suggestion that perhaps we need to
have some separate systems for flushing toilets with non-treated
water. Would you care to comment on the risks that you foresee in
the acceptability of such programs?

MR. HuTcHINsoN: Well, I've already made some side comments on that
paper about the risk of c¢ross connections. We think it's very
great. In St. Petersburg, Florida, there is a water reuse project
planned which will use treated wastewaters for irrigation purposes.
The immediate program is for the water utility to have full control
over the tapping and distribution of renovated water which is good,
I think. I am a lTittle bit apprehensive, though, when you look in-
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to the future of that system. The planning people are faced with
the problem of population growth and increasing sewage filow, and
there are just so many golf courses to irrigate so they had to come
up with some scheme to get rid of all of the future waste that they
were going to be reclaiming. So they proposed the idea of distri-
bution to households for flushing purposes and fountains, etc. Once
the renovated water is piped to industry or into individual house-
holds control is weakened, and there 1is a great potential for
cross-connection control problems, problems that we haven't been
able to solve when we only have two systems, that being generally
water supply and waste disposal.

Let me respond to the first part of your question. I wouldn't
want to leave the impression that we think that the interest in
pesticides and other more sophisticated organic pollutants is not
necessary. The only thing that we'd Jike to point out with these
data is that some very well-known surveillance techniques and qual-
ity control techniques are not being followed in accordance with
best acceptable practice. I think you really need both. What our
data show 1is that state programs have not been funded properly.
Generally, we find that there are very good people in the state
programs but that they've had to compromise their activities to do
what they could, and this is where the real problem lies--in the
surveilliance and follow-up on water supply management.

QuesTion: I think Dr. Hughes is still here and maybe this is re-
lated to him. One time a number of years ago working for the Flor-
ida State Board of Health, we had a problem in which we were trying
to determine one of these tip of the iceberg situations in which we
knew that oystermen were defecating overboard on the beds that they
were harvesting shellfish from, and we tried to ascertain how fre-
quently that happened. We never published our results, but we did
estimate the size of the iceberg by using an indicator product;
that is to say, we surveyed the boats, and those which had mounted
inside their little windbreaker cabin a roll of toilet paper were
considered presumptive positive for at least occasional use of the
water. In that respect, I wonder if anyone in the CDC has looked
at possibly correlating sales of registered specifics for diarrhea
and anti-diarrhea compounds 1ike paregoric in areas where they've
had--I'm not really being facetious--outbreaks of intestinal or
gastroenteritic disease and then try to correlate that. [ wonder
if that's been done?

DR, HugHes: Well, I can't comment on the shellfish problem. We
wouldn't recommend that, obviously. As far as looking at sales of
anti-diarrheal medication, that is a technique we frequently use
when we go into an area where we think there has been an outbreak.
We'll review hospital records and local pharmacy records. These
are useful techniques and will give you some idea of what is really
occurring in a community.

QuesTtion: Have you and Dr. Hughes got together--I was Tlooking at
your table, and it came to my mind--have you done any kind of epi-
demiological studies of these places that arenot doing what they're
supposed to be doing? In other words, 40 percent are not doing
what they're supposed to be doing, and you're going in there taking
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a sample of those towns, say, or systems and those systems that are
not doing so and so, do they have a high incidence of certain types
of diseases? Are you doing any kind of correlation in this area?

MR, Huraqinson:  As far as I know, there's no routine follow-up,
and I don't know that we would want to be in the position of saying
just because these people fail to carry on the required surveil-
lance or fail to operate their chlorinator properly that people
were dying in the streets. What we are saying is that the factor
of safety has certainly been reduced, and what we can say is that
disease has been caused in similar instances when conditions were
Jjust right. I'T1 just give you two examples--Homestead and Rich-
mond Heights, both in Dade County, Florida, where there was a com-
bination of improperly disposed wastes, contaminated ground water
and inadequate water treatment.

Dr. HugHes: That's a good question, and we really haven't tried
to do these kinds of prospective studies. I'm not sure, really,
how good an idea that would be from an epidemiological standpoint.
We know a 1ot from experience. We tried to make an analysis of
foodborne disease. Food handling in many places is atrocious. But
a number of things have to go on simultaneously. You could theo-
retically go into an area that has an inadequate water supply and
monitor that area for a year or two or three without finding any-
thing.
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STRATEGIES FOR ASSURING HIGH QUALITY DRINKING
WATER IN THE FUTURE

Daniel A. Okun*

Kenan Professor of
Environmental Engineering
University of North Carolina
Chapel Hill, North Carolina

BACKGROUND

During this symposium, a wide range of proposals is being made
to help the United States have adequate quantities of wholesome
drinking water. Increasing population, with increasing per capita
requirements, moving towards a fixed level of resources from which
to meet these demands, suggests to some that we may need to accept
a deterjoration in drinking water quality because of the far more
extensive water reuse that will need to be employed. This need not
be the case.

However, even where water resources have been adequate in the
United States, as has been well documented by the several recent
large-scale studies, a substantial number of those now being served
by public supplies are not being assured an adequate supply of high
quality drinking water continuously. A problem, equally challeng-
ing but which has received little attention up to now, 1is the sit-
uvation of the approximately fifty million pecple 1in the United
States who are not served by public water supply systems at all and
who are, therefore, dependent upon their own private resources.

Accordingly, a strategy for providing wholesome water supply
in adequate gquantities for the future must consider not only all
those now being served from public water supply systems and the up-
grading of these supplies but also bringing those not now served
into the system, assuring them the surveiliance that should accom-
pany the provision of public water supply service. The strategy is
one that should facilitate the implementation of the many other
recommendations made at this symposium.

PROPOSAL

The strategy here proposed flows from one of the principal
findings of the surveys, that the smaller systems do not have the
resources in facilities, manpower, or funds to provide high qual-
ity service. Without significant institutional changes, tney are
not likely to have these resources, even after the Safe Drinking
Water Act 1is passed and even if its provisions are implemented.
Furthermore, as the reuse of wastewater, either planned or unplanned

*pditor's Note: Dr. Okun was the banquet speaker on Thursday,
-September 26.

117



becomes more widely practiced, the separate planning of water sup-
ply projects without full integration with wastewater management is
not likely to lead to the most effective and economical solutions
for best use of the total water resource. N

To quote Lincoln Steffen: "I have seen the future, and it
works.”  The future is the past and present in the United Kingdom.
It lies in the regionalization of water enterprises. Beginning
during the throes of World War [I, the British 1inaugurated a pro-
gram of regrouving of water supplies which, 1in less than thirty
years, has seen some 1300 separate water supply systems serving 40
million people reduced to fewer than 200 systems serving 50 million
people. MWhere each water supply system in the United States serves
an average of about 5,000 people, the average in England and Wales
at the beginning of 1974 was something well over 250,000 people.
Not only did this assure a well-organized water service for the ur-
ban population, it provided the institutions which were able to
reach out into the rural areas to the extent that today well over
99 percent of the total population of Engiand and Wales, much of it
quite rural, is served from public water supply systems.

This regrouping of water supplies and the success story accom-
panying it are well known. This regrouping did not directly ad-
dress the problems of reuse that flow from increasing demands ap-
proaching limited resources. Accordingly, the British have just
undertaken another major reorganization, this one to take place not
over a span of almost thirty years but overnight. It has been my
privilege to be in England during the process of this reorganiza-
tion. I have no illusions that anything on this scale can be adop-
ted in the United States. However, the reorganization and the pro-
cess of reorganization may have valuable lessons for us as we ago-
nize with drinking water bills, amendments to water poliution con-
trol amendments, state versus federal responsibilities, federal
grants and the like.

WATER REORGANIZATION IN ENGLAND AND WALES

On April 1, 1974, tenRegional Water Authorities (RWA's) took over
virtually every responsibility for the management of water and its
uses, including ownership of facilities, from 1609 separate agen-
cies that had served some 50,000,000 people in England and Wales.
Included among the agencies taken over were:

29 river authorities
187 water supply undertakings, and
1393 sewerage and wastewater treatment agencies.

Created by the Water Act 1973, each RWA is responsible for the
planning, design, construction, operation and financing of facili-
ties in the area for:

a. . the conservation, augmentation, distribution and

proper use of water resources and the provision
of water supplies;
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b. sewerage and the treatment of wastewaters and
other effluents;

c. the restoration and maintenance of the wholesome-
ness of rivers and other inland and coastal wa-
ters;

d. the use of inland water for recreation;
e. land drainage and prevention of flooding; and
f. fisheries in inland and coastal waters.

Formation of national water policy is the joint responsibil-
ity of the Secretary of State (for the Environment and for Wales)
and the Minister of Agriculture, Fisheries and Food, with the Sec-
retary being responsible for the execution of policy in all matters
except land drainage and fisheries, which reside with the Minister.

The original intention of the Government was that the RWA's
be small with members selected by the Secretary of State and the
Minister for the individual's capacity to assist with water manage-
ment. Many objected to a change in responsibility for water from
representative bodies to bodies appointed by Government. In the
face of this opposition and in hopes of easing passage of the leg-
islation, the bill as submitted to Parliament calied for larger
authorities with local authority representation to be a majority
on each Regional Water Authority, the remainder to be appointed by
the Government.

The bill also called for the creation of a National Water Coun-
cil (NWC) to be comprised of the ten appointed chairmen of the RWA's
and ten others appointed by the Secretary of State and the Minis-
ter for their knowledge of the field. The only statutory respon-
sibilities of the NWC are rather trivial: training and testing of
water works fittings. Planning, which had been the responsibility
of the Water Resources Board, created by the Water Resources Act
1963, and terminating its existence with the Water Act 1973, be-
comes a responsibility of a new Central Water Planning Unit in the
Department of Environment. Whether WWC continues to be weak, char-
acterized by an M. P* as a “toothless, bioodless, zombie-Tike body"
depends upon the actors. Already RWA chairmen and officers are
working in concert and the NWC may evolve into a stronger body than
originally anticipated.

The RWA's and their officers were appointed soon after the Act
was passed in August 1973, operating in shadow form until Apri} 1,
so that they were off and running when the ownership and responsi-
bility became theirs.

THE BACKGROUND TO REORGANIZATION

In the 1ight of an impending reorganization of local govern-
ment,**a Central Advisory Water Committee (CAWA)was charged in September

*Member of Parliament.
**The Local Government Act 1972 reduced the number of local authori-
ties in England and Wales from 1424 to 456, also on 1 April 1974.
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1969, with examining the existing organization of water management.
The committee found that responsibility for water was fragmented
amongst many separate bodies with conflicts between them and inade-
quate machinery for resolving the conflicts. The problems were:
inflexibility in the use of resources; division of responsibility
between river authorities and water supply undertakings for devel-
opment of new sources; promotion of large schemes; and inadequate
lTevels of wastewater treatment. In their report of April 1971,
CAWC concluded that reductions in the number of operating units and
changes in relationships amongst authorities were necessary to per-
mit the formation and implementation of comprehensive water manage-
ment plans.

The Government, in December 1971, agreed that the existing
system was not adequate to meet the water management problems of
future, with serious water shortages expected in the mid-1980's.
According to J. E. Beddoe, then Undersecretary of the Department of
Environment and architeet of the reorganization, inasmuch as any
major reorganization is bound to be accompanied by initial disor-
ganization, it would be better to undergo this trauma before crisis
was at hand. Also, it seemed propitious to combine the water reor-
ganization with local government reorganization which would involve
many of the same local authorities.

So complete a reorganization at one fell swoop was possible,
in part, because of two previous reorganizations that exposed the
need for and the benefits to accrue from a more comprehensive re-
organization: the Water Act 1945 and the Water Resources Act 1963,

The Water Act 1945 was an important precursor to the reorgani-
zation because it led to the regrouping of water supply undertak-
ings already mentioned. Nothing similar had been initiated in the
sewerage field with the result that the average porulation served
by sewerage and sewage disposal authorities was still about 30,000.
It was recognized that inadequate levels of wastewater treatment
stem from the poor facilities and poor operations that generally
result when a local authority is too small to afford competent man-
agement, engineering, and scientific supervision. Hence, the reor-
ganization was to accomplish for the water pollution control field
what already had in large measure been accomplished in the water
supply field.

Another important precursor to the reorganization was the Wa-
ter Resources Act 1963 which created the River Authorities and the
Water Resources Board. The decade-long life of the River Authori-
ties provided valuable data, experience in river management, and
personnel that were already attuned to the types of responsibili-
ties expected of the RWA's.

The Water Resources Act 1963 did not go far enough. The Gov-
ernment believed that all aspects of the hydrologic cycle should
be under the purview of a single authority. The philosophy benind
the creation of the Water Resources Board and the River Authorities
needed to be extended to include management of all water operations
and in particular greater consideration of water quality in water
management than had been possible under the limited mandate held by
the Water Resources Board.
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Not explicitly stated, but clear from the types of studies
initiated in the U. K. over the last few years, was the belief that
the reorga?ization would permit more efficient investment for both
water supply and water pollution control. For example, direct wa-
ter reuse for non-potable purposes is far easier to initiate when
both water and wastewater facilities are owned and managed by the
same authority, In selecting points of abstraction for water sup-
ply and points of disposal for effluents, many more options are
available when all the facilities and resources in a river basin
are owned by a single authority than where each municipality must
fend for itself. The potential exists for optimizing investments
in pollution control to yield the greatest benefit for the least
cost, a difficult goal to reach when each local authority and in-
dustry is required to invest separately in pollution control to
meet some uniform and often arbitrary standard, as is now the case
in the United States.

The rational approach to financing made possible by the reor-
ganization is one of its most attractive features. Water supply
financing has never been a problem either in the United Kingdom or
in the United States, and national exchequer subsidies have not
been necessary 1in the United Kingdom or United States except for
extension of water supply service into rural areas. On the other
hand, the financing of pollution control measures has been diffi-
cult in both countries.

The financing policy for the RWA's is to include a single res-
jdential charge for water resource develcpment, water supply trans-
mission, treatment and distribution, sewerage, wastewater treatment
and disposal, and water quality monitoring and regulation. Studies
are underway looking into metering of the residential services and
charges for metering, charges to industries for trade waste dis-
charges into sewerage systems and into water courses, charges for
abstractions for water for industrial and agricul tural purposes and
charges for the recreational uses of water. The RWA's are to be
entirely self-financing, going to central government only for loans
for capital construction.

THE COMPARABLE U. S. SITUATION

In the United States, water supply undertakings have been pro-
Tiferating with some 30,000 now serving about 150,000,000 people.
Each supply system has to fend for itself with often meager re-
sources.

The situation with regard to wastewater collection and disposal
had been much the same in the two countries, but the Water Act 1973
will remedy the situation in England and Wales by bringing all the
works into the RWA's, assuring far better quality operation than
can possibly be afforded by small communities. It is conceded that
in the United States the quality of wastewater treatment plant op-
eration, particulariy in smaller communities, has not matched the
investment in facilities.

In the United States the response to the public demand for wa-
ter pollution control has resulted in more and more dependence on
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federal grants to the extent today of legislating that 75 percent
of the construction costs of municipal interceptors and treatment
works, amounting to 5,000 million dollars annually, shall be pro-
vided. With state governments adding another 10 to 15 percent, a
local authority in the United States can expect 85 to 90 percent
of its capital cost to be met from grants; and hence, few local
authorities are likely to initiate projects until they are assured
of grant support. Accordingly, the federal bureaucracy has a
stranglehold on pollution control progress, and the rate of pro-
gress is a function of the level of funding the federal government
is prepared to commit to this sector of the economy in competition
with all other demands on treasury resources.

As pollution originates locally, the financing of its allevia-
tion should be financed as a charge for service rather than as a
drain on the federal exchequer, which needs to fund many other
functions of government which cannot be financed locally.

The construction grant program in the United States has
spawned other diseconomics. Because only capital funds are pro-
vided, the tendency 1is to provide facilities that maximize con-
struction cost and minimize operating cost, rather than optimizing
the design.

Another major problem in the U, S. today is the requirement
for uniform treatment across the country regardless of the local
needs. Secondary treatment and nutrient removal are required in
places where this costly treatment will have no discernible effect,
or where nutrient removal is contraindicated such as when the ef-
fluent is used for irrigation. Industries of the same type are re-
quired to provide the same degree of treatment with no regard to
whether they are on a small stream where the plant should not have
been sited in the first place or on a large body of water where
that degree of treatment is superfluous.

The new RWA's own their water resources, and they will be re-
sponsible for supplying water to municipalities and industries and
for promoting the recreational use of their waters. They will not
need to norare they likely to adopt uniform standards of treatment.
They will be in a position to optimize all their investments: con-
struction and operation, water supply and wastewater treatment
plant size and location, degree of treatment to be provided, etc.

In particular, they should be able to preserve their limited
resources of naturally pure waters, whether in wupland streams or
underground, for potable purposes by optimizing reuse of wastewa-
ters or poliluted river waters for non-potable purposes such as for
industry and irrigation, In the United States today, downstream
communities are at the mercy of their upstream neighbors. With
the highly complex organic chemicals present in most urban waste-
waters that are not readily removed in either water or wastewater
treatment, the uncertain effects of long-term exposure to these
chemicals ingested in our drinking water hangs as an unknown threat
over all consumers of reused water. Regional integrated management
offers a mechanism for eliminating this problem.
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The RWA's structure and size offer opportunity for selection
from a wide range of options in managing water, and it is in ex-
plorjng such options that the reorganization offers the greatest
promise.

CONCLUSION

Engineers throughout the world and we in the United States
particularly should be observing developments in Britain closely
because the reorganization may well help stimulate the adoption of
rational water management programs elsewhere.
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INTRODUCTION

Although all public water supply systems have problems and
will continue to have problems, the type and severity of these
problems generally will vary with the size of the water system.
This discussion will be primarily concerned with problems in small
water systems Tocated in North Carolina; however, it is believed
that these problems are ones which are common to small water sys-
tems in other states.

In order to discuss small water system problems, we need a
frame of reference relative to the size of the systems. Since we
will be discussing problems in North Carolina, let us use the def-
inition of a public water supply system 1in North Carolina as the
basis for discussion. The North Carolina General Statutes state
"any water supply furnishing potable water to ten or more resi-
dences or businesses or combination of residences or businesses
shall be deemed a public water supply." Based on this definition
we have more than 2,649 public water supply systems in the State of
North Carolina which serve over 3,400,000 people.

GROWTH IN SYSTEM NUMBERS

The growth of public water supply systems from 1962 to 1974
is shown in Figure 1. You will note that the systems have been
separated into two major categories: municipal systems and com-
munity systems. The muﬁﬁgipa] category includes (1) incorporated
cities and towns, (2) sanitary districts, and (3) Farmers Home Ad-
ministration financed non-profit water associations. The community
category includes (1) subdivision, (2) mobile home park, and (3)
industries which serve small contiguous villages. You will note
on the graph the increase in community water systems between 1966
and 1968. During this period, a ‘statewide survey of public water
supply systems was conducted, and a number of public water systems
privately owned were discovered which had not been approved by the
Division of Health Services, formerly the State Board of Health.
Also, you will note on the municipal line an increase of systems
between 1970 and 1972. This was the result of the transfer of FHA
water associations from the community category to the municipal
category. Based on the design criteria, the size and the total
number of water associations, it was felt that they should be con-
sidered more as a municipal supply rather than a community supply.
The overall growth of public water supply systems since 1964 has
been at the rate of approximately 200 new systems per year with no
appreciable decrease anticipated in the next two to five years.
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Figure No. 2 shows the distribution of water systems accord-
ing to population. You will note that almost 2,200 public water
supply systems serve a population of less than 1,000 people, 260
systems serve a population of from 1,000 to 5,000 and the remaining
systems, 119 in number, serve the rest of the population. Also
shown on this figure is the estimated population served by munici-
pal and comnunity water systems. My purpose in showing these
graphs is to indicate the scope of the problem in North Carolina
and that it is the size of the water supply system, not the type
that has more problems. Whether it is a municipal or a community
public water supply system is relatively immaterial; the problems
are basically the same for each type of system. Of course, the
larger water supply systems are not free from problems; however,
theirs are primarily ones of a technical nature.

PROBLEMS OF SMALL SYSTEMS

While one may consider any number of specific problems or
problem areas concerning small water systems, basically the prob-
lems resolve themselves into three general categories: first is
financing the system; second is system planning; and third is sys-
tem operation, maintenance, and management. Although they are al-
most impossible to separate, let us look at each one of these prob-
Tems individually.

Pinancing

First, system financing. The term system financing would in-
clude initial planning, construction of the system, operation and
maintenance, and provision for future expansion and improvement.
A satisfactory water rate structure would be a part of system fi-
nancing. In many cases a water system owner is a real estate de-
veloper who is primarily interested in selling pieces of property
or renting a space on which to locate a mobile home. He is not at
all concerned with a public water supply system except that by hav-
ing such a system in his development he can obtain more lots per
acre than if he had individual wells serving each particular lot.
Because he is not interested in a water system, he will not provide
the necessary financial resources for proper professional planning
for the entire system or for locating and properly protecting ade-
quate sources of water supply. Most of the money goes into land de-
velopment rather than water system development. In many instances
the entire system has been planned and constructed by a plumber or
a local well driller whose knowledge of water distribution systems
miy be extremely limited but whose inventory of small size water
pipe is more than adequate for the distribution system. With in-
sufficient funds allocated to the water system, the supply is in-
adequate even before it is constructed.

@enera]]y, small municipal water systems do not have a prob-
lem with financing initial planning and construction. Their fi-
nancial problems center around operation and maintenance and fund-
ing expansion and improvements.
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Plaming

System planning, the second problem, is concerned with the
planning of the water system itself and the relationship of this
system to the surrounding area and other water systems which may be
nearby. The design of the water system may have been accomplished
with little or no professional engineering advice. As state regqu-
latory agencies have an engineering capability, this would mean
that a water system could or would be constructed without the
knowledge or approval of the regulatory agency.

Within the water system itself, many problems would be evident
through inadequate pltanning, such as:

1. well sites inadequately protected from sources of
pollution,

2. improper well site location,

3. source of supply capacity inadequate to meet de-
mand,

4. inadequate storage capacity,
5. distribution pipeline too small, and
6. no provision for water quality control.

The water system may be designed without consideration for fu-
ture expansion. In this instance, a concurrent problem may be the
adding of more connections to the system when it is already at de-
sign capacity. Reserving well sites as future sources of supply in
many instances is not considered. Therefore, the demand for water
exceeds the available supply.

The relationship of several different water systems in a small
geographic area is frequently not considered. In many cases two or
more water systems are located adjacent to each other with each
system utilizing its own source of supply. In many instances, it
would appear that having fewer sources of supply would be much more
feasible-and definitely more economical; but because the water sys-
tem owners are competitive relative to land development, there is
1ittle or no cooperation regarding the consolidation of several
small systems into one larger system. However, there are examples
of 2 land developer consolidating his separate subdivision water
systems into one larger, more efficient system. A few small muni-
gipi;ities have been guilty of this separatism if you could call

t that.

Operation, Maintenance, and Management

The third problem area is system operation, maintenance, and
management. Some specific problems in this area are as follows:

1. no operator or manager for the system,

2. untrained and inexperienced operators and/or man-
agers,
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3. lack of standby equipment and/or parts in case of
breakdown,

4. no knowledge of water quality and treatment,
5. no funding for depreciation or expansion,

6. no laboratory for water quality control, and
7. absentee or out-of-state ownership.

One may add many more specific problems under one or more of
the above categories, particularly in the categories of operator
and manager. In some instances, maintenance of the water system
occurs when there is a breakdown and no water is available to the
customers. Small municipal water systems may be a little bit bet-
ter prepared for problems than the privately owned water systems.
However, even though municipalities may have partially trained per-
sonnel and limited laboratory facilities for water quality analysis
they are not much better off than the small water system with no
qualified operator or 1laboratory facilities. Nevertheless, city
and town fathers will state that their water system is operating
very satisfactorily, and there are no problems with operation,
maintenance, or management.

SOME SUGGESTED SOLUT IONS
Financing

Given these three problems in smail public water supply sys-
tems, is there anything that can be done to reduce these problems to
a more workable level? Since small water system owners do not have
the financial resources to operate and maintain the system in ac-
cordance with accepted practice and regulatory requirements, a
solution must be found outside of these systems. The most obvious
answer is to reduce the number of small water systems in some man-
ner. To this end, several approaches are being used in North Caro-
lina.

One approach which has proved beneficial in this regard has
been the farmers Home Administration program of financing non-pro-
fit water associations within the state. Although the program was
viewed with some skepticism with regard to the adequacy of design
of some of \the systems, it has proven to be quite satisfactory in
many areas of the state. Although rural water associations are
formed and constructed to supply a safe, potable water in areas
where only individual water supplies were previously available, in
several instances association water lines closely paralleled or
were adjacent to small water supply systems. A number of these wa-
ter system owners found it more advantageous to either purchase wa-
ter from the water association or to give or sell the distribution
system to the water association thereby getting out of the water
business entirely. It should be mentioned, however, that the water
associations did not accept all of these small water systems un-
conditionally; in some situations they refused to accept the system
at all because it was totally unsatisfactory to be included in the
association's system. In general, the subdivision developer sold
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or donated his system, and the mobile home park owner connected his
system to the water association lines.

The expansion of existing municipal distribution systems and
the construction of county water systems provide two other alterna-
tives available to the small water system owner. In some situa-
tions the owner may be able to sell his water system to tne govern-
mental system, but in most instances the system is absorbed by the
larger governmental one.

The sale of the small water system by the owner to another wa-
ter system owner or.to a privately owned public utility is an addi-
tional alternative. The consolidation of many small inefficient
water supplies in this manner has proved to be advantageous in
some areas of the state. The major advantage is a more dependable
water supply source for the consolidated systems.

With regard to the first problem, that of water system plan-
ning, there is no readily discernible solution for the small water
system owner. Since he does not have the financial resources for
the initial construction of his system, he cannot be expected to
properly operate and maintain his system once it 1is in operation.
Small municipal water systems have the same type of problem primar-
ily due to poor fiscal policy in the past. However, there is a
solution for these systems which will be discussed in greated de-
tail in another portion of this paper.

Plaming

With regard to water system planning, the 1971 forth Carolina
General Assembly enacted additional legislation relative to public
water supply system requirements which has had an impact on public
water supplies in the state. This statute provides supplemental
authority to the existing statutes nrelative to public water supply
systems and authorized the Department of Human Resources:

1. To adopt standards and criteria for the design and
construction of public water supply systems con-
structed or modified on or after January 1, 1972.

2. To require disinfection by a method approved by
the Commission for Health Services of all public
water supplies introduced on or after January 1,
1972, and of all existing public water supplies
whenever the number of water samples from a public
water supply system is found to exceed the Timits
for coliform bacteria established in the drinking
water standards of the U.S. Public Health Service,
or when conditions are found to exist which make
the continued use of the water potentially hazard-
ous to health.

3. To require that all proposed public water supply
systems be designed in such a manner as will per-
mit the provision of an adequate, reliable and
safe supply of water to all service areas antici-
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pated or projected by the owner, owners or devel-
oper of the system, and as will further permit in-
terconnection of the system, at an appropriate
time, with an expanding municipal, county or re-
gional system.

4, To require that detailed plans and specifications
for all public water supply systems be prepared
by an engineer licensed to practice in the State
of North Carolina, and approved by the Commission
for Health Services prior to construction of any
part of the proposed system, or prior to the award
of a contract (if any) for construction.

5. To require developers or owners of proposed pri-
vately owned public water supplies to submit with
their plans such evidence as may be required by
the Commission for Health Services concerning ar-
rangements made for continued operation, service
and maintenance of the proposed water supply sys-
tem.

The above requirements, particularly the reguirement calling
for detailed plans and specifications to be prepared by a licensed
professional engineer, have drastically reduced the number of new
small public water supply systems. A developer now wil) plan his
subdivision with greater care than before knowing that he must
have an investment in the water system for the services of a pro-
fessional engineer in addition to disinfecticn facilities once the
system has been constructed and placed in operation. If he is plan-
ning a small development, he will tend to think of providing a dis-
tribution system only and consider connecting this system to some
nearby existing public water supply. In some instances developers
have contacted a water utility company and turned over the entire
proposed water system project to that company for design, installa-
tion, operation, and maintenance.

This legislation has not greatly affected small municipal wa-
ter supplies as they normally have had their plans and specifica-
tions prepared by a consulting engineer. The financing require-
ments have dictated this policy rather than any legislation.

Operation, Maintenance, and Management

This brings us to the third problem area regarding small wa-
ter systems; the operation, maintenance, and management of a small
public water supply system. Our previous discussion has centered
primarily on small systems serving subdivisions and mebile home
parks. The small municipal water system also has operational and
maintenance problems. Small municipalities generally have a water
superintendent who is also sewerage superintendent, street super-
intendent, chief of police, fire chief, building inspector, and
garbage truck driver on Wednesdays. In addition, the same indivi-
dual may be the town treasurer and tax collector in his spare time.
Because the existing rate structure may be incapable of providing
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sufficient revenue, the small municipality is unable to provide op-
erating and maintenance personnel for its water system and to make
such necessary improvements as may be required to operate the system
efficiently.

As previously mentioned, the small privately owned water system
suffers even more from a lack of adequate revenue for operational
and maintenance costs as well as any renovations or improvements
which may be needed. Although there js little or no help avail-
able to the privately owned water system for improving operation,
maintenance, and management, there is an inducement for the munici-
pal water systems--the North Carolina Clean Water Bond Act of 1971.

