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I. REVIEW OF LITERATURE

In an attempt to review all of tﬁe literature per-
taining to the water pollutiqn problem posed by the dis-
charge of municipal wastes, it was}found that a great deal
~¢of information was being publiéhed ranging from daily news-
papers and periodicals through text books. As a result of
‘this great quantity of information, an attempt was made to
utilize only that information submitted by the more informed
sources and from governmental agencies.

During the initial research stages of this paper,
correspondence with the various State Water Pollution Boards
and the Department of Health, Education and Welfare proved
invaluable with their suggested references and directed re-
search., These agencies submitted a large number of pam-
phlets and papers as well as published speeches presented at
Water Pollution Conferences. In addition to these govern-
mental agencies, correspondence with the editors of Public
Works Magazine resulted in a wealth of information concern-
ing actual surveys and current studies as well as additional
sources to be investigated.

In a review of the many publications and books on
sewage disposalismethods, in that portion concerning sewage
lagoons, much of the material was considered inadequate and
outdated. Many of the articles were full of enthusiam, but

were of little professional interest., Most of the text -



books reviewed were merely cognizant of Sewage lagoons, and
devoted only a minimum explanation of their history of' use
and performance characteristics. Héwever, most of the text-
books were published during the early periods of lagoon de-
velopment. o } | |

‘The material most highly valued in the research of
the lagoon method of sewage disposal was that submitted by
the United States Public Health Service which dealt with
actual performance studies of pillot projects. The State
Water Control Boards of Virginia and ?ennsylvania élso sub-
mitted observations recorded at pilot lagoon projects. Al-
though the number of articles discussing the inherent prob-

lems of lagoons and their doubtful (sic) future were more

numerous thanzthe articles advocating further study and use
of the lagoon method, the more dptimistic articles were
based upon specific studies and'observations. These arti-
cles, devoted to the continued use and expansion of usage
were very convincing when backed up with performance fig-
ures, and were further éndorsed by correspondence with state
officials in the states most familiar with the lagoon system
of disposal., Correspondence was received from sixteen
different states, and from seyefal’departments of state
govermaent from each of the contacted states.

In summarizing this review of literature, it should

be said that arguments have been presented for and against
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the use of sewage lagoons as sewage disposal plants., How-
ever, the articles reviewed that were based upon actual
observations of pilot projects indicate a prevailing opti-
misiic attitude on the performance and potential of the
sewage lagoon system. As the author peoints out in this
study, the lagoon system has merit, but it does present cer-
tain problems. Without more study and research, this poten-
tially cheap and effective method of sewage disposal migz ht
be lost primarily due to poorly informed officials and

engineers,



1I. THE PROBLEM OF WATER POLLUTION

Water in its natural state is never really pure. As
nrecipitation ocecurs, the water gathers impurities from the
atmosphere. Its contact with man-made objects and man's
activities add additional impurities in various forms,

Wgter can purify itself only to a point by natural
processes, but there is a limit to what it can accomplish,
Rivers, lakes and oceans can take, diffuse, and oxidize
mechanically and chemically some specific quantity of cer-
tain additives, without destroying the general balance of
nature involved, or making the water cffensive or a health
hazard to man, Yet, slightly beyond this tolerance point,
the entire process becomes unbalanced.’ With some signifi-
cant exceptions, it is the cities that are now the great
of fenders--they are placing a great strain on the natural
resources of clean water. .

‘Pollution is a ma jor cause of resocurce waste. The
real reason may be the abs;nce of any efTective use of the
technolegy available on how to control pollution, Thus, it
becores a problem of political dymamics, and of the publiec
authorities' willingness to deal with thie cause of pollution
effectively. Public controls must be used to prevent over-
loading-~technology must be used to correct pollution that

has reached the danger point.
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In this era of techﬁological progress, industrial
expansion, and home building, wé are experienciné a use of
water never before recorded by any nation. Experts are be-
coming increasingly concerned about our'water supplies. The
reason for this concern is guite gvident; when the figures
~are projected. In the United States, our population uses
more than 300 billion gallons of water each day, and by pro-
jecting this present use, it is expec§ea that by 1980, the
population will be using all of the available water that we
arzs able to‘develop.(l) }_

The water need in the United States is expected to
inerease 150% over the next 2¢ to 30’years. Industry alone
wiil account for 95% of the new water meeas.(z) >

To meet these future r;quirements, it is apparent
that we must fully utilize all of our existing water, and
further requires the reuse of our waters over and over
again., In order to réuse water, it is necessary that the
water possess a usable quality maintained by adequate pollu-
tion coutrols,

A study conducted in 1955, categorizes the ma jor
uscs(s) of water for each family, using a total of four per-
sons per family,

Yunicipal and rural-domestic 445 gpd or 8%
supplies

Irrigation 2,520 gpd or 46%
Industry (self-supplied) 2,520 gpd or 46%
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Of this total of 300 billion gallons, another sur-
vey(4) shows that of all vithdrawals, 73% is taken from
streams, lakes and reservoirs; 19% is obtained from groahf
ground water; 8% is saline water, mostly from oceans; and
;bout 0.1% 18 from reclaimed sewage.

Of that withdrawn for municipaliiies, approximately
10% is consumed; 60% is used for irrigation; 2% is used for
industry; and the remaining 12% for miscellaneous purposes.
Approximately 30% of this total is consumed and the remain-
ing 70% returns to the streams,

A ﬁbrtion of the water returned to streams is con-
taninated and unless it 1s pretreated, its availability for
reuse 15 reduced. This is essentially true of all return
fron munioipaI; domostio; 1ndﬁstr1a1; and even a small per-
centage of that water used‘tor 1rri¢aiion purposes,

| A large portion of the fluid wastes from municipali-
ties and industries can be feasibly reclaimed, especially
for uses that do not require water of the purest grades,
Public health standards and industrial requirements both
demand water of high chemical or bacteriological purity or
both, Yet, our major centers of population and industry
ocreate ever inoreasing quantities and kinds of toxins and
other pollutants that are indiscriminantly dumped into
streams. There, they as allowed to pollute our useable

water sources.
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Some of the newer pollutants have resulted from the
production of chemical produects. Synthetic organic chemi-
cals often are undetected and seldom suspected. Househeold
detergents, radioactive wastes, thermal pollution, agricul-
tura1~insecticides, and even the exhaust from outboard
moters add to the seriousness of the pollution problem. A
very important problem is that of improving the quality of

inferior waters, as well as abating and/or inhibiting pollu-

tvion.
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FRINGE AREA SEWAGE PROBLEMS

Not only are many of our surface waters polluted,
but at times the land itself becomes polluted. In our sub-
urban rings, we now have large acreages of septic tanks;
many already beyond the carrying capacity of the land., With
just a little more density, a few more subdivisions, and a
large number of suburbanites will find their sewage in their

-eellars,

In the absence of‘public water and sewage systems,
suburbanites are resorting to wells for water, and a variety
of’ sewage disposal systens. The most commonly used treat-
ment device is that of the septic tanks, Septic tanks will
not work efficiently when the water table is too close to
the surface, and where there is not sufficient drainage
available. Soil percolation tests determine the degree of
porosity, and where the sdl is impermeable, the septiec tanks
will not operate satisfactorily.

For example, less than half of the septic tanks sur-
veyed in a five-state area of the mid-west are working pro-
perly.(5) |

It is becoming increasingly apparent to the sanitary
éngineers that "the only satisfactory way to dispose of
domestic sewage is by public sewers with subsequent adequate

treatmeat."(s)



An ocutstanding deficiency, leading to sewerage prob-
lems in fringe areas, is the lack of planning,

The New York Public Health Association Committee,
studying the problem of providing public sewerage in realty
subdivisions, opposed the installation of septic tanks in
the built up, or potentially built up areas--regardless of
soil and ground conditions. They recommend the use of
septic tanks only in predominantly rural and undeveloped
areas.(7)

The effects of infiltration of sewage liquids into
ground water aquifiers are becoming more evident in the
ground water supplies. This infiltration of sewage liquids
is being drawn into the areas of pumping and thereby con-
taminating the sources of the’ground water. In many areas
previously thought to be suitable for the use of septic
tanks, the ground has become saturated and water stands on
the surface--contributing to the health problem as well as
devaluating the surrounding properties.

If, then, septic tanks are being considered as
unsatisfactory, what is the solution? There is no single or
simple answer to this question. Until the time comes when
each hounie will possess an independeni sewage disposa}
plant,(g) thereby cutiing itself off from the only remaining
ma jor link with the municipality, it will probably be neces-

sary to join together with the neighboring households to
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provide a superior service--and often at a lower cost than

individual septic tank treatment.



RESTRICTIVE LEGISLATION

The measures adequate for resolving the water
management problem are beyond the competence or jurisdiction
of private enterprises and are regional, state, national,
and sometimes international in scocpe. The necessary juris-
diction of water management can be expected to inerease.

Congress has the power, under the constitution, to
control all navigable waters that are coastal; interstate;
and intrastate. Under these powers, it has adopﬁed legis-~
lation prohibiting the deposit of "any refuse matter of any
kind or desoription vhatsoever (other than that flowing from
streets and sewers and passing therefrom in a liquid state),
into any navigable water of the United States, or into any
tributary of any water from which the same shall float or be
washed into such navigable water."(g) However; it consis-
tently has delegated the responsibility of water-pollution
control to the states.

Responsibility for pollution abatement for the pro-
tection of water resources is shared by local, state, and
federal agencies. Under the American tradition of community
responsibility, each city and industry has a clear obliga-
tion to construct, operate; and maintain all the pollution
abatement works necessary to assure that its wastes will not

cause harm to others,
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Water laws cof the states vary widely, but legal
decisions consistently support the right of riparian owners
to be protected against pollution. It can be expected that
the management of the projects wili oppose, in some |
instances, the commonly aécepteﬂ "righis" of individuals in
the use of water. 1In effect, future plans will involve ex-
tensive pooling of individual rights to create a common
cooperative. |

The governments in the>United States are poorly
organized at all levels to offer the unified management and
continuing planning of water resources that is required for
each natural drainage basin. Local and state boundaries do
not respeet the watershed boundaries., The division of func-
tions and activities among federal, state, loeal, and pri—
vate organizations only complicates the problem.

Lyle E., Craine of the ﬁepartment of Conservation,
University of Michigan, states the problem as, “Aotually;
although federal water development agencies profess a dedi-
cation to the water management concept, they are not
equipped to implement it. They possess multiple purpose
authorities, but they are dominated by single service ori-
ented clientele. Furthermore such services as municipal and
industrial water supply, pollution abatement and recreation,
which are inereasingly important in water management pro-
grans, are peculiarly of state and local concern, and

federal agencies are in no position tc make the décisions
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necessary to integrate these into federal water management
schemes. In sheort, ne federal agency, nor the federal
government itself 1s in a legal management program."(loj

Federal laws concerning water pollution date back
many years, The first law was the Rivers and Harbors Act of
1829, This act prohibited the deposit of waste materials
other than that flowing from streets and sewers in a liquid
state, in or on the banks of navigable waters and their tri-
butaries, The 0il Pollution Act following in 1924; provided
for the prohibition of the discharge of o0il into coastal
navigable waters of the United States., Both of these acts
were administered by the Department of Defense, and were
primarily concerned with preventiﬂg‘damagé to shipping.

The first major enactment was a provision in the
Public Health Service Act of 1912. This provision gave
authority to that service to conduct investigations of the
pollution of streams and lakes by sewage and other causes,
The Public Health Service carried out early'research, and
investigation that provided valuable information as well as
establishing the basis for information and consultive ser-
viees,

The first pollution centrol act of a comprehensive
nature was the Water Pollution Control Act of 1948. This
act authorized expanded activities by the Public Health Ser-

vices and added to the principles of State-Federal Coopera-
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tive activities. It also provided limited federal enforce-
ment authority and finanecial aid.

