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ABS%RACT

Computer simulations of modifications to the
standard activated sludge process are developed and
integrated into a model developed by the Federal Water
Pollution Control Administration. The modifications
developed are: deletion of primary treatment; aerobic
siudge digestion; and a more compliete routine for sand
bed sludge dewatering. Cost estimates assaciated with
the modifications are presented and compared with the

standard system of activated sludge.
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PART I: INTRODUCTION.
1.1 Need for the Study
\

The ever expanding population of this country, and
the snift of the population from rural areas to the large -
urban centers has brought about an urgent need for the
protection of‘thé nation's waLer resources. The federal
government nas taken the initfat%ve, andlthrough the

. |
Department of the Interior has instituted a large scale

attack upon water pollution. | |

This program for cleaning the nationﬁ waterways
must of necessity include a Targe program for the
construction of public works designed to treat the always
present sewage flow of the population. T%ere are avail-
able to the design engineer several different %reatment

processes, and combinations of processes., Grohped into

|
two broad categories, there are: primary sewage treatment;
and secondary sewage treatment. There are, of course, also
tertiary treatment, and themical treatménﬁ processes,

but these do not enjoy any large, widespread role in the
present system of sewage treatment works. The present

direction now seems to be toward universal secondary

treatment. '



The design engineer hust be able to seTéct the type
of treatment best suited to the situation, and the requ-
Tatory agencies have a need to.superViSe the work of tHe
design engineer, and also the needs of the whole area or
watershed. The regulatory agencies afe'aﬁso often invbived
in the funding of construction projects, and in the financing
of the projects; For these reasons, both the design_
enginéer, and the regulatory and pianning agencies reguire
a means of selecting proper treatmént systems. |

One alternative in the decision proceﬁs; the computer

simutation, will be the topic of the following investigation..
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1.2 Purpose and Objectives of the Study

The purpose of this study is to obtain a working
model of the activated sludge sewage treatment process,
both in its standard form, and with options for various
alternative processes and process arrangements.

Tne objectives in the study are to achieve the
cépability of predicting the treatment cogts for the”
various configurations of the{activated sludge process.
This capability would give planners, designers and local
officials a rapid efficient means of se]etting a total
treatment scheme intelligently, by Tooking at as many
alternatives as possible without the great expense of
complete preliminary designs for each altgrnative.

1.3 Scope of the Study |

This study will attempt to modify an existing model

|
(21), for the standard activated sludge process to include

treatment schemes which will: delete primary sedimentation
from the standard activa%ed sludge process; replace an-
aerobic sludge digestion withiaerobic's1u%ge digestion;

and deveTop an optimizing routine for the design of sand
drying beds for sludge dewater1ng Tota] treatment costs
will be the basis for the comoarlsons, w1th the standard
for comparison being the standard act1Vated sliudge process
costs. The effluents of each type of trgatment scneme

‘ | .
will meet the same BOD and Suspended Soiids standarhs.



Finally, a comparison will be made between the

computeyr simulation and an actual treatment plant located

4

in Lee, Massachusetts. The Lee treatment plant does not
employ primary sedimehtatjon, utilizes aerobic sludge
digestion, and dewaters the digested sludge on sand

drying beds.



PART 2: BASIC CONSIDERATIOQONS
2.1 Deletion of Primary Sedimentation

Almost all secondary sewage treatment plants are
designed to be an addition to the basic primary sedi-
mentation proﬁess. The stan?ard activatid.s]udge units
are connected to the primary sedimentation tanks, and
sometimes the secondary sludge is routed through the
primary tank to increase: the overall sludge solids concen-
tration. Trickling filters are also typically preceded
by the primary sedimentation process, which removes the
gross settleable so]ias.f | |

Tne exception is found in small extended aeration
“plants, and other modifications of the gckivated sludge
process as tound in many designs of small "package"
plants., . It is thought in these small plants that
simplicity and economies of construction Fake it worth
wnile to omit the primary sedimentation phase, especially
in light of the need to minimize Tabor and maintenance.

Contact stabitization, as used in smgi1 piants, aerates
the sludge from the secondary settler, and returns it to
the aerator to be mixed with the main flow. Larger coritact
stabi1i2ation plants often do utilize primary sedimentation.

Extended aeration plants utilize long detention periods

in the aerator to completely oxidize the,brganic material



in the raw sewage. Detention times range from ten to
twenty~four hours. T

One of-fhe aims of tﬁis research i1s to investigate
the effects of deletiné primary sedimentation from medium
and Targe sized treatmenf plants.

