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I SYNOPSIS

Although the activated sludge process of sewage treat-

ment has been in use for many years, the practice is more

advanced than the theory of the mechanism of the process.

Previous research has resulted in the formulation of various

concepts of basic design factors and good oneration practice,

but many problems have not been completely solved due to the

complexity of the interrelationship between the various face

tors which comprise the process and determine to a great

extent its ability to function properly. Until such time

when the theory of the process is advanced far enough to

permit a more scientific aoproach in design practice, these

plants must necessarily be designed on empirical rules which

have been formulated from the operation results of existing

olants.

The purpose of this investigation was to analyze avail-

able operating data from existing activated sludge plants

to determine the interrelation of the several major factors

involved with the ultimate objective of setting up a logical

procedure for designing such plants on the basis of B.O.D.

loadings.

Routine operating data have been obtained thru correspon-

dence with the officials of a number of conventional type

plants, and the results of 15 of these plants have been se-

lected for inclusion in this study on the basis of the com-

pleteness and apparent reliability of the data.

In analyzing the monthly average operating results of



the 15 plants, periods of normal plant performance and oeriods

of sub-standard performance were established. Loading para-.

meters for each of these periods were computed to include

the B.O.D. load applied per 1000 cubic feet of aeration tank,

the aeration contact time, and the concentration of suspended

solids in the mixed liquor.

Plottings of the computed values of the loading para-

meters show graphically the interrelation existing between

the major fadtors when plant performance was normal. For

comparison, the results of three plants with sub-standard

operating efficiencies have been included in these plottings.

The results obtained by this investigation point out the

advisability of making the type and character of the organic

matter one of the major considerations in determining an

allowable B.O.D. load for the aeration process.

It appears that activated sludge plants treating typical

domestic sewage with little or no industrial wastes are capa-

ble of maintaining normal efficiencies with loadings as high

as 50 pounds of B.O.D. per 1000 cubic feet of aeration tank.

For those plants operating under more or less constant

conditions, an increase in sewage temperature seems to affect

a higher degree of purification of the decomposable organic

material. Thus, the required concentration of activated

sludge solids in the mixed liquor will be higher during per-

iods of low temperature if a given degree of purification is

to be maintained.
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II INTRODUCTION

The activated sludge process of sewage treatment is

one in which sewage is purified by being brought into in-

timate contact with air and biologically active sludge,

which has been previously produced by the process..It is

generally agreed upon that the action of the sludge during

the process of purification is primarily of biological na-

ture, probably induced by enzymes produced by bacteria.

The San Marcos, Texas plant, put into operation in

1916, was the first plant built in the United States.

Since this beginning, the process has been developed thru

laboratory and plant scale studies and is now recognized

as one of the major methods of treating sewage, which is

evidenced by the fact that in 1945 there were 335 such

plants in operation. However, to date, many design and

operation problems remain unsolved due to the complexity

of the many interrelated factors that affect the function-.

ing of the process.

1 - Factors Affecting the Process

It seems pertinent to briefly point out the major

interrelated factors that comprise and control the activated

sludge process. These factors are:

a) Organic Loading which is expressed in terms of ppm

or pounds of 5 - day B.O.D. being impbsed on the

aeration process,

b) Aeration Contact Time, i.e., the time in which the

settled sewage is in contact with the activated
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sludge and air*

c) The Concentration of Activated Solids in the mixed

liquor as it reflects the clarification and puri-

fication abilities of the sludge,

d) The Amount of Air Required to keep the process

aerobic and provide sufficient agitation to facil-

itate intimate contact of the organic matter and

the organisms with which it is associated.

e)Temperature and its effects on the sewage and the

oxidation activity of the activated sludge.

f) Character of the Activated Sludge, i.e., its oxi-

dation activity, concentration, settleability, and

nitrifying ability.

Consideration of these interrelated factors, in the

design of a plant, is necessary in order that the operator

be allowed to exercise a maximum amount of control over

the functioning of his plant.

2 - Previous Investigations

Generally speaking, investigations of the afore men-

tioned factors have been either laboratory research prob-

lems in which the variables, in some measure, under the

control of the plant operator have been studied, or exten-

sive studies covering the operation of many plants for the

ultimate purpose of setting forth empirical rules for de-

sign and operation procedure. Many concepts of fundamental

design factors and good operation practice have been develoed,

but no completely satisfactory basis of design has yet been

found.
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The existing activated sludge plants have been designed

mainly on an empitrical basis, by providing from 4 to 8 hours

detention period for mixed liquor aeration with about 25%

returned activated sludge. Diffused air type plants have

been designed with blower capacities ranging up to 2.0 cu-

bic feet of air per gallon of sewage treated. Newer designs

provide more ample facilities for flexibility in operation

to meet the demands of unforseen and changing conditions.

Greeley (1) proposed the following as loading yard-

sticks:

a) Pounds of B.O.D. applied Der 1000 cubic feet of

aeration tank capacity.

b) Pounds of B.O.D. applied per 1000 cubic feet of

air supplied, or 1000 cubic feet of air supplied

per Dound of applied B.O.D.

c) The parts per million of suspended solids in the

mixed liquor in the aeration tanks.

He stated that for average domestic sewage, a conventional

load is 25 to 30 pounds of applied B.O.D. per 1000 cubic

feet of tank and for normal sewage, one to two pounds of

applied B..D. per 1000 cubic feet of air. Suspended sol-

ids in the mixed liquor range from 1,500 to 2,000 ppm, but

the present tendency is toward lower concentrations. He

presented the following operation data supporting his con-

clusions.



Lb. B.O.D. app. Lbs. of B.0.D.
per 1000 C.F. per 1000 C.F.

Plant Year Aeration Tank of Air

Chicago, North Side 1941 27.7 2.68
Chicago, S.W. Side 1941 18.0 1.08
Cleveland, 0. () 1941 13.6 0.67
Gary, Indiana 1941 26.2 1.59
Indianapolis, Ind. 1940 25.2 1.12
Pasadena, Calif. 1942 26.4 0.72
Peoria, Ill. 1941 29.9 1.13
Wards Island, N.Y. 1940 38.4 2.15
Springfield, Ill. 1941 20.0 1.25

Schroepfer (2) investigated the performance of 17 ac-

tivated sludge plants to determine the effect of the aera-

tion period on B.O.D. removal. By using weighted averages

of operating periods of one year or longer and excluding-

certain plants in which the sewage had unusual characteris-

tics, or for other reasons where the data was not considered

representative, he concluded that the following reductions

were accomplished by complete activated sludge treatment.

Aeration Period - Hrs. % Removal of B.O.D.

3 74
4 84*5
5 91
6 93
7 95

In regard to the loading of aeration tanks, the Nation-

al Research Council reported (3) that activated sludge plants

at military installations had handled loads ranging from

7.0 to 31.5 pounds of B.O.D. per 1000 cubic feet of tank

with suspended solids concentrations varying from 590 to

1500 ppm. Air quantities varied from 6.1 to 13.0 cubic feet

per square foot of tank surface.

The National Research Council also reported, relative

I
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to the efficiencies of aeration and final tanks of mili-

tary and municipal activated sludge plants, that the efficien-

cy of the process relative to B.O.D. loadings, could be ex-

pressed on a "S.S. - hour" basis. This method of rating

loading was claimed to reflect both the amount of biologic-

ally active material and the effective time for biochemical

reaction.

Their results were presented in graphical form, as

illustrated by Fig.A , which shows that B.O.D. removals, in

plants treating sewage from military installations and from

industries, are considerably less than removals obtained

at plants treating ordinary domestic sewage with little or

no industrial wastes.

The committee, therefore, concluded that the unfavor-

able results obtained in plants showing sub-standard per-

formance indicated the advisability of making sewage con-

ditions one of the criteria upon which the kind and degree

of treatment should be based.

Bloodgood (4) has pointed out that the capacity of

an activated sludge plant for any month is dependant on the

concentration of B.O.D. applied and the temperature of the

sewage; that the required aeration contact period is direct-

ly dependant on these two factors if all other conditions

remain more or less the same. Accordingly, he has developed

the following loading formula which is based on one years

operation of the Indianapolis plant:

y M ,where:

Y-= M.G.D. treated per M.G. of aerator capacity.
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X = ppm B.O.D. in the sewage.

M = a constant calculated for each month and

based on the sewage temperature.

Step aeration, a modification of the activated sludge

process, incorporates a principle of incremental loading

whereby sewage is introduced in regulated amounts at multi-

ple points throughout the course of the flow of the re-

turned activated sludge thru the tanks. Torpey (5) pro-

posed that better results are obtained by step aeration be-

cause it makes possible loftger solids detention in the

aerator and allows the storage of more solids under aera-

tion for a given aerator effluent concentration than does

conventional aeration.

Utilizing this principle, he explained that the per-

formance of the process is a function of the "sludge age"

which he defines as the average number of days the sewage

solids remain under aeration from the time they first enter

the secondary process until. they leave. He reported that

operation of the Bowery Bay plant on an experimental basis

for 7 months, during which time an effort was made to keep

the sludge age at 3* days, has shown that this method of

loading would yield efficiencies of 90% for loads as great

as 84 pounds of B.O.D. applied per 1000 cubic feet of tank.

BerbericHs (6) thesis investigation of 30 conventional

diffused air type activated sludge plants in which loadings

varied from 12.to 52 pounds of B..D. per 1000 cubic feet

of tank, seemed to show that minimal percent reductions

in B.O.D. were obtained with loadings in the magnitude of'



I I30 to 35 pounds of B.O.D. per 1000 cubic feet of tank.

He also made efforts to correlate plant performance

with single variables such as aeration contact time, sus-

pended solids concentration in the mixed liquor, air quan-

tities, and nitrate content of the final effluent.

Berberich's plottings of single variables show an in-

crease in the reduction of B.O.D. with increased aeration

periods and suspended solids concentrations.

No definite relationship was established between air

quantities and B.O.D. reduction on a percentage basis. He

concluded that these variables are so interrelated that

each is mutually dependent on the others and attempted to

develop more complex relationships or parameters by which

plant performance might be measured.

These proposed parameters, in order of complexity from

most complex to least complex, were as follows:

K : lbs. of B.O.D. applied per 1000 cu. ft. of

aeration tank capacity per hour detention

time per cu. ft. of air per gallon of sewage

per ppm of S.S. in the mixed liquor x 1000.

K2  lbs. of B.O.D. applied per 1000 cu. ft. of

aeration tank capacity per hour detention

time per cu. ft. of air per gallon of sewage.

K lbs. of B.O.D. applied per 1000 cu. ft. of

aeration tank capacity per hour detention

time.

K4  lbs. of B.O.D. applied per 1000 cu. ft. of

aeration tank capacity.
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Berberich computed such parameters for each plant and

plotted them in various combinations. He suggested that

design capacities might be determined by using a combina-

tion of curves from which might be determined B.O.D. load-

ing, detention periods, air quantities, and suspended solids

concentration in the mixed liquor.

However, the .data used by Berberich was widely scattered

on the several plottings. Since he used ppm residual B.O.D.

as his maj1or dependent factor, it appears that similar re-

sults would be derived from wide variations in sewage con-

centrations.

3.- Scope of this Investigation

The investigation covered by this thesis is, in effect,

a continuation of the work done by Berberich and includes

an extensive addition to the operation data which he analyzed.

After making a careful review of the completeness and appar-

ent reliability of the operation data from a number of

diffused air type activated sludge plants, the data from 15

of these plants was selected for this study.

Computations and plottings of the results have been

made in an effort to discover the interrelationship between

and the magnitude and influence of the several major factors

affecting the reduction of B.O.D. by activated sludge plants.

The tabulations and charts included hereinafter summarize

these computations and plottings.



III FUNDAMENTAL CONSIDERATIONS

1 - B.O.D. Loadin

To serve the purpose of measuring the efficiency of

sewage treatment or for the evaluation of pollutional

load, a measure of oxygen requirement known as the Bio-

chemical Oxygen Demand, usually designated B.O.D., has

been developed. Standard Methods for the Examination of

Water and Sewage defines B.O.D. as the oxygen (in parts

per million) required during stabilization of the d~com-

posable organic matter by aerobic bacterial action. This

standardized test has become the most useful single deter-

mination in the routine examination of sewages and effluents

of sewage treatment plants.

Sufficient operation data on B.O.D. determinations

have become available that it seems reasonable to express

the work to be done, i.e., loadings on activated sludge

plants, in terms of the B.O.D. in the sewage as applied

to the aeration and final tanks. This corresponds to the

rather general practice of using B.O.D. loadings for bio-

logical sewage filters.

The B.O.D. test, as outlined by Standard Methods, is

designed to measure the 5-day B.O.D. and represents only

the carbonaceous demand, i.e., that due to carbohydrates

and fats. The non-nitrogenous materials are more readily

oxidized than are the proteins which require synthesis

before oxidation. The breaking down of porteins, called

deaminization, must proceed in a stepwise manner with the

12
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result that more time is needed before oxygen can be

utilized. During deaminization, ammonia is liberated and

may be readily oxidized by the nitrifying bacteria to nitrites

and nitrates.

Sewage treatment oxidation may be carried into the so-

called "incipient nitrification" stage. Under these condi-

tions, laboratory tests of the effluent B.O.D. result in

greater B.O.D. values being indicated due to nitrification

in the test bottles. New techniques for preventing this

anomalous situation have been suggested by Sawyer (7) and

Hurwitz (8).

A new facet to the problem of B.O.D. loading is the

character or source of the B.O.D.. A more complete knowl-

edge of the type of organic matter contributing the B.O.D.

would be useful in determining the length of time required

to effect the desired degree of purification.

2 - Air Requirements

Another major factor affecting the operation of an

activated sludge plant is the amount of air supplied to the

process. In the case of diffused air type plants, the quan-

tity of air needed is governed by 1) the amount of oxygen

needed to keep the process aerobic and for stabilization

of the organic matter undergoing oxidation, and 2) the amount

of air needed to provide sufficient agitation so as to facil-

itate intimate contact of the organic matter and its asso-

ciated organisms.

I



It may be further stated that the first requirement

for air is dependent on the oxygen required to satisfy

the B.O.D. of the sewage but more so on the biochemical

character and activity of the return sludge. Bloodgood

(9) has defined "sludge activity" as the rate of oxygen

consumption, less sludge demand, when synthetic sewage

and sludge are combined to form a 0.50 percent mixture.

The activity is reported as oxygen consumed in Darts per

million per hour.

Grant, Hurwitz, and Mohlman (10) have shown that the

rate at which activated sludges use oxygen increases as

the percent of volatile solids in the sludge increases.

Sawyer's (11) work confirms this and further shows that

for sludges with 60 percent or less volatile solids very

little oxygen would be required, but for each 1Q% increase

in volatile solids above 60 percent, the oxygen required

per gram of volatile solids per hour is more than doubled.

It has been shown (12) that the oxygen being utilized

by the biochemical reactions taking place is only 5 to 9%

of the oxygen within the air bubbles being adsorbed.

Therefore, from 80 to 150 times the volume of oxygen

utilized is being supplied by the diffused air being dis-

charged into the sewage.* This excess air has no biochemical

value but merely aids in the coagulation of solids by

imparting motion to the liquid. Heukelekian (13) has

expressed the opinion that aeration should be sufficient

to maintain a minimum of 0.5 to 1.0 ppm of dissolved

oxygen at all times and in all sections of the aeration

tank.

