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ABSTRACT

Oxidation ponds for the treatment of sewage received 
their initial acceptance less than two decades ago and are 
presently employed as treatment devices in over 600 American 
communities• Their use has been permitted in several states 
in the Southwest.

Since the basic action is a photosynthetic occurrence, 
liberal sunshine and warm temperatures lend themselves well 
to the efficient use of oxidation ponds in this area.

Evaluations of an actual Installation combined with 
climatological data reveal that oxidation ponds in the 
Southwest may be designed from existing equations when modi
fied to include high evaporation and seepage rates. This 
thesis indicates that oxidation ponds have a potential 
treatment capability greater than the existing design cri
teria allow. Utilizing the additional potential calls for 
sound engineering judgment applied to background data in 
the proper design of the installation.
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CHAPTER 1

PURPOSE AND SCOPE OF THESIS

1.0 Introduction
Until the recent past, very few segments of society 

have made any effort to dispose effectively of their waste 
with any consideration of the health of the general public 
in mind. Only the most advanced societies of a few centuries 
ago were able to provide any measurable degree of success 
in the disposition of sanitary wastes (1).*

1.1 History of Oxidation Ponds
Since the advent of the industrial revolution In 

England and the recognition of the fact that various dis
eases emanated from the improper disposal of industrial 
wastes, more attention has been focused upon a successful 
and feasible waste treatment process• From the efforts of 
the people most concerned with the aforementioned problem, 
several acceptable and successful methods have evolved.

These methods have been categorized under the term 

"conventional treatment processes." Perhaps this is a

♦Each numbered reference enclosed in parentheses 
refers to the same number in the Bibliography found at the 
end of this thesis.
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2
misnomer because there may be processes yet undiscovered 
that are more conventional than the "conventional methods" 
from the aspect of using natural occurrences to the advantage 
of the process. There is no waste treatment process that 
does not occur as a natural phenomenon and most treatments 
are simply designed to accelerate the action and interaction 
of the various constituents (2).

It is a gross understatement to say that conventional 
methods of sewage treatment cost a great deal of money, and 
many municipalities can testify to this directly by the 
amount of indebtedness which they have incurred while adopt
ing the recognized disposal methods. For small communities 
the cost has sometimes been prohibitive and the population 
of those communities has continued to exist at the expense 
of grossly polluting water supplies and endangering the 
health of the inhabitants. The net result has been that the 
background of sanitary engineers and others concerned with 
the protection of the public health was Imbued with a watch
fulness for an acceptable and satisfactory method which 
would decrease the costs of waste treatment. The rewards 
of such a successful search would be many. First, communities 
yet unsewered could become so because the cost of sutibeedlng 
treatment would be decreased which in turn would bring the 
entire system within economic feasibility. Second, there 
would be a material contribution to the resources of the 
nation by providing a treated, relatively stable product



3
to the receiving stream. The last advantage would he the 
protection of the public * s health which is always paramount 
in the minds of those officials responsible. If the cost 
of treatment could be kept at a minimum, these possibilities 
could be converted to realities.

Someone had to assume the leadership and the respon
sibilities associated with the Introduction of a new theory 
to a practicing profession already schooled in conventional 
methods. This duty was assumed by members of the United 
States Public Health Service and other dedicated individuals 
who had enough faith in their convictions to postulate a new 
method. Information was sketchy but as early as 19^2 C. G. 
Gillespie of the California State Department of Public 
Health recognized the potentiality of oxidation ponds for 
the treatment of raw sewage in remarks made before the 
Arizona Sewage and Waterworks Association (3).

World War II furthered the cause for oxidation ponds 
when expediency forced some military installations to adopt 
them as emergency treatment for raw sewage. After the cessa
tion of hostilities, Carl, Ehlers, Van Heuvelen, Hopkins, and 
Svore, to mention a few of many, furthered the cause by re
porting their findings via various journals and advocating 
more research so that plausible design criteria could be 
evolved (*+). Research began in the Dakotas with the actual 
installation of several oxidation ponds and design criteria 
was produced from the sketchy information available. Of 
necessity, the design criteria had to be developed in favor
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of the conservative point of view.
Climatic conditions and ice cover for a portion of 

the year weighed heavily on loading limitations and the 
officials relied upon the conditions evaluated from observa
tions of “accidental installations" to which they had access. 
This initial acceptance of installations by health officials 
preceded complete public acceptance by local municipal of
ficials. As a result, requests to health departments for 
information concerning the solution of local disposal 
problems were answered promptly. Quite commonly tentative 
parameters were provided as a guide for initiating the 
construction phase of an experimental arrangement (5).

1.2 Purpose of Thesis
Throughout the United States, especially in places 

where pollution problems were becoming more severe and in 
small communities, the information was being disseminated. 
Municipal demands for oxidation pond installations forced 
those who were responsible for judgment to acknowledge or 
refute the possibilities of oxidation pond treatment. All 
of this took place in the decade between 1950 and i960 and 
it is continuing wherever sufficient interest exists. There 
is much to be learned about oxidation ponds because the be
havior of each pond is dependent upon variables associated 
with climatic conditions which change with each location.
To this end, the evaluation of an oxidation pond treating 
raw sewage, this thesis is devoted.
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1.3 Scope of Thesis

Since the mechanism of treatment is unique to each 
installation, an evaluation of the operational characteristics 
of an oxidation pond as a treatment unit in the arid South
west has long been needed.

By using an operating installation and evaluating 
the actual capabilities as compared to theoretical capabil
ities that have been reported as attained in the laboratory, 
it was felt that some factual bases could be provided for 
the removal of some of the limitations Imposed upon the use 
of oxidation ponds in the area. By and large, the populace 
is just beginning to recognize the significance of water 
shortages and the impending probability of such a deficiency. 
If the fact could be established that oxidation ponds could 
contribute to any reclamation of water, and at the same time 
be used to treat sewage, their value to a local economy would 
be enhanced. Cost of treatment is another important item. 
Reducing the cost to the taxpayer would be a benefit that 
would be felt universally among the populace.

With these broad objectives in mind, a study of the 
normal parameters by which an installation is evaluated was 
begun. These parameters included physical, chemical and 
hydraulic measurements; as well as biological observations 
including the diurnal behavior of the biota within the pond 
itself. Finally, the application of established design 
criteria are applied to the pond and a comparison is made to 
see if the actual results correlate with the theoretical data.



CHAPTER 2

PREVIOUS INVESTIGATIONS

2*0 Definition
Ponds and lakes which employ natural purification 

processes occurring under the influence of light and air 
for the purpose of treating sewage are referred to as sta
bilization lagoons. Some authorities prefer to incorporate 
the word "pond" in the name while the most impressive name 
applied to such Installations is "Redox." Redox is an ab
breviation of the two words, reduction and oxidation, which 
are representative of the action that takes place (6).

While the majority of constructed ponds are for the 
treatment of Industrial and domestic wastes, there are some 
which fall into other categories. Holding ponds designed 
for equalizing flows bear no relation to oxidation ponds 
except for hydraulic considerations. References to stabil
ization lagoons, stabilization ponds, oxidation ponds, and 
other similar names imply that treatment takes place. In 
some areas oxidation ponds are employed to accomplish sec
ondary or tertiary steps in sewage treatment. In this pre
sentation, unless otherwise indicated, the term "oxidation 
pond" will designate a device specifically designed for the

6
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reception and treatment of raw sewage.

2.1 Principles of Operation
The general method by which the biochemical activity 

within the pond changes the sewage from a highly unstable 
material to one of stability can be explained to a degree 
approaching satisfaction. However, since there are uncounted 
numbers and types of organisms that are responsible for the 
stabilization, each location may possess its own idiosyn
crasies governed by the climate, biological environment, 
hydraulic properties or the chemical constituents of the 
waste it treats (?;8).

The procedure in itself is relatively simple. Water 
and carbon dioxide in the presence of sunlight are utilized 
by algae to form starch or related substances and to release 
oxygen into the water. Organic sewage contains constituents 
which may be offensive to humans but which can provide nutri
tion for bacteria. Bacteria digest these nutrients which 
supply the metabolism of the biota and in so doing, carbon 
dioxide and ammonia nitrogen are released as respiratory by
products. Seme of the carbon dioxide is utilized by photo- 
synthetic unicellular green algae, in the presence of sun
light, to produce oxygen and maintain the algae populatiem. 
The oxygen so produced is used in the oxidation of putrescl- 
ble matter rendering it inoffensive (9).

Anabolism, or the building up of an elemental proto
plasm, occurs in the reduction phase as does catabolism, or



the destruction of elemental protoplasm. This leads an 
observer to characterize an oxidation pond as a conglomeration 
of living organisms capable of maintaining an environment 
within the confines of the structure. Many of the details 
of their existence are still unknown (10). Phases of opera
tion have been satisfactorily explained for one area and 
found to be inconsistent with those described for another 
area or installation (11; 12; 13). However, the basic out
line of treatment, as mentioned previously, applies to all 
of the purification processes by oxidation ponds with the 
exception of ice covered surfaces. In the case of lee 
cover, treatment will proceed from aerobic to anaerobic 
and a completely different environment exists (14; 15).

Trace minerals have been found qualitatively to be 
of value to the anabollstlc processes of the algae. The 
significance of a specific trace mineral may be reduced by 
the species* ability to adapt itself to, or substitute, 
another mineral. Sometimes this substitution of a cofactor 
in the metabolism leads to a progressive deterioration of 
the algal culture and the algae themselves tend to become 
"old" as opposed to "young" algae (17).

"Old" refers to algal cells that have either degen
erated to a point at which they are no longer functional, or 
have never attained the activity attributed to healthy cul
tures. Old cells are larger, contain more lipid and less 
chlorophyll, are not a livid green color, and require more



oxygen for respiration than they are capable of producing#
Upon dying, the resulting organic matter may be responsible 
for conditions requiring treatment which approaches that re
quired by the original sewage (18).

In contrast, "young" algal cells are smaller in size, 
bright green in color, and produce oxygen in sufficient amounts 
to supersaturate the medium which surrounds them. Young cells 
provide more effective treatment than old ones and are more 
desirable in an oxidation pond. From the standpoint of 
design, the maintenance of a young culture is assisted by 
withdrawing algae from the pond in sufficient quantities to 
maintain the optimum concentration required for effective 
treatment (19).

Maintenance of optimum conditions requires that a 
great deal be known about the physical, biological, and chemi
cal parameters of the operation. The physical parameters in
clude such factors as the seepage characteristics of the soil, 
the hydraulic properties of flow, light intensity, ambient 
temperature, operational depth, detention time, wind action, 
turbidity, and structural aspects• In addition, disposal 
of the effluent should be a major physical consideration.
If dilution of the effluent is to be accomplished, the re-

1
ceiving stream will have variable requirements depending 
upon the volume of flow. A sufficient volume must exist to 
achieve the necessary dilution (16). Some knowledge of the 
symbiotic relationship between plankton and bottom organisms



is of biological importance. Chemically, the usual parameters 
for the examination of sewage characteristics as outlined in 
the tenth edition of Standard Methods are sufficient (21).

2,2 Physical Relationships
The same restrictions that apply to conventional 

treatment plants regarding their proximity to habitation 
can also be imposed upon oxidation ponds. Generally speaking, 
treatment sites must be located one-half mile from corporate 
populace and one-quarter mile from the nearest dwelling (22). 
Many southwestern cities have expanded so much that their 
treatment site is now surrounded by developed areas.

Another restriction that appears to be justifiable 
is one regarding fencing (23). The enclosure should be animal 
and childproof to diminish the dangers from trespassing.

Once the site has been chosen, other essential eval
uations are necessary. The permeability of the soil and the 
elevation of the ground water table beneath the site must be 
taken into account to insure that the acquifer does not become 
contaminated. If it is possible for a pathogen to survive a 
nominal detention period in an oxidation pond, it is conceiv
able that the pathogen could travel with ground water flow 
originating from seepage and contaminate the supply. Ele
mental ions have been known to travel considerable distances 

underground, as have synthetic detergents (24;25).
Orientation with the longer dimension parallel to 

the prevailing wind, so that the wind helps to accomplish



mixing, is desirable. It is known that a water surface may 
absorb up to forty pounds of oxygen per day per acre under 
the most favorable conditions, but those conditions seldom 
exist In an oxidation pond (26). On the contrary, it has 
been ascertained that the net transfer of oxygen is from an 
effectively operating oxidation pond to the atmosphere be
cause of the supersaturated condition of the liquid• There
fore, it would behoove the designer to orient the pond in 
such a manner that wind would accomplish as much mixing as 
possible without creating serious dike erosion problems• 
However, since odors which arise from ineffective operation 
may be conveyed toward populated areas, orientation for 
efficient mixing may not be possible.

Dikes, forming the walls of the pond enclosures, may 
be sealed by a clay core much the same as is employed in a 
small dam. If they are permeable, seepage will eventually 
saturate the material and destroy its structural effective
ness. Alternatives to an impermeable core may be stabiliza
tion of the slopes and bottom by soil-cement techniques, 
asphalt applications, or possibly plastic liners (27). 
Interior and exterior slopes must be so controlled that 
erosion from wave action and precipitation can be kept to a 
minimum. As a result of these actions internal slopes will 
attain an angle of repose consistent with the size of the 
granules composing the soil. If the equilibrium slope for 
the material is not known beforehand, provision for supple
mentary material necessary to replace eroded materials should



be Included (28). This would preclude narrow dike tops be
cause they would have to be of sufficient width and strength 
to support maintenance equipment. Dike tops could conceivably 
be convex downward at their surface and sloped toward burled 
pipe drains to facilitate the runoff of precipitation without 
erosion damage (29).