One of the first and most obvious effects to be expected
is an increa;e in the required detention time in the
aerator.so as to oxidize the sewage to a degree Equivilant
to the results of a system in which primary sedimentation
is utilized. This will affect the size of the aerator,
the capacity of the air blowers, and the ratio oflthe mixed
Tigquor activé suspended solids to the total suspended
'solids in the aerator.

Another topic of importance would be the effect of
'de?eting primary sedimentation upon the qﬁa]ity of the
reSultanth1udge. The sludge from a standard activated
s1udge system is a mixture of highly volatile, relatively
untreated solids, and.of a thin, biologically active sludge
mass that has been produced by aerobic assimilation of
organic material by a mixed microbio1ogica1'popu]ation;

The s]udge from an exténded aeration plant would not
cantain the nighly volatile un%reated solids. This difference

will be of significant importance in the case where aerobic

digestion is employed.
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Assuming that the performance of the two types of
plants will be comparablé, the deciding factor will be
economic. This will be the major consideration here,
to determine if it is possible to economically treat the
sewage without primary sédimentation, for it is reasonable
to say that the more simple the plant fs; the easier it
is to operate efficiently. If the goals can be met by
two different plants economically, the siﬁp]er design is
the better design. |

2,2 ARerobic Digestion

Aerobic digestion is the oxidation of votatile, bio-
degradabie organic material by microbio]oéical organisms
which utilize free dissolved oxygen. This is in contrast
to the more staidard anaerobic digestion,]a process which
is carried on by microbiological populations which do not
require free dissolved oxygen. :

Anaerobic digestion is now the standérd and almest
universal digestion method employed. It is optimally
operated in the mesophilic temperature range, at about
98°F., and is completely mixed if it is of the nigh-rate
type. Detention periods for high-rate digéstion are
generally from fifteen to twenty-five days for the first
stage where the actual digestion takes place. Usually a
second unheated, unmixed digester is provided for

settiing.



Methane and carbon dioxide are the principal products,
the methane often being ut11ized to heat the digestér.

The bacterial population responsible for the oxidation
fall into two large groups: the organic acid formers,

and the methane producers. The system in which these two
groups exist is quite unstable, and the methane formers

.~ are quite sensitive to the pH of fhe system, which {n turn
is controlled by the activity of the organic acid forming
group. The methane forming bacteria reguire the organic’
acids produced by the acid formers, but can only utilize
the acids under certain environmental conditions.

Therefore, it can be seen that anaerobic{digestibn
can be a compliicated system to contro], and 1hdeed,
digester upset is not uﬁcommon.

Aerobié digestion offers the possibility of a more
stable process, utilizing a bacterial population already
cultivated by the activated siudge proce;s. More impor-
tantly, it operates on types of equipmenf which are fairly
simple, and already present in the actiﬁaﬁed sjudge
aeration tanks. It -eliminates the necessfty fo} gas
collection, high temperatures, and close process control.

It will be part of the investigation to simulate the
aerobic digestion process mathematica1iy‘56 the digital
computer, and attempt to analyze the economic feasibilitly

of the process.



2.3 Sludge Dewatering on Sand Drying Beds

Once the sewage soiids have been Seaarated from the
main flow in a primary plant, and once the soluble pol-
lutants have been synthesized into cellular material by
one of the secondary biolegical processe% and removed
from the main stream, the solids must still be disposed.
The solids nave been concentrated By theitreafment of the
sewage, by a factor ranging from twenty to one-nhundred or
more. However, the sclids are stitl wateu-borne, and must
be dewatered before ultimate disposal.

One of the oldest methods for sludgeldewatering has
been by placing the sludge on sand beds ﬁo allow the
water to both filter through the sand, i;aving the solids
behind, and to evaporate, also leaving the solids behind.
Two other, and newer, methods for sludge dewatering are
vacuum filtration, and centrifugation. %oth of these
methods require the input of power, and almost always the
addition of chemical conditioners to promote a good cake
formation.. Boﬁh of these methods also ha&e farge capitai
costs associated with them.

Sand drying beds also nave disadvantages associated
with them, such as decreased'performance Furing cold

weather; slowness of the drying; Targe Tand requirements;

and relatively little effort to improve the process, for
I I
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there are no salesmen for sand drying beds.