14



Over aeration, as well as under aeration, has been [5
found detrimental to the sludge. Studies (14) show that

if an activated sludge is over aerated, its oxidation rate

falls to that of normal biochemical oxidatlon.

3 - Aeration Contact Time

The aeration period required is directly proportional

to the activity and concentration of the sludge. It is

important to keep in mind the fact that the aeration phase

of the process may be divided into two stages, the first

being a period during which the impurities of the sewage

are rapidly coagulated and adsorbed by the activated sludge,

and the second being a period during which purification

takes place by oxidation of the adsorbed colloidal organic

matter. A proper design should necessarily provide suf-

ficient time for both stages of the process to function

properly.

The rate at which the first stage is completed is pro-

portional to the percentage of biologically active sludge

in the mixed liquor. The time required by the second stage

is dependent on the activity of the sludge and also upon

the biochemical nature of the substrate, i.e., whether or

not the organic matter contributing the B.O.D. requires a

great deal of synthesis and little oxidation or vice versa.

Purification takes place much more slowly than does clari-

fication and is retarded by the oxygen demand of the re-

turn sludge.

Eeaerating the sludge removed from sedimentation tanks

before returning it to the aeration tanks may be necessary



in some cases to keep the sludge in an active state. This

is especially true for sewages containing large amounts of

industrial wastes or when high temperatures are likely to

induce septicity in the sewage and activated solids. Claims

have been made that reaeration of return sludge reduces

the time required to aerate the mixed liquor.

4 - Activated Solids Concentration in the Mixed Liquor

The concentration of activated solids in the mixed liquor

is one of the major factors affecting the functioning of the

process..This concentration, usually reported as ppm of S.S.,

is a measure of the adsorbing and coagulating material which

is active in the purification and clarification of the in-

coming sewage.

Several investigators have shown that activated sludges

from different sources might have widely different charac-

teristics and that there is no single optimum concentration

for' all plants.

Edwards (15) states that no more solids should be

carried in the aerators than are needed to purify the sew-

age properly. Ridenour (16) has shown that the "activation"

of sludge can be maintained under continuous plant opera-

tion with normal detention periods using solids in amounts

as low as 150 ppm. While the overall purification efficien-

cy is less, the "unit" efficiency of the low solids is as-

high or higher than that of higher concentrations.

However, these sludges are very flocculent and have

poor settling characteristics. The chief advantage in using

low S.S. is to reduce the air required to stabilize the



B.0.D. load. Generally speaking, for a given food supply,

a sludge with low S.S. will be overfed with the result that

more food is available for sludge growth and necessitates

the wasting of larger quantities of sludge.

Sawyer (17) has shown that when different concentra-

tions of S.S. are used to stabilize the ,same amount of

-B.O.D., the rate of oxidation will be highest in the case

of the high concentration of S.. resulting in the greatest

reduction pf volatile solids and loss of activity. In

order to prevent this loss in activity, greater quantities

of oxygen must be supplied since activity is a function

of the rate at which the sludge utilizes oxygen. High con-

centrations of solids are also conducive to stable opera-

tion in plants receiving shock loads and afford a somewhat

higher degree of purification.

There appears to be an increasing trend toward recog-

nition of the volatile matter content of the mixed liquor

solids as a control factor rather than the suspended solids

content. This appears logical since the volatile matter

is actually the active constituent of the sludge. The

fact that sludges with high volatile solids content are very

active should be kept in mind when designing plants, since

such sludges, because of their high activity, must be re-

moved from final settling tanks sooner than otherwise and

kept in contact with dissolved oxygen to keep them in con-

dition.

Edwards (18) opines that there is a direct relation-
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ship between the volatile solids content of the sludge and

the sludge index, i.e., sludges with high volatile content

are bulkier and have high indicies due to their poor settling

qualities.

5 - Effects of Temperature

It is well known that temperatur'e is one of the most

important environmental factors governing activity in forms

of biological life, either accelerating or retarding the

activity of the organism. The effect of temperature on the

activated sludge process is many-sided and not yet complete-

ly understood. Ardern and Lockett (19) were the first to

show that lowering the temperature slowed down the process

of purification of sewage by activated sludge.

Kessener and Ribbius (20) stated that the ability of

the process to absorb oxygen and deplete its B.O.D. at an

identical rate is as a rule determined by the rate of oxy-

gen absorption and the physiological oxygen content.

Since temperature affects the rate of oxygen absorption,

it seems that an increased temperature tends to lower the

purification capacity if all other factors remain constant.

Temperature also influences the rate of biological

oxygen depletion; in general, it increases with a rise in

temperature. Kessener further pointed out that if the

aeration were increased so as to compensate for the effect

of a rise in temperature on the rate of oxygen absorption,

an increased rate of deoxygenation would still cause a de-

crease in the oxygen content below the physiological limit,

which could be prevented by decreasing the amount of organic
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material. When strong aeration is practiced, a maximum

rate of deoxygenation will result in an increase in the

purification capacity of the sludge.

Extensive studies by Phelps (21) on the effect of temp-

erature on the deoxygenation of dilute sewage showed the

deoxygenation coefficient at any temperature, t, to be equal

to 0.1 times 1.047 (t-20; where t is the temperature in

degrees centigrade. The 1 .04 7 (t-20) is a temperature fac-

tor related to the activity of aerobic microorganisms.

Thus, it is clearly seen that a rise in temperature causes

a logarithmic increase in the activity of the microorganisms

which in turn has the effect of reducing the time required

to oxidize a given substrate.

Sawyer and Rohlich (22) have shown that the relative

activity, y, of microorganisms in activated sludge - sew-

age mixtures is 0.71 x 1*54 where x is the temperature in

degrees centigrade. The results of this work are shown

graphically in Appendix "DO and have been utilized in

this investigation.

Experience with the activated sludge process shows

that no great difference in the character of the effluent

produced seems to be traceable to changes in seasonal

temperatures. This has been explained (22) as follows:

"For sludges fed identical amounts of food,

those at the lower temperatures will be overfed

with respect to those at the higher temperatures,

because of the lower rates of stabilization of

food at the lower temperatures;: as a result, there



is an increase in the volatile solids content

and activity at the lower temperature."



IV INVESTIGATIONAL PROCEDURE

1- Collection of Data

The data on which this investigation has been based

was taken largely from the monthly and annual operating

reports of activated sludge plants located throughout the

country. Many of these reports were on file in the Sani-

tary Engineering Department of the Institute and the re-

mainder were obtained thru correspondence with the various

plant officials.

Additional specific information, not contained in the

operating reports, was obtained thru correspondence or

from engineering publications. A considerable portion of

the data included in the operations reports were not neces-

sary to the actual calculations involved in this investi-

gation, but were fundamental to the proper interpretation

of the operating data and its selection for inclusion in

this study. The data selected for this study are tabulated

in Appendix "A".

2 - Selection of Sewage Treatment Plants

Three main principles governed the selection of the

plants from which operation data was to be studied. It

was thought that consideration should be focused on 1)

plants operating under good technical supervision, 2) those

of basically similar designs and operating procedures, and

3) those from which the most complete and accurate data

could be obtained. With the exception of the Muncie, Indiana

plant, only those plants previously recommended (6) by

Mw
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the various State Sanitary Engineers were Included in this

study.

Relative to plant design, all the plants are of the

conventional diffused air type and employ primary sedi-

mentation, in plain settling tanks, or by the use of Imhoff

tanks. In an investigation of this nature it is impossible

to select a large number of plants that are identical in

design and use the same method of operation. Although the

basic principles of operation may be the same, some plants

practice reaeration of sludge while others utilize the

full aeration tank capacity for aeration of mixed liquor.

Pertinent facts related to the design, operation, and type

of sewage being treated by each plant are included as

Appendix "C".

The author feels that the plants selected form a repre-

sentative group of the diffused air type activated sludge

plants and that in so- selecting these plants, the results

presented hereinafter should portray a logical picture of

their functioning.

3 - Method of Analysis

After assembling and tabulating operating data, it

was necessary to'establish a period of study for each plant.

This period was set for one year so as to include all sea-

sonal fluctuations of flow and loading. The first attempt

of analysis was to correlate plant performance by means of

parameters based on arithmetic means of the monthly data,

but it soon became apparent that inconsistencies were devel-

oped by including certain months when the performance was



sub-standard due to mechanical difficulties, shock loads

and industrial wastes of a toxic nature being imposed

upon the process and other special operating problems.

Accordingly, the author felt that those periods of

sub-standard performance should not be included when

comparing one plant with another. Citing one example

of this situation, the Austin, Texas plant removed only

49% of its B.O.D. load during the month of December, 1945

while the efficiencies of the other months ranged from

80 to 95%. Obviously, the data for this one particular

month should not be included in an average of the yearly

data because it is not representative of the true per-

formance of the plant and its inclusion would merely have

the effect of distorting the true picture.

Working on these principles, weighted averages, desig-

nated "A" were made so as to include only those months

in which the plant was functioning properly. In the

case of plants having several months of sub-standard per-

formance, these periods were grouped for a weighted aver-

age, designated "Bu. The operation data sheets contained

in Appendix "A" are marked with an "A" or "B" at the

head of each column of monthly data as a means of desig-

nating the category in which each month was included.

4.- Comoutation Methods

The performance of the activated sludge process has

been measured by the percent reduction of 5 - day B.O.D.

and suspended solids being imposed upon the process.

Since this study is concerned primarily with B.O.D. loading,

.1
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efficiencies have been calculated as follows:

% Efficiency = Reduction of B.O.D.(Dpm) x 100
Influent B.O.D. (ppm)

The basic measurement of loading has been taken as pounds

of 5-day B.O.D. applied per day. Thus, for a settled sewage

flow of 10 M.G.D. having 150 ppm of 5-day B.0.D., the loading

is:

Lb. B.O.D./Day = 150 ppm x 8.34 x 10 M.G.D.
12,500

However, this loading is of no significance until it is

apolied to a unit volume of aeration tank, which in this case

has been taken as 1000 cubic feet, including volume used for

sludge reaeration. The first loading parameter, designated

Pl, therefore becomes:

P1  Lbs. B.O.D. applied/day/1000 C.F. of Tank

The second loading parameter takes into consideration

the time during which clarification and purification takes

place.

P2  P /Aeration Contact Time - Hrs.

The third and most complex parameter involves the amount

of biologically active material available for adsorbing the

organic constituents of the sewage.

P = P 2/ppm S.S. in Mixed Liquor x 1000

(to give numbers greater than 1.0)

In the case of individual plant studies, the results of

which are tabulated in Tables B-1 thru B-15 and plotted in

Figures #1 thru #16, the values of the parameter P2 were com-

puted by dividing P1 by the equivalent aeration period rather



than the actual aeration period. 25

Equivalent aeration periods were obtained by making

apPlication of the Sawyer-Rohlich formula (22). A dample

computation best serves to explain this application.

Given: Aeration period @ 600 F = 6.0 hours.
Find: Equivalent aeration period 0 770 F.

From Table D-l, Appendix D, the relative activ-

ity factor = 0.485.

Equivalent aeration period = 6.0 x 0.485 2.9 hours.

In the studies including all 15 plants, the results of

which are tabulated in Table B-16 and plotted in Figures

#17 thru #21, the values of the parameter P2 were obtained

by dividing P1 by the actual aeration period.

For those plants where no settled sewage flow was reported,

this value was taken to be the same as the raw sewage flow and

no correction made for the slight reduction in volume due to

solids settling out in the primary tanks. Mixed liquor flows

were taken as reported or calculated by adding settled sewage

flow and return sludge flow.

The aeration contact time has been taken as that for

mixed liquor aeration only, and no consideration given to

length of pteaeration or reaeration periods.

5 - Sources of Error

In calculating the B.O.D. load imposed upon the aera-

tion tanks only that portion of the B.O.D. contributed by

the incoming settled sewage has been considered. This is

not entirely correct since the sludge returned to the aera-



tors imposes an additional B.O.D. load. This value is

not determined in routine plant study. Some investigators

have attempted to refine their calculations by taking the

B.O.D. of the final effluent as the B.O.D. of the returned

sludge.

In general, errors originating in laboratory analyses

are compensating in nature and tend to average out over

long periods such as are used in this investigation. How-

ever, the error due to nitrification taking place in the

B.O.D. bottles is not compensating but residual. Reports

indicate that the error in final effluent B.O.D.'s due to

incipient nitrification will average 20 to 30%. Thus, for

a settled sewage with 200 ppm B.O.D. being applied to the

aeration process and a final effluent of 20 ppm B.O.D., the

apparent removal is 90%. Assuming an error of 30% in the

effluent B.O.D. value, the corrected effluent B.O.D. would

be 14 ppm and the corrected percent removal would be 93%.

In the absence of full nitrogen data from the plants studied,

corrections for this error could not be made.

The N.R.C. report (3) estimates that the probable error

in percent reduction of B.O.D. in a given plant is about 4%

but when a dozen plants are analyzed, the probable error

is reduced to about 1%.

Other errors due to different techniques of sampling

and different methods of reporting operation results and

physical dimensions enter the picture, but are beyond the

scope of this investigation.

26hA



V RESULTS

The results of this investigation include four types of

data: (1) Operating data abstracted from routine operating

reports or received from plants officials thru special reports

or memoranda, (2) tabular data computed from the operating

data, (3) a graphical presentation of the computed loading

parameters, and (4) descriptive information about each plant

to indicate any special factors which might affect the opera-

tion of the plant differently from other plants.

Extracted onerating cata are recorded in Tables A-1 to

A-15, inclusive, in Appendix "A". These, items of information,

comprising monthly averages of the more important operation

data, have been selected to show those phases of operating

results which are routinely recorded in most technically con-

trolled activated sludge plants. A few items such as the

volatile solids content of the mixed liquor, pH of the sewage,

organic nitrogen content of the incoming sewage, and others,

have been included when available so as to facilitate a better

interpretation of plant performance.

Computed loading parameters are tabulated in Tables B-1

to B-16, inclusive, in Appendix "B". These items have been

selected as being the major factors for comparison of the

operation results of various conventional type activated sludge

plants.

A graphical oresentation of the interrelated factors is

included in Figures #1 thru #21. These figures may be grouped

into two main divisions; (1) Figures #1 thru #16 which are



related to individual plant studies, and (2) Figures #17

thru #21 which include a combination of all 15 plants.

Descriptive information on the 15 selected plants

is included in appendix "C". This information relates

to the design features of the plants, their operating

procedures, if unusual, and the type and character of

the wastes they treat.



Individual Plant Studies

Figures #1 thru #15 show the interrelation of the load-

ing parameters and plant performance for each of the 15 plants

studied. Figure #16 is a composite of Figures #1 thru #15.

The parameters used in these individual studies .are as

follows:

P1  Lbs. B.O.D. App./1000 C.F. Tk.

P2 = Lbs. B.O.D. App./1000 C.F. Tk./Equiv. Aer. Pd.

P3 = Lbs. B.O.D. App./1000 C.F. Tk./Equiv. Aer. Pd./
ppm S.S. in Mixed Liquor x 1000.
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Studies Including All Plants

An all inclusive study of the loading parameters and

their relation to plant performance is presented in Figures

#17 thru #21.

The parameters used in this study are as follows:

P= Lbs. B.O.D. App./1000 C.F. Tk.