Freeboard allowances consistent with the largest 
dimension in which the wind has a free sweep are imperative.
A minimum of two feet allows a safety margin on smaller ponds. 
Weeds and long rooted plants growing on the slopes, particular
ly the interior slope, provide a breeding place for mosquitos 
and restrict circulation. Long rooted grasses or legumes 
could penetrate a dike in their search for moisture and start 
a leak. Steep interior slopes inhibit aquatic plants because 
these plants prefer depths of two feet or less. Depth, al
though a physical factor, is better formulated from other 
considerations which will be shown later. Fencing prevents 
animals from destroying the slopes while deterring humans 
with intentions other than those for which a pond is construc
ted (30).

Influent structures must be designed with two purposes 
in mind. First, the pond acts as a primary sedimentation 
unit and, therefore, the elimination of sludge banks is a 

basic prerequisite (31). Since a pond functions also as a 
secondary treatment unit, short circuiting between the in
fluent and the effluent must be prevented. To accomplish this,

12



the ideal shape would be a circular pond with a central In
fluent and a peripheral effluent structure of some sort (32). 
However| circular ponds do not lend themselves to arrange
ments which provide for efficient use of space or dikes common 
to adjacent ponds. Usually a compromise can be effected by 
Insistence upon a rectangular shape with no projecting penin
sulas or inaccessible comers to restrict circulation (33) •

For rectangular shapes, the Influent line is best 
constructed by providing a multiple opening manifold dis
charging on a concrete slab. The manifold should be located 
perpendicular to the long dimension and near its third point. 
Even distribution can be attained by varying the openings in 
the manifold or regulating the head upon which the manifold 
depends for distribution pressure. Effluent devices vary 
with the purpose of the installation. At times it may be 
desirable to remove liquid at other than surface level. Pro
viding maximum flexibility is the key to successful instal
lation of the pipe network. It is desirable, in multiple 
installations, to be able to operate each pond as an individ
ual unit or in series without resorting to pumping O^). 
Post-chlorination and flow measurement devices may be a neces
sary part of a new installation and provision for their 
inclusion should be made in the planning stage (35).

The mean values from accumulated weather data are 
helpful in ascertaining the conditions which must be considered 
in the design equations. Evaporation must also be considered
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as well as the net effects of precipitation and evaporation. 
Mien evaporation is greater than precipitation, the rise in 
Biochemical Oxygen Demand (BOD) is proportional to the net 
loss of liquid in the pond. Conversely, a surplus of pre
cipitation over evaporation lowers the BOD proportionally•

2.3 Biologic Aspects
Biota, or the flora and fauna of a confine, are 

extremely important to an oxidation pond. Many of the biota 
necessary to the digestion of sewage sludge inhabit the in
testinal tract of humans. Consequently, they are natural 
Inhabitants of an oxidation pond receiving raw sewage. Their 
part in the symbiotic relationship is to change the components 
of the waste, by virtue of participation in one or more phases 
of an elemental cycle, to a succeeding phase which is more 
palatable to the algae. In so doing, carbon dioxide and nu
trients for algae are liberated. Usually this was assumed to 
occur under aerobic conditions and the bacteria digesting the 
sewage components had to be aerobic organisms. However, 
evidence supports the theory that facultative bacteria cer
tainly contribute to the change and it is entirely possible 
that the same effect could be accomplished by anaerobic 
organisms (38).

In general, the bacteria normally present in the in
fluent sewage are capable of reducing organic matter except 
in the presence of a toxic waste (39). During this phase, 
the nutritional requirements of the algae are similar to that



of higher plants and may even be synthesized for laboratory 
cultures in a number of different ways Many combina
tions will support the Initial growth stage and bring about 
a bloom. Prom this point on, if there is a nutritional 
element lacking, the culture takes on the aspects of an "old" 
concentration and does not respond to other growth stimulants 
as readily as a culture with a complete diet (4-2). Although 
this culture change is a fairly common occurrence, it does not 
appear to be a critical factor in the design of oxidation 
ponds for several reasons. There are many strains of algae 
peculiar to polluted waters and a limiting nutrient required 
in a minor capacity may be replaced by a co-factor or another 
genus of algae may become dominant. Algal identifications 
have bolstered the evidence that this happens frequently. If 
the nutrient shortage is one that all algae require, provision 
must be made to supply the deficiency or an algal population 
will not thrive.

The presence of the required elements in a sewage does 
not mean that the nutrient can be utilized as it exists (4-3). 
Nitrogen and carbon have been found to be limiting in many 
instances. Where ponds are used as tertiary devices nitro
genous nutrients were supplied from the supernatant liquor 
of sludge digestion facilities and the symbiotic relationship 
was restored. Sodium nitrate has been used to revitalize a 
pond and stimulate the aerobic organisms (44-).

Experiments performed on a bench model using autoclaved

15



sewage as a nutrient produced blooms equal in algal concen
tration to ten times the normal concentration when carbon 
dioxide was supplied from an outside source (45). Feeding 
digester gasses, which are approximately thirty percent 
carbon dioxide, has increased the volumetric yield of algae. 
Upon analyzing dried algal cells of the genus Scenedesmus. 
it was found that they consisted of the elements listed in 
Table I (46).

TABLE I
Element Percent Dry Weij
Carbon 51.4 —  72.6
Oxygen 11.6 —  28.5
Hydrogen 7.0 —— 10.0
Nitrogen 6.2 —  .7 *7
Phosphorous 2.0 —  1.0
Potassium 1.6 —  0.8

In addition to the above elements, the algae were composed 
in lesser amounts of iron, magnesium, zinc, copper, and co
balt. The presence of these elements in the dried weight 
analysis does not mean that like amounts in the raw material 
supplied would be sufficient. Rather it indicates that they 
are basic requirements. Any difference between the analysis 
and the requirements may have been excreted from the cells 
and an analysis would not reveal this.

Chelating agents have been shown to be valuable in 
keeping trace minerals in suspension and making them available
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to the algae as nutrients (47). These agents possess the 
ability to keep lesser constituents In solution by virtue 
of an electrical bond establish#! between Ions.

There Is considerable latitude In the expressed 
opinions about whether or not algae cam synthesize carbon 
dioxide from bicarbonate. If this Is possible, a dependable 
source of carbon dioxide could be maintained by the alka
linity Inherent to raw sewage. It Is known that some 
algae peculiar to a high pH environment are capable of 
utilizing bicarbonate while others frequenting polluted 
waters are not (48). The accompanying shift to a higher pH 
with the related decrease in carbon dioxide In Itself may 
be a limiting growth factor for some algal cultures.

The presence of synthetic detergents and the virtual 
Indestructablllty of the benzene ring about which most 
syndets are constructed, harbor the possibility that con
ventional carbon dioxide, pH, and alkalinity relationships 
may be the victim of buffering action associated with 
syndets.

Bacteriologic action results In a partially fer
mented waste and the production of carbon dioxide. Algae 
utilize their photosynthetic capabilities, the carbon 
dioxide, and other nutrients to maintain their reproduction 
and growth rate. Oxygen, which is a product of algal meta
bolism, is released and stimulates the decomposition of 
sewage by aerobic bacteria (49). This sequence of events



demonstrates the compatability of algae and bacteria la the 
treatment process.

Different algal forms have different photosynthetle 
efficiencies for converting light energy from the visible 
spectrum (50). Under operating conditions In the field an 
efficiency of about three percent has been reported. Labor
atory experiments have yielded values above twenty percent, 
but surface to volume proportions In actual Installations 
allow only a portion of the algae to utilize saturation In
tensity. Some algae have a tendency to migrate vertically 
to attain the depth at which they can reproduce at a consis
tent logarithmic growth rate ( 5 D . This vertical migration 
of light seeking forms could, conceivably, be responsible for 
the displacement of those algae occupying the upper regions 
of the pond. The displaced cells which apparently migrate 
to the lower regions are then capable of metabolic processes 
at levels below those normally Included In the light penetra
tion zone. At this point recirculation and mixing could be 
used to an advantage to facilitate greater exposure to sun
light.

Discharge of the algae-laden effluent to a receiving 
stream is compatible with the recognized aspects of pollution 
control. If the receiving stream is already polluted with 
waste material, the algae from the oxidation pond effluent 
will hasten self purification of the stream. Purification 
will continue to take place so long as sufficient nutrients
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are available. When the stream becomes devoid of nutrients, 
the algae will die and create a BOD of their own. Their de
composition takes place at a slower rate than does that of 
normal pollution material because they are a more stable 
form of organic material. Thus, it can be concluded that 
effluent from an oxidation pond could conceivably help a 
polluted stream and would not bring about undesirable con
ditions in a stream which obtains its oxygen supply from the 
atmosphere (52).

In an arid climate where intermittent streams are 
more common, an oxidation pond effluent laden with algae 
could, conceivably, cause different problems. In the ab
sence of diluting water, evaporation and seepage become 
prime factors in disposal. The high protein algae would 
likely putrefy and create conditions similar to those assoc
iated with the discharge of raw sewage to the stream bed (53)* 
Such conditions may warrant designs allowing evaporation and 
seepage to dissipate all of the fluid, thus eliminating all 
effluent. An alternative design could employ some method 
of reclaiming the algae, such as filtration through a 
diatomaceous earth filter. The ultimate advantage may be 
the production of an effluent suitable for ground water 
recharge.

2.4 Chemical Parameters
Certain chemical and biological tests have been used 

to aid in evaluating the nutritional importance as well as



the organic stability of the oxidation pond contents (S&-). 
Among these are the usual biochemical oxygen demand (BOD) 
and dissolved oxygen (DO) determinations, BOD is defined as 
the quantity of oxygen utilized in the biochemical oxidation 
of organic matter under standard laboratory procedure in five 
days at twenty degrees Centigrade expressed in milligrams per 
liter by weight (55)# In five days, the algae in a sample 
are capable of producing enough oxygen, provided there is 
sufficient light, to result in a net gain of the dissolved 
oxygen content in the sample. Since the depletion of dis
solved oxygen is the yardstick by which the sample is evalu
ated, algae present in unrestricted light during incubation 
can completely invalidate the results. On the other hand, 
if the samples containing algae are incubated in the dark, 
the algae contribute to the gross BOD by consuming available 
oxygen for their respiratory needs and deceased algae are 
responsible for creating additional oxygen consumption via 
their high protein content (56).

In dissolved oxygen determinations, immediate results 
are ascertained and the algae present do not present a problem 
because there is no Incubation period. To date, there is 
no approved method for attaining a significant figure re
garding the oxygen consumed during an incubation period when 
there are algae in the sample. A method for the removal of 
algae without removing other contributing factors has yet to 
be devised. The same is true of nitrogen reducing bacteria.



The significance of BOD determinations is then reduced to the 
area of valid application, the raw sewage. Evaluation of the 
BOD of the pond contents or of the effluent could be mislead
ing under present methods (57)«

Nitrogen and nitrogenous combinations provide data 
regarding the availability of nutrients and are applicable 
in determining the stage of decomposition. To constitute 
available food, nitrogen usually must be In the form of 
ammonia nitrogen or nitrates• Both forms represent steps 
in the nitrogen cycle, and ammonia nitrogen (NHg-N) repre
sents the first stage of putrefaction or decomposition. Ni
trates represent the most stable form and occur as a result 
of oxidizing the previous stages• Since organic nitrogen 
is directly related to the protein contributed to the flow 
of raw sewage as well as the result of other manifestations, 
it must be made available to the algae by a reduction phase 
which constitutes one part of the symbiotic relationship.
Oxygen made available by algae is utilized by bacteria to 
convert the organic nitrogen to available nutrients. In 
the process, carbon dioxide is a bacterial by-product when 
aerobic conditions exist (58).

Carbon dioxide determinations, therefore, are rele
vant to the evaluation of the general health of an oxidation 
pond. The presence of free carbon dioxide in appreciable 
amounts indicates that the algae are not present in suf
ficient numbers to reduce the amount liberated by the bacteria.



At night, when only the algal respiratory functions are being 
performed, carbon dioxide concentrations within the pond 
would be expected to Increase. The amount of carbon dioxide 
that can exist In equilibrium in a solution is very small 
because carbon dioxide has a low partial pressure In the 
atmosphere (59). Thus, on a surface such as an oxidation 
pond would have, there is usually a constant transfer of 
carbon dioxide. Much of the gaseous carbon dioxide would 
be lost to the atmosphere as a result of being produced at 
night. The only alternative source of carbon dioxide that 
exists is the bicarbonate ions contributing to the alkalinity, 
and the algae using such a source must have the ability to 
synthesize carbon dioxide from the bicarbonate ions.

The presence of algae in surface waters results in 
the removal of much of the free and combined carbon dioxide 
from the solution causing the pH values to increase to nine 
or more. Above a pH value of about 8.3, the algae definitely 
must be able to remove carbon dioxide from the bicarbonate 
present, because free carbon dioxide cannot exist in solution 
above a pH of 8.3. This demonstrates that pH measurements as 
well as alkalinity figures are important in pointing out the 
source of carbon dioxide (60).

The variations in pH values accompanying the changes 
mentioned in the previous paragraph clearly demonstrate their 
status among oxidation pond parameters. Evaluation of the 
acidity or alkalinity of pond water can be accomplished by



simple tests and probably reveals more than any other single 
determination.