NORTH CAROLINA CLEAN WATER BOND ACT OF 1971

As approved by the voters of the State, the Clean Water B8ond
Act provides $70,000,000 for water systems and water system im-
provements. Briefly, this Act provides for an allocation of up to
25 percent of the total eligible costs of a water system project
as a grant to a local unit of government within the State. The
local wnit of government phrase eliminates any privately owned
public water supply system including FmHA water associations from
obtaining these funds. The local unit of government category en-
compasses cities and towns, sanitary districts, water and sewer
authorities, metropolitan water districts, and, of course, county
governments. One consequence of this Act is that county officials
are taking a close 1look at water and sewer facilities within the
county and are proposing additions, changes, and alterations to
these facilities to provide better coverage either throughout the
entire county or in a major portion of the county,

Since the Clean Water Bond Act took effect on July 1, 1972,
233 grant applications have been received as of September 18, 1974,
Of these, 208 have been given grant commitments; of these, 10
grants have been paid in full, in essence meaning the project is
complete; an additional 100 to 130 are presently under construc-
tion; the remainder are in various stages in the grant processing
sequence.

The Grant Program has had a tremendous impact on all public
water facilities within the State. Although privately owned water
systems are not eligible for these funds since they are not units
of government, upon completion of the governmental system they can
request permission to connect to the distribution line in order to
obtain an adequate and safe water supply. As previously mentioned,
one of the problems with small water systems whether they be pub-
licly or privately owned is an inadequate, unreliable or unsatis-
factory source of supply. Several municipalities without a public
water supply system have submitted grant applications to finance a
new water system. Also, some municipal governments have submitted
grant applications relative to the purchase of an existing private-
1y owned water system presently serving their area.

To qualify for a grant an applicant must meet a number of cri-

teria. One requirement is the relationship of the work proposed to
a regional water supply concept in a particular area which may be
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adjacent to the governmental unit or consists of an area encompass-
ing one or more counties. Another requirement is the fiscal respon-
sibility of the applicant. This has greatly affected small munici-
pal water systems in that now they are required to either have or
develop a sound fiscal policy for the future operation, maintenance
and management of the water facility. The financial requirement in-
cludes not only repayment of the debt which may be owed in conjunc-
tion with the bond grant, but is also concerned that the estimated
revenues will provide funds for the proper future operation, main-
tenance, and administration, reasonable expansion of the project,
and the estimated annual principal and interest requirements for
this debt as well as for any outstanding debt incurred for the ex-
isting facility. Additionally, a capital reserve fund must be es-
tablished for the project. To date, the Clean Water Bond Act has
been instrumental in improving and upgrading existing water treat-
ment facilities and distribution systems, and in providing needed
water systems in areas where there were none previously. The Grants
Program has provided an incentive to municipal water systems for
fiscal responsibility that laws or rules and regulations could not
provide.

Additional legislation which has been of 1limited benefit in
the reduction of small water systems is the Regional Water Supply
Planning Act of 1971. This act creates a revolving fund of $200,000
for lending to units of government who desire or wish to pursue 2
study relative to a regional water supply system in a particular
locality. This is a planning loan for the purpose of determining
the feasibility of a regional water supply system, It has had
Jimited success because of the limited amount of funds available
for lending purposes and because the Clean Water Bond Act was passed
at approximately the same time and had a greater impact.

To date, 23 study plans or requests for a Regional Water Sup-
ply Study have been submitted, and 22 of these studies have been
financed. One study is pending because the funds have run out in
the revolving fund. Several of these studies have been completed,
and it is anticipated that very shortly the concerned units of gov-
ernment will submit formal requests for a Clean Water Bond grant to
implement the recommended regional water supply system plan.

The increase in privately owned water utilities in the past
few years has affected the operation and maintenance of many small
water systems. As mentioned previously, these water utilities are
becoming increasingly important as they are taking over the small-
er inefficient water systems and providing better service to their
customers. These utility companies can provide the necessary spare
parts and other equipment for the proper operation of a water sys-
tem. Additionally, should any specific problems arise in a particu-
lar system, they are more readily available and have the expertise
to attempt to solve the particular problem. Although it is not the
complete answer nor does it solve all of the problems, the utility
company has reduced the number of separate public water systems and
has certainly reduced the number of specific water problems normally
encountered by each separate water system.
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PROGNOSIS

Although there are still many small public water systems which
are experiencing the previously mentioned problems, progress is be-
ing made toward the vreduction in numbers of these systems and,
hopefully, in the future the total elimination'of these problem
systems. It is expected that the growth of public water systems
will continue for the foreseeable future; however, these new water
systems are expected to be adequately financed, planned, construc-
ted, operated, and maintained to insure that the water delivered
to the consumer is adequate and safe for drinking and domestic pur-
poses. Additionally, through proper design these systems will have
the capability of being interconnected with larger municipal or
county-type water systems as the occasions occur, thereby reducing
the numbers of smaller public water systems. While relatively few
projects have been completed under the Clean Water Bond Act of 1971,
side benefits are accruing to these partially completed projects. A
number of small inefficient water systems have connected or will
connect to the partially completed projects and subsequently will
go out of business as a separate water system or by mutual agree-
ment will purchase water from a larger system for resale to its
consumers. The result will be better coordination and management of
public water supply systems in North Carolina which will insure that
citizens supplied water by these systems wiil have an adequate sup-
ply of high-quality water for drinking and domestic purposes.

Editor's Note: Discussion of this paper follows Mr. Rose's paper,
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FINANCIAL CONSIDERATIONS FOR RURAL WATER SYSTEMS

Cecil W. Rose
National Engineer
Farmers Home Administration
U. S. Department of Agriculture
Washington, D. C.

BACKGROUND

It is with a great deal of pleasure that I accept the oppor-
tunity to discuss the design and financing of rural water systems
with you here in Chapel Hill. It is appropriate that the leaders
in the private sector, educators, and state and federal govern-
ment officials maintain a dialogue. We believe that most of you
share with us a common goal of helping to make rural America a bet-
ter place in which to live.

The Farmers Home Administration, now officially referred to
as FmHA, has been actively involved with the design and financing
of rural water systems for a number of years. Originally, the Pope-
Jones Act of 1937 authorized the making of loans for rural water
systems. This program, although modest in the beginning, has grown
by geometric proportion. This year it will exceed $600 million for
the financing of water and waste disposal facilities. Although the
Farmers Home Administration is seldom in the limelight, this pro-
gram has not grown to be the largest program for the financing of
water systems in the United States without controversy and agony.

DESIGN OF RURAL SYSTEMS

It is estimated that about 75 percent of the nation's popula-
tion are currently served by municipal-type, urban water systems.
These folks 1ive on about 3 percent of the geography of the nation.
At the inception of the program for financing rural water systems,
we found that most educators, consultants, and state regulatory
officials insisted designs to serve small or isolated rural commun-
ities follow virtually the same standards as required for large ur-
ban areas. Engineers in FmHA knew that it was a virtual impossi-
bility for these small isolated communities to meet the same rigid
standards for fire protection, storage capacity or reserve flows
as those maintained for urban areas.

In North Dakota, FmHA has been instrumental in the design and
financing of rural water systems to serve farmers in the Red River
Valley where the total length of pipe needed to serve the community
totaled more than 500 miles. Imagine the financial "complications
with 7-foot burial depth, imported treated water and 1/2-mile be-
tween users. Similarly, in Iowa we are now working on a project
that will serve a large percent of four rural counties through a
distribution system almost 2,000 miles long. It should come as no
surprise to you engineers that a system may be designed on the ba-
sis of providing for the expected peak domestic demands or it may
be designed on the basis of providing for full fire flows.
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Fire flows are ordinarily assumed to be 500 gallons per minute
at each fire plug. A recent research program conducted by an engi-
neering professor at Oklahoma State University shows that the peak
instantaneous demands on a small 1lateral line serving 18 customers
is less than 18 gallons per minute and 10 gallons per minute would
meet peak demands for all but about one percent of the time. In
FmHA, engineers suggested a design flow of two gallons per minute
with a residual dead end flow of five gallons per minute to serve
a lateral line of 20 customers would require 45 gallons per minute.
This design concept has proven through countless experiments to be
very, very conservative. We have actually experienced 400 percent
growth without dire'results. The dynamic and hydrostatic pressure
has always been much greater than those anticipated as a result of
careful hydraulic calculations. The engineers in FmHA basically
ushered in new eras of rural water system design. This basic revi-
sion in design has now made it possible to serve a very large part
of the remaining 97 percent of the geography of the United States
with feasible water systems. This program bears some semblance to
REA co-ops which have miraculously 1it up rural America. It is not
possible to run water 1lines in Nevada where distances are five
miles or more between homes; but we are working on a countywide
ranch water system in South Dakota where the average spread runs
400 cows on 4,000 acres of land.  Admittedly, this system will be
costly, but when you compare it to the only alternative available
consisting of frozen stock ponds in the winter or drought-stricken
ponds in the summer, it may be a bargain. These ranchers feel that
they can pay for it.

The question may be asked: Why has the FmHA program for the
financing of rural water systems continued to expand while some of
the comparable programs of the other federal agencies have been
less fortunate? I believe the answer rests in the fact that we
have recognized new materials such as plastic pipe, new concepts
such as multimedia filters or hydropnuematic pressure systems, and
we have insisted that the meager grant funds allotted by Congress
be utilized only on those projects where they were absolutely es-
sential to bring the project into financial feasibility.

Usually, at meetings such as this, the question dinevitably
arises, sometimes facitiously, why the FnHA engineer feels com-
pelled to so carefully review designs and financial plans prepared
by professional consulting engineers. We have found through exper-
jence that with a few consulting engineers we must protect their
constituents from massive overdesign and unrealistic feasibility
analysis. There are only a very few engineering firms who are not
responsible, but it takes only a few to weaken the structure so ex-
tensively that programs come tumbling down. The very structure for
payment of private consulting engineering fees based upon a per-
centage of construction costs comes under scrutiny. The promoter-
type consulting engineer makes more money trying/not to improve his
design or the financial feasibility of the project than does the
responsible engineer,  Furthermore, his projects require greater
amounts of federal grants to bring them into financial feasibility.
Couple this with the lack of initiative caused by the difficulty of
swaying or changing regulatory agencies and you commence to sense
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the debts of our frustration. One of the greatest needs in state
regulatory agencies is to have trained personnel in the design and
review categories that fully understand the interrelationship be-
tween the latest scientific methods and the technology used by the
consulting engineer on a day-to-day basis. Ultraconservatism is
probably the most important reason by which state regulatory agen-
cies have been unable or unwilling, in some cases, to accept chan-
ges which have been used successfully in other states for years.
FmHA has financed the installation of thousands of rural water sys-
tems where hundreds of thousands of miles of plastic pipe has been
used; yet, some state regulatory agencies will not permit its use.
Regulatory officials tend to be the world's greatest pessimists.
This is understandable.

QOSTS

Costs of building a water system have nearly doubled in the
past year. It becomes clearly obvious, then, why we find it neces-
sary to explore every avenue to keep costs in balance. We are on a
collision course. We are also hamstringing small communities with
rules, regulations, and design criteria that are not acceptable.
We force them to design for population growth increases that are
totally unrealistic when their problem is maintaining the customers
on the system. We forced the use of a mechanical treatment plant
that will be obsolete in 1985.

This problem of increased construction costs and the increas-
ingly heavy burden being placed on some of these rural cemmunities
is certainly going to require us to do a lot of soul-searching in
the years ahead. If we do not, we will surely find that our pre-
sent methods will force construction costs so high that more and
more projects will be unfeasible.

Today is an excellent time for shared responsible action. Now,
the general public is up in arms and demanding that something be
done to alleviate long contaminated water suppiies. The public
will not support a water and waste program unless we provide the
necessary leadership.

If we fail to take the initiative and grasp leadership now,
then the vacuum will be filled by those with selfish motives and
the public support will vanish along with the millions of dollars
wasted.

Some technocrats feel that the solution rests in massive gov-
emment grants. To be totally realistic, we must admit that this
approach is not 1long workable. First, the cost of meeting the
staggering needs for water systems in America would require tre-
mendous sums. Long before this task is complete, Congress will have
grown weary of an ineffective program.

Then how can we prevent the problems mentioned from recurring?
We can improve on the evaluation of water flows. Our designs ought
to be predicted on the use of 20th century materials rather than
18th century materials.
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We must critically review some of our consumption use figures
as they relate to rural areas. The accepted methods of flow calcu-
lations of 100 gallons per capita per day yield totally unrealistic
quantities of water.

Ultraconservatism is probably the most important reason why
we have not been able to sell new methods in the design of water
treatment and distribution systems. Regulatory officials often
tend to be the world's greatest pessimists. When told that a de-
sign less than the maximum allowable may not perform satisfactor-
ily, 40 years hence they increase all of the sizes of all compon-
ents. Elected public officials such as the mayor and town council
often are the world's greatest optimists. When the engineer tells
the city officials that the 1installation of the water system will
reverse 30 years' population decline, they accept this without
question. After a few years, they recognize that they have been
sold a monster. By then, the Farmers Home Administration 1is the
only one still around.

So when we concern ourselves about high cost systems, unwork-
able design guides, and overdesign, it is not without good and
justifiable reasons. We are firmly convinced that there are more
design bloopers in overdesign than in all others combined.

NEEDED APPROACHES

It should not be interpreted that the purpose of these remarks
is to encourage greater reliance on basic research. There is al-
ready adequate knowledge available at our fingertips. What we need
is the full utilization and implementation of the useful ideas al-
ready discovered and proven by research.

One of the greatest needs in regulatory agencies is to have
trained personnel in the design and review categories that fully
understand the interrelationship between the Tlatest scientific
methods and the technology which is used on the day-to-day basis.
Unfortunately, this type of individual does not exist today. The
need is now, but our educational system has not yet either recog-
nized the need or risen to the challenge. You should offer your
assistance.

We frequently read about a major fire. Less dramatic, though,
is the thousands of rural communities that are presently using wa-
ter supplies contaminated by pollution which affects the health of
a very large minority in our country. There is no drama when the
water must be hauled in trucks, of inferior quality, or be trapped
from a rooftop. Similarly, the thousands of ‘polluted wells that
are used every day by an unsuspecting public are undramatic.

Consulting engineers, likewise, are content to use outmoded
water designs--partially because the profits are greater with the
use of the old antiquated concepts but mostly because federal and
state regulatory agencies refuse to allow new ideas to be devel-
oped as it would upset their status quo and force them to revise
arbitrary engineering manuals.
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Complacency and the lack of foresight are the culprits to blame
for the huge backlog of unfunded applications that presently con-
front us. There are an awful lot of people to convince--engineers,
federal and state requlatory agencies, educators, and others.

The very structure for private consulting engineers fees is
based on a percentage of construction costs and must come under
scrutiny. The promoter-type consulting engineer makes more money
trying not to improve his design than the responsible engineer.
Couple this with the lack of initiative caused by unchanged regu-
lations and you begin to sense the depths of our frustration.

Our failure to come to grips with the problems resulting from
these problems mentioned, will ultimately yield damaging results.
I believe that if we can use the services of responsible, capable
engineering firms that make progressive changes, the program of
rural development will continue to advance. It may not double and
redouble in size like it has for so many years during the last 12
years, but it will, nevertheless, continue to grow. So long as we
can assure Congress that the limited grant funds provided are be-
ing utilized wisely and only in those few communities where it is
absolutely essential and where engineers continue to accept new
ideas, we should move ahead.

In the development of our nation, water has always been con-
sidered a relatively minor factor for consideration. There has
been a rather laissez-faire approach taken by the public. If we
are to be truly successful in soiving the gigantic task of water
and sewer for the thousands of communities in America, then we must
enlist the full support and cooperation of all our people.

SUMMARY

Finally, we must continue to use progressive new approaches.
In the face of all of the established opposition, we must continue
to find and train people who are committed to self-confident teams
of water experts that are the new breed of the future. They must
furnish the leadership.

The challenge that lies before us is awesome. We can exercise

the option to meet it or run; and hopefully, history will indicate
that we made the right choice.
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QUESTIONS AND DISCUSSION

QuESTION: I was interested in the statement about the percent of
the wells that were contaminated. These were individual wells. I
wonder if you could tell us about the public water supplies contam-
inated or polluted?

MR, RUNDGREN: We don't maintain records as to the percentage that
may be contaminated or polluted. We do have several systems that
the laboratory analysis shows positive for coliform bacteria, but
the biggest fault in that is the obtaining of the samples. We've
got, I'd say by making a guess, 20 to 40 systems that have a histo-
ry of positive bacterial results; but whenever our field personnel
go out and take samples, those sampies come up negative. So it's a
matter of the individual obtaining the sample. Sometimes it's al-
most impossible to train a person to take a sample properly. We do
not maintain a specific record on the percentages that are positive
on these systems.

QuesTion:  (Bob Stewart, Hazen and Sawyer) I have a question for
Mr. Rose. I'd like to say, first, that I'm now on the AWWA Plastic
Pipe Committee with Mr. Rose, and we do have some differences in
philosophy which I guess will be resolved. I'm also a consulting
engineer. Mr. Rose has raised some questions about our activities
that I think would take longer than the time we have to adequately
resolve. I do think that the FmHA-type water system as an intermed-
iate level of design between the community-type system and the mun-
icipal type system has a role and a place and needs adequate speci-
fications and methods for the construction. Really, what I'd like
to ask Mr. Rose is the extent to which the FmHA has developed such
specifications and procedures as has the Department of Agriculture's
Soil Conservation Service done for the design of dams where they
have very excellent procedures.

MR, Rose: We do not distribute plans and specifications which may
be used by the general engineering fraternity. We have 58 engineers
to ride herd over a $650 million water and waste disposal program,
I think it's a matter of philosophy. I have, through the vyears,
given reams of material to our engineers to read and digest; but
when it comes down to the final analysis, I want them to make in-
dividual judgments about what is the best design foreach particular
system. I don't want them to dictate that in a particular state,
consulting engineers will use, as an absolute minimum, a design that
must provide 5 gallons a minute at the dead end and 3/4 of a gallon
a minute for each customer because we'd be making the same mistakes
that have been made by other agencies or other organizations. Each
comunity project has special features that must be analyzed differ-
ently. Arbitrary rules are not the way to go. We leave a great
deal of latitude to engineers. We hope that adequate training will
enable each engineer to weigh all features in a reasonable and sys-
tematic manner so that they can come up with the best judgments
available. I challenge the educational institutions to help us in
this matter. They ought to be teaching people who can bridge the
gap in realistically analyzing costs as well as technical designs.
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QuesTion:  (Dale Swisher, AID, Washington) The last question was
one that I had down also as to availability of guidelines, stand-
ards or whatever you wish to call it; but I found this to be an ex-
tremely interesting session this morning. I've still got 20 or 25
questions here. I'11 confine these to two and both happen to be
directed to Mr. Rose. If you are permitting the use of standards
for construction which are somewhat less than normal, what has been
the net results in terms of money? Do you have any per capita
costs as a result of using these less-strenuous standards? How do
they compare with costs of construction in the urban communities?
Also, this question of how do you get around State Department of
Health standards which are based upon the normmal standards? [ hope
that is clear.

M. Rose: To begin with, I refuse to admit that we have used less
than acceptable standards on any of our water systems. We have
systems designed in Kansas and Oklahoma and other places called
constant flow systems, a system in which you build individual stor-
age tanks on the farm. They are nothing more than a replacement for
the tank truck and cistern. Then, we design for various stages in
between. Take this example: The water supply line to the tank is
the transmissign line and that part of the pipeline network that
provides for instantaneous peaks is the distribution system. We
know from past experience that you can design a transmission line
quite satisfactorily for a rural community on the basis of half-a-
gallon a minute per customer. Think about it for a minute. The
average user 1in North Carolina uses roughly 4,400 gallons per
month. If you divide 4,400 gpm by the number of minutes in a month,
this comes to approximately a tenth of a gallon per minute per cus-
tomer. So you see, when we design a transmission line on the basis
of 0.5 gallons per minute, we essentially have a factor of safety
of five. When you design a system to serve large geographical aress,
you may actually design a system in which 70 percent are transmis-
gion lines designed to meet the average need of an entire service
area and 30 percent distribution lines that must carry the peak
flows. To do this, we strategically locate peak only tanks. Al
I'm saying is that there are a great number of different ways of
approaching the same problem.

Today, ['m delighted that many of the engineering firms that
we're dealing with are making extensive use of computers. In the
past, they'd come up with one or two schemes. If they could sell
it to FnHA and the owner, then that was about as far as they'd go.
Today, many have computer programs. They may evaluate 15 or more
different systems. Ultimately, they find the best balanced system
to serve the specific needs of a community. That's the program for
cost comparisons. Let's get down to basics. Take plastic pipe
versus cast iron pipe. I don't know whether plastic pipe is in-
ferior. They both have individual characteristics and have to be
treated as such. Plastic pipes cost considerably less than cast
iron. The basic design concept of evaluating each proposal in-
dividually has opened up fantastic areas of rural America that can
now be developed. We're working today on systems in Horth Dakota
that have 600 miles of pipeline that will serve 300 ranches or
farmers, The pipe is laid 7 1/2 feet deep, and they have to bring
the water in from 15 to 20 miles away. We're doing this with an
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indebtedness of $4,000 per tap. So obviously, the acceptance of
new ideas and new concepts has opened up a vast area that can be
served.

Right now, we're technically capable of feasibly serving any
part of North Carolina that's now endowed with solid rock. The
Heal th Department or regulatory agencies are as varied as the peo-
ple that are there. We find some are ten times more progressive
than others. If a new idea comes up and they accept it and if they
push it, consequently, their states really benefit. Also, some
regulatory agencies are ultra, ultra-conservative. There'’s not
enough lateral movement of information from one state to another to
alleviate the fears of failure.

* * *x % *
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INTRODUCTION

Healthful, comfortable living requires the availability of an
adequate quantity of good quality water for drinking and household
use.

The consumer would be well advised to obtain his water from a
public water supply system, if possible, in order to free himself
of the responsibility of quality, operation, and maintenance, This
is frequently impossible, however, or not economically feasible.
The Environmental Protection Agency estimates that 50 million peo-
ple obtain water for drinking and domestic use from systems serv-
ing a single household. These systems will be discussed in this
paper.

The relationship between overall acceptability of water supply
systems and their size seems to be that the smaller the system - the
more likely it is to have problems. This conclusion followed from
data compiled in the Community Water Supply Study (McCabe, et ai.,
1970) conducted in 1969 by a Bureau of the U. S. Pubiic Health Ser-
vice which became a part of the Environmental Protection Agency
shortly thereafter. This study's findings have been well publi-
cized and discussed. There seems to be general agreement that the
smaller systems have more prevalent and more acute problems.

*Editor's Note: Oral presentation by Mr. Taylor.
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This conclusion quite naturally raises additional questions
about the safety and adequacy of the even smaller systems, the ru-
ral individual systems.

HOW SERIOUS IS THE PROBLEM?

It has been recognized for a century that disease can be caused
by consuming water containing pathogenic microorganisms. Diseases
most frequently associated with contaminated water are amebiasis,
cholera, dysentery, gastroenteritis, infectious hepatitis, salmon-
ellosis, shigellosis, and typhoid fever.

Consuming water containing toxic materials can also cause ill-
ness and death. These materials can be naturally occurring, but
more and more industrial and agricultural chemicals are finding
their way into natural waters. This paper, however, principally
will discuss matters related to infectious diseases.

Weibel, et al. (1964), and McCabe and Craun (1971) studied the
occurrence of waterborne disease in the United States during the
period 1946 to 1970. Of the 360 known outbreaks or poisonings at-
tributed to drinking water during this 25-year period, over 70 per-
cent involved private* water supplies. The 254 reported disease
outbreaks associated with private water systems involved over 12,600
people with 25 deaths. Most of the waterbome disease outbreaks
(40 percent involving approximately 8,970 people) were reported as
gastroenteritis, a non-specific enteric disturbance. Typroid fever
accounted for 47 (18 1/2 percent) of the outbreaks, infectious
hepatitis 36 (14 percent), and shigellosis 23 (8 percent). The
greatest number of deaths were related to chemical poisoning (36
percent), followed by enteropathogenic E. coiz (16 percent? and
shigellosis (16 percent). Amebiasis and typhoid each accounted for
12 percent of the waterborne deaths.

In absolute numbers, deaths resulting from private water sup-
ply outbreaks are relatively small. The inconvenience, human suf-
fering, and economic loss associated with these outbreaks, however,
is significant. The total impact of low-grade illness and subclin-
ical chronic disease remains unknown. This type of waterborne ill-
ness, characterized by lethargy and reduced vigor, may aggravate
problems associated with the economically depressed rural areas.
D. J. Schliessmann, et al. (1958), showed that intestinal disorders
gradually vanish when populations such as these are provided abun-
dant quantities of safe, palatable water.

LITERATURE

It has Tong been accepted by health agency personnel and water
supply engineers that many problems can be avoided if initial well

*Private supplies as referred to in these studies included a number
of systems serving camps, recreational facilities, trailer courts,
and similar establishments inaddition to individual water systems.
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site selection and construction incorporates certain protective
measures. Recognition of the important role which these factors
play in the safety of the supply is reflected by the early and
widespread appearance of manuals and guides prepared by federail
and state agencies and by national organizations. A few of the
better known of these were Grownd Water Surrlies (USPHS,  1937),
Parmstead Water Supply Manual (USDA, 1943), "and Rural Water Supply
Sanitation (USPHS, 1945). These original publications have been
superceded by revisions prepared by successor agencies, In addi-
tion, essentially every state and many 1local health agencies have
prepared guides and pamphlets on the subject.

Two of the more recent federal government publications which
have received wide distribution are Water Supply Sources for the
Farmstead and Rural Home (USDA, 1971) and EPA's Manual of Indi-
vidual Water Supply Systems.

GEORGIA, TENNESSEE, AND KENTUCKY STUDIES

About 50 million persons in the United States depend on indi-
vidual water supply systems. Federal and state studies to date in-
dicate that it can be conservatively assumed that an average of 40
percent of these supplies are contaminated. Thus, it is possible
that as many as 20 million citizens could be drinking water which
does not meet safety standards. Several millions may be drinking
water from sources that are grossly polluted.

Discussions between the Public Health Service's Atlanta Re-
gional Office and the Southern Regional Education Board (SREB)* in
1969 led to agreement that an individual water supply study would
provide useful information to a number of groups. As a result, a
contract was awarded to SREB to study individual systems 1in four
counties of Georgia having different geological and climatological
conditions. The principal objectives of the study were to deter-
mine: (a) how well these systems satisfied requirements set forth
in the U.S. Public Health Service Drinking Water Standards; (b) how
well they were able to supply the quantities of water needed; (c)
how construction and geology affect the safety and adequacy of the
systems; and (d) to what extent state and local agencies had been
able to provide advice and services to the owners of these systems.
This paper deals primarily with the findings from the first three.

Similar studies were carried out in Tennessee in 1970 and in
Kentucky in 1971. Since a variety of geological formations, ground
water potentials, and socio-economic conditions were encountered in
the three states, the data combine to form a reasonably complete
picture of individual water supply practice. The total numbers of
supplies investigated, by kind of source, are: 339 dug wells; 118
hand-augered {bored) wells; 1001 drilled wells; 14 jetted wells; 8]
driven wells; 68 springs; and 149 cisterns, Detailed information

*Southern Regional £ducation Board is a public agency of 15 south-
ern states created by interstate compact to assist in the devel-
opment of higher education and the fostering of social and econom-
ic growth in the South.
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on the studies has been presented in individual county reports pub-
lTished by the Southern Regional Education Board. See References.

College students were employed by the Southern Regional Educa-
tion Board to perform the field inspections and sampling. Labora-
tory work was done in local, state, and federal laboratories. Spe-
cial questionnaires were prepared for use by the interns and train-
ing sessions were conducted. Considerable effort was made to gath-
er all of the information possible on construction details and ge-
ology, since there was a growing conviction among water supply en-
gineers that in most areas these two elements are the most impor-
tant ones in determining the safety of a groundwater source.

BACTERIAL INDICATORS OF CONTAMINATION

Tests run throughout these studies used both total coliform
and fecal coliform bacteria as indicators of pollution. According
to some bacteriologists, the fecal coliform bacteria are more reli-
able indicators of recent contamination by warm-blooded animals.

A concentration of four organisms or more of the total «coli-
forms in 100 milliliters (ml) of the sample was taken as evidence
of significant contamination (membrane filter technique). The
presence of one or more of the fecal coliform organisms per 100 m]
of the sample was taken as evidence of significant contamination.

It should be noted that even with the membrane filter tech-
nique, in which the entire 100 ml are processed, it is possible to
get negative results (i.e., no evidence of contamination) from a
contaminated source. This means that among those wells showing
no contamination, an unknown percentage might show contamination if
they were repeatedly sampled through a period of months. Thus, it
is possible that the percentages of sources contaminated are higher
than those reported.

FINDINGS
Contamination

As high as 70 percent of the supplies showed evidence of con-
tamination. Degrees of contamination varied according to the geol-
ogy, the construction features, and the kind of water source (spring,
well, or cistern).

