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Experience with Stabilization Ponds in the USA *

by DANIEL A. OKUN, Professor of Sanitary Engineering, and Head, Department of Sanitary Engineering,
School ofPublic Health, University of North Carolina, Chapel Hill, N.C., USA

Natural and engineered ponds have been employed
in waste treatment from the first days of planned
sewage treatment. They have been used for removal
of suspended solids and the biochemical stabilization
of colloidal and dissolved organic solids, for regula-
tion of waste discharges to conform to flow in
receiving waters, for conservation of waste waters
for irrigation, and for fertilization of waters to
improve fish propagation. Recently it has been
proposed to use ponds for the cultivation and harvest-
ing of algae for food.
The widespread employment of ponds for waste

treatment was initiated in the USA shortly after the
Second World War, when it accompanied the
intensive construction of sewage treatment facilities
in an attempt to eliminate the backlog created by the
war. By 1957, stabilization ponds were being widely
used for the treatment ofsewage in small communities
as indicated in the following tabulation of secondary
treatment plants: a

Stabilization Trickling Activated Others
ponds filters sludge

No. under 5 000
population 543 1 873 292 672

No. over 5 000
population 88 809 297 73

Total number 631 2 682 589 745

The programme of federal grants-in-aid for sewage
treatment plant construction gave further impetus
to the construction of stabilization ponds, particu-
larly in small communities, and has helped to bring
about their acceptance over most of the country.
Between 1957 and early in 1960, 443 stabilization
pond plants were authorized in 32 States under the
federal programme alone. In addition, such ponds
are in operation in at least five other States. Most
of the ponds have been built in the midwestern and
northwestern States, but several States have still
not approved their use.

* Note submitted to the Seventh European Seminar for
Sanitary Engineers, convened by the WHO Regional Office
for Europe in October 1960.

a Thoman, J. R. & Jenkins, K. H. (1958) Statistical
summary of sewage works in the US, Washington, D.C.,
US Govt Printing Office (Public Health Service Publication
No. 609).

Description of stabilization ponds

Stabilization ponds are relatively shallow basins,
21/2 to 5 feetb deep, generally built by excavation of
the ground and diking. While they were originally
used for treating either raw or settled sewage, the
practice now is to use them almost exclusively for
raw sewage. Ponds are very economical treatment
devices for small communities where land is available.
They also involve low operating and maintenance
costs. However, if they are used to follow primary
treatment, the advantages oflow cost are lost, because
the cost of conventional primary treatment (with
pretreatment, sedimentation and sludge handling
and disposal) is itself high, and little advantage
accrues from following the primary treatment with
stabilization ponds.
The installation is quite simple. Raw sewage, with

no preliminary treatment, is discharged into the
centre of the basin near the bottom, and effluent is
collected in a box on one side of the pond, the box
often being designed to permit withdrawal at one
of several depths. The bottom of the pond is
generally level, and cleared of vegetation. The side
dikes are regular with as steep a slope as the soil
permits. The top of the dike is made wide enough
to accommodate maintenance vehicles. The ponds are
generally fenced. A more detailed discussion of the
principles of operation of stabilization basins and
design practice can be found in the sewage treatment
design manual.c
When the pond is maintained under aerobic

conditions, natural processes of sedimentation and
biochemical oxidation reduce the biochemical
demand and the bacterial content. The oxygen to
maintain aerobic conditions comes principally from
the surface of the pond and from photosynthesis of
algae, with the latter generally playing the major
role. Mixing to improve aeration has been intro-
duced but is not widely practi3ed. Some ponds,
particularly in the west, are designed without

b I foot = 30.48 cm.
c Sewage treatment plant design, 1959, New York,

American Society of Civil Engineers (Manual of Engineering
Practice No. 36) and Washington, D.C., Water Pollution
Control Federation (Manual of Practice No. 8).
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provision for outlets, evaporation and infiltration
accounting for all the inflow.
The interesting fact to note about these ponds is

that, if properly designed for the load to be served
and for the climatic conditions of the site, they do
not cause offence, either visual or olfactory. The
surface of the pond is clean, and the uninitiated
visitor would have difficulty in distinguishing the
sewage treatment plant from an ordinary fish-pond.

Performance of stabilization ponds

With so large a number of units operating in the
USA, and with the great interest in this low-cost
type of treatment, one would expect that considerable
data would be available on their performance and
efficiency.

However, the use of ponds is limited to small
installations, where laboratory facilities and trained
personnel are seldom available for studies. Further,
performance data, when obtained, are frequently
unreliable because determination of effluent BOD
is complicated by the presence of algae, which
increase the apparent BOD when incubated in
darkness and yield oxygen when incubated in the
light. Filtering the algae removes particulate matter,
which should be included in the conventional BOD
test. There is also the problem of whether the
oxygen demand of the algae is not also, in fact,
a part of the effluent BOD.