Organic solids normally constitute the bulk of the 
solids in sewage and generally cause the greatest number of 
problems due to their putrefactive characteristics. Inor
ganic solids generally are Innocuous and settle rapidly In 
the primary stage of treatment. The rapid settling qualities 
of Inorganics are a disadvantage from the algal nutritional 
standpoint. If the Inorganics are such that they could ‘Se 
readily utilized and are on the bottom, they would still be 
unavailable to the algae. Bacteria may place them In sus
pension again but they would be dependent upon adequate 
mixing to become available. As a result, necessary trace 
minerals may be a part of the benthal deposits In areas 
where circulation is restricted by geometry or some other 
function (61).

Total solids are defined as the residue on evaporation 
and may be further broken down to fixed and volatile solids. 
Volatile solids are generally assumed to be organic* however, 
as a result of methodology, some of the Inorganics may also 
be transformed. This discrepancy coupled with the fact that 
algal cells are a part of the volatile solids in an oxida
tion pond combine to minimize the importance of the total 
solids determination as a parameter in pond operation. Total 
solids taken from the effluent may furnish seme Indication 
of its fitness for discharge (62).



2 . 5  National Acceptance
Pop a process that was first introduced as being 

potentially acceptable less than two decades ago, the ac
ceptance of oxidation ponds as a sewage treatment device has 
been almost spectacular. The two largest users, Texas and 
North Dakota, have opposite climatic conditions but have 
overcome variations by design criteria (63)•

It is significant that thirty-three of the forty- 
seven states tabulated In the survey at the end of this v 
chapter permit the use of ponds, while only four do not.
These four have specific reasons for not utilizing ponds as 
treatment structures. Dense populations and high land values 
preclude the use of large treatment areas; therefore, these 
devices are not used. In addition, ten states have not 
adopted a definite policy toward oxidation ponds.

The versatility of such installations is evidenced 
by the fact that none of the states requires comminution and 
twenty-eight do not have any city size limit above which ap
proval will be withheld.

Twenty-seven states accept the oxidation pond as a 
complete treatment unit by specifying loading in terms of 
BOD per acre per day or in persons per acre. Others, with 
specific situations inherent to their geographic location, 
state that ponds can be used for secondary or tertiary pur
poses only. The allowable loadings range from seventeen to 
eighty pounds of BOD per acre per day and from 100 to 350 
persons per acre. In 1959, over 600 cities utilized
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oxidation ponds of one form or another. Ample testimony of 
their value and versatility is provided by the fact that over 
600 communities have become dependent upon their use within 
the last twenty years.

2.6 Southwestern Applications
States neighboring Arizona have utilized oxidation 

ponds in many capacities. Texas recommends that they be 
used after primary treatment only, and advocates that raw 
sewage applications be limited to remote areas. This recom
mendation arises partially from objection to the color of 
the effluent and lack of operational data on installations 
receiving raw sewage. Seme odors have been encountered 
where excess biological activity resulted in floating scum, 
which prohibited light penetration to underlying areas 
while the scum itself decomposed on the surface (64). It 
has been reported that a minimum of supervision would pre
vent scum accumulations on the surface. Streams from fire 
hoses, motor boats, and other methods have been employed 
to break up such formations (65).

The Texas State Department of Health advises that 
methods for the removal of algae to procure a clear effluent 
are lacking. Development of such methods would contribute 
to the utilization of oxidation ponds as treatment facilities• 
The majority of the 152 installations in Texas receive primary 
effluent (66).



Sew Mexico is seriously interested In the applica
tions of oxidation ponds, and the vector control agencies of 
that state oppose the use of ponds for receiving raw sewage 
on the basis of information regarding mosquito population 
increases. The increase has been attributed to increased 
food supply and breeding places afforded by oxidation ponds.
A serious outbreak of infectious encephalitis during the sum
mer of 1958 brought about the attention of the vector control 
personnel. However, they are on record as being in favor of 
ponds as a treatment device with restrictions as to the size 
of the population served per acre and the disposal of the 
effluent. They have encountered the high evaporation and 
seepage rates peculiar to the Southwest and have designed 
their oxidation ponds to have an infinite detention time. 
Infinite detention times avoid the pollution control aspects 
by allowing evaporation to reign as the chief design factor.
In this sense, oxidation ponds are not contributing to the 
conservation of surface waters and this should be one of 
their objectives.

New Mexico differentiates between raw and secondary 
loading limits. In so doing, an exact figure for the effi
ciency of primary treatment must be assumed (67). It is con
ceivable that nitrogen deficiencies could arise when an oxi
dation pond is used for secondary treatment because a large 
portion of the organic matter may be subject to sedimentation.

California is not included in the table summarizing



oxidation pond acceptance. However, California does use oxi
dation ponds and they are qualified for use la that state by 
the nature of their effluent as is any other treatment pro
cess. A specification regarding effluent quality is one of 
California's major control devices for the Installation of 
sewage treatment works.

Nevada and Utah apparently have conflicting views 
about oxidation ponds although they both occupy areas in the 
same latitude and share topographic and geographic similari
ties. Utah, as can be seen from the table, does not permit 
the use of oxidation ponds, whereas Nevada has liberal cri
teria by which their fifteen installations were designed.

Such a conflict of opinions characterizes the transi
tion thinking about oxidation ponds over much of the United 
States. Although some states have had satisfactory results 
with their initial attempt and have been optimistic about the 
possibilities, others seem to be reluctant concerning the 
adaptation of a new method.

2.7 Costs
A compilation of sixty-two oxidation pond installation 

costs as published by the South Dakota Department of Health 
Indicates that the annual per capita cost for treatment of 
sewage by oxidation ponds ranged from a low of S3.2? to a 
high of $37.90 with the average value being $15.42 (68). Also 
listed for each installation is the land cost and the earth 
moving costs which were the two principal elements in the total



cost. In the Southwest, the expense of sealing the basin 
against high seepage rates should be considered as a construc
tion cost. If water reclamation exists as a possibility, the 
expense of evaporation Inhibitors would be an operational 
cost.

It is generally conceded that land costs are usually 
the factor by which a decision is made between conventional 
methods and oxidation ponds if the choice exists. Four of 
the forty-seven states tabulated in Table II specifically 
limit the population to be served and many simply suggest a 
maximum number. Melbourne, Australia, utilizes oxidation 
ponds to treat 92.5 million gallons per day (69). Their 
installations feature anaerobic ponds designed to remove 
around 500 poupds of BOD per acre per day followed by aerobic 
ponds with a lesser capacity. The effluent from the aerobic 
ponds is then used for irrigating city owned farms from which 
animal feed crops are harvested. They appear to be enthusi
astic about the results which they are obtaining.

From an economic point of view the justification for 
the use of an oxidation pond rests upon many conditions. The 
costs associated with conventional treatment are generally 
well known but some that deserve attention when considering 
an oxidation pond ares

I. Capital Outlay
1) Lift Stations and pumps
2) Outfall lines
3) Land acquisition



4) Access and easements
5) Earthwork
6) Sealing porous soilsS:
7) Dike protection
8) Plantings for aesthetic effects
9) Laboratory facilities

10) Maintenance equipment
11) Legal fees
12) Fencing
13) Engineering

II, Operational Expenses
1) Dike maintenance
2) Vector control
3) Access roads
4) Electricity for pumping
5) Laboratory analyses
6) Flow metering
7) Chemicals for emergencies
8) Fence maintenance
9) Insurance

Hot to be overlooked when considering the economics 
of oxidation ponds is the subject of maintenance, A liber
ally designed pond utilised by a relatively small number of 
people can be located so that maintenance is practically non
existent, but this is done only by sacrificing efficiency. 
This method of design is usually used in smaller communities



where operating personnel are limited or non-existent. Any 
kind of treatment works would have to be self-operating be
fore it would be accepted by small communities.

In opposition to the above situation is one in which, 
because of space limitations or other factors, the maximum 
efficiency is desired from a pond. In this case the instal
lation would undoubtedly be larger in size and contain de
velopments intended to give full time operators complete con
trol over the operation within recognisable limits. Here 
the installation and operational outlay would rise but it 
should still be below that of conventional methods.

Work has been done toward recovering algae and mar
keting them as an animal food protein supplement. Algae 
range from forty to sixty percent protein and yields have 
been attained that surpass the productivity of any other 
plant crop. Nearly sixty percent of the human uptake of 
protein contributed in the form of wastes to an oxidation 
pond has been recovered in the harvest of algal cells (71). 
This situation presents an opportunity for the oxidation 
pond process of sewage treatment to become the first self- 
amortizing operation once techniques for harvest are per
fected. If this should take place, there would be little 
doubt about the general acceptance of oxidation ponds.



TABLE IIa

Use No. of Prelim.
State Per- Cities Treatment 

mltted Using Required

kawSewage 
Load pot Acre
Persons !bct>

Treated dew.
Load per Acre Post-
_____________  Treat-
Persons BCD ment

Ala. Yes 2 No 300 50 450 50 No
Aris. Yes 10 No 300 50 400 50 Depends
Ark. Yes 10 Yes 30 50 Depends
Colo. Yes 29 No 100 50 No
Coon. No (At least not as yet— we are too densely populated)
Del. Not so far
Fla. No (Except after complete treatment) 50 Yes6a.
Idaho

Yes
Yes

None
2 No

No
200 3520-30 20-30

Depends
HI. Yes 17 No 120-150 20-25 180-230 20-25 Depends
Ind. Yes 1 Commin,. 100 20 130-140 Depends
Iowa Yes l*f No 100 20 20 No
Nans. Yes l>f No 25 25 No
Ky. Yes None Undecided — — No Standards— — -
La. Yes Nohe No 200 Not Established Depends
Maine Possibly None
Md. No Specific Requirements Yet Developed
Mass. No Design Standards Adopted — No Plants in Use
Mich. Yes None No 100 20 DependsMinn. Yes 13 No 100 17-20 17-20 Depends

^This table reprinted from Public Works Magazine by permission of W. A. 
Hardenbergh, editor.

V



TABLE II— Continued

law dewage Treated Sew.
State

Use
Per

mitted
No. of 
C ities  
Using

Prelim.
Treatment
Required

Load per Acre 
Persons BOb

Load per Acre 
Persons bob

Post-
Treat
ment

Hiss. Yes 10 No 200 35 Depends
Mo. Yes No 200 3* 3*+ No
Mont. Yes 38 No 200 18-20 Not Recommended No
Nebr. Yes 3*» No 150 25 250 25 No
Hev. Yes 15 No 60-80 60-80 Depends
N.H. Yes 2 No 100 17
N.J. None Approved as Yet
N.H. Yes 6 No 100-200 17-3% 4oo 50 Depends
N.Y. None Approved as Yet— 10 States* Standards Will Be Used
N.C. No (Experimental unit now under trial)
N. Dak. Yes 100 No 20 20 No
Ohio Not Yet 1 No 162 27.8 No
Okla. Yes 51 No 200 30 300 30 No
Ore. Yes 6 No 100 20 150 20 Depends
Pa. Under Trial— Standards Not Yet Developed
R.I. No Bequests Received For Approvals.c. Yes None No 300 50 NoS. Dak. Yes 65 No 100 15-20 100 15-20 No
T«m. Yes 3 No 100 17 No C rite r ia DependsTexas Yes 152 Yes Not Approved 50



TABLE II— Conti

Use Bd. of Prelim.
State Per- Cities Treatment

mlttM Using Required

Raw Sewage Treated Sew.
Load per Acre Load per Acre Post-Treat*
Persons ' W M  Persons BOt) meat

Utah No None
ft. No Requests For Approval
fa. Yes None No
Wash. Yes 15 No
W. fa . Yes None Depends
Wis. Yes 5 Yes
wyo. Yes 2? No

150 No Criteria Yes
350 60 Yes
200 3% 300 34 No
100 17-20 135 17-20 No

30 30 No



CHAPTER 3

DESCRIPTION OF FACILITIES

3.0 Location and Functions
Usually, attempts to establish design criteria are 

formulated from laboratory experiments and then applied to 
field work. In this study due to the vast amount of litera
ture available and to the fact that field environment plays 
such an important part in the evaluation and operation, an 
actual, operating installation was used.

The United States Public Health Service, in coopera
tion with Pima County Sanitary District Number (Me and The 
University of Arizona, instituted a research project on the 
survival of pathogens in oxidation ponds in the summer of 
I960 and the same site was chosen for this study. The in
stallation is located about twelve miles northwest of Tucson 
Arizona, on land adjoining the Santa Crus River. The oxida
tion pond site is the first of a number of ponds designed 
for the specific purpose of treating sewage handled by the 
Sanitary District in their function as a quasi-metropolitan 
sewerage service.

3.1 Physical Attributes
The pond is rectangular in shape with the long di

mension being five hundred feet and the shorter two hundred



line of the opposite dike* North-south orientation of the 
longer dimension Is dictated by the property lines.

Dikes are ten feet in top width with Interior and 
exterior slopes of 1*1. About two and one-half feet of free
board exists when the surface is at an operational level of 
fifty-four inches. The surface area at operational depth is 
two acres.

the Sanitary District has provided a semi-portable 
structure for use as a field laboratory and for housing 
equipment stored at the site. Adjacent to the laboratory 
building is a floating dock from which debarkations were made 
for sample collections from a boat.

The principal influent line is a ten inch asbestos 
cement pipe with convenient control valves and access man
holes • Situated in the line Is a concrete flume which contains 
the flow metering device. For this purpose a Palmer-Bowlus 
flow meter is utilized in conjunction with a Leopold and 
Stevens eight day recorder which may be modified to record for 
shorter periods of time. The influent into the pond from 
the flume consists of two vertical openings at "T" joints in 
the pipe which lies on the bottom of the pond. These open
ings are located at the third points of the short dimension 
and are thirty feet from the north dike centerline.