Further concern of the Federal government in the
growing national pollution problem, was demonstrated in the
Water 2hllution Control Act of 1956, Many of its principles
and provisions are carryovers from the Act of 1948. Under
this law; the federal government assumed pollution control
enforcement in areas where polluted waters endanger the
health or welfare of persons in a state other than the one
in which the pollution originates. The Surgeon General and
Secretary of Health, Education and Welf'are is empowered to
take action to enforce its control. DEnforcement actions
have been taken in twelve interstate pollution situations to
date.

The Federal responsibilities are primarily of a
supporting nature--designed to assist and strengthen state
programs. They include research and technical assistance on
particularly difficult problems, or other resources now al-
ways available to individual state agencies. They are also
charged with the promotion of coordinated interstate action
and limited enforcement on interstate pollution problems,
These services and grants were increased by amendments to
the 1948 Act in 1956,

The 1948 Water Pollution Control Act established the

principal of limited federal assistance to municipalities
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for the planning and construction of sewage treatment plants
by authorizing annual appropriations. It initiated coopera-
tive state-federal development of comprehensive programs,
These programs have progressed to the point that preliminary
data has been published for all of the nations' ma jor river
basins, Completed comprehensivé programs have been adopted,
and are being instituted by state ageneéies in fourteen
drainage basins. The adoption of a comprehensive program
alone does not result in pollution control, but it does
allow the citizens of the basin to know and to assume their
responsibilities.

One survey shows a total of six agencies designed
specifically for pollution control, but many other inter-
state compacts are concerned with pollution control as a
subordinate objective.(ll)

Interstate cooperation has been further aided by the
adeption of new water pollution control legislation or
amendments to existing legislation by more than half the
states since 1948. The improved legislation; incorporated
from basic principles set forth by the Public Health Ser-
vice, has resulted in stronger state programs and a more

uniform, consistent approach to pollution control.
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WATER POLLUTION RESEARCH

Research on the health-related aspects of polliution
has a leng history, beginning late in the 19th Century with
the work of Paéteur; Koch; and Lister--who established that
certain types of diseases were transmiited by polluted
water.

| The Lawrence Experiment Station of the Massachusetts
State Health Department pioneered pollution research on the
state level in 1886, Field studies were begun about 1910,
by the Public Health Service; and in 1838, the first full
scale investigation to develop an overall pollution control
plan and program for a major river basin was initiated by
the Corp of Engineers for the Ghio River Basin.(lz)

The development of a comprehensive nationwide pollu-
tion control plan was provided for in the Water Pbllution
Control Act of 1948, and later as amended in 1956. This
blueprint for action called for a compilation of data on
pollution sources, quangi&ies; and characteristics. It
would determine agreecments on desired éater uses and estab-
lish standards of quality for the desired uses--and more
important, it would determine treatmenit requirements to pre-
serve the quality for desired uses.

Today the number of research projects and agencies
conducting these projects has grown from a few projects to a

total of 280 projects with expenditures of over $4 million.



Agencies

Universities

State & inter-
state agencies

Federal agencies

Independent
organizations

Local agencies

Totals

Source: Water Suppl

TABLE NO.

1958 WATER SUPPLY AND POLLUTION CONTROL,

RESEARCH INVENTORY OF ACTIVE PROJECTS

_ Number of

projects

- 206
25

23
17

10

280 .

and Pollution Contrel:

Percentage
of projects

73.2
8.9

8.2

6.1

3.6

100.0

Cost of
pro jects

$ 143,000
928,000

1,878,000
464,000

87,000

$4,30C, 000

Percentage of
projects costs

4.1
26.5

53.8
13.3

2.5

106.6

1958, United States Department of

Health, Education, and Welfare, Public Health Service, Washlngton,
D C. » 1960’ pp. 3"'00 .
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These projects have revealed a total of 22,000
pollution sources; 11,800 municipal sewer systems, and
10,400 independent factory outlets in the United States. An
estimated 92 million people are served by sewer systems, but
only 54.5 million are provided with sewage treatment facili-
ties, Despite the reduction of pollution by existing treat-
ment plants, untreated or inadequately treated organic
sewage and wastes equivalent to those from a population of
more than 150 million are still being discharged into rivers
and lakes.(13)

On the basis of this preliminary data, it has been
estimated that the total cost of the needed projects was
about 2.5 billion dollars. In‘addition, each year's needs
resulting from population increase and plant replacement
would require construction expenditures of approximately 200
million dollars. 1%

In spite of the increased treatment plant construc-
tion rate, stream pollution remains such a problem that any
gains experienced now,'must be considered only as an attenmpt
to keep abreast of new pollution created by additional
growth, 7The Department of Commerce estimates that of the
total amount of investment in water resources to be spent
between now and 1975, approximately one third will be de-

voted to municipal sewage treatment plants. A similar out-

lay of funds by new industry will be necessary to abate the
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present and potential discharge of factory wastes.(ls)

Now many of our cities have begun new treatment
plants or are at present operating and expanding existing
facilities, However, it is apparent that a great number of
cities have not complied with their obligation to treat
their wastes before dumping it into our streams, The rea-
sons Tor this neglect or refusal have not been fully deter-
minéd, but the main reasons may be ascribed to a lack of
funds or financial ability and the need for stronger en-
forcement of pollution control regulations. Scwage is a
liability to the community producing it, and no process of
demestic sewage treatment has been developed to deliver a
profit per se. However, the secondary benefits that could
be derived from a well planned facility may prove to be an
overall benefit to the munieipality.

With the advent of state and federal financial aid,
many cities are beginning to meet their obligation. The
Federal Water Pollution Control Act is best known through
its construction grants authority. This aet authorizes
federal aid to state, interstate, municipal or inter-munioci-
pal agencies. Individual grants cannot exceed $250,000 or
30 percent of the estimated project cost; which ever is
smaller. The 1661 budget(ls) contains $45 million in feder-

al funds for this purpose.
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Under this program, 2,156 projects have been
approved through June 30, 1960. These projects are located
in every state, including Puerto Rico and the District of
Columbia. The average project serves 14,700 people and
costs $480,000 and receives grants of $83,OOO.£17)

The present grants and enabling legislation avail-
able to cities still do not make it possible for all munici-
paiities to participate in the peollution control programs,
This inability to comply with the restrictive legislation
sugzests the need for additional sources of revenues for
cities, additional state and federal aid, or cheaper methods
of sewage treatment,

The sewage lagoon will be examined as one method of
accomplishing sewage treatment at lower costs adaptable to

the needs of the smaller cities,
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11X. SEWAGE LAGOONS

- Photographs of an experimental lagoon are shown in
Appendix A. These photographs illustrate how a well-managed
lagoon can and should appear. The lagoon can be in the form
of a single pond or cell, or it can be constructed with mul-
tiple cells or ponds., The appearance and the treatment
achieved is directly related to the design and maintenance
of the lagoon,

In recent years there have been many studies report-
ing the use and operation of sewage lagoons for beth munici-
pal sewage and industrial uses, These studies describe the
varied uses, some as single stage operations; others as aux-
iliary treatment in connection with conventional plants, and
still others as industrial wastes treatment. There are
examples of ouistanding successes, and others of dismal
failures. During the past few years, many state and inter-
state organizations have joined with: ithe United States Pub-
lic Hedd gh Service to conduct studies on the lagoon system
of sewvage treatment to determine the most effective oper-
ating procedures and practices,

The sewage lagoon is one method of achieving treat-
ment that is available for smalier communities who are
unable f'or one reason or another, to achieve a conventional
sewage treatment faeility. Many arguments have been pre-

sented in opposition to the use of sewage lagoons., These



arguments contain elements of truth, Unfortunately they
have deterred many engineers who might otherwise have
developed the necessary solutions to the inherent problems.

In this cennection, c. G. Gillespie of the California State

Department cf Health Says:(ls)

That oxidation ponds (sewage lagoons) are
ot more used can be explained by their crudity
compared to neat engineering structures, the
uatiractive green coloration of the effluent
and perhaps by the faet that too few engineers
are aware of the petentialities for oxidation of
organic matter. Properly laid out for size and
embodying a few simple details, oxidation ponds
absorb and destroy the odors of sewage, leaving
nothing worse than the smell of a swamp. The
effluents are permanently stable with B, ¢, D.
values as good or better than those of trickling
filter effluents., As a destroyer of sewage bac-
teria, they possess almest unbelievable efficacy.
Final overflow from ponds designed for 15 days
detention will show 5-506 B, Coli per cc. compared
to something like 100,000 per c¢ in the original
sewage. Such results continue day after day and
therefore will rank with or outrank, the results
from chlorination in reliability.

‘The use of ponds or lagoons for the retention of
sewage and other wastes has been practiced throughout the
world for many years. The nurnoses for this retention was
not always the same. The uses ranged from water storége and
removal <f suspended matter to fish propagation(lg) and bio-
chenical stabilization of organiec matter. A new use is now
being studied; this is an experiment to convert nutrients
found in wastes into algal protoplasm which can be harvested

as protein.(go)
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Waste stabilization lagoons for the treatment of raw
sewage have received increased interest in recent years,
particularly among small communities unable to afford con-
ventional treatment plants. ‘

The use of stabilization ponds as a complete method
of treatment is a comparatively recent innovation, begin-
ning in 1948 with the installation at Maddoeck, North Dakets,
based upon observations at Fessenden, North Bakota, where
its acecidental discovery has been functioning for a twenty
‘year period.(21) )

Iessenden, a small town in North Dakota, had li=-
stalled a new sewver system. Because of the unexpected
expense of the sewer construction, there were ne funds
available for a sewage treatment plant. As a result, the
town was forced hurriedly to construct a pond at the edge of
towm to receive thé sewage from the system. Later, upon in-
vestigation, town and state officials found a high degree of
purification in the pond effluent. The reduction that had

occurred in the pond was superior to any “hat could have
(2

s

&

been achieved by a conventional system.
'A'Wiihvihe first planned installation in North Dakota
in 19248, the use of the sewage lagoon Has spread rapidly
throughout the United States. By 1956; there were 73 la-
_goons in operation in the Dakotas, and their use had spread

into the Missouri River drainage basin where 136 lagoons
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were serving more ﬁhan 125,000.Persons.(23)

Some of the lagoons handled raw sewage, and some
‘received primary or secondary effluents., The size of the
communities ranged from a population of 100 to 11,000, A
recent survey conducted in 1959 indicates that there are
approximately 700 lagoons operating throughout the United
States and Canada (see Appendix B), In addition to thé‘
lagoons found in the United States; other countries have
adopted the lagoon process and have attained a high degree
of\efficiency.(34) |

The increased number of lagoons in operation and
‘those planned reflect a growing approval of lagoons., The
enlarged accepténce of this methoq of sewage treatment is
better illustrated by the facé that between December, 1956,
and December, 1958, 254 projects were approved for construc-
tion under the Construction Grants Program of Public Law

660. (25)
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LAGOON PROCESS

In this modern age, we often resort to complicated
procedures which result in highlyltechnical and expensive
installations in order to satisfy our needs. Actually na-
ture can accomplish this job on nearly every type of waste;
with the exception of certain kinds of industrial wastes,
with very little assistance from man.

One of nature's oldest wonders is its methods of
purifying sewage. It is safe, simple and inexpensive.
Treatment is accomplished by providing the necessary time
and sunshine to allow bacteria and algae, with the help of
wind action, to stabilize the organic matter in domestic
vaste.

An explanation of nature's process of purification
begins with the sewage flow into the lagoon., When the velo-
city of the flow is reduced upon entering the lagoon; the
suspended solids will be deposited. Wave action induced by
the wind will then disperse the solids around the lagoon.
These solids plus the dissolved organic matter provide the

food for nature's forces.

The bio-chemical process called "symbiosis" occur-
ving in the lagoon is dependent upon both algae and bacteria,
The algae are simple, one-celled green plants that exist in

most streams. These plants and the bacteria work together



in the process of purification.

The breakdown of the waste by bacteria creates car-
bon dioxide and the algae then convert the carbon dioxide
and other nutrients into protein by photosynthesis and in
the process release oxygen., Additional oxygen is supplied
on the surface and is mixed into the water by wind agitation.,
Sunlight is necessary for photosynthesis to ococur. Algae
can produce more oxygen than can normally be held in the
water, As a result, the water becomes super-saturated with
oxygen. Because of the dissolved oxygen found in lagoon
effluent, lagoon effluents are highly desirable in this res-
pect.