P2 = Lbs. B.O.D. App./1000 0.F. Tk./Hr. Aer. Time
(actual)

P3  Lbs. B.O.D. App./1000 C.F. Tk./Hr. Aer. Time/
ppm S.S. in Mixed Liquor x 1000
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VI DISCUSSION OF RESULTS

1- Individual Plant Studies

Figures #1 thru #15 inclusive, except Figure #5, repre-

sent plottings of the three loading parameters Pi, P2, and

P 3 based on average monthly operation data. Figure #5 for

Ft. Wayne, Ind., is unusual in that each of the seven plotted

points represents the average of one year's operation.

The basic loading parameter, Pi, has been plotted against

the more complex parameter, P2, to show the relationship, if-

any, that exists between B.O.D. loading per unit volume of

tank and B.O.D. loading per unit volume per unit of aeration

time.

It seems logical to assume that a direct relationship

should exist between these two functions for those plants

operating at full capacity since an increase in flow of either

sewage or returned sludge would increase the mixed liquor

flow and necessitate a shorter detention period. On the other

hand, plants having reserve aeration tank capacity may be

able to proportion the available tank volume to the flow in

order to maintain a desired detention period. This seems to

have been done in the operation of the Marion, Indiana plant.

For a given loading, the detention period required will

be inversely proportional to the ability of the process to

clarify and oxidize the substrate. Since this ability is

a function of the biological activity of the activated sludge,

and the sludge activity is a function of the temperature, it

seems reasonable to consider that the effect of temperature



53
is one of lengthening or shortening the aeration contact

time. Accordingly, in these individual plant studies, the

values of parameterb' P2 and P3 have been computed to in-

elude this effect as explained in the "Computation Methods"

section.

The plottings of P versus P2 show that in most cases,

a linear relationship exists between the two functions; that

for increased loading there is an increase in the value of

P2. However, the plotted data for several of the plants

are so erratic that no curve of best fit can be drawn while

for other plants, a curved line seems to represent the curve

of best fit.

The effect of suspended solids concentration in the

mixed liquor related to B.O.D. loading per unit of aeration

time is shown by parameter P3. Parameter P plotted against

parameter P2, in Figures #1 thru #15 inclusive, shows that

for normal plant performance, a linear relationship exists

between the suspended solids concentration in the mixed

liquor and the unit B.O.D. load applied per unit of aeration

time.

It is of interest t note that this relationship holds

true for each of the fifteen plants even though in some plants

the relation of P1 to P2 was linear, in others a curved line,

and in some instances the values of P1 and P2 could not be

correlated. Possibly the effect of the activated solids con-

centration in the mixed liquor is of sudh major effect that

its variations over-shadow the effects of the other factors.

I



The effects of the all inclusive parameter, P3, on plant

performance shown in Figures #2, 5, 6, 8, and 11 which repre-

sent plants with loadings in the magnitude of 12 to 38 pounds

of B.O.D. per 1000 cubic feet of aeration tank, show that

the efficiency of each of these plants did not decrease with

an increase in the value of P 3 This seems to indicate that

these plants have not been operating at maximum capacity.

Figure #1, representing Ann Arbor, Mich., seems to in-

dicate that B.O.D. loadings as high as 60 pounds per 1000

C.F. of aeration tank may be handled in this plant and still

obtain B.O.D. removals of 89% and higher. These data in

Figure #1 show that the plant efficiency has a definite ten-

dency to decrease with increased values of the composite

loading parameter P3 .

In contrast to the relative higher B.O.D. removals at

Ann Arbor is the operating record of Madison, Wisc., shown

by Figure #9. This plant, operating with B.O.D. loadings

ranging from 23 tO 32 pounds per 1000 C.F. of aeration tank,

has been able to obtain only 75 to 85% efficiencies, due,

undoubtedly, to an excessive amount of slaughter house wastes

being imposed upon the aeration process.

These nitrogenous materials are broken down by bacterial

action with the consequent liberation of ammonia, which in

turn is oxidized by the nitrifying flora to nitrites and

nitrates. Hence, the apparent efficienoy of the process, as

measured by the B.O.D. removed, is low due to omitting the

nitrification reactions. These nitrogenous wastes also cause

considerable sludge bulking which further reduces the ability

454
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of the olant to stabilize the applied B.O.D..

The plants at Omaha and San Antonio, represented by

Figures #12 and #14, also treat considerable amounts of

slaughter house wastes and also show low B.O.D. removals.

These results, depicted by Figures #9, 12, and 14, seem

to show that even though the proper relationship exists be-

tween the B.O.D. loa~b applied, the aeration period, and the

concentration of suspended solids in the mixed liquor, the

type of organic matter contributing the B.O.D. must also be

considered, A careful review of the operation data from

Omaha and San Antonio shows that high sludge indicies have

been experienced resulting in suspended solids concentrations

as low as 900 ppm in the mixed liquor.

Temperature undoubtedly has considerable effect on the

performance of activated sludge plants. Some part of the

temperature effect has been taken into account in computing

the values of P 2 by using equivalent aeration periods.

However, the lower curves in Figures #1, .3, 4, 7, and

15, wherein the complex loading factor P3 is related to per-

cent B.O.D. reduction, seem to show an additional effect of

temperature.

A study of the plotted points indicates that for the months

of higher temperature, (1) the computed values of the composite

loading parameter are lower due to the effect of lengthening

the equivalent aeration period, and (2) the operating efficien-

cies are increased. The situation is reversed by lowering

the temperature.



56
Thus, a constant purifying capacity can be maintained

only by providing a greater concentration of activated solids

in the mixed liquor during cold weather as compared to the

concentrations required during warmer weather.

A composite of the several parameter curves plotted in

Figure #16, taken from Figures #1 to #15, inclusive, indicates

a rather wide range in plant loadings as represented by para-

meter P3. Also, the slope and extent of the several inter-

related curves varies considerably.

2 - Studies Including All Plants

Figure #17 seems to indicate that plant performance is

independent of the magnitude of the B.O.D. load applied for

values of P 1 less than 50.

In drawing in the curve of best fit, points #9, #12, and

#14, representing the plants at Madison, Omaha, and San Antonio,

respectively, were not considered in view of their low efficien-

cies which are readily attributed to the amount of slaughter

house wastes they treat and not to the magnitude of the B.O.D.

load applied.

A more complex parameter of loading to relate percentage

B.O.D. removed to B.O.D. loading in terms of P3

(lbs. B.O.D./1000 C.F./Hr./ppm S.S.) has been plotted in Figure

#18. This plotting shows, as would be expected, the same

trend as that of Figure #17. Again the results of plants #9,

12, and 14, have not been considered in plotting the curve

in Figure #18. Time has not permitted a determination of the

relation of loading versus percentage B.O.D. removal for these



plants or an evaluation of the nitrification reactions.

The three loading parameters have been plotted against

each other in consecutive order, from least complex to most

complex, in Figures #19 and #20, in an attempt to determine

the relationships existing between these several functions

for a relatively constant degree of efficiency, i.e., the

efficiency as depicted by the trend line of Figure #17.

Figure #19 shows good correlation between the B.O.D.

load applied per unit volume and the same load applied per

unit volume per unit of time. For the purpose of comparison,

plants #9, #12, and #14 were plotted with the plants having

average efficiencies above 90%. It can be seen that the

same relationship exists between all plants regardless of the

efficiency attained.

Therefore, it would appear that these two functions

could not be used independently or together to determine the

efficiency of a plant on the basis of the B.O.D. applied.

The relationship between parameters of second and third

degree of complexity, shown in Figure #20, seems to have a

definite trend for P2 values ranging from 2.0 to 7.0 which

correspond to B.O.D. loadings of 14 to 35 lbs/1000 C.F. of

tank.

Thus, it appears that a ratio of suspended solids con-

centration to B.0.D. load may have to be increased for load-

ings in excess of 35 lbs. B.O.D./1000 C.F. of tank in order

to maintain a constant degree of efficiency. However, the

data presented herein are insufficient to prove this possibili-

ty.

I
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The relationship between parameters of first and third

degree of complexity, shown in Figure #21, indicates a defin-

ite trend toward a more or less linear relationship between

the load applied and the time and activated solids concen-

tration required to stabilize the load. However, the points

are widely scattered which suggests that other factors, not

yet determined, should be evaluated before full knowledge

can be determined for the basic design and operating factors

f or aeration units.
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The limited time has not permitted any comparison of

the results of this study with work done by previous inves-

tigators. Accordingly, the following tentative conclusions

are based upon the analysis of monthly operation data from

fifteen carefully selected activated sludge type sewage

treatment plants.

1 - This study, in which plant performance has

been measured by the percent B.O.D. removed

in the aeration and final tanks, has omitted

the effect of B.O.D. reduction in the primary

settling tank on the type and character of

organic matter entering the aeration tank.

Final conclusions as to basic design and

operating factors .should not be made until

this effect is properly evaluated.

2 - The temperature of the sewage and activated

sludge appears to have a definite effect on

the performance of the activated sludge process.

Conversion of aeration contact time to equiv-

alent aeration time by application of the

formula, Y a 0.71 x 1.54 , in which Y is the

relative activity of the microorganisms at

X degrees centigrade, results in a spreading

out of the computed values of the loading

parameters for each plants. There is some

uncertainty as to the validity of this

correction. Additional adjustments may le



required to bring into harmony the results

of the various plants.

3 - The efficiencies of the plants at Madison,

Omaha, and San Antonio, which are much lower

than those obtained by other plants with the

same B.O.D. loadings, show fairly conclusively

that the character of the organic matter ma-

terially affects the performance of the aeration

process. It may be pos-ible to increase the low

efficiency figures of such plants to values

comparable with the results obtained by other

plants if the work done in stabilizing nitro-

genous matter was properly evaluated.

4 - This study of 15 conventional type activated

sludge plants in which loadings ranged up

to 50 lbs. of B.O.D. per 1000 cubic feet of

aeration tank, seems to show no decrease in

efficiency for the higher loadings. Thus,

it may be feasible to design activated sludge

plants for substantially higher loadings than

so far considered proper.

5 - A ratio of suspended solids concentration

to B.O.D. load must be increased during

periods of low temperature if the aeration

process is to maintain a constant degree of

purification.
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APPENDIX A

This appendix contains the following information

1) A list of the cooperating officials

who furnished the basic data for this

investigation.

2) Extracted operating data, Tables A-1

thru A-15, from each of the plants

.studied.
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LIST OF COOPERATING OFFICIALS

Plant No. Official

1. Mr. C. Preston Witcher, Superintendent
Ann Arbor Sewage Plant
Ann Arbor, Michigan

2. Mr. A. H. Ullrich, Superintendent
Water and Sewage Treatment
Austin, Texas

3. Mr. J. W. Ellms
Commissioner of Sewage Disposal
Cleveland, Ohio (Easterly Plant)

4. Dr. W. T. Hatfield
Superintendent of Sanitary District
Decatur, Illinois

5. Mr. Paul L. Brunner, Chief Chemist
Sewage Treatment Plant
Fort Wayne, Indiana

6. Mr. W. W. Mathews, Superintendent
Gary Sanitary District
Gary, Indiana

7. Mr. Carl B. Carpenter
Superintendent of Sanitary District
Hammond, Indiana

8. Mr. A. B. Cameron, Superintendent
Sewage Treatment Works
Jackson, Michigan

9. Mr. H. 0. Lord,
Chief Engineer and Director
Metropolitan Sewerage District of
Madison, Wisconsin (Nine Springs)

10. Mr. David Backmeyer, Superintendent
Sewage Treatment Plant
Marion, Indiana

11. Mr. Paul R. White, Consulting Engineer
505 Alameda Avenue
Muncie, Indiana

12. Mr. William J. Provaznik
Sewer and Sanitation Engineer
Department of Public Improvements
Omaha, Nebraska



13. Mr. L. S. Kraus, Chief Chemist
Peoria Sanitary District
Peoria, Illinois

14. Mr. E. J. M. Berg, Superintendent
Sewage Treatment Plant
San Antonio, Texas

15. Mr. d. 0. Larson, Chemist
Springfield Sanitary District
Springfield, Illinois



TABLE A - OPEhATION DATA
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1. Baw Lewage /9/ 194 / /7 / e I-1 /43 /57 /7/ /77 /73 /10 /76

2__ _ _d_"_ /OZ /// /30 /Z/ /17 /39 e a 67 A5 /e' /eo /o /07

Fin.Eff."7 /0 /r / /9 27 8.9 f_ /Z

4. Returned Fludge -"4_0 __ 57o 57 .5 -0o0 60o f/ff f /io /I4 0 v'0o -'"0 .1700 V/7f Voo .rroo1
5. iixed Liquor - ppm 2/7 Z/7 Z/0o /100 /f /f /650 /0 /'& f6 /f 000 /s'7 /'o - L-

(a) 9 Volatile Eolln dix.l _g
c. D.O. ppm

1. Aeration Tnnk Inlet
Outlet 4i 11 1

?. Fin.Eff.aewage 13.1 4/ 61. _ _ /1 3 6- J.7 7 ._ _ ._ .7

d. Nitro ens - 'p Fin.Fff._W -IN.),

7. NO,

e. 1,ewag: Te-ap. (OF) 3 7 - - 9/ _ _ 7_ 7_ G7 :F- 76 63 _77%

f. pH (haw or bettled ?j 9.? ./ 66 e.2 .0 71 75 fZ 72 7 /-0 -
D. Returned Sludge

1. Lludge Index
4..D. - Fet.iludge Z. 0 z-o Z.o j.0 / Z. Z . Z 2./ 2.0 / 9 / 9 9 1-

. of Sewage 6 J 3/ z 27 Y/ 1.0 3 0
E. 'ir uantittes

1. Cu.ft./dy. (1300's) CF/O T /o 690.0 V100 f 4 -9,9 6-5 oo 4 00 5700 6e - C9001 0o "04

. Cu.ft./gal. 0.9 /./ // .7 0.6 0.1 / 0 .9 0-8 /0 // 0-.9
. Cu.ft.-lb.. B31 Re.noved I

F. Aeratibn Ta senKs (Liq.Vol.used)_
1. lix Liq.Aer. - 100 4 /4 / 4 / / f 9 T, 9 .

7Pre Lnd ,e er. -10J,) cf
Z. ,erat )fn Per. - hrs.('ix.Lig. T g 4. . ? .0

G. Lettlin' TankE - - - Detent -n Periods)
1. Prinary Settling 0-90 0.8-f- 67-/ 67 - 0-7. L-7V 7 7 0-7

econd Lettling .//. . J 2 / /40 /3. /46 / /1

0

0
z

(0

-1



TABLE A - JPEhiTIJN t)l-,.
A 3 esB 8 Al Al Al Al B )c YE,,i Ava A A 6

. ates Jan. Feb. Lr. pr. Aay IJune' Jul y Aug. A ept. 3ct. Nov. Dec.