Subsequent to the construction of the pond under 
study, the fact that seepage control was to play an important
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part was evident. Soil samples taken when excavation reached 
grade revealed that seepage would exceed the design flow were 
it to proceed unchecked. Various stabilization mixtures were 
tested and it was found that one-half of one percent by dry 
weight of Portland cement, mixed thoroughly and compacted in 
the top foot, would reduce the seepage by about seventy-eight 
percent. This still allowed 0.234 Inches of seepage per day 
or slightly over seven inches per month, which exceeds 380,000 
gallons per month on a two acre installation. Similar results 
were obtained with bentonite as a soil stabiliser and, presum
ably, like results could be obtained with asphaltic products. 
Currently, the feasibility of large sheets of plastic is being 
studied on a pilot installation for ranch reservoirs by the 
Agricultural Engineering Department at The University of 
Arizona.

Coincident with the use of a soil stabilizer is the 
method of application. Only the approved methods for com
paction at optimum density will yield desirable results.

The effluent structure consists of an overflow pipe 
at the previously specified depth level which drains into an 
adjacent oxidation pond which will be the second of the Sani
tary District *s treatment structures. Due to seepage and eva
poration, there was very little overflow during most of the 
study period.

3.2 Operational Control
The Sanitary District is responsible for providing

36



sewerage facilities for areas not yet within the corporate 
limits of the City of Tucson. In view of this fact, the prin
cipal contributors to the pond are residents of new developments 
and the flow is primarily domestic. Hewly completed develop
ments resulted In a continually increasing flow to the pood 
during the study period.

Adjacent to the district's property is a ditch which 
conveys treated sewage from the municipal treatment plant to 
an irrigation holding pond from which it is subsequently used 
for irrigation of animal feed crops. Fluid from the irriga
tion ditch was used to supplement the meager flow to the 
oxidation pond in its initial stages so that previous efforts 
toward soil stabilization would not be wasted. When the pond 
attained operational level, and the flow from the district's 
patrons was sufficient to maintain that level, this practice 
was discontinued. For some time before easements were ob
tained, the domestic flow had to be trucked to the site and 
dumped into the pond at the flume. Figure 3.1 shows the 
location of the oxidation pond.

Despite the truckload quantities of septic sewage, 
the pond quickly adjusted itself to the environment and pro
duced significant concentrations of algae so that at no time 
were odors from the installation a problem.

On the pond centerline, parallel to the long dimen
sion, sampling stations were established and marked by a 
pipe "T" driven Into the bottom of the pond. These were
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placed at the quarter-points in the pond and numbered three, 
six, and nine, proceeding from North to South. Mooring hooks 
were affixed to the pipe to hold the rowboat in position while 
samples were collected. Sampling procedures outlined in 
Standard Methods were followed with small variations to fit 
local conditions.

In addition to sampling sites on the pond itself, 
Influent sewage was collected at the inlet flume. Inter
mittent and composite samples of the sewage were taken. Due 
to low flow rates at the effluent, no discharge samples were 
gathered.

During certain phases of the evaluation and where 
methodology permitted, determinations were made in the field. 
Where procedure would allow, samples were brought into the 
laboratory at The University of Arizona.

An ideal situation would have been one in which the 
flow could have been closely regulated. To attain this ideal, 
an alternative pend would have been necessary to treat the 
surplus when conditions warranted. Since the installation 
did not receive enough flow to merit an alternative, it was 
expedient to evaluate conditions as they existed, rather than 
under maximum conditions.



CHAPTER b

PROCEDI

4*0 Sampling Procedures
In the evaluation of a sewage treatment device, 

correct sampling procedures can substantiate the data that 
is revealed. On the other hand, poor procedure does not 
allow the investigator to compare his results with those of 
any previous work because inconsistent techniques lead to 
unreliable results•

Dissolved Oxygen (DO) samples were collected with a 
standard DO sampler designed to exclude atmospheric oxygen 
from the sample. These samples were acidified at the site 
and titrated upon returning to the laboratory. Samples for 
BOD dilutions were collected using similar precautions and 
were cooled to six degrees Centigrade before dilutions were 
made. These sampling procedures followed those outlined in 
Standard Methods.

Obtaining samples representative of the entire con
tents at a designated point in the pond presented difficul
ties. The only adequate method was the usual procedure for 
DO sampling with a sample taken at six inch intervals through
out the pond depth. This would demonstrate the stratification 
that could occur. To circumvent this time consuming operation,

ko



another sampler was devised.
The sampler consisted of a clear plastic tube fifty- 

four Inches long and two Inches in Inside diameter. A wire 
passing through the tube with a Spring at the mid-point was 
attached to a rubber bulb that covered the submerged end of 
the tube after it was filled. The tube was lowered verti
cally into the pond with the buoyant bulb trailing along the 
side of the submerged rod of the tube. When the tube was 
within a few inches of the bottom, tension was put on the 
spring by pulling on the wire and the bulb was forced into 
the opening. The tube could then be withdrawn, the tension 
released, and the contents of the bulb emptied into a con
tainer. A sketch of the sampler and the locations of the 
sampling stations is shown on the following page in Figures
4.1 and 4.2.

The validity of such a sample was attested by visual 
observation of the contents of the clear plastic tube. The 
concentrations of algae near the surface were clearly evi
dent and the color demarcation from top to bottom could be 
observed when the tube was full. In many respects the pro
cedure was similar to obtaining an undisturbed soil sample. 
This method was believed to provide a representative sample.

4.1 Eight Day Sampling Intervals
Initial Investigations were started late in August 

after the flow had increased sufficiently to maintain an 
operational level in the pond. An eight day sampling interval
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was chosen to illustratet through sanitary chemical analysis* 
the general behavior of such an installation in the Southwest,

When the eighth day fell on Sunday, the sampling was 
shifted to the following Monday and this brought about a nine 
day sampling interval every six weeks. During the initial 
phases of the study it was anticipated that sampling would be 
limited to the period between 10s 00 a .a . and noon to reduce 
the variations associated with diurnal activity. As the study 
progressed, it was decided that this sampling schedule should 
be supplemented by hourly determinations extending over a 
twenty-four hour period. The one hour interval was chosen 
because previous field observations had indicated that a two 
hour time interval could Introduce considerable variation in 
the DO and pH values•

Field determinations included in the eight day sampling 
sequence were DO, temperature at the surface, average pH values, 
and weather. Samples collected for BOD dilutions, miorosoopie 
examination, algal volume determinations, nitrogen, alkalinity, 
chloride, sulfate, manganese, iron, and phosphate determina
tions were transported to the laboratory. Methods used to 
evaluate each of these are given under Section 4.3, Laboratory 
Procedures.

4.2 Intensive Sampling
The twenty-four hour sampling periods were initiated 

in an effort to reveal the diurnal behavior, the maximum and 
minimum capabilities, and the average condition of the pond



during a representative day. Hourly determinations included 
temperature, DO, pH, alkalinity, and weather information. In 
addition to this, samples were composited for laboratory exam
ination and kept iced until returned to the laboratory. The 
laboratory analysis revealed the BOD, carbon dioxide, total 
solids, and hardness figures. Flow data were collected con
tinuously from shortly after the beginning of the eight day 
sampling sequence.

The amount of activity concerned with intensive 
sampling sessions necessitated teamwork on the part of those 
concerned with the investigation. Generally, it was handled 
in three eight hour shifts of two men each.

4.3 Laboratory Procedures
DO and BOD— The Winkler Method modified by the 

Alsterberg (Aside) reagents was used for the determination 
of DO. Standard Methods served as a guide for dilution and 
sampling procedures.

pH values— The Beckman Pocket pH Meter (Model 180) 
was used for field determinations and a Beckman glass elec
trode bench model was used for laboratory determinations.
The bench model was used to check the calibration of the 
pocket model at the beginning of each sampling period.

Temperatures— Field temperatures recorded were the 
average temperature from at least three readings in each case. 
Both Centigrade and Farenheit thermometers were used and these 
were of laboratory precision.



Alkallnitiee— Titration with 0.02 N sulfuric acid was 
carried out as prescribed by Standard Methods. with the excep
tion that the mid points were determined by pH meter rather 
than chemical indicators.

Chlorides— Colorimetric evaluations were made using a 
Bausch and Lomb Spectronic 20 and Each Chemical Company pro
cedures.

Nitrogen— Ammonia, nitrite, and nitrate nitrogen were 
determined by using Each chemicals and colorimetric evalua
tions. The sum of the three components was considered as the 
total nitrogen.

Algae Identification— Algae In Water Supplies was the 
principal guide used in identifying genera of algae. Micro
scopic examinations were made with a Zeiss binocular micro
scope.

Algal Concentrations— Lacking a prescribed method for 
the determination of algal concentrations, a sequence was de
vised to measure concentrations volumetrlcally. A liter of 
algae laden liquid was centrifuged in a series of graduated 
tubes after sufficient mixing. Following centrifugation, the 
packed volumes were washed with distilled water to carry away 
unwanted solids. The centrifuging and washing was repeated 
several times and the average of the volumes remaining was 
reported. The figures represent milliliters of packed volume 
(algae) per liter of water sample.

Total Solids— Residue on evaporation, as described in



Standard Methodst was used for total solids determinations.
Sulfates, Chlorides| Iron, and Manganese— Colorimetric 

determinations were made in accordance with Hach Chemical 
Company procedures.



CHAPTER 5

DATA PRESENTATION AND DISCUSSION 

5.0 Eight Day Data
Tables III through IX of Appendix A Illustrate the 

data obtained from samples taken during the 10:00 a.m. to 
noon period at eight day Intervals. Some laboratory exami
nations were eliminated during the sampling period because 
the significance of certain determinations diminished once 
it was learned that adequate algal nutritional needs were 
present.

Data presented in Table III Indicates that the con
dition of the pond had begun to decline three weeks after 
sampling was Initiated, For approximately two months fol
lowing initial sampling| the pond maintained aerobic condi
tions near the surface for a part of each day; however, a 
steady decline in DO was observed. Although the slow decline 
culminated in the complete absence of DO, no odors associated 
with anaerobic decomposition were detected.

Near the end of a three month period during which 
anaerobic conditions prevailed, odors resembling those of a 
stagnant swamp evolved. Initially, these odors were not in
tense enough to be detectable fifty feet downwind from the 
installation. During this final period mats of floating



sludge deposits which would normally be found on the bottom 
floated to the surface. These mats were prolific odor pro
ducers and soon created a condition requiring remedial action.

Prior to deciding upon remedial action, i numerous 
grab samples were taken of the raw sewage and checked for 
nutrient deficiencies. Similar examinations of the pond 
revealed nothing. Ho apparent nutritional deficiency was 
detected. The hypothesis was that one genus of algae was no 
longer finding optimum conditions for growth insofar as the 
environment of the pond was concerned. Since genera of algae 
are known to prefer a specific temperature range, the proba
bility that one genus predominated at one mean temperature 
and another at a subsequent mean temperature could not be 
overlooked. Consequently, data concerning the relative 
predominance of specific genera were compiled. These data 
are presented in Table VIII of Appendix A and are graphically 
presented in Figure 5.1 on the following page.

The figure depicts algal concentrations as the ordi
nate and chronologic sequence as the abciesa. A corresponding 
ordinate represents temperature. The graph substantiates the 
hypothesis. Examination reveals that with a temperature de
cline a similar decline in algal concentration occurred#
Using the aforementioned data to corroborate the hypothesis, 
the predominance of the genera found was plotted such that the 
period during which th? genus was predominant is represented 
by a line extending over that period.
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5.1 Intensive Data
Following analysis of the eight day determinations, 

it was concluded that the pond was in a constant state of 
change and the daily progress was either toward or away from 
optimum conditions. If this were the ease, it was assumed 
that the pond would never return to the exact state which it 
had possessed twenty-four hours earlier. It was hoped that 
continual observation would reveal the daily change.

Visual observations of the color were relied upon 
for determining when to schedule an intensive sampling period. 
The validity of visual observations for the selection of 
sampling periods was borne out by the results presented in 
Tables X through XVII of Appendix B.

The first of the intensive periods took place on 
April 4 and 5 and was intended to portray the characteristics 
while the cycle was in the declining stage. The second, on 
April 14 and 15, represented the maximum capabilities as 
characterized by an algal bloom. The third, on April 28 and 
29» was evaluated as an ascending function and the fourth, 
on May 29 and 30, represented minimal activity.

Conclusive evidence as to the existence of a cycle 
was gained from the data gathered because the condition of 
the pond failed to return to the point it had occupied twenty- 
four hours earlier. Inasmuch as the data are evidence that a 
cycle exists, there is no indication of the cause for the 
cyclic behavior • The Mmaximum conditions*1 sampling period



established the fact that supersaturated DO can be maintained 
throughout a twenty-four hour period in both the top and 
bottom layers. The run also indicated that a single day 
could produce three times as much oxygen as would be needed 
if the pond were loaded to the present design limit. Since 
all blooms are not of the same intensity, it is impossible 
to state that the bloom occurring during the intensive period 
of sampling represented maximum conditions. An extensive 
study would be necessary to justify such a statement. However 
the period represented maximum conditions encountered in the 
study and is of practical significance.