This investigation will attempt to formulate a model
.of the sand beF dewatering process which will be fit into
the general scheme of the activated siudge treatment
simulation. An attempt to optimize the design and
'operation of the drying beds will be made, and a compari;on

with the cost of vacuum filtration will also be made.
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PART 3: LITERATURE REVI&N

3.1 Previous Simulation Techniques

The Federal Water Pallution Control Administration (FWPCA)
has developed a simulation of the basic activated sludge
procéss, under the direction of Robert Smith {21) at the
Cincinnati Water Research Laboratory. The present inves-
tigation williuse that model as a basis. Modificatioﬁs
and additional processes and configurations will be added
to the FWPCA model.

Since the FWPCA model, titled: Preliminary Design
and Simulation of Conventional Wastewater Renovation
Systems Using fhe Digital Computer, will Le the basis Tor
this new work, a fairly complete deScription of the mod§1 wiji
be presented here. o | |

The basic process configuration is shown in Figure 1,
with the exception that there is a provision for sand drying
beds contained in the program. The onfy two decisions
concerning treatment process selection aré whether vacuum
filters will be used instead 0f sand drying beds, and whether
the supernatant stream from tne solids handling processes
- is to be returned to the head of the piant.

3.1.1 Waste Characteristics |
The influent wasté is characterized ﬁn two main groups,

solid and dissolved species. Each of these groups is

divided into: degradablie carbon; non-degradabie carbon,



. S |
| - 6 —‘l
| B |
i el 1 N
oL - | \ &
PRIMARY | 213 | 4 [ FINAL \is -
SETTLER | [ | AERATOR SETTLER T
T T T T ST _
: [;
1 #10
. o —{ THICKENER]
16 %m
- y
vacudm! 15 fswpee| 13 .
FILTER o] WASH [T =
%18 | ' Yo
NoINER- 19 n
ATOR
Figure 1.

CONVENTIONAL PROCESSES SYSTEMN DIAGRAM

A



13

nitrogen; pposphorous; and inorganic fixed matter,

The following ratios are used to retate several

test results

BOD/TOC
COB/VSS
coD/T0C
BOD/VSS

where:
BOD =
T0C =
0D =
VSS =
TSS =

to each other:

raw sewage

1.87 |

Hi

1]

1.50
3.2

Biochemicq150xygen Demand
Total Organic Carbon
Chemical Oxygen Demand
Volatile Suspended Solids
Total Suspended éo?ids

3.1.2 Primary Settler

activated s]udgé

-

1.42
2.7
0.84

t .
The model assumes that only solid material is removed
\

in the primary settler, and that all of the different

ciasses of solids are removed in the same manner. Input

to the program are the fraction of solids to be removed

by the settler, and the degree of thickening obtained 1in

the settler, From this infor%ation, the ﬁwo effluent

streams from the settler are characterized:

sewage, and the sludge underflow.

4

|

the settled
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The overflow rate for the primary settler is deiermined
by a curve fit through data obtained from full sized

plants:

FRPS = 0.82 ¢ OPS/2780 ()

fraction of the solids removed

1}

where: FRPS

GES overflow rate gaT/dqy/Sq“ff

'3.L.3 Aerator and Final Settler

,. The pérformance of the aeraﬁor and final settier are
determined together as related processes. The sizeidf the
aerator is found by tne fo]Towing equation assuming that.
all the BOD leaving the aerator is in the dissolved form:

q, (BOD, - BOD,) ' (2)

VAER" = rFFR X WLSS x 50D,

volume of aerator

1]

where: VAER

CAER = rate constant
MLSS = mixed liquor suspended solids
Q, = flow at Station 2, M6D

An empirical formula 1s used to predict the performance

of the final settler, developed from a bench top stud
| .

at the Cincinnati Water Research Laborato?y:
)0.494 (3)

)0.439

_ 556(GSS

ulss' 8%(2q-7a

XRSS

1l i
] . )

fraction of solids going over weir

where: 'XRSS

GSS  final settler overflow rate

TA = aerator detention time
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|
5SS, the final settler overfliow rate, is supplied as

input to the simulation.

Next Smith wrote a materials balance around the aera-
tor and the final sett1é}, assuming thnat eacﬁ pohnd of -
five day BOD removed in the aerator was syntnesized into

0.65 pounds of active solids:

0.65°FO0D-Q, - CEDR:VAER-MLASS =

MLASS (Qg- XRSS + Q7-UR§S) )
where: FQ0D = émount of BOD synthesfzed, mg/1/day
CEDR = frac?ion of éctive solids deétroyed/day
MLASS = mixec liquor active SugpendEd solids
URSS = ratio of ngids contenf in firnal

settler studge to solids content in

aerator
. |

From this materials balance, it was found that the sludge
volume from the final settler was: |
Qz((0.65FOOD/MLASSJ - XRSS) - CEDR-VAER

