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Waste water lagoons have been used as a satisfactory means of 

treating domestic and certain industrial wastes in many parts of the 

country. Many of the parameters that govern the applicability of this 

type of treatment process are climatic in nature, and critical evalua- 

tion of local climatic conditions, as well as biological and physical 

conditions, is essential to determine their effects upon the success- 

ful operation of waste water lagoons. The objects of this thesis are 

to review and evaluate the research, design and operational data of 

waste water lagoons in this State and in other locations, for the pur- 

pose of determining, if possible, better design criteria for waste 

water lagoons in Oregon. 

More specifically, the waste water lagoon process and the var- 

ious parameters that affect the process were studied. Data pertain- 

ing to the climatic conditions prevalent to this State were com- 

piled and evaluated. Research and operational studies conducted 



here at Oregon State University and other installations were reviewed 

to determine the limitations of climatic, biological and physical fac- 

tors that affect the waste water lagoon process. 

Results of this study reveal that climatic conditions prevalent 

in the State of Oregon do not preclude the use of waste water lagoons 

in this State, and that the present design criteria of 20 pounds of 5- 

day, 20° Centigrade, Biochemical Oxygen Demand per surface acre 

per day is workable and contains a factor of safety. Water balance 

studies are necessary, especially in portions of the State where ex- 

treme climatic conditions prevail, or where seasonal loading vari- 

ations can be expected. Failure of waste water lagoons in Oregon 

and other States have resulted from factors other than the presently 

accepted loading criteria. The importance of operation, mainten- 

ance and the collection of operational data cannot be overempha- 

sized. In conclusion, this study reveals that the waste water lagoon 

process is especially adaptable in smaller communities where other 

means are economically infeasible. 
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DESIGN CRITERIA 
FOR WASTE WATER LAGOONS 

IN OREGON 

INTRODUCTION 

The present population explosion, the accelerated industrial 

expansion and the continual improvement of living standards in this 

country have produced large and complex volumes of sewage and in- 

dustrial wastes. These pose a serious water pollution problem. As 

a result, much emphasis has been placed on finding improved eco- 

nomic means of waste disposal. Federal and State laws have been 

enacted to provide funds for research in water pollution control and 

grants for the stimulation of construction of sewage treatment plants. 

Many studies have been conducted in an attempt to resolve the prob- 

lems of stream pollution. Rapidly rising construction and operation- 

al costs have compounded these problems. 

Because of these increased costs, many municipalities and 

industries have been unable to finance the construction of convention- 

al sewage treatment facilities. Considerable efforts are being made 

to develop new and improved methods of low cost waste treatment. 

One method that is gaining acceptance in many parts of this country 

is the use of the waste water lagoon. Much of the research devoted 

to this method of treating wastes or sewage has been carried on in 
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the Dakotas, Texas and some of the Missouri Basin States. Since 

the waste water lagoon process is biological in nature, and is great- 

ly affected by climatological factors, the formulation of a design cri- 

terion applicable to the entire country would be impractical. Design 

criteria for more humid areas are not as readily available. 

Waste water lagoons have been more commonly referred to by 

a variety of names, including sewage ponds; oxidation lagoons; sta- 

bilization ponds; settling ponds; regulating and facultative basins. 

While the names may vary, the functions of these facilities always 

include one or more of the following: (3, p. 62) 

1. Stabilization of organic matter 
2. Destruction of sewage bacteria 
3. Storage for controlled discharge 
4. Regulation for continuous discharge of intermittent wastes 
5. Separation of suspended or dissolved solids 

For the purpose of clarity in this thesis, a waste water lagoon 

will be defined as a lagoon or pond designed and constructed to re- 

ceive and treat raw or pretreated domestic and certain organic in- 

dustrial wastes utilizing bacterial oxidation and algal photosynthesis. 

Object and Scope of this Thesis 

The object of this thesis is to develop design criteria for waste 

water lagoons in Oregon from the findings of current research, at 

Oregon State University and other installations. Development of 
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such criteria will aid the State regulatory agencies and the consulting 

engineers in an effort to obtain economic means of treating domestic 

sewage and, in particular, benefit the small communities and industries 

where other means of treatment are often economically infeasible. 

Considerable research has been conducted and many papers 

have been published on the important factors considered in the design 

of waste water lagoons at other locations (1 through 32). The pub- 

lished literature is reviewed as a part of this study in an effort to 

evaluate and apply the factors of design, loading and seasonal varia- 

tions to the climates of this State. 

History 

Waste water lagoons are not a twentieth century innovation, as 

many suspect, but have been used for centuries in other countries 

(12, p. 1213). Unfortunately, they were not viewed as an engineering 

development subject to analysis, and data on their performance can 

be found only for the past 50 years. Quantitative data of engineering 

importance is limited to findings since 1946. Waste water lagoons 

have been used successfully for treating raw sewage and certain in- 

dustrial wastes in North Dakota and many of the other Missouri Basin 

States for the past 20 years. In the State of Oregon, 24 lagoons are 

presently in operation, treating municipal wastes (19, p. 19), and 
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29 lagoons are utilized for the treatment of various industrial wastes, 

such as food products, textile mill products, paper and allied prod- 

ucts, chemical, leather and primary metal industries wastes (29, 

p. 6). 

The first lagoon constructed in the State of Oregon was located 

in Vale, Oregon, and built in 1955. Table 1 lists the locations of the 

24 lagoons in operation or under construction as of June 30, 1962 (19, 

p. 19). Other pertinent information on the date of construction, de- 

sign population, the area and the number of cells is also tabulated 

in Table 1. It has been the policy of the Oregon State Sanitary Au- 

thority to require that where the equivalent of secondary treatment 

is needed, sewage lagoons be designed on a basis of 1 acre per 100 

equivalent persons, or 1 acre per 20 lbs. of 5 -day 20° C. Biochemi- 

cal Oxygen Demand, BOD. The Authority further stipulates that 

the lagoon be at least 300 feet from any existing or possible future 

habitation, and that the minimum permissible size is one acre (19, 

p. 19). 
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Table 1. Waste Water Lagoons in Oregon** 

Location 
Year 
Built 

Design 
Population 

Area 
(Acres) 

No. of 
Cells 

Bel -Aire (Beaverton) 1959 450 1.08 1 

Burns 1958 5, 000 70.0 2 

Cannon Beach 1960 650winter 8. 0 2 

2, 700 summer 
Corvallis Airport UC* 100 1. 03 2 

Crane High School 1961 110 0. 84 1 

Creswell 1962 1, 000 10. 50 1 

Eagle Point UC* 1, 300 10. 00 2 

Green San. Dist. UC* 2, 000 10. 06 3 

Hines 1956 1, 500 10.0 1 

Illahe Hills UC* 500 5. 3 1 

Knoxtown 1959 100 0. 60 1 

LaGrande UC* 12, 000 100. 00 2 

Lakeview 1960 5, 600 55.8 2 

Meadowlark School 1960 280 0. 5 1 

Ontario 1960 6, 500 65.0 2 

Pilot Rock 1959 2, 500 23. 76 2 

Prineville 1960 5, 000 50. 00 2 

Scio UC* 600 4. 7 2 

South Suburban S. D. 1959 15, 000 128.0 4 

Taft UC* 1, 500 9. 5 2 

Vale 1955 1, 800 24. 3 2 

Veronica 1961 1, 200 10. 3 1 

Westmont 1960 175 1. 70 1 

Willamette Luth. Home s UC * 175 1. 75 1 

Under construction as of June 30, 1962 
** After Oregon State Sanitary Authority 
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STABILIZATION MECHANISM 

The active stabilization mechanism in a lagoon is an interac- 

tion between bacteria and algae and other biological forms. This re- 

sults in the decomposition of organic matter and the destruction of 

sewage bacteria. Sedimentation of sewage solids occurs immediate- 

ly after the sewage enters the lagoon, resulting in a sludge blanket 

in primary cells. Benthic or anaerobic decomposition of the settled 

organic matter produces an inert residue, and soluble organic nu- 

trients diffuse into the overlying water, which is available for con- 

sumption by bacteria and oxygen -producing algae. During daylight 

hours, the algae, through photosynthesis, liberate excess oxygen, 

which is partially responsible for maintaining an aerobic system. 