A graphic representation of pH, DO (top and bottom), 
and carbon dioxide variations during a twenty-four hour period 
are shown in Figures 5.2 and 5.3* Both graphs illustrate ef
fectively the diurnal behavior during the two sampling periods 
As could be expected, the carbon dioxide concentrations in
crease at night and the oxygen decreases. The latter of the 
two graphs reflects the greater utilization of carbon dioxide 
which can be attributed to larger algal populations, in both 
cases, the fluctuation of pH values associated with algal 
activity is evident.

The close correlation of algal activity with color 
suggests that color may be highly indicative of a pond's 
general condition. The relative success with which color 
served as a guide to scheduling the intensive sampling ses
sions is testimony as to the reliability of color observa
tions. A certain amount of experience is desirable in
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Interpreting the meaning of color. Nevertheless, color 
proved to he quite reliable. Combined with pH values, color 
is probably one of the most dependable Indicators of the 
general condition for ponds In the Southwest.

The range of color extends from a dull olive that 
appears to be composed of yellow and green to a bright, 
glossy green which represents increased activity. The latter 
has more depth and intensity than the former and is easily 
recognized after observing it once.

5.2 Climatological Data
Tables XVIII through XX of Appendix C reflect data 

concerned with design criteria. Information for Table XVIII 
was obtained from several sources. The visible solar energy 
data were obtained from the Solar Energy Laboratory on the 
campus at The University of Arizona. The data represent five 
years of continuous recording. The use of recorded amounts 
avoids making corrections for cloudiness and haze which would 
have to be done if theoretical calculations were relied upon.

The Institute of Atmospheric Physics contributed 
precipitation and evaporation data. Precipitation amounts 
are a result of sixty years of data accumulation and the pan 
evaporation figures were modified by a coefficient of 0.88 as 
recommended by the Agricultural Engineering Department at The 
University of Arizona. The coefficient applied to the pan 
data aligns the pan evaporation figures with those taken on 
actual reservoirs. The reservoirs resemble pond installations



with the exception of their purpose. From these two compila
tions, a net figure representing the average for each month 
was assembled.

Table XIX presents calculated values of the pounds of 
oxygen produced daily per acre of Installation at a latitude 
of thirty-two degrees north and at an elevation of 2500 feet. 
These figures are computed from Design Equation 6.3 encountered 
in Chapter 6 for a range of efficiencies of 1.0# to 5«0#«

Since seepage and evaporation are taken into account 
in the design criteria presented in Chapter 6, Table XX 
represents the gallons per acre per day of loss to all fac
tors. The figures are the algebraic sum of the average 
monthly losses due to evaporation and seepage less the aver
age monthly precipitation. The data are reflected graphi
cally in Figure 6.1.

5.3 Remedial Measures
When conditions warranted the expense and it was evi

dent that some time would be required for natural functions 
to restore the oxidation pond's treatment capabilities, at
tempts were made to restore the pond to a higher level of 
aerobic treatment. Contact with oxidation pond operators 
brought forth assurances that sodium nitrate should be the 
agent employed (72). Sodium nitrate has been used extensive
ly by canneries and other industrial users to prevent odors 
and restore waste-holding ponds to aerobic conditions (73). 
Inadvertantly, five times the usual dosage of sodium nitrate



%
was used in attempting to restore the oxidation pond under 
study. A "rule of thumb" dictates that one pound of sodium 
nitrate be used for each five pounds of BOD contributed daily 
until restoration is complete (7^). In this case, the BOD 
was matched pound for pound.

The probably loading at the time was computed to be 
eighty-five pounds per acre and one hundred and seventy 
pounds of sodium nitrate was sprinkled around the edges of 
the pond and into the influent. This continued for two days 
and a partial dose was administered on the third day. Color 
change was observed within twenty-four hours after the first 
application. Within a week DO was detectable in the Surface 
levels. The color at the end of a week was a bright green 
as compared to the dull olive color that existed during the 
absence of DO. Shortly thereafter an algal bloom occurred 
and the pond began to function effectively.

5A  Other Malfunctions
Prior to dosage with sodium nitrate, it was noticed 

that a prolific growth of Moina macrocoppa was appearing on 
the surface (75). Commonly referred to as water fleas, 
these crustacaens are known to be consumers of both oxygen 
and algae. They are less than one thirty-second of an inch 
in length at maturity and their color ranges from a rust to 
red. Sufficient numbers were present to discolor about one- 
sixth of the surface when they were amassed by the wind. At 
other times the crustacaen had been observed in incubated



BOD samples from the pond but had not been present in suffi
cient numbers to justify further investigation*

Upon referring to Figure 5.1> it can be seen that 
algal concentrations at the same time were reduced to trace 
amounts. There is the probability that the fleas were par
tially responsible for the reduction, but upon further 
examination of the prevailing temperature, it seems more 
likely that the change in climatic conditions heralded the 
end of a favorable environment for one genus and the begin
ning of a favorable environment for another.

Some of the algal strains have rather narrow environ
mental bands in which they thrive (76). Temperature is one 
parameter which may dictate which genus is predominant. Upon 
examining Figure 5.1, it can be seen that four genera pre
dominated between August and the following April. This 
period represents considerable temperature differential.

Perhaps withdrawal of effluent from the most concen
trated region would accomplish the same effect as natural 
extinction and allow another genus to procreate at a faster 
rate. %he net effect of the withdrawal action would be to 
reduce the time during which such changes took place and 
thereby shorten the periods in which the pond performed at 
low efficiencies. Subsequent visual observations have re
vealed that Hoina macrocotroa manifest themselves periodically, 
but not in such large numbers as the first time.

The design of the influent structure permitted the



sccuHOlatlon of sludge banks near the structure as evidenced 
by periodic effusion of gasses. An Improved diffusion at 
the Influent would prevent this undesirable condition.

5.5 Discussion
The life processes of all plants utilize segments of 

the nitrogen cycle thereby making nitrogen determinations a 
necessary part of a successful appraisal (77). Since unas- 
slmllated protein is found In the feces of warm blooded 
animals, organic nitrogen is a constituent of raw sewage (78). 
Either anaerobic or aerobic bacterial decomposition reduces 
the protein to ammonia and the ammonia is further oxidized 
by nitrifying bacteria to nitrites and eventually nitrates.
In the form of nitrates, the organic contributions are again 
available as food for plants and the entire cycle begins 
anew.

Thus, the state In which the nitrogen exists within 
the pond is an indication of whether the algae are utilizing 
the nitrate supply. Examination of Table VI reveals that 
substantial concentrations of ammonia nitrogen (HH^-H) 
exist while very small amounts of nitrite nitrogen (NOg-N) 
and nitrate nitrogen (NO^-N) are indicated. Since this con
dition exists, either the algae are utilizing the more stable 
forms of nitrogen or the nitrifying bacteria are not func
tioning. Since the nitrifying bacteria can perform over a 
wide range of conditions, it is safe to assume that the algae 
are making use of the available nitrogen.



p A typical analysis of the raw sewage for the eight 
day periods as shown in Table IX indicates that the domestic 
sewage received at the pond compared with a typical sanitary 
chemical analysis as given by Babbitt and Baumann (79) for 
medium strength sewage.

One fact bearing upon the depth of a pond should be 
mentioned here. The graph of the bottom DO content (Figure
5.2) , for the first intensive session, indicates that there 
was some DO on the bottom during the afternoon hours. Fur
ther, the second session indicated supersaturated DO condi
tions throughout the day and night for the most part. The 
probability that light penetrates such depth is very low; 
however, this could be explained by vertical migration of 
algae as discussed in Chapter II, or by mixing accomplished 
by the wind. If the contents of a pond were sufficiently 
mixed, DO from the surface would be transferred from one 
point to another by the mixing agent.

(hi April fourth from 9:00 a.m. until noon (Figure
5.2) the wind varied from six to ten miles per hour from the 
southwest. Although the surface was less than saturated 
with DO at the north end, significant amounts of DO were 
found on the bottom. When the wind subsided, the DO on the 
bottom fell to zero and remained there fort the balance of the 
twenty-four hour period, (hi April 14, the wind was calm on 
eight of the twenty-four readings and varied up to twelve 
miles per hour at other times. On this day, the DO level



stayed above saturation for the entire period. During the 
third period the strongest wind recorded was five miles per 
hour and there was no DO on the bottom at any time. The data 
taken on the fourth run were disregarded because the period 
missed should have represented the high oxygen production for 
the day. Naturally, the wind cannot provide DO at a depth 
when there is no DO at the surface. These data accentuate the 
importance of correct orientation with prevailing winds if 
higher treatment efficiencies are sought.



CHAPTER 6

DESIGN CRITERIA

6.0 Basis for Design Criteria
The variables that may be controlled in the design 

of an oxidation pond are the loading, detention time, and 
operational depth. Since the process is primarily biologi
cal, allowable loading is commonly expressed in pounds of 
BOD per acre per day. After the selection of the BCD load
ing to be used, detention time and depth must be Incorporated 
into a design equation. It follows that other variables such 
as hydraulic parameters are dependent upon these two.

If the portion of the total energy received by a 
water surface is expressed in cal/om^* per day and is de
signated S, and the demand for oxygen is W, a relation for 
the amount of oxygen produced per day can be set up as in 
Equation 6.1. It is known that about 3*68 calories (80) are 
required to produce one milligram of oxygen; therefore,

W » S / 3.68 (6.1)

^Calories per centimeter squared, abbreviated cal/cm2t 
milligrams per centimeter squared, abbreviated mg/cm2.
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where W is in terms of mg/cm2 per day. Equation 6.1 assumes 
a conversion efficiency of unity for the algae. This is known 
to be untrue. Therefore, the efficiency is Incorporated in 
Equation 6.1 as a decimal forming the followingi

W * S x E / 3.68 (6.2)

where E is the algal photosynthetic efficiency.
Since W is in mg/cm2 per day and the aforementioned 

units of pounds of BOD per acre per day are more desirable, 
Equation 6.2 can be converted to pounds per acre per day and 
stated as Equation 6.3.

W = 2b,2b x E x S (6.3)

Equation 6.3 may be used to calculate the production 
for a pond in a given latitude by knowing the climatological 
data relative to the area. Table XVIII of Appendix C is a 
tabulation of such data applicable to Equation 6.3 for the 
Tucson area.

An expression containing depth and detention time is 
necessary to incorporate these variables into a design. If 
V is the volume of a pond in liters and Q is the flow in 
liters per day, then;

V - Q x D (6.4)

when D is the detention period in days. A liter is equi
valent to 1000 cubic centimeters; therefore, the surface 
area occupied by one liter can be obtained by dividing 1000



cubic centimeters by the depth, d, of the liquid in centi
meters • Equation 6.2, when multiplied by the detention time 
and 1000/d represents the weight of oxygen produced in milli
grams. This yields the expression shown in Equation 6.5.

W = (S x E / 3.68) (1000/d) (D) (6.5)

Solving Equation 6.5 for d and D yields a direct expression 
for design criteria.

d / D = 2 ? 2 S x E / W  (6.6)

When S is expressed in cal/cm2 and W is in mg/1* and 
D is in days, the depth is given in centimeters by Equation 
6.6.

Using Equation 6.3 to calculate the theoretical DO 
and measuring the actual DO produced, production figures may 
be compared with the theoretical to find the efficiency. Upon 
completing construction, efficiencies may be used to evaluate 
the pond operation.

6.1 Seepage and Evaporation
Volume is related to Equation 6.6 as a function of 

the flow per day. Each day the pond content is reduced by 
the amount of evaporation and seepage. These combined actions 
tend to concentrate the salts in the oxidation pond because 
water is removed by filtration and distillation. The net ef
fect of seepage and evaporation, as previously stated, is to

♦milligrams per liter, abbreviated mg/1



average loss to evaporation at the study site was found to be 
4,035 gallons per day per acre after it has been corrected for 
precipitation.

To illustrate the application, a hypothetical case 
for a flow of 40,000 gallons per day on a two acre installa
tion with raw sewage having a BOD of 210 mg/1 may be used.
The flow of 20,000 gallons per day per acre is reduced by net 
evaporation approximately twenty percent and the BOD should 
be correspondingly increased to 252 milligrams per liter.

Seepage compounds the proportional fluctuations by 
the amount of seepage that occurs. The net result of evap
oration and seepage are shown graphically in Figure 6.1.
The figure shows the effect of evaporation plus seepage 
minus precipitation in gallons per day per acre for several 
seepage rates.

6.2 Theoretical Versus Actual Results
During April the 2,900,000 gallon pond operated at 

a depth of fifty-four inches with an average BOD of 210 mg/1 
and a daily flow of approximately 43,500 gallons per day.
The average oxygen production per acre was 135 pounds per acre 
per day during three intensive sampling sessions in April. A 

two percent efficiency (from Table XIX) would produce 141.7 

pounds of oxygen per acre per day. From the same table it
can be seen that the capacity would vary from 65.3 to 159*2
pounds of oxygen per acre per day over a period of one year.
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fhe average with a two percent efficiency is 112.2 pounds of 
oxygen per acre per day.

Efficiencies in operation greater than two percent 
have been encountered; hence, the figure is satisfactory as 
a basis for design criteria. The 112.2 pounds of available 
oxygen per day corresponds to a loading of 6?0 persons per 
acre per day.

To determine if the pond was functioning according 
to design criteria, operating data can be substituted into 
the design equations.

The capability of the pond at two percent efficiency 
during the month of April is (from Equation 6.3)*

W (pounds per acre per day) = 24.2 E x S 
or W = 24.2 (0.02) (293.3)

W * 141.7 pounds Og per acre per day.
The pond actually received the following*

210.,-i^ooo,0001 " 38 lbs. of BOD per acre per day.