The design of the 1ago§n determines whether or not
an effluent will be discharged. It may be desirable in some
areas to rely upon evaporation and percolation if the land
is available to provide sufficient area to eliminate the
discharge of effluent.

The effluent will possess a lafge amoxnt of organic
nitrogen, phosphorus, potassium and sodium. They in turn
will act as further nutrients. All of these nutrients are
necessary for the proper purification process to be achieved.
If, for any reason, these items are lacking, as in some in-
dustrial wastes; it will be necessary to add the necessary
nutrients., In industrial wastes, toxic materials may be

present, requiring a neutralization process by many before
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the waste can be treated by natural processes.

Lagoon effluent may contain more oyganic matter than
the original sewage. The increase in organic matter is due
to algae cells and may be a liability as it can discolor the
water and produce odors, However, the algae cells are not
harmful and are usually utilized as food by aquatic life.
Because the biochemical reactions occurring within the la-
goon are under natural conditions, their rate is dependent
upon the climate., During the winter the efficiency de-
creases, but the process increases during the summer due to
the amount of sunlight or solar radiation available. The
rate of decomposition is also lower in.cold water than in
warm water, This need not be a defect in the process, since
streams run full in the winter and will dilute the effluent

more than in the summer when the streams are lower.,
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PERFORMANCE OF LAGOONS

The use of sewage lagoons originated in sparsely
populated regions where land values were relatively low and
where the majority of the municipalities weré of small pepu-
lations.(zs) These lagoons were utilized primarily as waste
deterition chambers. The biological action occurring in the

lagoon prevented the development of nuisance. Evaporation
and seepage action were relied upon to maintain the water

below overflow level to prevent the contamination of surface
sStreams., Contamination to ground water was rarely consider-
ed in the construction of lagoons because the areas where
they were constructed were generally in soils of low poresi-
ty whiere it was assumed the seepage would have no effect
upon ground water supplies.(37) Today seepageiis considered
undesirable in many areas due to its contamination poten-
tial.

-The results of early lagoon performance scon demon-
strated that they reduced pollution and that overfliows of
effluent from adequate facilities were not detrimental to
Stream life. Later lagoons were constructed allowing the
overflow of effluent to surface streams when the level of
purification was sufficient. This type of lagoon is being
constructed more frequently than those of the retentive type.

Studies have been made c¢cncerning the biotic rela-

tionships and general processes affecting treatment in
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facilities of this type. They show a lack of information in
certain basic design principles and further indicate a need

for controlled field studies to resolve many fundamental de-
sign considerations.(as)

The study of anaerobic-aerobic ponds by Parker(ag)
jindicated that from the standpoint of work load, the anaero-
bic ponds do a greater amount of work. Odors have not been
a preblem. As a result of Parker's study in Australia and
in California, the Public Health Service has provided a
grant for three years research which will serve as a con-
tinuation of an investigation of stabilization pond load-
ings conducted at Pullman, Washington.(SO)

' The specific aim of this investigation will be to
dégermine the type of biological organisms which contribute
to stabilization in anaerobie-aerobic lagoon systems at high
loadings, and to relate them te the physical and chemical
changes which occur in the process., The principal investi-
gator states:(sl)

The anaercbic-aerotic type of pond has seldom
been used in this country and consequently, there
is a need for basic data on this combination. Al-
though this investigation is fundamentally basic
in nature, results of this study should contribute
information necessary to establish a basis for
designing ponds of minimum size for particular

loadings, thereby improving the economics of la-
goon treatment.

Herman and Gloyna(32) have developed a formula for

determining pond loading volumes that considers the number
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}of people, the B. 0, D.,* the concentration of raw waste,
and the temperature developed in the lagoon.

Another study by Oswald and Gotaas(33) have developed
a Pormula to indiecate the fraction of available 1igh£ that
could be expected to be utilized. This pfocess is based
upoﬁ intensity of scolar radiation at various latitudes.

| More work on sclar radiation has been 6onducted by

the United States Public Health Service(34) cbserving the
optimum rates oflloading as related to intensity of avail-
able light. This study used the langleys-per-day-per-month
basis of solar radiation and their studies "would appear to
be a reasonably reliable standard," (#5) |

The primary objectives of the United States Public
Health study in Missouri were to determine the degree of
purification achieved and the development of nuisance. This
study was chosen to illustrate the lagoon performance be-
cause of its late completion date., Alil of the study has not
been released as of this date and is yet to be published.(aﬂ

The performance that wasg achieved can be observed in
Appendix €, It reveals that the performance, operating in a
series system, was considered outstanding by all standards

of measurement.

®* B, 0, D, = Biochemical Oxygen Demand. Ihe quantity of
oxygen used in biochemical oxidation of organic matter in a
specified time and at a specified temperature (usually five
days at 20 degrees centigrade).
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With.the exeception of cells, or ponds, with daily
loadings of 60 to 100 pounds B. 0. D./Acre which produced
i odors at periods of ice thaw, all of the ponds performed
E very well on a monthly basis. All ponds had average coli-
. form-type* bacteria removals in exeess of 99.99 percent,

Removal of B, 0, D. averaged above 80 percent in zll
units; alkalinity was deecreased over a range of 392 to 43
percent; nitrogen utilization varied from 94 to 98 percent
of quantities contained in raw sewage; and phosphorus reduc-
tion had a range of 83 to 92 percent.

The in-series operation was determined to be more
dependatle for maintenance of effluent guality than the use

of a single cell.

% Formerly termed "Colon Bacilli." Harmless bacteria found
in sewage, excreted by men and warm-blooded animals, Ex-
pressed in numbers of coliforms in raw or treated water,
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DESIGN CHARACTERISTICS

The design characteristics of sewns2 lagoons must be
adapted to each individual site, but the general specifica-
tions as detefmined by the United States Public Health Ser-
vice are as follows.

Generally, the recommended loading factior is a
B, 0. D. loading of between 20-50 pounds/acrefday with a
minimum of 100 days retention time. The loading factor de-
‘termines the actual area needed for ponds on the basis of
the population sefved.

The number of cells or ponds are dependent upon the
nee&s of the poﬁulation, the topography; the efficiency of
the operation and the costs. Series operation, two or more
cells working together, have provéd beneficial where a high
level of B. 0, D. or coliform r;moval is important, Many
lagoons provide for a flexibility of use so that units may
be operated either as a series or as a parallel operation.
This system has certain advantages in costs and in efficien-
¢y of operation. Coﬁstruction of an in-series facility will
usually entail less expense than a single cell large enough
to give the desirable winter loading. For example,(37) a
community with a daily waste load of 1830 pounds B, O, D.b

could be served by two 3-acre cells where nine acres would

be needed for a single cell for a 20 peund B, 0, D./hcre%ﬂay
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loading. Construction costs are also evident when consider-

ing earth moving operations in some hilly areas.

The location of sewage lagoons, like other sewage
treatment:facilities, depends upon many factors and each in-
stallation merits individual consideration. The factors to
be considered include odors, windfree sites, costs and ex-
pansion plans., Each factor will be discussed in turn.

One of the most objectionable items related to loca-
tioﬁ is that of odor, Of all the studies reviewed on per-
farmance, odor has been detected Auring brief spans of the
lagoon operation; and with but only one exception, they have
always occurred in the period of spring ice thaw., Since
oitors are frequently thought of in connection with the la-
goon treatment process, daily dbservations were conducted at
three pilot study plants.(as)

A Virginia State Water Control Board experimental
project, located at Farmville, Virginia, began observations
in February, 1959, that lasted through September; 1959, and
reported no noticeable odors at a distance of more than 20
feet away with but one exception when odors were detected at
a distance of 250 feet. The one exception occurred during
an exceptionally hot and humid day with neo wind.(39)

A United States Public Health experimental lagoon at
| (40)

Lebanon, Ohio, reports:

During the winter months, sludge accumulated
on the bottom of the pond and remained relatively
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inert., As water temperature increased, a con-
tinuous decrease in dissolved oxygen was noticed
and by the 8th of May, no dissolved oxygen was
mneasured. A gradual change in color from green
to blaek occurred and the surface was covered
with gas bubbles and gas-lifited solids. This
condition prevailed for nine days,and although
septic odors were notifed when standing on the
inner slope of the dikes, no odors were detected
downwind of the pond at distances mreater than
100 feet,
y i (41 )

At the Payette, Missouri, lagoon,' / odors were de-
tected over a longer period because this experimental lagoon
had six ponds in operation to determine the proper loading
for its specific location. The ponds held within the recom-
mended B.‘O. D. load limits did not produce odors. The more
heavily loaded ponis produced odors detectable at some dis-
tance. Pond loadings ranged from 20 to 10l pounds per acre.,
Refer to Appendix C for statistical information. At the and
of the testing period, a recommended loading for Fayette,
Missouri, was determined to be 40 pounds B. 0. D./acre/day.

As a result of these odor observations, it is obvi-
ous thaf the presént requirements of some states prohibiting
construction of lagoons at a distance ranging from 1/4 to
3/4 miles from the eity limits or residential areas are
overly restrictive,

The windfree site, that is, an area exposed to winds
with no obstruction, is important in that the wind action
upon the water agitates the water which serves to circulate

the deposited solids throughout the lagoon, and by the same
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agitation process, mixes surface oxygen in with the water.
The wind action is a very necessary part of the purifying
process,

The effect of costs and expansion plans will be dis-
cussed ai length in following sections.

The shape of all cells should be such as to produce
a uniform perimeter. This eliminates islands, peninsulas
or coves vwhere solids could not eirculate., Round, square or
rectangular units with length not exceeding three times the
width are considered most desirable.

Top soil is removed from lagoon sites, and the dikes
are constructed from excavated material and compacted with
earthmoving equipment. The soil formation should be rela-
tively tight to avoid water losses through seepage. The

(42) have worked with seepage problems

Lebanon, Ohio, ponds
and in one instance, because of extreme water losses, uti-
lized a plastic membrane cover on the bottom of the pond.
The specifications for the plastic cover was determined
after reviewing Lauritzens' work on plastic membranes.(43)
Since the ability to maintain a permanent water
level in the lagoon 1is a very important aspect of the la-
goon design; it is necessary that the bottom and sides of
the dikes should be thoroughly compacted to avoid seepage
losses. In these studies, a small amount of seepage

occurred in the initial stages of use, but this pond sealed



itself through the effects of the settling solids.

The bottom of the pond should be level, and all
plant life should be removed prior to filling with effluent.,
Weed growth can clog the lagoon and stop the circulation of
solids. In’addition; weed growth in the water and on the
banks can create bréeding places for mosquitoes. Greater
depths may be requi?ed in swmer than inuvirinter to prevent
weed growth, |

The weeds can be contrelled by several methods in-
cluding weedicides, cutting, and sterilization ef pond sur-
faces before filling the ponds. In the case of the Lebanon
pond; the plastic covering prevented weed growth although
(44)

Lauritzen recommends covering the plastic bottom wit h
Soil.

The depth of the pond should be such as to allow an
operating depth of two to five feet of liquid throughout the
pond. A minimum water depth of two and one-half to three
feet has been determined to be necessary to discourage the
growth of rooted aguatic plants which encourage mosquito
growth and propagation.,

The inl&t line should be constructed to discharge
the influent upon a concrete pad to discourage bettom scour-
ing and to locate the discharge in the center of the pend or

lagoon. This location will be advantageous for the further
dispersion of selids throughout the pond utilizing the wind



action upon the pond.

The accumulation upon the pond bottom by sewage
solids is negligible and estimates have been made indiecating
the pond or lagoon would require constant use for a period
of over ninety years in order to f£ill the pond.(45)

In the construction of the dikes; attention should
be given to the type of soil and the eompaciion of the soil
in construetion. The width of the dike should be enough to
permit access of service vehicles. They should be seeded
above the water lines with native shallow rooted grasses to
prevent penetration that would allow seepage to oceur in the
dike.