Dispersion of the benthic material is accomplished by wind action and 

by convection currents. Stabilization of the remaining colloidal and 

suspended matter is accomplished by the bacterial -algal interaction, 

wherein organic wastes are decomposed by aerobic bacteria that are, 

in turn, supplied oxygen by algal activity. The overall process may 

be formulated as an oxidation of organic matter to carbon dioxide by 

bacteria and the utilization of this carbon dioxide for photosynthesis 

by algae, which provides oxygen for further bacterial oxidation. 

This results in conversion of relatively unstable organic matter to a 

more stable algal mass (28, p. 11). The process may proceed 
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without odor nuisance, if aerobic conditions are maintained by the 

presence of available oxygen. 

Figure 1, Stabilization Mechanism, illustrates a simplified 

representation of the process. From this illustration, it can be seen 

that both photosynthesis and respiration play an important role in the 

waste water lagoon process. 



SEWAGE D.O. ALGAL 
MASS 

BACTERIAL 
OXIDATION 

BACTERIAL -4) 
MASS 

ALGAL 
PHOTOSYNTHESIS 

) 
CO2+H20 + NH3 

STABILIZATION MECHANISM 

Figure 1. 

LIGHT 

- \ 
1 

r. 



FACTORS AFFECTING THE PROCESS 

Oxygen 

9 

Since the process is biological, and aerobic conditions are es- 

sential to assure freedom from objectionable odors, factors affecting 

the oxygen resources are of utmost importance. The primary 

sources of oxygen in their order of magnitude are: 

1. Production of oxygen by algae through photosynthesis 
2. Direct reaeration from the atmosphere 
3. Available oxygen in the chemical composition of the 

sewage 

Most researchers (1 thru 32) agree that considerable overlap- 

ping in the oxygenation mechanism can be expected. In lagoons 

where detention periods are relatively long ( 3 to 6 months), atmos- 

pheric oxygen by surface aeration is considered to be the most impor- 

tant source (3, p. 64). Surface reaeration is also of primary impor- 

tance during periods when photosynthetic production of oxygen by al- 

gae is low due to limited light intensities or other conditions. In la- 

goons where detention periods are relatively short (less than 3 

months), photosynthesis is generally considered to be the major 

source of oxygen (3, p. 64). 

Dissolved oxygen concentrations of 30 and 40 mg/ 1 are not un- 

usual for most of the daylight hours. These high concentrations 
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originate from rapid photosynthesis, and the gaseous exchange at the 

surface results in a loss of oxygen rather than an increase. Contri- 

butions of oxygen by surface aeration can only be made when the oxy- 

gen concentration in the lagoon is less than saturation. 

Figure 2, Surface Aeration vs. Photosynthetic Oxygen Produc- 

tion, indicates that the dissolved oxygen concentration in lagoons is 

greater than saturation during the daylight hours, and less than 100% 

saturation during the hours of darkness. The magnitudes reflected 

indicate typical observations, and are not observations from a speci- 

fic lagoon. Studies by Bartsch (3, p. 64), show that lagoons having 

an average dissolved oxygen concentration of 36% of saturation may 

receive approximately 8 lbs. of oxygen per acre per day by surface 

aeration. Work reported by Bartsch for a lagoon loaded at 17 lbs. 

of 5 -day 20° C. BOD per surface acre per day indicates 

that approximately 4 pounds of oxygen are introduced from surface 

reaeration. Because of the fact that for approximately one -half of 

the day this lagoon oxygen content is above saturation and deaeration 

is taking place, surface aeration is only effective for the remaining 

half of the day. Studies conducted at Oregon State University have 

confirmed these findings. The approach used in the studies con- 

ducted at Oregon State University was to apply the gas transfer equa- 

tion: 

dD/dt = -K2D 
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where D is oxygen deficit at the observed temperature or the differ- 

ence between saturation values for dissolved oxygen at that temper- 

ature and the actual concentration of dissolved oxygen present. It 

was found that the pounds of dissolved oxygen transferred per sur- 

face acre per day at steady state conditions may be calculated by the 

following equation: 

lb /day = K2D x 24 

The range of K2 values found was from 0. 039 to 2. 30 with a median 

value of 0. 206. Considering a 12 hour period of deaeration, surface 

reaeration can be estimated to be approximately 15 pounds per acre 

per day for a lagoon loaded at approximately 50 pounds of 5 -day 

20° C BOD when the lagoon temperature is 5 °C. and . 

the average oxygen deficit is 9 mg/ 1. This represents approximate- 

ly one -third of the oxygen required to stabilize the sewage (7,p. 22). 

The third source of oxygen is chemical compounds found in the 

sewage. They are important because of their relationship to the 

photosynthesis and respiration processes. When the free oxygen 

supply is exhausted, compounds containing oxygen serve as a source 

of oxygen for bacterial respiration. Many researchers (3, p. 66) 

agree that the supply of oxygen necessary for stabilization of organ- 

ic sewage follows a set pattern and in the following sequence: 
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1. 02 - Free dissolved oxygen 

2. NO3 - Nitrate 

3. NO2 -Nitrite 

4. SO4 - Sulfate 

5. PO4 -Phosphate 

In studying the nitrogen cycle, it is readily detectable that ni- 

trates, particularly sodium nitrate, lead to the formation of ammo- 

nia, usually associated with the raising of pH. Both ammonia and 

high pH enhance algal production and higher oxygen levels. As ni- 

trates and nitrites are often used to determine the state of pollution 

in streams,they may also be associated with the waste water lagoon 

process. The sulfate molecule, however, leads to the formation of 

hydrogen sulfide, which is detrimental to the process and is associ- 

ated with the offensive odors accompanying anaerobic conditions in 

malfunctioning installations (3, p. 66). 

From the foregoing discussion, it can be concluded that this 

type of treatment process will function, and, in fact, treat sewage if 

sufficient oxygen is available. It can also be concluded that this 

process is very much like the self -purification process of streams. 

Further, each of the three major sources of oxygen are indeed sig- 

nificant, although a considerable amount of overlapping can be ex- 

pected. Many of the following parameters studies are interrelated 
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with oxygen and affect oxygen production. 

Algae 

As discussed in the preceding section, the primary source of 

oxygen in waste water lagoons is the oxygen produced by algae in the 

process of photosynthesis. In the presence of sunlight, algae and all 

types of plant life containing chlorophyll combine with water and car- 

bon dioxide to form carbonaceous matter. In this bio- chemical re- 

action, oxygen is released: 

CO2 + 2H20 (CH2O)+ H2O + 02 
Algae 

Approximately 262 species of algae have been identified, and 

they are usually classified into the following four major classifica- 

tions for sanitary engineering purposes: 

1. Blue -green 
2. Green 
3. Diatoms 
4. Pigmented flagellates 

The most numerous genera have been found to be Chlorella, 

Scenedesmus and Euglena (8, p. 15). Chlorella, the most predominant 

genus of algae, is capable of growth in the dark with organic com- 

pounds, so that algal growth might be possible at the expense of or- 

ganic nutrients contained in the sewage (12, p. 1215). However, 

neither sewage nor its bacterial oxidation products contain material 

- 
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utilizable by Chlorella in the dark in the pH range encountered in la- 

goons. From this discussion, it can be concluded that oxidation of 

organic matter in sewage is carried out by bacteria and other micro- 

organisms, and that growth of the usual lagoon algae in sewage oc- 

curs only at the expense of carbon dioxide produced by microbial 

oxidation or absorbed from the air. It can further be concluded that 

the growth of sewage lagoon algae, such as Chlorella, is limited 

through the furnishing of carbon dioxide by oxidation of organic mat- 

ter. 