Geology
The data confirm what had earlier been supposed: that drilled
wells tapping water sources in consolidated formations (limestone,
sandstone, etc.) were more likely to be contaminated than drilled
wells in unconsolidated (sand, clay, gravel) formations. Figure 1
portrays this difference.
Congtruction Methods

The method used to construct wells, and the construction de-
tails themselves, affect the safety of the supply. Deficiencies in
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FIGURE |
Percent of wells constructed in different

formations showing total coliform bacteria
( Georgia 1969, Tennessee 1970 )*
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well construction among these supplies were so numerous that much
of the data have defied interpretation. It has not been possible
to correlate specific deficiencies with degrees of contamination.
Nevertheless, some interesting general conclusions have been drawn,

It is apparent from Figure 2 that the dug wells were the worst
with 79 percent of them showing evidence of contamination with
coliform organisms. Bored wells, while noticeably better, still
showed contamination in 46 percent of the cases. Drilled and driven
wells appeared much better, with 18 percent of these contaminated,
and jetted wells even better with only 7 percent showing presence
of these organisms.

‘The data reported in Figure 2 were collected from Georgia where
both consolidated and unconsolidated geological formations were
represented and where there were enough examples to make the data
more meaningful.

Turning again to Figure 1, it can be seen that the supposedly
favorable characteristics of unconsolidated formations were not
enough to offset the undesirable features of bored well construc-
tion; these hand-constructed, bored wells with their open-jointed
construction and lack of adequate sanitary covers produced water of
poor bacteriological quality.

Figure 3 (data from Tennessee) reinforces the conclusion that
drilled wells are more likely to be safe. The bored wells were al-
most entirely in unconsolidated formations; the drilled wells were
constructed in both kinds of formations. The fact that the bored
wells were completed in formations generally conceded to favor good
sanitation, did not by itself assure safety.

Pormation Seals

Practically any method of well drillings is likely to leave at
least some open space between the well casing and the face of the
bore hole. If left open, contaminants from the surface can easily
find their way into the well.

Most good well construction codes call for sealing this annu-
lar space with a slurry of pure cement. A few codes permit the use
of clay. While sealing the annular space is common in the construc-
tion of wells for community supplies, it is not generally done in
individual systems.

Only in Kentucky was it possible to establish an apparent cor-
relation between the presence of a formation seal and the probabil-
ity that the well would be free of contamination (see Figure 4).
There was little difference between those wells reported to have no
cement seal and those said to have only 5 to 10 feet of it. For
those reported having 10 to 20 feet of seal, however, the probabil-
ity of contamination was significantly lower.

Springs and Cisterns

Figure 5 describes the situation faced by families which de-
pend on these sources. Data from Georgia and Kentucky show that 90
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FIGURE 2
Percent of individual wells of different
construction showing presence of total coliform

bacteria - all kinds of formations(Georgia 1969)
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FIGURE 3
Percent of wells showing presence of total

coliform*and fecal coliform bacteria ( Tenn. 1970)
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FIGURE 4
Percent of wells showing presence of total
coliform bacteria™with different amounts of
cement grout formation seal (Kentucky {971)
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FIGURE 5
Percent of sources showing presence of total
coliform™and fecal coliform bacteria **
( Georgia 1969 and Kentucky 1971 )
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percent and 81 percent of these sources, respectively, had coliform
organisms. A majority of the springs were located in regions where
consolidated formatiocns predominate. Springs in consolidated form-
ations benefit very little from natural filtration, and their flows
are promptly and pronouncedly affected by rainstorms. Many are lit-
tle more than downstream termini for surface water drainage systems
in channeled or fractured formations,

The cistern systems encountered in these studies ' typically
consisted of rooftop rain catchment areas with gutters and down-
spouts carrying the water directly to a storage basin or tank. A
majority of the systems depending on cisterns were located in Madi-
son County, Kentucky. Cisterns are generally poorly constructed and
maintained without any means either for filtering the incoming wa-
ter or for disinfecting it prior to use. The cisterns encountered
in these studies seldom had any provision for draining and clean-
ing. Indeed, many lacked even minimal protection to exclude in-
sects, birds, and rodents.

Typically, cistern users were well pleased with the quality of
the water. (One such pleased consumer had been relying on a cis-
tern supply which inspection revealed contained a small animal
floating on the surface.) Primary reasons for satisfaction with the
cisterm water, of course, are taste and softness.

Well Casing

Sufficient casing must be in place, of course, before any ef-
fective formation seal can be installed. It was not possible to
establish a correlation between amount of casing installed and de-
gree of contamination. However, inspections in the field and re-
review of the data indicate that in some cases, very little casing
was installed. This was especially true for the consolidated geol-
ogy, where as little as 8 or 10 feet were sometimes used, barely
enough to prevent caving of the top-soil and to provide support for
pumping equipment.

Experience in the actual construction of wells has shown that
welding proficiency varies greatly, and good, sound welding tech-
niques are needed to assure strong, water-tight joints.

Indiscriminate use of perforated casing, in the hope of catch-
ing any and all sources of water, has led to contamination problems
in many areas of the country. Polluted surface water can easily
gain access to a well through poorly welded joints and perforations
located above the water zone, especially in the absence of an ef-
fective formation seal.

There was little opportunity in these studies to examine water
well casing and joints. However, other evidence, such as short
lengths of casing, and casing loose in the hole, leads an observer
to question its integrity.
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Covers

An adequate well cover, for the purpose of these studies, was
taken to be any cover which would provide good protection against
entry of contaminants. To qualify as an adequate cover, it had to
protect against direct fall-in, flooding, and splash. Nearly all
wells equipped with electric motor-driven pumps were provided pro-
tection from the elements. This generally consisted of a weather-
proofed box large enough to cover the well and the pumping equip-
ment. Exposure to flooding was rare, either from natural bodies of
water or from leaks at the pump house.

The shift away from hand-dug and hand-augered (bored) wells in
recent years has made it easier to provide suitable covers for the
sources.

Consumer Knowledge

Few homeowners were well enough informed on the basic con-
struction features of their water wells to answer intelligently
questions put to them by the investigators. This may in part ex-
plain the consumer's general indifference to the condition of his
water supply. As reported in The Forgotten Water Consumer (Whit-
sell and Hutchinson, 1971), the individual water supply user in
these studies seems to be concerned only with the possibility that
he might not have enough water. Water quality and safety were sel-
dom considerations in his preference for one source over another.

Common Deficiencies

The data from these three studies supplemented by other field
observations, lead to the conclusion that the outstanding deficien-
cies in individual system wells are:

1. insufficient and substandard (thin-wall) well
casing,

2. inadequate fcrmation seal between the well cas-
ing and the bore hole,

3. poor welding of casing joints and indiscrimi-
nate perforation of casing,

4, lack of sanitary well covers,

5. use of unsealed, jointed casing in certain
types of well construction; e.g., hand-augered
(bored) wells and dug wells,

6. reliance on the difficult-to-protect dug well,
and

7. use of well pits to protect from freezing.
CONSTRUCTICN RECOMMENDATIONS

The safety of individual home water supplies can be increased
by assuring that the following construction features are included
in the wells:
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10.

Construct wells by drilling (cable tool or rotary
equipment), driving or jetting.

Use schedule 40 or heavier steel casing with water-
tight welded or threaded - and - coupled joints.

Install solid (unperforated) casing to extend at
least 5 feet below the Tlowest anticipated static
water level, and, when practicable, 5 feet below
the pumping water level.

Fill the annular space between the casing and the
bore hole with a suitable sealant (preferably ce-
ment grout).

Grout the annular space beginning at a point just
deeper than the deepest frost penetration and ex-
tend to the depth necessary to seal out surface
and other undesirable water. Minimum grout thick-
ness should be 1 1/2 inches, placed always from
the bottom upward

Take special care to 1locate consolidated rock
formation wells so that the relative orientation
of the well and sources of pollution afford max-
fmum natural protection.

Place no pit at or near the well. Any pitless
unit should be carefully selected and installed
to seal out pollution.

Extend steel well casing at least 8 inches above
the ground or floor surface.

Equip every well with a cover which will exclude
polluted water, vermin, etc.

Vent the well to the atmosphere with the vent
opening at least two feet above the highest known
flood level.
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11.
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LEGAL CONTROLS FOR PROTECTING UNDERGROUND
SOURCES OF DRINKING WATER*
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INTRODUCTION

Protection of the quality of America's drinking water has re-
cently become a prominent consideration of the nation's lawmakers
as a result of increasing attention to quality-related problems.
It appears that this concern will culminate in the passage of fed-
eral legislation designed to protect our drinking water.

One of the notable characteristics of some of the proposed
legislation such as the bill currently before the House of Repre-
sentatives-- H,R, 13002** (1)--is the emphasis which is placed on
groundwater as a source of water supply. One major section is de-
voted to the protection of underground sources of drinking water.
Reference to some basic water use statistics indicates that this
emphasis is fully justified. United States Geological Survey esti-
mates of water use in 1970 (2) indicates that nearly one-fourth of
total water withdrawals in the United States consisted of ground-
water. When public water supplies alone are considered, ground wa-
ter constituted more than one-third of the total.

The importance of ground water as a source of drinking water
comes more clearly into focus when rural water supplies are consid-
ered. Of all the water used by the estimated 41 million people
served by private domestic systems in 1970, approximately 95 per-
cent was derived from underground sources--a quantity of two and
one-half billion gallons per day. When it is recognized that much
of the water privately withdrawn for domestic supply is used in an
untreated condition, the potential magnitude of the ground water
quality problem and the need for its control become obvious.

PROPOSED DRINKING WATER LEGISLATION

The primary ground water quality control measure currently
proposed is the provision in H.R. 13002 for federal regulations for
state underground injection control programs. The Administrator of

Editor's Note: Oral presentation by Mr. Cox.

* This paper is an outgrowth of work supported by the National
Science Foundation's RANN Program (Grant GI-34815).

**Numbers in parentheses refer to correspondingly numbered 1tems in
References.
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the Environmental Protection Agency (EPA) is directed to prepare
regulations containing minimum requirements for effective programs
to prevent underground injection endangering drinking water sour-
ces. The committee voting in support of the bill strongly sug-
gested that the existing EPA policy on deep well injection be rati-
fied and serve as a basis for establishing the minimum requirements
mandated in the bill (3). The existing policy, published as Admin-
jstrator's Decision Statement No. 5 (4?, was adopted by the Federal
Water Quality Administration, EPA's predecessor, in 1970 (5) and
revised by EPA in 1973. Ratification by passage of the House bill
would provide a direct legislative basis for implementation which
does not presently exist.

The scope of the regulatory controls of H.R. 13002 with regard
to subsurface waste disposal is limited to those activities encom-
passed by the term wnderground injection which is defined as"...the
subsurface emplacement of fluids by well injection" (6). Use of
the term injection to define the same word provides Tlittle insight
into the scope of activities encompassed, but use of the word well
appears to establish general limits. The committee report accom-
panying the bill states that the definition "...is intended to be
broad enough to cover any contaminant which may be put below ground
level and which flows or moves, whether the contaminant is in semi-
solid, liquid, sludge, or any other form of state" (7). This pro-
vision appears to be only an explanation of the type of substances
to which the bill applies. The reference to "...any contaminant
which may be put below ground level..." does not explicitly recog-
nize any restriction on the means of subsurface emplacement, but
the specific inclusion of the word well in the language of the bill
appears to override any broader interpretation of scope that may be
suggested by this provision.

The bill does contain a restriction on controls applicable to
certain types of injection. It states that the regulations are
not to impose requirements which interfere with or impede the in-
Jection of waste fluids extracted from the earth during oil or
natural gas production and the injection of fluids to facilitate
recovery of oil and natural gas unless such requirements are essen-
tial to assure that underground sources of drinking water will not
be endangered (8). This provision is designed to minimize con-
straints on energy production activities (9).

A more general and perhaps more significant limitation on the
applicability of the proposed act results from its provisions being
Timited to injection well operations. Since injection is usually
associated with subsurface emplacement of fluids by means of pres-
sure, the question arises as to whether waste disposal operations
utilizing gravity flow into a well would be encompassed. An exam-
ple of this restriction on the use of the word injection is con-
tained in a subsurface waste disposal policy statement (10) adop-
ted by the Florida Department of Pollution Control. Relatively
shallow wells which wutilize gravity flow are identified as drain-
age wells and are distinguished from <injection wells. Separate
policy provisions are provided for each of the two types of wells.
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Even though it is assumed that all disposal wells are encom-
passed by the bill, many sources of ground water pollution do not
involve the use of wells. Waste materials can be placed under-
ground by other types of excavation, and a variety of surface or
near-surface activities can result in contamination. In fact,
reference to legal records concerning ground water pollution prob-
lems to date indicates that the source of contamination in a large
majority of the cases has consisted of surface waste disposal op-
erations, leaking pipelines and storage facilities, agricultural
practices, septic tanks, mining, industrial operations, and other
activities not covered by the proposed law.

If H. R. 13002 is approved by the House, differences between
this bill and the drinking water bill approved last year by the
Senate (11) will have to be resoived. Although certain provisions
of the two bills are similar, the Senate bill does not provide for
regulation of underground injection. Thus, it is conceivable that
compromise between the two legislative bodies will result in dele-
tion or substantial modification of the controls for protection of
ground water quality.

FWPCA AMENDMENTS OF 1972

Since the control measures in H. R. 13002 have not been offi-
cially adopted, it is of interest to consider the nature of the
legal controls currently in effect. The Federal Water Pollution
Control Act Amendments of 1972 constitute the principal legisla-
tive basis for existing control over ground water quality. This
act gives more consideration to ground water quality than did any
of the previous water gquality legislation. Many of the general
responsibilities vested in the Administrator of EPA by the Act ap-
ply to both surface and ground waters. These responsibilities spe-
cifically encompassing ground water include development of compre-
hensive programs for preventing, reducing or eliminating poliution;
water quality monitoring; publication of information concerning the
health effects of pollutants in water; and the issuance of informa-
tion concerning processes, procedures, and methods to control pol-
lution (12).

In contrast to the applicability of these general provisions,
the direct regulatory provisions of the Tegislation do not expli-
citly apply to ground water. The national goal of eliminating the
discharge of pollutants by 1985 (13) encompasses navigablie waters
only. The National Pollutant Discharge Elimination System (NPDES)}
permit program applies to "... the discharge of any pollutant ...,"
(14) a term which appears to be limited to discharges into navi-
gable waters on the basis of definitions contained in the Act (15)
and its legislative history (16). It is possible to argue that the
legal definition of navigable waters encompasses ground water since
it is often a part of or tributary to surface bodies of water. The
definition of navigability has previously been extended to include
non-navigable streams that are tributary to and affect the navi-
gable capacity of a navigable stream (17). However, to argue that
the inclusion of ground water is within the definition of navigable
streams {s weakened by the provisions of the Act itself which often
refer to navigable and ground water as if the two constitute dis-
tinct legal classifications.
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In the absence of specific regulatory authority with respect
to the pollution of ground water, the approach taken by EPA is to
use regulatory powers incidental to the control of surface dis-
charges (18). A good example of this approach is given by current
EPA controls over injection wells. Where such wells are used as
part of a total waste disposal program having other elements re-
quiring an NPDES permit, EPA regulations provide that the injection
well will also be subjected to permit conditions (19). These con-
ditions can then be made to reflect EPA injection well policy which
has no independent legislative basis.

The 1972 Amendments also extend federal control with respect
to ground water pollution through requirements for state pollution
control programs. The Act makes provisions for the administration
of the NPDES permit program to be transferred to the states when
certain conditions are met, one of which is the existence of ade-
quate authority to issue permits which control the disposal of pol-
lutants into wells (20). Another mechanism for federal influence
over ground water quality consists of the requirement for areawide
waste treatment management plans for area identified as having sub-
stantial water quality control problems (21). Such planning is re-
quired to encompass both surface and ground water., Since these
plans are subject to the approval of the Administrator, they pro-
vide a basis for federal control over certain aspects of ground wa-
ter quality.

Thus, it is obvious that existing water quality legislation
suggests federal concern for ground water quality and provides
mechanisms for EPA involvement. However, this authority is limited
as is reflected by current legislative activity such as the attempt
to enact H. R. 13002 with its legal controls over ground water
quality.

STATE CONTROLS OVER GROUND WATER QUALITY

Since federal controls over ground water quality are still in
a developmental phase to some extent, it is of interest to consider
the status of such controls at the state level of government. Un-
1ike federal legisiation, state pollution control Taw generally ap-
plies to both surface and ground waters. A cursory review of state
legislation indicates all states have the authority to control
waste disposal into ground water., Maine, in 1973, was the last
state to amend its pollution laws to include all discharges rather
than surface waste discharges (22).

In addition to these general controls over ground water qual-
ity, specific controls with regard to certain types of subsurface
disposal methods have been enacted in some cases. A significant
example consists of state controls applicable to injection wells.
Some of the states have prohibited waste injection and certain
others probably do not have suitable geologic conditions; but a
substantial number allows injection under some form of legal con-
trol. Considerable variation exists among these states with re-
gard to the nature of the controls imposed. Since geologic forma-
tions seldom stop at political boundaries, a case can be made for
federal guidelines to insure compatible regulations,
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Although legal controls exist with regard to specific subsur-
face waste disposal practices and ground water quality in general,
underground sources of drinking water have not always been given
adequate protection. Pollution control 1law has generally empha-
sized point discharges while many ground water quality problems re-
sult from activities not falling into this category with the resuit
that impliementation of legal controls in this area has often been
incomplete.

PRIVATE GROUND WATER RIGHTS

Federal and state legislative controls over ground water qual-
ity are supplemented by a second system of legal controls consist-
ing of the private ground water rights of individuals. The extent
to which the right to uncontaminated ground water has been recog-
nized has varied over time and among jurisdictions.

The right to an uncontaminated ground water supply has not
been recognized as a basic property right in a number of cases.
The courts in such instances have held that landowners have the
right to develop and use property for lawful purposes without ac-
countability for the effects of such activities on the ground wa-
ter supply of others, provided that negligence is not involved.
The stipulation that the activities must be conducted in a non-
negligent manner suggests that the party who pollutes ground water
may be 1iable for resulting injury under some circumstances, but
the courts have often refused to sustain allegations of negligence
where the activity responsible for contamination has been conducted
in the usual, customary manner. Activities that have been given
protection in this manner incliude the burial of animal carcasses,
mining operations, use of septic tanks, and various industrial and
commercial processes (23).

The denial of Tiability in such cases is based on the premise
that liability should be dependent on the ability of the perpetra-
tor of injury to have reasonably anticipated the harmful consequen-
ces of his actions. Due to deficiencies of information concerning
ground water movement, it has been held that the party engaged in
lawful uses of property cannot reasonably be required to anticipate
ground water contamination. Thus, the imposition of 1iability for
such occurrences has been viewed as an unnecessary restriction on
developmental activities. This developmental bias may have dimin-
ished to some extent in recent years but is still an important fac-
tor with regard to ground water rights,

In opposition to the holdings of these cases that give Tlittle
protection from ground water pollution, another group of decisions
has established a basic right to uncontaminated ground water. Rec-
ognition of this right has been accomplished in different ways. One
approach involves the liberalization of the negligence doctrine
such that ground water contamination is viewed as a foreseeable re-
sult of developmental activities under certain conditions. For ex-
ample, the court 1in an 1890 Pennsylvania decision (24) refused to
accept the defense that dinjury to wells could not be foreseen or
avoided and imposed 1iability for ground water contamination be-
cause the existing state of knowledge was viewed as adequate for
the injury to have been avoided. The court noted that failure to
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recognize advancements in geological knowledge "...would be in vio-
lation of the living spirit of the law..." (25).

Another means of giving recognition to the right of uncontami-
nated ground water 1is to treat its pollution as the creation of a
nuisance. The courts have often taken this approach in cases in-
volving ground water pollution. For example, the escape of oil
which percolates through the soil and results in the destruction
of the springs of an adjacent landowner has been held to be a nui-
sance for which liability will be imposed (26). Acceptance of the
nuisance doctrine is in effect recognition of a property right in
an unpolluted water supply since the concept of nuisance is gen-
erally based on unreasonable interference with the use and enjoy-
ment of property. Although the reasonableness of the polliution-
causing activity is a basic consideration in the determination of
1iability in a nuisance case, the fact that the activity is lawful
and in accordance with standard practices does not necessarily pre-
clude a finding of liability.

A third approach consists of adopting the view that the land-
owner has an absolute right to uncontaminated ground water with
strict 1iability 1imposed for activities which pollute underground
water supplies. In some cases the courts specifically adopt a com-
mon law doctrine of strict liability originating in an 1868 English
court decision (27). For example, the doctrine was accepted in
the United States as early as 1895 in a Minnesota court decision
(28) involving contamination of ground water by a petroleum product
that had escaped from storage tanks. Another origin for the strict
Tiability concept consists of statutes that control certain speci-
fic activities such as disposal of salt water extracted during pro-
duction of oil and gas (29). Still another group of cases has in-
volved the application of a strict liability concept without ex-
plicit acknowledgment of the doctrine (30). It is interesting to
note that some form of a strict 1iability concept has been accepted
in more than half of the states, and the number is gradually ex-
panding (31).

Aside from the fundamental question of whether the right to
uncontaminated ground water is legally recognized, there are other
fssues which are significant with regard to the evaluation of wa-
ter rights as a ground water quality control mechanism. One of the
most important concerns the question of causation--can the party
injured by the pollution establish proof as to the source of the
contaminant? It is obvious that the party who initiates a legal
proceeding must be able to sustain his charges against the party
alleged to be responsible for a particular injury-causing activity,
but the burden of proof in cases of ground water contamination can
be especially difficult for the injured party. Although the fact
of his injury may be very certain, a general lack of knowledge con-
cerning ground water movement in the area in question may limit his
right to recover from the specific individuals responsible.

Direct proof of causation can sometimes be obtained by depos-
jting dye or some other easily detectable substances into the sus-
pected source of pollution and determining whether it appears at
the site of pollution damage. For example, causation was estab-
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1ished in a 1963 Pennsylvania case (32) involving pollution of a
well by a sanitary 1landfill operation when the well water turned
red and sudsy after a truckload of red paint and a large quantity
of soap-like material were deposited in the landfill.

However, direct evidence 1is not always obtainable, and the
courts in recognition of the resulting hardship placed on the in-
Jjured party have in many ground water pollution cases accepted in-
direct proof consisting Tlargely of circumstantial evidence. The
specific factors which are adequate to establish such proof depend
on the details of the particular case, but those which are general-
ly relevant include the proximity of the alleged source, the exist-
ence of other possible sources, the time relationship between the
alleged pollution-causing activity and the injury, the capability
of the suspected source to pollute, and the existence of a physical
connection between the suspected source and the - polluted water
(33). No one factor is usually sufficient in itself for an infer-
ence of causation. Nor is it necessary in each case that all the
factors be included. However, the more positive inferences that can
be made, the greater the chance of showing causation to the satis-
faction of the court.

Another significant consideration with regard to the effect-
iveness of judicially enforced water rights as a legal control over
ground water quality is the responsive nature of the courts. Be-
cause of the nature of ground water flow, a contaminated condition
often cannot be corrected on a short-term basis. Thus, a system of
rights which are usually enforced by litigation after a problem has
developed is not a very efficient control mechanism.

The concept of injunctive relief is designed to provide a rem-
edy in situations likely to involve irreparable harm or where suits
for damages otherwise provide inadequate relief, but the use of in-
Junctions in cases of potential ground water pollution has been
1imited by the fact that considerable uncertainty is usually asso-
ciated with potential pollution. The courts generally require that
the pollution in question be relatively certain and will not issue
injunctions where the injury is highly speculative (34).

CONCLUSTON

This review of existing legal controls over the quality of
underground sources of drinking water indicates the absence of a
single comprehensive program. Existing federal controls are rela-
tively undeveloped and lack a direct legislative mandate. Basic
authority for control is better established at the state level, but
legal provisions in many cases have not been thoroughly implemented
or translated into actual control procedures. Private rights con-
cerning ground water quality supplements governmental controls to
some extent, but the basic nature of the judicial process and the
problems encountered in the enforcement of the individual's rights
limit the effectiveness of this mechanism.

Passage of proposed drinking water legislation 1in the form of

H. R. 13002 would constitute a substantial improvement over the ex-
isting situation, but the controls established by the law will not
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resolve all ground water quality management problems. Adequate con-
trols over injection wells are essential, but ground water contami-
nation has a variety of other sources. Since so many of man's ac-
tivities have the potential to pollute underground water, the scope
of necessary controls must be quite broad and in many instances may
have to consist of land use controls rather than restrictions on
waste disposal alone. The development and implementation of con-
trols in many of these areas is complicated by the lack of physical
control technology and procedures. The development of this tech-
nology and its incorporation into the necessary legal controls must
be an integrated process and is one that is not likely to be quick-
1y nor easily accomplished.
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EMERGENCY SUPPLIES

Frank A. Bell, Jr., P.E.
Special Assistant to the Director
Water Supply Division
U. S. Environmental Protection Agency
Washington, D. C.

INTRODUCTION

When disaster strikes, the immediate concern is swrvival and
survival calls for a minimal supply of safe water. Not enough at-
tention has been paid to this subject.

Considerable attention has in the past been directed to the
subject of broad planning for emergency water supply preparedness,
and the American Water Works Association has produced an excellent
handbook (1).* Planning emphasis is usually put on preservation,
protection, and rehabilitation of the existing utility facilities
with little attention to the plight of the people who are deprived
of water service completely.

However, an adequate supply of safe water is, next to air, the
most urgent necessity for human survival. Where a community water
system is destroyed or disabled for any extended period, there
arises an urgent need to provide water for the affected people.
Such an event could arise from an act of war, some other man-made
event or from a natural disaster such as an earthquake or a major
flood. This paper will examine the subject in general for U. S.
cities and will consider two actual and one hypothetical example of
water supply emergencies resulting from earthquake disasters strik-
ing metropolitan areas.

THE PROBLEM OF EMERGENCY SUPPLY

When one considers emergency supply, the tendency is to ask
first where can the source water be found and how can it be puri-
fied. One thinks of miscellaneous ponds and streams and of emer-
gency purification units.

For some countries or areas of the world this may be an appro-
priate first approach. There may be locations where public water
supply sources or purification facilities are in short supply, and
a major disaster may knock out virtually all of the existing facil-
ities. However, this is generally not the case in the United States.

Development is such in the United States that water and water
treatment facilities are generally available. Destruction of any
given set of water systems in the core of a metropolitan area will
usually leave surviving systems in outlying areas. Even if elec-
tricity is also knocked out in the outlying areas, there will usu-

*Numbers in parentheses refer to correspondingly numbered items in
the References.
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ally be enough emergency power to operate the treatment works and
to pump into tanker trucks.

The per capita quantities of water required under emergency
circumstances will be much less than normal requirements. The Army/
Air Force (2) estimates a requirement of five gallons per man per
day for drinking and cooking purposes; and the old U. S. civil de-
fense organization (7) estimates a temporary requirement of four-
five gallons per person per day for drinking, cooking and personal
hygiene needs. However, the emergency response effort in the
Managua earthquake (3) aimed at getting one gallon to each person
each day and during the peak of the problem had to be satisfied
with much less. Obviously, the amount of water required to sustain
1ife will be much less than that required to enjoy it.

For the U. S., it can be assumed that an adequate supply of
safe water will usually be available somewhere in the vicinity of a
disaster. Surviving treatment works will be able to serve over
thirty times as many people on emergency rations as on the average
U. S. metropolitan use which is about 160 gallons per capita per
day (6). The very significant problem, then, remains--how to trans-
port it and distribute it to the needy populationona timely basis.

CASE PRESENTATIONS

The case discussions will illustrate three different types of
situations and can be used to highlight some of the problems with
regard to which preparations and thinking can be done in advance.

1. San Fermando, California (4,5)

At 6:01 a.m. Tuesday, February 9, 1971, an earthquake
with a 6.6 magnitude on the Richter scale struck the
City of San Fernando and surrounding areas in the Ci-
ty of Los Angeles. It was particularly devastating
to the 2.42 square-mile area of the City of San Fer-
nando.

The severity of damage to the water distributjon sys-
tem was immediately apparent due to an approximately
1500 major leaks; the distribution reservoirs were
emptied almost immediately. Electrical power was cut
off from all of the pumps on its wells; no water was
available anywhere in the city. Severe damage was
done to the Van Norman water supply dam, and a major
flood threatened, but this had no direct relationship
to the problem of water supply for San Fernando.

The City obtained temporary connections with the City
of Los Angeles and the Metropolitan Water District
water systems to replace its disabled well sources;
the City did not return to its well sources until
November 12, 1971. Restoration of water service con-
nections did not begin until four days after the
earthquake and was only 80 percent completed twelve
days afterward. The U. S. Army Corps of Engineers
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was instrumental in rehabilitating the remaining 20
percent of the system in the more severely damaged
areas of the city.

Therefore, for a period of from 4 to 12 days, a city
of 18,000 people was out of water to some degree. An
estimated 20 percent of the residents left the area
to stay with friends or relatives elsewhere in the
metropolitan area. This left about 14,000 people re-
quiring service during the period of maximum need.