. The inside slope should range from a ratio of three
or fouf (horizontal) to one {vertical) on smaller ponds and
even flatter slopes for larger ponds. The freeboard should
be sufficient to facilitate maintenance operation. Actual
freeboard specifications are determined by the size of the
lagoon because wave action on larger lagoons is more pro=-
nounced.

Maintenance problems of sewage lagoons divide them-
selves into five principal areas., They are:

1. Erosion control

2, Weed control

3. Burrowing animal control

4., Maintenance of water level control devices

5, Insect control.
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However, it has been found that proper maintenance can be
achieved by a single untrained city employee. Several
cities utilize part time services of Park and Recreation em-
ployees.(46)
Finally; the lagoon should be surrounded by stock-
type fences to prevent trespassing, and a sign signifying
its use should be posted. This is to prevent its use by

grazing animals as a watering nole, and also to prevent its

use as a recreation area by children and adults,
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SURVEY OF LAGOONS

As of June, 1959, a survey of 47 states conducted by

Public Works Magazine showing those states where sewage la-

goons are existing or were planned was completed and is in-
. ¢cluded in Appendix B.

This survey lists th: number of cities or towns
using sewage lagoons together with the design data., The
three states not surveyed are California, Alaska and Hpwaii.
Both California and Alaska are known to have sewage lagoons.
Information was not received from Hawaii.

Of the forty-seven states surveyed, four do not
allow lagoons; ten have not allowed any to date, but have
not received requests; and the remaining thirty-three do
allow lagoons under varying conditions., A total of 656
municipalities were using lagoons at the time of the survey.

North Dakota, South Dakota, and Texas have the
largest number of lagoons, and the Dakota's have pioneered
the development and use of lagoons since their inception

with the lagoon at Fessenden.(47)

Three states require preliminary treatment prior to
lagoon treatment, and B, 0. D. loadings (raw sewage) are
regulated in thirty states. These loading regulations of

B. 0. D. in pounds/acre/day vary from 15-20 pounds in
Tennessee, to 60-80 pounds in Nevada. Two states required

chlorination of effluent, and fourteen states gave indefi-
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nite answers, such as depends or sovietimes, concerning the

chlorination requirement., Only two states require fencing,
Texas and Florida.

Correspondence with various State Health Departments
revealed somewhat differing opinions concerning the future
use of lagoons:

We expect that the use of 1?gogns'will in=-
crease materially in the future.(48

We believe that there are some locations in

the state where waste stabilization (sewage la-

goons) are the solution to the sewage problem;

however, we do not feel that they can solve the
needs of all communities,.!49

We question whether this type of sewage dis-
posal will be used very much in Ohio because of

the extensive areas required for the p?nds them-

selves and for isolation of the ponds.(50)

Of all states heard from, only Ohio strongly quali-
fied acceptance of the use of sewage lagoons. This qualifi-
cation, "the extensive areas required," will be discussed in
detail in the following section,

The most encouraging reply was received from the
Department of Health, North Dakota, which repeorted, "We have
presently over 100 stabilization ponds or lagoons in opera-
tion in Northh Dakota treating waste from communities varying
in size from 100 to 15,000 people designed according to our
standards.” This i35 especially significant because North

Dakota is a state active in the use of lagoons, has a long

history of their use, and has lower periods of solar
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radiation than many other states (see Appendix D).

Jn addition to the use of sewage lagoons solely by
cities and towns for rawv sewage, a great deal of considera-
tion has been given to their use by industries for the
treatunent of industrial wastes,

The Public Health Service has studied this use and
has published information on facilities used as the primary
method of waste treatment.(sl) A brief summary of these in-
stallations reveals that at least seven lagoons are used by
pulp and paper industries; the most important example being
looatsd at Valdosta, Georgia.(??)

Five packing house waste lagoons'were observed.

Nine lagoons were reported treating dairy wastes, along with
a variety of lagoons treating wastes ranging from chicken
processing, canneries,(53i laundries, ecitrous packing plants,
urea waste, petro-chemical plants and metal working plant3554)

All of the lagoons reported satisfactory reductions,
One pond handling creamery wastes reported a B, 0. D. reduc-
tion of 90-95 percent after adding nitrate to maintain pro-
per algal growths. Another plant(55) hsndling cannery waste
reported using both an anaerobiec and an aerobic pond which
provided B, 0. D, reductions up to 94 percent.

Because ihese plants for the nest part have not kept
performance records; they lack authoritative data relative

to good design practices, but the same general factors
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applying to raw sewage ponds are likewise applicabile to

industrial waste ponds., It is expected that wastes lacking
certain nutrients may interfere with conventional biological
treatuent and create problems, but with the addition of cer-

tain nutrients to support biologiczl 1ife, these problems

could Le overcome,
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_ One of the principal factors leading to the develop-
ment of stabilization ponds or lagoons was the searech for a
low-cost method of sewage treatment., As in other forms of
sewage treatment, accurate cost data are diffiecult to ob-
tain. ‘he United States Public Health Service has completed
studies where the primary objectives were to provide a mini-
mum cost method of sewage treatment with no specific concern
for water reclamation., This report presented at the 29th
Annual Meeting of the Federation of Sewage and Industrial
Wastes Asseciation in Los Angeles, October, 1956, listed 2
total of 105 ponds in North and South Dakota with their
costs., This 1list is inecluded in Appendix E. A table of
per-capita costs average for the Bakotas have been compiled
from this list. These figures are given in Table 2.

In a cost evaluation survey of 71 installations in
the Missouri River Drainage Basin, the Public Health Service
reported costs computed in the same manner, that is, execlud-
ing the cost of land, inlet strustures and etc.(ﬁs) Here
the costs ranged from $4.90 to $15.80 per capita. No aver-
‘age per-capita figures were given.

In addition to the Public Health Service cost

evaluation studies, correspondence with various Water Pollu-

tion Boards contributed more cost data:



TABLE NO. 2

PER CAPITA COSTS FOR THE DAKOTAS
OCTOBER, 1958

State Ko. Ponds Range of Costs Average
Scuth Dakota 80 $4.27 - §37.94 $15.00
North Dakota 45 4.40 - 28.80 13.61

Note: Costs exclusive of pump stations, outfall sewers, and
Eng. fees.

Source: W. W. Twone, A. ¥. Bartseh, and W. H, Davis, "Raw Sewage
Stabilization Ponds in the Dakotaz," Sewage and Industrial
Wastes, XXIX, No. 4, (April, 1957).

~647-



In Missouri we have found that lagoons de-

signed to serve communities of 500 to 10,000

eople are constructed at an average cost of

§9.84 (including land costs of $300 per acre)

per capita, while comparable mechanical treatment

plants are costing $41.58 per capita. | During

the past two years, 36 lagoons have been com-

pleted, and 40 are under construction or have

been approved for construction. These lagoons

are desi%negﬂto serve a total population of

07,332,157
We do not have available tabulated costs of
treatment, but as a rough estimate, we believe

that raw sewage ponds can be constructed f?r %10

to $30 per capita, exclusive of land cost,.(58

Several states sontributed more specific information
regarding population served, area and costs of ponds. These
figures have been tabulated in Table 3.

The following data has been submitted as a compari-
son of costs and treatment. In late 1958, the Public Health
Service presented a study of per capita costs of construeting
sewage treatment plants, This study gave gross figures for
primary treatment, secondary treatment, and sewage lagoons,
or stabilization ponds,

These estimates were designed to facilitate realis-
tie engineering and financial planning by'providing reliable
nerms for use by engineers, municipal officials, and water
pollution control administrators.

There were a total of 553 pﬁdjects involving new
plant construction as of June 30, 1959. Only those projects
vere included for which the contract cost of the plant alone

could be clearly identified, and only the contract ceost is



TABLE NO. 3

PER CAPITA COSTS FOR SEWAGE LAGOONS

Ripley Belmont Fayette Palmyra* Morristown*¥
West Virginia Missouri Indiana
Population - 10,000 1,000 3,190 327 879
Area of pond ' 21.8 4,75 15 3.11 7.0
(acres)
Cost of pond $35, 000 $30,803 $60, 000 $7,672 $29,719
Per capita $3.50 $20.80 $19.50 $23.46 $43.77
costs _

* Cost includes construction, fencing, 7 acres land plus easements.

*%* Costs include construction, 1lift station and Comminutor, force main pipes
and 10.2 acres of land plus easements.

Source: Correspondence: Missouri, Indiana, West Virginia.

-Ig-
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presented. The report notes that experience under the
Federal Construction Grants program (Public Law 660) has
demonstrated that construction contract costs represent

about 80 percent of the total first cost of the sewage treat-
ment plant, The variances of labor and material costs with-
in the United States were correlated to a common base, the

Engineering News-Record Construction Cost Index, which has

received wide acceptance in the construction field, This
procedure converts all data into 1913 dollars and accurately
reflects the spatial differences.(59)

The conditions for this study established several
standards. Primary treatment plants remove substantially
all settleable solids with a B, 0, D. reduction of approxi-
mately 30 to 40 percent; secondary treatment provides for
the removal of substantially all settleable solids and a
B, 0, D. reduction of the final effluent in excess of 75
percent., A further note stated that stabilization ponds now
comprise over 10 percent of the secondary type sewage treat-
ment plants in the United States.,

An additional study conducted by the Ohio Water
Pollution Control Board contributes a more specific compari-
son as to costs and performance.

The average cost per capita for the construction of
sewage treatment plants of the conventional type for vil~

lages in Ohie during the past three years has varied from



TABLE NO. 4

SEWAGE TREATMENT CONSTRUCTION COSTS
(UNITED STATES TOTAL ESTIMATED PER CAPITA COST IN 1913 DOLLARS)

Pop. Lower Exp. Upper Valid No. of
Size Limit Value Limit Pop.Range  Plants
Activated $10,290 0.83 £15.64 $22.58 500 37
sludge 1,000 6.04 8.73 12,61
10,000 3.37 4.87 7.03
100,000 1.88 2.72 3.93 196,000
Imboff 160 10.80 18,10 30.34 400 29
tanks 1,000 3.64 6.10 10.22
: 10,000 1.21 2,03 3.40
100,000 «40 .38 - 1.14 10,000
Primary 100 10.49 15.58 23.20 600 1967
settling 1,000 4.99 T.42 11,05
. 10,000 2.38 3.53 5.26 -
100,000 1.13 1.68 2.50 100, 000
Trickling 100 11.80 17.19 25.03 500 188
filters 1,000 6.19 $.02 13.13 :
16,000 3.25 4,73 8.89
100,000 1.70 3.6% 100,000

2.48

-gg-
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Size
Trickling 100
filters 1,000
without 10,000
sep.sludge 100,000

digestien

Stabilization 100
ponds 1,000
10,060
100,000

TABLE 4--Continued

Lower
Limit

$20.290
6.38
2.01
.63

1.72
.95
.53
«29

52

Upper
Limit

$36.57
11.50
3.62
1.14

5.41
3.00
1.67

«92

Valid
Pop.Range

570
25,000

200

5C, 000

No. of
Plants

42

182

Source: P. P. Rowan, K. H. Jenkins, and B, ¥. Butler, 'Sewage Treatment Construc-
tion Caests,"” Water Pollution Control Federation Journal, IXXII, Ne. §,

(June, 196¢€).
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$84.00 to $100.00 according to the degree of treatment
needed to provide adequate protection to the receiving
streams.

This table was based upon a study of cost records in
32 villages which have built sewage plants or started con-
struction of plants during the 1957 to 1959 period. Costs
are based on actual contracts, calculated on sewage treat-

ment plants and do not include sewers.
TABLE NO. 5

PER CAPITA COSTS AND DEGREE OF TREATMERNT
FOR CONVENTIONAL TREATMENT PLANTS

No,of Per Capita Ceosts B. 0, D. Treatment
Vigs. Range Average Reduction

15 $59.00 - $256.00 $100.060 85 - 95% Complete

4 75.00 - 124.00 91,00 60 - 70 Intermediate
13 48,00 - 165.00 84.00 approx., 35% Primary

Seurce: Clean Waters for Ohio, Ohio Water Pollution Control
Board, Columbus, Ohio, (Fall Bdition, 1959).