Excellent published reports on the performance
of ponds have been prepared by Caldwell,d Van
Heuvelen & Svore,e Smallhorst, Walton & Meyers,f
and by Towne and his associates in the Public
Health Service.Y Reviews and summaries have been
prepared by Fitzgerald & Rohlich,h Van Eck,' and
Towne & Pahren.J Numerous publications on the
role of algae in ponds have emanated from the

d Caldwell, D. H. (1946) Sewage Wks J., 18, 433.
e Van Heuvelen, W. & Svore, J. H. (1954) Sewage &

industr. Wastes, 26, 771.
f Smallhorst, D. F., Walton, B. N. & Meyers, J. (1953)

Publ. Wks (N. Y.), 84, No. 12, p. 89.
g Towne, W. W., Bartsch, A. F. & Davis, W. H. (1957)

Sewage & industr. Wastes, 29, 377.
h Fitzgerald, G. P. & Rohlich, G. A. (1958) Sewage &

industr. Wastes, 30, 1213.
i Van Eck, H. (1958) Trans. S. Afr. Inst. civ. Engrs, 8,

No. 7, p. 1.
J Towne, W. W. & Pahren, H. R. (1959) Use of stabiliza-

tion ponds in treating sewage and industrial wastes. In:
Proceedings of the Eighth Southern Municipal and Industrial
Waste Conference, Chapel Hill, N.C., University of North
Carolina Extension Division.

University of California,k and Hermann & Gloyna
have formulated design equations.

Conventional ponds with depths of the order of
3-5 feet, may handle 50 pounds of BOD per acre
per day, or raw sewage from 300 persons per acre
of pond surface.m Current design practice generally
limits the loading to 100 to 200 persons per acre.
Detention time exceeds 30 days and BOD removals
range from 50% to 80%. Shallow ponds, about
2 feet deep, designed for intensive algae production,
may handle 100 pounds of BOD per acre per day
in winter, when sunlight is at a minimum, and 200
pounds of BOD per day in summer.
The Public Health Service of the US Department

of Health, Education, and Welfare, in co-operation
with States and cities, has conducted intensive field
studies of stabilization ponds. One of these inves-
tigations, in the Dakotas, where widespread use of
these ponds originated, involved the study of seven
ponds in five municipalities." The ponds had average
depths ranging from 1.2 feet to 5.7 feet, and areas
from 4.1 to 27.1 acres. The average loading of the
ponds varied from 6.8 to 22.9 pounds per acre per
day. The data were analysed by seasons, because of
the marked change in climatic conditions from
summer to winter, when the ponds froze over.

In summer and fall, the BOD reductions in these
ponds varied from 85.4% to 98.4%. In winter,
treatment ranged from 70.0% to 96.2%, the low
values occurring during periods when the ponds
were completely frozen over.

Suspended solids reductions depended upon
photosynthetic activity. When the ponds were frozen
over and there was little or no algae production,
suspended solids reductions ranged from 68% to
93 %. During open-water seasons, the reductions
ranged from 1 % to 66%, and in one test period the
suspended solids content actually increased by 190%
because of algae in the effluent. Coliform density,
as measured by most probable number, was reduced
by 99% at least half the time, and in general the
reduction exceeded 95 % all the time.
The most critical operating condition for these

ponds was during the transition from frozen surfaces
in winter to thaw in the spring. Under ice, the pond
contents were anaerobic, but the ice prevented
liberation of odours. With melting of the ice, and

k Oswald, W. J. et al., Sewage & industr. Wastes, 1951, 23,
1337; 1953, 25, 26, 692.

1Hermann, E. R. & Gloyna, E. F. (1958) Sewage &
industr. Wastes, 30, 963.

m 1 pound = 0.45 kg; 1 acre = 0.40 hectare.
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TABLE I
EFFECT OF LOADING ON PERFORMANCE

OF EXPERIMENTAL PONDS, FAYETTE, MISSOURI,
MAY 1957-MAY 1958

Pond No.

1 2 3 4 5

Loading
(pounds BOD/acre/
day) 20 40 60 80 100

BOD reduction (%):

Range 84-90 82-89 72-87 72-89 72-87

Average 87 86 82 81 82

Coliform organisms In
effluent:

Average per ml 147 247 243 340 402

% samples > 930/mi 0 7.9 8.9 18 19.2

Nitrogen reduction (%):

Organic 96 95 92 92 93

Ammonia 81 77 73 71 72

Total 93 92 89 89 89

Phosphorus reduction
(%:

Organic 81 77 69 67 67

Phosphate (P04) 80 75 66 67 67

Total 80 76 67 67 67

in the absence of algae, there was a period of anaero-
bic conditions with liberation of odour, mitigated
to some extent by the dilution from melting ice.
It was concluded by the investigators that loadings
of under 100 persons per acre would minimize
trouble in this period, although much higher loadings
could be handled at other times of the year.

Experimental ponds
The Missouri State Department of Health, the

town of Fayette, Mo., and the Public Health Service
co-operated in the construction of five one-acre
ponds to be used for field research. The results of
this study are not yet published but are included in
a comprehensive report prepared by the Public
Health Service."

n Neel, J. K., McDermott, J. H. & Monday, C. A., jr.,
Experimental lagooniing of raw sewage, Fayette, Missouri.
Experimental ponds, 1957-1958 (unpublished report of the
Public Health Service, US Department of Health, Educa-
tion, and Welfare).