Voluntary and official help was promptly obtained.
The Schlitz Brewing Company donated the use of 18
tanker trucks serviced with water from its brewery.
Other water tank trucks were rented. All told, 33
tank trucks and trailers were obtained for San Fer-
nando, but seven were loaned to a nearby community.
With an estimated average size of 4,000 gallons, the
26 water trucks furnished 104,000 gallons of mobile-
stored water for serving 14,000 people. The trucks
were equipped with manifolds and multiple spigots and
were positioned at strategic points in the city for
direct use by citizens. The trucked water was chlori-
nated. According to reports, the emergency water
service was accomplished with a minimum of hardship,
no significant complaints about a Tack of water, and
no health problems to the residents.

Managua, Nicaragua

At 12:30 a.m. on December 23, 1972, a major earth-
quake struck Managua causing widespread devastation,
deaths, and distress. This was a much greater dis-
aster than the San Fernando earthquake. The distri-
bution system sustained thousands of breaks and pres-
sure dropped to zero in all parts of the city except
in the near vicinity to the water treatment plant.

The source of water was a volcanic crater lake; the
treatment plant was located on the rim of the crater.
While electrical service was maintained to the plant
and the pumps, landslides during the earthquake and
the possibility of further landslides afterwards
threatened continued operation of the plant. Contin-
gency planning was done for possible loss of the
plant; but fortunately, the plant held up through the
crisis period.

In response to a request from the Nicaraguan Govern-
ment, the U. S. military responded with broad-scale
medical, Tlogistical, sanitary engineering, and the
Jike assistance. My discussion is based on the after-
action report (3) prepared by Major Fred V. Huff, the
Sanitary Engineer responsible for U. S. water supply
assistance. The assistance rendered fell into three
phases as follows:



An initial survey and estimates of the situa-
tion, s0 necessary to the devising of remed-
ial measures. This was performed by a pre-
selected and pre-trained Disaster Assistance
and Survey Team which was maintained by the
U. S. Southern Command 1located in the Panama
Canal Zone.

The actual rendering of assistance. In an
emergency situation of this magnitude, confu-
sion reigns, resources are floating hither
and yon and problems tend to be of a demand-
ing nature. It was essential to keep a cool
head, cut red-tape wherever possible, use
what resources you can and to keep in as
close communications as possible,

People poured into the area from all over of-
fering assistance, but they could not all be
used; in fact, many just added to the problem
by bringing extra bodies to feed and shelter.
The key to voluntary assistance in a disaster
is to offer some skill or equipment which can
be readily factored into the disaster re-
sponse. In fact, a group of Boy Scouts from
Costa Rica, who brought their own food and
shelter, were put to useful work; a water
tank truck and two jeep-type vehicles with
drivers were volunteered by a private con-
tractor and were put to good use. To assist
with communications, nightly coordination
meetings were held with a Nicaraguan official.

Turnover of activities to Nicaraguans. Once
the crisis period is past, the principal ob-
jective of outside help should be to return
all activities to Tocal agencies in a smooth
fashion. This was accomplished approximate-
ly 14 days after the earthquake, but the U.S.
tank trucks were left for an additional per-
iod because many people still did not have
piped water service.

Of the 405,000 people in Managua, approxi-
mately 300,000 were without water immediately
after the earthquake. Approximately 200,000
left or were evacuated to other towns in
Nicaragua. Approximately 100,000 people re-
quired some type of trucked water service,
Prior to the trucked water program getting
effectively underway, the people were in dire
straits, and reports were received of the use
of insanitary ponds and other available sur-
face water.
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Resources for conducting the trucked water
program were roughly as follows:

-- Forty-three tank trucks and trailers
from the Government of Nicaragua, the
U. S. Forces and a private contractor
for a total volume of 37,000 gallons.

-- Nine U. S. Erdlator water purification
units. Two were used for chlorination
purposes, but none for complete water
treatment purposes; portable rubber
tanks, hoses and fittings were put to
good use.

-- Some 5,000 filled water cans were flown
in from the Panama Canal Zone. How-
ever, some petroleum product cans were
accidentally filled, and the water was
non-potable; fortunately, this was dis-
covered before many had been distrib-
uted.

-- Some additional rubber storage tanks of
an airborne type were brought in but
didn't prove too useful.

The general plan was to set up the mil-
itary collapsible and portable storage
tanks at selected points in the city;
then, to keep them filled by the avail-
able tank trucks. This was partially
accomplished, but the people were also
served directly from the tank trucks.

Three significant problems were encoun-
tered in making the trucked water pro-
gram effective:

(1) The rubble and disarray of the ci-
ty imposed a long delivery time
for the trucks; drivers became con-
fused and lost. In response to
this, Major Huff set a priority to
develop additional watering points
located close to problem areas.
Three deep-well watering points
were established including the use
of portable electrical generating
equipment; these wells not only
helped the trucked-water effort but
also provided water for the people
in the immediate vicinity to the
wells.
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(2) The facilities at the Managua water

(3)

plant were not suitable for the ra-
pid filling of tre tanker trucks so
that lengthy delays occurredin the
filling process. This problem was
relieved by using working hydrants
in the vicinity of the plant and
by establishment of three auxilia-
ry watering points.

Many tank trucks never reached
their destination with a water
Toad. Caught in traffic or slowed
by rubble, the trucks would be
drawn down by the water-hungry peo-
ple. This problem was also re-
lieved by establishment of the ad-
ditional watering points and by the
improved operating of the system.

In the initial stages, relatively
1ittle attention was given to as-
suring water quality beyond the in-
creasing of the chlorine residual
at the treatment plant from 1.0 to
5.0 milligrams per liter. However,
later in the operation, booster
chlorination was given to the
trucked water. Chlorine residual
tests by the military at various
points in the distribution system
always revealed some degree of re-
sidual. No health problems were
detected from water.

While the water supply recovery
program for Managua did not prevent
hardship or distress, it was life-
saving and represented a commend-
able effortwith limited resources.
We in the U. S. can be pleased and
proud of the key positive role
played by our forces in this ef-
fort.

Summarizing, I would 1ike to quote
Major Huff: "The fact that not a
single case of typhoid occurred,
nor any dysentery beyond that nor-
mally experienced in the area, is
probably attributable primarily to
the actions to move persons out of
the downtown area and the super-
human efforts on water supply tak-
en by personnel of U. S. military,
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volunteers from third countries,
and most of all to the Nicaraguans
themselves."

3. HBypothetical Earthquake in the San Francisco Bay Area

Several years ago in connection with state and federal
efforts to do advance planning, the National Oceanic
and Atmospheric Administration prepared an analysis of
a series of simulated earthquakes striking on the San
Andreas Fault and on the Hayward Fault.

For water supply, an earthquake on the Hayward Fault
would be the far more devastating of the two. The
fault runs west of the various water supply reser-
voirs of the East Bay Municipal Utilities District
but east of large concentrations of population in
Oakland, Berkeley, etc. Ground shifting would un-
doubtedly rupture the joining conduits and distri-
bution lines. NOAA states that a great earthquake
(8.3 on the Richter Scale) will severely cripple the
water supply system and will require up to six
months to restore permanently.

It is expected that a large portion of the water sys-
tems located out of the damage zone will survive and
be able to furmish adequate, safe water. The problem
will be distribution, not availability or treatment
of potable water,

My own estimates indicate that about 1,200,000 people
would be discommoded by an 8.3-force earthquake and
would require some type of temporary water service.
If 20 percent were to Tleave the area to stay with
friends and relatives, this would leawe about 1,000,000
people to be taken care of. Trying to furnish five
gallons per day for each person would require a truck-
ing capacity of five million gallons per day. If this
were accomplished solely by trucks operating on a
once-per-day basis, it would require 1200 tank trucks
with an average volume of 4000 gallons each.

DISCUSSION AND POSSIBLE GOVERNMENTAL ROLES

Comparison of the three earthquake cases will reveal three dif-
ferent levels of magnitude and types of problems; the utilized or
proposed resources are summarized in Table 1.

Examination of these figures shows that Managua clearly had
less resources to cope with its water supply problem than San Fer-
nando but still did an adequate 1ife-saving job. The greater avail-
ability of resources to San Fernando is not surprising since it is
located within a vast metropolitan area, most of which remained un-
damaged. There was no great strain in responding to its probiem.
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Table 1
EMERGENCY SUPPORT

Volume Persons Tankage
Number | of tank | served volume
Persons |of tank| trucks |per tank |per person
Name served |trucks | (gals) truck {gals/cap)
San Fernando,
California (2/71) 14,000 26 104,000 540 7.4
Managua,
Nicaragua (12/72)| 100,000 43 37,000 2,340 0.4
Hayward Fault,
California
(Hypothetical) 1,000,000 | 1,200 }5,000,000 800 5.0

The hypothetical case of an 8.3-force earthquake along the
Hayward Fault presents a scene of greater dimensions. However, it
is located in a large metropolitan area, most of which will remain
intact 1if badly shaken and the bulk water supply willbe available.
Comparing the Hayward case with the Managua case will show that a
life-saving response mission canbe handled with less resources than
those proposed if necessary. The problem will be to get the water
from the potable sources to the people in their neighborhoods in an
effective manner.

Water for survival presents a planning problem oftenoverlooked
at the various governmental levels. Local utilities, civil defense
or other responsible agencies can address this problem by:

-~ Locating and assessing alternate water supplies which
could be made available when the basic water system
is knocked out. Factors to be assessed would be ac-
cessibility for tank trucks; the capacity of filling
facilities; travel distances involved, and the like.

-~ Communicating or establishing mutual aid agreements
with nearby utilities.

-~ Making a rough inventory of trucks and establishing
comunications with breweries, milk plants or other
possible sources of trucks for carrying water.

At the state level, the water supply agencies can provide a
valuable service by:

-~ Encouraging the water utilities or other 1local agen-
cies to do the above.

-~ Providing state leadership in accomplishing the above

on a statewide basis, complementing and supplement-
ing the local efforts, as necessary.

175



The federal role should be:
-- To encourage and stimulate state and local activity.

-- To furnish technical assistance and background infor-
mation which should be helpful in the work.

-- To be always ready, particularly via the military,
civil defense, and related resources, to give emer-
gency help to a stricken community, during the cri-
sis period.

An attractive feature of the roles laid out on the previous
page is that they are intensely practical and can be accomplished
with relatively little resources. This kind of readiness planning
will require attention annually to keep it renewed and current.

CONCLUSTONS

1. The main problem of emergency water supply for life-
saving purposes in the United States will be the ef-
fective distribution of water to the needy people,
rather than the provision of bulk water sources and
portable treatment units.

2. Simple and practical steps are outlined for the var-
jous governmental Tlevels in readiness planning for
emergency water supply for life-saving purposes.

3. In particular, attention is pointed to the capability
of the military, c¢ivil defense and related agencies
for assisting in the response to water supply crisis
situations.
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AN APPROACH TO PROVISION OF RURAL WATER SUPPLIES

Stanley S. Zimmerman
Executive Director
National Demonstration Water Project
Washington, D. C. ’

INTRODUCTION

A good deal has been said here in the last two days about the
state of America's drinking water in 1974. I am here to talk to you
about a particular aspect of this problem: America's rural drinking
water problem.

To a large extent, America's drinking water problem is a rural
drinking water problem. Although most of you are familiar with it,
Tet me re-state some of the conciusions of the famous 1970 United
States Public Health Service Community Water Supply Study. Of the
969 communities studied, fully 41 percent of those investigated did
not meet minimum federal drinking water standards. And the smaller
the system, the higher the probability that it was substandard.
Only 50 percent of the systems serving fewer than 500 people met
the minimum standards--and 24 percent exceeded the mandatory limits
for contaminants. As a matter of fact, most of the systems that ex-
ceeded the coliform bacteria Timit served a population of 5,000 or
less. A convincing demonstration, I believe, of the sad state of
water supply in rural America.

No wonder, then, that we have been much concerned with the
passage of the Safe Drinking Water Act of 1974. We were, of course,
just as concerned with the passage of the Safe Drinking Water Acts
of 1972 and 1973, and it now appears quite possible that we will be
forced to deal with a Safe Drinking Water Act of 1975. I am here to
talk about what it is that one group, National Demonstration Water
Project, is trying to do to help alleviate some of these problems.

NATIONAL DEMONSTRATION WATER PROJECT

But before we get into a discussion about just what it is that
the NDWP does, I think it might be appropriate to tel}l you just ex-
actly what NDWP is. Quite simply, our project was funded by the
Office of Economic Opportunity with a mandate to improve the deliv-
ery of needed sanitary services tc rural residents nationwide, par-
ticularly those with low incomes and those who live in isolated and
remote rural locations.

As initially funded, NDWP sought to bring adequate water fa-
cilities to a particular and limited geographic area: The five
counties immediately surrounding Roanoke, Virginia. OEQ's inten-
tion was that if the project were successful, its experience could

giitgssz Note: Mr. Zimmerman was the luncheon speaker on September
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be duplicated in other areas of the country that face similar ser-
fous problems.

The success of Demonstration Water Project, as it was origi-
nally known, Tled to the establishment of the national program late
in 1971. In April, 1973, a greater degree of institutionalization
was achieved with the incorporation of NOWP in the District of Col-
umbia. Using the Virginia project as a base, NDWP steadily grew
until it now consists of six affiliate projects, which are spread
from Florida to New Mexico.

Our basic objettive is to precipitate basic changes in the way
that water and waste disposal services are delivered to rural Amer-
jcans. To do this, we have set forth four primary goals:

1. Through our six affiliate projects, to build upwards
of 30 million dollars worth of facilities by the end
of this decade, using our own 1limited funds to lev-
erage funds from other sources.

2. To design and test models for the organization, de-
velopment and operation of rural water and sewer proj-
ects.

3. To gather and disseminate, by publication and person-
al contact, both a technical and non-technical exper-
tise necessary for such development.

4. To forge a national alliance which can complete the
job of bringing better water and sewer facilities to
rural areas after the NDWP program has ended.

Why, then, do we have these ambitious goals? Simply because
between 20 and 30 million Americans in rural areas have inadequate
facilities for providing drinking water and wastewater disposal.
Many, in fact, have no facilities at all and must carry water to
their homes from other sites; others have facilities, such as shal-
low wells and privies, commonly found to be inadequate in terms of
health and convenience; and still others have facilities which can
be adequate but which may not be functioning properly because they
have been poorly constructed.

The consequences of all of this are tragic. Health problems
that are directly caused by contaminated water are the most visi-
ble. I'm sure most of you remember the typhoid outbreak that
occurred in a Florida migrant labor camp early in 1973. It was not
an isolated case. As a matter of fact, in the last decade, there
were 130 known or reported cutbreaks of disease or poisoning caused
by contaminated drinking water. EPA experts believe that perhaps
10 times as many such outbreaks actually occur, but go unreported
for a variety of reasons. The more subtle effects of inadequate
facilities--in school attendance, work habits, personal cleanli-
ness, community economic development--are considerably more diffi-
cult to measure scientifically. For its part, NOWP is planning to
conduct an impact study that will attempt to find ways of measur-
ing these subtler effects, but at the moment, we must rely on
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observation, case histories, and a few scattered studies as evi-
dence of the impact of water and sewer development on a community.

The data which are available convincingly support the conclu-
sion that the nation pays an excessive price for inadequate facil-
ities. Rural residents suffer from chronic health problems, and
their communities suffer from a retardation of social and economic
development. One of the resuits of this has been a steady popula-
tion out-migration which creates problems of overcrowded urban
areas at the same time that it denudes the rural community. If we
face these realities, it is hard for us to deny that obtaining bet-
ter water and sewer service for rural areas should be a matter for
general public concern.

Pollution and geography are two key elements which underlie
the rural water and sewer problem. It is by now a familiar fact
that most of the nation's streams are polluted by human and indus-
trial wastes and that the once pure underground aquifers, which are
the major source of water for rural areas, have been as adversely
affected in many cases. The result is that an ample and convenient
supply of pure water, as well as adequate wastewater disposal, can
only be obtained by extensive drilling, pumping, piping, storing,
and disinfecting.

In general, our urban areas have been able to solve their wa-
ter and sewer problems. Their very density has been an advantage
in this regard. And, of course, they are very well developed in a
political and organizational sense. However, the more scattered
rural population, especially those living outside any incorporated
municipality, cannot usually be reached by traditional water and
sanitation systems. They must rely instead on individual supplies
or water systems of a different sort.

When we add low incomes to the equation, we find that many ru-
ral residents cannot pay the cost of constructing and maintaining
an adequate water and wastewater system. They are thus faced with
a dilemma: either move to the city or endure poor water and sewer
service.

One would expect, given the seriousness of the problem, that
government would be anxious to do something about it. Unfortunate-
1y, this has not always been the case. Local authorities, usually
pleading lack of funds, have allowed the problem to go unattended;
only a few states have effective programs for water and sewer de-
velopment; and federal programs have been limited and uncoordinat-
ed. New legislation has also been ineffective. The Rural Develop-
ment Act of 1972, which could make some contribution to a solution,
has yet to be fully implemented.

Rural water and sewer development is a complicated and costly
process involving the financing, developing, and sustaining of fa-
cilities. There are problems peculiar to rural communities in all
of these areas which were apparent at the inception of the NDWP
program and, indeed, were among the reasons for its inception.

180



I would like to discuss each of these briefly by way of back-
ground, before going on to a discussion of the current NDWP pro-
gram. As far as financing is concerned, there seems to be a wide-
spread, if erroneous, belief that local communities can finance
their own facilities, and if they cannot, the states will, and that
federal participation can be limited to loans, at least for water
systems. It is our experience, however, that loans alone simply
cannot do the job.

FINANCING

A rural water and sewer system can be an expensive proposi-
tion--at the very least.$3,000 per connection--and as you know, the
cost of everything from plastic pipe to plant operators 1is rising
almost on a daily basis. A community which attempts to finance a
system purely through loans, even 5 percent 40-year loans from the
Farmers Home Administration, soon finds itself in a quandary. Its
first obligation, of course, is to meet the debt service require-
ment and additionally a reserve obligation as well. If it then
adds enough to the water bill to cover adequate operation and main-
tenance and a reasonable equipment replacement reserve, the water
bill is likely to go higher than most rural residents--and, indeed,
most urban residents--can afford to pay, 15 to 20 dollars, or even
higher depending upon the initial cost of this system. The classic
pattern has been for the community to skimp on everything but debt
service; thus, the system soon deteriorates. If grant funds were
available to help finance system construction costs, debt service
could be held down and the system could be well operated while
still charging a reasonable monthly rate. The comment we very of-
ten get is that grant funds, after all, are available. Our reply
to this would be that: yes, grant funds have been available, but
they have not always been continuously available and have not al-
ways gone to the people most in need. The Farmers Home Administra-
tion is a case 1in point. Since about 1965, Farmers Home has op-
erated a modest grant program. In 1972, as 1 have mentioned before
the Congress raised grant authorization for this agency to 300 mil-
lion dollars a year, thus giving promise of increased activity in
this regard, Unfortunately, early in 1973, grant funds for this
program were withheld by the Administration, and state and local
governments were encouraged to fill this gap with federal funds
from general and special revenue-sharing programs or with their own
appropriations. Following the Congressional pressure, the grant
program was restored in fiscal 1974 and 150 million dollars in
funds were released. This is a good sign, but past performance
makes us worry that this momentum will carry forward in the follow-
ing years.

On the waste disposal side, the Water Pollution Control Act of
1972 would seem to offer a replacemert for the sewer portion of the
Farmers Home program. This has not been the case because the Act
was passed primarily as a means to clean up the nation's waterways;
thus, the most serious municipal polluters are being given funding
precedence. Rural communities will be far down on the statutorial-
1y required priority list and will likely stay there for the fore-
seeable future.
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While these are the main funding sources, there are several
others who are able to provide at least minimal funds. The various
regional commissions--Appalachian, Four Corners, Coastal Plains,
etc.--also have a limited amount of grant funds available, but they
are tightly controlled by the governors of the states involved.
The Economic Development Administration of the Department of Com-
merce has a grant program tied closely to industrial development in
designated target areas, but funding beyond the end of this year
would seem to be questionable. t should also be mentioned that
several states--Missouri, New i‘exico, Georgia, North Carolina, Ala-
bama, Washington, Florida--have grant programs for water facilities
construction. Many states, of course, have grants available for
sewer construction, but these are used primarily to match EPA grant
funds.

Adding to the problem that is caused by the lack of grant
funds is the fact that many rural communities Tlack the necessary
expertise to find out what funds are available and how to go about
getting them. Local private groups, such as community action agen-
cies, are a help but may themselves lack the funas, Tleadership, or
inclination to move into water and sewer projects when there are
many other problems to be dealt witn in the community. Federal and
state agencies, however, often have the resources and experience in
facilities development which local communities lack, possibly in-
cluding a network of regional and Tocal offices.

Present policy, unfortunately, 1is commonly to use the appli-
cation approach, waiting 1ike bankers for someone to come in and
apply for a loan or grant. Far too often, no appiication comes in,
or, if it does, it is incorrect and must be redcne with resulting
frustration and delays.

We believe that funding agencies could identify communities
which seem to be in need of assistance and help them to design wa-
ter and sewer systems and the financial packages to construct them.
Individuals in some federal and state agencies have done this for
years, but the exercise of the outreach function has in general
been very dismal. In fact, many of the people we talked to in ru-
ral areas complain that they must submit large amounts of compli-
cated paperwork before these agencies will even begin to process
the application.

DESIGN

Both state and federal agencies also tend to be unimaginative
when it comes to the design of rural water and sewer systems. For
example, a cluster well system--that is, multiple water sources or
sewage treatment facilities wunder central management--may be more
economically feasible in an area with a scattered rural population
than a traditjonal central system. Yet, such a systemmay have dif-
ficulty obtaining health department apprcval so prevalent is the
belief that city water--in the sense of good quality water--can only
be obtained through a city system.
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OPERATION AND MAINTENANCE

Although financing and development are obviously crucial, pos-
sibly the most crucial area of rural water and sewer development is
the sustaining, or support, of the facilities themselves. Poor op-
eration and maintenance, rather than a lack of facilities to begin
with, is the chief reason why rural facilities are inadequate today.
This is more than a oroblem of poorly trained operators. Instead,
operation and maintenance is affected by all the things which re-
late to the water and sewer system from the original financing to
the regulation of the system by the state.

The original financial arrangements for rural projects have
often been based on unrealistic appraisals of likely operation and
maintenance costs in the past, and these costs are rising every-
where. A water-sewer system cannot be operated on a shoestring;
and if this fact is not faced at the outset, no amount of patching
and improvising later on can save tne situation. Unfortunately, not
enough hard information about true support costs has been availabie
to rural projects in the past, a need which NDWP is trying to meet
with systematic study of these costs in several states. When infor-
mation is available, funding agencies must provide enough assistance
at the construction stage to allow a water system to finance its own
support needs in the future.

In order to keep costs down as much as possible, arrangements
for operation and maintenance should be as innovative as possibie,
an approach which immediateiy suggests tne need for cooperation by
funding and approving agencies. Training users tc operate the fa-
cilities is one approach which may work in some cases and which NDWP
is testing. However, they will have difficulty performing all the
technical tasks that are required, even with the best designed
training program. On the other hand, small water-sewer companies
find it hard to afford truly professional operation and maintenance.
An alternative is to establish non-profit support companies to pro-
vide support services for a large number of small community asso-
ciations, thus giving each of them better service than it could af-
ford on its own. Here again, the biggest roadblock may be funding
agencies which prefer more traditional support arrangements.

REGULATION

A major factor affecting the successful sustaining of facili-
ties is federal and state requlation. What rural systems face here
is the familiar problem of guality versus costs. As concern with
water polilution has increased in recent years, there has been a
steady trend toward upgrading water-sewer facilities--better state
design standards, mandatory operator certification, toughened fed-
eral drinking water and treatment plant effluent standards, and so
on.

A1l these changes represent improvements in the quality of
water-sewer service and no one opposes that. At the same time,
there may be trouble ahead for rurai systems if the higher standards
being imposed are not examined carefully on the basis of necessity
and cost. Although all federal and state agencies should be alert
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to the problem, many are not. States often use urban design cri-
teria to force rural communities to build elaborate systems which
they do not need and cannot afford.

As noted earlier, the problems which have been described here
are current problems, but they have been in existence for quite some
time. The iradequacy of rural water-sewer facilities cannot be rem-
edied unless these problems are attacked, and it was this challenge
which NDWP was designed to meet.

NATIONAL DEMONSTRATION WATER PLAN (NDWP) METHODOLOGY

At the present time, NDWP uses two basic methods to achieve its
goals: affiliate projects operated in six states in partnership
with NDWP and national program components, which are planned and
executed by NDWP contractors.

The affiliate projects--inVirginia, West Virginia, South Caro-
lina, Arkansas, New Mexico, and Florida--were all chosen because of
unique features that would contribute to a thorough testing of NDWP
methodology. A1l are centered in low-income, rural areas and have
in common strong organizations with the capability of sponsoring
complex projects under joint venture arrangements.

As they have evolved, the field activities of the affiliate
projects concern three basic model approaches:

1. The Nom-profit Model. A private, non-profit company
performs the development function, including the es-
tablishing of separate non-profit water companies.
Through these companies, the users own and manage the
facilities which are constructed. Support capability,
in some cases, is built into each company through an
extensive training program. However, the long-run
success of such ventures is yet to be demonstrated.
An alternative support arrangement which seems in-
creasingly attractive 1is to have a separate support
company, possibly the development company itself (a
D and S company) provide operation and maintenance
for several community water associations.

The non-profit approach helps to keep costs down and
may be especially well-suited to the cluster-well tech-
nique which NDWP has supported.

2. The Public Agency Molel. In some instances, a public
agency is the best vehicle for water-sewer system op-
eration, especially if the project includes sewer as
well as water facilities because non-public bodies,
at the present time, are not eligible for EPA finan-
cing. A public service district seems the most suit-
able public agency. (Such districts are allowed to
operate water-sewer facilities in most states but are
not always called by this exact name. They may be
utility districts or sewer improvement districts.)
There 1is some user control because the districts are
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governed by elections. Both development and support
can be provided by a non-profit company or companies.

In some cases, a non-profit may develop facilities
which are then owned and supported by a traditional
entity, such as a municipality.

3. The Electric Co-op iModel. Another type of organiza-
tion which can serve as a suitable entity for water-
sewer development is the rural electric cooperative.
The belief in NDWP s that REC's can be induced to
apply the vast expertise they nave gained in bringing
electricity to rural America to water-sewer facili-
ties, assuming they can receive the same financial
help from federal or state scurces and technical as-
sistance from NDWP. One of NDWP's most promising
state affiliates 1is built around a group of rural
electric cooperatives.

Co-ops which enter the water-sewer business will usu-
ally spearhead the development process, support the
facilities constructed, and own and operate the fa-
cilities. However, co-ops will probably (as in the
Florida affiliate) do their work through a separate
non-profit corporation in the development stage, and
it is possible that separate, user-owned water compan-
ies would be used in some cases.

(The table on the following page summarizes the three NDWP mod-
els and lists examples of projects which are applications of them.)

It seems likely that as rural water-sewer development goes for-
ward, all these models could appropriately be applied within the
boundaries of a single area. Thus, a non-profit, cluster-well ap-
proach might be used in an isolated rural area; a rural bedroom
community near a municipality may best be served by subsidized ex-
tension of municipal service; larger communities may be served by a
rural electric cooperative or a public service district.

Qur affiliate projects also have been concerned with involving
state governments in programs that will show new approaches for
state government in this field. Joint activities in one or more
states where affiliates exist are planned to include:

1. studying the operation and maintenance costs and ac-
tivities of rural utilities;

2. formulating criteria for selecting target communities
and areas to receive assistance with inclusion of all
residents, including those in areas too isolated to be
served by central systems;

3. establishing procedures for evaluating the cost impact

on rural utilities of proposed state health regula-
tions;
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Table 1

NATIONAL DEMONSTRATION WATER PROJECT MODELS

profit

company

Development Ownership and Support
Model Function Mgt. Function Function Example
N
0 I Non-profit Non-profit user- Non-profit user- Virginia
N development owned water-sewer owned water-sewer project
P company company company
e g U g
0 11 Non-profit Non-profit user- Non-profit New Mexico
F development owned water-sewer support company project
1 company company
T
P
u 1 Non-profit Public Non-profit West Virginia
B development service support company project
% company district Arkansas
C project
(Poplar Grove)
A ——— e e - — - — - ===
G II Non-profit Public (City) Public (City) South Carolina
E development water company water company project
N company (Possum Hill)
c
Y
I Cooperative- Cooperative- Rural Electric Florida
C controlled non- controlled non- Cooperative project
0 profit profit or REC
g I1 Cooperative- Non-profit user- Rural Electric Florida
controlled non- owned water-sewer Cooperative project




4. testing the feasibility of front-momey programs admin-
istered by states to assist communities in reaching
funds for financing facilities under major federal pro-
grams; and

5. developing training programs concerning. management of
utilities for 1local boards responsible for operation
of public and private utilities.

We are very much committed to making our affiliate projects
successful in concrete terms. This means a significant number of
both water and sewer connections. But we also don't want these
projects and their accomplishments to exist in a vacuum. A1l of
them, we feel, have implications far beyond their 1local areas,
Thus, the reason for our other major program component: The na-
tional component of NDWP.

The major components being used at the present time in our na-
tional program include:

affiliate coordfnation and assistance,

research and publications,

the National Information Clearinghouse,

. the Management and Technical Assistance Program, and
the National Alliance Program.