The villages in the study above range in size from a
population of 320 to 4,464, The actual costs of the various
sewage plants ranged from $60,000 to $§413,000, and the total
costs of projects varied from $170,000 to $1,457,000.
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When cost comparisons are made between septic tank
systems and community treatment planté, it is net always
clear why the community plant is neot utilized more often.
Studies by the United State Public Health Service report
that the approximate average cost of septic tank installa-
tions will range from $150 to 3500(60) and that average
figures for community plants can be found freguently at coms
parable costs, although they:way have a far larger cost
range. However, if the community facility 1ls more expensive
in the short run; it can be designed to allow for future
expansion and later adaptation te larger, more efficient
systems. In addition; the peace of mind of the property
owner connected to the commmity system should help to re-
duce the difference in the original costs,.

As seen from the figures that have been presented
reflecting the per capita costs of both conventional and la-
goon methods of disposal, it is obvious that complete treat-
nent cah be achieved at lower per capita ceosts than that
vhich is required for the conventional primary and/or secon-
dary treatment plants.

A most important consideration must be given to
operating costs. For the conventional plant, full time
skilled technicians must be employed. Lagoons do require
maintanance, but the duties required can be accomplished by.
& part time city worker.

Dependent upnn prevailing conditions, lagoons for



small cities and towns can be provided at a reasonable cost
that is competitive with the septie tank and the conven-
tional plant installation and provide egual if not superior

treatment.
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AEBSTHETICS

Large amounts of open space are essential to a well-
ordered urban environment. In many forms, with many func-
tions, open land serves people's plhysical and aesthetic
needs. Neighborhood playgrounds; floodplains, parks, stream
valleys, agricultural greenbelts and forest preserves are
all inportant to the urban community.

Timing is the ceritical factor is preserving open
land. HNo one who has tried to irecover open land frem more
intensive use can doubt the necessity for earmarking and
setting aside open spaces while tliey are still open. The
most common methods of keeping land open are:

1. zoning for low density and intensity of use,

2. subdivision controls providing for dedication of

open space,

3. purchase of development rights, a promising, but
untried method of keeping land open through pre-
vention of denser development; and

4, purehase in fee simple, a common and sure method
of acquiring land for public uses.

All of these methods have been used or attempted for
acquisition of open space for public use, It is suggested
that the proper placement er the planned location of a sew-
age lagoon may well provide another mezns of preserving land

for a future alternate use,
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With proper landscaping, the lagoons can create a
pleasing vista. The lagoon is not & place for active recre-
ation, but it could provide a beautifn) passive recreation
area or open space to be enjoyed by its neighbors. With
proper maintenance, the mowing of girass and etc., and with
the placement of shrubs, bushes and small flowering trees, a
lagzoon can achieve an aesthetic amenity in the community.
Properly fenced, it would present no hazard for children;
and with some care in the design of the fence, it would
appear to be a pleasantly landscaped pond, giving no indica-
tion of its true funetion.

The review of literature iundicates that a widespread
belief exists concerning odors and appearance that would
make the lagoon undesirable as a neighbor. There are lagoons
in operation that de emit odors periodically and may be un-
pleasant to observe at times, but many are in operation that
have been property designed to prevent odors and properly
landscaped to provide a pleasing appearance.

The photographs in Appendix A show that the Fayette,
Missouri, pond offers an attractive view, and personal ob-
servation of this lagoon verifies the pleasing appearance.
This lagoon utilizes a manually operated screen and a com-
minutor that prevents floating objects from entering the
pond. The maintenance is provided by a part-time city em-
ployee who mows the grass and removes any floating objects

or foam from the pond,
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IV. URBAN PLANNING CONSIDERATION

Beginning at the turn of the century, when rural
areas stopped growing and then began to diminish, the growth
of urban areas increased at an accelerating rate. At firsi
this growth was relatively slow; using land adjacent to the
established community, But by 1950, the suburban movement
was producing drastic changes ih‘the pattern of city growth,
Speculative housebuilding on new subdivisions were located
in the suburbs to escape high costs and high taxes, but in
recenﬁ years; the trend to locate in the suburbs has became
almost a necessity, |

A current inventory of vacant land would show that
building plots within urban corporate limits are plentiful,
but are often priced out, and in some cases, zoned out of
the speculative market, There were nearly 13 millien vacant
lots of record in 1955; and according to the United States
Census of Governments, in most citieé the number of vacant
lots are nearly twice that of those in use.

Increased population, better itransportation, a
higher standard of living, and a long period of prosperity,
have brought about a major movement of the population out of
the city into the suburbs., The Interstate Highway Program
~is also having a ﬁremendous impact on gities and suburbs,
Tﬁé new roads permit commuting from greater distances, open-

e
ing up nev areas for development, and clearance in the



rights of way has demolished thousands of homes, adding to
the increased demand for buildabls sites. It is paradoxical
that some improvements in the city have made it easier for
people to live in the suburbs.

The provision of adequate sanitary facilities for
the locally dispersed development we are experiencing has
caught our cities unprepared, The problem of sSewage dis-
posal alone is overwhelming. The lack of sewage disposal
facilitices bas been designated the number two problem of
more than 200 Pennsylvania cities and tewns surveyed by
R, A, Sigaffos of the Institute of Local Government at
Pennsylvania State University,(ﬁl) surpassed only by the
auntomobile and its associated ills,

Neither the large municipal system nor the indivie
dual household system of disposal has met the problem. With
anticipated full urbanization, the filling in of all areas
passed over by the initial suburban expansion; some method
of disposal must be presented to fill the gap in the inter-
stices between sparsely populated suburbs and the densely
populated urban areas, This system should be able *to handle
the growth period from a few to a great number of people in
the inevitable transition from farm land to suburb and from
suburb to city. It would be desirable to design the ele-
ments of the collection system as the area is subdivided to
provide for a final eollection system to fit inte the muni-

¢ipal area's planned ma jor disposal plant,
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THE LAGOON AS A PLANNING TOOL

Among the ma jor physical facilities provided by a
municipality that directly relates to City Planning are
sewers and‘sewage treatment blants for disposing of sanitary
séwagé. These faéilities are normally pirovided in response
to existing or probable future development as determined by
basic plénhing studies, Their design is determined by de-
sired capacity; location,sand needs of the anticipated popu-
lation, |

The provision of sewage lagoons can be a.part of the
planning of municipal policy designed to stimulate or in-
hibit development of selected areas.

The planner 1s vitally concerned with the implemen-
tation of the Master Plan that provides for the anticipated
growth of his ecity. The principle nmeans of implementation
are the Zoning Ordinance; Building énd dousing Codes, Urban
Renewal, Capital Improvement Program; and Bubdivision Régu-
lations,

After éetermining the future land use plan for the
comiunity after exhaustive basic planning studies, the
planner can determine where the expected population will be
located. By population projections and density studies, the
anticipated density of population can be estimated. To de-
termine the needs of the expected population for a sewage

disposal plant, Ernest W, Steel has developed a formula for
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determining the acreage reguirements based upon gallons per
day of settled sewage. According to the United States Geo-
logical Survey Circular 398, the average family with Cour
persons contributes 445 gallons per day of sewage. The
example given below would then be serving a population of
3500 persons,
The required area for a city to treat

400,000 gallons/per/day of settled sewage having

a 8 day B. 0, D, of 13 ppm, the effluent may

have a B. 0. D, of 15 ppm. The loading is to

be 406 pounds of 5 day B. 8. D. per aere per day.
The required area will be,

400,000 x 8,34 x (130-15) - g g sepes. (62)

1,000,000 x 40

Although the loading will vary for communities lo-
cated in various parts of the couniry, this fermula can be
used to determine the area required for a sewage lagoon
tailored to existing or anticipated poﬁulation. A proposed
layout for a lagoon system that will énable the operation to
be conducted on eitier a series or a parallel system is
shewn in Appendix F.

Por the small commimity similar to Fayette;
Missouri, with a porulatiorn of approximately 14,000 persens,
a single lagoon system will suffice as a permanent facility.
The site for the lagoon would be selected primarily to
satisfy the engineering requirements and good land use prac-
tices., The process of site selesction must include a con-

sideration of topography and a windswept area. If the



- CL -

B. 0. D. loadings are within the recommended limits for its
particular location, the isolation of the lagoon need not
present a problem as long as the lagoon is property main-
tained and operated. Fencing is recommended and tegethe:r
with proper landscaping, the lagoon would make a good neigh-
bor for any type of land use.

In consideration of the larger cities with over
15,000 population, it must be anticipated that & sewage la=-
goon might eventually be replaced with a conventional treat-
ment plant with sufficient capacity to service the entire
municipal area. In this respect, planning for secwage la-
goons may be developed on a subdivision basis.
| Subdivision regulations provide standards for the
sgﬁdivision of land within the communities planning juris-
diection. Normally the regulations specify minimum standards
of development, with the requirement that all necessary ims
provgments be installed and approved prior to the sale of
lots within the subdivision. Some subdivision regulations
require installation of sewage disposal systems and the
dedication of "reasonable" acreages of land for public open
spaces.

By using the subdivision regulations and the Capital
Improvement Program, the city could require that a "reason-
able" portion of land be set aside for public open spaces

and for the development of a sewage lagoon. This site would
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be selected to sonform with the Master Plan of development
as well as with local topographiec restrictions. By select-
ing the sites in this manner, a site of sufficient size may
be obtained from several different subdivisions to serve the
anticipated population without resorting to several small
lagoon sites. For a large city, a long range plan for the
sewer 8ystem would result in a smoother transition from the
lagoon to a city-wide system and require fewer pumping sta-
tions and other aceessory facilities.

Upon the event of cbsolescence and conversion from
the lagoon to a city-wide treatment system, when the conven-
tional city system is expanded to include the area previous-
- . 1y served by the 15goon, the lagoon could be eliminated.

The land coul& be éonverted with little effort to its origi-
nal form, retaining only enough land for tie required pump-
ing--station or sub-station. The remaining space would then
provide suffieient area for parks, schoocls or other needed

public facilities.
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V. UTILIZATION OF WASTE LANDS

In order to overcome the objection that the proper
use of lagoons requires an extensive area, it will be neces-
sary to create an undersianding of this country's existing
land use situation,

In many of our communities, the spread of urban and
industrial development into rural areas has been accompanied
by a decline of arable acreage, ﬁneeonomically related land
uses, inequities in the tax buﬁden, excessive cost for pub-
lic serviees, too much speculative development and a general
instability of land use values,

An examination of our present land use reveals a
large percentage of our cities and towns remain vacant for a
variety of reasons., The vacant land exists in the form of
vacant lots, land with poor dralnage, land with steep slopes,
land withheld for speculative rezsons, land held due te
title difficulties or proof of ovnership, land with inflated
tax rates and values, land unuseable due to poer zoning, and
other waste lands. All ef this vacant land, and in some
cities it amounts to as much as 35% of the total developed
area,(ea) is very costly. The city suffers from tax lesses,
higher costs in providing utilities, loss of labor in timé
spent traveliﬁg, and a considerable intangible cost, both to
the cities and their citizens.



This movement or trend of by-passing.vacant areas
within the city and moving out beyond present development
creates many problems, both political and physieal. It is
suggested that, with proper study and design efforts, much
of the passed-ovér area could be utilized by both private
and public uses,

Some of the waste lands that can be utilized for
sewage lagoons and other public uses are listed below:

1. Highways and their rights of way;

2. Airports and adjacent proﬁerties,

3. Floodplainsy _

4. Refuse disposal dumps, and

8. Abandoned strip mines.

Each type of "waste land" will be discussed sepa-
rately.
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HIGHWAYS AND THEIR RIGHTS OF WAYS

With our proposed 41;000vmiles of super highway,
averaging 300 feet of right of way and being constructed bit
by bit, the land holdings in the right of way will even-
tually amount ﬁo approximately 2,330 square miles or
1,480,000 acres. This huge acreage will not be utilized
except for two ribbons of conecrete and its necessary acces-
sory uses such as curbs, gutters; drainage ditches, and
landscaping. It is conceivable that this vast amount of
land cotild be used for the construction of sewage lagoons to
serve the needs of adjoining coummunities.