Therefore, the actual efficiency was only 0.536 percent since 
an additional 103.7 pounds of BOD could have been treated•

Assuming no seepage, Figure 6.1 reveals that 6,470 
gallons per acre per day were lost to evaporation during 
April. Since the flow is 21,750 gallons per acre per day, 
evaporation reduces the total quantity by thirty percent 
thereby raising the oxygen demand from 210 mg/1 to 273 mg/1.
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The theoretical detention period is increased from sixty-seven



If Equation 6.6 is solved for depth, 
d » 272 x S x E x D / W  

d (cm) = 272 x 0.00536 x 95 x 293.3 / 273 
d = 146.8 cm 
d a 57.8 inches.
The depth as calculated by the equation, when modi

fied by the loss of flow, agrees well with the actual depth 
of 54 inches. The oxidation pond is performing in accordance 
with the design equations formulated earlier.
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CHAPTER 7

CONCMSIOiS

7.0 Parameters
Careful analysis of the data confirms that pH is a 

more valuable parameter by which the condition of a pond may 
be evaluated than algal activity or DO content. Realizing 
that high pH values are conducive to efficient oxygen pro
duction, the exclusion of highly acidic wastes may become a 
necessary operational guide.

The argument that the pond volume supplemented by a 
properly constructed influent would serve as an effective 
pH control mechanism falls when the logarithmic basis for 
the determination of pH is taken into consideration. This 
relationship dictates that relatively small proportions of 
concentrated acid will lower the pH values considerably when 
they encounter poorly buffered solutions.

The color of the pond's contents was shown to be a 
reliable indicator of the general condition. It served well 
as a visual parameter to designate the times for the Intensive 
sampling periods.

7.1 Diurnal Activity and Loading
Results of the intensive sampling sessions revealed
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tiiat an average production of over 110 pounds per acre per 
day of oxygen existed during April. This leaves a consider- 
able margin of safety when the present design criteria of 
fifty pounds of BOD per day per acre are applied. Unattended 
installations should be guided by the present design stand
ards to take advantage of the safety factor.

However, there is some indication that attended instal
lations should not be prevented from utilizing higher loading 
values than those currently being used. Additional operating 
data would be required to serve as a basis for establishing 
the upper limit.

7.2 Dominant Genera
Figure 5.1 relates the predominance of several genera 

of algae correlated with temperature change and associated 
with chronological sequence. From this illustration, the 
conclusion may be reached that temperature is an important 
factor which governs the dominant genus of algae. Thus, the 
temperature range over which an installation has to operate 
is important because fewer changes in the dominant genus 
lead to a smoother operation.

7.3 Wind Effects
The effect of winds on the distribution of DO through

out the depth of the pond has been previously mentioned. These 
observations accent the importance of orienting the pond such 
that the prevailing winds may have a free sweep across the



longest expanse. With such importance attached to the mixing 
effect of the wind, the exclusion of windbreaks should be 
included In design criteria.

7.4 Variable Loading
Truckload amounts of septic sewage dumped as often 

as four times a day have had no apparent effect on the opera
tional characteristics of the pond. The volume of the pond 
provides a sufficient dilution factor to minimize the effects 
of slug loading.

7»5 Depth
Although the pond was held at a constant level in 

this experiment, the conclusion may be reached that the 
depth employed is a satisfactory operational level for this 
area. Other depths may work as well but this investigation 
confirms the depth of fifty-four Inches.

7.6 Design Criteria
The factors used in Chapter 6 describe depth and 

detention time relationships in terms of incident energy 
figures from the visible spectrum. Subsequent investigations 
would have to be made to confirm the validity of the criteria 
but they proved to be valid in this instance.

7.7 General Considerations
Despite the lack of any control of the influent sewage, 

the oxidation pond functioned effectively. Their use as



permanent installations is far from justified by the results 
of one investigation, but the results gained from this experi
ment make the prospects encouraging.

As long as nuisance conditions can be avoided and 
sufficient space is available, there is no evident reason vhy 
the size of the population served should be limited. Large 
installations have been used effectively elsewhere (81;82).

(Me advantage over conventional installations is 
apparent. Construction can be planned to handle only the 
immediate needs because subsequent units may be added as 
the need arises, providing land is available at a reasonable 
cost. The use of oxidation ponds as a temporary treatment 
device for isolated subdivisions is indicated by their adapt
ability and the fact that little structural work is required. 
Since elaborate structural components are not required, 
reclamation of the used land for housing or other uses can 
be considered after arrangements have been made for handling 
the wastes at another installation.
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8.0 Comments
Although the investigations reported in this thesis 

satisfy the stated purpose of the investigation, they leave

SUGGESTIONS FOR FURTHER STUDY

CHAPTER 8

the writer with more questions about the ramifications of 
oxidation pond treatment than existed in his mind before 
the investigations began. Host of the questions concern 
specific portions of the processes that are discussed in 
the text material. In addition, the library search unearthed 
some potentialities for oxidation ponds that were not con
templated previously.

8.1 Biochemical Oxygen Demand
The results of the regular BOD tests as specified 

by Standard Methods do not successfully measure the biological 
activity that takes place when the sample is from the pond or 
the pond effluent (83). If it were possible to remove the 
algae from the sample without disturbing the other constituents 
which contribute to the BOD, it is assumed that test results 
would be more indicative of the actual condition. In addition, 
algae in DO samples have an undesirable effect on the reliabil
ity of the results.
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8.2 Algal Metabolic Toxicity
The hypothesis advanced in the text that algae may 

inhibit their own growth through excretion of wastes that are 
toxic and tend to accumulate when long detention times are 
employed deserves more investigation. The possibility that 
the toxicity is responsible for old cells could be investigated 
by a laboratory setup wherein the excreta are extracted from 
the medium and recycled through the culture continuously.

8.3 Algae Removal and Nutrient Recovery
A few calculations concerning the volumes of algae 

found at various times as presented in Figure 5*1 supports 
the fact that algal harvest is a definite possibility. Re
search regarding removal methods and harvest volumes would 
be applicable to oxidation ponds• Experimentation with 
diatomaceous earth filters and selective algacides could be 
a starting point.

The reclamation of sixty percent of the human uptake 
in protein has been reported (84) and the recovery of the 
protein now wasted prompts algae recovery research. In ad
dition to this, water conservation measures would be aided 
by an algae-free effluent since it could then be used for 
ground water recharge•

8.4 Synthetic Detergents
The possibility exists that synthetic detergents may 

act as a buffer suppressing the high pH values necessary to



efficiency of removal of syndets. Before waste water can be 
used for recharge water the sturdy detergent ions must be 
broken down and removed from the solution.

The answer may lie in the use of a sugar molecule as 
the basic molecule to replace the present benzene ring around 
which a detergent is formulated. In any case, knowledge of 
the cumulative effect of synthetic detergents in an oxida
tion pond with a long detention time is a necessity before 
the pond potential can be fully utilized.

8.5 Remedial Measures
No sewage treatment process ever functions exactly 

as expected and oxidation ponds are no exception. Sodium 
nitrate was used once to restore the normal functions of the 
pond and the possibility that other chemicald would be as 
effective deserves attention. The procedure for such an 
investigation would have to take place under controlled con
ditions in order that the exact effects of additives could be 
evaluated.

8.6 Depths
Only one depth was employed in this investigation, 

and completely different conditions may be encountered when 
other depths are employed. Perhaps much greater depths could 
be used wherein the aerobic processes normally associated with 
an oxidation pond would provide a surface layer capable of



preventing the escape of odors from anaerobic decomposition 
in the lower layers. The increased depths would increase the 
detention time and multiply the problems associated with long 
detention times.

The opposite view has been confirmed by numerous 
research projects. Shallow depths and short detention times 
have proved to be effective in installations where climatic 
conditions similar to those in sourthem Arizona exist (85).

8.7 Stratification and Mixing
Sufficient temperature data to establish whether or 

not adequate temperature differentials exist between the top, 
bottom, and raw sewage, to accomplish turnovers is not includ
ed in this report. This information would be of value in the 
arid Southwest where daytime air temperatures reach rather 
high levels. If temperature differentials can be relied upon 
to accomplish mixing, they could be incorporated into the 
design criteria.

8.8 Wind
Wind direction and velocity data included in this 

thesis indicate that wind can be responsible for the dis
tribution of dissolved oxygen throughout the depth of the 
pond. Therefore, subsequent sampling could corroborate this 
information and provide data concerning the orientation of 
future ponds to take advantage of the most favorable wind 
action.



8.9 Others
Other related phases of oxidation pond performance 

which merit investigation, but were not exploited in this 
thesis are: insect control, pathogen viability, series opera
tion, sludge accumulations, discharge to intermittent streams, 
stratification, and the ability of an oxidation pond to treat 
industrial wastes.

Experience must be gained in each of the areas men
tioned above before oxidation ponds can be recommended for 
all situations in the Southwest.



APPENDIX A

Tables III through IX

Data From Eight Day Sampling Intervals



TABUS in
BOO end DO at Stations 3» 6, and 9, From 8 Day Sampling Intervals

Date
of

Sampling

BOD of
Representative 
Sample (mgA)

DO 6 inches Below 
Surface 
(mg/l)

Station Number Station Number
3 6 9 3 ____ 6 9

8-31""60 3.8 2.0 0

9-8-60 12 10 10 0 0.7 10.0

9-16-60 13 3.8 1**6 0

9-2U-60 18 16 17 U»9 2.7 0.7
10-3-60 a k9 23 3.3 2.7 1.1*
10-11-60 Sl 58 58 U.l 3.3 3.3
10-19-60 U2 36 35 UJ* 5.3 2.5
10-27-60 U3 36 38 2J. 5.3 o.5
11-14-60 26 25 2U 2.2 2.3 1.9
11-12-60 16 20 18 2.9 0 2.1*
11-21-60 U2 a 1*3 0 0 0

11-29-60 UO 35 37 0 0 0

12—7—60 32 35 30 0 0 0
12-19-60 35 23 37 0 0 0

12-23-60 32 3U 30 0 0 0

12-31-60 36 33 30 0 0 0

1-9-61 38 28 36 0 0 0

1-16-61 5U 1*2 a 0 0 0

1-29-61 35 UO 1*6 0 0 0

2-2-61 0 0 0

2-10-61 0 0.6 1.2

2-18-61 35 25 22 0.2 1.5 3.7



TABLE 17

Temperature, Turbidity, and pH Values From 8 Day Sampling Intervals

bate
1%#

Temperature at Water 
Surface

Averse pH 
Value

YuAldiiy
in

Station Number Station Ihufcer Turbidity
Sampling - j - 6 9 3 6 9 Units
8-31-60
9-8-60

82.0 82.0 81.5

9-16-60 >9.5 79-5 79.5
9-2L-60 72.0 72.0 72.0 8.8 8.6 8.7
10-3-60 714.0 7U.0 7L.0 9.0 9.1 9.2 125
10-11-60 71-0 71-0 71.0 8.5 8.8 8.8 161
10-19-60 6U.8 6U.0 6I4.O 8.6 8.7 8.8 lli8
10-27-60 65.0 65.0 65.0 8.5 8.7 8.7 180
11-14-60 60.0 60.0 60.0 8.1 8.2 8.3 368

11-12-60 58.0 58.0 58.0 7.8 8.0 8.0 151
11-21-60 55*0 55.0 55.0 7.U 7.5 7.5 1147
11-29-60 52.0 52.0 52.0 7.2 7.1* 7.L
12-7-60 I46.0 146.0 L6.0 7.5 7.6 7.U
12-15-60 7.6 7.6 7.6
12-23-60 5I4.0 5U.o 514.0 7.8 7.8 7.8
12-31-60 52.0 52.0 52.0 7.6 7.6 7.6
1-9-61 5o.o 50.0 50.0 7.8 7.8 7.6
1-16-61 5o.o 50-0 7.5 7.5 7.5 82

1-25-61 18.0 U8.0 U8.0 7.5 7.5 7-5 85
2-2-61 53.0 53.0 53.0 7-7 7.6 7.6
2-10-61 56.0 56.0

2—18—61 57.0 56.0 57.0 7.8 7.9 7.8
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Phosphate, Sulfate, Manganese and Iron 
Values From 8 Day Sampling Intervals

TABLE V

TiaEe Phosphates (mg/l) Bhos^iates (mg/lj Phosphates (mg/i; 
of _____ Station 3____  _____ Station 6____  ____ Station 9

SamplinK total ortho total ortho meta total ortho meta
10-3 9.25 6.60 2.65 7.h0 3.20 U.20 1.25 0.25 1.00
10-11 11.25 2.75 8.50 8.50 2.25 6.25 9.75 0.25 7.25
10-19 9.50 2.50 7.00 8.25 2.25 6.00 9.25 2.75 6.50
10-27 9.25 2.50 6.75 8.75 2.50 6.25 9.50 3.00 6.50
11-h 9.25 2.50 6.75 8.50 2.25 6.25 9.75 2.25 7.00
11-12 11.25 3.00 8.25 8.75 2.70 6.00 9.50 2.50 7.00
11-21 11.50 2.25 9.25 9.25 2.75 6.50 8.75 2.25 6.50
11-29 11.75 2.75 9.00 9.75 1*75 8.00 10.25 3.00 7.25