Q, - (5)
URSS - XRSS \

Then, the overilow from the final settler was:
QS = Qz - Q7 | f (6)
Now the increase in non-Biodegradab]e material result-

ing from the destruction of tTe active mass in the aerator
|

. |
was determined:

0.12(F00D)Q, = (MLDSS + O.]SSMLASS)(XRSS-Q5+URSS-Q7) (7)
wheve: MLDSS = non-bicdegradable matter in the mixed
liquor suspended solids
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Solving for the MLDSS, we have:

0.12(F000)é . -

Q5 x XRSS + Q7 x URSS

|
An iterative technihue was used to solve for the

amount of FOGD synthesizéd each day intoﬁactive solids.
The MLASS is known to lie between two values: zero and

a maximum of either the MLSS or the value of MLASS which
would result if all the incoming BOD was synthesized into
active solids. Starting with{the waste sludge stream
equal to ze%o, a bisect{on me%hod of root finging was
used, varying the assumed value for MLASS and FOQD. A

materials balance about the aerator determined the amount

of sludge to be wasted:

9.65 x FOOD
Q, (1.0 - ~rass

URSS - 1.0

} + CEDR x VAER (9)
Q6_ .
The air requirements of the aerator were determined
by the relationship:

1b Oé/day = (COD of FOOD used) -

' (COD of cells produced) (10)
COD of cells: ].42(0,65F00D-Q2 -

o 0.185°MLASS-CEDR-VAER)8.33

] '

COD of FOOD used:
1.5(F00D-Q2)8.33

therefore, the amount of oxygen used per day is:

; i |
1/b Gz)day = 8.33(0.58FAOD°Q2 1.16MLASS CEDR- VAER) (17)
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Added to the above amount is the oxygen required to
achieve nitrification. According‘to the following chemical
equation, four moles of oxygen are required to convert

one mole of nitrogen to nitrate: !

+
2NH, + (12)
4 5 3 20 4+ 44

b 40, wemmm 2N0, 4 2H
theréfore, 64./14., or 4:57 1t of o%ygen are required
to convert one pound of nitrogen to nﬁtr%te.
The moded assumes an air density ofIO.O75 1b/cu ft
at sea level, and the air to be composediof 23.2% oxygen.
Thus the computer program finds the amount of air required
daily by the formula: | ' |
AIRCFD - (1b/day of 02)/0.075/0.232/AEFF (13}

U

where: AIRCFD cubic feet of air supplied each day

|
ACFF oxygen transfer efficiency

1"

AEFF is calculated by the following equation: -

AEFF = AEFF,. ((DOSAT-DO)/DOSAT)- (1.02)DECC - 20 (q4y

where: AEFF20 = efficiency of oxygen transfer at 200C,
and zero dissolved ox%gen

DOSAT = dissolved 6xy§en at saturation

Do = dissolved oxygen in the aerator
. ' 1 . i
DEGC = femperature in degrees centigrade

. |

The diffusers are assumed to be submerged fifteen
feet deep, and the head loss through the piping and
diffusers js assumed to be 25% of the submergance head.

From this power for the blowers is found by:
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Horsepower = ggggé%g%;44 . (15)

standard cubic feet per minute

[}

where: SCFM

AP pumping pressure in psi

EFF efficiency assumed to be 0.80

3.17.4 Thickener

"The sludge thickene~ is governed by two input
parameters, TRR, the solids recovery ratio, and TSS12

the total suspended solids in.the effluent.

, Gyp - TS3qp - |
TRR = — (16)
Qo - T390

thus:

Gy, = TRR:Qqq-TSSy/TSSy, (17)
and:

. B ) ! J ‘

41 = o - Gy (18)

The total solids in the overflow is then:

TSS.q = (1-TRR) -y - TS5,/ o (19)
the various other species of solids are assumed to be
present in the same ratio as the total suspended solids,
and theldissoTved species are assumed to remain unchanged
from the iaflow stream. | ‘ |

The size of the thickener is determined from rule-of-
thumb values in terms of solids loading in pounds per day

per square foot, or overflow rates in terms of gallons per
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day per squére foot of siurface area. The greater of the

two values is used for the required thic&enér size.