2 W N —

In a sense, all of these components interrelate and support
each other. For example, the research program provides input to
the local projects and the publication effort, the MTA program uses
the lessons learned in the local affiliates to help communities with
similar problems, and the publication program provides books and
reports useful to both the local projects and the MTA program.

A discussion of all these components would take much more time
than I have here today. Let me concentrate on our publication pro-
gram, as [ believe it would be of most interest to you.

NATIONAL DEMONSTRATION WATER PROJECT PUBLICATIONS

It is our thought, in the publications program, to eventually
produce a Rural Water-Sewer Bookshelf which can serve as the most
authoritative statement on both the theoretical and practical as-
pects of rural water-sewer development. Our two most recent pub-
lications include this rather hefty volume called The Guide to State
and Federal Policies and Practices in Rural Water-Sewer Development.
The guide brings together, we believe for the first time, all cur-
rently available information on both federal and state rural water
and sewer programs. It was written primarily to meet the need of
Tocal, state, and national planners--and others interested in rural
development--for a single reference work in this important field.

The result of exhaustive new research, the contents include a
summary and analysis of current policies and practices; and an
agency-by-agency and state-by-state survey of research, regulatory
and funding programs. As you can see, numerous tables are included

187



to summarize both the similarities and differences between the
states' programs in several important categories.

Our second new publication is entitled 0&4 - Guide for the Sup-
port of Rural Water-Wastewater Systems. This is not a technical
work. Instead, it was written especially to meet the needs of man-
agers of rural water and wastewater facilities for a comprehensive
treatment of system financial management, personnel and equipment
control, and technical oversight. Comprehensive coverage is given
to the following topics among others:  Support company management;
operating and maintaining water systems; operating and maintaining
wastewater systems; training and utilization of plant operators;
and estimating operation and maintenance costs. As you can see,
the guide 1is very expensively illustrated and contains 44 tables
and many figures, as well as an appendix which contains sample re-
porting forms, selected ordinances for the control of wastewater
inflow, standard wastewater tests and exampies of current water-
wastewater system costs.

Of our prior publications, let me mention Wastewater Treat-
ment Systems for Rural Commmities, a manual for the construction
of small wastewater systems. It includes information on tradition-
al systems, such as septic tanks, and on innovation approaches. A
particularly valuable part of the book 1is a very lengthy appendix
which contains a survey of available equipment and equipment data
sheets. We have a companion volume to Mr. Goldstein's, entitled
Rural Water Systems Planning and Engineering Guide. We have also
published a guide to the organization and development of projects
at the local level.

As you can imagine, we are forced to sell these books, al-
though I should hasten to add that the revenues derived do not
nearly cover the cost of their preparation.

We do manage to give quite a few things away, and I have
brought along a variety of this material. I hope you will take ad-
vantage of this and take some of them along with you today. I have
also brought along order forms for the publications we sell should
you find any of them of interest.

Even though we're proud of both our local affiliate projects
and our national program, NDWP fully realizes that its resources
alone are not adequate to bring about the changes in national pri-
ority that are needed if rural water-sewer deficiencies are to be
made good. In an effort to broaden the impact of its programs and
policies, it has organized the National Alliance program component
as a means of bringing together individuals and groups who are com-
mitted to rural development.

The Commission on Rural Water forms tte basis for this program.
Let me tell you a 1ittle bit about it.
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COMMISSION ON RURAL WATER

When OEO* originally funded this demonstration effort, it was
their hope that it would form the basis for a new national commit-
ment. At their suggestion, therefore, NDWP has fostered the forma-
tion of the national Commission on Rural Water. Although it re-
ceives staff services from NDWP, the Commission stands independent
of NDWP responsibilities for implementing the overall demonstration
program. Membership currently includes such organizations as the
American Public Health Association, the Ground Water Council, the
National Water Well Association, federal agencies such as EPA and
O0E0--and the State of New Mexico environmental improvement agency.

Working through the Commission, the National Alliance will at-
tempt to bring to the attention of the widest possible public the
problems that rural residents face in acquiring adequate facilities.
They will also press for appropriate policy changes to deal with
those problems. While our short-range goals change depending upon
the current funding and political situation, we do have several
long-range goals that we feel are vitally important. We begin with
the assumption that there is a public responsibility for supporting
the construction of needed facilities. We feel further that this
responsibility must be turned into a firm public commitment that
includes, for obvious reasons, the provision of adequate grant fund-
fng. We have found through bitter experience that loan funds alone
cannot do the job. We also feel that federal and state agencies
should be more willing to provide funds for other than central sys-
tems. After many months of discussion, the Farmers Home Administra-
tion has agreed to test this concept in NDWP affiliate projects. By
other than central, we simply mean that if it takes 45 wells to
serve 100 families, then let's put in those 45 wells, but also put
in the administrative entity necessary to operate and maintain them.

Funds for other than public bodies are also very necessary.
For example, EPA will not provide grant funding for any but public
bodies. Greater flexibility needs to be built into this program.

We also need to eliminate burdensome and unnecessary design
requirements. Not shoddy standards. But design requirements that
are realistic for rural areas, not simply urban standards applied
to rural areas.

I have talked almng time, and I feel that I have only scratched
the surface, both in describing the problems and in articulating
NOWP's response to them. But I am pleased to have been able to be
here today to share my thoughts with you. [ urge you to likewise
share your thoughts and ideas with me. We are, after all, in the
same boat; but without more and better water the boat will continue
to be mired in public apathy.

* * % * *

*0ffice of Economic Opportunity, a U. S. government agency.
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DESIGN OF WATER TREATMENT FACILITIES

Paul W. Prendiville
Senior Vice President
Camp Dresser & McKee, Inc.
Boston, Massachusetts

INTRODUCTION

In this discussion of water treatment plant design, I will
touch briefly on the following subjects: pilot scale investiga-
tion; flexibility in design; flocculation and chemical coagulants;
sedimentation; filtration; instrumentation and control of the pro-
cesses; and sludge and wastewater treatment and disposal.

PILOT SCALE INVESTIGATIONS

It is often wise to conduct pilot scale treatment dinvestiga-
tions of a water supply even if the raw water 1is of comparatively
good quality. The investigations themselves do not represent a
large investment in time or money, and the results can lead to a
savings in capital and operating expenditures.

For example, in Springfield, Massachusetts, the quality of the
water supply historically has been high; however, the water does
require treatment for reduction of color and at times iron and man-
ganese., An expansion of the existing facilities, which consisted
of slow-sand filters, was required to keep pace with increasing
water demand. It was found, however, that additional slow-sand
filters would not be feasible because of land and labor require-
ments, and that a rapid filtration plant would probably be more
economical. A simple pilot plant was operated at the site of the
filtration works to see if rapid filtration preceded by coagulation
and flocculation would adequately reduce the color, iron, and man-
ganese. A few weeks of operation indicated that this mode of treat-
ment was satisfactory, and the need to construct sedimentation ba-
sins was thereby eliminated. It was estimated that over two million
dollars in construction funds were saved because sedimentation ba-
sins did not have to be built.

Pilot scale investigations of water supplies have also shown
that different waters of apparently similar quality react very dif-
ferently under the same treatment conditions. In some cases, rela-
tively good quality waters have not reacted favorably to the direct
filtration approach. On the other hand, it has been possible to
maintain reasonable filter runs using the direct filtration process
on certain highly turbid waters.

Other references will be made in this text to pilot operations

that can be conducted to determine criteria for design and opera-
tion of a full-scale plant.

DESIGNING IN FLEXIBILITY

Numerous process, chemical and hydraulic calculations are made
in the course of designing a water filtration plant. If you were
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to wade through these calculations for any particular facility, one
thing becomes evident: before any calculation can be started, ba-
sic assumptions have to be made. For example, a number of assump-
tions have to be made to determine the capacity of a facility, the
population to be served in the design year, the average daily water
consumption of this population, the average daily industrial water
consumption, and the ratio of the consumption on the days of maxi-
mum demand to the average daily consumption. We have seen many
communities grow faster than had been projected. It is somewhat
like predicting the economy of the nation; and yet, design criteria
have to be set and plans made.

Because of these assumptions, flexibility must be built into
the design. Administrative and chemical facilities, for example,
can be designed to accommodate long-range needs, while initial
process units can be designed for a shorter period, and the site
can be planned for orderly expansion.

There are a number of additional ways to design flexibility
into a facility. A few examples are:

1. Conduits that transport the water to and from pro-
cess units can be designed for higher rates than
the process units., This allows for higher loadings
on the process units in the future. If the con-
duits in some of the older plants have been de-
signed with additional hydraulic capacity, upgrad-
ing of these plants to high-rate filtration would
be a much simpler matter.

2. Chemical conduits can be run to a number of points
in the process. Ever-changing chemicals and their
application make this mandatory.

3. Allowance can be made for separating the flow
through one line of process units from the main
stream. This enables the plant operators to con-
duct full-scale experimental chemical and process
tests while maintaining the plant in operation.

FLOCCULATION AND CHEMICAL COAGULANTS

The choice of chemical coagulant and its rapid dispersion into
the water is critical to efficient settling and filtration of the
impurities. The choice of chemical is dependent on laboratory, pi-
lot and full-scale plant testing. However, even though a particu-
lar chemical appears to give the best treatment during one period,
variations in raw water quality, and the development of new chemi-
cals can lead to another chemical or a combination of chemicals
that may be desirable in the future.

Here again, flexibility in design is called for. The struc-
tures housing chemical storage and feeding facilities, for example,
should be designed to accommodate bulk liquid storage of aluminum
or iron salts as well as providing space for storing small liquid
or dry chemical containers. And the feeding equipment should be
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designed accordingly. Also, where an alkali is required for pre-
treatment and/or pH control, facilities for storing and feeding
both lime and caustic soda can be designed into the plant.

The equipment selected to provide rapid dispersion of the
chemicals into the water, as well as that for slower flocculation,
can be equipped with variable speed drives to give a wide band of
mixing speeds.

The amount of flocculation required varies with the water, its
temperature and with the chemical used. Pilot plant tests of the
water in Springfield, Massachusetts, showed that when the tempera-
ture of the water was low, a period of about 15 minutes of tapered
flocculation provided the most efficient filtration. This appears
somewhat at variance with the commonly held theory that where di-
rect filtration is practiced, a short rapid flocculation period to
build a pinpoint floc is desirable. It may be that during full-
scale plant operation a short flocculation period will be desirable
under certain conditions. The flocculation basins and the mixing
equipment, in this case, were designed to allow for a variable
speed and period of flocculation.

Interestingly, recent pilot tests conducted at the Spring-
field facility indicate that a polymer rather than aluminum salts
myy be used as the prime coagulant. The fact that the full-scale
plant will be in operation this fall points out the validity of a
flexible chemical design.

Results of pilot scale tests recently conducted in Sydney,
Australia, for a large water treatment facility indicate that the
Sydney water supply, which contains 25 units of artificial turbid-
ity, can be treated by direct filtration. The pilot tests have not
yet shown definitively whether alum salts or a polymer will be the
best chemical, nor exactly what period of flocculation will be de-
sirable. The period of flocculation or conditioning could be de-
pendent on the chemical. Again, the intention is to design the
mixing equipment and flocculation structures with flexibility in
mind. In this case, a large channel will be used to provide up to
15 minutes of conditioning. Provisions will be made for flocculat-
ing at various points in the channel.

Certain polymers have recently been used as the prime coaqu-
Jant for the reduction of turbidity and/or color in some waters.
The polymers have been used to date with varying degrees of success
in different supplies. Where the polymers are effective, they can
sometimes be more economical than aluminum or iron salts, and their
use results in a smaller amount of waste sludge.

SEDIMENTATION

Regardless of the fact that direct filtration may grow in popu-
larity for the treatment of relatively good waters, sedimentation
will continue to be a workhorse in many applications. The design
of the basins is dependent on the treatment plant site, the climate,
and on the experience and opinions of the designer. There are a
number of options open to the designer, however, including horizontal

192



removal flow-thru basins, upflow basins, horizontal trays, and in-
clined tubes.

Horizontal flow-thru basins--with or without mechanical sludge
removal equipment--have been used in numerous plants. T. R. Camp
addressed the area of sedimentation at length and proposed that
trays be installed in new and existing plants to.increase the flow-
thru capacity of the basins. His firm, Camp Dresser & McKee, de-
signed trays into existing basins in Cambridge, Andover, and New
Bedford, Massachusetts; Troy, New York; and Concord, New Hampshire.

The use of inclined settling tubes was introduced by Micro-
floc, Inc., and the use of settling tubes in certain installations,
especially in the upgrading of existing plants, has become attrac-
tive. Tubes are being installed in the existing sedimentation ba-
sins in the Willimantic, Connecticut, water treatment plant to up-
grade the capacity. This step, along with the placement of dual-
media in the existing filter boxes, will allow for increasing the
flow-thru capacity of these two processes at a minimum expenditure.

Upflow type basins have been used with success in the United
States and extensively in other parts of the world. The sludge
blanket concept allows for a higher unit area loading than with
horizontal flow-thru basins. Thus, similar to the horizontal tray
and inclined tube installations, the upfiow basins should be more
economical and should take up less space than conventional horizon-
tal flow-thru basins.

FILTRATION

As the most important process in the treatment flow stream,
filters must be designed as the safety valve ahead of the consumer
in addition to removing a substantial amount of the impurities in
the water. Whether or not the plant is designed with sedimentation
basins, the filters should be designed to effectively remove impur-
jties through the full depth of media at a relatively high rate of
filtration.

Dual-media anthracite coal and sand filters are currently be-
ing designed at rates of 5-10 U. S. gallons per minute per sguare
foot of surface (gpm/sf). A third media of garnet has been used in
some installations. Whether the filter be designed using two or
three media, the size and consistency of the floc penetrating the
media, and the relative gradation of the media are of prime impor-
tance. Enough emphasis cannot be given to the choice of coagulat-
ing chemical, the control used in feeding the chemical into tre wa-
ter, and the rapid dispersion of the chemical into the water. The
effectiveness of the sedimentation and filtration processes are de-
pendent on the coagulation step.

The selection of a reasonable filter rate also depends upon a
number of factors, including the quality of the raw water, the pre-
treatment provided (e.g., sedimentation or not), and the number of
filters that could probably be out of service at any one time. Pi-
Tot filter tests can be of considerable value and should be con-
ducted for each water supply as noted earlier. However, most waters

193



are amenable to being filtered at a rate of at least 5-6 U.S. gpm/sf
with proper pretreatment. Higher rates may be employed where sedi-
mentation is practiced and the raw water is of relatively good
quality. The rate must be chosen in concert with the design of the
backwash pumps and the choice of a minimum reasonable backwashing
cycle. As a treatment facility gets larger, the higher rates should
be considered more seriously, since the economic savings become
substantial and because there is wusually more flexibility in back-
washing due to the larger number of filters.

One notable exception of this rule-of-thumb 1is the filter de-
sign rate chosen for the large Sydney, Australia, treatment facil-
ity. With sedimentation, the rate would probably have been 7-8
U. S. gpm/sf. When it was decided to treat without sedimentation,
the rate was dropped back to 5-6 U. S. gpm/sf.

There are a number of other choices required when designing a
rapid dual or multi-media filter. For example:

Should an ancillary wash be included; and if so, should it
be air or surface? A number of plants have experienced a
layer of mudballs on the surface of the filters, requiring
air or surface wash to break up this layer.

What type of filter bottom is needed, since this choice is
somewhat dependent on whether or not air is provided? It
should also be considered that some bottoms require a Tay-
er of gravel underneath the sand; others are designed to
directly hold the sand.

How will filtration rate be controlled? For example, there
are many plants being designed in the U.S. today using au-
tomatic constant filter rate control devices. A number of
designers, however, advocate minimization of control de-
vices, especially in geographical areas where it is assumed
that operation and maintenance will not be given full at-
tention.

INSTRUMENTATION AND CONTROL OF THE PROCESSES

High quality, reliable instrumentation is available today to
the extent that a water treatment facility can be fully automated
if desired. Small plant or large, the decision to automate and to
what degree should be made by the engineer only after sufficient
discussions with the client. It was mentioned above that a choice
has to be made on the mode of filter control. In an area where
sophisticated operating personnel are available, the filtration and
backwashing processes can be completely automated. This can result
in a minimum of operating staff and a highly reliable process.
Where conditions are different, the better choice could be a mini-
mum of automation, resulting in additional operating staff, but
less equipment to maintain.

Conditions are not always this black and white; however, it
may be a wise decision to automate certain processes even though a
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sophisticated operating staff may not be avajlable. After all, the
use of instruments could make certain pre-set limits of operation
automatic, thus cutting down on the chances of operational errors.
Su%h a decision demands that the equipment will be maintained prop-
erly.

In addition to automation of the filtration process, instru-
mentation and control technology is advanced enough to automate the
chemical processes and hydraulic flow-thru. In larger plants, con-
sideration can be given to computerizing the logging of data, con-
trol loops and maintenance programs.

SLUDGE AND WASTEWATER TREATMENT AND DESIGN

The sludge removed from the sedimentation basins and the waste-
water resulting from backwashing the filters often creates as much
more of a challenge to the engineer than does the design of the
treatment processes themselves.

Primarily, the method of treatment and disposal of the waste-
water and solids is dependent on the chemicals used in the treat-
ment process. Lime sludge resuiting from the softening process is
voluminous, and a decision has to be made between dewatering and
disposing of the sludgecake or recalcifying. Alum sludge can be
dewatered and disposed of to land or it can be dried in lagoons or
drying beds. Recently, more attention has focused on settling of
the wastewater and holding of the sludge and bleeding the solids to
the wastewater treatment plant. The supernatant can be either re-
claimed and treated or disposed of to a local watercourse under
controlled conditions.

The use of polymers as the prime coagulant results in a smaller
volume of sludge. Where the right conditions prevail, consideration
can be given to applying wastewater directly to the land.

SUMMARY

In this discussion, I have attempted to highlight some of the
more important developments in the design of the major water treat-
ment processes. Many major design elements 1including intakes and
screens, pumping facilities, and filtered water storage basins have
not been discussed. I have, however, tried to show the importance
that lies in the choice and application of chemicals and the design
of the flocculation, sedimentation and filtration processes. I have
mentioned the use of the direct filtration process and the economic
advantages of that process for treating certain water supplies.

The importance, based on my experience, of piloting treatment
processes should not be underestimated. To this end I have stressed
certain applications of pilot plants including those for direct
filtration, choice and application of chemicals, filtration rates
and degree of flocculation required. I have also tried to illus-
trate the importance of designing flexibility into the treatment
works to allow for expansion, as well as for future improvements in
chemicals and processes.
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There are many important design decisions that have only been
alluded to. For example, the choice of filter bottoms; the mode of
control of the filters; and the degree to which a water treatment
facility should be automated. The Filtration Problems Committee
of the American Water Works Association (AWWA), chaired by Profes-
sor John L. Cleasby, is currently attempting to address some of
these design options. I am pleased to be a member of this Commit-
tee and trust that the on-going exchange of ideas and test results
will continue to improve design and operation practices.
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QUESTIONS AND DISCUSSION

QuesTion:  (Robert Stuart, Hazen & Sawyer) I noted that you have
indicated that the disposal of solids from a waste treatment plant
creates a major design problem for which there is no one good solu-
tion. Could you comment on this.

MR, PRENDIVILLE: I agree. There is no one good solution. In many
cases where a waste treatment facility is available and where the
quantities of solids from the water treatment process are not that
much compared to those from the wastewater, it has been feasible to
discharge the solids to the waste treatment facility through the
wastewater collection system. This has turned out economical in
many large cities and regions, and in smaller cities and towns it
would be more questionable. Many plants have been designed with
lagoons or drying beds. Disposal of the solids in either a 1liquid
or solid state to the land certainly has possibilities, especially
where poliyelectrolytes are used as the prime coagulant.

QuesTion: (Jim Lamb, UNC-CH) Most of your comments, [ think, were
directed toward basically the processes which we are now using or
have used for some years. I wonder what you see as the present
thrust, if any, toward the use of some of the new techniques which
have been proposed for waste treatment in the water supply field.

MR. PrenDiviLLE: 1 have mainly addressed the processes used for
many years. Wnat I have tried to stress are the current improve-
ments being designed into existing processes such as coagujation
and filtration. In regard to techniques recently used in the
wasterwater field that might be common tothe filter treatment field,
one of these would be the use of activated carbon either in a pow-
dered or granular form for removing organics in existing water or a
water supply. Activated carbon can be used in place of anthracite
coal in a filter bed and serves both a filtering and adsorption
purpose.

QuesTion:  (Professor Howells, WRRI) I would like to ask you when
you're dealing with a public water supply treatment problem on a
source stream that is relatively polluted where there are chemical
plants upstream and you do certainly have some refractory organics,
how do you approach this? How much do you attempt to determine just
what the nature is and treatability, etc.?

MR, PRENDIVILLE: There is a water treatment facility in Lowell,
Massachusetts, which treats water from the Merrimack River. Raw
wastewaters are now being discharged into the river upstream of the
water treatment facility. Wastewater treatment facilities are now
being constructed on the river. The treatment facility as it exists
has limited capabilities for handling taste and odors due to organ-
ics in the supply. We had recommended that new activated carbon and
sand filters be installed at the treatment facility. In addition,
we had looked at the possibilities of ozone, but since the existing
plant has a rather large chlorine installation, we did not recommend
at this time that new ozone facilities be installed. Studies have
been conducted to determine organics in the river. There is a ques-
tion on the Tlife of the carbon filters depending on the level of
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organic material required to be removed. It appears that the car-
bon filters could have a life prior to regeneration of up to two
years where the removal of organics causing with taste and odors is
the only criteria. Studies done to date seem to indicate that the
carbon would have a much shorter life prior to breakthrough of some
of the other organics in the supply.

QuesTioN: (Professor Howells) I think you should mention something
about disinfection and what comes to my mind is every so often we
sort of go through this cycle again of what are the alternatives to
chiorine and somehow or other we throw them up and examine them and
we always come back to chlorine. You might comment on that a 1lit-
tle. Would you seriously consider ozone in new plant design?

MR, PRENDIVILLE: Ozone has been considered for disinfection of wa-
ter supplies in the U. S. At the present time, most states require
a chlorine residual in the water; and therefore, even if ozonation
was to be used, a small amount of chlorine would still have to be
added to the water to provide the residual in the system. Because
of the latest crisis in chlorine supply, the production of hypo-
chlorite on site has been considered in many instances. This be-
comes simply a matter of capital and operational economics and the
availability of chlorine gas.

* * * * *x
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INTRODUCTION

An assessment of rate-making policies in the urban sector of
the water utility industry within the United States is timely. This
derives from two sources. First, the scientific as well as philoso-
phical bases for determining rate-making policies have increasingly
been questioned. These questions have been raised at an increasing
rate by a wider cross-section of professional and public interest
groups than in the past, particularly within the past five years.
Secondly, the water utility industry has begun to respond to crit-
icisms of their rate policies. This has resulted in several funda-
mental changes; changes that are more significant than any that
have been made since the turn of the century. Acknowledging the
significance of these trends, this paper focuses on these questions
currently being raised and the resulting responses.

A useful distinction inexplaining the evolution of rate-making
policies is that between the views on this subject taken by econo-
mists and by the industry. Although this dichotomy has generally
characterized the two ends of the rate-making spectrum, there have
been certain points of agreement, a phenomenon that is becoming
much more prevalent. The most important distinction between econo-
mists and the industry concerns the fact that economists focus
their attention on rate structures. That is, they are concerned
with the incentive effects of various types of pricing systems;
e.g., flat versus metered rates, uniform versus seasonal metered
rates, decreasing block versus increasing block rates, etc. The
emphasis is placed on determining what effect various rate struc-
tures will have on water use and investment in new facilities. Al-
ternatively, the industry has been concerned with rate levels; 1i.e.,
generating enough revenue to meet costs (revenue requirements). As
a result, rate strucctures have rarely been reviewed and changed
even less frequently. Rate levels, however, have frequently been
altered, particularly in the recent past. Rate revisions have typi-
cally been an upward adjustment in the rate level to meet increased
costs, leaving rate structures unchanged.

Since changes in rate levels involve no modifications in rate-
making philosophy, the historical overview of rate making in the
United States 1is limited to a chronology of the few changes that
have occurred in rate philosophies or structures. From the Civil
War to roughly the turn of the century, urban water, with the excep-
tion of that supplied by individual wells and cisterns, was sup-
plied by private and public water companies on a flat rate basis.
Meters were generally not used to measure water consumption; and
hence, rate structures did not contain a commodity charge or price
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per unit of water consumed. Rather, the flat rate was based on the
number of residents, type of fixtures, number of rooms, or other
physical features associated with the customer's property; e.g.,
Tot size. In the case of the public companies, taxes were also
used to generate revenue. While dominant in the early years of
the industry, flat rates still exist in numerous small water sys-
tems and 1in some larger ones, such as Sacramento, California.
Moreover, there are several large systems--e.g., Baltimore, Denver,
and New York--in which some of their residential customers continue
to be charged on a flat-rate basis.

It should be émphasized that this discussion is exclusively
1imited in coverage to the United States. For measurement, although
not by meters, and allocation on the basis of use, were practiced
in Roman times [Frontinus, 97 A.D. (Trans., Herschel, 1913)]. Rom-
an water rights were not riparian and reverted to the government to
be reallocated to other applicants wupon the death of an original
owner. The amount of water that was allocated to an applicant,
many of whom were residential users, was measured by the size of
the orifice that he was allowed to insert into an aqueduct. As
long as the heads were roughly the same, this was a reasonable way
to measure and allocate water. The only exception to this practice
was the ancient grants for public baths, where no measurement was
required. Certainly, this method was more sophisticated than flat
rate systems in which the use by an individual customer is not in
any way measured, and his water bhill only roughtly correlates with
water use.

The conversion from flat to metered rates was the first major
change in rate structure that occurred in the United States water
utility industry. With the introduction of meters to facilitate
measurement, utilities began to assess rates, in part, on the basis
of the amount of water consumed. The conversion to metering was
rather swift in the industrial segment of the market with the major
switch taking place between 1900 and 1910. This is not to say that
there were not commodity charges based on measured use prior to
1900. For example, in Baltimore, Targe industrial users were not
assessed a flat rate charge, but were charged on the basis of the
number of wine barrels of water that they consumed. The bulk of
the metering of individual residences took place in the perjod be-
tween 1920 and 1935.

Associated with the switch to metering was the declining block
rate structure. The first units (block) of water consumed in any
billing period are purchased at a certain rate. Successively larg-
er units (blocks) are purchased at Tlower prices. Although this
structure has dominated since the inception of metering, there have
been changes in it in the past ten years. Thus, another fundamental
change in rate structures has been made by some utilities. It has
usually been in the form of eliminating the declining block and
switching to uniform commodity charges in which every unit is sold
at the same price.

It can, then, be said that metering, the first major change in
rate structure, has generally been completed. The second change,
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the elimination of declining block rates has begun. More important-
ly, some utilities are seriously considering yet a third major
change in rate structures, a switch to a system of seasonal rates
in which rates would be higher in seasons of high cost, high use
than in seasons of low cost, low use.

ECONOMIC PRINCIPLES

Before embarking on an assessment of the evolution of rate-
making policies, the scientific and logical basis for criticism
must be given. This basis is briefly presented here.

An increase in the consumption of a commodity produces a bene-
fit to the consumer. Expansion of output requires, however, with-
drawal of resources from the production of some other item and,
therefore, entails a cost to the would-be consumers of foregone al-
ternative products and services. The general role of prices is to
balance benefits and costs at the margin; i.e., to assert proper
checks which will ensure that an incremental increase in the pro-
duction of a commodity 1is balanced by a corresponding increase in
consumption of that commodity. Prices, therefore, have two func-
tions: to discourage excessive consumption of a commodity and to
induce the desired supply of that commodity.

In a perfectly competitive economy, prices are determined by
an automatic, impersonal market mechanism where they are adjusted
so that the quantity of goods demanded equals that of goods sup-
plied. When prices are determined in this setting, all economic
choices are efficient; i.e., real income is maximized. Therefore,
under conditions of perfect competition, a pricing policy is not
required. The need arises where industries, such as the water in-
dustry, are not perfectly competitive. The fundamental question
concerns the determination of the optimum pricing policy to be
adopted.

The optimum pricing policy depends on the analyst's objective
function. With economic efficiency as the standard, social welfare
is maximized when the difference between social henefits (total
revenue plus consumer surplus) and social costs (measured as an
opportunity cost) is the greatest. The pricing criterion achieving
maximization of this social welfare function is that the price of
any service or commodity should be equated to the costs of produc-
ing another unit of the same service or commodity; i.e., price
equa1§ marginal cost (see Williamson [1966] for a straight-forward
proof).

Let us begin our discussion of the rationale for marginal cost
pricing by assuming that we have an existing facility requiring
that a price be determined for its output. Generally, prices mea-
sure a consumer's marginal gains. Therefore, if price is equated
to marginal cost, no gain can be derived from either expanding or
contracting output (incremental gains equal increment costs). Al-
ternatively, if price exceeds marginal cost, a facility will be
underused; the incremental consumer gains from increased output,
measured by price, will exceed incremental costs of providing an
increment to output. In the third instance, if price is less than
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marginal cost, there will be an excess demand for the service or
commodity; incremental benefits, measured by price, will be less
than incremental costs. Therefore, faced with the problem of set-
ting a price for the output of an existing facility, one should set
price equal to marginal cost.