B. EewDge Plows - A.G.L.
1. ;W -- lo plant' (Total) 1 90 90 7 C- c- 97 5 az 8 / 4 25g 7// 7/ F 4'r .0 T

e t t l - l o e ra t I n 7 7I1
Aixed Liquor - in ner.Tks. 9 7./ 952 6.33 775 947 92 8'23 f63 C.9_ y 35 847 1_7373

C. inalytical '.t (L-_bor.tory)
a. E.J.D. - Ppp

1. Eaw Lewage

.ettlod "

3. FIn.Eff."
b. Lus.,oltas, ppm

1. Raw Lewage
. Lettled "

. Fln.Eff."
_ 4. heturned Iludge

5. lixed LtqUor _- pg .
(a) 9 Volatile ol.In lix.Lio

Z zeor zoz Joj J2 28 309 233 zsZ za Z. z7 Y7 ZAo 27/
_/ /-5 / / / //C 2 /49

/6' -o 28 "4 J3 /9 / "' // // 1 ' 1 t 21 67 27 J//. !|
239

4-8S

7/

2 7+
96'

77ZO

/7540

269

9/2

3220

272

9

/2

905

'5

29Z

9/

/430

49

282

90 __

4570

2,25

44

253

97

4

4/331

7/

zS/ J 24

/o 9/

/790 /790

7Z 7C

229 lz7c 4

/6' /7 -7Z.

515 400 / 5

76 0 7/ 7/

95

/9
6526

/476'

70

250

'95
6

672-7

173/

70

-3

IS7 31

279

5368
/236

40

C. D.O. ppm __
1. Aeration Tank Inlet f t

Outlet
2. Fin.Eff.iewage j/. 2.2 /.9 1o _._ 1 1 _ / + / 6.9 09 /.L- .

d. Nitro ens - ppn (Fin.Fff.)_
1. NH /.A J.'r /J.a /Z. 11K e 6. //8 20.7 /11 /5.9 20. /8. /4.z /4 /2.9

NO,/2 3.! 4 J z . J4 05 /. 1.9 33 3.7 2 9 2.2 3.6

N3 ,./ 3. /4.9 0.9 // 2.4 44- 2.4 6Z 6-o . 2 Z/ Z.4 4.0

e. Eewago Te-ip. (*F) 44 45 a 7Z 74 8/ 64 67 es 79 74 6 j 74 60
f. pA (haw or _ettled ?_

D. _eturned Jludge
1. lulg, Index (A1'vev . 97 /3 5-4e 440 3'3 297 45.' 240 273 3/6 387 324 79 377

.__A.G.D. - Fet.Jludge /7z /4/ /9z /36 /93 2. 4 2,44 /.9 /72 /73 /67 / /7 . /69

. of Lew.ge 29.9 tio 26.0 20.4 337 39. 1 9.9 L 4/ - 24.5 24 29.0 __._____ 30.__
E. ijr ' untltler

1Cu.fl./dy. (1noo's) -)(oJ? j/I r404 4-091* -JZJ js 49e 17 69r 4 V 7ZY -,590e9 4'265
Cu.ft./gal. 08z 9z 0.7Z 0-4Z 6.94 .67.7 0.6f 098 / /1 690 0.94 I0.9Z

3. Cu.ft.-lbs. BDL Removed
F. Aeratimn Tankcs (L-.Vol.used)

1. T ix Llq.Aer. - 1000 Cf 253 253 253 253 253 253 253 253 3 5 1 253 z5 T 2 -f 253 253

. P-nd heaer. - 1000 cf /0-8 /8-8 /88 /88 /f F /F /1.1 /.1 /f/ /, /f1 / /r f/
e. Perate -)n Pr. -hrs.(11x.Li_ _,) r 'z _ .0 ".5 _. _.9 ___S_ _

G. Lettling TankFitrh-ee-e Detentl.)n Periods)
/ /34 1 /.-? / /. 1 1 1/ /. 1 / .0 /. /-o I 2.

Z. 5 2. 4 z 5 2 3 Z. I' Z.o 0 Z./ Z. z Z/ I Z.o Z. Z./ Z. -7
1. Prinary cettiing

.econd tettling
/4 /. S
2./ 2- I

VO_ A S0 - M.- 1-Q. (.0/1'_ /OIr 
4

1r dr 70 /oj /0 5 /090 /240 /090 /000 730 /0z /207 _53

I
I



TABLE . - 3PEalTIJN -. I-

I SI B b A j Al Al A.l A A A YEiuY Av-- K Avv-
.. n.ate J:n. Feb.I MLr.I epr. Aay] June July Aug. Eept. Oct. No.j Dec. , Vc. I -

B . kew -ge llo ws - .G. . _ _ _ _ /0/_2
1. rw - 'lo pl nt (TotAl) 92.9 /03.2 /090 /0/6 /0.4 /0Z 953 9// . 66.0 79.3 ?'./ 9'./ 9.5 /0/-2

.ettled - 1 o erLt )n el 7 df 7 6/ /00.- /00.0 /0./ ?33 J A '/ 6Z.9 7./ 59z.3 90-/ 90--/
. ixed Lijuar - in ,-r.Tk . /0Z d /0./ /01.8 /Z4.7 /29.4 /29. // /14-0 //9./ /078 /00.7 //16 //J'/ //57 1/4/C. tnalytlcal L:.t (iiaborat,)ry) ,-3a. L.J.D. - ppn 0_

1. Fbw Lewige /7/ " 7. /97 /7/ /7 g0. 2/3 /73 /90 14'5
. Lettiq3 " / o Z/ 77 7z 7 j4 9 .9g 7 9; ? 3 //4 8_g_ 94 62

Zi. En.Eff." 30- /J. //- /0.9 9.0] 9/ : 72 .. 7 /2.7 90 6.9 /3/
b. Lus.Lliuas. DO.

1. hiw tewLge Z47 22 l49 29 2 353 2f 0 ZIZ 2/1
lettled "

. Fin.Eff." . Z7.J ZZ.4 977 /0. 8.4 73 6.0 70
4. h'turned Lludge 7/90 7800 5.66 6480 6/90 ~740 .5~470 .f/o

5. lixed LIqujr - ppn. /0 Zoso /530 /450 /930 /3/0 /3o /4140

(a) ( Volatile Lol.n 4 x igj 6 j6355 41Z 63.0 63. 6/5 6.6 63.7

2/6 /90 236

/o // /9

414001 390 3-/

/20o /o /0/0

58.9 641}65

205

/70

665.0

/26o

'73

Z40 I2z 265
0

/t.Z 9.7 /57?

55:70 41Z/ 6ff2
0

/590 /24/ /9 z
4f/ 42./ d

1. Aeration TnIc Inlet
Outlt

.. Fin.Eff.Lew.,e

2/- -. 9 j. J

47 ~ ~ ~ ~ ~ J 17 Z. 7 . .8 6 - Z . 6'7 9. 7.9 e c ~
d. NWtro _ns - ppi ZFin.Fff.)_

1. NH 71 I.' 46 40 47 55 3.0 /.s /3 O.S 4.< 4e, 3.9 2.4 40.
0.3 40.1 0.7 0.4 A3 0.9 1.J o.z 0.8 0.9 /.9 0_9 0. 0.7 o.41

7. NO,_J.4 2.9 2.5. Z.6 d . Z.3 . 4.7 r-.9 .z 7/ 4/ 2.9
e. lLea T.inp. (*F) 5:9 5 J7 6g0 49 6 74 75' 76 70 67 6/ 6 7/ ;0
f. pA w-w 'ettld ?J Z.! .1 .1 1 71/ . 7/.1 7Z 7Z1 73 7. 7:. 7Y 72 72. 7.

D. Teturned I ludg, _
1. Liudg Index F e 9..oo 77 e9 7d 44/ c7 If2 /// 67 r/ i, 199 g

A..D. - Z.t.bludge 2/.7 Z. .J Z6.Y 24. 24./ Z6.5 z73 27 Z522 22.8 25. 249 Z5.7 23.1
.)f Lew*.g 25.9 I'.4 36.1 36.2 36.6 35:3 273 30.7 29.8 0.9 29.5- 279 27 211 2423'09 /.4 ~ 1. 1 Z. "6l ZO. /5 Z/7192'7E. i.ir ',u;ntitier

1. Cu.ft./dy. ( 10 'E)

Cu.ft./g l. .003 /.0/ o.ye 0.4" / / . //T .79 /// /-9o /.73

.Cu.ft./lbs. B2i. ienoved 7/3
F. ierati.n Tnas (Liq.Vol.ued)

1. Aix Liq.Aer. - 1JJ cf 37ro s7XO 37eo S 71 o 3 57/0o 37to 37101 3-701 37/ 27/of j 7fo 3780 37o 37/0
Pre Lnd heaer. - 1jJ3, cf

Z. _.erati )n Pqr. - hrs.(Aix.Liq.i 4.640 6.4 -60 5_-34- 5-'f.7Z 5 .70 j _ _ .d_ _5.73 5:9 (-go 4.0o
G. Lettlini Tan.u ,LIq.Vol.used or Detentin Peri__)_

1. Prinary Settling s /3 /.2 /2 /2 /2 / . Z 1.3 /3j /2f /3 /..(f /-0 / /-[ /g
.econd "ettling /,ffo,oao dZ 3 3. 2.7 2.6 2. j2-9 2.9 Z.f, ./9 3.3 21' 2. 2.9 3.0

\_L_ -1 SOIJOS LA- 2 )Z.So 134c 7" f/ f/ } /0 { 7c 920 7/C J 4 c6, I9 ' 7Z

3

,

C. C.O. ppm



TABLE A - OPMATION OAT^
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b. L'us~tolias, pp.M

1. Raw iewage jz z V.0 Z7Y zoo 274 ____ t z5 272 24/ 2- 9 4 _zf
2. bettled"

Fn.Eff." 4 # / 35 34 _3 3 7 _e _ 31 3
_4-.ie-turned Flud-_
5. tixed Liquar -p~ z9 -/ y z01 zt 1i J/ ze zoo Z0,04 /4-/.- /4610 /+9j- /Zt2.f 234Z

( a ) I V o l a t i l e E o l . i n A i x - 1 G _ _ _ _ _

c. D.O. ppa
1. Aeration Tank Inlet

Outlet
'_.__n.Eff.__ewge --- _ - ____>-4 J.i- 4-

d. Nitro ens - ppi Fin.Fff._

NO, ________ 1.7 07 10.1 __ _____ C. 0-91 0.4 40,~7 ol_e. .ewag T'-np. (*F) 19 7' 77 7z g 9__ 96 94 9/ -/ 7 83 104
f. pd (hiiw or Lettled ?J 4. - 7z -

D. Returned Jludge ___1. IU4g ende J6 Z9Pf P 9 57 57
F..D. - Fet.Lludge 0.si C-1 0( . {/ J / 43 0.6-9 0.50 0. 5o0 4 0. 6. 4

.. t of Lewage
Y. L~ir ',uantltles 

e 7. Cu.ft./dy. (10'S) 0J 1000 .5/Z0 4970 {5Z4 E 4 o 73&& 4/ze 1920 f/4
9Cu. ft./ghl. J/ /.; .0 0paop o

. Cu.ft.-lbs. BJL Removed
F. Aeration TanKs (Lig.Vol.used)

1. lix Liq.Aer. - 1000 cf Z &66 . 1z/66 /1.44 //~1e & Ile. 6 C. //Z. //

-Pfe an eae . 1er . - 1000 cf 5( J3 5-4 3 5'.33 - f J 3 ? 5 33 .re43 6j r3 5- 54.3_ r4.3j 1& 33 54.33
3. teratton Per. - hrs.(ULixLiq.) 4(r7 l s 4.z/ /,' { .7/ /4C Z:7 3..7 3.30 ..Zr .3 / -A z10

G. Lettlin- TancE Liq.Vol.uted e - ______-P_____

1. Prinary Settling (X-AoA n..) 4roo

.Lecond "ettling /0d 600 c.r.

0

H

to

(a

i-D



~tt~ ~rt n Z.7 / Ir/.9 /46 I/J..9 /781,/9

n 7 11v7t 1 c 1 T2 t - ...F . r ry)ZO .7 0.____ __________

t. 21 / , // f Z/# 14 16' 7 /9f f ]20

F -.. Lew~e 1 /P9 1/9 21 Zi _____--?4eti I1 fl tf-I
4. h t urn' -i ud~e 9~o 9 0 /'O ,Z o/900 /0_0 /0O /01 0 __ ____ _ _

5. lixe,; LL'ju.r - ppn zZ.F0 2 Z3o217 fl2 z~1 9.p-

dI. N'tro 'is -ppi (F~n.Fff.)1

NO - -- /1/5_ _ _ _ _ _ _ _ _ _

e. ev__. F._ ____Ip ____ t, 6z43C 1 ____z ,

f pd PH ;0 7, rO 763 7--f 174 7-1 - 7

1 iu4' - InJcx ~1/, 0 9 /9 9 ''

.G.O. - !,t.Judce .0 r. ~ , 9/ (0 4. 3I4

1 u.ft./dv. /16 70, -I 70 , 0" /16K To 9 /,gpo 0J)Z

u.ft.-iby. (13J'in) /70/vo /4o /fJ 090 f9uj 07

1. lix iiq.A, r. -1),~) J cf 3f 1 {l9

/e /t ti /2 /2C /Tf /r2 fg4 /2 V I.u.

-cond l ett1 ing J33 33 3 3? -. 7.3,3 -?-333



TABLE A - OPEUATION DiTi

Al Al A Al X '1 Al 81 1 1 YEni-.uY JAV ."A"l Av6.'Is 'A. Dates Jan. Feb. Ar. -pr. 1  la y  June July Aug. Sept. Oct. Nov. Dec. AVG . O.
B. Lewage Flows - i4._C.L.