Researchers have found that there is no correlation between 

species and geographical location, between species and BOD loading, 

between species and degree of treatment (12, p. 1218). Unfailing 

appearance of the genus Chlamydomonas has been noted after each 

anaerobic period (12, p. 1218). During cold weather, the species 

best suited to cold are prevalent, but may be of little quantitative 

importance during hot weather. 

The maximum algal crop which can be grown on the nutrients 

present in domestic sewage in laboratory experiments is 1 to 2 grams 

per liter (dry weight). The maximum yield from actual field tests is 

approximately 0. 5 grams per liter (dry weight). The actual yield, 

however, depends upon the physical features of the lagoon environ- 

ment; namely, temperature, amount of light and the enzymatic 
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processes of the bacteria, protozoan and insects associated with the 

algae (8, p. 26). 

An effort was made to identify the most prevalent genera. and 

to count and measure the volume of plankton in the two cells at the 

Oregon State University Experimental lagoon. An analysis of the da- 

ta reveals that the three most predominant genera found were Chlor- 

ella, Euglena and Scenedesmus. 

Wet volume in liters per 100 liters varied from 0. 25 liters /100 

liters to U . 0 1 liters /100 liters in the most heavily loaded cell, and from 

Sí, liters per 100 liters to 0. 02 liters per 100 liters in the cell 

loaded at approximately 50 lbs. of 5 day 20° C. BOD per surface 

acre (7, p. 28). 

Temperature 

The optimum temperature for the production and propagation of 

algae varies from 18° C. to 30° C. for green algae and 35° C. to 

o 
400 C. for blue green algae (27, p. 56). Other research done in this 

field, however, reveals that temperatures of L., C. to 13° C. do not 

interfere with the production of large algal crops and are not a hin- 

drance to lagoon operation (8, p. 26). This is also confirmed by the 

successful operation of waste water lagoons in areas such as the Da- 

kotas, Canada and the State of Alaska (2, p. 324; 14, p. 95; 31, p. 1; 

32, p. 324), where freezing temperatures prevail throughout most of 

u. 
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the winter months. 

Rates of chemical reactions, however, increase greatly as the 

temperature is raised. By Vant Hoff's Theory,rate is doubled by 

every 10o C. increase in temperature. Both aerobic and anaerobic 

waste stabilization reactions follow this relationship, and useful lim- 

its are 3° C. and 35° C. The lower limit is due to the retardation of 

bacterial and algal activity at temperatures approaching freezing, 

and the upper limits are the result of the thermal inactivity of most 

species of algae (13, p. 965). Mean temperature of waste water la- 

goon contents is moderated considerably by ground temperature, 

lagoon depth and by evaporation. 

Temperature affects the stabilization process mainly through 

its influence on the rate of BOD reaction, including algal respiration, 

and on the dissolved oxygen saturation value. Relation to oxygen 

production in photosynthesis must also be considered. 

Water temperature of lagoons can be expected to range from 

near 0° C. in winter to as much as 35° C. at mid -summer. Over 

this range, the rate at which the ultimate carbonaceous BOD is sat- 

isfied changes widely. Table II, Effect of Temperature on Rate of 

BOD Satisfaction, indicates it takes 13 days at 5° C. to accomplish 

what takes only 4 days at 300 C. 
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Table II. Effect of Temperature on Rate of BOD Satisfaction 

Temp. 
o C. 

Time in Days* for 90% 
BOD Satisfaction 

5 13. 1 

10 10. 4 
15 8. 3 

20 6.7 
25 5. 3 

30 4. 2 

k1 0. 15 at 20° C. 
kT = k20 x 1. 047 

Based on ultimate first stage BOD 

During the low temperature period before ice cover and im- 

mediately after the ice thaws, photosynthetic production of oxygen 

alone may be insufficient to meet sewage oxidation demands. As 

long as ice is not a barrier, surface aeration then assumes greater 

importance and helps to satisfy the demands exerted. 

Laboratory tests have shown that with certain species of Chlor- 

ella, a rise of 10° C. may accelerate the photosynthetic rate from 50 

to more than 200 percent (3, p. 72). A generally similar tempera- 

ture effect has been found also for algae living under natural condi- 

tions (3, p. 72). Other considerations which affect the oxygen pro- 

duction by photosynthesis are (1) diminishing solar radiation, (2)drop 

in algal density, and (3) changes in species composition occurring at 
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the same time. 

An analysis was made of climatological data prepared by the 

U.S. Weather Bureau to determine the temperature variations 

across the State of Oregon. Figure 3 shows the average tempera- 

tures in the State of Oregon for 1961. 

Light 

In studies conducted by Hermann and Gloyna, it was reported 

that oxygen production is influenced more by variations in algal pop- 

ulation than by light intensity variations, and that only a limited 

amount of available light energy is utilized by algal cells in photo- 

synthesis. It was further stated that after a certain critical light 

intensity is utilized, additional light energy is not used. The satu- 

ration light intensity for the species of algae most prevalent in la- 

goons, Chlorella pyrenoidosa, is estimated to be 600 foot candles, 

whereas the incident sunlight intensity at noon on a clear day is ap- 

proximately 8, 000 foot candles in temperate latitudes (13, p. 966). 

Although high intensity light is not required for successful 

waste treatment, it is important that enough light be provided to 

drive the photosynthesis process for about one -half of each day (13, 

p. 969). 

Algal distribution relative to light intensity determines that 

. 
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(After U.S. Weather Bureau) 
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photosynthetic oxygenation will be greatest somewhere near the sur- 

face, and essentially absent at the bottom. Studies conducted at Ore- 

gon State University in January 1959 indicate that 65% of the oxygen 

production occurred in the top 12 inches of lagoon depth. 

Figure 4, Oxygen Production vs. Depth, gives the results of 

an analysis conducted on January 2, 1959, with a light energy of 177 

gram calories 2, temperature at 8. 7° C. , wind velocity of 50 mph 

from the southwest, and precipitation 0. 06 inches (6, p. 25). These 

vertical gradients may be disrupted by wind, heavy rain and nightfall. 

As daylight approaches, a fairly uniform vertical distribution in tem- 

perature, dissolved oxygen and algal density exists. 

Justification of lagoon depth greater than optimum oxygen pro- 

duction depths must be based on sludge storage and weed control (7, 

p. 27). 

From the Beer - Lambert Law for light absorption, a geometric 

relationship of light intensity to depth can be expected. Figure 5, 

Light Penetration in Three Wisconsin Lagoons, is plotted as logarithm 

of the percentage of surface light intensity remaining at the depths indi- 

cated (3, p. 68). Depths at which 1% of the surface light remains are 

11, 13.5 and 19.5 inches (3, p. 68). Light penetration for an artifi- 

cial lake in the same vicinity was approximately 21 feet. Figure 6, 

Relation of Light Penetration to Algal Stratification, where Euglena 
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cells are concentrated in a 3 -inch layer 4 inches below the surface, 

plots the effects of algal stratification. 

Solar intensities are only one parameter that exercise control 

over oxygen production. In an experimental installation at Fayette, 

Missouri, it was determined that light intensity controlled the level 

of oxygen production by photosynthesis in cells loaded at or above 40 

lbs /surface acre, but in cells loaded at less than 40 lbs /surface 

acre, it was found that light intensity was subordinate to available 

nutrients (18, p. 634). The Fayette worker indicated that a mini- 

mum monthly solar radiation level of 150 to 160 Langleys per day 

is necessary for satisfactory performance and suggests that 1. 5 

Langleys per day per lb. of BOD per acre with a safety factor of 2 

would be a reasonable method of determining the allowable loading. 

Studies conducted at Oregon State University show that lagoons 

can be operated successfully with solar radiation levels as low as 50 

to 70 Langleys (gm. cal /cm2) per day (7, p. 65). 