When demands grow and existing capacity becomes fully used,
price should be raised to ration capacity. As time passes, the
point will be reached when the price that rations capacity exceeds
operating costs plus properly discounted capital costs of a new in-
crement to capacity. At this point, investment in the new capacity
should be made; benefits, measured by price, will exceed the rele-
vant marginal costs (operating plus discounted capital costs). The
appropriate level of investment in capacity will be reached at the
point when the value of the new capacity is balanced against the
value of its opportunity cost. Therefore, the rule price equals
marginal cost aids not only in pricing to achieve optimum output
from an existing facility but also in determining when to invest in
additional capacity.

These pricing and investment rules can be more clearly seen by
viewing Figure 1. As shown here, demand is growing from Dy to Dj,
and prices are equated to short-run marginal costs (SRMC). The
SRMC function 1is assumed to be constant (OPq) until capacity is
reached at OA, when it becomes vertical. TAe long-run marginal
cost function (LRMC) is also displayed. It includes the capacity
costs, expressed as a discounted flow, plus operating costs. Let
us assume that the initial demand fs DQ; then, the optimum price
would be Py which would only cover running costs and no capacity
costs. It is optimal to raise price to P, as the demand grows to
D1. At this price, operating costs are béing covered, and a con-
tribution toward covering capacity costs (the rectangle P2EFP) is
being made. It continues to be optimal to raise price along the
vertical segment of the SRMC function as the demand grows until
price (P3) equals the long-run marginal costs; i.e., until consum-
ers are willing to pay an amount equal to running costs plus the
full capacity costs. As demand grows beyond this point (Dp) addi-
tional investments in capacity should be made. For example, if the
demand shifts to D4, it will become efficient to make an investment
in new capacity of AB. In this case, the value (benefits) of the
additional capacity is represented by ABB'C while the costs (run-
ning plus capacity) are represented by ABB'D. The net benefit is
represented by the triangle COB'. This example is highly simpli-
fied. If strictly followed, it would be similar to trying to navi-
gate a ship on the basis of rules derived from an analysis of calm
sea conditions. However, it displays the basic fundamentals of
pricing and investment criteria,

Although the theory of marginal cost pricing is clear to most
economists, they often become confused when applying the principles.
The major source of this confusion arises over what the correct con-
cept of marginal cost actually is. The problem usually revolves
around the fact that the economic model contains concepts that are
only remotely related to the actual decision under consideration.
For example, the extreme short-run marginal and long-run marginal
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cost concepts are usually not relevant for the decision at hand,
which is to set water rates for the next one to three years. The
relevant marginal cost is the one covering the same period of time
as the rate decision. If rates are being designed today for 1975-
1976, one is interested in evaluating the incentive effects of rate
changes upon consumers and their water consumption in future years
(1975-1976). Hence, the relevant marginal costs and rates should
reflect the savings to the utility, if consumers reduced their con-
sumption, and they should also reflect the additional costs the
utility will incur, if consumers increased their consumption during
these years. So that in practice, a mediwn rn concept of margin-
al cost is probably more appropriate than either the short or long-
run concept presented in Figure 1 (Vickrey, 1971). However, this
does not invalidate the basic principles of marginal cost pricing
which are used as a basis for critiqueing industry practices.

AN ASSESSMENT OF RATE-MAKING POLICIES

The pricing policies of mst water enterprises in the United
States are largely based upon financial and not economic criteria
(see Hanke and Davis, 1973, for a comprehensive review). These fi-
nancial criteria are applied ex post and are not an integrated part
of a pricing-investment planning process (Anderson and Turvey,
1974). The financial criteria are concerned with price levels,
rather than price structures. By designing pricing policies that
are not based upon economic criteria, water enterprises cannot ef-
fectively determine how fast expansion should be, how output
should be divided among various competing users, and how existing
capacity can be more fully utilized. These are the questions to
which the economic approach to pricing, outlined earlier, is ad-
dressed.

There are numerous methods that are actually used in designing
pricing policies. This paper is limited to a discussion of the
general and most salient features of the financial or accounting
approach used by the industry. The accounting approach begins with
an inventory of all of the undertaking's assets. Depreciation rules
are applied to the value of these assets to yield an average annual
capacity cost. Variable costs are then evaluated. Usually, these
are broken down on the basis of customer-related costs; e.g., costs
that are not correlated with eijther the demand for capacity or wa-
ter; these include metering and billing costs and those that vary
with the quantity of water demanded; e.g., chemical costs, etc.
used to treat water. These accounting costs are then allocated to
consumers so as to reflect the accounting cost that consumers are
imposing on the water enterprise. Oftentimes these costs are, in
effect, Towered to the Jocal project beneficiaries because the fed-
eral government is a project partner and shares a portion of the
costs (usually, a portion of the capacity or capital cost).

As noted earlier, the rate structures that are usedtp allocate
these costs or revenue requirements are numerous. However, the most
prevalent are multi-part tariffs that consist of a fixed charge per
unit of time, related to customer costs and a portion of capacity
costs, and a declining block commodity charge, related to variable
costs (excluding customer costs) and a portion of capacity costs.
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There are several significant defects associated with the tra-
ditional approach used to design pricing policies. The first of
these concerns the process and assumptions that are used to set
rates. Figure 2 will assist in evaluating the rate determination
process. Traditionally, the industry forecasts water requirements
(Step 1). These forecasts assume that urban water use will increase
proportionately, or in some other simple relation, to the increase
in population and economic activity (Hanke and Boland, 1971). If
existing capacity is not adequate to meet the requirements, new ca-
pacity is designed (Step 2). Then, an analysis of system costs is
conducted to determine the utility's revenue requirements (Step 3),
and the level of rates is set (Step 4) so that the appropriate
amount of revenue can be generated. This process is one in which
the engineering and physical planning takes place in Steps 1-3. It
{s in these steps that revenue requirements are calculated. In
Step 4, the financial or accounting staff determines the rate level
based on a rate-making philosophy that is rarely changed. Thus,
the areas of physical and financial planning are largely separate.
Moreover, the assumptions used in the water use requirements fore-
cast are extremely important as they determine the new capacity
design and costs, and it is these revenue requirements which then
dictate rate levels to the finance staff.

The process used in the economic approach can be sharply con-
trasted to this. The first four steps are essentially the same,
with the exception that the economic rate philosophy will be one in
which price is set equal to marginal cost. However, the similari-
ties in process disappear at this point. For the economist goes on
to forecast water demands (Step 5), after tentative rates have been
determined. These demands are a function, among other things, of
the price per unit of water. Although this fact has long been de-
nied by some in the industry, evidence supporting the fact that use
is affected by changes in prices (other variables held constant and
controlled for) is overwhelming (Hanke and Bower, 1974; and Russell,
1973). The process continues by using the demand forecasts and re-
turning (Step 6) to the second step, initiating an iterative pro-
cess which is terminated when the incremental system costs are bal-
anced against the incremental benefits. Unlike the conventional
process, the economic approach ties together financial and physical
planning. In this way, the demand side of the demand-supply rela-
tionship is explicitly considered whereas the traditional approach
involves only the supply side.

The second defect, and one that economists have most often
pointed out, concerns the fact that the accounting approach is
based upon historical average costs and not marginal or incremental
costs. By using average and not marginal costs, the price level is
not correct and resources are not allocated efficiently. To attain
efficient resource allocation, prices must be related to the oppor-
tunity costs of changes in consumption. The addition of a new con-
sumer or an increase in the consumption of an existing consumer
will impose additional (incrementalg costs upon the undertaking,
while reductions in consumption will save costs; it is these alter-
ations in incremental, not historical, costs that should be reflect-
ed in pricing policies. If prices reflect these incremental costs,
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they will reflect the value of resources used or saved by changes
in consumption. The valuation of these resources requires a forward-
looking estimate. After all, it is future behavior that we are in-
terested in modifying. The backward-looking estimate (toward sunk
costs) used by accountants creates the illusion that resources
which can be used or saved are as cheap or as expensive as in the
past. This will either lead to overinvestment or overuse, Or un-
derinvestment or underuse, depending on whether incremental costs
are higher or lower than the average.

A third defect of the accounting approach stems from its ne-
glect of incentive effects. This is basically a problem concerning
water rate structure rather than rate level. Even if prorated ac-
counting costs were equal to marginal costs (the cost levels were
equated?, neglecting incentives would remain a serious problem.
Rate structures should reflect the incremental cost structures of
the utility, so that the change in the price to the consumer of
altering consumption is a reflection of the change in the cost to
the enterprise. It is extremely important to note that some in-
creases in consumption are much more costly than others. These
costs, which vary depending on when and where water is consumed,
should be reflected in the rate structure. This is what gives the
consumers incentives to which they can respond and should be the
way in which the utility communicates with customers.

Currently, water enterprises do not vary rate structures as
cost vary. Again, averages are used which create uniform prices
over important cost dimensions. These uniform prices mask changes
in costs and result in resource misallocation. It is important to
realize that the economic approach to pricing does not suggest that
every change in cost dimensions be reflected in a rate structure.
This is because the administrative costs associated with metering
and billing on a basis that would perfectly reflect incremental
cost changes would outweigh the efficiency gains associated with
such a practice (Peters, 1966). Also, extremely complex rate struc-
tures might so bewilder customers that they would be counterproduc-
tive.

Thus, one must consider reflecting only those changes in cost
structure that yield efficiency gains through incentive effects
which outweigh the administrative and billing costs associated with
imposing them. Two prime candidates for change then become the
uniform pricing systems 1in which prices are uniform over time and
space although the cost of supplying customers varies from one time
period within the production cycle to another and from one part of
the system to another (Davis and Hanke, 1973).

As mentioned above, the demand for municipal water is charac-
terized by large variability over time. The fact has important im-
plications for design, operation, and financing of water systems.
Since each individual user of water has a specific wuse pattern--
which may or may not be the same from day to day--and the water
system represents users of many different types, the observed ag-
gregate demand displays considerable randomness. Still, certain
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patterns of behavior are discernible. The effect of diversity* is,
in general, a dampening of demand peaks. Such dampening is more
pronounced as the absolute size of the water system increases, re-
flecting greater consumer diversity.

A study reported by Orndorff (1966) analyzed the peak demand
behavior of individual residences in a suburban area near Balti-
more, Maryland. In this study, the peak demand sustained for as
long as one minute was, in general, more than fifty times that sus-
tained during a maximum day. The peak demand sustained for one
hour was about five times the maximum day rate. The effect of di-
versity within entire communities can be illustrated by comparing
this ratio to that reported by Fair, Geyer, and Okun (1966) for
typical water systems--peak hour rate averaging 2.5 times the daily
rate. No data are available for peaks of shorter duration in large
water systems.

The major design problem associated with demand peaks is prop-
er sizing of various components in the water system. The distribu~
tion system in the immediate vicinity of the water users has been
customarily sized to accommodate the maximum instantaneous flows
expected. In many cases, these are determined by possible fire
flows, a special type of demand not responsive to pricing policy or
other unilateral action by the water utility. The allowance to be
made for fire flows is normally determined by certain widely used
criteria, eliminating instantaneous peak demands as a design factor
in much of the system.

Major transmission lines--those transporting water to whole
sectors of the service area--are not usually designed to meet
short-term peak flows. Instead, elevated storage is provided at
various locations in the distribution system so that the highest
instantaneous demands can be supplied both by storage and trans-
mission, the storage tanks refilling during periods of Tower demand.
Again, the actual size and location of these storage tanks is fre-
quently determined by fire flow considerations rather than expected
peak demands. The transmission lines supplying these storage tanks,
as well as the pumping, treatment, and many types of supply works,
are customarily designed to meet maximum day demands. This conven-
tion shifts attention from short-term peaks to longer cycles.

An examination of daily demands on a water utility over a long
period of time will disclose two types of cyclical behavior--weekly
and annual patterns. In the winter, the weekends usually record a
slight drop in daily use--a result of commercial and institutional,
and to some extent industrial inactivity. In the summer, however,
the weekends may include the very highest daily demands, directly

*Consumer diversity and its effect on system design is wusually
analyzed by a diversity factor which is defined as the ratio of
the sum of the non-coincident maximum demands of the various sub-
divisions of a system, or part of a system, to the maximum demand
of the whole system, or part under consideration.
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related to intensive lawn sprinkling. A more predictable usage
pattermn is the annual cycle. In virtually every part of the United
States, water use rises dramatically in the summer months as lawn
irrigation is practiced by residential users. An analysis of past
experience in the Washington, D. C., area has shown that water use
in the period from May through October, inclusive, has averaged
approximately 24 percent higher than use during the remaining six
months of the year. The actual distribution of demand during the
peak period is a function of local weather conditions; therefore,
it is not consistent from year to year.

It can be seen that two types of strong temporal variations
occur in municipal water demand--daily use and seasonal cycles. The
dafly use cycle is accommodated by locating elevated storage in the
distribution areas, the design criteria for much of the required
storage and associated distribution piping being determined by fire
flow requirements--a factor unrelated to demand fluctuations. For
this reason, it is asserted that the little variation in marginal
cost can be attributed to daily cycles of demand experienced by
typical municipal water agencies.*

The second variation in demand, that of seasonal demand, has
important implications for cost. Most major works--transmission
lines; treatment, pumping, and certain types of supply works; and
major storage facilities--must be designed to accommodate the maxi-
mum day, determined almost completely by seasonal use. The capa-
city costs associated with these facilities reflect the demands
solely during the summer season. If prices are uniform and aver-
aged over seasons, while demands vary over seasons, significant in-
efficiencies result. By setting prices in this manner, the peak
period rates understate the peak-load opportunity costs, ineffi-
ciently encouraging peak-load consumption. This will encourage
additional investments 1in the water supply system since it is the
peak demands that systems are designed to meet. On the other hand,
the off-peak rates overstate the appropriate opportunity costs, and
off-peak demands are inefficiently constrained. In addition to
creating an inefficient use of resources, a uniform pricing system
can be inequitable because the off-peak users subsidize the peak
users (Rees, 1974; and Sewell and Roueche, 1974).

Before making comments regarding uniform rates over space,
several important, but often overlooked points regarding water sup-
ply costs should be made, There are two types of system expensions
that have markedly different effects on water system costs ((Gaff-
ney, 1969). The first type involves expanding the system by en-
larging the enterprise's service area and lengthening the lines.
Particularly if population density falls, as it usually does, this
type of expansion will result in increasing costs. Conversely,
the second type of expansion is one in which costs decrease as a
result of increasing the number of consumers within a given area.

*In some parts of the world daily peaks are handled in part through
storage by individual users, as in some residential areas in Ca-
racas, Venezuela. More explicit consideration of such possibili-
ties might have important efficiency effects,
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Therefore, when economies of scale are realized by system (volume)
expansion, it is a result of the economies of density being great-
er than the diseconomies of distance.

Uniform pricing over space leads to a social Joss in effi-
ciency when marginal opportunity costs vary over space. Moreover,
those customers who reside in low density areas farthest from the
water system's load center are being subsidized by those who reside
in high density areas closest to load centers.

The effects of the dual system of uniform prices over space
and time may combine to markedly affect the areal growth patterns
of urban areas. By charging uniform rates, the enterprise imposes
a taxr on consumers who are Jlocated in high density areas that are
near the load center of the enterprise. In addition, these rates
provide a subsidy for consumers who are in low density areas that
are located farther away from load centers. This process not only
leads to an overinvestment of resources in the supply of water ser-
vices, but it also results in a premature development of land at
the rural-urban fringe. Uniform prices subsidize population dif-
fusion and urban sprawl. This means that potential economies of den-
sity are not realized while diseconomies of distance are.

Uniform prices over time act to complement those over space,
and, therefore, further aggravate the problems of overextension of
service and urban sprawl. The users who live farthest from the wa-
ter system's load center are wusually those who contribute most to
the system's peak load problem. Users who live in low density
neighborhoods have the largest sprinkling demands. As noted earl-
ier, these demands create most of the system's peaking. The uni-
form rates offer no special incentive for the lawn irrigator to
alter his peak demands; therefore, current pricing practices tend
to encourage the consumer to move away from load centers and to de-
velop In low density areas.

For many water undertakings, rate structures that reflect tem-
poral and spatial cost variations should be adapted. This can be
done by implementing seasonal and zone prices. These inno ations,
in addition to the use of an economic planning process, and incre-
mental rather than historical costs, would greatly increase the ef-
ficiency with which resources in the water resource sector are used.

NEW TRENDS

The most important trend in rate-making policies is the nar-
rowing of the gap between economic and industry thinking on the
subject. In fact, this gap is virtually non-existent in some of
the most recent studies and proposals by utilities. For example,
the Washington Suburban Sanitary Commission, which serves Prince
George's and Montgomery Counties 1in Maryland, has been sponsoring
studies that have examined the effect that various rate structures
would have on the utility's operations. A computer simulation mod-
el of the W.S.S.C. has been used in these studies to evaluate rate
structures and their impact on water use, sewer flows, costs, rey-
enues and required investment. (Boland, Hanke, and Church, 1972).
These studies focused on rate structures involving various forms of
seasonal prices and increasing block rates. The studies have also
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examined the possibilities for switching to a zonal pricing struc-
ture in which rates would vary with the cost of serving different
zones within the two-county service area. Unlike conventional rate
studies that examine rate levels required to meet a given revenue
requirement, the W.S.5.C. studies have only dealt with the problem
of rate structure. That is, they have reviewed various rate-making
philosophies. 1f it is determined that one of the new rate struc-
tures should be adopted, then a more conventional rate study would
have to be conducted to set the new rate structure at a level that
generated the appropriate amount of revenue.

The Denver Water Board, another large utility, has also begun
to examine the issues surrounding the design of rate structures.
Although not as fully developed as the W.S5.S.C. studies, the Denver
Water Board research has the same general objective: to determine
the impact of rate structures on the Water Board's operations. It
is being directed by Professor J. Ernest Flack and myself through a
grant to the University of Colorado.

The most ambitious piece of research of rate structures yet to
be proposed is a study on the drawing boards of the East Bay Muni-
cipal Utility Districts in Oakland, Califormia (East Bay Municipal
Utility District, 1974). The East Bay proposal is of particular
interest for two reasons. First, their service area is one of the
most diversified and complex in the country. Customers range from
heavy industry to small residences and micro climates and eleva-
tions vary greatly within the service area. This complexity will
not only pose difficulties to the researchers who study alternative
rate structures, but it could provide a situation in which rate
structures that are much more complex than in the past generate
significant gains for the utility and their customers.

The East Bay proposal, unlike the other rate structure stud-
fes, calls for a detailed study of consumption patterns, costs,
rate structures, and the socio-economic impact of the alternative
structures. It is essentially three studies, rather than one. As
the staff committee who drafted the proposal wisely recognized, the
past.studies of rate structures have not been based on a detailed
analysis of demand and cost conditions. Rather, existing data on
consumption patterns and costs, as well as numerous assumptions,
have been utilized. In a utility as complex as the East Bay Muni-
cipal Utility District, this approach could easily lead to spurious
results. Therefore, the East Bay proposal has correctly recommended
that detailed background studies of demands and costs be conducted
so that the analysis of rate-making alternatives would be based on
as few assumptions as possible.

Some might discount the above-mentioned new developments as
only being studies of alternatives and not actual changes in policy.
This would be a rather narrow point of view. Not only should these
utilities be commended for analyzing alternative rate structures to
improve their operations but also one should not disregard these as
being insignificant developments. They have not been conducted in
the past so that the fact that these rate structure issues are being
examined by the industry gives sign of a significant new trend.
For 1f the economists' ideas concerning rate structures have cur-
rent practical merit, utilities, armed with these new studies, will
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adopt new approaches. In fact, one utility, the Fairfax County Wa-
ter Authority, has proposed a rate structure change that can only
be equalled in its significance by the introduction of metering.
Their Board, which is chaired by Fred C. Morin, has approved a sea-
sonal pricing structure (Fairfax County Water Authority, 1974).
The Water Authority serves Fairfax County, Virginia. It is not
particularly complex, serving 83,473 retail customers, of which
79,313 are individually metered, single family and townhouse dwell-
ing units. The current rate structure is the conventional declin-
ing block variety: the first 10,000 gallons is billed at a rate of
72 cents per thousand, and 58 cents per thousand for the next
490,000 galions, with a minimum charge per quarter of $7.20.

The proposed rate structure, after a transition period, would
ultimately (June 1, 1976) evolve into one in which a base rate of
60 cents per thousand gallons would be charged. In addition, a
surcharge or excess rate of $2 per thousand gallons would be char-
ged on all water used in excess of 1.3 times each customer's winter
quarter use with the winter quarter defined as any quarterly bill-
ing period based on meter readings obtained between February 1 and
April 30. The revised rates would also eliminate the minimum charge
substituting a $3 service charge per quarterly billing.

While foregoing judgment on the precise validity of this rate
structure, it can be said that it is the most dramatic and innova-
tive change in water-utility rate structures in this century. Also,
the change was made for all the right reasons, at least from the
point of view of the logic that is involved jmn-designing rates. The
Board stated that "the concept of the excess use rate is to increase
equity by assessing excessive peak users with the extra cost of
maintaining capability to meet their peak.requirements andto effect
water conservation by reducing peak demands. Under the present sys-
tem, with no excess use rate, this extra cost is shared by all the
consumers." (Fairfax County Water Authority, 1974, p. 2.)

REASONS FOR CHANGE AND SOME WORDS OF CAUTION

There are two reasons for the dramatic increase in rate struc-
tures and convergence of the economists' and the industry's views.
First, in the late 1960's a characteristic, which Charles Luce,
former chairman of the National Water Commission, has called the
benign cycle, ceased to exist. To this point natural endowments,
technological change, and improved operating efficiencies generated
economies of scale and worked together to reduce the costs of de-
livering urban water. As a result, utilities requested changes in
rate levels only infrequently, and almost never altered their rate
structures. In the late 1960's a combination of factors generated
a rapid increase of costs. General price inflation began to have
a significant influence. For example, the price of chlorine pur-
chased by the Fairfax County Water Authority increased by 164 per-
cent from 1968 to 1974, while plant operator’s wages increased by
58 percent during the same period. This is not to overlook the
sharp jump in debt service charges. Also, extra costs were added
as more marginal reservoir sites were developed and economies of
scale exhausted. Environmental regulations, particularly on the
sewerage side, imposed heavy costs and yielded as yet uncalculated
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benefits on the utilities and their customers. So what was once a
relatively inactive function within a water utility's operations
has become very active. With rising costs, utilities are, for the
first time, having to regularly revise rates to obtain increased
revenue. As a result of these increasing costs, the benign cyele
has come to an end because of internal financial pressures. This
simple fact has done more than anything elise to bring economic and
industry thinking closer together.

The second reason for the utilities' interest in price struc-
tures is also rooted in cost increases but comes from external
pressures of consumer and environmental groups, rather than from
internal pressures of finance. Although economists have been crit-
ical of water utility rate structures for some time, it has been
the general public that has ultimately both provided the greatest
pressure and received the greatest response to their efforts. Con-
sumers want to assure that those who purchase water are charged
prices that reflect the costs they impose. What were once small
subsidies from some Jow-cost consumers to high-cost consumers, when
rates were uniform over time and space, have become large subsidies
under increasing costs, and they are no longer acceptable. Environ-
mentalists have entered the public participation process under the
banner of conservation. They argue that much demand could be re-
duced by properly designed rate structures and that this will reduce
the amount of investment--e.g., reservoir sites--which threaten the
integrity of the environment. For example, the threat of a lawsuit
by the Environmental Defense Fund quickly moved the East Bay Muni-
cipal District into action.

Even with the internal motivations of finance and the external
pressures from consumer and environmental groups, the new trends in
rate-making philosophies face obstacles. One of these is internal
to the utilities and is essentially that old shoes are more com-
fortable than new ones. The economic approach to rate making and
design calls for much more integration and coordination between
physical (the engineers) and financial (the accountants) planning.
This is bound to require reorganization which will threaten certain
vested interests within utility staffs. Tradition within public
and quasi-public bureaucracies is difficult to change and imposes
high risks on top management, who do not know exactly how far they
can move toward breaking tradition before they might stir up the
previously inert mass of staff bureaucrats (Tullock, 1965).

The second obstacle is external to the utility. Most rate
studies are conducted by private consulting fims. These firms
build great fixed investments mainly in the form of training and
experience of human capital in the conventional approach to rate
design. They do not have as great an incentive to look at new rate
philosophies as one might initiallv think. For they would rather
spread the overhead that they have invested in their rate philoso-
phy than invest in evaluating other options. This, of course, is
the same game that is played by many of the same firms when they
resell essentially the same plans to different bureaus. Once the
investment by the consultant in the basic plans has been made, he
can drastically reduce his costs by making a few modifications and
reselling the same basic plans. This incentive effect will, no
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doubt, strongly dampen the trends that have recently begun to ap-
pear.

However, even though bureaucracies are slow to adopt change
and consulting firms have strong incentives to resist new approach-
es, the industry's view of water rates will continue to converge on
that of the economists. This will occur largely because of the in-
creased costs that water utilities will face in the future.
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QUESTIONS AND DISCUSSION

QuesTion:  (Dan Okun, UNC-CH) I think this is a very important
subject and a very interesting presentation, and I want to thank
Dr. Hanke for being here. I have one comment to make, and then I
have a question. The comment is that this increasing block rate
has been introduced several places. The one that [ know best is
in Israel where this has already been used now for some years. This
leads to a question. This matter of observing people and how they
are likely to be affected by the price of water--would there be any
reaction to increasing price in anything other than lawn sprinkling
or irrigation because this is where the big bulk comes in, whether
people would change their habits in the bath and other things; for
the apartment dweller, that's one question. The second question,
and I'm glad you brought up theé\electrical industry, 1is how do the
utility commissions 1look at this marginal cost being a basis for
rate systems? The third is a more, perhaps, practical question. In
the water industry as contrasted with some of the others and, as
you pointed out, somehow we have developed all of the Tlower cost
water sources, in many cases the next projected investment in capa-
city will mean that the marginal cost will be based on a very sub-
stantial new high-cost investment which makes for a very large mar-
ginal cost jump; and if we get people to pay this, I'm wondering
about fairmess because consumers might be paying for something that
may go on for a very long time, and these pecople are paying for
something which they're not getting. What are your comments on
that?

Dr. HAuke: I'm glad you brought up Israel because that's a perfect
example of what happens when you run out of all the, shall we say,
conventional potential supplies and costs are at an extremely high
level. You become rational like the economic models in the econom-
ic textbooks, and you start charging a marginal cost for water,
The rates, as far as I have been able to determine, are more ra-
tional than anywhere in the world simply because their water re-
sources are scarce. They have few options Tleft in Israel. They
have to be rational and can't afford to play some of the games that
we have been playing in the United States. Also related to the is-
sue of water rates in Israel is your second question. Some studies
in Israel have Tooked at your question regarding consumption--let
me set the problem up. You ask whether price affects sprinkling and
irrigation use, but not inside-the-house, domestic use. You can
answer this, I think, in the clearest way by looking at apartments.
In Israel, they have two kinds of apartment metering systems. One
is where you meter the whole building and everybody pays part of
the water bill in the form of some increment in the rent, and they
usually don't even know what it is. The other system is where each
individual apartment is metered. There are two significant differ-
ences that result from these two systems. First, where the indivi-
dual consumer pays directly for the water that he uses, he consumes
significantly less than when he does not, roughly 15 to 35 percent
less. The second aspect of this, that has important implications
for system design, is the fact that the standard deviations and
standard errors that exist in the data on the individual apartment
users are much smaller than where youmeter the whole building. So you
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don't have to build as big a safety margin into your system if you
are metering individual apartment units because you don't have as
big a spread in the data. Therefore, you can do a lot better job
forecasting demands and designing systems. In summary, inside-the-
house use is also affected by rates. There's no doubt about that.
I can report to you that another study that I conducted, looking at
the switchover from flat rates to meters, the inside-the-house con-
sumption was reduced by 36 percent. This was in Boulder, Colorado.
Not only was use reduced by 36 percent, but it stayed down and con-
tinued to fall off as people continued to adjust to the fact that
they were paying an incremental price.

On the question of utility commissions’ response to these new
rate structure proposals, I must confess that each commission var-
jes greatly in its approach. Let me give you some examples: In
Maryland, the Baltimore Gas and Electric Company is currently in-
volved in a rate case in which some of the leading people in the
vworld have been involved in putting forth the idea of marginal cost
pricing. The utility commission there 1is so political, however,
that I really don‘t think the testimony is going to have much ef-
fect. On the other hand, in Wisconsin the Wisconsin Commission has
been responsive to the economists' proposals. They have taken out
their declined block rate; and they are going to do some experimen-
tation in Wisconsin just to see what kind of response is induced by
various kinds of price structures. Michigan is also about ready to
change and do some experimentation. But it depends on the local
situation, and there is a lot of variation from commission to com-
mission. However, I think the cost factors are just so great that
commissions are going to get pressed up against the wall, and they
will have to look at some alternatives.

On the last question, the fairness issue regarding why some
consumers who have been in the system for twenty years should have
to pay a new increment to capacity: Briefly, my response is that
we are interested 1in influencing future behavior and future water
use because that's where the increment to cost is going to take
place. We are not interested in influencing past behavior.