There exists today a numbere of opportunities to
establish public services and recreation areas along exist-
ing highways in urban and rural areas. In 1950; the United
States Congress recognized the need and desirability of con-
serving the natural values of the roadsides and providing
areas and facilities needed by the public for rest and re-
ereation. This awareness on the part of Congress is re-
flected in Section 189 of Title R3 of the United States
Code (as revised and enacted pursuant to the Act of August
27; 1958; 72 Stat. 885, 918):

The construction of highways by the States

with funds apportioned in acecordance with Section

104 of this title may include such roadsides and

landscape development, inecluding such sanitary

and other facilities as may be deemed reasonably

necessary to provide for the suitable accocmodation
of the public, all within the highwsy R. 0. W,
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and adjacent publicly owned or controlled rest

and recreational areas of limited size and with

provision for convenient and safe access thereto

by pedestrian and vehicular traffie, as may be

approved by the Secretary.

The intent of this statute is to provide needed pub-
lic service to the populace who travel these roads. Ii is
logical that this statute could be considered a precedent to
obtaining highway right of way for use by cities for a sew-
age lagoon when sufficient highway right of way is available.

In reply to the question on the feasibility of a
city's use of the right of way for its sewage lagoon, Mr,

E. A. Stromberg, Bureau of Public Roads, wrote thatx(64)

Where Federal Aid has been used in paying
part of the cost of R, 0. W., no encroachment on
the R, 0, W, for highway use is permissible with-
out consent of the Bureau of Publie Roads. Gen-
erally speaking, the control of the R, 0, W. rests
with the State Highway Departments., It is pessible
thet R, 0. W, might be used for sewage lagoons as
proposed in your letter, One element must be
considered; impounding of water c¢lose to the high-
way 1s likely to result in a satureated roadbed
whieh is damaging to highways. This can oitly be
prevented by building an imperviocus wall or en-
bankment,

In reference to the condition of an impervious wall
or embankment, this condition can be designed into the la-
goon. An earlier reference(ﬁs) to the waterproofing of
lagoons by using a plastic membrane would satisfy the satu-
ration problem under certain conditions. However, there are
many areas of considerable a@reage available in highway

right of way where the distance from the paved highway would
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eliminate this problem. These areas are found most fre-
quently in borrow pits, lowlands, between old and newly pur-
chased right of way and in other areas unique to highway
right of way purchases.

Depending upon individual stéte regulations concern-
ing highway right of way, it is then possible that highway

right of way could be utilized for sewage lagoons.,
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THE AIRPORT AND ITS ADJACENT PROPERTIES

The airport and its'adjaeent properties, by virtue
of their funotioh, must restrict the use of land in the air-
craft approach zones for public safety. The sewage 1agoon;
with its need for space, its design which lends itself to
flat areas, its ability to become an aesthetic asset; ané
the serviee it renders, could previde a very necessary coil-
plementary land use to the airport approach zone.

It has always been primarily the responsibility of
the states and their local political subdivisions to effect
the control of the use of land as may be necessary to ensure
continued availability of airports to the public, and to
prevent unnecessary interference with the rights and
interests of the owners and the use of land in the vicinity
of the airports as a result of airport operations.

The responsibility includes:(ss)

1. protection of the aerial approaches against fu-
ture obstruction;

2. removal of existing hazards in the vicinity of
the airport, ;

3. to provide access to and from airporis by'air
and ground;

4, to looate; develop and operate their airports te

prevent their beecoming private nuisances,
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5. provide protection te persons on the ground from

‘annoyance created by aircraft noise and lowfly-
ing aireraft,

For this purpose the 0. A. A. has collaborated with
the National Institute of Munisipal Lav Officers in drafting
a Model State Airport Zoning Enabling Act, In addition, the
C. A, A, while administering the federal air to airports
program, is giving priority to projects involved in provid-
ing for the responsibilities listed above in the flight
paths or clear zones. Federal aid to airports can contri-
bute up to sixty-two and one-half percent of land aecquisi-

tion costs that are involved in these projects,
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FLOOD PLAINS

Because of recent attempts of eities to restrict the
development of flood plains, the flood plains offer ideal
sites for sewage lagoons by providing isolation; flat land,
and being in an area to take full advantage of the natural
drainage in the construction of the necessary sewers to
serve the eity.

Floods are consistently one of our greatest natural
disésters. Bach year, the flood démage is mountiﬁg, and .
each year more money is spent on flood control projects.
This disorepancy is due to man's refusal'to recognize the
right of rivers to their flood plains.

One good answer to solving or halting the increase
in flood damage is planning to ensure thai the flood plains
of cur streams are used properly. This can be achieved by
the use of zoning and subdivision regulations, Together;
they provide an effective method of preventing the construc-
tion of dwellings in areas subject to flooding. Fursler
restricticns would prohibit erection or construction of any
structure that would impound running water, restrict the
flow of water, or endmnger human life. In effect, only
those used which would not be extensively damaged by fleood
waters and those not endangering human life would be per-
mitted to locate in the flood plain,

A logical use for this resiricted area is the sewage
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lagoon. At periodic intervals when flocded, the pollution
that would occur might be insignificant in comparison with
the pollution created by the flood waters themselves. The
construction of the lagoons could be either of a temporary
nature if the area is frequently flooded, or of a more per-
manent nature if' flooding is rars. Either way, the cost of
pericdic construction would be a very small price to pay for
disposal services in comparison to the loss of life and the
danages that would occur to permanent structures in the

flood plain.
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REFUSE DISPOSAL

Today's sanitation laws require most cities to have
sanitary dumps. Because of the naﬁure of refuse dumps, the
surrounding land is commonly avoided by residential growth
and other development. The sewags lagoon has proved to be a
good neighbor to the refuse dump. The Fayette, Missouri;
lagoon is adjacent to the refuse dump located on the same
tract of c¢city property.

There are several types of sanitary dumps. The most
commen sanitary duwp is the sanitary land fill, It is
common practice for many cities using thils kind of facility
to select low or swampy areas as sites and plan then to fill
the dumps and later reclaim the land for other purposes.

In practiece, the reclaimed landris not used for any
purpose other than very small, light construction, parking
areas, playgrounds, and similar uses, Eowever; Nashville,
Tennéssee, has constructed a complete conventional sewage
treatment over an old sanitary land fill,

The organic material in the landfill is undergoing
slow decomposition, and no structure should be placed over
the i1l which might trap the escaping gases. 1In addition,
2 landfill dump remains very unstable for many years.

Depending upon the length of time the landfill has
been completed, a sewage lagoon could be censtructed over

the site. Under certain conditions, a lagecon could be
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placed over a recent landfill with the proper precautions

observed to provide adequate ventilation of escaping gases,
and proper compaction of the landfill. The additional cest
of providing ventilation may be warranted if the‘site is lo-
cated at a strétegic location in regards to the surrouhding
topography and population,
A decided economic advantage can be realiged when

the lagoon is operated in conjunction with the landfill pro-
cess, thereby vtilizing the same land tract for two separate

municipal services.,



ABANDONED STRIP MINES

Abandonéd.strip mine sites provide other potential
sewage lagoon sites. In many areas of our country, there
have been extensive strip mining operations that have left
barren and ugly landscapes.‘ These areas are not only
aesthetie nightmares and nen-productive but are unable to
support any sort of plant life or ground cover for leng
periods of time. Although many statzs are now enforcing
laws to force the present mine operators to leave the land
in the dondition it was found, many thousands of acres haye
already been worked and abandoned in this sterile state,
Some are located in cities and suburbs; cthers are found in
rural areas,

It is suggested that these lands when located at
strategic sites be used for sewage lagoons. The site could
be leveled and improved to create a system or series of la-
goans for sewage disposal., Effluent from the lagoon could
be utilized as irrigation water to irrigate a cover crop on
the mined out area. Certain land cover crops are acia
tolerant; such as certain varieties of pine trees. A crop
such as this would serve a Secondary purpose as a tree farm
for a city beautification project,

A serious problem with abandoned strip mines is the
damage that results from the exposure of these areas to air

and water oreating an aeid drainage from the exposed areas.
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This aeid is the result of the mixiure that occurs from air
and water with sulfur campounds usually as&ociatgd with coal
deposits. ’Bowever, the effluent from a sewage lagoon could
not aggravate this conditicn; and the acid reaction within
the pond could be prevented by using the plastic membrane
liner diseuséed in a previous section. |

This.aeid problem is usually associated with coal
deposits} but marny other minerals are also mined by this
method; and many of these mineérals, such = fire brieck clays,
do not have an associated acid problem,

Land rehabilitatien by this method i3 a long term
project and could be economically feasible even when the
land is at sbme distance from the existing municipal limits
and urbanized area.

In the examples given above; only the more obvious
"waste lands" have been suggested. BEach individual siting
would necessarily require an exhaustive feasibility study of
possible sites, costs, topography, ste., These waste lands
are ordinarily found in mest ecities and towns, and since
many communities havé a need for lagoons, it should prove
feasible to}investigate the possibility of these sites for
sewage lagoons., It is hoped that this discussion of waste
lands will opeﬁ the door to new ideas on the question of

locating waste disposal facilities,
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VI. PUBLIC HEALTH AND WATER POLLUTION CONTROL

Municipalities inherit the state laws pertaining to
the ﬁelfare of the people. The municipaiity derives its
powers frdm the state; and@ those powers are expressed in a
charter. The charter establishes:

1. the form of government,

2. the powers that may be exercised, and

3. the general wmanner in which the powers granted

may be exereised,

The charter also includes all state laws and judi-
cial opinions that affect the sirueture, powers, or manner
of exercising the powefs of the corporation.(67)

Among the many laws that affect the citizens; and
the one most direetly related to the subject 0f sewage dis-
posal, is that of the protection of the public health, The
municipality must assume the responsibility of maintaining
and protecting the health of its populace. This duty is set
forth in federal and state laws,.yet the compliance of the
manicipality is often not achieved.

By neglecting to provide adequate sewage treatment
plants, the city is failing to livé up to its moral obliga-~
tions to its citizens and,‘in the case of the neighboriag
cities downstream, to its neighbors.

The primary function of ithe city is to provide a

safe and healthy place to live; all other functions can only



be secondary. The health and well being of the people are
dependent in a large:measure on effective waste disposal.
This also applies to the health of those people who live
downstream on the polluted stream,

It is unfortunate that sewers and disposal are not
obviously or readily observed in miost instances, It is al-
ways easier for an economy minded sity council to completely
igniore or minimize the operating budget or the necessary
building funds for this facility. It is difficult feor a
city council to resist taking mouney from a department of
which the public knows little and applying it to another
which will preduce more obvious results such as street re-
pairs or public buildings. Perhaps it is because nothing is
aver seen of the sewage system except the manhole covers,
and sowme people may never realize that sewage disposal is a
very important part of their everyday living, Yet the money
which provides adequate sewage treatment could not be better
spent. The health of the community cannot be purchased,

only protected.



