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I SYNOPSIS

Although the activated sludge process of sewage treat-
ment has been in use for many years, the practice ls 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 operation practice,
but many probleme have not been completely solved due to the
complexity of the interrelationship between the various fac~
tors which comprise the process and determine to a great
extent 1ts ablility fo function properly. Until such time
when the theory of the process i1s advanced far enough to -
permit a more scientific avproach in design practice, these
vlants must necessarlly be designed on empirical rules which
have been formulated from the operatlion results of existing
vlants.

The purpose of thls investigation was to analyze avall-
able overating data from existing activated sludge vlants
to determine the interrelation of the several major factors
involved with thé ultimate obJective of setting up a logical
procedure for designing such pl&nts on the basis of B.0.D.
loadings.

Routine operating data have been obtalned thru correspon-
dence with the officials of & number of conventional tyve
plante, and the results of 15 of these plants have been se-
lected for inclusion in this study on the basls of the com-
pleteness énd apparent rellability of the data.

In analyzing the monthly average onerating results of
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ﬁhe 15 plants, »nerlods of normal nlant performance snd veriods
of sub-standard nerformance were estgblished. Loading varg-
meters for each of these periods were computed to include

the B.0.D. load anplied per 1000 cublic feet of aeration tank,
the aération contact time, and the concentration of suspended
gsolids in the mixed liquor.

Plottings of the computed values of the loading para-
meters show graphically the interrelation exlisting between
the ma jor fadtors when plant performance was normal. For
comparlson, the results of three plants wlth sub-standard
operating efficlencles 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.0.D. load for the aeration process.

It appears that activated sludge plante treating typical
domestic sewage with 1ittle or no industriagl wastes are cava-

ble of maintaining normal efflclencles with loadings as high

as 50 pounds of B.0.D. per 1000 cubic feet of aseration tank.

For those plants onerating under more or less constant
conditions, an increase in sewage temperature seems to affect
a higher degree of purification of the decomposable organlc
material. Thus, the fequired concentration of activated
sludge solids in the mixed liquor will be higher during per-
iods of low temperature if a giveh degree of purification 1s

to be maintained.

<




II INTRODUCTION

The actlvated sludge process of sewage treatment is

one in which sewage 1s purlfled by being brought intc in-
timate contact with air and blologleglly active sludge,
which has been previously produced by the process,.It 1is

g: generally agreed upon that thé action of the sludge during
- the process of purification 1s primarily of blological na-

ture, probably induced by enzymes produced by bacterla.

The San Marcos, Texas plant, put into operation in
1916, was the first plant bullt in the United States.
Since this beginning, the process ham been developed thru
1aﬁoratory and plant scale studies and ie now recognized
as one of the maJor‘methods of treating sewage, which is
evidenced by the fact that in 1945 there were 335 such
planfs in operaﬁion. However, to date, many design and
operation problems remain unsolved due to the complexity
of the many lnterrelated factors that affect the functionm-
ing of the process.

1l -~ Factors Affecting the Process

It seems pertinent to briefly poilnt out the ma jor

interrelated factors that comprise and control the activated
' sludge process, These factors are: |

a) Organic Loading which 1s expressed in terms of ppm

g? or pounds of 5 - day B.0.D. being imposed on the
3 aeration procéss.

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

E settled sewage 1s 1n contact with the activated




sludge and alr,

¢) 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 Alr Required to keep the process

aeroble and provide sufficient agitation to facll-
itate intimate contact of the organic matter and
the organisms with which it 1es associated.

e)Tempersture and its effects on the sewage and the

oxldation activity of the activated sludge.
f) Character of the ActivatedISludge, i.e., itse oxi-

datlion activity, oconcentration, settleability, and
nitrifying abllity.

Consideration of these interrelated factors, 1in the
design of a plant, l1ls necessary in order that the operator
be allowed to exercla@e a maximum amount of control over
the functloning of his plant.

2 - Previous Investigations

Generaglly speaking, investigations of the afore men-
tioned factors have been elther laboratory research prob-
lems in which the varlables, in some measure, under the
control of the plant operator have been studied, or exten-
sive studies covering the overation of many plants for the
ultimate purpose of setting forth emptrical rules for de-
sign and operation procedure. Many concepts of fundamental
design factors and good operation practice have been develoved,

but no completely satisfactory basls of deslign has yet been

found.




The exlisting actlvated sludge plants have been designed
-hainly on an empkrical basis, by providing'from 4 to 8 hours
detention period for mixed liquor aerationm with about 25%
returned activated sludge. Diffused alr type plants héve
been designed with blower capaclties ranging up to 2.0 cu-
bilc feet of alr per gallon of sewage treated. Newer designs
provide more ample facllities 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.0.D. apvlied per 1000 cubic feet of

aeration tank capacity.

b) Pounds of B.0.D. applied per 1000 cubic feet of

alr supplied, or 1000 cublec feet of alr supolied

per pvound of avplied B,0.D.

¢) The parts per million of suspvended solids in the

mixed liquor in the aeration tanks.
He stated that for average domestic sewage, a conventional
load 1s 256 to 30 pounds of appllied B.O.D. per 1000 cubiec
feet of tank and for normgl sewage, one to two pounds of
applied B.0.D. per 1000 cubic feet of alr. Suspended sol-
1ds in the mixed liquor range from 1,500 to 2,000 ppm, but
ﬁhe present tendency is toward lower concentrations. He
vresented the following overation data supporting his con-

clusions,




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

Plant Yegar Aeration Tank of Air
Chicago, North Side 1941 27.7 2.68
Chicago, S.W. Side 1941 18.0 1.08
Cleveland, 0. (E) 1941 13.6 0.67
Gary, Indlana 1541 26.2 1.59
Indianaspolis, 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, I1ll. 1941 ~ 20.0 1.25

Schroepfer (2) investigated the performance of 17 ac-
tivated sludge plants to determine the effect of the sera-
tion period on B.0.D. removal. By using welghted 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.0.D.

74
84,5
o1
93

95
In regard to the loadlng of aeration tanks, the Nation-

B Ko X W o

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.0O.D. per 1000 cubie feet of tank
with suspended solids concentrations varying from 590 to
1500 ppm. Air quantities varied from 6.1 to 13.0 cuble feet
per square foot of tank surface.

The National Research Council also reported, relative
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to the efficlencles of aeration gnd final tanks of mili-

‘tary and munlclpal activated sludge plants, that the efficien-

cy of the process relative to B.O.D. loadings, could be ex-
pressed on a "S.8, - hour" basis. This method of rating
loading was claimed to reflect both the amount of bilologilc-
ally active materlsl and the effective time for blochemical
réaction.

Their results were presented in graphlcal fofm, as
1llustrated by Fig.A , which shows that B.0O.D. removals, in
plants treating sewage from military installations and from
industries, are consideragbly less than removals obtalned
at plants treating ordlnary domestic sewage with 1little or
no industrigl wsstes.

The committee, therefore, concluded that the unfavor-
able resulte obtained in plants showing sub-standard per-
formance indicated the advisabllity 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.0.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

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

the following loading formula which is based on one years
operation of the Indianapolle plant:

= Ax{ , where:

Y= M.,G.D., treated per M.G, of aerator capacity.

v
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ppm B.O.D. 1in the sewage.

=
11

a constant calculated for each month and
based on the sewage temperature.

Step aeration, a modification of the activated sludge
process, lncorporates a principle of incremental loading
whereby sewage 1s 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 1t makes possible lohger solide detention in the
aefator and allows the storage of more solids under gera-
tion for a given aerator effluent concentration than ddes
conventional geration,

Utilizing this principle, he explained that the per-
formance of the process 1s 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 thls method of
loading would yleld efficiencies of 90% for loads as great
as 84 pounds of B.0.D. applied per 1000 cublc feet of tenk.

BerbericHs (8) thesis investigation of 30 conventional
diffused alr type activated sludge plahts in which loadings
varied from 12.to 52 pounds of B,0.D. per 1000 cubic feet
of tank, seemed to show that minimal vercent reductions

in B.0,D. were obtained with loadings in the magnitude of"




30 to 35 pounds of B.,0.D. per 1000 cubic feet of tank.

He also made efforts to cofrelate plént performance
with single variables such as aeration contact time, sus-
ﬁended golids 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.0.D. with increased aeration
periods and suspended golids concentrations.

No definite relationship was established between air
quantitles and B.O.D. feduction on a percentage basis. He
concluded that these variables are so interrelated that
- each 1s 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:

| 'Kl & 1bs. of B.0.D. applied per 1000 cu. ft. of
aeration tank capacity per hour detention
\time per cu. ft. of ailr per gallon of gewage
per ppm of S.8. in the mixed liguor x 1000.
K, = 1bs. of B.0.D. applied per 1000 cu. ft. of
aeration tank capacity per hour detention
time per cu. ft. of air per gallon of sewage.

K, = 1lbs. of B.0.D. applied per 1000 cu. ft. of

3
aeration tank capacity per hour detention
time.
Kh = 1lbe. of B.0.D. applied per 1000 cu. ft. of

aeration tank capacilty.

10




Berberich computed such parameters for each plant and 11
fplotted them in various combinétions. He suggesfed that
design capacities might be determined by using a combina-
‘tion of curves from which might be determined B.0.D. load-
ing, detention periods, alr gquantities, and suspended solids
concentration in the mixed liquor.
However, the_détaiuSed by Berberich was widely scattered
on the several plottings. Since he used ppm residual B.0.D.
as hie major dependent factor, it appears that similar re-
sults would be derived from wide varlations in sewage con-

centrations.

3.~ Scope of this Investigation

| The 1ﬁvest1gation covered by this thesis is, 1n 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 reliabllity of the operation deata from a number of
diffused air type activated sludge plants, the data from 15
of these plants was selected fof this study.

Computations and plottings:of the results have been:
made in an effort to discover the interrelationshlp between
and thé magnitude and influence of the several major factors
affecting the reduction of B.0.D. by activated sludge plants.
The tabulatlons and charts included hereinafter summarize

these computations and plottings.
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III FUNDAMENTAL CONSIDERATIONS

1 - B.0.D. Loading

To serve the purpose of measuring the efficiency of
sewage treatment or for the evaluation of pollutional
load, a megsure of oxygen requirement known as the Bio-
chemical Oxygen Demand, usually deslignated B.O.D.,.has

been developed., Standard Methods for the Examination of

Water and Sewage defines B.0.D. as the oxygen (in parts

per million) required during stabilization of the décom-
vogable organic matter by aerobic bacterial action., This

' sténdardized test has become the most useful single deter-
mination in the routine examination of sewages and effluents
of sewage treatment nlants.

Sufficlient operation data on B.0.D. determinations
have become avallable that 1t seems reasonable to exoress
the work to be done, 1.e., loadings on activated sludge
plants, in terms of the B.C.D. in the sewage as apvlied
to the aeration and final tanks. This corresponds to the
rather general practice of using B.0.D. loadings for bio-
logical sewage fillters.

The B.0.D. test, as outlined by Standard Methods, is
designed to measure the 5-day B.O.D. and represents only
the carbonaceous demand, 1.e., that due to carbohydrates
and fats., The non-nltrogenous materiagls are more readlly
oxidized than are the proteins which require synthesis
before oxldation. The breaking down of porteins, called

deaminization, must proceed in a stepwlse manner with the
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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 bacterla 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 theltest bottles. .New techniques for preventing this
anomalous situation have been suggested by Sawyer (7) ana
Hurwitz (8).

A new facet to the problem of B.0.D. loading is the
character or source of the B.0.D.. A more complete knowl-
edge of the type of organic matter contributing the B.O.D.
would be useful in determining the leﬁgth of time required
to effect the desired degree of purification.

2 - Alr Regquirements

Another major factor affecting fhe operation of an
activated sludge plant is the amount of air supplied to the
process. In the case of diffused alr type plants, the quan-
tity of alr needed 1s governed by 1) the amount of oxygen
needed to keep the process aerobic and for stabllization
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-

clated organisms.




It may be further stated that the first requirement 111
for alr 1is dependent on the oxygen required to satisfy
‘the B.C.D. of the sewage but more so on the blochemlical
g character and actlvity of the return sludge. Bloodgood
(9) has defined "sludge activity" as the rate of oxygen
§ consumption, less sludge demand, when synthetic sewage
ii and sludge are combined to form a 0.50 percent mixture.
The activity 1s reported as oxygén consumed in parts per
million per hour. .

Grant, Hurwitz, and Mohlman (10) have shown that the
rate at which activated sludges use oxygen lncreases 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 volatlile sollds very
1ittle oxygen would be required, but for each 104 increase
in volatile solids above 60 percent, the oxygen required
per gram of volatile solids per hour ls more than doubled.

It has been shown (12) that the oxygen being utilized
by the blochemical reactions teking place is only & to 9%
of the oxygen wlthin the alr bubbles being adsorbed. '
Therefore, from 80 to 150 times the volume of oxygen
utilized 1s being supplied by the diffused air belng dis-
charged into the éewage.’ This excess alr has no bilochemical
value but merely alds in the coagulation of sollds by
imparting motion to the liquld. Heukelekian (13) has
expressed the opinion that aeration should be sufficlent
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.




Over aeration, as well gs under aeration, has been 15
‘found detrimental to the sludge. Studies (14) show that
if an activated sludge 1s over aerated, 1its oxldation rate
falls to that of normal bilochemical oxidation.