TABLE 2

EFFECT OF SEASON AND LOADING ON BOD
REDUCTION (mg/1) IN EXPERIMENTAL PONDS,

FAYETTE, MISSOURI

[ Raw [ Effluent from Pond No.
Month sewage

BOD 1 2 3 4 5

1957

May 254 35 31 38 34 39

June 314 32 36 50 54 39

July 279 44 46 37 45 41

August 266 43 37 53 57 53

September 308 45 56 57 52 51

October 280 36 47 55 51 50

November 266 33 33 44 29 38

December a 310 34 37 43 37 40

1958

January a, b 270 27 32 75 71 42

February b 223 28 40 50 63 63

March 252 31 34 48 57 66

April 195 31 32 42 42 40

May 252 28 33 37 40 51

a All ponds covered with ice beginning on 11 December and
thawing from 10 January to 16 January.

b Ice reappeared on 22-23 January, and thawing occurred
from 23 February to 26 February.

The five ponds, maintained at a depth of 21/2 feet,
were loaded with the same sewage at rates of 20,
40, 60, 80 and 100 pounds of BOD per acre per day,
respectively.
The experimental units were operated for 15

months. Algae developed quickly, with floating
algae mats in the more lightly loaded units in
summer. Ice cover lasted on all ponds for more
than 30 days. The two more lightly loaded ponds
retained some oxygen all winter, while the more
heavily loaded ponds became anaerobic. In the
latter units several weeks were required for the
return of oxygen after melting of the ice cover.
Some odour was reported from these ponds during
the period of thaw and shortly thereafter.
As usual, photosynthesis was predominant during

daylight hours until the ponds froze over. Decom-
position and respiration were dominant at night
and when the ice cover became opaque. Production
of algae increased with loading up to 60 pounds per
acre per day, and then levelled off.
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BOD reductions showed little variation among
the five units, all averaging above 80%. The lightest
loaded unit ranged from 83% to 90% BOD reduction
and the heaviest from 76% to 86%. However, the
efficiency decreased in the units with loadings of
60 pounds per acre per day and higher during
periods of ice cover and shortly thereafter. All units
achieved coliform reductions exceeding 99.99 %.
The data are summarized in Table 1. The effect
of season on BOD effluent quality is shown in
Table 2.

It was concluded from a study of the energy
relationships and of the chemical and biological
changes which occurred in the ponds that photo-
synthesis played a dominant role in the successful
operation of the ponds, and was a necessity if free
oxygen was to be present. Loadings of up to 40
pounds per acre per day could be handled with ice
cover. Without ice, the loading that could be handled

was a function of the light available. It was con-
cluded that energy amounting to a minimum of 1.5 to
2.0 langleysO per day on a monthly basis is required
for each pound of BOD applied per acre, up to
about 100 pounds per day. In the US, the minimum
monthly langley values are generally well over 200
in the south, between 100 and 200 in the midwest
and east, and less than 100 in the north-west.
However, when freezing occurs, the danger of
anaerobic conditions and the problems of odour
on melting of the ice should determine design
criteria.
These studies revealed, as has been learned in

other biological systems, that for a given size of
installation, the provision of two units in series
yields a higher BOD reduction than a larger single
unit or two units in parallel.

0 1 langley = 1 calorie/cm'.

Some Results of Research into Drinking-Water Purification
and Disinfection *

by DANIUL MINZ, Deputy Director, Academy of Municipal Economy, Moscow, USSR

Much research into perfected methods of drink-
ing-water purification is at present in progress in
the USSR. The need for this has arisen from the
large-scale development of industry and urbaniza-
tion, the improvement of housing amenities and
the rapid extension of piped water supplies in towns
and villages. In order to meet the industrial and
domestic demand, surface waters (rivers and reser-
voirs) are being increasingly utilized as sources of
supply; existing water treatment plant is being
extended and in many cities new equipment is being
installed.
Water purification equipment is, of course, costly,

and the implementation of construction plans has
called for heavy capital investment. One of the aims
of research in this field has been to indicate methods
of bringing about a reduction in the cost of such
equipment. At the same time, the operation of
purification equipment in various cities throughout

* Note submitted to the Seventh European Seminar for
Sanitary Engineers, convened by the WHO Regional Office
for Europe in October 1960.

the territories of the USSR has shown that climatic
conditions, and particularly the hydro-chemical
features of a water, have a very substantial influence
technologically on the functioning of a purification
plant. The use of standard technical methods of
water purification based on rapid filtration following
preliminary sedimentation has not always turned
out to be justified, either economically or from the
health standpoint.
The research undertaken was intended to discover

the most rational methods of treatment for various
waters, and to indicate the principles on which the
different technological processes should be selected
in relation to the expenditures involved, with a view
both to the need for economy and to health require-
ments. As a result of research carried out over a
number of years by technological and sanitary
engineering institutes and municipal water-supply
laboratories the theory and practice of water purifica-
tion and sterilization have been considerably de-
veloped. A full review of this research cannot be
given in the present short note, but it is possible to
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