Bate Sulfates (mg/l)
of Station Number

Manganese (mg/l) 
Station Number

Iron (mg/l) 
Station Number

Sampling 1 6 9 5 6 9 3 6 9
10-3 0 0 0 0 0 0
10-11 138 129 139 0 0 0 0 0 0
10-19 Ihl 136 138 0 0 0 0 0 0
10-27 121 115 108 1.0 1.1 1.0 0 0 0
ll-h 12U 121 113 0 0 0 0 0 0
11-12 119 122 112 0.9 0.7 o.5 0 0 0
11-21 121 115 108 0 0 0 0 0 0
11-29 137 121 117 1.2 0.9 0.9 0 0 0
1-25 0
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TABIE VI

Nitrogen Values From 8 Day Sampling Intervals

------------------------------------------- ;....... .......... .... — ,

Date Nitrogen (mgA)
of Ammonia at Nitrite at Nitrate at

Statical Station Station
Sampling 3 6 9 3 6 9 3 6 9

10-3 18.2 19.5 18.8 0

10-11 3.9 6.9 6.7 0.06

10-18 h*9 8.7 8.U 0.08

10-27 8.2 17.6 17.6 0.03

11-it 12.3 11.9 Ui.2 0.03

11-12 19.5 13.8 21.0 0

11-21 12.2 13.8 12.2 0.02

11-29 13.3 15*8 l l i . l 0.03

12-7 0

12-15 0.01

12-23 0.01

12-31 0.01

1-9 0.02

1-17 0.27

1-25 O.Oti

0 0 0.35 0.06 0.03

0.0k 0.02 0.19 0.15 o.lk

0.02 0 0.17 0.15 0.15

0.03 0.03 0.23 0.17 0.16

0.0k 0.0k 0.19 0.12 0.15

0.03 0.0k 0.60 0.20

0.02 o.ok 0.30 O.k! 0.26

0 0.05 0.18 0.22

0.02 0 o.lk 0.12 0.12

0.02 0.01 0.12 0.11 0.07

0 o.ok 0.11 0.12 0.11

0.01 0 0.15 o.lk 0.11

0.02 0.03 o.lk O.lk oak

0.09 0.26 0.11 0.17 0.13

0.0k o.ok 0.12 0.11 o.lk
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TAB IE VII

Alkalinity and Chloride Values From 8 Day Sampling Intervals

Date Alkalinity (mg/1 as CaCOQ_____  Chlorides (mgA)
Of
Samp.

Station Number Station Number
-,x 3 6 4

3 6 9503 M 63 CO3 tiCOj CO3 HC03

10-3 0 2148 32 218 I46 2014 n o 105 105
10-11 0 258 0 25U 0 251 106 105 105
10-18 68 211 I4O 228 50 217 106 106 106

10-27 56 197 38 193 a 200 98 99 99
11-14 0 263 38 210 0 251 102 102 101

11-12 0 272 0 2U9 22 211 10a IOI4 103
11-21 0 301 20 2U7 0 259 103 103 103
11-29 0 328 0 338 0 3H 4 105 102 99
12-7 0 M 0 322 0 318 95 95 96
12-15 0 326 0 338 0 336 92 87 98
12-23 0 3 a 0 3U0 0 3140 97 99 914
12-31 0 326 0 3I4O 0 3l4l 91 88 96
1-9 0 3U4 0 330 0 3U2 75 78 ?U
1-17 0 368 0 M 0 " 318 62 90 81
1-25 0 336 0 338 0 336 73 73 70

WP, : .



TAB IE VIII

Algao Volumes and Dominant Genera During 8 Day 
Sampling Intervals

Date Algae Volumes (ml/1)
Station Muster Arg» of

Sampling 3 6 — r - 3. 6. 9
8-31-60 0.22 0.33 0.18 0.21*
9-08-60 0.35 0.W1 0.7l* 0.51
9-16-60 1.15 0.U7 0.23 0.62
9-2U-60 0.U0 0.U6 0.32 0.39
10-3-60 0.31 0.23 0.22 0.25
io-n-60 0.38 0.2U 0.19 0*27
10-19-60 0.32 0.27 0*18 0.26
10-27-60 0.21 0.26 0.18 0.22
ii-a-60 0.21 0.21 0.17 0.20
n - 12-60 0.07 0.12 0.09 0.09n - 21-60 0.09 0.11 0.10 0.10
11-29-60 0.10 0.13 0.0l* 0.09
12-7-60 T* T T T
12-15-60 T T T T
12-23-60 T T T T
12-31-60 T T T T
1-9-61 T T T T
1-17-61 T T T T
1-25-61 T T T T
2-2-61 T T T T
2-10-61 0.19 0.13 0.13 0.152-18-61 0.U1 0.30 0.26 0.32
2-27-61 0.39 0.35 0.32 0.35
3-7-61 O.Ul 0.1*5 0.33 0.1*0
3-15-61 0J46 0.1*7 0.1*5 0,1*6
3-23-61 0.31 o.l*5 0.1*2 0.39
3-31-61 o.U3 0.56 0.53 0.51U-ii-6l 0.U8 0.63 0.73 0.61
U-Ui-61 0.70 0.62 0.90 0.71*

D%.Organisms
(See_ Sfilaal

* T indicates trace 
( ) Indicates most abundant organism
1 Pandarlna species
2 Mlorotlnlum species L Euglenacede species

5 Chlamydomonas species3 Oooyatis species
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TABLE H

Raw Sewage Analysis

Determination Quantity

Dissolved Oxygen 0 rag/1
Biochemical Oxygen Demand 210 agA
Iron 1.7 ragA
Manganese 1.2 mgA
NH3-N 11.6 agA
NOg-U 0.06 mgA
NO]-# 0.12 agA
Sulfates Uo.o agA
Chlorides 78.0 mgA
Alkalinity (as CaCOg) 320.0 mgA
Temperature 62-87 F
pH Value 7.1 -  7*5

Phosphates 112.2 agA
Total U80.0 agA
Turbidity 310.0 Units



APPENDIX B

Tables X through XVII

Data From Intensive Sampling



TABIE X

Data From Intensive Sampling of L-L-61 and L-^-6l

W - 6 1

h-5-61
Time

pH of Representative 
Sample Dissolved Oxygen (mg/1) £££• *—

Sanple
^ 3  “Station Number Station 3 Station 6 Station 9

Raar 3 6 9 top hot top bot top bot
9 A.M. 7.2 8 . 2 8 . 2 8 . 1 3.0 2 . 8 3.0 2 . 6 a.o 0 28a 17

1 0 7.1 8 . 0 8 . 2 8 . 2 2.3 2.a 3.0 0 3.0 0 278 17
1 1 7.a 8 . 0 8 . 2 8 . 2 3.8 0 . 6 6 . 6 0 6.0 0 28a 18
Noon 7.1 8 . 0 8.3 8.3 0 . 8 0.3 7.6 1 . 8 7.a 0 2 7 6 19
1 P.M. 7.1 8.3 e.a 8 . 6 1 0 . 6 0 12.5 0 1 5 . 0 0 276 2 2
2 7.2 8.5 e.a 8 . 2 3.6 0 1 1 . 8 0 8.5 0 2?a 2a
3 7.2 8 . 2 8 .a 8.5 9.3 0 1 1 . 6 0 9.7 0 2 7 2 22
h 7.1 8.5 8 . 6 e.a 8.5 0 10.7 0 6.3 0 2?a 2a
5 7.1 8.5 8 . 6 8.b a.9 0 7.5 0 5.8 0 27a 2 a
6 7.1 8 . 6 8.5 s.a a.9 0 3.2 0 0 0 2 8 0 2a
7 7.0 e.a 8.3 8 . 2 3.7 0 2 . 2 0 1 . 2 0 2 8 2 2 2
8 7.6 s.a 8.3 8 . 2 0.7 0 1.5 0 0 0 2 7 8 2 2
9 7 .U 8 . 0 8 . 0 8 . 0 0 0 0 0 0 0 2 8 0 2 1

1 0 7.2 8 . 0 8 . 0 8 . 0 0 0 0 0 0 0 2 8 0 2 1
n 7.5 8 . 0 8 . 0 8 . 0 0 0 0 0 0 0 288 2 0
Midnight 7.5 8 . 0 8 . 0 8 . 0 0 0 0 0 0 0 28a 2 0

1 7.5 8 . 0 8 . 0 8 . 0 0 0 0 0 0 0 28a 2 0
2 7.a 8 . 0 8 . 0 8 . 0 0 0 0 0 0 0 2 8 0 19
3 7.3 7-8 7.9 7.8 0 0 0 0 0 0 28a 19
a 7.a 7.8 7.9 7.9 0 0 0 0 0 0 2 8 2 19
5 7.3 7-9 7.9 7.9 0 0 0 0 0 0 28a 19
6 7.3 7.9 8 . 0 7.9 0 0 0 0 0 0 28a 18
7 7.2 7.9 7.9 7.9 0 0 0 0 0 0 2 8 8 18
8 7.7 8 . 0 8 . 0 8 . 0 0 0 0 0 0 0 3 0 2 18



TABLE H

Data From Intensive Sampling of U-it-61 and li-5-6l

Air Weather
U—5“6l
Time

Temp.
(°C)

Cloud
Cover

(%)

Wind
Dir. & Vel 

(mph)

Laboratory Results
Carton Dioxide (mg/1) 

Station ffutrter 
»  T ~ 5 %

2h Hour Composites

9 A.M. 19 clear SSW 8 35 3.!t 3.U 3.U Station BCD (mg/1)10 20 clear SSW 10 22 5.2 3.U 3.!t Ran 162
11 28 clear SSW 10 21 5.2 3.1t 3.It 3 30Noon 32 clear SSW 6 ItO 5.1 2.6 2.5 6 38
1 P.M. 35 clear N 3 It2 2.It 1.9 1.3 9 38
2 35 clear calm 32 1.5 2.0 3.2
3 33 clear NW 3 33 3.2 2.0 1.6 Station Total Solid (mg/li
It 35 clear m  5 ItO 1.6 1.2 2.0 Raw 577
5 28 clear NW 7 ItO 1.6 1.2 2.0 3 5236 23 clear N 5 ItO 1.3 1.6 1.9 6 it96
7 22 dusk calm 53 2.0 2.6 3.3 9 5U38 25 dark gusty W 20 13 2.0 2.6 3.2
9 26 dark gusty W 10 21 5.0 \ 5.2 5.0 Station Total Hard(mgA)10 23 dark W 2 3it 5.1 5.2 5.1 Raw 108
11 22 dark calm 17 5-5 5.5 5.5 3 130Midnight 21 dark E 3 17 5.2 5.2 5.2 6 122
1 A.M. 20 dark calm 17 5.2 5.2 5.2 9 120
2 20 dark V 3 22 5.2 5.2 5.2
3 20 dark 28 8.5 7.0 8.5
It 19 dark gusty E 8 22 8.5 7.0 7.0 Flow = 27,000 gal.
Z 18 dawn SE 8 28 7.0 7.0 7.0
6 18 clear gusty SE 8 27 7.0 5.5 7.0 Og produced * 37.28 Ib./c
7 19 clear gusty SE 15 38 7.0 7.0 7.0
8 21 clear gusty SE 12 12 6.0 6.0 6.0 BOD = 36.5 lb./day



TABIE XII
Data Frtsn Intensive Sampling of and U-15-61

U-15-61
Time

pH of Representative 
Sample • Dissolved Oxygen (mg/1)

Total Aik. 
Composite 
Sample 
(mg/1) 
as CaCOg

Water
Temp.
Surface

(°c)
Station Number Station 3 Station 6 Station 9Raw 3 b 9 top bot top bot top DOt

Noon... 7.0 8 .6 9.0 9.0 27.8 11.0 20 .0 11.3 32.7 11.5 278 20
1 P.M. 7.0 8.8 8 .6 8.8 2 a . i 8 .2 2a.8 7.7 3a .5 12.1 278 21
2 6 .8 8.5 8.7 8.9 20.7 7.6 29. a 9.9 33.0 i 3 .a 280 22
3 6 .8 8.1* 9.0 9.0 21.3 io .a 21.6 u . a 30.3 10.0 280 22
h 7.0 8.9 9.0 9.0 2a .a 8.7 25 .0 7.2 17.8 9.6 278 23
5 7.2 8 .a 8.9 8.8 lo .a 10.2 17.3 8 .0 19.3 9.0 276 20
6 7.3 8.6 8.9 8.8 17.2 8.0 16.1 9.2 18.1 10.5 278 19
7O 7.2 8.8 8.8 8-9 17.7 8.8 18.0 8.5 18.5 12.2 282 20
0
9 7.U 8.8 8.8 8.8 17.2 9.2 17.a 7.9 15.7 8.9 282 19
10 7.U 8.8 8.8 8.8 17.a s .a i5 .a 9.6 15.a 10.5 282 19
11 7.2 8.7 8.8 8-8 16.3 12.3 15.0 10.2 13.9 6.5 278 19Midnight 7.0 8.7 8.7 8-6 i a .9 12.6 13.1 12.5 12.3 8.7 276 18
1 A.M. 7.1 8.6 8 .5 8 -5 13.3 13.a 13.a 10.2 n .6 7 .a 27a 18
2 7.1 8.6 8.6 8.6 13.a 10 j* n .8 10.8 12.1 6.1 276 18
3 7.1 8.6 8.6 8.6 11.9 n . i 11.7 10.6 10.3 8.8 270 17
li 7.U 8.6 8.6 8.6 io .a 10.7 9.9 8 .5 9.2 9.1 27a 17
5 7.0 8 .5 8 .5 8.5 9.1 9.1 8.6 8.6 8.9 8.6 272 17
6 7.0 8.5 8.5 8.5 8.0 7.9 7.5 7.5 8.7 8.6 272 17
7 7.2 8.2 8 .a 8.3 10.7 9.6 9.1 io .a 10.0 10.5 280 17
8 7.U 8.2 8.3 s .a 9.6 9.a 8.6 8.8 8.6 8.a 28a IS
9 7.1 8.U 8.a s .a 9.0 8.5 8.3 9.1 31.6 9.3 276 17

10 7.2 8.a s .a 8.6 i6 .a 9.2 17.0 11.1 16.5 io .a 276 18
11 7.2 8.5 8.5 8.5 16*7 10.5 18.3 11.1 17.a 10.0 272 19

\



TABLE X I H

Data From Intensive Sampling of and U-15-61

I4-14-61
U-15-61
Time

Air
Toxup#
(°C)

Weather Laboratory Results
Cloud
Cover
(%)

Wind
Dir. & Vel.