3 - Aergtion Contact Time

The geration 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
belng a period during which the impuritles of the sewage
are rapidly coagulated'and adsorbed by the activated sludge,
and the second being a perlod during which purification
takes place by oxldation of the adsorbed colloidal organic
matter. A proper design should necessarily provide suf-
ficlent time for both stages of the process to function
properly.

The rate at which the first stage is completed 1s pro-
portlional to the percentage of blologically active sludge
in the mixed liquor. The time required by the second stage
is dependent on the activity of the sludge and also uvon
the blochemical nature of the substrate, i.e., whether or
not the organic matter contributing the B;O.D. requires a
great deal of synthesis and 1little oxidation or vice versaJ
Purificatlion takes place much more slowly than does clari-
Tication and is retarded by the oxygen demand of the re-
turn sludge.

Beaerating the sludge removed from sedimentation tanks

before returning it to the aeration tanks may be necessary'
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in some cases to keep the sludge in an active state. This
fis especilally true for sewages containing large amounts of
industrial wastes or when high temperatures are likely to
induce septicity in the sewage and activated sollids, Clalms
have been made that reaeration of return sludge reduces

the time requlred to aerate the mixed llquor.

4 - Activated Solids Concentration in the Mixed Liguor

The concentration of activated solids in the mixed liquor
1s one of the major factors affecting the functioning of the
process..This concentration, usually reported as ppm of 8.8.,
1s a measure of the adsorbing and coagulating material which
1s active in the purification and clarification of the in-
coming sewage.

Several investlgators have shown that actlvated 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 "actlvation'
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 efficlen-
oy 1s less, the "unit" efficlency of the low solids 1s as
high or higher than that of higher concentrations.

However, these sludges are very flocculent and have
poor settling characteristics. The chlef advantage in using

low 8.8. 1s to reduce the alr required to stabllize the




B.0.D. load. Generally speaking, for a given food éupply, 17
a sludge with low 5.8. will be overfed with the result that
more food is available for sludge growth and necessitates
the westing of larger quantities of sludge.

Sawyer (17) has shown that when different concentra-
tions of S8.8. are used to stabilize the ,same amount of
‘B.0.D., the rate of oxidation will be highest in the case
of the high conééntration of S.8. resulting in the greatest
reduction of 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 recelving 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
gsolids as a control factor rather than the suspended solids
content. This appears logical since the volatilé matter
18 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 fihal settling tanks sooner than ptherwise and
kept in contact with dissolved oxygen to keep them in con-
dition.

Edwards (18) opines that there i1s a direct relation-
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shlp between the volatlle socllds content of the sludge and
‘the sludge index, 1.B., sludges with high volatile content
are bulkier and have high indicles due to their poor settling
qualities.

5 - Effects of Temperature

It 18 well known that temperature 1s one of the most-
important environmental factors governing activity in forms
of blological 1life, elther accelerating or retarding the
activity of the organism. The effect of temperature on the
activated sludge process ls many-sided and not yet complete-
1y 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
ldentlcal rate 1s as a rule determined by the rate of oxy-
gen gbsorption gnd the physliological oxygen oohtent.

Since temperature affects the rate of oxygen absorotion,
it seems that an increased temperature tends to lower the
purification capacity if éll other factors remaln constant.

Temperature glso influences the rate of blologileal
oxygen depletion; in general, it increases with a rise ih
temperature. Kessener further pointed out that 1if the
aeration were increased so as to compensate for the effect
of a rise in temperature on the rate of oxygen absorption,
an increassed rate of deoxygenation would still cause a de-

crease 1in the‘oxygen content below the physlological 1limit,

which could be prevented by decreasing the amount of organic




material, When strong aeration 1s practiced, a maximum
,rate of deoxygenatlion wlll result in an increase in the
purification capacity of the sludge.

Extensive studies by Phelps (1) on the effect of temp-
erature on the deoxygenation of dilute sewage showed the
deoxygenatlon coefficlent at any temperature, t, to be equal
to 0.1 times 1.047(t=20%; yhere t 1s the temperature in
degrees centligrade, The 1,047(t‘20) s a temperature fac-
tor related to the activity of aercbic microorganisme.
Thus, 1t 18 clearly seen that a rise in temperature causes
a 1ogar1thmickincrease in the activity of the mlcroorganisms
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-
sge mixtures is 0,71 x 1.54 yhere x 18 the temperature 1in
degrees centigrade, The results of thils work aré shown
graphlcally in Appendix “D" and have been utillized 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 1n seasonal
temperatures. This has been explalned (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 stabllization of

food at the lower temperatures; as a result, there

19




is an increasse 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 Tre-
mainder were obtained thru correspondence with the wvarious
plant officlals.

Additlonal 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-
gsary to the actual calculations involved in this investi-
gation, but were fundamental to the proper interpretation
of the operating data and its selectlion for inclusion in
thls study. The data selected fof‘this study are tabulated
in Appendix "AY, |

2 - Selection of Sewage Treatment Plants

Three main principles governed the selection of the
plénts from which operation data was to be studied. It
wasg thought that consideration should be focused on 1)
plants operating under good technical supervision, 2) those
of basically similer designs and operating procedures, and

3) those from which the most complete and accurate data
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could be obtalned. With the exception of the Muncie, Indiana

plant, only those plants previously recommended (6) by




the various State Sanitary Engineers were included in this
étudy.

Relative to plant design, all the plants are of the
conventional diffused alr type and emoloy primary sedi-
mentation, in plain settling tanks, or by the use of Imhoff
tanks. In an investlgation of this nature 1t is impossible
to select a large number of vlants that are identical in
design and use the same method of overation. Although the
basic princinles 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 deslgn, operation, and type
of sewage being treated by each plant are included as
Apvendix "CH, .

The author feels that the plants selected form a repre-
gentative group of the diffused alr tyve actlivated sludge
plants and that in so selecting these plants, the results
presented hereinafter should portray a logical picture of
their functioning.

3 - Method of Analysils

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 fluctuatlons of flow and loading. The first sttempt
of analysis was to correlate plant performance by means of
parameters based on arithmetlic means of the monthly data,
but 1t soon became apvarent that inconsistencies were devel-

oped by including certain months when the performance was
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sub-standard due to mechanical difficulties, shock loads
and industrial wastes of a toxic nature belng imposed
upon the process. and other speclal operating problems.

Accordingly, the author felt that those perlods of
sub-standard performance should not be inecluded when
comparing one plant with another. Citing one example
of this situation, the Austin, Texas plant removed only
49% of 1ts B.0.D. load during the month of December, 1945
while the efflciencies of the other months ranged from
80 to 95%4. Obviously, the data for this one particular
month should not be included in an average of the yearly
datae because 1t 1s not representative of the true per-
formance of the vlant and its incluslion would merely have
the effect of distorting the true plecture.

Working on these principles, welghted averages, desig-
nated "A" were made so as to include only those months
in which the ptant was functioning proverly. In the
case of plants having several months of sub-standard per-
formance, these perlods were grouped for a welghted aver-
age, designated "B®, The operation data sheets contained
in Appendix "A" are marked with an "A" or "BM at the
head of each column of monthly data as a means of deslig-
nating the category in which each month was 1ncluded.

4 -~ Computation Methods

The performance of the activated sludge process has
been measured by the percent reduction of 5 - day B.O.D.
and suspended solids belng lmposed upon the process.

Since this study is concerned primarily with B.O.D. loading,
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efficlencles have been calculated as follows:

% Efficlency = Beduction of B.0.D, (opm)
y Influent B,0.D.(ppm) x 100

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

Lb. B.0.D./Day = 150 ppm x 8,34 x 10 M.G.D,
' = 12,500 |

However, thls loadling 1s of no significance until it 1is
aprlled to a unlt volume of ageration tank, which in this case
has been taken as 1000 cublc feet, including volume used for
gludge reaeration. The first 1dading varameter, designated
Py, therefore becomes:

P, = Lbs. B.0.D. applied/day/1000 C.F. of Tank

The second loading parameter takes into consideration
the time during which clarification and opurlfication takes

place.

P2 = Pi/keration Contact Time - Hrs,

The third and most complex parameter involves the amount
of biologicallyvactive materlal avallable for adsorbing the
organic constltuents of the sewage.

P5 = Pz/ppm 8.5. in Mixed Liquor x 1000

(to give numbers greater than 1.0)

In the case of individual plant studles, the results of
which are tabulated 'in Tables B-l thru B-15 and plotted in
Figures #1 thru #16, the values of the parémeter Pz were com-

puted by dividing P; by the equivalent aeration perlod rather



than the actual aeration period. 25

Equlvalent ageration periods were obtained by making
application of the Sawyer-Rohlich formula (22). A dample
computafion best serves to explain this application.

Given: Aeration period @ 60° F = 6,0 hours;

Find: - Equivalent aeration period € 77° F.

From Tgble D-1, 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'plptted in Figures
#17 thru #21, the values of the parameter P, were obtalned
by dividing Py 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 %o
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 aeratlon contact time has been taken as that for
mixed liquor aeration only, and no considerationjgiven to
length of pfeaeration or reaeration periods.

5 - Sources of Error

In calculating the B.0.D. load imposed upon the gera-
tion tanks only that portion of the B.0.D. contributed by
the incoming settled sewage has been considered. This is

not entirely correct since the sludge returned to the asera-




tors imposes an additlonal B.0.D. lcad. This value is

ﬂot determined in routine plant study. Some investigators
have attempted to refine thelr calculations by taking the
B.0.D. of the final effluent as thelB.O.D. of the returned
sludge.

In general, errors originating in laboratory analyses
are compensating in nature énd tend to average out over
long periods such as are used 1in this investigation, How-
ever, the error due to nitrification taking place in the
B.0.D. bottles is not compensating but residual., Reports
indicate that the error in final effluent B.0.D,'s due to
inecipient nitrification will average 20 to 30%. Thus, for
a settled sewage with 200 ppm B.0.D. being apnlied to the
seration process and a final effluent of 20 ppm B.0.D., the
apoarent removal is 90%. Assuming an error of 30% in the
effluent B.0.D. value, the corrected effluent B.0.D. would
be 14 pom and the corrected percent removal would be 93%.
In the gbsence of full nitrogen data from the nlants studied,
corrections for this error could not te made.

The N.R.C. report (3) estimates that the probable error
in vercent reduction of B;O.D. in a given plant is about 4%
but when g dozen plants are analyzed, the probable error
is reduced to about 1%.

Other errors due to different technigues of sampling
and different methods of reporting operation results and
ohysical dimensions enter the picturé, but are beyond the

gcope of this investigation.




V RESULTS | P2rd

The results of tbisvinvestigation include four tyves of
data: (1) Operating data abstracted from routine operating
reports or recéived from plants officlals thru speclal reports
or memoranda, (2) tabular data computed from the operating
data, (3) a graphical presentatién of the computed loading
varameters, and (4) descriptive information about each plant
to indicate any speclal factors which might affect the opera-
tlon of the plant differently from other »nlants,

Extracted operating data are recorded in Tables A-1 to

A-15, inclusive, in Appendix "A", These. items of information,
comprising monthly averages of the more imnortant operation
data, have been selected to show those phases of operating
results which are routinely recorded 1in 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 avallable 80 as to faclllitate a better

interpretation of plant performance.

Computed loading parameters are tabulated in Tables B-1
to B-16, inclusive, in Appendix "B"., These 1tems have been
gelected as being the major factors for comparison of the
operation results of various conventlonal type actlvated éludge

plants .

A graphical presentation of the interrelated factors is

included in Figures #1l 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.

Degcriptive information on the 15 selected plants

1s included in appendix "C". This information relates
to the design features of the plants, thelr 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 1s a composite of Figures #1 thru #15.

The parameters used in these individual studles are as

follows:

b
o
i

Lbe. B.0.D. App./1000 C.F. Tk.

‘d
i

= Lba., B.0.D. App./1000 C.F. Tk./BEquiv. Aer. P4d.

d
o
"

Lbs. B.0.D. App./1000 C.F. Tk./Equiv. Aer. Pd./
ppm 8.9, 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:

g
it

Lbe. B.0.D. App./1000 G.F. Tk.

Pg = LbS. B.O.D. App./looo CQF‘Q Tk./HI‘. Ael". Time
(actual) |

Lbs. B.0.D. App./1000 C.F. Tk./Hr. Aer., Time/
ppin S.8. in Mixed Liquor x 1000

g
v
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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 P, P2, and
P3 based on average monthly operastion data. Figure #56 for
Ft. Wayne, Ind., 1s unusual in that each of the seven plotted
polnts represents the average of one year's overation.

The basic loading parameter, Pl, has been vlotted against
the more complex varameter, Pz, to show the relationship, if-
any, that exlists between B.0.D. loading ver unit volume of
tank and B,0.D. loading per unit volume per unit of aeration
time,

‘It seems loglcal %o assume that a direct relationship
should exist between these two functions for those plants
operating at full capaclty since an increase in flow of elther
sewage dr returned sludge would increase the mixed liquor
flow and necessltate a shorter detention vperiod. On the other
hand, vlants having reserve geratlon tank capaclty may be
able to proportion the available tank volume to the flow in
order to maintaln a desired detention period. This seems to
have been done in the operation of the Marion, Indiana vplant.