ENFORCEMENT OF ANTI-POLLUTION LAWS

There are mahy laws now existing that would prohibit'
water pollution on the state, interstate and federal levels.
Most of these laws have never been rigidly enforced. Be-
cause violation is so widespread, the various state, inter-
state and federal agencies have been satisfied to suggest or
ask for compliance rather than bring suit against the offen-
ders. This procedure has met with some rewarding accom-
plishments: |

ceeet decade ago, the Ohio River was every-
body's repository for waste.....less than one
percent of the 33 million people along its banks
provided sewage treatment. Today, 95 percent of

the pop?lation is being served by treatment
plants,(68) |

The mumber of Minnesota communities not pro-

viding sewage treatment has decreased from 113 to

73 since passage of pollutien control in 1945, No

new industry or no:inew sewer system has been built

without pro¥ision for treatment facilities. S?wered

communities have increased from 328 to 414, (69

In spite of the voluntary compliance so evident in
many areas, the growth of non-sewered communities and indus-
tries is increasing at an alarming rate. In view of this
increase, the Department of Justice has sought a Distriect
Court injunction against the residents of a whele city for
failure to clean up sewage discharges into the Missouri
River., The suit was filed by the Department of Health,
Education, and Welfare against St. Joseph, Missouri, whose

citizens turned down a Department ordered bond issue to pay



eosts.éf preliminary engineering and construction of a
se@&gé diSpoaal plant, A graat significance rests upon the
outcome of this case, for if the Department of Health, Edu-
cation, aﬁd Welfare's injunction is upheld; many communities
whe are now dragging their feet will be forced to speed up
in cempliance with existing 1aws.(7°)

Not only has the federal governument begun enforce-
ment of the existing anti-pollution regulations, but the
eight member states of the Ohio Valley Water Sanitation
Commission hasvorﬂered seven Kentucky cities and two indus-
tries to set up timetables for completion of sewage disposal
facilities. The Interstate Compact is binding since the
agenoy was approved by eight state legislatures and ratified
by congvess.(71) _

At the siaté level, another anti-pollution case now
pending by a state agency is that of the Kentueky State
Water ?ailution Control Commission against the city of
Maysville, Kentucky. Failurg to comply with existing state
legiSIation can result in large fines against the oity.(7a)
In spite of ﬁhe increasingly stringent enforcement proce-
dures being brought to bear against our eities, it is ob.
vious that many cities will not comply with existing legis-
lation until they are forced to do so., This reluctance or

inability to provide the needed facilities has reached a

point of national disgrace. Surgeon General Leroy E. Burney
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stated that:(73)
eescdlong some rivers, water supply intakes

are so0 close to sewage outlets that one city takes

its water chiefly from another city's wastes«..

on the Ohio River, where at times of low flow,

the same water is used almosat four times as it

flows from Ifemusylvania to Mississippi. ‘

This situation poses a national health problem te
this and future generations,

The Select Committee on National Water Resources has
proposed a credo stating the moral obligations, rights, and
privileges of all citizens and governments of this country.
Adherence to this credo by all local governments would sup-
plant the need for any legislationx(74)

Users of water do not have an inherent right
to pollute.

Users of public waters have a responsibility
for returning them as clean as techaically pessible,

Prevention is as important as control of
pollution.



VII, POSSIBLE LEGISLATIVE AIDS FOR LAGOON CONSTRUCTION

With the stricter enforcement of anti-pollution
regulations against cities whe are at present violating
them, it is believed that a listing of the more important
aid programs should be reviewed. The following assistance
programs were selected for the acquisition of sites and
construction of sewage lagoons.

The Federal Water Pollution Conirol Act (Public Law
660) provides funds in the form of grants to pay a portion
of the construction coest of sewage treatment works.

The Housing and Home Finaunce Agency (HHFA) provides
two sources ef funds, the Community Facilities Administra-
tion and the Urban Rewewal Administration, The CFA makes
interest free advances to local public agencies fer prepar-
ing preliminary and final plans fer public non-federal
works, Loans are then made available to local public agen-
cies for the needed public facilities, The URA provides a
number of aids to communities for the elimination of slums
and blighted areas.

The Civil Aeronautics Administration makes grants,
in-aid, generally on a 50-50 immatching basis for public air-
port development, construction, and improvement., This in-

cludes preservation of safe areas within the flight paths,



The additional land for safety areas or approach zones could
be used for lagoon sites.

Of the cited ald programs, only a few apply express-
1y for the purpose of sewage facilities, However, when
properly planned in congunction with airport expansion,
highway planning and urban renewal; these federal aids can
be realized in the planning and construetion of sewage la-
goo13.

By using sites that can be provided by these means;
the lagoon, with iits high yerfcrménce standards, its ability
to incorporate Iandscaping benefits, and the advantage of
not creating an obstruction or other hazard, could sus¥ess-
fully be placed in certain areas at little or no:site acqui-
gition costs. This combination of low acquisition costs,
low consiruction costs, and low maintenance costs; indicates
a need for a new look by our cities at the seﬁage lagoon

wmethod of sewage disposal.



VIXII. CONCLUSION

The need for sewage treatment ié great, and the need
is steadily inecreasing with our multiplying need for more
and cleaner water., Because the nation!s clean water supply
is diminishing as a result of more people and more uses, it
is only as a basic remedy that we beglin to c¢lean up our
streams and ground waters so that we will eventually obtain
a net increase in the amount of useable water from our
streams and wells.,

Many of our states have water pollution laws, and
they are being enforced more rigidly eash.year. In addition
to the individual state laws, there are in effect interstate
compacts that have anti-pollution regulations. The United
States G?vernment, represented by the Department of Health,
Educatioﬁ and Welfare, has also begun the enforcement of its

‘laws (Public Law 660). With this pressure of law enforce-
ment on the cities, our cities have begun to comply with the
pollution laws. But in many instances; the community is
‘unable to comply due to the eost of the needed plants,lthe
inability to borrow due to the present debt load; because of
other vitally needed civic improvements, or for other poli-
tical reasons.

The increased emphasis c¢n the public health aspects
of water pollution may result in a more strict enforcement

policy on existing legislation. For those cities who are
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reluctant to undertake the construction of the disposal
plant for reasons other than financial inability; the in-
creasing pressures from the enforcement of the existing
legislation may provide the neceszary ilmpetus.

For those cities who are financially unable to pro-
vide sewage disposal facilities, the government is offering
financial assistance in the form of planning laans; grants-
in-aid, and long term loans.

Withmeaqhwgonsidepation; the use of sewage lagoons
seem to meet more and more of the regquirements when the
problems of the small eity or suburban community are con-
gidered. The cost is relatively low; the efficiency of the
lagoon is competitive; and the secondary benefits of the
lagoon add greatly to the advantages for the community in
later years, »

Future dividends that can be realized are the abili=-
ties of the lagoon to fit into many areas now considered as
wadte lands, its ability to be converted at progressive
stages into other uses at lower costs, the possibilities of
financial gains through the utilization of lagoon sites for
more than one pu pose, and the ability of the lagoen to act
as a planning tool in guiding the future growth of the
community. The use of the lagoon wmay prove to be of sub-
stantial value to municipalities in terms of efficient land
use and the preservation of open land for alternative future

uses,
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Although the sewage lagoon will not solve the needs
of all cities, it can provide an economié, highly efficient

disposal system for many cities.
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EXPERIMENTAL LAGOON AT FAYETTE, MISSOURI
-

1. VIEW ACROSS THE WIDTH OF THE FAYETTE
SEWAGE LAGOON SYSTEM.

2. SMOKE IS FROM REFUSE DUMP IN BACKGROUND.
ACCESS ROAD IS SHOWN ON DIKE.
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EXPERIMENTAL LAGOON AT FAYETTE, MISSOURI

3. MEASURING GAUGES ARE PLACED ON A CENTRAL
DIKE. MANHOLE COVERS INLET OPENING.

W

4L, VIEW OF 15 ACRE POND, NOTE THE OVERALL
APPEARANCE.
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TABLE

SURVEY OF STATES
TO DETERMINE THE NUMBER AND THE DESIGN STANDARDS OF SEWAGE LAGOONS

PREL IMINARY TREATMENT RAW SEWAGE TREATED SEWAGE
LOADING LOADING
REQUIREMENTS PER ACRE PER ACRE
NUMBER ! !
USE OF CITIES | SIZE COMMI- | SEDIMEN- 80D | BOD | DEPTH CHLORI -
STATE PERMITTED US ING LIMIT | SCREENING | NUTION | TION PERSONS | LBS. |PERSONS | LBS. | IN FEET | NATION | FENCING
Yes 2 No No No No 300 50 450 50 3.5 No Yes
Yes 10 No No No No 300 50 400 50 3 1/2-5 Somerimes Yas
Yes 10 Yes Yes - Yes — 30 ——— 50 3.5 SomeTiMES YES
CoLorADO Yes 29 No No No No 100 - — 50 3.5 No Yes
ConnecTiCUT No (AT LEASY NOT AS YET -= WE ARE TOO DENSELY POPULATED FOR ONE THING.) - - -- -
DELAWARE NoT: 80 FAR - - - - ——— - —— - - - —-
No (EXCEPT AFTER COMPLETE TREATMENT.) - —— - - 50 3.4 Yes No
Yes None No No No 200 35 - - 3.5 Derenns Yes
Yes 2 No No No DerEnos --- 20-30 --- 20-30 3-5 No Yes
ILLinors Yes 17 No No No No 120-150 20-25 180-230 20-25 3-5 DerenDs Yes
Ino1aNA Yes 1 No No DesirasLe No 100 20 130-140 -~ 2.5 DepEnos Yes
lowa Yes “ No No No No 100 20 —— 20 4-5 No Yes
Kansas Yes AL No No No No -— 25 — 25 3.5 No Yes
Kentucky Yes Nowne No (NoT pEciDED AS YvET) (STANDARDS NOT YET DEVELOPED) --- - -
LovisIANA Yes Nowne No No . No 2 - (NoT EsTasLIsSHED)3-5 DerenDS Yes
Maine Ly  Nome - - - - - - — - - - -
MARYLAND CIFIC REQUIREMENT YET DEVELOPED -= - ——— -- — - -- - -
MASSACHUSETTS NO DESIGN STANDARDS ADOPTED =~-= NO SUCH PLANTS IN USE --- - — -- - -- -
Micnican Yes None - No 100 20 —— - 4-5 Derenos Yes
MinngEsOTA Yes 13 No 100 17-20 === 17-20 3-5 DePEnDsS Yes
Mississippl Yus 10 No No No No 200 35 - - 3-5 Derenns Yes
Missouri Yes - No No No No 200 34 ——— 34 3-5 No Yes
MoNTANA Yes 38 No No No No 200 18-20 (Not mEcommenDED)S No Yes
NEBRASKA Yes 34 No No No No 150 25 250 3-5 No Yes
NevaDA Yes 15 No No No No 100 60-80 —w== 60-80 3-4 1/2 SomeriMes Yes
New HAmMPSHIRE Yas 2 Yes No No No 100 17 — - 3-5 - Yes
New Jersey NONE APPROVED AS YET - - - — - —— - - - -
New Mexico Yes 6 ? No No No 100-200 17-34 400 50 2 152- Derenos Yes
31/2
New York NONE APPROVED AS YET =-- 10 STATE STANDARDS WILL BE USED - -— - - - -
NorTH CAmoLINA  No (EXPERIMENTAL UNIT NOW UNDER TRIAL.) - ——— - ——— - - - -
NorTH DAKoTA Yes 100 No (Twis 1s oiscouraaEn) —— 20 ——— 20 3-5 No Yes
Ouio NoT vET- 1 - No 162 27.8 wwm - 3 min.  Nort vEY Yes
OKLAHOMA Yes 51 Yes No No No 200 30 300 30 b Yes
Orecon Yes 6 No No No No 100 20 150 20 2.5' DerEnos Yes
PENNSYLVANIA UNDER TRIAL - 4 STANDARDS NOT YET DEVELOPED., ~-- — -- —— - - - -
Ruooe _IsLAND NO REQUESTS RECEIVED FOR APPROVAL. - - —— - ——— - - - -
Soutn CAROLINA Yes Nowe No No No 300 50 ——— - 3.5 No Prerer
SoutH DAKoTA Yes 65 No No No No 100 15-20 100 15-20 3-5 No Yes
TennESSEE Yes 3 Yes No No No 100 17 (No criTERIA)  3-5 Derenos Yes
TexAs Yes 152 No Yes - Yes (Not ApPROVED) --- 50 3-4 No No
Uran No Nowe - - - - ——— - — - - - -
VERMONT No REQUESTS RECEIVED FOR APPROVAL - - — - — - - - -
VIRGINIA Yes Nowne No No No No 150 30 (No criTERIA) 3-5 GENERALLY YES
WASHINGTON Yes 15 No No No No 350 60 - 60 3.5 Yes Yes
WEST VIRINIA Yes Nowne No No No SomeTIMES200 34 300 34 3-5 No Yes
Wisconsin Yes 5 No Yes Preremren SomeTines100 17-20 135 17-20 3-5 No Yes
WyoMine Yes 27 No No No No —— 30 — 30 3-5 No Yes

® TABULATION, As or MiD-1959, sHows FOR 47 STATES THE NUMBER OF CITIES using Pownos An/n LAGOONS, PLUS DESIGN DATA.