A study of the effects of low light intensity and short periods of il- 

lumination on the growth of lagoon algae in sewage was conducted by M. 

B. Allen for the California State Water Pollution Control Board. Since 

the genus Chlorella was found to be the dominant algae during the 

portion of the purification process where the light is most severely 

limiting, it was chosen for these studies. 
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Figure 7, Effect of Length of Day on Growth of Chlorella, in- 

dicates that the growth of Chlorella was not affected by reduction of 

daily period of illumination until the extreme condition of only four 

hours of light each day was reached. Similar results were obtained 

from altering the light intensity. As shown on Figure 8, Effect of 

Light Intensity on Growth of Chlorella, a reduction of light intensity 

from 4000 to 200 lux (lux = meter candles, 10 lux = 1 foot candle) 

had little effect on growth of Chlorella in sewage. This indicates 

that growth of Chlorella in sewage is limited by other factors, such 

as the available nutrients. 

Information concerning solar radiation in the State of Oregon 

is quite difficult to obtain, since only four pyrehelimeters are pres- 

ently operating in this State. Data compiled by Gilbert Sternes, 

U. S. Weather Bureau, in the form of an iso- radiation map show- 

ing monthly averages of the average daily solar radiation in Langleys 

per day, appears to be the most accurate information available, which 

covers the entire State. 

Figure 9, Average Monthly Solar Radiation Data for Oregon, 

is a reproduction of Mr. Sterne's monthly data. The monthly 

average percent of sunshine in Oregon, also compiled by Mr. 

Sternes, is shown on Figure 10. (10 P. 34, 35). 
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Wind 

Wind can be considered both an asset and a liability in the de- 

sign of waste water lagoons. The beneficial effects can be utilized 

by locating the lagoon for maximum exposure to prevailing winds. 

Studies conducted in North Dakota (28, p. 52) indicate that the dis- 

tance for which obstacles such as trees, hills and other objects will 

noticeably reduce wind effect is 20 times the height of the obstruc- 

tion. These studies further reveal that the water surface of the la- 

goons was observed to resist wave formation, apparently due to low- 

er surface tension, when winds are less than 30 miles per hour. 

Wind direction must be considered in locating certain lagoon 

appurtenances, namely, the inlet and outlet structures. Accumula- 

tions of surface scum in the vicinity of the outlet structure can re- 

sult if outlet structures are located in the upwind portion of the 

lagoon. Short circuiting can be prevented by considering the direc- 

tion of the prevailing winds in locating the inlet and outlet struc- 

tures. 

The average hourly velocity and the prevailing direction of 

wind for each month of the year in the State of Oregon are shown on 

Figures 11 and 12. Figure 13 shows the mean annual velocity and 

wind direction. This information was compiled by the United States 
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Figure 12. Wind Direction & Velocity 
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Figure 13. Wind Direction & Velocity 
Oregon Mean Annual 
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Department of Commerce, Weather Bureau (25). 

An analysis of the wind data indicates that the average hourly 

velocities in the State of Oregon vary from approximately 14 miles 

per hour in the northwestern portion of the State to 6 miles per hour 

in the eastern sector of the State. An analysis of Figure 14, Annual 

Percent of the Time Wind Occurred from the Direction Shown, indi- 

cates that in the portion of the State west of the Cascades, the pre- 

vailing winds are from the north and northwest, whereas east of the 

Cascades, the prevailing winds are from the south and southeast. 

Precipitation 

The effect of precipitation upon waste water lagoons in Oregon 

is another climatalogical factor that could be quite pronounced and 

needs further consideration. The annual precipitation in 1961 varied 

from less than eight inches in the south central sector to over 128 

inches in the northern coastal section of the State. 

In the construction of lagoons in areas of high rainfall, every 

effort should be made to exclude runoff water. Runoff water will not 

only occupy valuable lagoon volume, thus reducing the detention per- 

iods, but will also carry inert solids that may be detrimental to the 

propagation of algae. It is recognized, however, that the sewage in 

the lagoon will be diluted somewhat, thus buffering some of the ad- 

verse effects. 
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Long -term mean monthly precipitation data for the various 

United States Weather Bureau Oregon Districts has been compiled, 

and is shown in tabular form on Table 3. A map showing the total 

annual precipitation for 1961 is shown on Figure 15 (23). 

Evaporation 

Another climatological parameter that must be considered in 

formulating design criteria is evaporation. 

A significant portion of the waste water entering a lagoon is 

discharged to the atmosphere in the form of water vapor. Studies 

conducted at Oregon State University show that during the four sum- 

mer months, evaporation exceeded precipitation by over 650, 000 

gallons for a lagoon of one surface acre (7, p. 29). Based on 100 

gallons per capita per day, this represents the waste discharge from 

an equivalent population of 55 persons /per acre per summer month. 

The Oregon State study further suggests that criteria based on evap- 

oration plus storage during critical summer months in lieu of dis- 

charging the effluent may be of particular advantage when disinfec- 

tion is required (7, p. 30). 

A tabulation of evaporation data for the various United States 

Weather Bureau Districts in the State of Oregon has been compiled, 

and can be found on Table 4. Probably the most recent evaporation 



Table 3. Long -term mean monthly precipitation - division averages. 
SOUTHWEST- NORTHERN HIGH 

MONTH COASTAL WILLAMETTE ERN VALLEY CASCADES PLATEAU 
NORTH 

CENTRAL 
SOUTH 

CENTRAL 
NORTH- 
EAST 

SOUTH - 
EAST 

January 11.71 7.71 4. 81 8. 50 5. 40 1.91 1.48 2. 29 1. 10 

February 9.73 6.25 3.41 7.28 3.82 1.52 1.14 1.96 0.93 

March 8.90 5.59 3.09 7.40 3.55 1.35 1.03 1.87 0.85 

April 4.91 3. 30 2.06 4.43 2.11 1.04 0.92 1.56 0.82 

May 3.30 2.66 1.90 4.04 1.90 1.01 1.21 1.73 0.97 

June 2.31 2.04 1.44 3.23 1.64 1.12 1.25 1.94 0.99 

July 0.72 0.53 0.25 0.79 0.41 0.23 0.29 0.49 0.23 

August 0. 86 0. 69 0.26 0.83 0.48 0.25 0.31 0.46 0.18 

September 2. 21 1.80 0.87 2.46 0.91 0.61 0.54 0.83 0.37 

October 6.59 4.93 2.78 6.22 2.85 1.33 1.00 1.52 0.68 

November 10. 56 7.62 4.17 8.79 4.54 1.89 1.36 2.15 0.96 

December 13.62 8.64 5.25 10.21 5.97 2.13 1.61 2.56 1.18 

ANNUAL 75.42 51.76 30.29 64.17 33.58 14.39 12.14 19.36 9.26 

. 

- 

ó0 
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(After U.S. Weather Bureau) 
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Table 4. Evaporation. 

MONTH COASTAL 

WILLAMETTE SOUTHWEST- NORTHERN 
VALLEY ERN VALLEY CASCADES 

HIGH 
PLATEAU 

NORTH 
CENTRAL 

SOUTH 

CENTRAL 
NORTH- 
EAST 

SOUTH - 
EAST 

January 0.88 

February 1.12 

March 2.40 

April 2.99 3.86 4.59 4.68 4.85 

May z 4.27 4.12 3.16 3.50 5.36 7.13 7.68 
O 

ZO 

June 5.88 6.16 6.63 9.05 9.37 9.40 P 9.88 

July Ó 8.01 8.52 7.63 9.15 10.68 11.55 11.80 

August 
0 

6.89 7.11 6.16 7.11 9.67 9.46 
z 

9.84 

September 4.17 4.76 2.66 4. 11 6.79 5.97 6.22 
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data available for the State of Oregon is a map prepared by Mr. A. 