For a gliven loading, the detention period required will
be inversely proportional to the ability of the process to
clarify and oxidize the substrate. Since this ability 13
a funetion of the blological activity of the activated sludge,
and the sludge activity is a function of the temperature, 1t.

seems reasonable to coneglder that the effect of temperature
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1s one of lengthening or shortening the aeration contact
fime. Accordingly, in these indlvidual plant studles, the
values of parameters! Pz and P5 have been computed to in-
clude this effect as explained in the "Computation Methods®
section.

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

a linear relatlonship exists between the two functions; that
for Aincreased loadling there is an increase in the value of
Pg. Howe%er, 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,0.D. loading per unit of aeration
time 1s shown by parameter Pg. Parameter,Ps plotted agalnst
parameter Py, in Figures #1 thru #15 inclusive, shows that
for normal nlant performance, a linear relationshio exists
betweeh the suspended solids concentration in the mixed
liquor and the unit B,0.D. losd apvlied per unit of seration
time,

It is of interest ® note that this relationship holds
true for eéch of the fifteen plants even though in some vlants
the relétion of Py to'Pg was lihear, in others a curved line,
and in some instances the values of Pl and P2 could not be
correléted. Possibly the effect,of the activated solids con-
centration in the mixed liquor 1isg of suéh major effect that

1t8 variations over-shadow the effects of the other factors.
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The effects of the all 1nc1usive parameter, P, on plant
performance shown 1n 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 efficlency of each of these plants did not'decreése with
an increase in the value of PS‘ This seems to indicate that
these plants have not been operating at maximum capacity.

Figure #l, representing Ann Arbor, Mich., seems fo in-
dlcate that B.0.D, loadings as high as 60 pounds ver 1000
C.F. of aeration tank may be handled in this plant and still
obtain B.0.D. removals of 89% and higher. These data in
Figure #1 show that the vlant efflclency has a definite ten-
dency to decrease with increased values of the composite
loading parameter P5.

In contrast to‘the relative higher B.0.D. removals at
Ann Arbor is the overating record of Madison, Wisc., shown
by Figure #9. This plant, operating with B.0.D. loadings
ranging from 23 %0 32 pounds per 1000 C.F. of aeration tank,
has been able to obtain only 75 to 85% efficiencies, due,
undoﬁbtedly, to an excesslive amount of slaughter house wastes
being imvosed upon the aeration process,

These nitrogenous materlals 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 efficlenqy of the process, és
measured by the B.0.D. removed, is low due to omitting the
nitrification reactions. These nitrogenous wastes also cause

considergble sludge bulking which further reduces the abillty
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of the élant to stabilizevthe apvnlied B.O.D..

{ The plants at Omaha and San Antonio, represented by
Figures #12 and #l4, also treat considerable amounts of
slaughter house wastes and also show low B.0.D. removals.

These results, depictedvby Figures #9, 12, and 14, seem
to show that even though the proper relationship exists be-
tween the B.0.D. loa® avolied, the aeration period, and the
concentration of suspended solids in the mixed liquor, the
type of organic matter contributing the B.0.D. must also be
considered, A éareful review of the‘operation data ffom
Omahs and San Antonio shows tpat high sludge indicles have
been experlenced resulting in suspended solids concentrations
as low as 900 ppm in the mixed liquor,

Temperature undoubtedly has considerable effect on the
verformance of activated sludge p1ants. Bome part of the
temmerature effect has been taken into account in computing
the valuesg of P2 by uéing equivalent aeration periods.

 However, the lower curves in Figures #1, 3, 4, 7, and
15, wherein the complex loading factor Pé is related to per-
cent B.0,D. reduction, seem to show an additional effect of
temperature,

A study of the plotted points indicates that for the months
of higher temperature, fl) the computed values of the composlte
loading parameter are lower due to the effect of lengthening
the equlivalent aeration period, and (2)'the operating efficien-
cies are increased., The eitgation'is reversed by lowering

the ftemperagture.




Thus, & constant purifying capaclty 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 composlte 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 PS' Also, the slope and extent of the several inter-

related curves varles considerably.

2 - Studies Including All Plants

Figure #17 seems to indicate that plant performance is
independent of the magnitude of the B.0.D. load apnlied for
values of P, less than 50. |

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

56

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

respectiveiy, were not consldered in view of their low efficien-

cles which are readlly attributed to the amount of slaughter
house wastes they treat and not to the magnitude of the B.0.D.
load apnlied. | |

| A more complex parameter of loading to rela@e vercentage
B.0.D. removed to B.O.D. loading in terms of Pg
(1bs. B.0.D./1000 C.F./Hr./ppm 8.8.) has been plotted in Figure
#18. This plotting shows, as would be expected, the same
trend as that of Figure #17. Agaln 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.0.D, removal for these
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plants or an evaluation of the nitrification reactions.

i 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
efficlency 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 #l4 were plotted with the pnlants having
average efficlencies above 90%4. It can be seen that the
same relationship existm between 21l plants regardless of the
efficiency attalned.

Therefore, 1t would avpear that these two functions
could not be used independently or together to determine the
efficlency of a plant on the basis of the B.0.D. apbplied.

The relationship between parameters of second and third
degree of complexity, shown in Figure #20, seems to have a
definlite trend for Pg values ranging from 2.0 to 7.0 which
correspond to B.O.D;'loadings of 14 to 35 1bs/1000 C.F. of
tank.

Thus, 1t appears that a ratlio of susvpended solids con-

- centration to B.0.D. load may have to be increased for load-
ings 1in excess of 35 1lbs. B.0,D./1000 C.F. of tank in order
to maintain a constant degree of efficilency. However, the

data presented herein are insufficlent to prove this possibili-

ty.




58
The relationship between parameters of first and third

degree of complexity, shown in Figure #21, indlcates a defin-
ite trend toward a more or less linear relationship between
the load appllied and the time and activated solids concen=-
tration required to stabillize the load. However, the polnts
are widely scattered which suggests that other factors, not
yet determined, should be evaluatéd before full knowledge
can be determined for the basic design and operating factors

for aeration units.
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The limited time has not vermltted 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 operétion data from
fifteen carefully selected activated sludge type sewage
treatment plants. N

1 - This study, in which plant performance has

" been measured by the percent B.0.D. removed
in the aeration'and'flnal‘tanks, has omitted
the effect of B.0.D. reduction in the primary
settling tank on the type and character of
organlic matter entering the aerétion tank.
Final concluslions 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 eseration time by epprlication of the
formula, ¥ = 0.71 x 1+5% | in which Y 1s 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 be




required to bring into harmony the results 60

: of the various plants.

3 - The efficiencies of the plants at Madlson,

| Omaha, and San Antonio,“which are much lower

than those obtained by other plants with the
same B.0.D. loadings, show falrly concluslvely
that the character of the organic matter ma-
terially affects the performance of the aeration
process. 1t may be possible 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.

L - This study of 15 conventional type activated
sludge plants in which loadings ranged up
to 50 tbs. of B.0.D. per 1000 cubic feet of
seration tank, seems to show no decrease in
efficiency for the higher loadings. Thus,
it may be feaslible to design activated sludge
plante for substantially higher loadings than
so far considered proper.

5 - A ratio of suspended solids concentration
to B.0.D. load must be increased durlng
periods of low temperature 1f the aeration
process 1s 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 officlals
who furnished the basic data for this
investigation.
2) Extracted operating data, Tables A-1l
thru A-15, from each of the plants
.studled.




Plant No.
1.

2.
3.
b,

5.

10.
11.

12,

LIST OF COOPERATING OFFICIALS

Officigl

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

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

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

Dr. W. T. Hatfield
Superintendent of Sanitary District
Decatur, Illinols '

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

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

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

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

MI‘. Ho 0. LOI’d,

Chief Engineer and Director
Metropolitan Sewerage Digtrict of
Maedison, Wisconsin (Nine Sorings)

Mr. David Backmeyer, Superintendent
Sewage Treatment Plant
Marion, Indlana

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

Mr. William J. Proveznik

Sewer and Sanitation Engineer
Department of Public Improvements
Omaha, Nebraska




13.

1k,

15.

Mr. L. 8. Kraus, Chief Chemist
Peoria Sanitary District
Peoria, Illinois

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

Mr. C. C. Larson, Chemist
Springfield Sanitary District
Springfield, Illinois

-6
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2. N, 47 | o7 o & i 0.& o5 » o.c o.¢ o.r 0.4 o.7 o.7 e.7
cewage Temp. (°F) 77 77 77 72 g0 hed 97 2¢ sc s |—as Z 83 24
pil_(Faw or bettled ?) o e r-7z —
ned Cludge s :
~Tudge Index 39 | 38 | #¢ | 2 ep -l - 4 rz 77 sz 92 | o 57 57
4.C.D. - Ret.tludge’ 068 | 062 | 072 |oao | 0.7 R | osr 065 | 063 | 0.59 | 0.59 o.50 | 0.68 0.6
3 uj’ ‘ewaga i = -
g_an
TRV VIR et | g0s0 | soe0 | svzo | #9706 | 5350 | | sze0| wvvo | #eco| mrzo | saro | #r20 | g970 | g9s6]
Cu.ft. /gal. - ’# | L7 | 128 0.89 o8¢ K rO0F | jor o0.86 409 | tre | LUF fre | s r0
Cu.ft.-lbs. BOD Removed =
ion Tanks (Lig.Vol.used) *
ITx Lig.Aer. - 1000 of /tée| yzee| 266 wz.66| wZéc /266 #2.66| 2. C6| #4266 w766 sz ic| srz.cc| 11266
Pre—end Heaer. - 1000 eof J673| JeF3| Sed7 | 5633 | Jeiz e 7y Fady| Jerz F6.37| s¢33| deI5| T 33 56.33
£ | £z/ | 2re | z.77 2v9 | 227 | dao | gzr| 227 | wzo| gz pr| 382
T e
fecond Settling /28, 600 c.r.




- OPERATION Dala

oo o] - W
| 1947 | 1982 | 1943 | /922 | /925 | s9we | 1927 it
e Flows - 4.C.0L,
kew - To plant’ (Total) S| 176 | 1t | srd | ir2 | sr7 | r9.¢ 179 el
tettled - To meration 27 |\ rpo | g V\ree \vrs | sza | s2r | 158 |
dixed Liguor - in aer,Tks, /6 F | /8L | 2oz |zo.7 | zos | zz.¢ | 22¢# 20.5
tical Lzte (Leboratory) .
E.J2.D. - ppan
%z Ba% Cewage zor | 90 | sy | zeg | 209 | sor | 229 el zo7 iy~ e
7. bettled " (7¢ | v | vz ler | rer 167 | /7 /eé
2. Fin.Eff." IS | /L7 JAY S /79 294 W7 /2.0 /4.8
sus.tolids, ppa
A BhN Eanign z2¢ | s99 | s9z | 23¢ | 22y | zsr | z37 . 235 N
2, Settled "
By Fin-BEE.T b [ ) | MEL IRES NF |- aF | oo | | 0 L | JEF |
4. Heturned {ludge | P#oo | 9700 | f,r00 | /2 /o0 |/0 900 | /o0 | /pzoe | | 10,700
5. dixed Liquor -ppn . | Z2re | 2ij0 |2es/7 |zv27 |2ver | Z2ff |\ z39p | @ | | 2400 -e
(a) % Volatile gol.in dix.Lig
P.0. ppa
1. Aeration Tenk Inlet :
Outlet | #e | 52| 5/ | 52 | 55 | #5 | =/ ) 5o | S R
2. Fin.Bff.cewage +£7 v Z J 2 S o S o #< J 0 50
Nitrogens - ppa (Fin.F{f.)
- N
£. N, 7 sl )
e ND;, zz /3 — —_— _— /9 70 . Rt
cewaga Tamnp. (°F) X ez ez ¢3 é3 (1 6z &3
pil (1w op—satiiad—3) ZJde | 72 ¢ 7. £ Z&- | ZX Zel | 7o 7.5
ned  ludge
SEHGRY 2R s27 | | see | 9¢ | wg | ¢ | me | 108 d k
{.G.D. - Fet.tludge #/ | wr | 2P | 2/ | vo | £é N +7 JEE |
 of Cewuge & J¥. FJE P2 2 26 zg 7o
nantities _
Cu.ft./dy. (1000%¢) sE 700 | /3 700 | /3 #00 | /F Jo0| /EPo0 | /EGoo| /3 Joo /4, 200 Fre
“u.ft./gsl. fr6 | 2.92 | 0.27 | 2.26 | 0.93 | 0.22 | O.77 -9/
u.ft.-1lbs. BOU Removed :
{5n Tanks (Lig.Vol.used)
[ix Lig.Aer. - 1000 cf ABF3 | AFES | BF3 | By | g5 | Agy Azz 43 | -
’re wnd heaer. - 1000 cf i [y e oy [ e i | S0 R = |
eration Per. - hrs.(dix.iiq.) o £/ S | 73 77 e8 e 7-&
ing Tance (Lig.Vol.used es—ieteatlion PRoriods) :
TRIAATY SOEELINE e __lerzp | sze | s22 | sEP | s2Z2 | /2P 4" /22 /28 BT
“econd fettling 233 | 232 } X3y | A%z | ¥3y | X¥3 33 333