* * % % *
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TRAINING OPPORTUNITIES AND THE SAFE DRINKING
WATER ACT

Ray E. Shaw, Jr.*
Aesistant Director of Public Works**
Greensboro, North Carolina

INTRODUCTION

A chain is as strong as its weakest link, and America's drink-
ing water will be no better than the industry personnel. So in the
era of the Safe Drinking Water Act, we find ourselves faced with
both a qualified manpower shortage situation as well as perhaps a
knowledge gap betwieen our personnel and their job. Training of
these personnel is vital. Please notice that I said personnel and
not operators. Here, we must include, 1in addition to operators,
the chemists, the clerical personnel, the maintenance personnel,
utility engineers and the executive managers regardless of what his
title might be.

Many of the remarks which I shall make today are not my own.
In referencing material for preparation of this paper, I found that
the most important things I might say to this group have already
been said. Accordingly, I shall devote my time to summarizing
items which are already documented.

For six years the American Water Works Association (AWWA) Edu-
cation Program demonstrated a continued and remarkable growth pat-
tern. More than 5,700 persons in water supply have attended 152 man-
agement and technical training courses since the formation of the
Education Department in 1968. In 1973, more than 1,550 attended 33
AWWA-conducted training courses, establishing a new record year.
More important is the fact that the quality of training has been in
the highest traditions of the association. Student and section
evaluators rated the courses from 4.5 to 4.8 from a scale of 5.
These evaluations indicate a quality level in the superior range.

The new three-day Management Seminar designed for the middle-
managers and top supervisors of both water and wastewater utilities
met with instant success and has practically supplanted the 5 1/2
day version. The Diamond Shamrock Corporation measured the effect-
iveness of the training and calculated a return on investment of
$1,270 based on actual savings from applying techniques learned in
the seminars against the tuition fee,

An AWWA course yielding an incalculable return on a small in-
vestment is the Emergency Planning Seminar for water utility man-
agement. The seminar discusses disaster effects, vulnerability

*pditor’s Note: Mr. Shaw's paper was read for him by Mr. Frank L.
Ward, Superintendent of Plants, City of High Point, N. C.
**Mpr. Shaw is Chairman, Training Publications Committee, American
Water Works Association.
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assessment, protection measures, emergency operations planing, per-
sonnel and training requirements and provides a model contingency
plan. Both the seminar and accompanying manual were developed
under the AWWA Emergency Planning Committee's supervision and funded
by the federal government. Over 400 water supply people have at-
tended the nine seminars conducted during the past two years.

ACCIDENT PREVENTION

Accident prevention is everyone's business, and 302 water
utility men made it their business to attend the seven AWWA semi-
nars conducted during 1973. The Occupational Safety and Health Act
became effective in 1971, and many utility managers have requested
AWWA to develop and conduct a training program designed to enable
them to comply with the law. Beginning in 1974, AWWA's safety sem-
inar will incorporate the OSHA requirements as well as methods to
set up and motivate an effective accident prevention program in the
utility.

OPERATOR TRAINING

Launched in 1972, the AWWA Chlorination Workshop became an im-
mediate success. So great was the demand that two additional work-
shops had to be added to those already scheduled in 1973, and the
1974 schedule was also filled. Other interested sections were re-
ferred to available dates in 1975. Expert reviewers and evaluators
claim that the course and manual provide all that an operator needs
to know to perform his job well and prepare him for the certifica-
tion examination. The manual, published as Water Chlorination
Principles and Practices, has become a runaway bestseller.

The Cross Connection Control Seminar first conducted in 1971
showed a declining interest among AWWA sections 1in 1973. Only 3
seminars were held with a total attendance of 198. Several sec-
tions having an interest in the course cancelled their interest
when they learned that the program is managed, administered, and
conducted by the section with AWWA staff assistance.

ONE-DAY CONFERENCE SEMINARS

Three particularly relevant one-day seminars were developed in
1973, and a record-breaking 311 persons registered which was almost
double that of the previous year. Developing Water Rates had 138
registrants; Minimizing and Recycling Water Plant Sludge, 112, and
Occupational Safety and Health Act (OSHA), 61. Five one-day semi-
nars were developed for the 1974 Boston Conference of AWWA.

1. Developing Water Rates (Management)

2. OSHA Compliance and Accident Prevention (Management)

3. Upgrading Existing Water Treatment Plants (Water Qual-
ity Division)

4. Enhancement and Control of Reservoir Water (Resources
Division)

§. Public Information/Public Relations (Management)
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OKLAHOMA PROJECT

An AWWA manpower and training research proposal was submitted
to the Environmental Protection Agency four years ago and found
merit, but EPA had no legislation to fund water supply programs.
Early in 1973, EPA's manpower director and AWWA's education direc-
tor requested the funds from the Office of Education, HEW, which
provided the necessary $200,000. The contract was awarded to the
Oklahoma Vocational-Education Department with the work to be per-
formed by the Oklahoma Research Foundation and under the guidance
of an Advisory Committee composed of mainly AWWA members. Work be-
gan in July 1973 and is expected to be completed by the end of 1974.
The project, in addition to providing information of who needs
training, where, when, and how many is expected to produce model job
descriptions, performance standards, work-load indicators, staffing
guides and a host of valuable data. In addition to obtaining valu-
able data by questionnaires, trained researchers from the Foundation
will conduct on-site surveys at 80-90 selected water utilities.
Utilizing the data obtained, a training task analysis will be per-
formed to produce a nationwide training plan. This project, I think,
will be the real meat of AWWA's training program.

AIR FORCE WATER TRAINING PROGRAM

Under study by the Education Training and Publications Commit-
tee is the Air Force Training Course conducted at the Training Com-
mand's Sheppard Air Force Base in Texas. This 330-hour course which
claims 84 percent or 277 hours is civilian related and utilizes the
most advanced and most efficient mix of all instructional methods
known today. Costing the Air Force well over $1,000,000, it is
available to AWWA for a retrieval or mastering cost of less than
$12,000. Adding the cost of editing and printing, the Association
could provide the industry with an exceptional training program for
less than $30,000. The package would include: lesson plans, train-
ing standards, student study guides, student workbooks, manuals
(text material numbering 3,464 pages), 8 black andwhite and 4 color
16 mm motion picture film, 250 stides 35 mm, 975 film strips and 17
accompanying phonograph records, and other visual training aids.
Preliminary information is most promising. Assuming the committee's
review is favorable, the course as adapted to AWWA  requirements
would reflect favorably on AWWA's new Denver image and provide a
most valuable service to the water supply industry.

ACCREDITATION

Guidelines were developed by the AWWA Accreditation Committee
and submitted to the Technical and Professional Council for their
approval. Objectives of the accreditation program are to recognize
the water supply educational programs meeting AWWA standards of ex-
cellence and provide guidance to improve substandard programs. The
guidelines, when finalized, will be distributed to all sections and
the program will be publicized 4n all media available including
Willing Water.

221



NEW TRAINING COURSE DEVELOPMENT

Work on a new AWWA training course, Taste and Odor Control,
was started in May, and a second new workshop for distribution sys-
tem operators will be developed probably in 1974,  Visual training
aids and manuals are planned for both courses.

TRAINING AIDS

Revision of the Water Supply Visual Atds Index was accom-
plished by the staff and published in the 1973-74 AWWA Yearbook.
Reprints in pamphiet form are available. An updated version will
be a regular feature of future yearbooks.

TRAINING DIRECTORY

The Water Utility Training Directory is an AWWA staff compila-
tion of training courses being conducted by all agencies throughout
the United States and Canada. The directory should assist ail man-
agers in planning training programs and is valuable to section edu-
cation committees and state health or EPA agencies.

SALARY AND FRINGE BENEFIT SURVEY

Over 4,800 water utilities have been requested to participate
in a new 1974 Compensation and Fringe Benefit Survey. Question-
naires were mailed in January.

The project work is being performed by the AWWA staff under
supervision of the Compensation Committee and is being funded by
the Oklahoma Research Foundation whose computers will be used to
collate the data. Analysis and publication of the report is ex-
pected in October of 1974.

PREVENTIVE MAINTENANCE MANUAL

A new AWWA committee has been activated to ‘"review the cur-
rently published and available documents on preventive maintenance
in water utility systems and determine if there is a need for addi-
tional documents for AWWA use." The committee has also been
charged with a task of cataloging existing material and to estab-
1ish a recommended preventive maintenance program.

AWA TRAINING MANUALS AND MATERIALS

In a recent survey by the Training Publications Committee, 15
of 22 sections responding reported that the Basic Water Treatment
Operator's Manual was in widespread use in their sections. Publi-
cation sales have averaged over 600 per month and over 7,500 have
been sold since publication. Also on the best-seller list are the
Emergency Planning Manual (5,000 sold) and the Chlorination Manual
with 6,500 sales.

BRAZIL

AH@A is also working outside of the United States on a program
which will benefit both domestic and foreign interests. A recently
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negotiated contract will permit the National Housing Bank of Brazil
to translate and print in Portuguese a selection of AWWA training
publications. Brazil has also made provisions to help fund the de-
velopment of new AWWA training courses and manuals for the benefit
of both parties.

The programs which I have described are for the most part at-
tributable to the untiming efforts of one man, Walter Peters, the
Director of Education for AWWA.

Up to now I have only talked about what AWWA is doing. There
are a number of catalogues from several sources which outline ma-
terials and systems for training. One of the most comprehensive
is a four-volume report which was prepared by John Austin and Harry
Durham of Clemson University. The project was funded by the Envi-
ronmental Protection Agency and awarded to Charles County Community
College of La Plata, Maryland.

Volume [ contains information on audio-visual equipment cur-
rently in use in the water quality field.

Volume Il deals with instructional materials in use by train-
ing organizations in the water quality field. The materials have
been tabulated under the headings of titles, authors, type of ma-
terial, intended audience, designed usage, source and costs. As an
example, Identity Number 835 is Fundamentals of Water Supply Opera-
tion by the Environmental Protection Agency. It is printed mater-
ial intended for basic operations (entry level) by an individual.
The source is EPA, and the cost is $10.

Volume III which is Selecting Audio-Visual Equipment provides
guidelines which can be used to assist in the selection of such
equipment to meet particular needs. These guidelines suggest fac-
tors which should be considered in selecting a video tape recorder
such as compatability (interchangeability), ease of operation,
availability of service, ease of maintenance, picture quality,
portability and reliability.

Volume IV is titled Selecting Instructional Media and Instruc-
tional Systems. This volume proposed a system which includes a
worksheet which will standardize the production of lesson plans. A
procedure for selecting appropriate instructional media is desaribed.

Of the documents, Volume II is the most useful.

I think it is apparent that the technology for proper personnel
training is readily available. The materials and equipment are
available and catalogued. It may be from a national organization
Tike AWWA or from a state or federal agency or perhaps from the To-
cal community college. It is available to us, and we need only to
avail ourselves of it.
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MATHEMATICAL OPTIMIZATION OF WATER SUPPLY
SYSTEMS STATE OF THE ART

Rolf A. Deininger
Professor
Environmental Health
School of Public Health
The University of Michigan
Ann Arbor, Michigan

INTRODUCTION

Mathematical Optimization and Systems Analysis Techniques have
been used extensively in many parts of the overall water supply
system ranging from the actual abstraction of water from ground and
surface water sources to the primary collection and conveyance sys-
tem, the water treatment plant, and the final distribution system.

Optimization methods have been used to design well fields,
j.e., to determine the number, type and capacity of wells required
to maximize the yield from the field, or, given a well field, to de-
cide how it should be operated to produce a certain yield at mini-
mum cost.

For surface water sources, the questions arise of the level to
which the reservoir should be developed and the guaranteed supply
that can be expected.

Given, then, a number of ground and/or surface water sources,
how should they be inter-connected, and what kind of pipeline net-
work is necessary to deliver the water to the points of demand?
The answer to this question leads to a general network model, and
the general methods of network analysis become applicable.

At the treatment plant level, the questions arise as to what
type of treatment 1is necessary, what combination of wunits is re-
quired, and how a minimum cost treatment plant can be designed.

Finally, the question of an optimal water distribution system
arises. How can the distribution network be designed in such a way
that the required amounts of water are delivered at the required
pressures?  This latter problem is probably the most studied one,
and numerous algorithms and solution techniques exist.

For all the above-mentioned areas of modeling, the dynamic and
time aspects must be taken into consideration, which means a study
of the capacity necessary at a given time, 1looking over a finite
planning period. This gives rise to the typical capacity expansion
problems and the sequencing of the construction of individual parts
of the system.

The use of mathematical models and optimization techniques

such a linear programming, dynamic programming, etc. aids in the
analysis of water supply systems in four major ways:
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1. it allows the analysis of more alternatives at every
level of decision-making;

2. it allows a better testing of the assumptions and an
estimation of the influence of economic, political,
and environmental uncertainties;

3. it provides a mechanism whereby all assumptions and
Jjudgments are made explicit and are clearly laid out,
and

4. it serves as a communications tool for all the pro-
fessionals involved in water supply systems planning.

The extensive literature on the subject is reviewed and several ex-
amples of the application of these techniques is presented. Sev-
eral areas which require further study and development are dis-
cussed.

BACKGROUND

The use of systems analysis and optimization techniques for
formulating and solving problems of water supply systems is only of
very recent origin and has been wused for only a little more than
ten years. To define exactly what systems analysis means or in-
volves is somewhat difficult, and there is no general agreement on
a definition, except to say that it is an approach to problem solv-
ing that focuses on the entire problem or system, rather than on
each of its separate components. It is an approach that tries to
quantitatively define alternate courses of action and provides a
means of evaluating them in an orderly fashion with the aim of se-
lecting those which are better than others. This idea of a compre-
hensive analysis is not new, but it is only in recent years that the
mathematical and computational tools have become available which
permit the analysis of many more alternatives than have heretofore
been possible. And, it is hoped, by being able to compare many al-
ternative choices of action, the decision makers would be able to
define those combinations of system components that best meet the
management objectives.

In carrying out a systems analysis study there are a number of
more or less standard steps which are outlined below:
1. Formulation of the problem.

2. Construction of a mathematical model which describes
the most important variables of the system.

3. Definition of a criterion function, or measure of
merit.

4. Collection of data to allow an estimation of the var-
jous parameters of the model.

5. Derivation of optimal solutions through formal algo-
rithms.

6. Testing of the model, the solutions, and the sensi-
tivity of the parameters.

7. Implementation of the best solution.
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The first step involves the formulation of the problem and a
definition of the objectives of the study. Alternate courses of
action and the major variables of the problem under study must be
delineated. This leads to Step 2; namely, the construction of a
mathematical model. The quantitative relationships between the
variables of the problem must be established. The third step is
the definition of a criterion function or measure of merit. Since
the system under investigation may be in many different states, or
the system to be constructed may consist of many alternate solu-
tions, it is necessary to have a criterion which compares one sys-
tem against another. Such criteria might be a minimum cost system,
or one which has the greatest cost-benefit ratio, or a system which
maximizes the total net benefits.

The fourth step is the collection of data to allow an estimate
of the parameters of the model. This may be the most time-consuming
step, and depending on its outcome the entire model may have to be
modified due to a lack of data. Thus, Step 4 should be carried out
simul taneously with Steps 1 to 3.

Step five, then, seeks to determine an optimal solution to the
problem, if it is at all possible, through the application of a
number of formal algorithms which will be described later on.

One of the most important steps is a testing of the model, the
solutions, and the sensitivity of the parameters. To make the mod-
el mathematically tractable, wusually some simplifications are in-
troduced. Their validity and the influence certain parameters have
on the optimal solution must be studied carefully.

Among the many techniques and tools available to the system
analyst, the following are the major ones:

Linear Programming

Nonlinear Programming

Dynamic Programming

Integer Programming

Stochastic Programming

Geometric Programming

Network Techniques PERT/CPM
Simulation Techniques

Classical Optimization Techniques

The techniques of linear and non-linear programming deal with
optimization problems where the maximum or minimum of linearor non-
linear functions is to be found subject to equality or inequality
constraints. Several examples of its use will be given below. Dy-
namic programming deals with the optimization of multi-stage deci-
sion processes, whereas interprogramming attempts to find solutions
to problems where the variables may take on only integer values.
Stochastic programming is concerned with problems in which some of
the variables and parameters are random variables. Geometric pro-
gramming deals with optimization problems where stems of products
of variables must be optimized. The network techniques--PERT--which
stands for program evaluation and review technique--and CPM--which
stands for critical path method--are management techniques for the
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control of large-scale research and development projects or for
large construction jobs. 'Simulation techniques are used for the
simulation of large systems not with the explicit attempt of find-
ing the optimum but rather just to observe what happens when cer-
tain basic parameters are changed.

A1 of these techniques would be mostly of academic interest
were it not for the concurrent development of high-speed digital
computers. It is well to remember that the first commercially
available computer came on the market only in 1951 with UNIVAC I.
Now, only 20 years 1later the digital computer is having an unbe-
lievable impact on our societies. Computing speeds have increased
more than 100-fold and storage capacities, a thousand-fold, and
costs decreased to about 1/1000 of the early models. But most of
all, they have become so widespread that today no engineering firm
or university is without such a system or at least without easy ac-
cess to one.

All of these mathematical modeling and computational techni-
ques cannot by themselves solve water supply systems problems. They
merely increase the capability of generating information that can
be used in the decision-making process, especially those requiring
public policy decisions.

One should also note that optimal solutions to models of water
supply systems are often not the optimal solutions to the actual
problems themselves. One should, therefore, not expect the results
from any quantitative eystems analysis study to be implemented
without modifications, no matter how impressive the results may ap-
pear on the computer printout.

In reviewing the literature on the subject matter, it can be
classified into several major categories as follows:

Population projections and forecasts of demand

Development of ground and surface water sources

Regional system considerations

Design of the water treatment plant and capacity expansion
Design of the Distribution System.

Since the forecasting of demand will be treated by another
speaker at the Symposium, no attention will be given to this very
important aspect. An example of the design of a well field will be
given as well as an example of a regional supply system. And fin-
ally, some problems in the design of the distribution system are
shown.

Editor's Note: The examples cited above were presented orally and
with visual aids not available for reproduction

herein.
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INTRODUCTION

To forecast the future, whether in connection with water usage
or one's fortune, is to play God. Divination, it's called, and
those who do it are seers, soothsayers, wizards, prophets and clari-
voyants. What engineer would not leap at the chance to join such
company? Hence, this paper.

Through history, society has accorded its forecasters special
honors and privileges. In ancient times, successful prophets were
treated as messengers of the gods, if not gods themselves. The un-
successful, of course, were handled a bit differently. These days,
engineers who inaccurately predict the future are not boiled in oil
nor are the accurate housed in temples; but then, neither are the
risks of forecasting as great now as formerly.

Not because of lesser interest in the future are risks reduced.
Indeed, modern man appears to be as concerned with what lies ahead
as his ancient forebears. Rather, the tools of present-day fore-
casters seem to be improved which makes the profession somewhat
less risky. No longer is the prophet constrained to rely on cards,
dice, entrails, and tea leaves. Instead, he has the most modern
and sophisticated of all toois . . . the mathematical model!

Of course, not everyone is convinced that its use will result
in forecasts better than those by crystal balls, palmistry and the
1ike. Gardner Brown (1968) writes:

“If (a) water-use projection is required, except for very
special circumstances, the most efficient way to go about
it is as follows: Bring together two economists, two en-
gineers, perhaps one lTawyer, maybe a few representatives
from industry, one or two perspicacious politicians, and
one secretary. Pay them well and give them two days, at
the end of which a final report is due. If these men
reach an impasse at any point, the conflict is to be re-
solved by coin flippings--as many times as necessary to
reduce the choices to one. This procedure, it is sub-
mitted, will provide water-use projections as accurate as
any other method for a fraction of the cost . "
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The warnings of skeptics notwithstanding, I must get on with
the business of describing mathematical models.* First, however,
it is necessary to offer some definitions and economic concepts re-
garding demand.

DEFINITIONS AND CLASSIFICATIONS

The word demand 1is a technical term in economics; it repre-
sents the amount of a commodity that would be purchased at a given
price.** A demand schedule (or curve or function) represents the
various quantities of a good that consumers will take off the mar-
ket at alternative prices. Requirements or needs, on the other
hand, represent unexplained and unqualified desires for a commodity:
1 n$ed a new car; this town needs six million gallons of water
daily.

A forecast or prediction is an estimate of the future state of
a variable based on a number of explicit assumptions. If the guan-
tity of water used in a community is assumed to be a function of
such things as population, per capita income, price and rainfall,
then a prediction of future usage would be the estimate associated
with specific levels of these casual variables. Such variables
their interrelationships, and the values they take constitute the
assumptions upon which the forecast is based. A projection, on the
other hand, 1is an estimate of the future state of a variable based
on an extrapolation of past trends. With projections, there is as-
sumed to be only one casual variable--time.

Sewell and Bower (1968) describe the following three classifi-
cations of water demand: (1) where the water is demanded (a loca-
tional classification), (2) whether the water is consumed (a dichot-
omous classification), and (3) the purposes for which the water is
demanded (a usage classification).

The locational classification recognizes withdrawal uses, flow
uses, and on-site uses. Withdrawal refers to uses that require re-
moval from the watercourse including such things as municipal, in-
dustrial and agricultural supply. Where data on water use are
available, they generally refer to withdrawal use. Flow use in-
cludes usage in the channel for navigation, waste dilution, hydro
power, and the 1ike. On-site use refers to use of water where it
occurs; recreation, aesthetic enjoyment and propogation of wildlife
are included in this category.

Consumptive use refers to situations where less water is di-
rectly returned to the source than is withdrawn. In irrigation,

*The art of forecasting by means of cards, ax heads, and crystal
balls is respectively called chartomancy, axinomancy, and crystal-
lomancy--mancy meaning to prophesy. It seems that this paper might
be appropriately subtitled, The Art of Modelomancy.

**Cf. Chapter Il of Forecasting Water Demands by Thompson, et al.
{1966) for useful definitions. -
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two-thirds of the water is ZIost through evapotranspiration; five
percent of industrial water is not returned. If comswmtion is
expanded to include quality as well as quantity, then quality is
consumed by such things as reservoir storage, cooling, and washing.

The purposes for which water is demanded are varied and con-
stitute the most commonly used basis for forecasting. Such purposes
include residential supply, irrigation, cecoling, industrial process,
commercial supply, street washing, and fire protection.

ECONOMIC THEORY OF DEMAND

Classical economic theory of demand assumes that individuals
gain utility or satisfaction from the consumption of goods and ser-
vices.* The individual's appetite for such goods 1is insatiable;
marginal utility, however, diminishes with increasing consumption.
Once the individual has many goods, addition of another increases
utility only slightly. Actually (the theory goes), the satisfac-
tion derived from each unit is less than that obtained from the
previous. In a two-commodity world that includes water (W) and
everything else (E), an individual's utility function might be de-
noted

U=u (W, E), (M

which is shown graphically in Figure 1. The curved isoutility
Tines (U9, U, ..) are infinite in number, each one indicating all
the combinations of W and E which produce a constant level of util-
ity. Note that if amounts of both W and £ are increased, a higher
level of utility is obtained; that is, U9 < U! < U2 < ... While an
absolute or cardinal measure of wutility is not available (which
makes Figure 1 suspect), an ordering of preferences is all that is
really required.

Suppose the price of water is Py and the price of everything
else is Pe; assume further that the consumer's disposal income is
I. The problem of allocating income between water and everything
else is expressed mathematically as follows:

Maximize U= u(W, E)
Subject to P W+P E= I. (2)

Clearly, the budget constraint of (2) 1is linear which plots as a
straight line in Figure 2; the ordinate and abscissa intercepts are
I/Pe and I/P,, respectively. The consumer's problem, then, is to
find that combination of W and E on this line which coincides with
the highest isoutility curve. Clearly, the optimal quantities are
W* and E*, as shown.

Now assume everything remains constant except the price of wa-
ter. As P, decreases, the abscissa intercept of the budget line in-
creases causing the line to shift right as shown in Figure 3. The

*A description of the economic theiry of demand can be found in
books like those of Baumol (1972) and Leftwich (1960).
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optimal quantities of water which the consumer should purchase
(i.e., those that maximize utility) are denoted W;*, W *,... A plot
of these quantities versus the water prices upon which they depend
results in the familiar demand curve shown in Figure 4.

Every individual in the water market ({which is usually a city
or town) presumably has a demand function of the general type in
Figure 4. Adding the quantities of water demanded by all consumers
at alternative prices results in the market demand function which,
for domestic use, probably has the characteristic shape shown in
Figure 5. Note that the quantity of water demanded is relatively
constant over a wide price range when prices are high. Such price
inelasticity of demand results from the fact that the small quanti-
ties of water (for which there are no substitutes) are going to
satisfy the basic necessities of 1life. Most communities in devel-
oping countries operate in this region of the demand curve. As wa-
ter is used for less essential purposes, the curve flattens and the
sensitivity of quantity demanded to price increases. Eventually, a
price is reached below which quantity remains constant; at this
level consumers have all the water they can use.

The demand function by itself does not identify the quantity
of water demanded by the market. For this, we need to know the mar-
ket price which, at equilibrium, comes about from the interaction
of market supply and demand. Given that the supplier seeks to be
compensated for the costs of providing each additional unit of wa-
ter, the market supply function is simply the producer's marginal
cost curve which rises (eventually) for increasing quantities pro-
duced. Market price at equilibrium, then, is P as shown in Figure 6,
and the quantity of water demanded by the market is W.

VARIABLES AFFECTING WATER DEMAND FORECASTS

The preceding economic theory identifies the basic variables
underlying demand which ought to be considered in making water fore-
casts. At the root of demand are social tastes and preferences;
the desires upon which the consumer's utility function (U) i based.
Included are desires for green lawns, swimming pools, and daily
showers. Desires which less obviously affect demand include prefer-
ences for goods which directly or indirectly require Targe amounts
of water for production, such as high octane fuels and brightly
colored clothing.

Certainly, per capita income (I) and the prices of other goods
(Pe) affect water demands. The price of water itself (Py) is a key
determinant. Population defines the size of the domestic market and
thus must be considered; similarly, the industrial and commercial
complexion of a community is basic to demand.

New technology may affect water usage from both the demand and
supply sides. New water-using appliances for the home, colored pa-
per products and nuclear power generation account for increasing
demands. Technological advances in water development are designed
to shift the water supply curve to the right thereby reducing the
cost per unit provided. The use of monomolecular films on reser-
voirs, new membranes for desalting and cloud seeding are all in-
tended for this purpose.
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Like technology, policy decisions affect demands from both the
supply and demand sides. Lawn sprinkling restrictions, water meter-
ing, and wastewater effluent standards and charges all tend to sup-
press the quantities of water demanded. Subsidies for construction
of wastewater treatment plants and declining block prices, on the
other hand, encourage water use.

If water demand forecasts are to be accurate, the future state
of all such variables must be considered.

STRATEGY FOR WATER DEMAND FORECASTING

For all the rhetoric regarding demands, seldom are they the
subject of forecasting. Rather, the overwhelming majority of pre-
dictions is for future requirements or needs; indeed, the mathema-
tical models presented herein are intended for this purpose. In
demand forecasting, it is necessary to take explicit account of the
increasing scarcity of water and the difficulty of making it avail-
able. In the absence of such accounting, it is implicitly assumed
that the costs of supply will be relatively the same in the future
as they are today. While this might not be an unreasonable assump-
tion for many water-rich regions of the United States and abroad,
it is clearly erroneous where supplies will be hard pressed to meet
the demands placed upon them. And, of course, as population in-
creases, the number of such water-rich regions declines thereby in-
validating forecasts which focus primarily on needs and require-
ments.

Since the remainder of this paper is concerned with water re-
quirements, it is appropriate to at least outline a strategy for
forecasting demands. Howe (1968) has presented such a strategy
which is summarized as follows. Let us assume the availability of
a market demand function of the type in Figure 5 which indicates
the various quantities of water that will be taken off the market
at alternate prices. Howe and Linaweaver {1967) report functions
of this type for residential water demands.

For the market under consideration, the first step is to fore-
cast future water requirements as accurately as possible using pro-
Jection or other techniques. Having done this, preliminary engi-
neering plans must be prepared to determine how Ssuch requirements
can be met at least cost. Assuming a cost allocation policy, the
next step is to calculate the prices that would most likely be
charged for the proposed system. This is followed by a detemina-
tion of the quantity demanded at these prices using the demand
function assumed to be in hand at the outset. If this amount dif-
fers substantially from the requirements previously forecasted, it
is necessary to (1) prepare revised plans, {2) recalculate costs,
and (3) estimate a new quantity demanded based on adjusted prices
using the demand function. Repeated use of this procedure should
gltimztely cause convergence between forecasted requirements and

emands.

While this strategy is conceptually straight-forward, applica-

tion presents significant problems, including the need for (1) com-
mercial, industrial, aid updated residential water demand functions,
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(2) an economic base study that includes consistent forecasts of
population, employment, income and other economic indicators, and
(3) accurate cost estimates of proposed facilities and a realis-
tic pricing plan.

MODELS FOR FORECASTING WATER REQUIREMENTS

A number of quantitative technigues have been developed for wa-
ter requirements forecasting, some of which are described in this
section. By no means is this intended to be an exhaustive survey;
the most commonly used methods, however, are included. While sev-
eral classifications might be proposed, forecasting techniques are
divided herein into (1) time series models, (2) regression models,
and (3) input-output models.