M. Petska, Office of the Oregon State Engineer, Water Resources 

Department. This map was prepared from information obtained 

from the United States Weather Bureau Publication No. 37, (34), 

supplemented with evaporation information obtained from the State 

of Oregon's Evaporation Stations. 

Figure 16 shows the location of the State of Oregon's Evapora- 

tion Stations, as well as isolines of evaporation. It must be recog- 

nized, however, that large lake evaporation will differ from the 

evaporation from relatively small waste water lagoons. For the pur- 

poses of this study, it is felt that the accuracy of this information is ad- 

equate to justify its use in formulating design criteria for the State of 

Oregon. 

Soil Sealing 

A critical requirement for successful operation of waste water 

lagoons is the impermeability of the lagoon bottom and levees. A 

seepage rate of 1/4 inch per day from an area of one acre would re- 

move more waste water than could be supplied by 100 persons con- 

tributing 50 gallons per capita per day. Excessive seepage in installa- 

tions located in the Midwest has prevented the optimum operating 

depth from being obtained (11, p. 145). Certain installations in the 
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State of Oregon constructed as early as 1958 have never attained the 

optimum operating depth, thereby creating a difficult and expensive 

weed control problem. Figure 17 is a typical example of such an in- 

stallation. Only limited studies have been conducted on soil condi- 

tioning and soil sealing of lagoons. 

Water Balance 

Waste water lagoons may be operated in any of the following 

methods: 

1. Total retention with no overflow 
2. Intermittent drawdown based on the 

receiving stream requirements 
3. Continuous overflow 

For complete retention, the flow of sewage must balance the 

natural water losses. A fluctuation in water level should be expected 

with seasonal variations in water consumption, evaporation, precipi- 

tation and seepage. 

To maintain a constant operating level or to have an overflow, 

the influent flow plus precipitation must equal or exceed evaporation 

plus seepage. If the seepage or evaporation is excessive, sufficient 

water depth for proper pond operation will not be maintained. Con- 

sidering these items, a water balance equation can be formulated as 

follows: 



Figure 17. Example of Excessive Seepage in a Waste Water Lagoon. 
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EI+ EP +ER + E Inf = EE + ES + AV 

where: I = Influent, P = Precipitation, R = Runoff, 

Inf = Infiltration, E = Evaporation , S = Seepage, 

and AV = Change in Volume. 

As pointed out in earlier sections of this report, every effort 

should be made to minimize runoff, infiltration and seepage, thus 

reducing the water balance equation to: 

Influent + Precipitation = Evaporation + Effluent 

Studies conducted at Oregon State University on water balance 

show that a significant portion of the waste water entering a lagoon 

is discharged to the atmosphere in the form of water vapor. The re- 

sults of the Oregon State University study are shown on Table 5 and 

Figure 18. 

Table 5. Water Balance Data 

Precipitation - evaporation Equivalent 
Month inches gallons person months /acre 

June -5. 59 151, 729 50. 3 

July -8. 94 242, 738 80. 8 

August -5. 00 135, 760 48. 5 

September -4. 29 121, 912 40. 4 

4 -24. 02 652, 139 220. 0 

The curve of precipitation minus evaporation most nearly 



E
v
a
p
o
r
a
t
i
o
n
,
 
I
n
c
h
e
s
 

46 

illustrates water balance. Extending this curve to include the winter 

months and graphically determining the mean may be a more realis- 

tic approach in determining loading criteria. It was suggested, how- 

ever, that by utilizing the information concerning water balance, it 

may be feasible to design waste water lagoons in this area for total 

retention or no overflow during the summer months of high strength 

sewage. Experimentation along these lines will be conducted at Ore- 

gon State University during the summer of 1963. 

A typical water balance analysis for the Southwestern valleys 

of Oregon can be found on Table 6. 
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Table 6. Water balance data for Southwestern Valleys district 

Month 
Precip. 
Inches 

Evap. 
Inches 

Net gain or loss 
Inches Gals /month Gals /day 

January 4.81 0.88 +3.93 +106,700 +3,400 

February 3.41 1. 12 +2.29 + 62, 300 +2, 200 

March 3.09 2.40 +0.69 + 18,700 + 600 

April 2.06 3.86 -1.80 - 49, 000 -1, 600 

May 1.90 4.12 -2.22 - 60,400 -1,950 

June 1.44 6. 16 -4.72 -128,000 -4,300 

July 0.25 8.52 -8.27 -224,200 -7,200 

August 0.26 7.11 -6.85 -186,000 -6,000 

September 0.87 4.76 -3.89 -105,200 -3,500 

October 2.78 1.97 +0.81 + 22,000 + 710 

November 4. 17 0. 67 +3. 50 + 95, 200 +3, 060 

December 5.25 0.51 +4.74 +128,800 +4,200 

Sludge Accumulation 

The accumulation and distribution of the sewage sludge is an- 

other important consideration in the formulation of design criteria 

for waste water lagoons. Studies conducted at Oregon State Univer- 

sity indicate that the sludge blanket is in a constant state of change. 

The limited data compiled in these studies resulted from core 
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samples collected in plastic tubes 1. 25 inches in diameter from per- 

manent sampling stations located at various points within the two la- 

goons. The West lagoon was loaded at approximately 100 lbs. of 5 

day BOD, while the East lagoon was loaded at approximately 50 lbs. 

of 5 day BOD. The data consisted of sludge depth, weight and per- 

cent of volatile solids. A tabulation of the data from samples taken 

March 21, 1961 and March 10, 1962 is shown on Table 7 (7, p. 23). 

By comparing the data from samples taken almost one year 

apart, the fact that the sludge blanket is in a constant state of change 

is confirmed. However, conclusions concerning increase in sludge 

depth, weight or volatile solids could not be made from the limited 

data. 

Another factor concerning sludge accumulation worthy of con- 

sideration is the determination of the BOD load exerted by the sludge 

blanket within the lagoon. Although many students are cognizant of 

this problem, little research has been done in this area. Studies 

have been conducted to determine the significance of organic sludge 

deposits in rivers (30, p. 47 -60), and the correlation of these studies 

to lagoon design criteria should be undertaken in a future research 

project. 

In addition to the BOD load of the incoming sewage, an addi- 

tional load is exerted by the accumulation of sludge in the lagoon. 
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Table 7. - Sludge Accumulation (After Burgess) 

WEST CELL EAST CELL 

Location 
Depth 

ft. 

lb. 
2 

ft. 
% 

Vol. Location 
Depth 

ft. 

lb. 
2 

ft. 
% 

Vol. 

Data from samples taken March 21, 1961 

W1 0.61. 3.90 32 El 0.72 3.82 54 
W2 0.57 2.89 33 E2 0.55 1.95 41 

W3 0.42 1.69 32 E3 0.30 1.08 35 

B4W 0.39 1.67 30 B4E 0.33 1.42 37 

B2W 0.23 1.07 31 B2E 0.15 1.56 22 

W4 0.30 1.38 28 E4 0.25 0.89 35 

W5 0.23 1.07 29 E5 0.27 1.31 33 

B3W 0.25 1.03 28 B3E 0.22 0.92 32 

W6 0.22 0.76 29 E6 0.26 1.88 22 

B1W 0.35 1.90 25 B1E 0.26 2.02 22 

WOF 0.16 1.70 13 EOF 0.24 3.56 10 

Data from samples taken March 10,, 1962 

W1 0.34 5.17 11.7 El 0.24 5.07 16.9 
W2 0.23 1.10 47.5 E2 0.24 1.14 29.6 
W3 0.23 1.50 37.0 E3 0.24 0.94 28.6 
B4W 0.24 0.66 26.7 B4E 0.20 1.05 24.4 
B2W 0.13 1.44 29.9 B2E 0.16 0.26 34.3 
W4 0.20 0.80 32.5 E4 0.18 1.25 46.1 
W5 0.15 0.60 27.6 E5 0.14 0.63 27.1 
B3W 0.14 0.63 26.3 B3E 0.19 0.51 33.4 
W6 0.18 0.87 22.1 E6 0.15 0.61 37.0 
B1W 0.18 0.68 26.3 B1E 0.15 1.40 30.0 
WOF 0.18 1.44 19.5 EOF 0.17 0.50 24.4 

lb /ft2 = pounds of sludge per sq. ft. of bottom 
percent fixed = 100 - percent volatile 

. 
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For this reason when lagoons are to be operated in series, the pri- 

mary cell must be designed to handle the entire load from the in- 

coming sewage plus an allowance for the BOD exerted by the sludge 

blanket. 