- OPERATION DATA

A A A A A ) B L] Al B B B R Ve, A'| Avs.
: lJun. I Feb. ’ Mar. 1 Apr. l day I June I July l Aug. l Eept. I °°t-] Nov, T Dec. YEGL:Y ]Aa i | & M
e Flows - Il;.g,DE :
aw - To plant (Total) zopz | ro#8| 2/70 | /896 | 1975 | 24r9 | 2192 | 2200 | 2007 | s88¢ | 49.59 | s94s | zozg | 2031 zo
Bettled - To Aeration L k] L TN b RN PO | AN (" O S I S [
Mixed Liquor - in Aer,Tks. 2562 | z5¢3| Ze#9 | Z#9¢ | 2530 | ZedB | Z70/ | 2787 | ZeFF | 2392 | ZE#T | Z£S5F | 2577 25-74 25
tical Data (Leboratory)
B.0.D. - ppa
1. Raw fewage 1353 | ros9 | 1357 | 12rs | rez8 | 1397 | pa57 | s38C| 1720 | 1725 | r#p7 | /722 | 527 | 1545 | /57,
2. Settled " 722 | 773 | é3z | o8 743 | ¢z¢ | s2¢ | 279 | /179 | sovc e g 0.9 | ro.7 Bz.e| 74
8, Fin.Eff." &/ Y4 zZz .o 7Zr /e /2.5 /6. & /e e 5.3 se.5 s0-7 79 /3
tus.tolids, ppa : .
1. Raw tewage z9g | zz# dors 397 z79 728 | 352 Jog | 3s5g | 358 | 765 392 37/ F/0 35
2. Settled " -2 27 93 /e 74 a5 79 y/4 /20 /e - Phu 4 foo Joo /O
2. Fin.Eff." 5 5 ¥ # & # 5 & E | & S S . i g -
4. Returned Sludge /e | geog | LFp9 | FF90 | F3gs | 3F63 | o6z | #Lr#F | Fhed | 2L/ 37¢L | ST | Foro | F/57 38¢
5. ¥Mixed Liquor - ppa /296 | J2p0 | /ZZF | /S e /086 soss 999 /et 87¢ or7 /Z25¢ 22z /206 | so03
_____(a) % Volatile Sol.in Mix.Liql 2/ 7¢ ée 69 ¢z P74 és s 3 or s 6 ¢7 és é
D.0. ppam
1. Aeration Tank Inlet
Outlet 6| 74 | <2 Ze zZ3 &9 </ z7 i9 | &/ 2/ 2/ sa "4_|:._£
B !1n.Eff.£ewafe 5 a6 | 27 2z | a5 | av &0 7./ Z7Z 2./ &5 2.0 2z 8.4 £.5 &
rogens - A .
Bl T s Seysrl 7 NN L N ) SN E— |
R Wy o W LS 1 1 - ] | [
Z. "03 .
tewage Temp. (°F) so &9 Ex=) 57 s 5 &/ ég g x4 9 Ex &7 SH G ¢
(haw ep—wettied—9 7 & Z3 7z ZZ - 23 z/ Z/ Z/ 7/ Z/ 7z 2z 7z Z.2 Z.d
ned tludge
Sludge Index 22 | r03 | o | szp | w3 fe r3 | w2 | oF | 72 £z | 7 o /09 E
W.G.D. - Ret.tludge’ EfL7| 679 | €62 | 7or| 676 | G/ | coz | se0 | 4.2/ | e#7| 6 FS | &.8T| 6. ¥f ¢c.55| c.£
£ of cewage 33.7 | 330 | 33.3 | 39.3 | 6. F | 3o/ | zZp. 7 | 2o | Fe.7 | 37/ L | 3 ¥ F#o | g2 | 33.
uantities
Cu.ft./dy. (1000's) 87#C | 8855 | pzod | pu0s | 2ez9 | L1 | P37o | voe7 | 9zos | Feés | Fess | Frzy | SevZ | Aol | F6s
Cu.ft./gel. ovc| ag7| opz| 007| oar| ops | ogo| 0 #2| o | 050 okr | 095 | 05| 0#6| o4
lbs. BOD Removed 7eZ | 79F | &/5 & 7F Zeg L V7 4 977 e s £/ esZ 927 & 7/ 7y 72 7
B el | 6ol | cer| 6ol | eof | e6F | car | 66X | 667 | S35 | T35 | éef | e e | Lol o2
Pre and Hezer. - 1000 cf
seration Per. - hrs.(Mix.Lig.) fof| g | £F7 | g57| #7#-| #es/ | F£éF | #£30 | A55 | #2/ | .97 | #3 | #5352 | Lgo| #I
ing Tanks (biqv¥odvused—or Detentlon Periods) :
Prinary Settling (97| zoo| zos | z/5 | 199 | £ | 2P | £LS | 492 | 2.0 | Z/f | Z07| Zo00 | 200 [.F
Eecond fettling F./9 222 | 2oz x.27 7 z/ 3 ro . o F .~ Tt F. 77 Z.9¢ 2.2 Foe 3./9 25
ATILE Seuins v Miy. Lig. — PP g2e-| 9s0 | Fro 790 7re cor | e37 ¢S 7E Vi~ | eée £y 7o 27 &7




- OPERATION DATA

: YEARLY
: l.hm. I Feb. I Mar. l apr. I day l June I July I .lul.l Sopt.l Oct.l llov.l Dec. AVG. J
ge Flows - W.G.D, T
Kew - To plant’ (Total) 22.94| Zo.os| 24.29| Zo/B | /8.42| /7. 4:‘_1__/;, Go| /17270 | r552| r6.35 | ffvZ | Z/00| /94T
ftettled - To aerztisn U (BN | AR, - N ST | | S} S
Mixed Liquor - ‘n Aer.Tks, FJ¢ o0/ | o0 .!6’09 F0.9/| 29.23| Jo.#5| Fo. < | z[ /| ze.so| Zrrio| 30.27| F2.82| 0.3
rtical Date (Lzboratory) : '
B.0.D. - ppn
1. Kaw Cewage i Z2es | zor | zvx | zvg | 23/ | seg | s70 | zio | Zzsg | zie | sep | srz zzo
?. bettled " zré | 2izc /93 | 177 | se¥# /Z¢ /e /6@ Z3Zz ses | res IFEC /7e
8. Fin.Eff." yra Z¢ Fii d /7 /T Pk I~ /’Z 7z é il re P
tus.tolids, ppm i .
1. Raw Lewage B | Z8¢ | 245 | zi5 | 250 z#9 S PE /97 z98 | As59 278 | /3 rES | EFS
2. Settled " Z&e | zed | r9¢# | /IS | /Se Y244 sfo” /7 s d s EL 78 /o3 S77
2. Fin.Bff." zo zeo ’/F " /6 - /7 /3 /9 zZe /6 zo z7 /9
4. Returned .Sludge FIO| e3/F | Poso | 6uZ0 | 7460 | c479 | S#5V | FrfES | PFeO | STHEE | SO0LF | 5829 | 6637
5. Wixed Liquor - ppm . 249 | 2323 | zzyo | z3zz | ZW! | ZENT | Z/F7 | Z7 | FFE0 | ZFes | Zoee | Zzgg | ZETT
(a) £ Volatile Sol.in dix.Ligi ¢é°% 7é éc éc éé &/ é/ é0 ez e 77 7z ée
D.0. ppm
1% Aeration Tank Inlet
T outlst 27 | 50| 39 | 3¢ | #¢ | 75| 5/ | 20| 25 | 727 | 57 | 72 | #7 |
2. Fin.Eff Sewaxo Z.6 X 3.3 z.4 EXs #. 7 ~AZ /9 Y4 29 .9 37 A
litrﬁsens - ppn (Fin Eff.)
==>% __ . A— o e z S| I
2. M, = ] L S| . B ) e
2. KO, Jo /.9 2.7 #7 y2s 73 Z5.| &5 &9 so.r 7 . 57
Cewage Teap. (°F) so #£9 so s Er & 7o 7z 7z &3 Ex4 x5 &s
pH (Raw er—settled—3y zo | 7z# | 7z zr. | 73 73 7Z¢ | 7# 7 73 7é 7 & 7 &
ned £ludge
cluige Index gy, dre) v | s0o | #7 | g5 | s# ] eo] s | 7| ér | ] éx] s | er | |
4.6.D. - Ret.tludge’ 20| 10.92| so.X3 | sOF0 | so. 8/ | /095 s0.9¢ | 0.9/ | S0.97 | M| MIS | mFE | Sy | |
t of tt.“'_?uage Fre | vHEI| FEs| S35 | sa3| Sés| séo 6/ 7o 779 IR | SHS | vIr
uantities
Cu.ft./dy. (1000's) 1296 | ;)T | prer | so7z | 978 | soze | siez | iz | o | wrr | sorz | 3| e [
Cu.ft./gsl. _ leeolow |ovr | oz | 066 | 077 | 079 0.7 | ro0 | 2.930 | 2067 | oeo o. 7
Cu.ft./lbs, BOD Removed dof | gos | 377 | v7s | 6tr | vz | 2 | 633 | viro | 67r | 620 | vire | 40
1on Tanks (Lig.Vol.used)
dix Lig.Aer. - 1000 ¢ PP | [1F| H#P | yd9 | w#e | 179 | yze | wme | wwe | yes | w9 | w#P | ies SRS
Pre «hd—hoao¥. - 1000 cf z5 75 25 Z5 z5 25 | 25| 2z5 | z5 | 26 | 25 | 25 &5
heration Per. - hrs.(Mix,Lig.) 6.z29 | 6.93| c.r2 | 6.9¢6 | 7go | za | For | Zoz | Fsz Zes | 7rz ev7| 7oz
ing Tanxs Detentlion Periods, .
Prinary Settling | tse | r2é| por| rze | s 3P | 13/ | sio | sg | seg | sve | ris, ]| rzs ] sgo — |
fecond Settling ZHgZ | 2ec | 237 | 2é7 | 2.r2 | Z2. 7/ 2. 70 2,9 | 7s0 Z. 94 2.7z F-r 4 2. 70
ATILE Sotips s Miy. Lie— pepm (790 | /770 | Now | W30 | /oo /27O | J3oo | feFe | 2/20 | Seoo | WO | séfO | Lo g




- JPERATION Dala

JJan. I Feb. I dur. ‘ ApPr. I day J June | July l hug. I Eept. [ Oct. l Nov. ] Dec. ][ YEGETY I
e Flows - d.0.Ll. -
haw - To plunt’ (Total) c7r| cof| 39| 750 | 6o | c8 s | o7 .89 Z.oc .57 .55 | 7oc
(attled - To aerution zoo | e | p&Rr| 792 | cps |cze | 2w | 6p9 | c7z | 7 | ¢ | c2c| 7Oz |
d1xed Liguor - 'n ser.Tks. Zr | 7oz | 2z5 | B35 | Z%c 7 ee | As0 7B b d Fos 7 30 7Ze¢ | 732
tical Late (Lzboratory) S
B.0.D. - ppn -
1. Raw fewage e | vee | sap | s73 | wr | sE7 | i | sze | wF | rfo | sro sFe s
P, bettled " /T S yr74 /25 Vit 70z A5 &’ I 23 /07 Vds /ZF ez
2., Fin,Eff." - ol I 7 # i el J 7 4 #* = Vd o
+us.tolids, ppa
1. Raw tewsge Z3/ 2/6 | Zog | Zéé | zag zr7 27 /9 | zzg zoe 2z/ | zéé | zzy | B
2. Settled " NS | s 173 /éz V2td ’x3 rze sor SF /ZF /Fe S sEO
2. Fin,Eff." WL s | 7# | /6 | &g | 16 | W |-A | A | B | F | F | e | S A L
4. Heturned Sludge = | /e o00| /8000 |/J000 |/&d00 |/6. 000 |/goc0 |rS,000 |rgoc0 | /fooo |/S,000 |/f000 | /5,000 | /5, 000
5. dixed Liquor - ppa ZUZZ | 2006 | 2906 | 243/ | 2ueo | Zzro | Zos7 | Zzor | Zzsy | 2309 | 2730 | Z¥5/ | 2577 |
(a) § Volatile fol.in dix,kig |
D.0. ppa
1. Aeration Tenx I_nlet F£E| 22 79 z.9 zs | rz Py 0.9 b.6 2.9 z9 2.3 b |
Outlet B = I | | P ' - ! : | [
2. Fin.Eff.Cewage 3 F.0 L0 XS zo I é. & &0 P id S v/ zs 77 zz .7 |
Nitrogens - ppa (Fin.Rff.)
1z Hﬁ e e
£. N, | P N | L5
2. NO, . 0.0
cewzga Tamp. (°F) & v/ Jé - &z ¢é 69 ¥4 67 eF Ve4 Ve c/
pd (Haw or bettlad ?)
ned tludge .
vludge Index H#0 #/ Eid V| vE | €3 | vF | I/ ce | v¥ a6 A | s/
4.G.D. - Ret.tludge 417 | £2O| fs3 276 Lzs /172 /06 | So6 | L/# flO 0.9 | Lo/ /A
f of Cewage /7 /L /F /e /& zz /3 7 /7 i /G /6 /e |
uantities
Cu.ft./dy. {10007s) Vire | Je3o | fF300 | #9£0 | FEre | 37F0 | fFoso | 3760 | Frio | Sore | JPeo | JEIO | prre I
Cu.ft./gel. o A o.g0| 0.70| 0.0 | o7 | 070 | 0.60| oo | owv| 0é0| 0.70| 080| 0.950| o070
Cu.ft./lbs. BJU Removed
1on Tanks (Lig.Vol.used)
fix Lig.Aer. - 00 f Joo | Joe | dee fo0- | Foo 3oo Joo | 300 | 300 Foo | Joo Foo il g =S T
Pre and Keaer. - 1000 cf 2y I (oEE S S | A e [ RN DD H
peration Per. - hrs.(dix.ilg.) eFPF | 727 | S IFE| 6F7 | 672 | Tor| eo07 | &-P0 726 | 6ol | 790 | ZEx | 6713
ing Tangs (Lig.Vol.used
Prisary Settling ¢z, 500 cr _
fecond fettling /E e 000 C.F
sAnic = N (Peim. Evr) 4| 74 | 00| 94 .3 s22 | o0 | 79 ey | 79 £F 74 I
|