Carbon Dioxide cam.
Station Number 2h Hour Composites

Noon 24 clear N 4 60 1.3 0.5 0.5 Station BCD (mg/l)
1 P.M. 26 clear calm 60 0.8 1.3 0.8 Ram 153
2 27 clear gusty NW 5 95 1.6 1.0 0.6 3 68
3 27 clear NW 7 95 2.0 0.5 0.5 6 53
k 28 clear NW 7 60 0.6 0.5 0.5 9 62
5 26 clear NW 6 4o 2.1 0.7 0.8
6 2!> clear NW 8 32 1.3 0.7 0.8 Station Total Solids (mg/l)
7 23 clear NW 8 38 0.8 0.8 0.7 Raw 579
8 dusk 3 569
9 17 dark calm 26 0.8 0.8 0.8 6 577

10 14 dark calm 28 0.8 0.8 0.8 9 559
11 13 dark calm 43 1.1 1.1 0.8
Midnight 12 dark calm 60 1.3 1.3 1.1 Station Total Hard (mg/l)
1 A.M. 11 dark E 4 47 1.4 1.7 1.7 Raw 120
2 10 dark S 2 50 1.3 1.3 1.3 3 124
3 13 dark calm 48 1.3 1.3 1.3 6 122
h 15 dark gusty NE 12 25 1.3 1.3 1.3 9 116
5 16 dark"1 varied 62 1.7 1.7 1.7
6 15 dawn calm 51 2.1 2.1 2.1
7 16 clear E 6 42 3.4 2.1 2.7 Flow = 57,000 gal.
8 17 clear calm 38 3.4 2.6 2.2
9 19 clear calm 60 2.1 2.1 2.1 0g produced = 320.2 Ib./day/A
10 20 clear s 3 42 2.1 2.1 2.1
11 25 dear SB 4 44 1.6 1.6 1.6 BOD Load = 73 lb./day ®



TABUS XI?

Data F r m  Intensive Sampling of It-28-61 and It-29-61

k-2d-61

U-29-61
Time

pH Representative 
Sample Dissolved Oxygen (mgA) 'total Aik 

Composite 
Sample
(mgA)
as CaCOj

Water
Temp.
Surface
(°c)

Station Number Station 3 Station 6 Station 9
Raw 3 6 9 top bot top bot top bot

6 A.M. 7.2 8.2 8.3 8.1 0 0 0 0 0 0 290 17
7 7.0 8.0 8.0 8.0 0 0 0 0 0 0 288 178 7.3 8.2 7.9 8.0 0 0 0 0 0 0 290 17
9 7.1 8.0 8.0 8.0 0 0 0 0 0 0 28lt 1710 7.1 8.1 7.9 7.8 2.3 0 0 0 0 0 281t 18
11 7.2 8.0 8.1 8.2 2.8 0 3.3 0 5.5 0 286 19
Noon 6.9 8.3 8.3 8.It 6.2 0 9.3 0 11.9 0 288 23
1 P.M. 6.9 8.It 8.2 8.2 7.8 0 8.3 0 7.7 0 288 23
2 6.9 8. It 8.5 8.0 13.7 0 12.3 0 6.9 0 286 25
3 7«0 8.5 e.it 8.It 15.9 0 12.5 0 12.lt 0 288 26
h 6.9 8.6 8.5 8.3 15.0 0 12.1 0 9.it 0 289 26
5 7.0 8.1t 8.1t 8.3 9.0 0 8.8 0 12.lt 0 290 25
6 7.0 8Jt 8.5 8.6 6.5 0 9.2 0 11.1 0 288 2lt
7 7.1 8 Jt 8.6 8.It 5.1 0 7.7 0 10.5 0 292 23
8 7.2 8.2 8.2 8.It 2.2 0 0.2 0 9.9 0 290 22
9 7.U 8.3 8.It 8.5 0.8 0 1.8 0 3.9 0 292 22
10 7.3 8.3 8.It 8.It 0 0 3.8 0 5*7 0 296 21
11 7*3 8.It 8.5 8.5 2.5 0 1.0 0 3.6 0 29U 21
Midnight 7.2 8.0 8.1 8.2 0 0 0 0 0.9 0 290 21
1 A.M. 7«3 8.0 8.It 8.It 0 0 0 0 0 0 292 20
2 7.U 8.3 8.1t 8.3 0 0 0 0 0 0 29lt 20
3 7*3 8.It 8.0 8.2 0 0 0 0 0 0 29lt 19
It 7.2 8.2 8.1t 8.0 0 0 0 0 0 0 288 18
5 7.3 8.2 8.3 8.2 0 0 0 0 0 0 290 18

\



U-28-*
U-29h
Time

6 A.!
78
91011
Noon
1 P.l
2
3
U
56
78
910
11
Midni,
1 A.I
2
3
It
5

TAB IE 17

Data From Intensive Sampling of lt-28-6l and k-29-6l

Weather
Cloud Wind
Cover Dir. & Vel. 

(%) (mph)

Laboratory Results
Carbon Dioxide 

Station Nuufcer63956$ 2h Hour Composites

13
13
17 21 
22 
25 
27 30 
30
30 
3U
31 
30 
22 
22
18 
18 
17 12 
Ut 12 
12
9
9

dawn SB 2
clear SB It
clear SB 2
clear SB 2
clear calm
clear calm
20 NW 2
20 m  3
20 NW 3
20 NW 3
30 NW 2
ItO NW It
10 NW 5
20 calm
dusk NW It
dark NW It
dark calm
dark calm
dark calm
dark B 2
dark E 2
dark E 3
dark E 3
dawn E It

36 
55
30
55
50
37 
72 
70 
72
55
65
55
55
50
lt5
28
35
3lt
UO
32
25
30
38 
30

3.U
lt.6
7.5 6.0 
9.U
9.0
5.3
5.1 
5-1
It.O
5.1
It.O
5.1
2.6
5.5 
5*lt
2.72.2
5.5
2.7
2.7
3.6
3.6
3.6

Station BOD (mg/l) 
Raw 306
3 12it6 128
9 116

Station Total Solid(mg/l) 
Raw 296
3 U81
6 $h$
9 553

Station Total Hard (mg/l) 
Raw 8lt
3 lit5
6 Ht3
9 Utlt

Flow = 59,000 gal.
Og produced “ It8.0 lb./day/A 
BOD load = 150.6 lb./day h



TABIE XVI
Data From Intensive Sarpling of $-29-6l-and 5-30-61

>

5-29-61
5-30-61

pH of Representative 
Sample Dissolved Oxygen (mg/l) Total Aik.

Composite
Sample

Water
Temp.

Station Number Station 3 Station 6 Station 9 (mgA) Surface
Time Raw 3 5 5" top hot top hot top hot as CaCO-j (°c)

6 P.M. 3.6 o.U 7.8 0 lit .5 2.9 21*
7 7.2 8 .it 8.it 8 .it 8.3 0 12.it 0 13.8 0 292 23
8 7 .it 8.2 8.3 8.1 6.6 0 9.1t 0 9.7 0 290 22
9 7.3 8.2 5.3 0 8.3 0 7.3 0 281* 22
10 7.3 8.3 5.5 0 8.0 0 8.3 0 288 22
11 7.2 8.2 it.6 0 it.3 0 5.it 0 290 22
Midnight 7 .U 8.1 2.7 0 2.0 0 2.5 0 290 21
1 A.M. 7 .it 8.1 2.1 0 1.9 0 1.9 0 290 20
2 7.U 8.1 0.6 0 0 0 0.3 0 302 22
3 7 .it 8.0 0 0 0 0 0 0 290 21
it 7 .it 7.9 0 0 0 0 0 0 292 21
2 7.2 7.8 0 0 0 0 0 0 292 21
6 7.2 7.9 0 0 0 0 0 0 288
7 7.0 7.7 0 0 0.7 0 0.1 0 288
8 7.0 7.7 1.2 0.1 2.3 0.7 1.0 0 286
9
10
11
Noon 
1 P.M.

7.0 7.6 2.3 1.0 2.8 0.8 2.9 0.3 281*

2
3
It
5



TAB IE XVH
Data From Intensive Sampling of 5-29-61 and 5-30-61

5-29-61
5-30-61
Time

Air
Temp.
(°c)

Weather Laboratory Results
Cloud
Cover

GO

Wind
Dir. & Vel. 

(tnph)
Carbon Dioxide (mg/1) 

Station Number 
Raw 3 6 9

2l* Hour Composites

6 P.M. 29 clear NW 5 Station BOD (mg/1)
7 29 clear NW 5 38 2.1 Raw 220
8 26 dusk NW 5 25 3.1* 3 39
9 21* dark NW 5 32 3.1* 6 1*3
10 20 dark NW 3 32 2.6 9 37
11 19 dark NW 3 36 3.1*Midnight 19 dark calm 21* t*.l* Station Total Solid (mg/1)
1 A.M. 19 dark calm 21* l*.l* Raw 1*80
2 17 dark calm 22 1*.3 3 61*0
3 IS dark calm 21 s .s 6 633
a 13 dark calm 22 7.0 9 591*
5 12 dawn calm 1*3 8.56 11* clear E 3 Station tfotal tiard(mg/lj
7 20 clear SE 7 Raw
8 25 clear SE 7 3
9 26 clear calm 6
10 9
11 _______
Noon
1
2
3
h
5

P.M. Flow s 29,600 gal.
Og produced * 70.!* Ib./daj/A 
BOD load = 51*.3 Ib./day Jg
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TABLE m i l a
Climatological Data and Results

Month
Visible
Solar
Energy

(Langleys)

Average
Precip.
(in.)

0.88
X

pan
avap.

Net
Loss (-) 
Gain (+)

Jan. Htl.9 0.63 2.02 -1.15
Feb. 181*. 8 0.92 2.72 -1.1*7
Mar. 231.6 0.68 5.10 -3.81

Apr. 293.3 0.32 7.1*7 -6.25
May 328.7 0.21 9.87 -8.1*8
June 31L.2 0.30 11.20 -9.56
July 282.0 1.80 10.31 -7.27
Aug. 263.5 2.15 8.25 -5.11
Sept. 255.2 1.U8 7.05 •4*.72
Oct. 19U.1 O.U? 5.08 -lull
Nov. 158.0 0.76 2.93 -1.82

Dec. 135.1 0.91* 0.96 -0.10

Avg. 231.9 0.89 6.08 W*.l*6

data upon which these figures are based 
was obtained from the Solar Energy Laboratory 
and the Institute of Atmospheric Physics at 
The University of Arizona.
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TAB IE XHa
Theoretical O^gan Production

Pounds of Oxygen per Acre produced Daily 
Month Photosynidietic Efficiency In %

1 2 3 G----- .. . . J  _
Jan. 3U.U 68.7 103.1 137.U 171.8

Feb. UU.8 89.5 13k.3 179.0 223.8
Mar. 56.1 112.1 I68.I1 22li.5 280.6
April 70.9 lUl»7 212.6 283.5 35G.ii
May 79.6 159.2 238.7 318.3 397.9
June 76.0 151.9 227.9 303.8 379.8
July 68.2 136.Ii 20li.7 272.9 3G1.1
Aug. 63.9 127.7 191*6 255.ii 319.3
Sept. 61.7 123.il 185.0 2I16.7 308.G
Oct. lt7*2 9li.3 liil.5 188.7 235.9
Nov. 38.2 76.li 11I1.7 152.9 191.1
Dec. 32.7 65.3 98.0 130.6 163.3
Avg. 56.1 112.2 168 .U 22li.5 280.6

aSolar energy data obtained from Solar 
Energy Laboratory and precipitation 
and evaporation data obtained from the 
Institute of Atmospheric Physics, The 
University of Arizona*



TABLE XX

Water Loss Results

Month
Totals in Gallons Per Acre Per Day

No
Seepage

1/16 in. 
per day

1/8 in. 
per day

1/1* in. 
per day

3/8 in. 
per day per day.

Jan* 1260 2960 1*660 8060 111*60 11*860
Feb. 1630 3330 5030 81*30 11830 15230
Mar. U630 6330 8030 111*30 11*830 18230
April 6U70 8170 9870 13270 16670 20070
May Q7h$ 10W # 1231*5 1551*5 1891*5 2231*5
June 986$ 11565 13265 16665 20065 231*65
July 7700 91*00 11100 11*500 17900 21300
Aug. #20 7220 8920 12320 15270 19120
Sept. Solo 67U0 81*1*0 1181*0 1521*0 1861*0
Oct. hn $ 5875 7575 10980 11*375 17775
Nov. 1965 3665 5365 8765 12165 15565
Dec. 20 1720 31*20 6620 10220 13620

Avg. U750 61*50 8150 11535 11*950 18350
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