Diurnal Fluctuations 

Daily changes in light, temperature and other climatological 

conditions bring about a recurring pattern in lagoon temperatures, 

oxygen concentrations and other characteristics. An idealized form 

of this repeated diurnal pattern is shown on Figure 19. The vertical 

gradients shown may be disrupted by any one of many variables. 

They include temperature of the sewage and the air, the relative hu- 

midity, the intensity and duration of light, the wind direction and in- 

tensity, the evaporation rate, the color and turbidity of the sewage, 

the nutrients, the algal concentration and the chemical composition 

of the sewage. Some of these variables result from the biological 

status of the sewage, while others are climatic in nature. Because 

of these and other variable parameters, the difficulty of formulating 

design criteria for waste water lagoons is compounded. Examina- 

tion of the data obtained from past climatological history is about 

the only means available for predicting lagoon operation. 
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Seasonal Factors 

In certain portions of the State of Oregon, ice cover must be 

considered in determining criteria for the design and operation of 

waste water lagoons. Formation of ice cover limits light penetra- 

tion and oxygen produced by photosynthesis is less than the oxygen 

demand, although algal concentrations are sufficiently high. Studies 

show that an ice cover of 9 to 27 inches can reduce light intensities 

from 75% to 99. 5% (3, p. 77). Under these conditions, surface aera- 

tion is not possible, dissolved oxygen is soon exhausted, and anaero- 

bic conditions result. Although hydrogen sulfide is present, ice cov- 

er prevents its escape into the atmosphere, and obnoxious odors 

during the period of ice cover are avoided. However, nuisance con- 

ditions can be severe immediately after ice cover dissipates. 

Studies of canning waste lagoons (3, p. 77) show that solids 

are removed from solution and suspensions as ice cover is being 

formed. Many of these solids never go back into solution. For this 

reason, the supernatant remains relatively clear, and this fact may 

account for the winter -time BOD reductions. Spring thaws, however, 

bring about a short period of anaerobic conditions, and accompanying 

obnoxious odors. 

From this discussion, it can be concluded that lagoon operation 

is more critical in areas where ice cover can be expected than in 
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warmer climates. Figure 20 shows the seasonal relations in a la- 

goon used for the treatment of cannery wastes. The seasonal rela- 

tions of the cannery waste BOD and dissolved oxygen content, the 

solar radiation, algal density and the lagoon effluent BOD and dis- 

solved oxygen are shown. By analyzing the information, it appears 

that a direct relationship exists between solar energy and algal den- 

sity, and also between solar energy and the lagoon dissolved oxygen 

content. An attempt was made to relate these parameters, utilizing 

the data obtained from the Oregon State University studies conducted 

by Burgess et al (6, p. 50 -98), but the results obtained were not 

conclusive. 
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OTHER FACTORS 

Effluent 
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Because the annual precipitation exceeds annual evaporation, 

waste water lagoons in Oregon must be operated with continuous or 

intermittent overflow the majority of the time. As a result, bac- 

teriological quality of the lagoon effluent is of particular importance. 

Probably the most universally used test for the determination of ac- 

tual waterborne diseases is the Most Probable Number Coliform 

Test (1, p. 494). While the coliform organism is not harmful in it- 

self, its presence indicates that the water has been contaminated by 

human fecal matter and there is a dangerous possibility of water- 

borne disease bacteria being present. 

Studies conducted at Fayette, Missouri (18, p. 640) on experi- 

mental lagoons loaded at 20, 40, 60, 80 and 100 lbs. of 20° C. 5 day 

BOD show that no cell failed to remove less than 99. 9 percent of the 

coliform bacteria present in the sewage. The Oregon State Univer- 

sity studies indicate that coliform bacteria removals are quite vari- 

able, and are influenced by wind direction, loading rate and temper- 

ature. Results of this study report an average removal of about 95 %, 

high removal of 99. 7% and a low of 14 %. Table 8 shows the results 

of Oregon State University studies. Additional studies indicated that 
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Table 8. Bacteriological Data 

Day Coliform bacteria Day Coliform bacteria 
of per ml /100* of per ml /100 

Date wk Raw West East Date wk Raw West East 

1960 

7 -15 F 40 3.8 3.15 9 -12 M 440 6.5 80 

8- 3 W 70 10.2 4.2 9 -14 W 210 - 9 

8- 6 S 70 60 20.4 9 -16 F 360 2.0 17.5 

8- 8 M 350 29 7 9 -21 W 110 1.7 18 

8 -10 W 700 24.6 26 10 -28 F 160 12.0 1.3 

8 -12 F 1800 29 23 11 -11 F 20 - 0.5 
8 -15 M 25 11.8 6 12 -19 M 50 2.4 0.45 
8 -17 W 170 36 15 12 -30 F 770 14 0.6 
8 -24 W 280 35 10 1961 

8 -29 M 1600 38 79 1 -7 S 30 22 2.4 
8 -31 W 700 18 6.5 1 -14 S 30 2.4 3.2 

1 -28 S 25 0.15 0.15 
2 -18 S 8.0 0.88 0.83 
3- 4 S 2.0 0.7 0.2 
3 -11 S 13.5 0.55 0.2 
3 -25 S 1.0 3.0 0.1 
4- 1 S 15 0.6 0.01 
4 -25 T 50 0.5 0.2 
4 -29 S 3 0.5 0.03 
5- 6 S 15 0.44 0.40 
5 -13 S 2.5 0.08 0.50 

** 

6 -14 W 7300 13 7.5 
6 -21 W 350 15 3 

7- 5 W 130 56 3 

7 -19 W 2000 280 30 

7 -26 W 3800 25 31 

8- 2 W 300 40 15 

8- 9 W 7000 70 1 

8 -16 W 80 0.9 2 

* Coliform/ml = reported figure X 100 

Coliform /100 ml = reported figure X 10,000 
* *Series loading West to East cell 
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there were fewer coliform organisms in the secondary effluent than 

in the primary effluent. 

Other tests for an indication of quality of effluent, such as the 

standard BOD, dissolved oxygen,pH, transmittance of light, coliform 

density and chlorine demand tests were used in the Oregon State 

University studies. Dissolved oxygen concentrations varied from 

supersaturation during early spring and summer periods to zero at 

the points of failure. The quality of effluent in terms of percent of 

BOD removed was calculated from 5 -day 20- 
0 

C. BOD data. Ef- 

ficiencies well over 80% were recorded. These findings compare 

very favorably with findings in other parts of the country. The ef- 

fectiveness of the standard BOD test has been questioned by some 

because much of the material in the sample bottle during incubation 

is in the form of living cells which would not affect the receiving 

stream in the manner they affect the BOD measurement (12, p. 1213). 

The merits of chlorination of lagoon effluent and the problem 

of aftergrowth require further study. In the Oregon State University 

studies, it was noted that the chlorine demand of the effluent was at 

times greater than that of the influent. Algae killed coincident to 

chlorination contributes a significant source of dead and readily de- 

composable organic matter to the effluent stream. 

Many workers agree that an effluent with a high algal 
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concentration is both aesthetically and biologically unacceptable to 

the public (12, p. 1213). Some have suggested the removal of algae 

from the effluent by means of filters. Some have proposed the use of 

organic filter media and the utilization of the filter media as a 

source of protein for animals. An experiment was conducted to de- 

termine the feasibility of utilizing hay and sawdust for the removal 

of algae. Results obtained were inconclusive. 