- OPERATION DATA

l.hm. | Feb. ] Mar. ] Apr. | day I June l July [ hug. I Bept. ] 0“'[ .‘“'.l Dec. %fy
e Flows - 4.C,D.
Kaw - To plant’ (Total) 6af | e#¢| p3c] 247 79¢| 77¢ | Fo/ | pez| 799 | 797 | ex | 6.7/ | 7éo]
tettled - To seration et |6kt | 13| ro7| 79¢ | 776 | 2o/ | p22 | 7 iift 737 | e | e 7. é0
Mixed Liquor - in her.Tks, 1000 | 449 | 1260 242 | s2.00| 193 | s207 | s205 | trwp | Hos | so9g | 0w | paz
tical Data (Lazboratory) ‘
B.0.D. - ppa
1. Raw fewage e 253 | 29z | zsp | zio | 237 | z/p | 232 | Zo7 | zoz | zzz | zesr | zze | zzs
P, bettled " /96 /99 /77 59 | /56 V2 13 FiL s /29 ST L7 5z W7
3. Fin.Bff." £/ 57 79 33 3 Jc 29 z2g 24 z¢ =7 33 3¢
cus.folids, ppm -
1. Raw tewage 250 | 2/8 | 28| /95 | zo7 | s9/ | 273 | s95 | zos | zoe; | zos | zs7 | zs0
2. Settled "
2. Fin.Eff.n 2/ I/ /6 /6 2o - 22 /7 /7 /3 74 zs zv /9
4. Returned £ludge FFIO | z700 | Jovo | 3F20 | /g0 | 3620 |  Z970 | 3320 | 3330 | 2990 | 2400 | 2z/0 | joss
5. Mixed Liquor - ppm . Heo | feo | o020 | f/H0 | soro | yzo 990 | yoso | /oFO | /3O | NEO | SO | 1097

(a) % Volatile Sol.in dix.Lig

D.0. ppam
1. Aeration Tenk Inlet
e *__Outlet 2o | ##| sz | £7 | 2¢ | 27 | 27 | 22 | 27 | 27 | 2# | &7 1.7
2 Fin.Eff.fewage -7 2. é /6 0.6 o-£ oy o.& 0.3 ow” 0. é 2.4 2.9 0.6
_ifrogens - ppn lﬁn.!ff.)
olliesiss ¢ e ] Je e A Ravrly Bl % ey S S|
2. Ny Sy Sl i B o T | R i ~ ]
z. Mo, te | 7./ | zo | #29 | 2z Z.9 28| zo | 37 A# | 39 | 24 £
“ewage Teunp. (°F) &/ e v ¢o g &F 7y 7 7z 70 ‘i o e
oH (Kaw or tettlad ?) ==
1ed tludge
-ludge Index /23 | F30 | s6s | s6Z | s/ | /Ze | s | 47| AP | e | zarS | sFC | sz
(.C.D. - Rot.tludge Aré| vior| #2¢ | 265 | 407 | Az | poe | 24/ | 203 | 2eg | 443 | 3er | 170
[ of tewsge 55 72 5/ #3 s/ SF 7/ #7 #5 3F &/ 55 s52.4
antities
u.ft./dy. (1000"s) TRV | TIF0| 62/2 | 5743 | SFs0 | SFeqd | sS35 | 5257 | 5527 | 644/ | sz | 503/ | vesz
u.ft. /gal. B by ofc| o9s| 0748 | 0.6f| o0.74 | ”9777771|__ 0.73 | oés| o270 068 | o0.77 | o7 o.7s”
u.ft.-lbs, BOL Removed )
on Tanks (Lig.Vol.used)
1% Liq.Aer. - 1000 of | 37¢ | 370 [ 376 [ 376 376 [ 37¢ | 37¢ | 57¢ | 37¢ | 376 | 376 | 37¢ | s7¢
re and heaer. - 1000 cf o e
eration Per. - hrs.(dix.Lig.) 6. | 52| s | 5¢ | 5¢ £7 | 56 | e 59 é.2 ¢z 6.~ 9
ng Tangs (Lig.Vol.used or Detention Periods) ;
'rinary ng.tllng SRy o e "3 e Y RN LIS A
econd fettling
sanic -n  (Eaw) 12-6-| .3 — 7.0 /0.4 Aes| s sz /2.9 o F




- OPEKATION DATA

A A A L) A A A A A YEARLY | Ave. A"
: I-Tun. | Feb. I Mar. [ Apr. | May | June ' July I ‘“l-[ B'Pt-] Oct.l Nov. l D'c'A] AVG, 10 No-l
e Flows - 4,0,D, {
haw - ’fo plant’ (Total) Fet| #£59| 29 | £35 | Fo7 | 528 | K95 | oo | g5 | w25 | =0 F.o00 #eo 4.7
tettled - !9_ aeration )
Mixed Liguor - in Aer.Tks, 5.¢69| 5.79| 6.y | 55/ | ¢ 32| ¢73 | ¢58 | cz9| c./3 | £s.5/ | £.9¢| 535 | 59z 599
rtical Data (Laboratory) -
B.0.D, - ppa
1. Raw Cewage e /63 | 75 | 13 728 | /77 /7 /70 | zoz zZ/¢ /77 I I75 | /7 (7@
2. bettled " /3E | s/ 96 /Es | ES /30 /€7 | Zez Zr¢ | s23 | s7e /53 /52 /$E
8. Fin.Eff." 8 A4 g [4 Pl Z 2 /7 27 77 /9 Vi P Vi4
Sus.tolids, ppa : v
1. Rew tewage LN |\ /87 | /96 | s50 | /27 | zoo | /% | /77 | 2oz | 23z | /oo | ¥ | se7 r L7 /27
2. Settled " yri4 e /OF /25 Y rd Yryd /53 /39 /59 24 9¢ /52 /79 /#E
2. Fin.Eff." /0 /7 /c d Lg 18 d L zo V74 s z/ L7 /2
4. Returned Eludge /3 950| Mo00 | /4,278 | 5,656 /0 720 PH¢ | /OFIE | /L/#5 | /268 | /2063 | /0828 | 939¢e | s4029 | JlLo3F
5. Mixed Liquor - ppm . = 2978 | Z3rf | 2409 | Zz2F | 2467 | ZE36 | Zr7e | 72éo | 7F50 | 2620 | /950 | zszo | Zéey 2625
£ Vola i c# 66 56 |. &9 7 4 ¥4 .9 7/ 69 7& 7/ o7 13
D.0. ppa ;
1. Aeration Tank Inlet
il ~ Outlst _ I ) T T
2. Fin.Eff.cewage
lltgﬂans - ppn (Fin.Fff.)
- & . 1 SHNFEN| S SNy e TS, N e
_E. B0, o _ 7 ~ —
3. IIDE .
Eewage Temp. (°F) 54 s S ce o/ ¢y éé &7 &z éé i éo e/ éoas
pi (Haw ep—totiloed 2, z7 | 727 |- z7 Zé- Zs Z# 7 | 7 73 7S Zy~ 7o | 72y A
ned tludge
tludge Index B T eo] 77| co| s 77 | soz Pr | o | s#9 | sz | rp7r | szr 9/ s
¥.C.D. - Ret.tludge 105 | rzo | 415 | tse | r3r | pegs ) r63 | ses | s7p | r26 | ore | sir | szz | 433
£ of cewage z2z.7 Zé./ Z50 Zé.7 zZ5. 9 Z7 g Fi0 Fe.7 | #Fo. P Z9.6 2,0 337.9 Zr7 9 - 225
uantities
Cu.ft./dy. (1000's)
Cu.ft./gel. | esk| ceo| ceo | ovo| orr | ot | sosr | s3z | g7z | ssc | 03| opr| o030 | css
Cu.ft.£lbs, BOD Removed #1Z | 558 | 799 | 527 | és0 | 229 | rzm res | 066 | coor | S9Z Gog zas | 7zr
ion Tanks (Lig.Vol.used) >
x Macker. -0 e T s [ s | us | 5 | sx | A5 | k9 | 9 | sps | s | 77 | es | 735 | 732
Pre and Keaer. - 1000 ef ) -
ieration Per. - hrs.(dix,Lig,) 2eT| Few| Fpr| 379 | 367 | Frz | L2/ | £Leo | #3557 | L9p | Ao 399 #og 299
ing Tangs (bbev¥olvueed—os Detentlon Periods) :
Prinery Settling = T sz9| ses | s#0 | réc| gz | s2e | Per | sve | ez | sw | 47 | 497 | sv7 | s83
tecond Settling 298 | z.46 | z.#F | Z. 42 Z zZé Z. /P z.z0 | 2.z 2. %0 Z. 64 2.rr z.77 Z. #L 2.4
TiLe Sotips W Mix- Lia. — ppm /o - | w70 /o0 | JSFe | fevo NI | /780 | 2200 | 2740 | /F/0 IERO | STRO 7 | /727




- OPERATION DaTa

IJun.‘] reb.‘l lar.A[ :'lpr.Al Iay‘l Jun:[ Julysl Au;?l Scpt.‘l Dct.a[ !ov.‘l Doc.‘]

YEARLY | Avé- ? i 3'-
AVG, Me.

s
ge Flows - H.G.D,

“Raw - To plant (Total) 74t ] g2sc| 9o#c | 956 | roos | 966 | 879 | #a9 | 918 | B89 | #87 | 32 | 9.30 | 9£7 | L
tettled - To aerztion E L | TR — . T = L.
dixed Liquor - in Aer.Tks. 1086 | proe| o9 | 172 | 1155 | 1172 | 1032 | Jo.37 | /088 | 10.26 | p0.04 | y0.9/ | s0.79 /099 | /¢
ytical Late (Leboratory)
B.0.D. - ppa
1. Raw fewage | so3 73/ /e /06 soz /3¢ [T | 752 i /56 | /19 ’37 12 /4 YAz y 2
P, bettled " /08 | 108 r49 9/ a9 /09 /e /75 r2¢ /30 /z5 /z27 V&3 /2 | /3
8. Fin.Eff." 2 10 /6 z s 2 /9 /2 /s /3 k4 /e 73 47 y
tus.folids, ppa :
1. Raw tfewage N /98 zoy /79 /70 | r8/ /77 ZH#e zZee | Z#/ 27/ Zz/ Zo/ /98 Z
2. Settled " 209 /79 zoe | /87 /539 /66 /49 /62 /40 z/9 Z3¢ zzs /45 /2 z
2. Fin.Eff." P z so 5 T z/ “” /8 E2d /9 /7 /f /0
4. Returned Sludge 5280 | 5840 | ss00 | #8850 | gi20 | S0c0 | #3700 | 7370 | gs500 | 7550 | Fovo | e7Zo | 5250 | 4907 | 5.
5. Wixed Liquor - ppm . /28O | 260 | 13/5 | sO90 | 1060 | /250 990 | /020 | r098 | sg00 | /¥40 | r630 /2385 /yiaWE
(a) % Volatile Sol.in Mix.Liql &7 63 65 é3 6/ 67 7¢ 7e 7z 7z é8 é7 8 ¢7
D.0. ppa
1. Aeration Tenk Inlet 1
S e o SOutlet 565 | so9 | 326 | ¢.2¢ | #6a | 728 | sdy | 23¢ | /73 | A6 | f63 | szs | 295 | #£pe | Z
_’_2. Fin.Eff.Sewage 466 | g8c | 2¢3 | 579 | 407 | 263 | 29 /.96 | ts0 r26 | sz |-z90 | 2.88 F#£e| /
_Ni trogens - ppn ’Fin.!f{.)
N e T R N : Y 7 S S MUY R AR IR IR A
B. NO, .
tewaga Temp. (°F) to Go co &/ ‘G G i 7E 7¢ 73 7Z é5 o7 (23 ]
pi (Haw or tettled ?) ;
rned tludge
tludge Index (r7imxas o] o5 | #8 s¢c | g0 | #c 7z b | roo | 78 7/ | 3 | sz 8 és 7
5.0, ~ Bat.Bludge’ t#5| fso | 193 | 56 | 152 | 452 | 455 | se8 | 70 | 437 | £47 | 457 | ¥ | /52 | /
§ of Cewage VX AW MW Jé.3 /5Z /3.6 | /23 S.7 | /RS [ /7z /.2 s/é.0 /58 yi
Juantities
Cu.ft./dy. (10007¢) S #6CO| 5760 | #6470 | 5280 | 5#/0 | 5400 | £980 | S7L0 | 5600 | frgo | F960 | I820 | 1/30 | 5796 | 4
Cu.ft./gel. _ o 0#9| 06o| 099 | 056 | ovg | 056 | o058 | 06r | 0.6/ | 0ve | 0.9 | 057 | 055 | 056 | .
Cu.ft.#£lbs, BOD Removed 78/ | 8¢ | s#7 | 922 924 79z &37 3¢ 738 o 568 | 657 777 795~ &
tion Tenks (Lig.Vol.used) v
d1x Liq.Aer. - 1000 cf 307 Jo7 Jo7 J
Pre end heaer. - 1000 ¢f | | ) [ R » i (i
seration Per. - hrs.(dix.Lig.) Sr2 | Ze | ray | X@3 LS | Fep | K97 | Loy | #96 | SdF )| F55 | Sre | Fit 4 | 3
ling Tanss (btevVolrused—ep Detentlon Periods) :
Trimry Gattiing ogo| o739 | 079 | 079 | 0.75 | 0.78 | 087 | 0o8sr | 08z | 085 | 08¢ | 08/ | 08/ | 0.0 | 0.
fecond Fettling 26#| 265 | 264 | 25/ | 2.67 | 2.66 | 2.57 z.so | 2.57 z.77 z.88 2.42 2.66 2.é/ 2.
\TILE_SoLins _IN_ M. Lig. —pPm g0 | 7940 | e | s [zl g40 734 774 790 /070 7ro so90 | FP#o 7o | 7