Time Series Models

Time series models are used for the projection of historical
data into the future.* Such projections can be made of water usage
data if they are available or of a surrogate variable such as popu-
lation, households, or telephones. (If population or another sur-
rogate is used, it is necessary to multiply projected values by a
water use factor such as gallons per day per person to obtain fu-
ture estimates of community water requirements.}) Although histori-
cal data are generally available in the United States enabling use
of time series models, their use is precluded in new towns, some
rural areas, and in developing countries where such data are lack-
ing.

The most basic time series models assume either arithmetic or
geometric increase in the dependent variable (water usage, popula-
tion, etc.) over time. If y(t) is the dependent variable (say, rate
of water usage) in year t, then arithmetic growth assumes the rate
of change of y is a constant. Mathematically, dy/dt = B, which in-
tegrates to the following

y(t) =B +Bt. (3)

With historical data for y(t) and t, the parameters of (3), B, and
B, can be evaluated by least squares analysis. Principal interest
is in B, the water usage growth rate, which has typical units, mgd
per year. Equation (3) is used for projection by setting B, equal
to the most recent usage rate for which data are available and let-
ting t measure time from that year.

More common than this analytical procedure is the graphical
technique wherein historical y(t) values are plotted on arithmetic
paper versus t. A straight line is fitted to the plot by eye and
another line parallel to it is projected into the future from the
Tast y value; Figure 7A illustrates.

*Cf. Chapter 5 of Fair, et cZ. (1966) for a description of the most
basic time series models.
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If the rate of change (dy/dt) of water usage is proportional
to use (y), geometric instead of arithmetic growth is implicitly
assumed. Mathematically, dy/dt - y which impljes dy/dt = By; inte-
gration yields

y(t) = B, eBt, (4)

As in the arithmetic model, y(t) and t are the dependent and inde-
pendent variables, respectively. Parameters By and B can be eval-
uated by least squares after linearizing (4) by taking the (natural)
log transform. Thus, in regression analysis, it is necessary to
use In[y(t)] values for the dependent and t values for the independ-
ent variables. As before, interest is in B (with units, per year)
which is obtained directly from least squares calculations. Equa-
tion (4) can then be used for projection by setting B, equal to the
most recent usage data point and measuring future time from that
year. Graphical techniques are also used for geometric models; the
procedure is identical to that for arithmetic growth except semi-
log paper is used, y(t) being plotted on the log scale.

Less commonly used but still of interest are auto-correlation
models wherein time does not enter explicitly as the independent
variable. Rather, the rate of usage {or other dependent variable)
in year i+1 is assumed to depend only on the rate of usage in year
i. Mathematically, Yie1 © f(yi).

Auto-correlation models. frequently relate the percentage change
in the variable of interest during the next year or decade with its
value at the beginning of the time period. If yi is, say, the rate
of water usage in year i and zj is the percentage change in y; in
the succeeding time period, then typical 1linear, exponential and
power models relating these variables are shown in (»A), (5B), and
(5C), respectively

zy =B +By, (5R)
_ B Yy;

z; = B 1 (5B)
_ B

z; = By vy - (5C)

These equations can be readily transformed to autocorrelation func-
tions by recognizing that zj = (yj+1-yi)/yj. Making this substitu-
tion in (5A), for example, and soiv1ng for yj+1 yields

- 2,
Yin1 T B] Y3 +8 ¥y 5 (6)

similar substitutions can be made in (58) and (5C). In (6), By is a
constant with value 1 + B,.  The parameters of (5) or (6) can be
evaluated by least squares analysis or more approximately by plot-
ting zj versus yj on arithmetic, semilog or log-log paper and fit-
ting a line by eye. Once the parameters (B, and B) are evaluated,
the equations can be used recursively to calculate succeeding yj+}
values starting with the most recent y; for which a numerical value
25 av§i1ab1e. An example is included in Chapter 5 of Fair, et al.
1966).
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More general auto-correlation models postulate Yiy instead of
zj as the dependent variable. The simplest of such models is the
linear equation

.y“,] = BO +B y.i; (7)

exponential and power functions of the type in (5) relating yi+
and y; are also possible. While the parameters By and B can be
estimated from curve fitting or by regression analysis, Draper and
Smith (1966) show that in the case of (7), By =§ (1-ry) and B =
r1, where y is the mean of the data sample and ry is the lag-1 ser-
ial correlation coefficient.

Where monthly or daily estimates of future water usage are de-
sired, the rather gross projections obtained by the above time ser-
jes models may be inadequate. In this case, cyclical variations
from one period to the next are required which necessitates use of
Fourier analysis. Descriptions of such analysis may be found in a
number of texts including Tintner (1965); Gracie (1966) presents
the analysis of water usage data using Fourier techniques.

In the basic model of equation (3), usage is projected into
the future as a linear function of time as shown in Figure 7A. To
superimpose a cyclical variation as shown in Figure 7B, it is mere-
1y necessary to add a sine wave to the function which results in
the following model:

y(t) = B + Byt + B, sin (ut - o). (8A)

In this expression, « is the angular frequency with units, degrees
(or radians) per unit time (w = 360°/T), and T is the period of the
wave; the time for a complete cycle. It is necessary to specify T
in advance; for water usage data, values of 1, 7, 30, 120, and 365
days are common. The phase shift of the wave 1is denoted 8 with
units, degrees or radius (s = 360°%/T), where 1 is the time lag to
the start of the first wave, as shown in Figure 7B. The parameters
of (8A) to be evaluated by regression analysis using the historical
data trace include By, By, B and 85 y and t are the dependent and
independent variables, respectively, and w is a parameter for which
numerical value is available once the modeler selects T.

Unfortunately, (8A) is not linear in the parameters and, hence,
is not an appropriate model for regression analysis. It can be
suitably transformed, however, via a trigonometric identity and
changes of variables to yield the following:*

y(t) =B, + Bt + Asin ut+Bcos ut, (88)

in which t, sin wt and cos ot are the independent variables for
which numerical values are available or can be calculated.

*sin (wr - 6) = cos 6 sin wt - sin & cos wr, A = B2 cos 6, and B =
- 82 sin o.
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Equations (8) include the single wave (or harmonic) shown in
Figure 7B. It is possible, however, that the data reflect several
harmonics (e.qg., daily, weekly, monthly, seasonal, and annual cy-
cles).  Such harmonics imply the superposition of wave upon wave.
While it is unusual to inciude more than one or two harmonics in a
predictive model, several (approximately n/2, where n is sample
size) can be included merely by adding additional terms to (8),
each with its own unique w. The resulting model is

. t). (9)

y(t) =B +Bt+zr (A sinw; t+ B, cos ug

i i
Regression Models

Unlike time series models which include a single independent
variable, regression models generally include several; between two
and six is common, althouch an extraordinary model by Wong, et al.
(1963) included twenty. While the independent variables cannot un-
equivocally be viewed as the causitive factors underlying demand,
such is usually implied. [n the case of community demand, the in-
dependent variables are most often indicators of social, economic,
and weather conditions in the water market. Selection of variables
to be included in models for which published data are already avail-
able or can be easily obtained frequently poses serijous prodlems.

A sound theoretical basis for postulating regression models
for water demand is seldom availabie. As a result, modelers often
propose guite general additive or multiplicative expressions like
those of (10A) and (108B) and rely on statistical tests for deleting
superfluous terms.

- 2 2
Y = BO + B]X1 + BZXZ + ...t BiX] + Bsz + ..
+ BkX]X2 + BeX]X2X3 + .. .t BZX]XZ e . Xn (104)
B B B
- 1 2 n
Y = BOX1 X2 PN Xn (108)

Such tests identify those parameters (B's) not significantly dif-
ferent from zero.

The additive model of (1CA) can be very cumbersome if more
than just a few independent variables (X's) are included. In prac-
tice, such models are often initially formulated with only first-
order terms, ignoring all interactions such as XiX,, X X2X3, etc.
and powers of X greater than one. Simplistic models of this type
which are linear in both parameters and variables are almost always
inadequate. To make them more realistic, quadratic models like
that of (10C) are sometimes postulated; interactions are often ig-
nored due, among other things, to the difficulty of interpreting
their meaning.
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2

= 2
Y=28,+8 X] ... F Ban + B X, + Bnan

0 1 1M
+ B]2X1X2 + ...+ Bn’n_1 ann-l (10C)

Square-root models are also used which are similar to (10C) except
that /X terms replace X2.

A clear advantage of the multiplicative model of (10B) is its
simplicity. It can be readily linearized by logarithmic transform-
ation making it necessary to use logs of data on Y and X's in re-
gression analysis. With n independent variables, the model in-
cludes only n+1 parameters for evaluation; messy interactions do
not exist. The major disadvantage, however, has to do with expon-
ents. Consider X, in (10B), for example. Taking the partial de-
rivative with respect to it results in the following:

- _aY/y
B, = 5‘3572 ()

the numerator of which is the percentage change (as a decimal) in
the dependent variable; similarly, the denominator is the percent-
age change in X,. Hence, B, represents the percentage change in
the rate of water usage per percent change is X,. This, it may be
recognized, is a measure of elasticity; if X, were price, B, would
be the price elasticity of demand. The problem here 1s that the
multiplicative model implicitly assumes that all such elasticities
are constant, which is generally untenable except with a narrow
range of values for each X.*

Fundamentally, regression models define the interrelationships
between water usage and the variables upon which it depends. If
used for forecasting, it is necessary to estimate future values of
the X's for the year in question. Almost always, this is a diffi-
cult task. Equally or more difficult, however, is the need to es-
timate future values of model parameters (the B's). It does not
necessarily follow that the values such parameters assume in a base
year for which data are available will remain constant into the fu-
ture. Thus, it is desirable to postulate and solve models of the
type in (10) for several base years followed ty time series analysis
of parameters or else include time explicitly in the model as an in-
dependent variable. While this approach is recommended, it is sel-
dom followed.

A number of regression models for water usage are reported in
the technical literature; only a few are mentioned herein. Howe
and Linaweaver (1967) present the results of an extensive study of
residential water demand in the U. S. Separate models are reported
for (1) houses with water meters and public sewers, (2) houses and
apartments charged a flat rate for water but served with public

*1f, for example, the price elasticity were constant, the demand
function would be as shown in Figure 8 which is significantly dif-
ferent from Figure 5.
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PRICE (X)

Y= Bo XB|

QUANTITY DEMANDED (Y)

FIGURE 8 — DEMAND FUNCTION WITH CONSTANT
PRICE ELASTICITY
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sewers, and (3) houses with water meters and septic tanks. The
dependent variable is the rate of usage per dwelling, and the prin-
cipal independent variables include the market value of the home,
its age, the number of persons in the dwelling, average water pres-
sure, and the sum of water and sewer charges. Separate models for
summer sprinkling demand include the irrigable area and net effect-
ive rainfall as independent variables. Both additive and multipli-
cative models are postulated, although the former are simple ex-
pressions, Tlinear in variables as well as parameters. A typical
result is the following which indicates the average annual quantit
demanded per dwelling for domestic purposes (in gallons per day
for residences with water meters and public sewers:

q =206+ 3.47 V - 1.30 P; (12)

in (12) V is market value of the home in thousands of dollars and P
is the average charge for water and sewer services in cents per
thousand gallons.

An early regression model of residential demand was developed
by Fourt (1958) who included price, the number of days of summer
rainfall, average number of persons per meter and total population
served as independent variables. A highly disaggregated regression
model for community water usage is that of Wong, et al. (1963),
previously mentioned. Among the twenty independent variables were
the following: industrial employment, maximum and minimum water
prices, percent of housing in one-, two-, three-unit and larger
structures, average household size, percent of owner-ocqupied
units, median income and average home value. A number of special
purpose univariate regression models are reported in the litera-
ture. Commonly used independent variables include water price,
personal income, and various indicators of economic activity.

Main I is a fairly recent model for community water usage de-
veloped by Hittman Associates (1969) which appears to be well veri-
fied. The model divides water regquirements into residential, com-
mercfal, industrial, and public categories. Residential require-
ments are estimated using the models of Howe and Linaweaver, while
commercial, industrial and public uses are estimated from water co-
efficients. It is necessary for the user to obtain community data
on such variables as the number of barber chairs in town, the
square feet of car washes, the number of car stalls in drive-in
movies, and up to fifty additional categories in order to predict
commercial requirements. Industrial estimates are based on some
200 coefficients for which employee data by industrial sector are
required. Public usage covers thirty categories such as system
losses, bus and airport terminals, and free service. While agree-
ment between observed and estimated water usage based on Main I is
good, the model is highly disaggregated and requires vast amounts
of data for use.

Main I is the predecessor of Main Il which is the Hittman mod-
el for forecasting future requirements. While Main I enables pre-
diction of water usage at any point in time, Main II is concerned
with forecasting values of the independent variables upon which fu-
ture usage depends. Three techniques are included 1in Main II for
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such forecasting: projection by interval growth models, time ser-
fes analysis of local data, and use of external forecasts. Pro-
jection by growth models makes use of national rates of increase in
variables based on data from a number of Standard Metropolitan
Statistical Areas throughout the United States. This option is
most appropriate for variables of lesser importance or where local
information on trends is lacking. Time series analysis of data can
be selected for variables whose future growth is expected to differ
significantly from national averages, and external forecasts merely
provide for using future estimates developed apart from the Main
model. To date, extensive use has not been made of the Main models
apparently due to their highly disaggregated nature.

Input-Output Models

The modern development of input-output modeling began in the
1930's due in large part to the work of Leontief (1966). Such mod-
eling fundamentally accounts for the industrial production of a re-
gion required to satisfy society's demands for goods and services
taking interindustry transfers of goods into consideration. Because
input-output analysis focuses on industries, its use for water re-
quirements forecasting is limited to that sector of the economy.

The produced goods and services (i.e., outputs) of each indus-
trial sector in a region 1is the sum of the output which goes to
satisfy the requirements of other industries (i.e., interindustry
demand) plus that which goes to satisfy the final demand of con-
sumers.

Total Sector i Sector i
Sector 1 - Output for + Qutput for
Output Interindustry Final
P Demand Demand (13)

If X3 is the output of industrial sector i in a particular year, Yy
is the final demand for goods or services of industry i, and Aj; is
the amount of type-i goods or services required by industry 3 to
project a single unit of type-j goods, then the fundamental rela-
tionship in (13) can be written in symbols as follows:

Xy = A A ..t AinJ. LERERERIR S PHY SOR ) i (14)
Equation (14) is an expression for a single industrial sector such
as textile manufacturing. The economy of a nation, state or other
large region, however, consists of several sectors, each requiring
a separate equation like (14).* Such a set of linear equations
constitutes the basic input-output model of the region. If [X] is
a column vector of outputs from each industrial sector, [Y] is a
colum vector of final demands for products from each sector, and
[A] is a square matrix of <input ocoefficients representing the

*North Carolina's input-output model, for example, consists of 58
sectors.
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amounts of goods required to produce a unit of output by each in-
dustry, then the set of linear equations can be written in matrix
notation as follows:

[x] = [AI[X] + [¥] (154)

The heart of input-output modeling consists of developing num-
erical values in [A] for a base year. This work requires examina-
tion of the regional economy to determine the amounts of goods pur-
chased by (or sold to) each industry of the region from every sec-
tor. Additionally, an accounting of regional imports and exports
together with the gdods and services going to satisfy final consum-
er demands must be made. Analysis of the data from such study re-
sults in a matrix of values for [A].* With numbers in hand, (15A)
can be rearranged as follows:

X3 - [1 - A1 [vD, (158)

where I is the identity matrix, and [I-A]'] is a square matrix
called the Leontief inverse of same dimension as [A]. The numeri-
cal values of the inverse matrix define the amounts of goods and
services required from each industry per unit of final demand. Spe-
cifically, the element in the i-th row and j-th column indicates
the amount of good i required per unit of final demand for good j.
The elements of this matrix, then, define required amounts of goods
and services to satisfy both consumer demand (i.e., direct demand)
and interindustry demand (i.e., indirect demands).

Expression (158) 1is the form input-output models take when
used as tools for forecasting. If national, state or other region-
al agencies are able to estimate future 1levels of final consumer
demands [Y], the associated amounts of output [X] from each indus-
trial sector of the region required to meet then can be estimated
from (15B). This assumes, of course, that the values of [A] remain
constant over time. Such forecasts of industrial output are en-
tirely consistent with the structure of the regional economy which
is, perhaps, the principal strength of input-output forecasting.

Once planners are able to forecast industrial outputs required
to meet final demands, a number of other predictions become possi-
ble, the most important of which for our purposes are industrial
water requirements. Assuming that industrial water usage is pri-
marily a function of industrial output, requirements are estimated
by multiplying each output in [X] by an appropriate water use co-
efficient. If [W] is a row vector of such coefficients, total in-
dustrial water requirements in the region needed to satisfy final
consumer demands EY] is obtained from the following:

[WIIX] = [WICI-AD7 [Y1. (16)

*Such analysis is described by Miernyk (1965).
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Expression (16) denotes the use of input-output models for indus-
trial water requirements forecasting in a region. Given numerical
values for the inverse matrix and with a vector of industrial water
use coefficients, water requirements can be forecasted for any fu-
ture schedule of final demands [Y]. Assuming [W] and [I-Al-! re-
main relatively constant over time (at least for short periods),
the principal work of forecasting reduces to estimation of future
values for [Y].

A number of problems and difficulties surround development and
use of input-output models for water requirements forecasting. One
of the most serious is that industrial production functions repre-
sented by [A] are linear. Another is that [A] is assumed to remain
constant over time. Development of values for [W] is difficult.
Almost always, the industrial sectors of input-output models are
comprised of similar but nonetheless different industries. Hence,
the usage coefficients of [W] must be aggregate values uniquely de-
termined for the input-output model under consideration. A final
problem is that resulting forecasts are regional values, to be use-
ful except for the broadest kind of water resources planning, they
must be disaggregated to subareas such as river basins or counties.

The problems of input-output forecasting notwithstanding, the
technique has been applied in a number of instances. Lofting, et
al. (1968) reports its use in California; Hite, et aZ. (1971) in
South Carolina, and the United States Army Corps of Engineers (1972)
tn northeastem United States. A number of studies involving input-
output models for statewide water requirements forecasting are cur-
rently in progress under the aegis of the Office of Water Resources
Research (1973); inciuded is work by Lauria in North Carolina, Mon-
cur in Hawaii, and Rohdy in Colorado.

CONCLUSIONS

Economic theory provides valuable insights into the phenomenon
of water demand. To large extent, the theory helps identify the
principal determinants of usage including such things as consumer
preferences and income, the prices of water and other goods, the
role of technology and policy, and the size and type of the water
market. Although the interrelationships among these variables are
complex, attempts can be made to quantify them using mathematical
techniques 1ike those discussed herein. Thus, the combination of
economic theory and mathematical modeling enables investigators to
understand and quantify with reasonable accuracy the water demand
phenomenon.

While this observation on the state of our knowledge is en-
couraging, it does not necessarily imply that we are well equipped
to make good forecasts of future water demands. The reason is that
our theory deals fundamentally with static situations. For the
present point in time, we can often estimate demands with fair pre-
cision. The dynamic theory that is necessary, however, to antici-
pate the conditions that will account for future demands is gen-
erally lacking. To large extent, then, we must continue to rely on
time series analysis and projection of trends for future estimates,
which, of course, does not really explain demand growth over time.
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Future use of time series analysis, especially of the simplest
kind, will continue to focus on water requirements rather than de-
mands. It is doubtful that much attention will be given to the
supply side of the phenomenon. This approach may result in reason-
able estimates as long as water is not a particularly scarce com-
modity. But there is general agreement that the day is fast ap-
proaching for many regions of the United States and abroad when
scarcity will be of serious concern. More and more communities are
having to go far afield to obtain water to satisfy their needs. The
increased costs, of course, will be passed on to the consumer which
may, indeed, 1lead to reduced usage thus invalidating requirement
forecasts based on simplistic approaches.

While the state of the forecasting art is perhaps not as bright
as we might 1ike, it is probably not inconsistent with the state of
the art for planning public water supply facilities. It is neces-
sary to keep in mind that forecasting 1is not an end in itself.
Rather, forecasts provide the basis for planning expansions and new
facilities. At a very fundamental level, then, erroneous forecasts
result in the loss of excess capacity sooner or later than desired;
that is, in under or overdesign. Of course, more serious problems
due to erroneous forecasts might also result, but even if water de-
mand forecasts could be made with perfect certainty, questions of
optimal planning would remain since our knowledge in this area is
incomplete. As a result, work on improving demand forecasting must
proceed simuitaneously with efforts to improve our decision making.
One without the other will not necessarily result in improvement;
both are necessary.
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SUMMATION

Eric F. Johnson
Executive Director
American Water Works Association
Denver, Colorado

The basic question asked when we started this symposium was:
What is the state of America‘s drinking water? I would say, having
heard the speeches of the past two days, that the state of Ameri-
ca's drinking water is not nearly as bad as any newspaper reporter
would report to the ' public from having heard what was said here--
unless, that is, our vital statistics are lying to us. On the
other hand, 1it's not nearly as good as we would think--we who are
in the field--or as good as we would want it to be, The federal
drinking water standards that are coming up are going to demand
that it be better, and our AWWA water quality goals certainly urge
that it be better than that.

One point that has been made very clear is that the state of
America's drinking water is not nearly as good as our present tech-
nology permits. This is true not only for the small utilities that
have been blamed for much of the bad press we have received, but
also the large utilities. For instance, New York City is not go-
ing to meet the turbidity requirement of the new drinking water
standards, and we have been told that Seattle and Boston are caus-
ing problems in health through the quality of their drinking water.
Furthermore, our water is perhaps worse than we all think it is.
This has become obvious certainly from the considerable discussion
about what we don't know about water. One approach to solving this
problem, of course, is research. I know that you people here are
most interested in seeing research promoted. The only aiternative
I can suggest is to get rid of our sophisticated instrumentation
and not measure any more of these things that we could not measure
in the past. After all, what we didn't know then has obviously not
hurt us. I think, however, that you will join me in choosing to
promote research as AWWA has been trying to do of late.

By the way, I was delighted to hear Gunther Craun report that
research is now being done on trace metals and on this matter of
soft water and heart disease, The soft water-heart disease problem
has been a particulariy difficult cne for AWWA toanswer--particular-
ly when AWWA's water quality goals call for softening water. We
want those answers, and we have been urging EPA and its predecessor
agencies to do something about them for many years.

I did want to mention that we should not forget, in all these
cries of desperation concerning the quality of our water, that we
have been reasonably successful in the last sixty years in working
as a federal-state-local team to produce water of a quality that's
pretty good. We used to say, until people like Dan Okun got after
us, that we're producing the best water quality in the worlid. Now,
having listened to the talks of the last couple of days, I have de-
cided that we are perhaps providing the best water in North America,
south of Canada, that is, The team that produced this reasonable
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state of performance was pretty much broken up in meeting the cri-
sis of water pollution control. Gary Hutchinson discussed this at
the state level. The same thing or perhaps worse happened at the
federal level. It happened, too, in the fields of education and
research, where people wanted to follow the challenge and, of
course, the dollars that were afforded water pollution control.
Now it seems that the water supply team is to be brought together
again through legislation-~through the Safe Drinking Water Act, if
Congress ever gets to vote on it.

Basically, the job of the Safe Drinking Water Act will be to
reorder the priorities of EPA so that it recognizes the importance
of solving the problems of the drinking water field. As far as
we're concerned and as far as most of the people here who have dis-
cussed the problem are concerned, it seems that the basic objective
of the Act is something that we can all agree on; that is, better
water for people. As your vice chancellor mentioned yesterday noon,
water for people has long needed a boost. But there are some wor-
ries in this new legislation for state and local members of the
team. In the first place, there seems to be a threat of federal
dictation rather than cooperation. [ know that the states are al-
ways concerned about this, and the utilities are worried, too. Some
of those provisions that worry us have to do with the establishment
of standards for the design, construction, maintenance, and opera-
tion of water utilities. Not only do we feel that such standards
can freeze the technology but, as was pointed out this morning by
Cecil Rose, we need flexibility; we need to be judged by our per-
formance, by our results, not by how we do things. The required
notification procedures have been particularly disturbing to the
water supply field. The water suppliers want consumer understand-
ing, but they are afraid that the notification procedures now spe-
cified may mislead rather than inform the public in the same way
that the cranberry and cyclamate notifications aroused panic rather
than understanding.

We think, too, that the fines that are built into the new leg-
islation are not going to build very many water utility facilities
and that the extensive reports that apparently gather dust on the
shelves are not going to help to get the job done. But the basic
worries that both states and utilities have are financial ones con-
cerning the tremendous burden that the requirements of the Act will
be putting on both the state for its surveillance program and the
utilities for their improvement programs. I think that this worry
is perhaps overblown. If we approach this with a positive idea,
both the states and the utilities can use these requirements to get
what they should have wanted all along; that is, better programs--
better programs both in surveillance and in providing water service
to people. 1 feel very strongly, with Dan Okun, that we should not
wait for the free money from Washington to do these jobs. These
accomplishments are what we should be aiming to do ourselves, and I
believe that we will find that we can do them at less net cost than
waiting for the recycled dollars to come back from Washington. Act-
ually, we not only lose time, the time of getting good service in
the interim, but we are also losing in the inflationary rise in
cost at the same time.
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Some interesting ideas have developed in this discussion,. and
I would 1ike to mention a few of them. Regionalization was one
mentioned by a number of speakers during the two days, and I trust
that they were talking not necessarily about physical consolidation
of utilities because now that I'm a Denverite, I've seen the 100-
mile-apart communities up in the Rockies, and [ know that we have
no hope of physical connectives out there. But there are opportuni-
ties for regionalization of management and engineering, and I hope
that we will have an opportunity to overcome some of the political
problems that are hampering this movement. In Great Britain, as
Dan Okun pointed out, some 1,300 water utilities and even more waste-
water operations have now been consolidated into ten water authori-
ties. Such drastic action here would probably set off a second
American Revolution. I know I've talked to mayors on a good many
occasions, and the minute I mentioned consolidation or regionali-
zation, they turned off their hearing aids.

Quite apart from consolidation, the amalgamation of water and
wastewater operations was another point discussed in the symposium.
This 1s a trend that is now going on. At least 50 percent of all
water utilities are involved 1in some kind of consolidation with
wastewater operations. One form of such amalgamation was suggested
in a recent Oregon bill. This bill would have required that the
discharge of a community's sewage treatment plant effluent be up-
stream of the water supply intake. One of our legistators apparent-
ly felt this would solve the problem of treating the upstream neigh-
bor's sewage. Of course, the representatives from Portland, Ore-
gon, which gets its water up at Bull Run Watershed high up in the
mountains, were a little dismayed with this and managed to get the
bill defeated. This kind of thinking, though, provides a good ex-
ample of what can go on if we do not keep our eye on some of our
legislators.

One good reason why I hope we do not follow the British exam-
ple too soon, by the way, is that a result of their consolidation
that Dan Okun didn't mention last night was the demise of the British
Water Works Association, and I'm not quite ready for retirement,
yet.

Another idea that was brought up was that of dual water systems
and the need toexplore the economic feasibility of separate systems
for making reused water available for non-potable uses. We, too,
would be worried about the cross connections that could follow and
create problems, but I would point out that we already have a dual
water system. ['ve been reading the literature about bottied water
supply, and I understand from the Deer Park Spring Water ads that
tap water is merely for washing whereas Deer Park water is for
drinking. Actually, Deer Park is offering virgin water, which must
mean water used before only by virgins, for all water, we understand
has been used before.

Still another new idea expressed was that of providing public
water supplies for everyone. I think we have to be a little care-
ful because I am not at all sure that everybody wants public water
supply. As a matter of fact, 1if they had heard our symposium, I'm
sure they wouldn't want them. But there are many people who have
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no option but individual wells, and I think we have to lean toward
providing public water supply at least to everyone who wants it.
0f course, this can come head-to-head with our idea of keeping wa-
ter systems self-sufficient. We're going to have to find ways to
make these two desires compatible.

A point that I think everyone mentioned is the 1importance of
reuse. Of course, it isn’'t a new idea, but the fact that we are
closing a cycle is something that we have to prepare people for not
only physically, but psychologically. It's a point that I know we
asked questions about in the Gallup poll that AWWA conducted a year
ago, and we were surprised to find out that in the Denver area,
where the environmentalists are quite strong, people apparently
thought there was some magic to reused water that made it better
than fresh water. Perhaps this is a start to getting the psycholo-
gical acceptance, but I think we in the water industry are still
much more interested in feeding our people potable water that comes
from a fresh source as long as we can.

Let me very briefly summarize this whole thing by saying, not
only do we need to know more--that is, to do more research--but
we also need to communicate our knowledge better. We must see that
the knowledge gets to the utility people who have to use it to do a
better job of supplying water and water service to the public; but
also, Jjust as important, that the knowledge gets to the public it-
self, because it is the public that has to buy these new improve-
ments that has to buy this monitoring that we are going to use when
the Safe Drinking Water Act passes. This is the basic message that
we have been trying to get through to our congressmen. [t is the
message that we must get through to our own utility people, too,
because they are not doing the job of selling their service to the
public. Research first and then, through communication, its appli-
cation to the job of providing "Better kater for People."

* * * X *
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