3.1.5 Araerobic Digestion.

It was assumed that only biodegradable material wili
; |
be changed in the digestar, so the biodegradable carbon

at the entrance is ca]Cu1ated‘as:

DIGC12 = 50€,,- SNBC + DOC - DNB{Li (20)

12 12 12 2

A mass balance was written about the digefter using F to
represent the biodegradable carbon, and C to represent

the concentration of active solids in the digester:

- b-VBIGC = Qqq- C (21)
dt K2 +F
where: VDIG = volume of the digester

Ky CF

[a S

WIG S = VDIG

Thetfirsf term is described as the time rate of.changé.of
the active orgenisms. The second term ts thne éxpkession
for growth of active solids. ;The third term is the decay
of active solids, and the Tas§ term is the active solids
1eavin§ in the effluent. |
'Since the modei stipu1atés steady state conditions

exist, the first term goes to zero, and it is said that
the decay term is very smail and negligible. Therefore

) | . :
the equation degenerates to: ; ;
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“F B (22)
K2 + F VDIG ~ TD
where: T0 = digester detention time
: I

The constants, K], and Ké are temperature dependent, and

can be represented by: - .

K

] 0.28 e—0.036(35—t)

K, = 700

0.10(35-5)
2 € ;

. \
where: t = degrees centigrade, varyinglbetween
200C. to 359¢C.

Since TO, the digester dgtention time is specified in
the input, F {the concentration of biodeg%adab]e carbon in
the completely mixed digester) can be found.

The biodegradable carbon in the effluent whiqh is
dissolved is assumed to be equal to the rgmaining vplatile
acid concentration, DF,. Itiis then assum%d that the

fo]]owihg equation can be used to find DF:

. Kq.DF
TD - CTDF + DF , : (25)
COF = 200 0-12(35-T)
then:
DOC, 4 = DNBCy, + DF : ; ! (27)
S0C,, = SNBC,, + F - DF . | | (28)

There js a minimum detention time below which the
. H
) t

digestion process breaks down. This is said to be the

reciprocal of Ky.: A safety factor of 2.5 is provided,
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and if this minimum detention time is longer than the time
specified in the input, the detention time is changed to
egual the minimum time of K]/2.5. There is also another
detention time which would be tHe‘optimum time for gas
production. Tnis can vary from somewhat below the minimum
time at high temperatures to -above the minimum at lower
tehperatures. This time is predicted as:

TDOPT = (1-(K,/(K, + DIGCTZ)]/Z))/K] (29)

H

where: TDOPT the optimum detention time for gas
production

DIGC;, = biodegradable carbon Ft station 12
The minimum detentiqn time is set as the maximum of the

two values: TDOPT and'K]/Z.B [

Methane production in the digester is related to the
|

COD reduction of. the sludge a? follows:

‘ N
CH4CFD = {DIGCI2 - Dlacx3)(3.5}(5.619(8.33)@12 {30)

where: CH4CFD = daily methane production in ft3

fi.

,DIGCT12 biodegradable carbon at 12

DIGCT3 biodegradable carbon at 13
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3,1.6 Sludge ElLtrTatiQn

The sludge elutriatien process is governed by two
input parameters: the solids recovery ratio, ERR, and
the solids concentration at the effluent. These_va?ués
are the product of eng%neering judgment, and not of any
scientific theory. The wash water ratio, WRE, {s also
irnput, and is the ratio of wash water to sludge, taken
as 3.d by!the Smith simulation. The suggested values for
ERR and TES(15) are 0.75 and 60000, respeStive]y. The

stream values are calculated as follows:

Q5 * TSS15
) |
Qus = ERR = Qyg - TSS43/TSSy5  (32)
Q'|7 = WRE Q13 _ » (33) |
Qg = Q3 * Q7 = 85 - (34)
where: ERR = solids recovery ratio

\

" WRE Wash water ratio | ‘

H

The total solids concentrations are now found by:

TSSqy = Q13-(T5513(1—ERR) + NRE-TSSS)/Q]q (35)

The various components of the total solids are assumed to
exist in the ratio present in the influent stream.

Therefore:

SOC14 = (TSS14/TSSi3) SOC13 (36)

$0Cy 5 (TSS}54T5333) SOC-I3 (37)
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Similariy the other solids species are defined as being
Y

in the ratio of the total solids times the infiuent value.
The dissolved species are determined by assuming
|
. . i . . . |
complete mixing in the elutriation tank, thus the

dissolved carbon would be found by writing:

Qy3°80C 5 Qq:D0Cs = Qq,°00C,, 0q5°D0C,, (38)

'

I -
Now since DOC DOC15 assuming complete mixing, the

14 °©
disso]ved,qarbon at either station 14 or 15 can be found .