JPERATIIN Liulas

A A A AT A LA A ] A] A| Al YE.iLY | AvaTATT
M’-:n. I Feb. l fer. I cpro | duy I June ] July l “US-I S"P‘-I Oct. | Mov. | Dec.| T1yg. | 11 Me.
Flows - 4.G.i, g -
W - 1o plunt' (Total) 2s#| z5e| 235 | 28| 275 Z2./9 2oz | 2.cs Z.&r 2.2z 2.22 24‘% 2. 5¢¥ z.51
attlad - To serction | 25¢ | 25¢ | 225 | 22 \ 272 | 279 | 29¢ | 26| 2cs)| 222| 292 zae | z.5g 2.5/
ixed Liquor - in aor.Txe, | #£z2o | #£r5 | 287 | Fec \‘9‘.-?5 IEZ7 | F#9 #z8 | #Fzg | F7z | FFL = o0 #. 03 406
feal Let: (Luboratory) . .
J.b. - ppa G
1. Haw fewage | 280 z9¢ | 792 | F#0 Zs0 z97 Fzz zg98 z27s Zee FZo Z%6 294
7. bettled " 30 | s | r2s | see sor | HE /3e Ve dd /23 | sZp | o | /28 | j29 |
2. Fin.Eff." Zo Ze I I 2z 7’7 22 Jo zz /3 Zo zZo 23
us.iolids, ppa -
1. Haw tewege sr0 | #2585 | #20 | #£s50 Ieo | F9z | #FO | Fzs | #Z0 | Foo | L7o | #2z FIO
2. Settled " ot | seo | ssO | SRS | LSO BN | e T B e e o
2. Fin.Eff." zs Ead P2 4 efg | \le7 |-re | 2o e | E 7 e Jo | z4 _
4. heturned fludge #I90 | 975 | Feo85 | 2890 /970 | 7200 | Hogs | FZz7 | FF37 | eBH0 | Hezs | T8 | 399/
5. dixed Liguor - ppm . 222z /7y | /00 | /230 | S0~ | /260 | AT | 1947 Zr7o | 2ero Z/es” | /TEO /9 3/
(a) % Volatile fol.in dix.big I
.0. ppm
1. Aeratlion Tenk Inlet 23 5z 35 3.3 g EN) 2.z a4 z8 A AT z2.7 z.ée |
Jutlat A3 Nowe Noax | AE ) Zo. LS Vol W ro /.2 /-2 -
£, Fin Eff.cewage Areroges (<<
itro&ens - ppn (Fin.Fff.)
1. NH_
<
£. N9, -
z. MO, .
ewapa Taap. (°F) #3 P sz e [2=) 7o e ez 57 53 9 il
H (Haw or tettlad ?) 2 | 7#¢ | 20 Zf Z 7 Z Z zv | Fr 7 o
2d tludge
Tudge Index /33 | z/e | €63 Fe7 | Z#F7 | AT Z/¢ IET /o6 I | Z233 z2/2
.0.D. - Ret.tludge LA | f63 | rv2 L2 I | ATB | LeF A4 /e AvE | AT | pua
of Lewuge 690 | 677 | 64é VIre | 3/ VB0 | @23 | 67 & | VIS | 6Z.6 [ ‘ez.o
antities
u.ft./dy. (1000'¢) Z700 | gv30| 2are| 277/ | 3o0d | 2390 | zg20 | zeso| zves | 2eso | Zéoco| 29eo| Tesg | zéoo |
u.ft./gel. 106 | 099 | fo9 | £27 | foF\| ro9 | o0ge | 023 | 0597 | LT/ | 2.85 | L/T | SOF /.08
u.!’t./i.bs. BIL RHemnoved i
on Tanks (Lig.Vol.used) 1
ix Lig.Aer. - 1009 cf 17z | s72 | s72 172 7z /72 72 )72 /72 /77 172 /7Z e X Vi i B
re and heser. - 1000 ecf Sl R iy 1 TR T e L e
eration Per. - hrs.(dix.iiqg.) 7tz | 7238 | ro0 | 28| 7s2 A9z | @89 723| 730 | £-32 -9/ 7-7& 77 7.¢7
ng Tengs (Lig.Vol.used - .
[ 1 |
7:'11&:7-”3: Eettling 33,730 c.F s PR 1 D (S
econd fettling P800 c.F
T B ] P S A i ——— R




- OPERATION DATA

J-‘-n- l Feb. I Yur. l Apr. 1 day l June I July l Aug. I Sept. I Oct. I Nov. ] Dec. l IE?:! [
e Flows - M.0.D, :
Raw - To plant' (Total) /58| #9 | r62 ]| t6.7 ]| s7e | s76 | rze | 457 N e | NS +O /5.9
tettled - To aeration Wl |\ g7 | se2 | 6.3 | W/ | /72 | /72 | e Vod s#e | #L P e
W&.' /2 | 79.7 | 24/ Zoz | /9.9 L./ 2.9 | zog Zo.3 /9.0 o x yZad z20.3
tic ata (Laboratory) T 3
B.0.D. - ppa ; 3 :
o SN SOuREY F75 | #r6 | 347 | 250 | 282 | 2F9 | Fro | ZFe | Foe | Fol | F/7 | 3/7 Fzz .
2, bettled " 26/ | I3/ | 269 | 262 | 237 | zze 2/7 z/3 z/5 Zze | 234 | 297 244
. . /g 3/ /7 z/ /# z0 /7 so /6 /4 /é V74 /8
8 - «
. Raw Eewage 272 | 772 | 275 | z¢7 | ze¢ | zs2 | Z27 | Zév | 257 | Zéo 267 | z&l | zeus
2. Bettled " I3 | /Lo /éo 27 V&4 V74 /03 set £l Y724 /Zé /37 /20
&. Fin.Eff." /¢ zz / /2 F 4 - /Z 7o r 4 pid rd 7 ? &
4. Returned gludge .
5, Mixed Liquor - ppa /70 | s760| s690 | /350 | 1Jé0 | re60 | 2020 | s630 | 2030 | /630 | /720 | /TZ2 | /690
| 7re| o7 | 7r7| 732 | 70/ | £9.9| ¥ | VS €9.9| 709 730 72.3
1. Reration Tank Inlet o o o o o o o o o o e | e & | o~ i E
Outlet ; ; = ]
2, Fin.Eff.Sewa 3 27 zz EL EX £y 27 Jo z.3 EXA Jo 23 Jo 3.7
ogens - pp .
» Wy g0 e | ra. | 5 | A0 [ £ | #o | g0 | g0 | 25 | 65 | so so | .
2, NO,~ - N S PR e % [
3. N, S io ) xz'l 29 23 i ry | 22 e TSN T, /¥ | ze z.o
Sewage Temp. (°F) 57 | ez és &S 7 7o 7 7£ /4 7/ &, é3 é7
ﬁﬁ%utum ?) ZX | 7x zZ3 23 23 Z3 Z37 Z3 7z Zz 7/ 7L zZz
ne e
udge Index /afrx. L@ ) 13 | rz¢ | 109 | 1w | 128 | /22 | roz | 127 8z | /79 | /37 | /E7 | /30 il RS
M.0.D. - Ret.tludge” 5 7/ &% 9 7.9 £8 F#7 #7 T2 57 #£F | 35 A o Fe |
£ of ¢
arime
. ft./07. TI000TE) AESM /67 |69 | 6.2 | r67 | rro | 179 | 102 | 22 | 1o | r9s | s50 | 203 | /77 N
Cu.ft./gel. Lof | fr6 | f02 | fo& | Lo# | £toe | fo7 | fr/7 | f22 | (37 2XL | A3T | £S6
Cu | . ;
95| 95| 595 | SPS5| 595 95 595 595 | 594 J 95 g5 | 9| T8 | 00 |
Pre—end feaer. - 1000 cf ;i (63| /63| spe.3| o3| ez | a3 | sp65| srez| 6.3 | Sz | frei| fré3| /fe.3
P“l}m Per. - hrs.(dix.Lig.) Sof| 532 5/7 | s2¢| 557 | Fpr | £/ | #F90| 522 | e/ | 587 | 577 | 52/
angs (Lig.Vol.used or angy.%g‘ Eg;;o'g) :
F!f_s'r mary Gettling /27| tve | rar | 20| 133 | pi2 | £32 | S | VS| AvE | SRl | SVE | S 46
Eecond Settling
oL n Miy.bia. — PPHM /300 | /3fo | /200 | ro7e | 1o | tieo | /gro | e | s330 /o | /220 | w0 /22e




. = OPERATION DATA 1945
— ] 4 Mo. [Yeawov Mo. YEARLY
s I"““‘ I Juy I Asig: l Ave. | Ave. | July I ‘“"l B"t'l 0“" “"14&:@ AVG,
ge Flows - M.C.D, X

Raw - %a plant’ (Total) - - % 36.8
tettled = To aeration _ |L.22.% | z2.1| 240 22.7 | 2449 | 24.3| 254 21.4 6.6
@r PRTE Y 29.7 | 29.4| 320 30.3| 3.9 | 33.2| 346 354 34.4
ytical Deta (Leboratory)

+ Raw Cewage Zos | 218 217 214 zzo 214 224 209 278

f. bettled " 128 194 131 132 130 127 144 125 128

: LEfL.N e zl 11 18 17 16 1t 11

1. Raw tewage ‘262 | 2%8] a2ss3 z58 260 263 z44 238 | teO

2. Settled " 135 ] e 11t 163 161 168 {60 158 163

2. Fin.Eff." 3% 3z 33 31 24 28 18 18 18

4. Returned £ludge Léoco | 2900 | 3oOO 3078 3700 | 3700 Soeo 4850 4600

5. Mixed Liquor - ppam . 160 aso 880 895 |coo 1110 1450 1395 1300

P T
.0,
1. Aeration Tank Inlet
Outlet : K

2. Fin Eff.ewage °-6 LO o-a _e.7 -7 0. b o-8 0.8 o6

4 ens - ppn (Fin.Bff.)

LR o 1> 1% 1 S R TN T IR+ e S B Ty (2 I, YO
By MO el | or] ae 03 | o8| ‘04| o8 il G 18 -3

-1 !35 o o1 o ‘o o-l o o 0.3 o.
fewags Temp. (°F) a8z a4 as 83 9 84 a4 19 69
_zia(!ii-dm) 1% 13 1.3 13 7-3 7-3 7.3 1.3 1.3
rned £ ludge

Sludge Tndex Tl | 214 | 246 245 | j90 | )82 | 3¢ | 122 | 138
4.G.D. - Ret.tludge 12 1.3 8.0 1.6 -5 ¥ 89| sz | 93 | 8.9
£ of cewage 32 33 33.3 33 3 36.6 36.0 35.2 348
juantities

Cu.ft./dy. (10007s) _|25400] 2¢,400| 26,900 2¢,800( 29,300 | 29,000| 3g000 297700 | 30, 300
Cu.ft./gel. e e S NS SR Y T T S N B S 118 -2
Cu.ft.£1bs. BOD Removed 1240| N0 | jo3s 1zee | 1210 | 260 1110 1222 1288
:1on Tanks (Lig.Vol.used)
o G = NN tozs | 1025 | j025 1025 | 1025 | joes | iozs 1026 | 1oes |
Rro—wnd- fieser. - 1000 of - 48 | av | 4¢ 49 45 48 45 47 48
heration Per. - hrs.(Mix.Lig,) 6:2 | i 5.7 .1 5.8 5.5 5.3 52 5-3
ing Tan<s (Lig.Vol.used or Detentlon Periods) -

Prinery Settling 6.8 08 | o8 8 | o8| o8 6.8 0.8 6.8 |
fecond fettling 3.3 3.4 3 3.3 5.0 3.1 2.9 2.8 2.9
6. MiTeoses  (Raw) 4 | 12 13 13.7 14 | 14 | 12 1l 125 ] 13
AggaTion Periop - Hes. -2 1! 1.0 ] L1 0-9 °-9 0.9 ©.9