1. haw - To plant (Total) Zo z /944 2/ 70 f/394 /97 / 1/9 7/ 119 Z/z 2/0 21/7 /689 9 9 /9.P/ re fi 2O.3 ZO.43
L. ettled -To heratthn

. ixed Liquor - In Aor.Tks. z2 a 25431 Z4491 96 2530 Z6 W 70/1 Z4627 z6. -w 339;z Z47 2 5f Z573 Z5-74 S._7z
CAnalytical Letb (Laboratory)

a. B.O.D. - ppm
1. haw lewage 13_/459 /35/ /776- /&Z.8 J/397 /7 /f- 7 /72{ /7Z. 5 /1( 177 /5 12/0 757.5 Z /5/.7
P. bettled n 7zz... .. 72. 3 2 90.8 743 474 5/.4 /79 //79 /0/4 6_ f0 3 Xo.? f9.7 . 79.5

_ . Fin. f."14/ /-JLZ J 6.0 7f /'r j /Z.f /4.C //. /fs j 10.- /V-7 79 1/3.3
b. Lus.Lolids, ppm

1. Raw 3ewdge 099 ZZ/ .9' 397 279 JZ. 3" 309 33--4 355 3 3 _392 33/ ? / 334

p. bettled 9/ 7 93 io 9f &95 79 /1/ /20 1/6 92 L// / /00
-. Fin.Eff." S 2 4 9 _ _ 3 5 4

4. Returned Eludge 0// 9 44e4 3/90 33_g 3F43 +f$Z 4/99 344f zf// 37 / #-r 4q/_ -q/ / 369]
5. Aixed Liquor - pp /Z94/ /27r //93 //9 /094 /0// 999 /14 874 /0/f /2.9 7/22 6/ /Ose

(a) 9 Volatile Eol.in iix.gil '7/ 74 44 &9 a7 64C 4 65 Lf & / 4 Zi 69 45
C. D.O. pp-M

1. Aeration Tank Inlet
Outlet 4.4 9 4-q 740 7 3 -9 -or'/ - 9 0./ 7./ 7/1 o 4.

?. Fin.Eff.'ewage '8.4 L.i /Z . z d.9 8.0 7/ 77 d-/ 65 9.0 .59z 8.9 6.5 _

d. Nittro ens - pp (Fin.Fff.)
1. NH

2. NO,

e. Lewaga Teip. (IF) 6-0 +-9 S-0 .? 4; f 9 X 6_ 6 S 6 0
f. pd (ha7 Z-M-1-d-j _4 __ _ _ _:_ 7.3 7/ 7/ 7/ 7/ .7/' 7z 7 7-Z 7/

D. eturned ludge
1. Lludge Index 9Z /03 //O /zf //y /6 13 //3 /Of /70 J7z 1P7 /O /09 9

. .G.D. - 1et.Audge 6.gf 6./9 '.6Z 7.or .76 4.// 6.02 4-.60 6.Z/ (-7 4.9. -' -f 4.5 
6

-f/

. of ewage 33.7 33.0 |33.3 39.3 36.I .30.1 Zr- d/. 0 do.7 37.1/ j M.f 3/.9 Y4.o J 3.3
of7 0.93 9~ I3. 0.9 J-0: 0.43 6E. i.ir Quantitter 

T1. Cu.ft./dy. (1300's) 5744 8A- Y f ff 4o 1 f9 // p370 ?o7 9Z 0 /A 64,6 P6 /727 42' 0z 4A f// 16
Cu.ft./gal. 4 7 0 - or f 0.47 e.g o . #10 0. lo -/.- 0.43 0-4. 0..-

Z. Cu.ft. lbs. BOb Removed 76z 79 1 /5 6 39 749 9/f 1 977 6 P 99/ 4/Z 927 7/ 7/ 17/z 799
F. Aeration Tanrcs (Liq.Vol.used)

1. lix Liq.Aer. - 1000 ef 44, 1 6 ( 61 441 46 4/ 64F 66J 4/ 45 641 ;1p 4.4ep 4/1 ( 624
Pre and iezer. - 100 cf

?. .eratl rn P-r. - hrs.(OixLiq.) 94 / 1 9 .2 471 #./ 6 430 4 42/ 3. 93 4.3 4.SZ .7 4
G. Lettlini Tan.( oi Detenti In Periods

1. Prinary Lettiing / 2.00 2.03 2./i 199 /.9/ 19 /fz /9 2/0 Z./9 eO7 Z.o -
. econd lettling _3/ J.2 3.07 3.27 J.2/ 3. o 3.03 2.93 3.// J3.33 2. 2.94 -0 3./9 293

VIoLATLF SoL..b W Mij. L. -- ,r92o 1/0 790 Vro v9[ j?/ .4 ' 9 4{ ' ___76 27

-3

0z'

z

:0

H-

(D



TABLE A - 3PEUi.kTI )hT.

A. Lates J Feb. 'Ar. apr. Jay June July Aug. Sept. Oct. Nov. Dec. Y I
B . L ew *.g e f l ow s - /...I. 7

1. h;w - To plant* (Total) zZ.949 Zo.o 24.Z9 z2./ /947 /9.46 /9./g e /776 /I6Z /6..Y /7.12 00 /9
.ettled - To ferton

Z. lixed Liqui -
4n zner.Th 1, o0/ 9/00 f509 30.9/ 79.Z3 20.0 30.56 276/ 24.50 1/0 30.27 32.17 30.63

C. Analytical Latz (Lbordtory)
a. P.J.D. - ppn

1. Raw Lewage
bettled "

Z6/1 9 z / Z/V 03/ /4/ 21- 17J0 /09 /IP /70
1 . / / 77 /;V /t /(& / 60 / 2 z299 /01 /09 /7g /7e

-3

I ~
3. Fin.Eff." /T 1- / 77 / 71 I/_I /1_ I i//I/_

b._Lus.L ollus,_ppm
1. Raw Lewage gZt gfj g/- r6:0 Z-O /?4 /9Y7 z99_ 469 29 1/3 /0.9 z4fJ _

Lettled " 244 eo /91 /9 /5 5 //9 /&j / 0 40/ /f 7C 763 /
. Fin.Eff." 70 20 /7 /r /6 /7 /' /9 2 /6 z2 7 /

4. heturned :ludge 77/0 3/1 70/o 6/20 740 64179 5 _f/ 7/55 70 -5791 07f 57Z9 6r37
5. lixed Lqor_-_pp ._Z4'/ Z373 Z7io z37z zv ro./* / 7 270/ 2779 47 Z ' 2477

(a) I Volatile Eol.ln ,ix.L 499 76 4K6 6 _ 1/ 4/ 6o 61 j 6/ 73 72 6 _c. D.O. ppm
1. Aeratton Tank Inlet

Outlet -.- 3.o {.9 . j: J_____ _.__j_._ _.I 6/
.F6n.Eff. ew e/ 3.3 2.4 9._r 4. _ _ / 9 /./_ 3.9 4.9 J. . ./3d. Nitrogens - ppi Fin.Fff.)

1. NH 
T

P. NO _o ,. z.f 9 7/ 73 75. 6. 69 // 7 , 67

e. lewagp Te-np. (OF) 5O 99 6:0 -5- 66 6 70 7Z 7Z d9 _ _ _ ~_ 6/
f. PH (haw '.' ebif 1 7 r 7.3 J 3 7 9 7 3 7 5 7D. Returned 1ludge
I , 1 . .. 7 T A

. d.C.D . - Fet.Lludge
. of Lewage

91 -9 -417-6

//Z. /.-9Z /0.13 /0fr0

f/./ {3 945 5-5

6:1

/0.7/
.56.3 I

/0.99 /0.910. /0.91
6 / 7

/. 97
7 c

//7. //7/ //..91

7/ 9 63.9 F~r
/./
.77 .7

0

0

z-

'0

-3

.U. ./y. JUV0 s)
. Cu.f./gal.

. Cu.ft./lbs. BJL Bemoved

/79a ,y/7 //1.r /077 97j' 12c/3
.00 0.7 0- VV 0.7, 0.4 0.79 &.79

36f4 ."q~ .? 7'1 I 6r-to /P_1 /Z P,1,
077

/7 

6
0.90 o.6f
z~.,- ~F. Aeration TanKs (Liq.Vol.used i I

1. lix Liq.Aer. - 1JOd cf 1149 1149 114L 9 11 /9 //47 19 /74 1/9
F.Pre bf-4W e.v-lOecf zS I; 2 12 z 1  z 2 25i Zs2 ,-.25 Z5

. erati on Per. - hrs.(lix.Llq.j 6.79 6.93 6./9 j 9 7410 7/ 70/ I7 J 7./ 7.6 7./ 6.17 7.
Lettling TankE . Detentln Periods)

1L. Primary ettling
P. Lecond Lettling 7.dZ Z-> 66 z 7 Z..7 I 77/ I z 7 z re I .r ~

z

H

S. ... . I

\. VIOLNATII.OL$ J H LJ.I9- ?P 79P /710 /rOf 1 AfJO /200 j C /J00 /6./C 2/zo /60j /C / 6,40

I
r 4;; /

1 C fl d 1 '. Ai r Guant t



Jt 4 n. jFeb. iLr. "pr. ALlv J une July Aug. I Sept. Oct. Nov. De. Y IG

tt 'i I r .'f VC T ) t; 1) 7.r 9ip /,q/ 66 .3

L. An' t
4
)r cI Lt L Ir.t )ry)

t L pC__ _ __ _ __ _ __ _ __ _ __ ___ _ __ _

3Fin.Eff." 9- 1 -' ____

b. ~uiLiji.pp.a _____

1. RLW eWLge / 2/

lettlel ____ Al /72

3Fln.EffA - / /& /

5. lixedi Liqu~r - ppn .Z24-

C. D.. Ppm~

OJutletI

L 'rL /09 /&72 z e 5' 160 //-r -Z /07 f.1411~~ [J ~ _-

C. z5 /Vtj 249 f7 243 // p

/613 1 
/z o-

/330. /Z9 /0.9/

/50 PC7 P4 9

Z3.9

77/?

/4r -~o
4-

3. 3 3.

- -.. Ntrog ens- pi (Fin.Fff.)f/3 7

Ii I I0.0

a*. ('F ( ,I rz~? .3 4/ i r 4o __ 65 59~ 67~ al r 6 _

C.1.D. - ! -t.L,~ e// ~ ,. . . ~ ,z 1i .o o /0046.9.9 /0 //
'zoi' I /'4

27 'f eA: r/ 7 /If xz /6 17 1r /6~ 1,6< le./~ / _

E. i4r u;-ntltle ________ _____F_______

1. Cu.ft./dy. 1.bjj''E 'f/11 30 -O300 I 1910 YC - 37/0 4010 3 J70 C. 9/0.00 .00 J

.Aera.t Jf I6nLcs Li .VDI.u~eA)____
1. lix Liq.A'er. - 1.) cf J ~ ~ ~ o o 30 30 30 .0 000

Pre inu' i.ez.er. -1003 cf I- -
. .er~itl )n P'-r. - 6s.Lx.i. fd 7Z 7/ 6.4, 1 .7 0 6. 407 6-9, 725 Z 6 . 7.9 t 0 799 V 534.30

1.Prin&~ry L'etti ing 4.C .

7.~~ yI.

Ell

0
01

'-3

0I~.
1-3

C 
4

C)

(a
0
z

Q)



TABLE A - OPEhATION WhT

L. 1 -tes Jan. Feb. r. apr. ay June July Aug. Sept. 3ct. Nov. Dec. YEnioY
B. 'ewege Flows - A.G.L .I IIII AV

1. hiw - To plant' (Total) 4 f Ix 94 776 0/ f. 7.99 797 a.// X.7/ 760. ettled -To erathn T.1$ J-'f 36 f4P v9'I 7-6 J o/ j t 799 79/ 4./ 6./ 76
. Aixed Liquor - in ,er.Tks. /0-0 // 49 /-Ze /Z./1 /Z< //- 19 /Z. /.3 // f //-10/ /0.-9f /046 //'. _C. Analytical LEa (Lbor tory)

a. B.J.D. - ppn
1. Raw 1'ewage1.- - - -ge123 z4z Zsf _Z/ 237 / Zs2 207 z e Z3 zzz' J Z z/ Z7e 22.9

*ettled j /94 j /99 /7/ /o~9 /56 /j3 /1Jr /Z< /29 /54 /77 /I2 ,1f7
b. Fin.Eff.n / ::r/41 9 33 3 3 zj z 4  Z4 z 4 -$-7 3 .b. us.,,oljas, PPM

1. Raw Lewage 20 2/f 2/1f /95 207 /9/ 2/3 /95 9 205 Z 20.9 Z/7 2/0
f. bettled " -
E. Fin.Eff." _/ / /_ // /4 2 _ /7 /7 /Y // z r /9
4. heturnod Clude 7 34/0 Z70 -j0 .3/z0 3/10 3&0e 2970 33Zo 3330 2990 2400 24/0 C4_
5. lixed Liquar- -. //0I//O /0~ 1//fO /0/,0 //Z 990 /o/0 /01o //6' //- /09

(a) I Volatile LoL.14 x.LIpC. D.O. ppm
1. Aeration Tank Inlet -

Outlet 4f0 J- - 11./ 2.Z z 4 Z. f Zf p .
_Fin.Eff._ee _._ _- _-_ _-__I-_ _ . .1 |.4 0-{ ai __9d. Nitrojens - ppi IFin.Eff._1. NH

O.,_ _.0 7/ ZJ.- Z.L .. 2.0 3.7 41 3.9 ~ __ _e. Lewng, Tenp. (QF) rf r r1 ;, 49 73 74 7Z 7J 6 60
f. p (hw or tattied ?j

leturno 1ludge-
. LUgn /23 /3j /6 / 1_/62 1 /7/ /Z / T /17 /10 Z41 IQ /7

'.C.D. - e.t.ludge r , 4. z4 f j -A 0 4/7 406 j -?// j .- i9 3off I./3 .3.4/of Lwge 7 / 4' 51 5/ .- 7 445 3_ /- 2-E. 1.tr ruintitter
1. Cu.ft./dy. (Cj'r) -4 71 J zz 5743 .5f/0 5/4 573 T .521/ .5527 64// / - 1 &<4

Cu.ft./gl. BDefv, 0-9f 0-74 0-6/ 0.74 0.77 O.73 5-. .( .70 0.9y 0.77 0.7 0
.Cu.ft.-lbs. BJb Tiemoved

F. Aeratin T1nKs (Liq.Vol.used) 
--1. Aix Liq.Aer. - 1DOd cf 374 374 374 371 376 376 374371 37 37 1376 37 76Pre and iheaer. - 100 cf J1

. ,erati >n Pqr. - hrs.(lixLi.,) 4.1 _T/ 5r SO _4 -7 zs _._ 5-9 6.2G. Lettline Tant Liq.Vol.used or Detenti>n Perids)
1. Prinbry Iettilng

.Lecond L ettling

I-s _-. .- /1.3 - 7.0 10-4_ / . - - f . / .9 -

3.

0
V-

-i

0

UA
0
0
"Z

z

W-



TABLE A - OPEhATIN DhT-
| A Al A4&A A Al ~ A A A YF-fR1, Ave.-jA. Dates Jan. Feb. 'iar. "IApr.' Ia J une JUly Aug.^ Sept. I Oct. Nov. Dec.* AVB. Lewage Flows - i.G.L .1. haw -To plant' (Total) -f -- 4 gJ o 3 45 44 5 2 / .o 4o 4

.Lettled - To nerzat-)n
. ixed Liquor - In ,or.TkE5.4 9 6'-79 4./ 5." .1 6. 13 6. y 4.z9 6./3 S./ .9 53r Jr9Z 5-.99C. Analiytical Lat , (L borat,3ry)

a. B.J.D. - ppn
1.______ _ g /63 /5 //3 /7/ ,'7 /7, /7 gz g/ /73 fe z/ /7f / _
P. ettled "n/j_ /4/ 96 /-r /4/ /3 /f Zoz Z/4 /5f / I_ /.I'- /__ /
1. Fn.Eff. /9 9 / / 7 /7 17 2 /7 /9 /0 /I //b. LUS.tLolids, ppm
1. Raw Lewage
2. bettled "f / s] /V/ /Z 5- /-/,/ /ZIP /J- /if 90 9st /$-Z /9 /4Z
Z._ __._. /7 / 7 / /0 _ 9 Z // // Z/ /' 1_/
4. Returned Fludge 3, 90 //,xo 1// 70 ,6 /O7zo /Of3f ///5 // ?69 /Z 5-4 /1f06 9 39 //,J9 0.3_5. lixed Liquor -Zppa Z 09 Zzfz. Z4 L Z434 -/70 24 0 7 /C O 26zo /950 z 2ze Z& .9 425

(a) I Volatile l9o, Gy C. 64 69 67 64 4Z 69 7/ 1 P 7f' 7c. D.O. pp_
1. Aeration Tank Inlet -

Outlet

P. Ftn.Eff.'ewage
d. Nitro ens - pn (Fin.Fff.__

1. NH 

1
ZZ. NO, _ _ _ _ _ _ _ _ _ 

-_
e. Lewagq Teip. (OF) J-54 51 5.5-v 40 / 3 6 67 67 6 71 4/ 6C5
f. pH (hsw ar ' of4 -2 77 77 -1 ir -7 7- 7. 7g 7 - 7.1). Returned Lludge 

._1. LluJge Index 
-77 40 f-9 77 /0 z //0 5-7  /2/ /

1.G.D. - Et.lludge 06 / / / /63 /6, 7f IZ 014 /1j /3Z /.33 -
. of Lewzge ZZ.7 Z/ 61 .0 Z.7 Zs 9 27 33. 36.o .7 4. 4 9.6 2/.0 33.9 2.E. Air Quz.ntltlet _

1. Cu.ft./dy. (1jdo's)1

2. Cu.ft./gal. .+0.n.vdc1 7C 1 . /0 / /JZ V2 // c 0.69 0.77 0.90 0.83
7. Cu.ft./lbs. B3i 1/e ved / 799 .5X7 4/0 g 9 17/ X4/ /066 S-9 3 60sl 74r 72fF. Aeratin TanKs (Liq.Vol.used)
1. lix Liq.Aer. - 1000 cf

FPre ind 1,eaer. - 100i cf
I. r.eritl >n Psr. - lrs.(4Ix.LIq.) Z 3%' 3*1 379 3..j 4./Z 4Z/ 440 P 4 20-0 j.99 450 39S ?___G. Lettlini TancE \ri-.Vzee-d Detenti ,n Peri _d s)

1. PrInary &ettiing I // /40 / / . /76 /67 /7/ /7/ / / _ /3I /. Z /36 * %I ___7 17 7__ P /____ I .ZS3 _
. Lecond Pettling Z -'I9 Z.*6 Z.44 . Z 2. z/ Z.Z0 2.29 Z.0 %.6- 2.7/ . .*/ 2. |____

VOLATILE Oyn ') M50 LI1. - PFM /9/o /,rlo yj-Xro {- r& fi-j/ fo_ 2 Z 2 740 Ar/c /04c /'9 /f1i' /727



TABLE A - JPEiTIJN l
A A A| Al A B Dec.,& , YE qY AI- H'8]

LateI Jan. Feb. L-r. ir. Jay June July Aug. Sept. Oct. Nov. Dec.
B. Ee%.ge Flows - _._._.