as5: {

DOC, s = (Qy3/(Qy3 + Qy;))DOC,, + (Q1§/(Q]3 + 0q4))D0C,
- | (39)

|

Thus all the dissolved species are found, especially
|

the a]kalinjty, which is the prime purpose of'e]utriation.
Smith did not feel that the model for e1utrﬁa£10n was
especially gooc, as it relies upon ehginegring judgment
and experience, not upon soundiy deve1opeﬁ.theory or
experimen?atiof. %

3.1.7 Vacuum Filtration
' |

The design parameters for the vacuum fiﬁt%r are
the liquid Toading rate in ga]ions/hour/sg ft, and the
water content of the sludge cake. Smith uses an empirical

equation to determine the final water content, based upon

i v . b oy
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the original water content:

Wp = 88.0 (TSS15/10,000_)“0-123 | (40}

where: WP = final per cent water in the cake

Writing a mass balance about the vacuum filter, Smith

found;
_ |
Werg = Worg * Mg *(41)
a5 = Mute * ute (42)
ww18 - NP(NWiS i w518)/10O (43)
Heyg = W/g (100 = WP)/WP | (44)
|
i
but: ] é
Q5 TSSy5 = Qug TSSy4. W, g

by combination,

|
TEMPT = 1,000,000. (100 - WP)/WP (46)

Qg = Qrg(renpr - Tss15)/(TEMPL-TFS15) (47)

The total suspended solids value of the vacuum filter

filtrate is input, and supolied as another engineering

l
estimate. Witnh the TSSE, known, the we1ghL of the total
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solids ét station 18 fs found as follows:

ws18 = 8.33(Q]5-TSS15 - Q]6°TSS16) (48)

As before, the separate species of %olid material
are assumed to be present in the same ratio as the total

suspended solids, thus:

SQCT6 = SOC,‘5 (TSS]ﬁlTSSYS) (49)

Again, the dissoived species are assumed to be present

in the same concentration as in the influent:
‘ \

DocC = l

and because the stream values at station PB are in terms
of total weight, |

. l o 18.33
1b. Dissolved carbon at 18 = DOC]5UQ15-Q]y) (

51)

Next the area required for the vacuum filter is found:

AvE = Qq4(1,000,000.) | I (52)
250 -VFL-TVF |

where: AVF = area of vacuum filter in sq ft

VFL Toading rate Jn ga?/hr./ft2

 TVE

fraction of eacn day filter isi
operated ﬁ !
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\
!
The chemical demand of the sfudge is based upon the
alkalinity and the ratio of volatile soiids to soiid

fixed matter:

100 (ALK, ) /TSS

Y1 = - (53)

Y2 = VSS15/SFM]5 ‘ : (54)
then the demand for chemical, FECL3 is found by:

FECL3 = 1.08(Y1) + 2.0(Y2) ' (55)

DFECL3 = T5S,(FECL3/100)Q;5(365)(8.33)CFECL3 (56)

where: i
FECLB = per cent férrig chloride recuired by
weight -
DFECL3 = yéar]y cost of ferric chiorﬁde
CFECL3 = cost of ferric chloride per; pound

. |
3.1.8 Sand Drying Beds

The routine for sand drying beds is contained in the
porfion of the program calculating costs.; Vacuum fi]tratjon,
elutriation,.énd incineration costs are set equal to zero,
and the beds are designed‘on_the basis of;a Toading factor
of 4.4 pounds ?f solids per square foot of bed per month.
This is a verylarbitrary method, and in né way ~takes into
accouni the properties of the sludge. The cost of §2.23 per

square foot for construction also seems very high.
| .
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%

3.1.9 Sludge Incineration

Smith had difficulty obtaining accurate and plenti-
ful data in which the caﬁfta] and operating costs could
be found separately, but managed ta approximate the costs

|

as folliows:

capital cost = 1570(pounhs dry solids/day) 8 (57}

operating costs = 16.1(YTONS) - 0.00003(YTONS)?  (58)
| | | L |

} ‘
where: capital cost = dollars |

1 1
! i

operating costs = dollars/year
YTONS = toﬁai number of tons of studge solids
inéinerateF per year assuming 70-75%
moﬁsture i
! i

Smith indicated dissatisfaction with this method,
: : I
and predicted new work to correct the situation.
| 1 ,
3.1.10 Cost Relationships

The very heart of this model is the cost analysis
that predicts a total cost for treatment of the wastewater.
The equations calculating the costs are based upon an

i
Engineering News Record Construction host Index of 812, and

. ) ‘ . o
a capital cost index (CCI) is input to thF simuiation to
|
account for construction cost increases. The cost relation-
snips were based upon an actual cost estimation of plants

ranging from 0.25 to 100 MGD, and curves We%e‘fft to tne
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data, based upon tne major design parameters, such as the
air blowers. Table "I shows the capital cost relation-
ships incorporated into the model. |

Also 1nppt into the model are excess‘capacity factors
for each process to allow for cieaning, repair, or storage.
‘For example, in colder cjimates, excess capacity mignt
be required fﬁr the s]udée digesters if sand drying beds
are tobe utiltized. For examplie, an excess capacity factor
of 2 is recommended for the anaerobic diggsters. This means
that the design capacity calculated by the simuiation is |
doubled, the size required is determined, and before the
cost is predicted, the volume of the dige;ter will be
adjusted. The factors sﬁggested are 1isted in Table III.