A - OPERATION DATA
= .} ) A ) . A X A I YEARLY | Ave-"A7
o ]Jm. l Feb. I Mar. I Apr. day l June | July I Aug. | Bept. I Oct. Nov. | Dec”” AVG, 10 HO-I
age Flgu; ¥.6,D :
. 5 plant (Total) 0.6 | ro.5| 95 | 9¢ | soz 9.z 92 | 80 | 77 | 62 | 92 | 03 | 27 9.3 |
. tettled - To heration B R B B IR Ses—
. Uix L Tks. /23 | 179 | s2.9 | r2.9 | 722 | 130 | r27 | /79 17”7 g9 | /2.7 | /& 157 /2.8
Iyticﬁ gata Ebaborat.ory)
. B.0.D, - : -
. FRow Eenge ’Z 63 7 7o 124 ¢ 9o /67 Vel /77 | 57 7o ¥ .. 93 |
2. Bettled " g3 #2z 7 #£7 €3 Erd . /39 /3£ 2/ | F¥ 5/ 7 [X-]
_B_Q,_ t el /e s z g 7 é * Y é /8 * & & &
o ©US,L . :
Ie 249 Covage 2 | ve | we 97 | sor | a5 | ppo | 176 | 15 | 170 | soZ cec | 2 | jz7
2. Settled " 75 éf ér 52 7o 7¢ se /36 /70 | s03 57 57 b4 So
3. Fin.Eff." 2] sz 'z é 7 z 7 7 z “” Vi g | £ -4
4. Returned fludge 2662 | 5672 | 5700 | gosp | 6606 | wovo | #39c | 3roe | Fr3r | IRFS | ISFL | £¥00 el 2464
5. Mixed Liguor - L se35 | s522 | se2z | zoco | zosg | recs | /346 | rver | 2370 | Siée | /Zo 952 | sose /676
-I.. ;orltion Tank Inlet T T "F“
OQutlet e S
50| 79| 60 | 67 | &7 | w0 | 2¢.| z¢ | #¢c | 27 | £5 | #7 | s0 =/ |
, Sewage Teump. (°F) g8 | I¥ IF 58 6 & 7z 77 77z 77 | er 52 Gs é5
- Raw ) y 44 Z3 t X4 7Z | — | — — — — — — e —
ge Index  /agx. Zs9/ 77 | s¢ | se és | rog 23 | sz3 | r9# /3 | ros 174 i 7 99
, M.C.D. - Ret.tludge’ X7 | X# 2E EXs g0 £y 4 A3 2.2 Jr F/ 5 | Az 25 7.5
£ of cewage zée | zg | 2¢ 27 | z3 z# 24 £3 T 2/ z2s ZL zs - z8
ﬁﬁ!!i 1 : :
. Cu.ft./dy. (1000's) JTépo| s070| 5230 | 5370| 6200 | 550 | w980 | 6700| G2éo| Géo| THsO | SerO E720 | Se3f
, Cu.ft./gsl. 057 | 047 | 056 | 057 | 06/ | 06/ | org | 0ss | 0rc | 097 | ouws| ovs | c6g | o.cz]
t.flbs, BOD ved 257 | neg | 7347 | w7 | s300 | 1387 | réz/ 779 Fo3 sodg | /76/ | 1o | Sroo /360
n:# Elé: !Ei.go;.uud)
: q9-Aer. - " I68 | 365 | 55 | 65| ses | ses| 365 | o5 | 765 | 565 | Fes F65 | Fes5 | Jes”
, Pre and Reaer. - 1000 cf
5q tad 5z 57 &5 - | 59 4 xo =5 5 &5 5.4
_Eecond Settling 96 000 _c.£. }




82

APPENDIX B
This appendix contains Tables B-1 thru B-15 which
summarize the computations for Figures #1 thru #16,
regpectively.
Table B-16 summarizes the computations for Fig-
ures #17 thru #21.




SUMMARY OF COMPUTATIONS

E B-I ANN ARBOR, MICH. 19
Equiv. Aer. #8.0,D. Y

h Category Period.- Hrs, Applied Py P2 P3 gegéet
A 2.0 8,120 41.7 20.6 9.5 93.

A 1.8 9,270 47,7 27.1 12.5 o4,

A 1.6 10,500 - 54,0 33.7 16.1 92..

A 1.2 10,650 54.8 44,2 24.6 88. !

A 1.7 11,750 60.4 34,9 22.2 89.

A 2.2 9,980 51.2 23.1 13.4 95.

A 3.0 8,200 42,1 14.2 8.6 88..

A 3.4 6,410 55.0‘ 906 5.8 98.‘

. A 3.1 7,050 36.3 11.8 7.2 93.
A 2.7 10,400 53.5 19.8 10.6 90..

A 2.5 10,100 51.9 20.6 10.3 a1.

A 2.0 8,670 44,6 22.4 11.9 95,

age A 2.3 9, 260 47.8 23.5 12.7 92,




) B-2 SUMMARY OF COMPUTATIONS AUSTIN, TEXAS 194
Equiv. Aer. #B.0.D., :

) Category Period - Hrs, Applied P Py Pg egéxoré
A 4.0 5,610 20.7 5.2 3.1 89.5

B 4.0 8,010 29,5 74 4.8 . 81,5

B 4,0 8,610 31,7 7.9 8.7 80.¢€

B 5.0 10, 200 37.6 7.5 8.3 74,¢

B 6.2 7,730 28.5 4,6 3.2 79.C

A 6.4 8,910 32.8 5.2 2.4 91.¢

A 6.7 9,520 35.0 5.3 3.6 94,5

A 7.7 8,840 32.5 4.4 2.4 93.1

. A 6.9 8,360 30.8 4,5 2,5 91.¢
A 5.8 8,940 32.9 5.7 3.7 91.C

B 5.6 8,340 30.8 5.5 4.0 81.6

ge A 6.2 8, 360 30.8 5.0 3.0 91.¢€
ge 6.2 8,580 31.6 6.6 5.8 79.¢€



5 B=-3 - SUMMARY OF OOMPQTATIONS CLEVELAND (E), OHIO 194
Equlv. Aer. #B.0.D. B.O.

1 Category Period - Hrs. Applied Py Po P3 gemove
B 3.0 8%,800 22.2 7.4 4.1 82.¢6

B 2.4 50,100 13.3 5.5 2.7 80.,¢

B 2.7 52{500 13.9 5.1 4,2 84,¢

B 2.9 60,100 16.0 5.6 3.8 85.¢

B 3.1 60,000 15.1 5.1 3.6 87.¢

A 3.9 72,000 18.9 4.9 3.7 95,

A 5.5 77,000 20.4 3.7 2.7 96 ., ¢

A 6.1 81,000 21.5 3.9 2.4 96,

. A 5.5 59,700 15.9 2.9 2.4 O1.¢
A 4.9 63,500 16.9 3.5 3.1 91,

A 4,6 54,100 14.4 3.1 3.1 91.:

A 2.9 90, 000 23.9 8.2 6.4 89.¢

1ge A 4.8 71,100 18.8 4.3 3.4 92."
nge B 2.8 61, 300 16.1 5.7 3.6 84,



E B-4 SUMMARY OF COMPUTATIONS DECATUR, ILLINOIS 19
B E—q—‘u.j.VO ABI‘. #mo P P P % B.o.i
h Category Period - Hrse, Applied _ 1 2 T3 Removex
A 4,7 6,190 35.6 7.6 2.8 89.1
A 4.6 6,410 38,0 8.3 3.0 03.¢
A 4.2 6,940 41.1 9.8 3.4 95,
A 2.3 5,540 32.8  14.0 4.9 93..
A 3.0 7,140 42.2 12,1 4,5 92.5
A 5.6 6,090 36,0 6.4 Se1 90,¢
A 6.5 6,510 38.8 6.0 2.9 934
. A 5.5 5,840 34,5 6.3 4.1 91.¢
A 6.3 4,240 25.1 4.0 2.4 92.(
A 4.2 5,820 34.4 8.2 5.5 90.¢
g€ A 4.7 6,070 35.8 8.5 3.7 92.1



£ B-% SUMMARY OF COMPUTATIONS FORT WAYNE, IND, 1941-194%
; Equiv. Aer. #B.0.D. P P P 4B.0.1
ategory Period - Hrs. Applied 1 2 3 Remove

A 5.3 18,500 21.9 4.1 1.8 91.:
A 4,4 18,100 21.5 4.9 2.1 9l.¢t
A 4,1 19,500 23.1 5.6 2.3 91.]
A 4.1 22,600 26.8 6.6 2.3 89,
A 4,1 21,600 25.6 6.3 2.5 90, .
A 4,0 24,800 29.8 7.5 Ded 90.¢
A 3.5 28, 200 33.4 10,0 4.0 93.
ar Average 4.2 21,900 26.0 6.4 2.7 91..:



E BB SUMMARY OF COMPUTATIONS GARY, INDIANA 19+
- _ “Bquiv, Aer, «0.D. P P P 4 B,0.
h Category Period - Hrs, Applied 1l 2 3 Remove
A 1.2 12,600 19.5 16.5 12,8 o1."
A 1.1 121600 19.4 17.7 13.8 88.:
A 1.2 11,500 17.7 14.7 12.0 88, ¢
A 1.5 14,400 22.2 15.1 13.2 93,5
A 1.8 12,200 19.0 10.6 9.5 89.:
B 2.1 11,900 18.5 8.8 7.9 7.
B 2.4 10,500 16,2 6.8 6.8 78,1
B 2.5 16,200 25.1 10.0 10.0 81.1
: A 2,7 20,700 32,1 12.0 10,3 90.;
B 2.3 16,600 25,7 11.2 12,8 83.!
B 1.8 10,900 16.8 9.3 9.1 86,
B lid 14,800 22.8 16.3 13,1 88.!
.ge A 1.6 14,000 21.6 14.4 11.9 90, :
\ge 2.1 13,500 20.9 10.4 10.0 82,4



, B= . SUMMARY OF COMPUTATIONS HAMMOND, IND, 194

o EquiV. Aer, #Boaoﬁc P P % Boov:‘
1 Category Period - Hrs. Applied 1 Pz 3 Remove:
A 1.6 41,000 35.7 22.6 8.7 92.1

A 1.6 39,600 34.4 21.6 9.3 89.8

A 1.5 39,100 34.1 22.2 9.7 90.1

A 2,4 29,800 26,0 11,0 4.8 90.4

A 3.2 25,200 22.0 6.9 2.5 92.1

A 4.4 20,100 17.5 4,0 1.7 94.4

A 5.4 19,000 16.6 3.1 1.4 93.1

A 6.3 23,600 20.6 3.3 1.2 92,5

A 6.8 30,100 26.2 508 1.1 94.4

A 5.7 22,500 19.8 3.5 1.4 96.4

A 2.1 16,900 14,7 7.1 3.4 89.9

A 2.5 25,600 22,2 8.9 3.9 89.0

ge A 3.6 27,700 24.1 9.8 4.1 91.8



I B-§ SUMMARY OF COMPUTATIONS JACKSON, MICH, 194
N Bqulv. Aer, #B.0.D, P P P ¢ B.0.
1 Category Period - Hrs, Applied 1l 2 3 Remove
A 2,0 7,300 24,3 12.1 4.8 96 .6
A 2.0 6,950 23,2 11.8 4.7 96.¢
A 2.2 7,840 26,1 11.8 4.8 96,4
A 3,1 . 7,750 25,9 8,2 3.4 96, ¢
A 4,6 5,200 17,4 BB 1.7 97.1
A 4,5 5,760 19.2 4,3 2,1 96, ¢
A 4.9 3,900 13.0 2,7 1.2 95.€
. A 4.9 5,200 17.4 3.5 1.6 96 . 6
A 3.9 6,380 21.3 5.4 2.3 96.1
A 3.4 6.360 21.2 6.2 2.9 95.%
A 2.5 6,480 21.6 8.6 3.5 9404
ge A 3.5 8,280 20.9 7.0 2.9 96.1



; B=T3- SUMMARY OF COMPUTATIONS MADISON, WISC, 194
] Equiv, Aer. #8.0.D. }
] Category Perlod - Hrs, Applied P 1 Pz P:', gegégéi
A 3eB 10,500 28,0 8.0 6.9 79.1
A 2.2 10,700 28.4 12.9 11.1 74 .4
A 2.3 11,900 31.7 13.8 13.3 87.2
A 2,7 11,250 29.9 11.1 9,4 79.2
A 3.3 10, 350 27.6 8.4 8.3 75.6
A 4,0 8,750 23.3 5.8 5.2 73.4
A 5.4 9,000 24,0 4,5 4.5 88.5
A 5.0 8,600 22.8 4.6 4.5 80.8
A 5,0 8,600 22,9 4,6 4,2 8l,4
A 4.8 10,200 27,2 5,7 5,0 83,1
A 4.0 9,700 25,9 6.5 5.7 67,2
A 3.2 8,600 22.9 7.2 8.5 74.4
ge A 3.6 9’850 26.2 708 701 77.0




SUMMARY OF COMPUTATIONS MARION, IND, _ 194

“Equiv. Aer, #8.0.D. P P % B.O.