Public Health Aspects 

Some public health aspects other than the quality of the lagoon 

effluent are worthy of consideration. 

In the State of Oregon, sewage lagoons have been suspect in 

the contamination of shallow wells. The necessity of eliminating 

seepage to prevent this hazard was discussed in another section of 

this report. 

Protection from direct contact with contaminated water is of 

concern, and fencing is necessary to eliminate access by children, 

pets and other domestic animals. The feasibility of animals and 

fowl having access to lagoons has been questioned (12, p. 1216). 

The possibility of disease transmission by water fowl carrying con- 

tamination from lagoons to open reservoirs constitutes a definite 

hazard. 
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Another public health aspect is the problem of insect vectors 

of disease. One researcher (4, p. 101) indicated that in ten states 

located in three geographical regions, the predominant species of 

mosquitoes were Culex tarsalis in the Midwest, and Culex pipiens 

and Culex tarsalis in the Southwest. These species are primary 

vectors of encephalitis. 

In European installations where edible fish are gathered from 

the lagoons, it was indicated that fish are possible vectors of sew- 

age-born diseases to unpolluted waters. 

Finally, the quality of the effluent must be considered, es- 

pecially in locating the lagoon with respect to public water supplies. 

Economic Considerations 

This discussion of waste water lagoons would not be complete 

without making reference to the construction costs of the lagoon in- 

stallation. 

The wide acceptance of the waste water lagoon in the past dec- 

ade reflects satisfaction of a demand by municipalities for a treat- 

ment facility which fulfills low cost as well as effective treatment. 

Prior to the acceptance of waste water lagoons, the cost of providing 

both sewers and treatment facilities was beyond the reach of many 

small communities (22, p. 394). Since the acceptance of the waste 
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water lagoon, sewage treatment facilities and sewerage systems are 

well within the economic reach of these same communities. 

A survey conducted in the Midwest concluded that the lagoon 

costs less to construct than other types of waste treatment facilities. 

Land costs, of course, are higher, but are offset by the lower initial 

capital cost and the annual operating and maintenance costs (9, p. 

57 -67). Cost data for 49 Dakota lagoons shows that per capita ex- 

penditures range from $4. 40 to $37. 94, with an average of $14. 84 

(22, p. 394). These costs do not include pumping facilities, where 

such are required. 

No attempt will be made to determine the cost of construction 

of waste water lagoons in the State of Oregon since the land cost var- 

ies greatly, depending upon the location, and the construction costs 

will vary with the specifications. 

Much emphasis has been placed upon the low operating and 

maintenance costs of waste water lagoons in the past. Because of 

this emphasis, operation and maintenance have been overlooked by 

many municipalities and failures have resulted. The lack of opera- 

tion and maintenance, along with the absence of record -keeping, has 

resulted in insufficient quantitative data, which is of extreme impor- 

tance to the design engineer. Unfortunately, the only quantitative 

data available are that obtained from experimental lagoons. These data 

have been the nucleus of all present design criteria. 

. . 
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Loading 
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The proper loading of waste water lagoons is of obvious im- 

portance as a method of establishing lagoon size. Loading standard 

of 1, 000 population equivalent per surface acre of lagoon is consid- 

ered a safe limit in many parts of Europe (12, p. 1214), In the 

State of North Dakota, where ice cover must be considered, a popu- 

lation equivalent of 100 per surface acre of lagoon is sug- 

gested (28, p. 4). In a summary prepared by the National Research 

Council, loadings of 25 to 50 pounds of 5 -day 20° C. BOD per sur- 

face acre per day yielded satisfactory results (12, p. 1214). Studies 

conducted in Australia (12, p. 1214) reveal that loadings up to 67 

pounds per surface acre resulted in 90 to 100 percent BOD removal. 

Two researchers have formulated design criteria based pri- 

marily upon temperature and light. Neel suggests that 1. 5 langleys 

(gm cal /cm2) per day are needed for each pound of BOD per surface 

acre of lagoon (18, p. 639). He further suggested that in order to 

allow for a reasonable safety factor, it appeared reasonable to di- 

vide the lowest daily average langleys per month by two to arrive at 

a preliminary load estimate for any ice -free area, where radiation 

records are available. The application of this design formula to the 
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extreme minimum conditions prevalent to the State of Oregon re- 

sults in suggested loading of approximately 33 pounds of 5 -day 

20° C. BOD for the Northwestern section of the State, and 50 pounds 

per day for the Southeastern section. 

Hermann and Gloyna contend that temperature is far more in- 

fluential than light; hence, volume is a more appropriate basis for 

loading than surface area. They suggest the determination of design 

volume based upon the average pond temperature during the coldest 

month and utilizing the formula: 

V = 5. 37 x 10 -8 Nqy (1.07235-T) 

where V is the volume in acre feet, N is the number of people 

served, q is the daily per capita sewage flow in gallons per day per 

capita, y is the 5 -day 20° C. BOD in mg /1 and T is the operating 

temperature in degrees centigrade. By applying the Hermann - Gloyna 

formula to the conditions prevalent to the State of Oregon, the sug- 

gested loading for the areas where ice cover can be expected would vary 

from approximately 200 population equivalent per surface acre per 

day to approximately 300 population equivalent per surface acre of 

lagoon for the Coastal region of Oregon. These figures correspond 

to 33. 3 and 50 lbs. of BOD per surface acre per day respectively. 

Studies at Oregon State University reveal that lagoons loaded 

at 50 pounds of 5 -day 20° C. BOD will yield satisfactory results in 
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this portion of the State. Although it was recommended that the 

present criteria of 20 pounds of 5 -day BOD per surface acre per day 

be continued, pending further investigation, it was further indicated 

that 20 lbs. per acre per day provided a safety factor of between 1. 5 

and 2. 5. 

Australian studies (12, p. 1214) reveal that detention periods 

of 30 to 40 days are required to reduce the coliform counts to values 

comparable to drinking water standards. These studies further sug- 

gest that multiple cell installations be utilized. 

From this discussion, it can be concluded that a great range 

of variation exists in suggested loading criteria for various parts of 

the world, and even across this country. Most researchers agree 

that the waste water lagoon must be designed with respect to the 

various conditions imposed by the environmental location, and with 

respect to the chemical work which must be accomplished. The fac- 

tors involved in these considerations are, in many cases, climatolo- 

gical in nature, where available data compiled from past history 

must be utilized in determining lagoon operation. 

Physical Considerations 

Physical aspects of the waste water lagoon to be considered 

are site selection, shape and depth, number of cells, levee slopes, 
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crown widths, construction methods, inlet structures, outlet struc- 

tures and miscellaneous structures, such as fencing, warning signs 

and an access road. 

In selecting a site for waste water lagoons, it would appear 

reasonable to apply the same general considerations as for a conven- 

tional type treatment facility, namely; 

a. Reasonable isolation from habitation 
b. Assurance that prevailing winds are 

in the direction of non - inhabited areas 
c. Exclusion of surface drainage from 

the lagoon site 
d. Critical evaluation of the proximity 

of the lagoon to water supplies 
e. Soil permeability tests to minimize 

excessive seepage 

In addition, if an unobstructed windsweep across the lagoon 

were possible, this would be advantageous. 

The shape of the lagoon is important, as a uniform shape, 

either circular, square or rectangular, without coves, peninsulas or 

islands, would minimize areas where surface scum might accumu- 

late. 

As previously mentioned in this report, by maintaining a two 

foot water depth, weed growth can be minimized. Optimum oper= 

ating depths of three feet have been recommended by many designers. 

The altering of operating depths may be necessary for successful la- 

goon operation, especially where shock seasonal loads or ice cover 
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is expected. 

Both single cells and multiple cells operated in series or par- 

allel have been successfully used; however, multiple cells provide a 

more flexible installation. 