1. ,iw - 'l pl:-nt (Total) .4/- - 9.44 9.54 /0.03 9.64 8.79 e-89 9-/8 989 8-7 9 if 9.30 9-ff /97
ttled - 'Ic ierLt n _1[

.txed Liuor -_'n er.T's.// /-f9 //-/ /-55 /?/,f /e.39 /o.j7 / /0.26 //..Z /0.9/ /0/9 /6-99 /0.39

k. Ani-lytical L'.t; (i, bjratory)
h. 1U.J.D. - ppa

-3

1. Faw Lewage 103 /3?/ /.4I. /04 /OZ /J // / 44 /. //9 /-7 i/ 11 /32
. ettie " /08 /0 /9 9/ 89 /09 //0 //s /24f /30 /5 /Z) //5 / /23

3. Fin.Eff." . /0 / 7 9 9 /9 /Z /s /9 /9J/ / __/ _ // I
1. Rbw Iewage /74 /98 Z07 /79 /70 /8/ /7/ 14 24 zI/ i// Z// ZO/ /91 1 o8

. ettled "' _O_ /9 zos /87 /53 /66 /*9 /4 /40 Z/9 Z39 225 /W4 // Ze6
7. Fin.Eff." _ 7 14 5 // // / // /8 14 /9 /_ / 0 zo
4. h-turned "ludge _ __ 5280 ieo o 4o50 .440 _5ooo 

3
70 3370 4sro .555 -fO_ 4120 5250 4907 5927

5. lixed Liquor - pp.. /Z80 /Z0 /15/5 /090 /06 /ZSO 990 /0210 //95 /400 /440 /4o 5 0 / is'
-(a) 4 Volatile _ol.In biq G 7 63 1 o * 63 e/ 67 7f 74 17z 7Z 68 1 7 1 .8 70

c. D.O. pp_
1. Aeration TanK Inlet

Outlet -5 .109 3.z5 .4 , 44,8 3. /,7 1 1.73 / / 1 C 3 1.'s J-JFin.Eff.G z.f s .79 4.o7 2.43 /-9 /94 /-/ /-4 /.42 -j.90 1.88 j /-f1
d. Nitrogens - ppI Fin.Fff.)_

1. NH,

NJ,

e. lewNgJ Te p. (*F) 0 0 40 1 6/ 44 _;' 7 7 f.3 ( 74 61 4 7/
f. pi (haw or tettled ?_

D. Feturned liudge
1. Lluige Index (1-71X&s Z') &5 9 56 50 44 7 / /00178 7/ fe 15 48 4 15

.4.C.D. - fet.aludge /.5 /50 . 3 /5G /T.Z /.5z /5f /4c /7c /7.. /17 /.57 /*9 /.SZ /4/

. of LewLge /5 /57 /5./ / . /5.2 /. /73 /t // J /<9 J.z /4. /.0 /5.8 /.5
E. fAr Qu;ntltles

1. Cu.ft./dy. (10JO's) 465015750 46 J "280 .r/0 540o 90 .57o f-4 00 ffo J 940 51Z401 5/30 5z9, - 7'g47
'. Cu.ft./gal. 0.49 0.(.o 0.49 .54 . . 56 o. 0.40 0.4/ o.s . ff 76057 0.55 6.5-6 0.

Cu.ft./lbs. Bjb Bemoved 75/ 8 s8 57 J9t 9Z 4 79d 637 . 834 ji "s -" ___ 1LL 7 Z719
F. Aerati.3n Tancs _Li q.Vol.used_

1. lix Liq.Aer. - 1000 cf 3oT jo7 J 7 3"'
.Pre Lnd heaer. - 100J cf

t.eratl )n Per. - hrs.(/0Jx.Liq./ X{ J3 5'/ / 4.9 4,0 ( ~-f 555 5.0 / / 4
C. Lettline Tan.s 0L.iq Wl.wod Detention Periods)

J-

Q-

o. a.us.t .los

1. Prinary Eettilng 0-80 0.79 0.77 0.79 0.7j- 41.78 0.87 0-85 . 0.8 0.8G 0.8/ o.zi 09c' I9./
econd settling 92441 g.G5 z .5/ z.7 j .5 t.so 2-57 Z-77 2.88 | 2.62. Z.4/2. Z.7

VOLATILE SOLMS iN) M%,LA.._ J -- . 4 6 if 64r 6Ar 44} 0 73r 77,r 797 // e{ 9 { l 7.P1 lr

npp'n

I-



TABLE ,.. - JPFA.~iI ~

.. fl t C I t n 
4

L' t I .,
ri I lytpcp- -t; L r t)ry

F! n. Ef f. '
b. u. ty~pn-

* 'ettio i /40

F tn.Eff." ~26
4. h - t I ~ u~

5. ltxe-i Liqu.or - ppn . Z72

c. L.J. ppm _ __

Jultl1 t

L ~ Jn Julyf iU. Lp. Dt ov. C

2.6-4 ". .. 2.f 27 / 2.1 29 2 / Z.2 .9 2..

v.2 1 3 7 344 43 .Y 1, 9 12. 94 0.7 4 '

-7 -76 0-Zr 1970

/Z .ir Z 3 .9ck

2 36- 31-3 9 3
~ /3 .? . .3

25/

Z4f. cy 0.

297 3 z9,6 Z7/ 24 37 s 7o96 294

/7/ 32 /?,-' /23t /210 6 1 /28g

3 ZZ , 0 /ZO 130 '7 Z Z

70/ /0 ,42/ / fry 1 49

3200 40%4'227, 337 ,6 04 0 5-16 06 .< 3991{'
1040 //r .:/ 9/,/- 2/7 2102t.< / 2 9 31

/.0

-Z. z /
7. /

/~f /7 2. 2.4 I
~.2 I

d. Nltrog, " Ap Fin.Fff.)_________________________________
1. NH-

e. IeD.L r . .(F z 6;

f . P t'iJ ?) I7. 7 '7.J- 7.J X J 7.( 7 ( 7. %' 7 > 7,r 7 7' 76 _

L. eturn' , Tu -
1. iu,;g- In-1ux e6 t3 3,4 31 37 Z 07 /'Y.,7/1 /04. /O 713 /,

'fLe.C 9O ~7~47.7 Z. d. t. rYo 43 474~~ 6z4 (ZC ___

T. Ir u;.ntltVA____________________
1. Cu.ft./Ciy. (lziir 910o Z4o .C$ Z77/ 2390 21 ,r5z Z&OO zC~ 640o 9 Z 630

Cu.ft./pJ. /,06 0.99y 7.09g .'7 1.fj0.908c 0.93T 09R7// .8 /7,01/.

LF.~er tI. iJc~L. VD .r ______________________________I____

0

'.3

-3

0

cz

I



TABLE A - OPEALTION DaTh
YF-ftR1Y

A. Dates Jan. Feb. Iar. Apr. Iay June July Aug. Sept. Oct. Nov. Dec.
B. DewLge Flows - 4.G.L.

1. haw - To plant' (Total) /f8 /49 /6.2 /43 /9 /7 /f // / 140 /9 A Io 11/9

2. 'ettled - To Keratt-n . / /. /7 /./4. /O /f . /f/ /0

.lixed Liquo; - in ker.Tks, 1 9 // l- 99 z-/ t/l 9 d -3 // -/p

C. Analytical Latb (Laboratory) -
a. B.O.D. - ppn ,.

1. Raw 'ewage

P. bettld "

Z. Fin.Efr."
b. ua.oliia.nnj

1/j 1? 4 A 211O I? If0 I1 1J. fv 2 . -14 1 7
26/ 33/ 269 Z2 233 ZZo 2/7 / 0/ Jol Z?/ 3/7 24

/9 3/ /7 2/ o/ 17 /1 / / 6 j // /_

1. Raw Iewage Z7Z. f- z7. ff z 4# ziz S 27 Z.( . f X z S7 o _- Z7

2. Settled " I / d /60 z 17 //, /// / I /0/ 9t //2 /Z6 /3/ / 2 _

. Fin.Eff." Z/f /0 /Z 9 /

4. Returned cludge
5. tixed Liquor -1p6 /4O /76. /690 /360 /140 /6 ZOZO /6/632030 10 /7ZO /f0O /690

(a) 9 Volatile Sol.iniiX.Lal Af9 741 70. 717 3 70.1 199 7/1 Co. 499 7?9 730 _7. _

C. D.O. pp_1. Aeration Tank Inlet __ I _ I L V 4 i 0 1 Q 4
Outlet

2. Fin.Eff.Cewage 37 f -1 1.z 3. 33. 3 3.3 0 1 -f/ X.0
d. Nitrogens - ppn Fin.Eff.)

1. NH z.. 4X S X_ ___ __0 Z_ _._ Z._ S__ _T__ 4 tO

. 1., .9 /.Z 1,9 .7 Z4 /5 /. 2.! 3.j 2 /1' . 0

e. Sewage Temp. (OF) t/ 6Z 67 J 6' 70 .7 79 7/ ' 1. ;_7

f. pA (4 q-.yrettled ?) 73 7z 73 7j 73 .3 73 7Z 7z 7/ 7/- 7 z

D. Returned Lludge 1
1. Siulge Index afix. Li..) 1/ /79 /09 /tJ /Z4 /Z7 /OZ //7 8t /5~9 /37 /97 /30

-. M.G.D. - Fet.iludge -5,j -0 . _~g 7 25 3. . 4I

3. of Lewage
E. tai uant!.tter

1. Cu.ft./dy. 1*'s ) CJ'. /4.7 /4.9 /6.z /6.7 17O /19 /f.? /f.2 /Z-0 /9./ / a. Z..- /77
2. Cu.ft./g-l. /00 /146 J 03 /04 a0 a /a le7 /17 /2 /33 /3/ /.17 //6
3. Cu.ft./lbs. B3b Removed

F. Aeratt,3n Tanks (Liq.Vol.used)
1. lix Liq.Aer. - 1JO0 cf J-9 _5.- -r I- f 9 r9 1F 69 .93 596 59 f 9

. be-ead heaer. - 100) cf / -3 I 6/6..- /14.3 16.3 /.3 / /4.3 /f. -. /P6.J /(s.3 /63

Z. ieratlin Per. - hrs.(Iix.LiQ.) 5091 5 /? 5 57 i4/ .1 I 90 Z j6/ 6 87 577 .5 z _

G. bettling Tanks Liq.Vol.used or Detentlin Periods)
1. Prinary Lettling

.econd Eettling I . f f / -6 IJ / I / - I /3 / 4 /.-/ 1/0 /9/ / VIr

'-3

W~

0

10

0

VOLAN-_ILFSO IL > __A .L)a - M /3va /3o /20 /070 //r' //60 //Jo // 107__ /Ire // /

146

H
ID

1--1 1



TABLE A - 3PEI-JTIJN '0iTth
19415___

___ Jui ~J L JuAv(- Au4 Cvp C.. July Au. Sp. Oct. Nov. 4AoVG-~.YZ AlTev#Yige flows- G..____ _______1. 10w-T plznt* (Total) -7 1 13h 39.15 45
.ttled - L. es~~ Ifz. 402~ t- 4q 43~4~- ~" 4~~__

Ax'?d Lio~ I _n ,,rTs L 7 Z9 24] 3 -. 0 j 30-3s '30.3 3 1. 9 3 3 34 1 38 ]____3.4 J 1 ___
ai. 13.).D. - 003 

_
1. Rasw Lew~ge j o -Z % a-8 2( 1 oa 214 _tb 2.14 22'4 1 o 9 - zo0 ZZ__ _ ettlqd 14 I' 1 07 X1j 2.j (3 127 144_4 ..Z.4 10 __ _ (26 Its
Z. Fin.Eff." 

1 &___ 17___ 
___ ____ ___ '

3. Fin.ETL'." 3_____ W 33 _ 3 J8 AS Z I$JZ 8 $ __4. -h'turned ude 0 oo 3000 3860 5 0oOS '5700 -500o _oo 00 (.400 SO 
4 Oj ___ (

___ ~ o 80 880 c1 On 1000 111 -14SO 1 500 152 _Z (35:430 _(8) 9 Volatile L~ol~ln 4fxA.ip ___ ___ ____________ _______

___ __ ___ __ __ 01ewg 1.0 08 0 07 0-7 0. 06 07. 8 . 0.3 0.Z 0.)d. p I- r n -h pV t (Fi' ..... L 
__ _

e..g TN p." F a2. 8. $s 8 .0 0__ 08 848 1. 47 1.i91.

e. JuIet~ Index. 1OF 2( 4 245 30 Z43 69 ,8* '354 $ 2 (2l

A .. . t.lde1 -. 8-0 .8- -7.4 ( 7. 5 6.9 9.2. 9.41 9.5- 9.3 8.9 1.7.7. off 'ew~.ge 2.- 33 33.3 [ 36 33 3 3 34.-4 34..0 35' 32 35-2 34.8 3E. i-ir Quantltler' _______ 
________________ __

-- 240 24,400 Z4,9oo ZI40 4,800 Z9,300 'Z9,coo 3qo00 ZS0-0 3o, Zoo 4), - 0oo c 300o} %
-I . ~ 3 11 . 1.2 ' 1-Z. .1 11 1.15 1. ./-Cu.ft.lbs. BOD Rezcved JIL40 11(70 ______ 1-550 (2.00 (270 I (vo L )0 -1(50 1(45 1Z2 I24-1(2)F. Aerati)n Tarnvs Li .Vol).ur-ed 

___1. [Aix Liq.A-r. - 1300 c bz zf z r05fIZ 05 1I2 05 (25,2 o.7J bz

S--- A! - V 1. 41 4f' 4? 4- _ 4!Jteratl )n P~r ls~xL~j 4 . 157 6.' [ .1 15.8 5.57 j 5SI.1G. Lett in Ta~s~~.o~d or Detenti)n Periods)I-T +
1. Prinary Settit~ng o. 0. 8 0.6 . .. 08 0 o 0.7 0-1 0.8 5. econd lettilng I . . . . . . . . . ~ 4Z.8 . .
0L.)r ILCE.3(r) -- (4 (2.EL3 J3 11 13-T (1. 14 12 1 (2.3i1%r-T0 -L-2-~_ .)- 10 .I . 09 9 0.9 0. 9. 0. -.