Category Period - Hrs. . Applied 1 2 Remove
A l.2 5,400 - 47.8 38,9 80.8
A 1.2 4,000 34.5 29.2 90,7
A 1.8 5,300 45.7 24.8 95,8
A 1.9 64 300 54,4 29,4 93,2
A 2,3 5,700 38,4 16.7 94,7
A 2.7 6,100 40,7 14.9 93,6
A 3.0 7,800 52.1 17.6 91.5
B 3.1 7,800 82.4 16,9 88,0
A 3.2 5,430 3644 11.2 88.8
B 2.5 6,000 40,2 16.1 87.¢
A 1.9 5,100 34.2 17.6 01.C
A 2,1 5,630 43,1 23.8 92,k
2.8 6,800 46.3 16.8 88.¢




SUMMARY OF COMPUTATIONS MUNCIE, IND, 1946~

Equiv. Aer, #8.0.D. P B 0‘

Category Period - Hrs. Applied 1 emove
A 25 8,500 27 .6 11.1 8.7 91.,"
A 2.5 8,640 28.2 11.3 8.0 90."%
A 2.5 11,800 38.4 15.6 1.8 89,7
A 2.5 7,300 23.7 9.6 8.8 92,¢
A .4 7,400 24,92 7.2 6.8 89,¢
A 3.8 8,800 28.7 7.6 6.1 o1.¢
B 4.2 8,070 26.3 6.5 6.3 82."
A 4.4 8,530 27.8 6.4 BB 89.€
A 4.5 9,500 3L.0" 6.9 6.3 87.¢€
B 4,6 9,630 3l.4 6.8 4,9 85 .4
B 4.7 9! 250 30.0 6.4 4.5 84.¢
B Sed 9,900 32.2 9.8 6.0 87 .4
A 3.2 8,800 28.7 9.5 8.0 90.4
4.2 9,210 7.3 Y:



E B=-12. SUMMARY QF COMPUTATIONS OMAHA, NEB, 194
Equiv, Aer, #8.0.D. P P P % B.O.

h Category Period -~ Hrs, Apvlied 1 2 3 Remove
A 1.7 2,760 16.0 9.7 4.4 84,4

A 1.7 2,460 14.3 8.4 4,9 77 .4

A 2.3 2,460 14. 6.1 4.4 80,¢

A 3.2 5,000 17.6 5.5 4.4 79,5

A 5.3 2,100 12.2 2.3 2.6 80, ¢

A 4,9 2,900 16.9 3eH 2.7 85.¢

A 5.6 2,960 17.2 Sel 1.7 83 4.4

X A 4.9 2,800 16.2 3.3 1.7 76 . ¢
A 4,7 2,280 13.3 2.8 1.3 82.1

A 2.8 3,120 18.3 6.4 2.4 89,¢

A 2,5 2,880 16,7 6.7 3.1 85."%

A ge A 3.6 2,700 15.7 5.3 Sel 82.4



5 B-13. . SUMMARY OF COMPUTATIONS - PEORIA, ILL. 194
kqulv, Aera, #B8.0.D., P P P % B.0.

h Category Period - Hrs, Applied 1 2 3 Remove
A 2.2 34,400 44,0 20.4 11.9 92."

A 2.9 40,600 52.0 18.3 10.4 90.¢

A 3.0 37,100 47.5 15.7 9.3 93.¢

A 3.2 35,400 45,4 14.1 10.4 92,38

A 3.8 29,400 37.6 10.0 6.4 94,C

A 3.8 31,900 40.8 10.9 6.6 90.¢

A 4.4 31,100 39.8 8.1 4,5 92,

A 4.4 27,600 35.4 8.0 4.9 95 .4

, A 9.2 26,900 34.4 8e3 4,1 g2.k
A 4,5 27,600 3543 7,9 4.8 93."7

A 3.6 28,800 36.9 10.3 6.0 93.1

A 3.2 30,9200 39.6 12.3 8.1 92.¢

\ge A 3.6 31,800 40,7 12.1 7.3 92.¢



> B-14 SUMMARY OF COMPUTATIONS SAN ANTONIO, TEX. 1945-4
Equiv, Aer. #8.0.D. r " P % B.O.

4, Category Period - Hrs. Applied 1 2 3 HRemove
A 7.3 23,400 21.8 3,0 4,0 87.5

A 7.5 26,600 24,8 3.3 3.9 85 .4

A 7.3 26,200 24 .4 3.6 4.1 87.C

. A 6.7 23,900 22,2 3.3 3.0 85.C
, Avg. A 7.3 25,000 23.3 3.3 3.7 86.4
ly Avg. A 4.3 26,500 24,7 5.7 5.7 86.¢
A 6.8 25,800 24.0 3.6 3.2 8l.1

A 6.5 30,600 28.5 4.4 3,0 88,5

. A 5.2 28,000 26.1 5.0 ° 3.4 91,1
A 4.0 25,600 23,8 6.0 3.9 86, ¢

, Avg. A 5.5 27,500 25,6 4.8 3.4 87,2
y Avg. A 3.9 27,300 25,4 6.5 5.0 86,7
r Avg. A 4,1 26,800 25.0 6.2 5.4 86.¢€




T B-15 SUMMARY OF COMPUTATIONS SPRINGFIELD, ILL, 194
i Equiv, Aer. #8.0.D. P P B.O.
1 Category Perlod - Hrs, Applied 1 3 Remove
B 2,0 7,350 20,1 0.0 6.9 81.C

A 1.7 3,680 10.1 6.1 4,0 88.%

A 1.8 4,530 12.4 6.8 4.2 87,7

A 2.3 3,690 10.1 4.4 2.2 93,6

A 3.1 5,360 14,7 4.8 2.3 88.¢

A 3.8 4,530 12.4 3.3 2.1 89.8

A 4.8 3,380 9.3 2,0 1.4 90.¢

A 5.9 9,280 25,4 4.3 2.8 92,8

. A 6.3 8,160 22,4 3.6 1.5 95,5
B 7.0 7,740 20,4 2.9 2.1 86,32

A 3.2 3,370 9.3 2.9 2.6 90.9

A 2.1 4,390 12.1 5.8 6.1 88.2

ge A 3.5 5,040 13.8 4.4 2.9 90, 6
ge B 4.5 7,545 £0.2 83.6

4.51




L B-16

SUMMARY OF COMPUTATIONS FOR FIGURES #17 THRU #21

Plant Period Applied 1 Removed
in Arbor, Mich. 1l yr, 9,260 47.6 2.0 6.5
1stin, Tex. 6 mo. 8, 360 30.8 5.5 D62
eveland, O.(E) mo. 71,000 18.8 3.2 2.6
scatur, Ill. 10 mo, 6,070 35.8 9.7 4,1
rt Wayne, IThd. 7 yr. 21,900 26,0 3.6 1.5
vy, Ind. : 6 mo, 14,000 21. 4.6 3.8
wmmond, Ind. 1l yr, 27,500 24,1 3.6 1.5
.ckson, Mich. 1 yr. 6,280 20.9 3.1 1.3
ydlson, Wisc. 1l yr. 9,850 26.2 4.5 4.1
arion, Ind. 10 mo. 5,630 43,1 0.8 4.1
incie, Ind., 8 mo. 8,800 28,7 6.4 5.5
imha, Neb, 11 mo. 2,700 15.7 2.0 1.1
oria, Ill. 1l yr, 31,700 40.7 7.7 4,6
1 Antonlo, Tex. 2 yr. 26,800 25.0 4.6 4.0
ringfield, Ill. 10 mo. 5,040 13.8 2.6 1.6

—




APPENDIX €

This avppendlx contains a brief description of each
of the plants studied, their operating procedures, 1f
unusual, and the type or characteristics of the wastes

they treat.
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1. Ann Arbor, Michigan

This plant employs preaerationfor the removal of grease
and olls, 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 olant
overated at 86% over its deslgned capaclity on an average
basis, and well over 100% overload on most week days., The
Mallory System of operation is employed.

Phenollic wastes are reported occasionally.

2. Austin, Texas

The Austin plant has mechanlically cleaned screens, a
Dorr Detritor, primary sedimentation, aeration tanks with
ridge and furrow fixed plate alr 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 recéived all the wastes from
the city owned abattolr and experlienced considerable bulk-
ing in the final elarifiers. 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-

Aary tanks, conventlonal type diffused air geration tanks
and final clarifiers. Excess activated sludge 1s concen-
trated in two of the final clarifiers and then pumped to
the Southerly plént. Chlorination of the effluent is nrac-

ticed during the summer months for protection of bathing
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beachs.
Various types andlarge volumes of industrial wastes
are treated wlth domestic sewage.

4, Decatur, Illinois

The Decatur plant is unusual in that 1t consists of
Imhoff tanks which serve a=s primary sedimentation tanks for
an activated sludge plant and for trickling filters._ Aera-
tion of mixed liquor plus reaerat{pn of return sludge is
normaly practiced_buﬁ occasionaliy a portion of the aeration
tank 18 used for pregeration of sewage.

Mechgnical difficultlies frequently necegsitate the use
of only one final clarifier. Large volumes of hot starch

wastes, mixed with domestic, sewage, cause sewage temper-
atures as high as 96° F during the summer months.

5, Fort Wayne, Indiana

The main elements of thils vlant consist of screens,
grit chambers, primary settling tanks, and aerators of the
fixed plate spiral flow type followed by final sedimentatlion
tanks,

Domestic sewage and wastes from 3 large breéwerles, 4
packing houses, and other smgll 1ndustries are tfeated at
this plant. |
6. Gary, Indigna

Preparatory devices consist of screens, comminutors,
and griﬁ chambers and are followed by 4 primary settling
tanks, 10 aeration tanks designed for 5 hours detention,

and 8 final settling tanks,
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Although the sewage 1s relatively weak, it frequently
contains heavy doses of picklirgliquor wastes which upset
the activated sludge. |

7. Hammond, Indlana

This plant features a combination preaeration and grit
removal tank which is provided with diffused air for spiral
eirculation of the sewage. The detention period ranges be-
tween 20 and 30 minutes. The plant proper 1s of the con-
ventlonal type, emﬁioying fixed plate spiral flow type
aeration tanks and circular final clarifiers.

8. Jackson, Michigan

Conventional type actlvated sludge plant treating sew-
age from a cqmblned gystemrof sewers, Small amounts of
plekling liquors and gas house wastes are encountered at
timés. |

9, Madison, Wisconsin

‘The sewage after being treated in a grease floculating
tank, flows to a grease separator and then to primary sedi-
menfatlon tanks which are followed by the activated sludge
process. |

Very low B.0.D. remoﬁals are obtained at this plant
due to exeessive amounts of slaughter house wastes belng
treated.

10, Marion, Indigna

This plant 1s 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 ubset the opera-
tion for short periods_of time, During the canning season,
dorn and tomato wastes enter the plant and also make
operation difficult.

11. Muncie, Indisna

Data other than operating data, not avagilable.
12. Omaha, Nebraska

Thie 1e the usual type of activated sludge plant
utilizing grit chambers and fixed diffusion plates.

The sewage has a very high B.0.D. due to large volumes
of packing house wastes belng dlscharged 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, Tllinols

The Peorla plant also utilizes spiral flow type aera-
tion tanks. Operation is unusual in that digested sludge
1s added to return activated sludge for reaeration and 1is
ultimately discharged into the mixed liquor. Rezeration
capaclty constltutes 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 brewerles, packing houses, and vaper mills.

14, San Antonio, Texas

On a volumetric basis, this plant 1s operating at 1.6
times 1ts design cavacity. It 1ls of the conventional tyve

and utilizes a portion of the aeration tank for reaeration
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of return sludge. In addition to handling excessive flows;
slaughter hduse wastes.add to the treatment problem. Chlor-
ination of the oxldlized effluent is practiced at this plant.
15, Springfield, Illinois

Preparatory devices at fhis plant consist of mechani-
cally cleaned ba®» screens, grit basin, and grease removal
basin, The geration tanks are of the splral flow diffused
air type. Waéte 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 waestes 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

TEMPERATURE (X) RELATIVE ACTIVITY-PERCENT (Y)
°r %

48 8.9 . ' 21
49 9.4 o 23
50 10.0 ‘ 25
51 | 10.5 : 27
52 ©11. | 29
53 11.7 32
54 12.2 34
55 12.7 36
56 13.3 38
57 13.8 | 4
58 14.4 43
59 15.0 46
60 15.5 - 49
61 116.0 51
62 16.6 | 54
63 17.1 56
64 17.7 59
65 18.2 - 62
66 18.8 65
67 19.3 68
68 19.9 71

69 20.5 74




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

TEMPERATURE (X) RELATIVE ACTIVITY-PERCENT (Y)
°F e

70 21l.1 7"
71 21.6 | 80
72 22.2 84
73 22.7 | 86
74 23.3 90
75 23.8 | 93
76 24,4 | 96
™ 24,9 ‘ 100
"8 25.5 102
79 26.1 106
80 26.6 110
81 27.1 113
82 27.7 117
83 28.2 120
84 28.8 - 123
85 29.3 ' 127
86 29.9 130
87 30.6 _ 135
88 31.0 | 139
89 31.6 143
90 32.2 _ 146
9 32.7 , 148
02 33.3 153

93, 33.8 157




TABLE D-1 ' 109
RELATIVE ACTIVITY FACTORS (cont'd.)

TEMPERATURE (X) RELATIVE ACTIVITY-PERCENT (Y)

oF °¢
94 34.4 162
95 34.9 165

96 35.5 170