Many failures have resulted in lagoon construction because of 

excessive seepage through the levees. Attention must be given soil 

characteristics and construction methods. The following is a sug- 

gested levee construction procedure. 

a. Remove all vegetation from levee area 
b. Scarify 
c. Place embankment in layers of 6 inch to one 

foot, and properly compact with suitable 
equipment. 

Crown widths of approximately 8 feet, with slopes of 3 on 1 and 

with a freeboard of 2 to 3 feet have been used successfully in many in- 

stallations. Seeding or sodding levees with short - stemmed shallow 

rooted grass, and the use of soil sterilizers on the levee area be- 

tween the optimum water level and lagoon bottom have been recom- 

mended by many. The use of bentonite, asphalt coating, concrete 

rip -rap, clay blankets or soil cement stabilization for the sealing of 

porous areas for the stabilization of embankments and weed control 

are other recommendations. 

The use of submerged inlets has been considered desirable. 

Some designers prefer to have the inlet structure located in the 
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center of the lagoon, while others suggest headwalls located in the 

levees. It is generally agreed, however, that the outlet structure be 

designed to enable operators to vary the depth of the lagoon. 

From this discussion, it can be concluded that good, sound en- 

gineering and construction practices are imperative to assure pur- 

poseful lagoon operation. 
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OPERATION AND MAINTENANCE 

In the past few years, much emphasis has been placed upon the 

economy of operating and maintaining waste water lagoons. As a re- 

sult, manycost- conscious communities have interpreted the word 

"minimal" to mean "nothing ", where maintenance is concerned; con- 

sequently, trouble has resulted. 

One operational difficulty that has been encountered in many 

waste water lagoon installations is the problem of providing adequate 

hydraulic loading to maintain an optimum operating depth. Most la- 

goons are designed to provide a specific surface area, but due to 

various conditions, such as excessive seepage, high evaporation 

losses and extremely low flow resulting from a minimum number of 

connections, optimum operating depths are not attained, and a weed 

control problem results. The primary reason for eliminating weeds 

and cattails is to prevent the propagation of mosquitoes. One specie 

of mosquito, Culex tarsalis, a carrier of Western equine encephali- 

tis, has been found in the vicinity of poorly maintained waste water 

lagoons (4, p. 101) . 

Figure 21 shows mosquito larvae found on the Oregon State 

University Experimental lagoon. 

It has been found that an operating depth of two feet is sufficient 
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to prevent the growth of weeds (16, p. 239). To alleviate this weed 

problem, it has been suggested that multiple cells operated in paral- 

lel would enable maintenance of the remaining cells, while the first 

cell is being filled to the proper depth (5, p. 466). 

In areas where ice cover can be expected, it is suggested that 

the waste water in the lagoon be drawn down to a depth of approxi- 

mately two feet in autumn. This effluent is relatively stable because 

of the excellent algal growth during the summer months. It is fur- 

ther suggested that a depth of approximately five feet be maintained 

during the months of ice cover, thereby eliminating or minimizing 

the overflow of the more unstable effluent (5, p. 467). 

Maintenance of lagoon levees is another difficulty encountered. 

Wave action will erode the levees, and cause levee failures. Wind 

and wave action are important considerations that control the maxi- 

mum size of waste water lagoons. A good growth of grass has prov- 

en successful in erosion control when other means, such as rip -rap- 

ping, are economically infeasible. The use of rip- rapping or soil 

stabilization, however, is worthy of consideration, if within the eco- 

nomic means of the community. 

The barring of livestock from the lagoon area is necessary to 

discourage direct contact with the waste water or the effluent from 

the lagoon. Signs prohibiting trespassing and indicating the type of 
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facility within the enclosure must be posted. 

Waste water lagoons are similar to any other type of sewage 

treatment facility in that obnoxious odors and nuisance may result 

from overloading. These odors usually indicate that an oxygen de- 

ficiency exists within the lagoon. One researcher (5, p. 468) sug- 

gests application of approximately 100 pounds of sodium nitrate per 

acre of lagoon for a period of three days, followed by 50 pound appli- 

cations for seven additional days to control these odors. 

The accumulation of surface scum often becomes an odor prob- 

lem. Figure 22 shows an accumulation of scum observed at the Ore- 

gon State University Experimental Lagoon. It has been suggested 

that a motor boat be utilized to break up the surface scum accumula- 

tion, thus enabling it to settle to the bottom of the lagoon. 

In addition to odor, another simplified indicator of lagoon op- 

eration is color. The green color associated with algae usually in- 

dicates satisfactory operation, while the darker green or grey color 

serves as a warning that trouble is forthcoming. In most cases, the 

trouble can be pinpointed to the deficiency of oxygen, and action 

should be taken to increase the oxygen in the lagoon. 

A slightly more sophisticated indicator of lagoon operation is 

the hydrogen ion concentration, pH. pH levels clearly indicate the 

predominance of photosynthesis or respiration- decomposition. pH 

values above 8. 0 indicate a photosynthetic rate that demands more 
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Figure 22. 

Scum Accumulation (A f ter Burgess) 
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Mosquito Larvae (After Burgess) 
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carbon dioxide than quantitites furnished by respiration and decom- 

position. These high pH values, therefore,indicate a very active algal 

population. pH levels less than 8. 0 indicate the failure of photosyn- 

thesis to completely utilize the amounts of carbon dioxide produced 

through respiration and decomposition (18, p. 616). 

The importance of record keeping in waste water lagoon opera- 

tion and maintenance must be emphasized at this time. Data per- 

taining to loading, both hydraulic and biological, the reduction of col - 

iform densities, the standard Biochemical Oxygen Demand Tests, 

the chemical composition of the influent and effluent, as well as cli- 

matological data, could be of extreme importance to the design engi- 

neer. 
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CONCLUSIONS 

The following conclusions are drawn from an evaluation of re- 

search findings and operational reports of existing lagoons. 

1. Waste water lagoons may be used successfully for the 

treatment of domestic and certain industrial wastes in the State of 

Oregon. Climatic conditions, namely temperature, solar energy, 

precipitation, evaporation and wind, have been critically analyzed, 

and do not preclude the use of waste water lagoons in this State. 

Caution must be exercised, however, in recommending their use in 

those portions of the State where extreme climatic conditions pre- 

vail. 

2. The present design criteria of 20 pounds of 5 -day 20° C. 

BOD per surface acre per day unquestionably contains a factor of 

safety. The magnitude of this safety factor could not be determined 

from this evaluation, nor could the use of higher loadings be justi- 

fied. 

3. Utilization of the present design criteria of 20 pounds of 

5 -day 20° C. BOD coupled with an analysis of precipitation and evapo- 

ration to determine water balance may justify raising or lowering the 

criteria for specific locations. Seasonal variation in loading must be 

expected and considered. 
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4. Utilization of multiple cells could increase the flexibility of 

waste water lagoons. Care should be exercised, however, when 

multiple cells are operated in series. The primary cell in every in- 

stance will absorb the entire load, and must be so designed. The 

secondary cell can be utilized to reduce the algal concentration so as 

to produce an effluent aesthetically acceptable to the public. 

5. Recorded failures of waste water lagoons in Oregon have 

resulted from excessive seepage, poor maintenance and operational 

practices, and extremely overloaded conditions in the range of from 

100 to 1000 pounds of BOD per surface acre per day. This would in- 

dicate that site selection.and soil exploration are of prime impor- 

tance. Further, these failures prove that operation and maintenance 

problems are to be expected as in the case of any other type of treat- 

ment, and though minimal, proper operation and maintenance cannot 

be overlooked. 

6. Finally, it can be stated that waste water lagoons are not a 

panacea for all waste water problems, but rather an economical 

means of satisfactorily treating sewage, especially suited for the 

smaller communities where other means are uneconomical. The 

waste water lagoon can tolerate shock loading for short periods of 

time, and the mechanism is quite flexible. 

. . 
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