194 (



TABLE A - OPERATION DATR
A Al A l A Oct. Dec A YE Y

Jan. Feb.j Mar . AprI. lay June Julyt M.O .ep. t
A. Dates'IJl"Au.Sp.I 

IYG

B. Sewage Flows - 4.0D,
1. haw - To plant (Total) _. ;Lt .1 95 9.9 /o.Z 9.Z 9. _ .0 7 4. 9.2 /0.3 9.3

2. Lettled - To Aeratitn J - 6 92 J Z I

. Aixed Li uo; - In Ar.Tks /1K Y 1.9 J /Z.f /Z.9 /C r /3.0V /-. g.7 /. /.p

4. Analytical Data (Laboratory)
a. B.O.D. - pps 1 1

1. Raw Sewage Ito 1 43 7 70 9/ -,-a /f / /- Y t 57 I_ / _93

-9. bettled " 4 It 4 elf5 -f 4i /.f. -7f of499

5. Fin.Eff." / 6 7 / /a -0

b. us.Lolids, ppmn -
1. Raw Eewage /JO 96 //9 97 - / / /74 /51 Isle.- 17J -/ -7

2. Settled" 7r f 0 5s 7 -6 , /3 57 51 '10

8. Fin.Eff." / Z / I 4 7 7 7 -1- -

4. Returned Sludge or, / 4 X 6 70 . 3 404 4-UO 1396 3/4 4;0e j- Ov go .4Cz o 44~64

5. ixed Liquor - ppm /6Xf000 ZO/ /0 /,00 / 60/ /a //Z0 952 Arv //C
(a) % Volatile Sol.in Aix.Lia/ I

c. D.O. pp_
1. Aeration tank Inlet

age Outlet
2. Fin.Eff.Eewag

._ trgens - ppn (Fin.Eff.1

2. NO

Z. NO 50 7.9 6.0 6./ .r 7 . 3 -4 1 37 -5 5.0

e. lewage Te-sp. (OF) _4_9 -4 ..... - 64 a f 7 77 77 77 Or >K 5 _Y _

f. PH (Raw * -.. ZLm-6d /_- - - - - -

D. Returned Eludge - ---- --

1. Sludge Index % %5'6 41;5 f 4 /0# P3 /3 __ //jY

2. W.C.D. - Ret.Lludge -f j. t o 6 .9_ -f J.. 0 -V Z J/ P f _ J_r J. z . _

3. t of Sewage e - 24 27 3 29 2/ -3 __ ./ t/ jf 8 Z8 _

E, Air Quantities
1. Cu._t._dy. (1000's) Z4o,0 zgo 5*70 6*00 .566 49to 67a 00 4T-4 1/0 6-o4eo 6~7ZO S434

2. Cu.ft./gal. a ______0o- 0 a/ o.5S 0-7 0.6/ 0.4/ o. '0. Jop 0./6 0.9/ 0.,r9 a.J .4 .4Z

E. Cu.ft./lbs. BOD Removed 93/ /.r44 /3/ /CS7 /700 /3// /42/ 779 /O /01% /74/ //0f /100 /340

. Aeratiton Tbnks (Lig.Vol.used)
1. Aix Liq.Aer. - Vcr -Or 3.5 _&5, 145 345 __95 _3415 .76 6 3 e. 's-

2. Pre and heaer. - 1000 cf

8. Aeratlan Per. - hrs.(Mix.Lin.) 7 4__9 57-4r 6~1 'FZ -r- - S* X- -
. Pelling lizui '.i.Ll4. G ______ 0_ 

I -I- -I I . I - P
2. - - - - - - -- ~ . _ _ L _ _ C _r

0

0

"1

0-4

rf

i. Pri-ary Settling 13,000 C..
2. Eecond Settling 96 ooo c .

0 '
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APPENDIX B

This appendix contains Tables B-1 thru B-15 which

summarize the computations for Figures #1 thru #16,

respectively.

Table B-16 summarizes the computations for Fig-

ures #17 thru #21.



Equiv. Aer. #B.O.D. p P2  P3  B.0
Month Category Pri6d.- Hre. Applied Wemove9

Jan. A 2.0 8,120 41.7 20.6 9.5 93.2
Feb A 1.8 9,270 47.7 27.1 12.5 94.4
Mar. A 1.6 10,500 54.0 33.7 16.1 92.4

Apr. A 1.2 10,650 54.8 44.2 24.6 88.8
May A 1.7 11,750 60.4 34.9 22.2 89.3
June A 2.2 9,980 51.2 23.1 13.4 95.2

July A 3.0 8,200 42.1 14.2 8.6 88.1
Aug. A 3.4 6,410 33.0* 9.6 5.8 98.4
Sept. A 3.1 7,050 36.3 11.8 7.2 93.2

Oct. A 2.7 10,400 53.5 19.8 10.6 90.3
Nov. A 2.5 10,100 51.9 20.6 10.3 91.7
Dec. A 2.0 8,670 44.6 22.4 11.9 95.8

....... .. .. .. 
...........

TABLE B- I SUMM1ARY OF COMPUTATIONS ANN ARBOR, MICH.* 1947

Average A 2.3 9,260 47.6 23.5 12.7 92,3



AUSTIN, TEXAS 1945

Equiv. Aer. #B.O.D. P2 p BO0
Month Category Period - Hrs. Applied 3 le mved

Jan. A 4.0 5,610 20.7 5.2 3.1 89.5
Feb. B 4.0 8,010 29.5 7.4 4.8 81.5
Mar. B 4.0 8,610 31.7 7.9 8.7 80.6

Apr. B 5.0 10,200 37.6 7.5 8.3 74.9
May B 6.2 7,730 28.5 4.6 3.2 79.0
June A 6.4 8,910 32.8 5.2 2.4 91.0

July A 6.7 9,520 35.0 5.3 3.6 94.2
Aug. A 7.7 8,840 32.5 4.4 2.4 93.1
Sept. A 6.9 8,360 30.8 4.5 2.5 91.9

Oct. A 5.8 8,940 32.9 5.7 3.7 91.0
Nov. B 5.6 8,340 30.8 5.5 4.0 81.8
Dec. -- ---- ---

Average A 6.2 8,360 30.8 5.0 3.0 91.8

6.2 8,580 31.6

TABLE B.-:12 SUMARY OF COMPUTATIONS

Average B 6.6 5.8 79.6



SUMMARY OF COMPUTATIONS CLEVELAND

Equiv. Aer. #B.0.D. P P 2 B.O.D.
Month Category Period - Hrs. Applied P2  3  Removed

Jan. B 3.0 83,800 22.2 7.4 4.1 82.6
Feb. B 2.4 50,100 13.3 5.5 2.7 80.8
Mar. B 2.7 52,500 13.9 5.1 4.2 84.5

Apr. B 2.9 60,100 16.0 5.6 3.8 85.5
May B 3.1 60,000 15.1 5.1 3.6 87.5
June A 3.9 72,000 18.9 4.9 3.7 95.0

July A 5.5 77,000 20.4 3.7 2.7 96.0
Aug. A 6.1 81,000 21.5 3.5 2.4 96.0
Seot. A 5.5 59,700 15.9 2.9 2.4 91.0

Oct. A 4.9 63,500 16.9 3.5 3.1 91.0
Nov. A 4.6 54,100 14.4 3.1 3.1 91.1
Dec. A 2.9 90,000 23.9 8.2 6.4 89.0

Average A

Average B

4.8 71,100 18.8

2.8 61,300 16.1

4.3

5.7

3.4 92.7

84* 2

(E), OHIO 1945TABLE B-Z



DECATUR, ILLINOIS 1947

Equiv. Aer. #B. O.D. P - B.OD
Month Category Period - Hrs. Applied 1 2 3 Removed

Jan. A 4.7 6,190 35.6 7.6 2.8 89.6
Feb. A 4.6 6,410 38.0 8.3 3.0 93.8
Mar. A 4.2 6,940 41.1 9.8 3.4 95.8

Apr. A 2.3 5,540 32.8 14.0 4.9 93.3
May A 3.0 7,140 42.2 14.1 4.5 92.5
June -- --- . . ..

July A 5.6 6,090 36.0 6.4 3.1 90.5
Aug. A 6.5 6,510 38.6 6.0 2.9 93.2
Sept. A 5.5 5,840 34.5 6.3 4.1 91.6

Oct. A 6.3 4,240 25,1 4.0 2.4 92.0
Nov. A 4.2 5,820 34.4 8.2 5.5 90.0
Dec. -

4.7 6,070 35.8 92.2

TABLE B-4 SUMM1ARY OF COMPUTATIONS

Average A 8.5



Equiv. Aer. #B.0.D. P P %B.. D.
Year Category Period - Hrs. Applied 1 2  3 Removed

1941 A 5.3 18,500 21.9 4.1 1.8 91.1

1942 A 4.4 18,100. 21.5 4.9 2.1 91.5

1943 A 4.1 19,500 23.1 5.6 2.3 91.1

1944 A 4.1 22,600 26.8 6.6 2.3 89.0

1945 A 4.1 21,600 25.6 6.3 2.5 90.3

1946 A 4.0 24,800 29.8 7.5 3.3 90.6

1947 A 3.5 28,200 33.4 10.0 4.0 93.6

4.2 21,900 26.0

UMMARY OF COMPUTATIONS FORT WAYNE, IND* 1941-1947TABLE B-5

6.4 2.7 91.17 Year Average



TABLE B-6 SUMMARY OF COMPUTATIONS, . GARY, INDIANA

Equiv. Aer. #BO.D.P . %B.O.D.
Month Category Period - Hre. Applied 2  3  Removed

Jan. A 1.2 12,600 19.5 16.5 12,8 91.7
Feb. A 1.1 12,600 19.4 17.7 13.8 88.5
Mar. A 1.2 11,500 17.7 14.7 12.0 88.6

Apr. A 1.5 14,400 22.2 15.1 13.2 93.5
May A 1.8 12,200 19.0 10.6 9.5 89.5
June B 2.1 11,900 18.5 8.8 7,9 77.5

July B 2.4 10,500 16,2 6.8 6.8 78.2
Aug. B 2.5 16,200 25.1 10.0 10.0 81.1
Sept. A 2.7 20,700 32,) 12.0 10.3 90.5

Oct. B 2.3 16,600 25.7 11.2 12.8 83.2
Nov. B 1.8 10,900 16.8 9.3 9.1 86.0
Dec. B 1.4 14,800 22.8 16.3 13.1 88.5

Average

Average

A

B

1.6

2.1

14,000

13,500

21.6

20* 9

14.4

10,4

11.9

10.*0

90.3

82.4,

I

1946



HAMMOND, IND. 1946

Equiv. Aer. #B.O.D. % B.O.D.
Month Category Period - Hrs. Applied I 2 3 Removed

Jan. A 1.6 41,000 35.7 22.6 8.7 92.1
Feb. A 1.6 39,600 34.4 21.6 9.3 89.8
Mar.- A 1.5 39,100 34.1 22.2 9.7 90.1

Apr. A 2.4 29,800 26.0 11.0 4.8 90.4
May A 3.2 25,200 22.0 6.9 2.5 92.1
June A 4.4 20,100 17.5 4.0 1.7 94.4

July A 5.4 19,000 16.6 3.1 1.4 93.1
Aug. A 6.3 23,600 20.6 3.3 1.2 92.5
Sept. A 6.8 30,100 26.2 3.8 1.1 94.4

Oct. A 5.7 22,500 19.6 3.5 1.4 96.4
Nov. A 2.1 16,900 14.7 7.1 3.4 89.9
Dec. A 2.5 25,600 22.2 8.9 3.9 89.0

Average A 3.6 27,700 24*1 9.8, 4.1 91.8

Cz

TABLE B- 7- SUMMARY OF COMPUTATIONS



JACKSON, MICH. 1946

Equir. Aer. #B.O.D. p % B.O.D.
Month Category Period - Hrs. Applied 1 2 3 Removed

Jan. A 2.0 7, 300 24.3 12.1 4.8 96.8
Feb. A 2.0 6,950 23.2 11.8 4.7 96.0
Mar. A 2.2 7,840 26.1 11.8 4.8 96,4

Apr. A 3,1 7 750 25,9 8.2 3.4 96,8
May A 3.6 6,600 20.7 5.7 2.3 96.3
June A 4.6 5,200 17.4 3.8 1.7 97.1

July, A 4.5 5,760 19.2 4,3 21 96.&
Aug. A 4.9 3,900 13.0 2.7 1.2 95.6
Sept. A 4.9 5,200 17.4 3.5 1.6 96.8

Oct. A 3.9 6,380 21.3 5.4 2.3 96.3
Nov. A 3.4 6.360 21.2 6.2 2.9 95.7
Dec. A 2.5 6,480 21.6 8.6 3.5 94.4

3.5 6,280 20.9

TABLE B-4-g ' SUMMARY OF COMPUTATIONS

Average A 7.0 2.9 96.2



MADISON, WISC. 1947

Equiv. Aer. #B.O.D. P fBOD
Month Category Period - Hrs. Applied P1 2 3 

Jan. A 3.5 10,500 28.0 8.0 6.9 79.1
Feb,. A 2.2 10,700 28.4 12.9 11.1 74.4
Mar, A 2.3 11,900 31.7 13.8 13.3 87.2

Apr. A 9.7 11,250 29. 9 11.1 9,4 79.2
May A 3. 3 10, 350 27.6 8.4 8.3 75.6
June A 4.0 8,750 23.3 5.8 5.2 73.4

July. A 5.4 9,000 24.0 4.5 4.5 88.5
Aug. A 5.0 8,600 22.8 4.6 4.5 80.8
Sept. A 5.0 8,600 22,9 4,6 4,2 81.4

Oct, A 4.8 10,200 27.2 5,7 5.0 83.1
Nov. A 4.0 9,700 25.9 6.5 5.7 67.2
Dec. A 3.2 8,600 22.9 7.2 6.5 74.4

3.6 9,850 26.2

TABLE B-79- SUMMARY OF COMPUTATIONS

Average A 7.8 7.1 77.00



Equiv. Aer. #B.O.D. p P P B.O.D.
Month Category Period - Hrs. Applied 1 2 3 Removed

Jan. A 1.2 5,340 46.4 37.8 12.7 94.2
Feb. A 1.2 5,400 47.8 38.9 16.3 90.8
Mar. A 1.2 4,000 34.5 29.2 12.1 90,7

Apr. A 1.8 5,300 45.7 24.8 10.8 95.8
May A 1.9 6,300 54.4 29.4 11.9 93.3
June A 2.3 5,700 38.4 16.7 6.8 94.7

Jlx A 2.7 6,100 40.7 14.9 5*2 93.8
Aug. A 3.0 7,800 52.1 17.6 5.4 91.5
Sept. B 3.1 7,800 52.4 16,9 4.4 88.0

Oct. A 3 2 5,430 36.4 11.2 4.3 88.8
Nov. B 2.5 6,000 40.2 16.1 6.4 87.9
Dec. A 1.9 5,100 34.2 17.6 7.0 91.0

Average

Average

A,

B

2.1

2.8

5,630

6,800

43*1

46.3

23*8

16*8

9.3

5.4

92,&

88.0

-'4Am-H

MARION, IND.* 1946TABLE B-'10 SUMMARY OF COMPUTATIONS



SUMMARY OF COMPUTATIONS

Equiv. Aer. #B.O.D.
Month Category Period - Hrs. Applied 2 P3  eOeD.