Source PusLic Works, Decemser, 1959, Pa. 91



- 101 -

APPENDIX C



- 102 =

UNITED STATES PUBLIC HEALTH STUDY OF LAGOONS
AT FAYETTE, MISSOURI

This is a brief resume of the overall results of the
lagoon located in Fayette, Missouri. Asmore detailed
description can be observed by referring to the Fayette
Study which breaks down the entire operation, pond by pond.

The pilet plant consisted of five small ponds of
appreximately one acre each and a large‘pond of fifteen
aeres, The system was operaﬁed in series, the smaller ponds
performing a primary treatment and the larger pond receiving
the effluent for final treatment. Table 1 contains the
average dally raw sewage load to the lagoons along with
other pertinent data relative to the pilot plant.

The overall performance achieved can be determined
by Table 2 which illustrates the reduction that occurred in
the total system.

A tentative method for the determination of a pre-
liminary loading figure based on solar radiation was present-
ed, as a means of maintaining oxygen in lggoons receiving
rav sewage in ice free areas, It suggests a minimum of 1.5
Langleys per day for each pound of B, 0., D. per acre. To
allow for a margin of safety, it is further suggested that
the lowest daily average Langley figure per month be divided
by two te arrive at a preliminary load estimate. It is

pointed out that in areas of ice conditionms, the intensity



TABLE 1

AVERAGE DAILY RAW SEWAGE LOAD TO LAGOONS

Cell Area Depth Velume GPD Theoretical B6D (1bs)

acres (ft) Cell Acre detention Planned Realized
days Cell Acre Cell Acre
1. 0,75 2.5 7000 90060 87 15 20 15.2 20.3
2. 0.75 2.5 14000 = 18000 44 30 40 30.4 40.5
3. 0.75 2.5 21000 28000 29 45 60 45.6 66.8
4, 6.75 2.5 28000 37000 Z2 60 80 60.8 8i.1
5. Q.75 2.5 35000 47000 17 75 100 76.0 101.3
6. 15.00 3.0 111006 7000 88 255 16 229.0 15.3

Source: Neel, J. K., McDermott, J. H., Monday, C. A., "Experimental lagooning of

Raw Sewage, Fayette, Missouri, Experimental Stabilization of Ponds,

1957-1958,% (an unpublished report), United States Public Health Service,

Region VI, Kansas City, Missouri, (1960).

~ EO0T -



TABLE 2

DEGREE OF TREATMENT
(PERCENT REDUCTION OF WASTE CGMPONENTS)
ACHIEVED BY THE ENTIRE FACILITY

Alk, B.0.D, Org. P P04  Total ©Org. N ©Nh3-n Total MPN
P _ N Coliferms
Avrg. a2 89 78 78 80 95 82 93 99,9996
Min. 21 86 66 68 68 80 56 = 84 99,9982
Max. 43 96 92 91 98 o8 = 93 97 = 99,9599

Source: Neel, J. K., McBermott, J. H., Monday, C. A., "Experimental Lagooning of
Raw Sewage, Fayette, Missouri, Experimental Stabilizatien of Pends,
1957-1958," (an unpublished report), United States Public Health Serviece,

Region VI, Kansas City, Misgsouri, {(1960).

- %01 -
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of solar radiation is an unreliable guide.
Odor conditions were recorded as follows:

Five cells were loaded at the following rates:

Cell 1. 20 pounds/acre/day
2. 40,5 pounds/acre/day
3. 60.8 pounds/acre/day
4, 81,1 pounds/acre/day
5. 101.3 pounds/acre/day

Odors were recorded as follows:?
February 23  Slight odor in cells 4 and 5.
26 Cells 3; 4, 5 produced odor detected 550 feet
downwind.
28 Cells 3, 4, 5 still detected odors 550 feet
downwind.
March 2 Cells 3, 4; 5 could be detected 50 feet down-
wind., .
9 Cell 3 lost its odor.
24 Cell 4 lost its odor,
26 Cell 5 lost its odor,
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NORMAL WINTER SUNSHINE (% OF POSSIBLE)



- 108 -

APPENDIX E



e 100 «

TABLE 1. Descriptive Data of Sewage Stabilization Ponds in the Dakotas, June, 1956

Sewage Source Applied Sewage Pond Inlet Outlet i e
Only Toree Muain
Location Kind ] Vo | Tvvet| 10 | Typer | Tt | S| ron |
(a) SovTn Dakora
Beresford | 1,68 Raw 1,600 2 16.5 S ( G NW O 17,265 10.214
Bison | & Raw | 300 1 S |G NE O None None
Bonesteel Raw 450 1| | Cl1G| N O 10325 2120 None  None
Bowdle | Raw K 1 Cc 3 O None None
Burke Im. effl. | 2 S (o] O 12,000 1448 None  None
Canton Raw 2,100 | 2 SorP| C
Cherry Creek® Sep. tank 560 | 2 SorP S O None  None
White Horse® | Sep. tank | 560 } g SorP! 8 O None  None
Clear Lake | Raw 1,200 1 12.0 C O None None
Freeman Im. effl. 1,225 | 1 0.0 o 8] None  None
Gettyshurg 1,555 | Raw 1,500 | 2 20.0 N C o0 | None None
Gettyshurg |
(Air Force) -8 Raw —8 * SorP - - -
413 | Raw 0 SorP C P O R3,5480 206,64
511 | Raw T (41 G (8] None None
| 584 | Raw 2 2 r N, ( G (8] None None
Langford | 456 | Raw 1 3 - ¢ P b 8]
Lemmon 1 1 ( G SE 0 | 1220 None None
Murdo 1 1 u, G SE 0 32,60 None | None
New Effington 2 5 16 S « P NE (8 2890 1 57,0000
Oahe Adm 2 L0 SorP O G B O None
Philip? 2 7 N G P 0 6.52 39,000
Pierre'! 1 1 (SR o
Pollock 2 2.3 S « 5 (8] 2560 None  None
Redfield 1 2 o r O 10,80 37.800 14.27
Rosebud Agency® 4 it S « P (O3
Sisseton 2| r « G (8} 3 None | None
Tabor 1 b - C P ]
USAF® 2 07,065 SorP C G O None None
Valley Springs 2 | 3852 [SorP C G O [ 2500 None  None
Veblen | s Su 1l 2 1411 |SorP| —», P O 7056 1ESO 13,000 2731
Wall | Raw | 500'¢ F 1951 1 887 | — S |G| 0 11,000 19.80  None  None
Wasta'? | Sep. tank | 1 B G - N - - None None
Bethesda Home'® Raw 61 - @ G NE 0 None  None
Eagle Butte Raw ‘ 1 - - - — - -
Weaver!? Raw 551 - & — | (8] -
White River = 1 - | € — (8]
Castlewood Raw 2 | SorP| ¢ P NWaorsw o
Norti Dakora
Asc. Abbey® 260 Raw .2 - € G N
Beach 1,461  Raw S o r - N 9100 25,000
Bisbee | 365 | Raw - (8] P N O
Butte 272 | Raw — {0} (& N 0
Cavalier 1459 | Raw PG = %
Center 492 | Raw — (6] P S O
Devils Lake® 6,427 | Raw — C P - NP
Dunn Center 246 | Raw | - (8 P SW D
Dunseith® 713 | Raw — c | G S O 10,900
Elgin | Raw S C b E,N D, O 9510 10,80 None
Fessenden | 917 | Raw — 8 — N =
Flasher | 413 | Raw C D 7420 1800 61.30
Flaxton 436 | Raw P S P (8] - —
Fordville® 376 | Raw - (0] P (8] 4,965 13.20 17310 46.10
Fort Berthold :»
West School 240 | Raw 1 — € — — — — —
East School 240 | Raw 1 — (o} — — — - —
South School 100 | Raw 1 — (0] — — — —
Golva 174 | Raw 1 9 — « P — N 60
Grenora 525 | Im. effl. 500 | 1949 | 1 3.0 — S — — — - — —
Hazelton® 453 | Raw 450 | Sp 1956 | 1 . = (6] G N (8} 7,100 None None
Hope 470 | Raw 475 | 1951 1 10% — C P =5 N | — | - —
Jamestown 10,697 | Raw 12550 | F 1953 1 | 135 — C P AW 8]
Larimore 1,374 | Raw 3320  Sp wm‘ 1 9.0 —|lc|P - N
Maddock?®® | 741 | Raw 1,750 | 1949 3 117,123, S C P = | N 37,650
| | | 80 |
Max Raw 100 1953 1 1.5 S G SW O 25000 L0 None
Medina Raw 1 10 ( «
Minnewaukan Raw 1 13.0 ( P N 0 11.200 2 TS0
Minto Raw 1 7 ( P W D 5.200
Neche? Raw 1 16 ¢ P XE D NOs0
New E Raw 1 1.0 o P X D160
New 942 Raw 1 10.5 ¢ « SW D 11300
New 1,300 Raw 1 S o G = O
Northwood 1,182 Raw 2 6. 6 S o P N
Park River 1,692 | Raw 2 32.6 N (o P OON 12860 2500
Plaza? 380 Raw 1 0 « P E O NS00 20,80
Portland 611 Raw 1 80260 i P N
Rolette 451 Raw 1 12.0 ( P W D 10.710
Rolla 1,176 Raw 1* 11.0 & P O S1L900
Scranton?® 360  Raw 1 L P SW D 21,375
Stanley 1,486  Raw 1 «
Watford City 1,371  Raw o S { S (N E. E DD TR 1030 18210 13.50
1 (v G k D
Wildrose 430  Raw 1 (%
Wishek?® 1,241 Raw 1 Al G W D 5400 110
Zeeland 484 Im. effl 1 L S P W 0 LOOO N300 5T.000 THA0
!8p = spring; Su = summer; F = fall: W = ft. from North end 2 New.
winter; P = planned. 2 [sotope How study made here srmer slough
*8 = geries; P = parallel. 3 Indian school. Indian reservation
3C = center side. ' Weather station at Gettyvshurg 2 Being moditied

4G = gravity: P = pumped. 130 ft. north of corner, sds hottom seal
20 = rlow; NP = none planned; D = * Winter population: summer population = # Ineluded in seasonal research
drawdown ; N = none. 1,000. il tilling.

¢ Cheyenne Indian Agency school. 7 Privately owned and operated. stimated

" Two inlets. Yiest pond abandoned in 1935
+ Classified. v sehool. Second pond. planned for immediate con-
* Includes new sewer system. » Winter population: summer population = struction.

1 Winter population: summer population = 60. ft. offshore,
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PROPOSED SEWAGE LAGOON SYSTEM
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THE SEWAGE LAGOON: ITS SOCIAL,
ECONGMIC, AND PLANNING IMPLICATIONS

Abstract

The basic objectives of this study were to deter-
mine: (1) the extent of water pollutien contributed by our
communities in the form of municipal and industrial wastes,
(2) an investigation of the extent of use; performance
characteristics, and costs of the sewage lagoon; (3) the
planning aspects of the sewage lagoon, (4) the extent of
anti-pollution law enforcement, and (5) the existing finan-
cial aid available to communities for the construction of
sewage lagoons. The findings of this study indicate that:

1. The extensive contribution to the water pollu-
tion problem by municipalities and industry is serious. The
projection of future water use based upon present standards
of use and recovery indicates a very serious water problem
in the near future. A need exists for an inexpensive method
of sewage treatment.

2. Sewage lagoons are relatively new but are widely
used. They have proved to be relatively inexpensive and are
achieving a high standard of purification.

3. Possible secondary benefits resulting from the

use of sewage lagoons may prove to be of substantial value



to municipalities in terms of efficient land use and the
preservation of open land for alternate future uses,

4. The enforcement of the existing anti-pollution
laws have been ineffectively enforeced; however, new emphasis
is being placed upon legal proceedings, rather than the:.
voluntary compliance that has been practiced in the past.

5. With proper planning, a community can concei-
vably use several governmental programs for financial assis-
tance both in grants-in-aid and long term loans for the

construction of a sewage lagoon.
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