Table Il summarizes thne relations ysed to describe
the operating costs for the plant units. , The thickening
and elutriation tanks ars assumed to nave only small costs
associated with their operation, and are thus considered
negligible. An unfortunate feature of these cost re]at{on-
ships is the fact that ope?ating costs for drying beds
aege included in the operating costs of the anaerobic
digester. If anaerobic digestion and sand beds are used,
then the cost is hidden. This also says that the cost
for t{he sand beds is 1ndépendent of anything but the size

of the digester.
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TABLE 1

{
i

Unit Process Capital Cost Relationships, after Smith (2)

Unit Process -

Preliminary Treatment|
Primary Sedimentation
Agrator

Air Blowers

Final Settier

STudge Return Pumps
Caontrol Hoﬁse
Digesters

Vacuum Fiiters

Studge Drying Beds
ChToriﬁe Contact Tank
Plant éite. '

Sludge Thickeners

Sludge Elutriation
Tanks ‘

i
Cost Eauation (Dollars)
)0.625

14,700(Q]

13,400 (APS) + 5200(APs)Y-]

175,000(VAER) + 363500(VAER)0°]82

10,750 + 5,857(BSIZE)

12,600 (AFS) + 5350/ (AFs)0-128

3650 + 1125(Q6)

40,000(Q1)0'7

5000 + 1080(VDIG) + 10700(vp1g)Y- 148

12,800 + 372(AVF)

2.23(hs8)
| !

9000(Q5)0'469
| =

4400(020)0.870

(18.1 + 8.46/exp(ATHM/13375))ATHN
(18:1 + 49.5/exp(AE/6OOG))AE
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TABLE 11

Unit Process Operating Cost Relationships, after Smith (2}
|

I

Unit Process ' 5perating Cost {Collars/Yr.)
Preliminary Treatment 500(Q1) + 215Q(Q110‘3]
Primary Settling 1000 (APS) + 2500(APs)0-2
|
Aerator, final settler 10,000 (VAER) + 14500 (VAER)-©3
Blowers-excluding power’
Digesters | | 2g(vD1g) + 540(vp1c)? 4%
i [

Digesters anﬁ sludge 80(VDIG) + QOO(VDIG)O'44
Drying Beds :

_— 3 0.37
Vacuum Filter- ]SOO(Qi) + 6450(Q1) ‘

exciuding chemicals
|

|

i TABLE III
!

Excess Capacity Factors as Recommended by Smith, (2)
|

|
Unit Process | Excess Capacity ractor
|

Preliminary Treatment
Primary Settler
Aerator \I

Air Blowers

‘Final Settler

Sludge Return Pumps
Control House
Thickener

Cigesters

Sludge Elutriation
Vacuum Filter
Incinerator

Sludge Drying Beds
Chiorination |

Plant Site Preparation

e ettt et [N =t b WY V) ol — [N
COCOOoOOOLIOUIOOoCOOIMNOO
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No cost was assessed for hegting the digesters, and
similariy, no credit was given for the utiltization of energy
produced in the digester gas. The cost of férric chloride
used for sludge conditioﬁing was taken as $.08/1b., and

the cost of electricity was assumed to be $0.01/KWHR.
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3.2 Deletion of PYimary Sedimentation

Usually, all canventional biglogical freatment processes
are preceded by preliminary sedimentation. Sand
filters and trickling filters wouid tend to become c]ogged
by the solids, and the a@ditional solids would place an
incr?aéed Ioad upon the biota in the aeration tanks of
the activate& sludge pro&ess without Sedimeqtation.
Howeverilwith the advent of the small backage plant
to serve small populations which previousﬁy‘could not
afford bioTogiEa] treatmént éame extended aeration and
contact stabilization, along with many cther variations
of the activated sludge process. Extended feration provides
long term aeration of the sewage for periods up to twenty-
fourlhOurs, with or without final §edimentatjon. Long