Jan. A 2.5 8,500 27.6 11.1 8.7 91.7
Feb. A 2.5 8,640 28.2 11.3 9.0 90.7
Mar. A 2.5 11,800 38.4 15.6 11.8 89.3

Apr. A 2.5 7,300 23.7 9.6 8.8 92.3
May A 3.4 7,400 24.2 7.2 6.8 89.9
June A 3.8 8,800 28.7 7.6 6.1 91.8

July B 4.2 8,07O 26.3 6.3 6.3 82.7
Aug. A 4.4 8,530 27.8 6.4 6;3 89.6
Sept. A 4.5 9,500 31.01 6.9 6.3 87.9

Oct. B 4.6 9,630 31.4 6.8 4.9 85.4
Nov. B 4.7 9,250 30.0 6.4 4.5 84.8
Dec. B 3.3 9,900 32.2 9.8 6.0 87.4

Average A 3.2 8,800 28.7 9.5 8.0 90.4

4.2 9,210 29.9

TABLE B-Al1 MUNCIE, IND.* 1946-7

Average B 7.3 5.4 84.5



OMAHA, NEB. 1946

Equiv. Aer. #B.0.D. P P B,.
Month Category Period - Hrs. Applied 1 2 3 Removed

Jan. A 1.7 2,760 16.0 9.7 4.4 84.4
Feb. A 1.7 2,460 14.3 8.4 4.9 77.4
Mar. A 2.3 2,460 14.3 6.1 4.4 80.8

Apr. A 3.2 3,000 17.6 5.5 4.4 79.5
May ----- ------ - ---
June A 5.3 2,100 12.2 2.3 2.6 80.9

July A 4.9 2,900 16.9 3.5 2.7 85.6
Aug. A 5.6 2,960 17.2 3.1 1.7 83.4
Sept. A 4.9 2,800 16.2 3.3 1.7 76.6

Oct. A 4.7 2'280 13.3 2.8 1.3 82.1
Nov. A 2.8 30120 18.3 6.4 2.4 89.9
Dec. A 2.5 2,880 16.7 6.7 3.1 85.7

3.6 2,700 15.7

TABLE B-12' SUMMARY OF COMPUTATIONS

Average A 5.3 3.1 82.4



SUMMARY OF COMPUTATIONS PEORIA, ILL. 1946

Equiv. Aera. #B.O.D. P -B.O.D.
Month Category Period - Hrs. Applied 1 2 3 Removed

Jan. A 2.2 34p4 00  44.0 20.4 11.9 92.7
Feb. A 2.9 40,600 52.0 18.3 10.4 90.5
Mar. A 3.0 37,100 47.5 15.7 9.3 93.6

Apr. A 3.2 35,400 45.4 14.1 10.4 92.3
May A 3.8 29,400 37.6 10.0 6.4 94.0
June A 3.8 31,900 40.8 10.9 6.6 90.8

July A 4.4 31,100 39.8 9.1 4.5 92.2
Aug. A 4.4 27,600 35.4 8.0 4.9 95.4
Sept. A 9.2 26,900 34.4 8.3 4.1 92.5

Oct. A 4.5 27,600 35.3 7,9 4.8 93.7
Nov. A 3.6 28,800 36.9 10.3 6.0 93.1
Dec. A 3.2 30,900 39.6 12.3 8.1 92.8

Average A 3.6 31,800 40.7 12.1 7.3 92.8

C:1

TABLE B-L'1



Equiv. Aer. #B.. . B.0.D.
Period CaPegory Period - Hrs. Applied 1 2 3 emoved

1945
June A 7.3 23$400 21.8 3,0 4.0 87.2
July A 7.5 26,600 24,8 3.3 3.9 85.4
Aug. A 7.3 26,200 24.4 3.6 4.1 87.0
Sept. A 6.7 23,900 22,2 3.3 3.0 85.0

4 Mo. Avg. A 7.3 25,000 23.3 3.3 3.7 86.4
Yearly Avg. A 4.3 26,500 24.7 5.7 5.7 86.9

1946
A 6.8 25,800 24.0 3.6 3.2 81.1

Aug, A 6.5 30,600 28.5 4.4 3,0 88,9
Sept. A 5.2 28,000 26.1 5.0 3.4 91.1
Oct. A 4.0 25,600 23.8 6.0 3.9 86.9

4 Mo. Avg. A 5.5 27,500 25.6 4.8 3.4 87.2
Yearly Avg. A 3.9 27,300 25.4 6.5 5.0 86,7

2 Year Avg. A 4.1 26,800 25.0 6.2 5.4 86.8

TA BLE B-14 SUMMARY OF? COMPUTATIONS SAN ANTONIO, TEX.* 1945-46



SUMMARY OF COMPUTATIONS

Equiv. Aer. #B. 0.*D. % B.O.-D.
Month Category Period - Hrs. Applied 1 2 3 Removed.

Jan. B 290 7P350 20.1 10.0 6.9 81.0
Feb. A 1.7 3,680 10.1 6.1 4.0 88.2
Mar. A 1.8 4,530 12.4 6.8 4.2 87.7

Apr. A 2.3 3,690 10.1 4.4 2.2 93.6
May A 3.1 5,360 14.7 4.8 2.3 88.9
June A 3.8 4,530 12.4 3.3 2.1 89.8

July A 496 3,380 9.3 2,0 1.4 90.9
Aug. A 5.9 9,280 25.4 4.3 2.8 92.8
Sept. A 6.3 8,160 22.4 3.6 1.5 95.5

Oct, B 7.0 7,740 20,4 2.9 2.1 86.3
Nov. A 3.2 3,370 9.3 2.9 2.6 90.9
Dec. A 2.1 4,390 12.1 5.8 6.1 88.2

Average

Average

A

B

3.5

4.5

5,040

7,545

13.8

20.2

4.4

6.5

2.9

4.5>

90,6

83.6

t~I__________________ :- Mw

TABLE B-15 SPRINGFIELD, ILL. 1942



SUMMARY OF COMPUTATIONS FOR FIGURES #17 THRU #21

Length of #B.O.D. p % B.O.D.
Plant Period Applied 1 2 3 Removed

1. Ann Arbor, Mich. 1 yr. 9,260 47.6 12.0 6.5 92.3
2. Austin, Tex. 6 mo. 8,360 30.8 5.5 3.2 91.8
3. Cleveland, O.(E) 7 mo. 71,000 18.8 3.2 2.6 92.7

4. Decatur, Ill. 10 mo. 6,070 35.8 9.7 4.1 92.2
5. Fort Wayne, Ihd. 7 yr. 21,900 26.0 3.6 1.5 91.1
6. Gary, Ind. 6 mo. 14,000 21.6 4.6 3.8 90.3

7. Hammond, Ind. 1 yr. 27,500 24.1 3.6 1.5 91.8
8. Jackson, Mich. 1 yr. 6,280 20.9 3.1 1.3 96.2
9. Madison, Wise. 1 yr. 9,850 26.2 4.5 4.1 77.0

10. Marion, Ind. 10 mo. 5,630 43.1 10.8 4.1 92.5
11. Muncie, Ind. 8 mo. 8,800 28.7 6.4 5.5 90.4
12. Omaha, Neb. 11 mo. 2,700 15.7 2.0 1.1 82.4

13. Peoria, Ill. 1 yr. 31,700 40.7 7.7 4.6 92.8
14. San Antonio, Tex. 2 yr. 26,800 25.0 4.6 4.0 86.8
15. Springfield, Ill. 10 mo. 5,040 13.8 2.6 1.6 90.6

fI

TABLE B-16
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APPENDIX 0

This apoendix contains a brief description of each

of the plants studied, their operating procedures, if

unusual, and the type or characteristics of the wastes

they treat.
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1. Ann Arbor, Michigan

This plant employs preaeration for the removal of grease

and oils, primary sedimentation, aeration thru fixed plate

diffusers, and final sedimentation.

Chlorination is practiced during the summer months.

Digestor supernatant is returned occasionally to the aerators

instead of to the primary tanks. During 1947, this nlant

operated at 86% over its designed capacity on an average

basis, and well over 100% overload on most week days. The

Mallory System of operation is employed.

Phenolic wastes are reported occasionally.

2. Austin, Texas

The Austin plant has mechanically cleaned screens, a

Dorr Detritor, primary sedimentation, aeration tanks with

ridge and furrow fixed plate air diffusers and final sedi-

mentation tanks. About 7% of the total.aeration tank capaci-

ty is utilized for reaeration of sludge.

'During 1945, the plant recetived all the wastes from

the city owned abattoir and. experienced considerable bulk-

ing in the final clarifiers. This situation became so bad

in 1946 that operation was changed to straight aeration.

3. Cleveland, Ohio (Easterly)

This plant consists of 4 comminutors, detritors, prim-

ary tanks, conventional type diffused air aeration tanks

and final clarifiers. Excess activated sludge is concen-

trated in two of the final clarifiers and then pumped to

the Southerly plant. Chlorination of the effluent is orac-

ticed during the summer months for protection of bathing
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beachs.

Various types andlarge volumes of industrial wastes

are treated with domestic sewage.

4. Decatur, Illinois

The Decatur plant is unusual in that it consists of

Imhoff tanks which serve as primary sedimentation tanks for

an activated sludge plant and for trickling filters. Aera-

tion of mixed liquor plus reaeration of return sludge is

normaly practiced but occasionally a portion of the aeration

tank is used for preaeration of sewage.

Mechanical difficulties frequently necessitate the use

of only one final clarifier. Large volumes of hot starch

wastes, mixed with domestic, sewage, cause sewage temper-

atures as high as 960 F during the summer months.

5. Fort Wayne, Indiana

The main elements of this, plant consist of screens,

grit chambers, primary settling tanks, and aerators of the

fixed plate spiral flow type followed by final sedimentation

tanks.

Domestic sewage and wastes from 3 large breweries, 4

packing houses, and other small industries are treated at

this plant.

6. Gary, Indiana

Preparatory devices consist of screens, comminutors,

and grit chambers and are followed by 4 primary settling

tanks, 10 aeration tanks designed for 5 hours detention,

and 8 f inal settling tanks.
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Although the sewage is relatively weak, it frequently

contains heavy doses of picklirg liquor wastes which upset

the activated sludge.

7. Hammond, Indiana

This plant features a combination preaeration and grit

removal tank which is provided with diffused air for spiral

circulation of the sewage. The detention period ranges be-

tween 20 and 30 minutes. The plant proper is of the con-

ventional type, employing fixed plate spiral flow type

aeration tanks and circular final clarifiers.

8. Jackson, Michigan

Conventional type activated sludge plant treating sew-

age from a combined systemnof sewers. Small amounts of

pickling liquors and gas house wastes are encountered at

times.

9. Madison, Wisconsin

The sewage after being treated in a grease floculating

tank, flows to a grease separator and then to primary sedi-

mentation tanks which are followed by the activated sludge

process.

Very low B.O.D. removals are obtained at this plant

due to exnessive amounts of slaughter house wastes being

treated.

10. Marion, Indiana

This plant is also of the conventional type. Garbage,

formerly ground at the plant and mixed with the sewage, is
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now being pumped directly to the digestors. Shock loads

of milk wastes and cheese whey frequently upset the opera-

tion for short periods of time. During the canning season,

corn and tomato wastes enter the plant and also make

operation difficult.

11. Muncie, Indiana

Data other than operating data, not available.

12. Omaha, Nebraska

This is the usual type of activated sludge plant

utilizing grit chambers and fixed diffusion plates.

The sewage has a very high B.O.D. due to large volumes

of packing house wastes being discharged into the sewers.

These wastes are composed of blood, paunch contents, and

not infrequently, large chunks of meat which render effec-

tive treatment difficult.

13. Peoria, Illinois

The Peoria plant also utilizes spiral flow type aera-

tion tanks. Operation is unusual in that digested sludge

is added to return activated sludge for reaeration and is

ultimately discharged into the mixed liquor. Reaerat ion

capacity constitutes 24% of the total aeration tank volume.

Industrial wastes contribute half of the organic load

imposed upon the plant. These wastes originate for the most

part in breweries, packing houses, and paper mills.

14. San Antonio, Texas

On a volumetric basis, this plant is operating at 1.6

times its design capacity. It is of the conventional type

and utilizes a portion of the aeration tank for reaeration
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of return sludge. In addition to handling excessive flows,

slaughter house wastes add to the treatment problem. Chlor-

ination of the oxidized effluent is practiced at this plant.

15. Springfield, Illinois

Preparatory devices at this plant consist of mechani-

cally cleaned bar screens, grit basin, and grease removal

basin. The aeration tanks are of the spiral flow diffused.

air type. Waste activated sludge and supernatant liquor

from the digestion tanks are returned to the primary tanks

for re-settling.

The plant treats sewage from a combined system. No

industrial wastes are reported.
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APPENDIX D

RELATIVE ACTIVITY FACTORS
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TABLE D-1

RELATIVE ACTIVITY FACTORS

FOR CALCULATING EQUIVALENT AERATION PERIODS

TEMPERATUREX

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

RELATIVE ACTIVITY-PERCENT (Y)

00

8.9

9.4

10.0

10*5

1i1.

11.7

12.2

12.7

13.3

13.8

1404

15.0

15.5

16.0

16.6

1701

17.7

18. 2

18.8

19.3

19.9

20.5

21

23

25

27

29

32

34

36

38

41

43

46

49

51

54

56

59

62

65

68

71

74
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f a

TEMPERATURE (X)

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93.

RELATIVE ACTIVITY-PERCENT (Y)

0c

21*1

21.6

22.2

22.7

23.03

23.8

24.4

24.9

25 *

26*1

26*6

27.1

27.7

28.2

28.8

29.3

29.9

30.6

31.0

31.6

32.2

32.7

33.3

33.8

77

80

84

86

90

93

96

100

102

106

110

113

117

120

123

127

130

135

139

143

146

148

153

157

108TABLE D-1
RELATIVE ACTIVITY FACTORS (cont'd.)



TABLE D-1
RELATIVE ACTIVITY FACTORS (cont'd.)

TEMPEATURE (x)

94 34*4

34.9

35,596

RELATIVE ACTIVITY-PERCENT (Y)

162

165

170