| : |
aeration periods allow for release of a well stabilized

floc to the rgceivﬁﬁg|wa§er, and shorter ;eration
periods with final sediméntation and sludge return provide
for a clear effluent and a higher solids content in the
aerator. Contact stabilization in smail plants provides
for moderate a?ration Periods ranging froT four to eight
hours with recirculation of the sludge Ffém the finail
sett]?r which nas ?éen:activa%ed in an aeTobic digester.
In larger sized plants, Setter et al. (18) reported

on the modified aeration system employed at the Jamaica

- . | —y
Sewage Treatment Planti, in the City of New York, The
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|

plant had a daily average flow of 35 MGD, and employed

[ .
short to medium term aerationscoupled with Tow and high
I

mixed 1iquor suspended solids values and omission of pri-
mary sedimenfation. Aeration periods of 2.0 - 2.5 hours,
and of 4.0 - 4.5 hours were used for the short and long
aeration periods, reséectively, while 200 - 500 ppm, and
400 - 1200 ppm were va]ués used for Tow and high suspended

l
solids, respectively. ; 1

Average BOD reductions of 72.5% and éuspended sotids
removals of B84.8% wer; repor?ed in the effluent from the
final settler for the entire 14 month tesiing period,
Specifically, for the various‘éombinations of detention

time and solids loading, the BOD reductions were:

a) Low solids-Long aeration -~---- - 77.2%
b) H{Qh so]ids—éhort_aeration—lll::i- 71.0%
¢) Low solids-Short aeration <--=---- 69.9%
d) High solids-Long aeration ------ L. 76.6%

These experiments at the Jamaica plant indicated
that it is feasible to omit primary sédimentation.
rowever the result in this case is a somewhat lower BOD
reduction as compared to the standard activated siudge
process. The savings are in the primary settfing tanks,
smaller aeration tanks, and in a reduction:of air to be

supplied. The air required per pound of EOD reqoved is
‘ _ i L
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about twenty-two per cent lower, and the total air requiréd
is about one-third lower than a standard activated sludge-
plant. The Jamaica plant purchased only 7.2% of the gas
energy used, and 6.8% of'the electricity used. The
remainder of the gas-ﬁsé& was digester gas, and the remain-
ing electricity used was generated using digester gas as
fuel. |

Studiés by Heukelekian aﬁdrweisberg(9) on the causes
of sTudge bulking found that severa1.step§ taken to prevent
studge bu1kingiwou1d b§H91§Ed=by omitting primary treatmenf.
They studied the reTatiAAShips between baound water in the
sludge and the sludge volume index. |

It was found tﬁat sTudge§ with high values for bound
water nad rejatively nigh sfu&ge volume indices.
Additionally, when the sludges that bulked were subjected
to continuous ?eration, thé bound water and the sludge
volume index values both decreased. Buring this aeration
period, the siudge color was observed to change from grey
to golden browﬁ, and the microbial colonies became dense
and opague.

The effect of chlorination upon sludge bulking was
studied, and i? was observed in a full sc§1e plant that
when ‘the ch]or%nation of the return sludge was discontinued,
the siudge voiume index increased progres;ive1y over a

e I ~ -‘ ! - . . ' ' l-' .
period of nine days. During the same time the chiorination
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was discontinued, the dissolved oxygen in the aerator
increased from 0.8 mg/] Eo 3.0 mg/1. This indicates that
the cﬁlorine did not adversely affect th% bacterial action
in the sludge. The decr;ase in sludge volume index brought
about ?y the chlorine waé attributed to a physical

release of bbund water brought about by tne chiorine.

The final experiments on the bu]king‘of sfudge were
an attempt to determine the causes of the‘buiking, and
under which conditions it occurs. The sludge was fed two
types éf sewage solids: so1ub1e-co1101da3usolids'obtained
by centrifuginé settled sewage; and soTidE obtained by
sett?iﬁg sewage by gravity. It was reaso%ed that the
soluble-colioidal solids would be represe%tat%ve ¢f the
solids passing through primary sedimentation, and that the

|

settleable solids would reprTsent the effect of eliminating

‘ |
primary treatment.

The sludge fed on the soluble-colloidal material
demonsgrated an increase in QOund water and sludge volume
index over the sludge that was not fed at all. The Toading
ratesiqf 0.33, 0.5, and 1.0 pounds B0D per pound of mixed
Tiquor solids were tested. The sample fed at the rate of
0.33 1bs BOD/1bs solids showed only slight increases, while
the sample fed at 0.5 1bs BOD/1bs solids increased both
bound water and SVI by a factor of 3.5; it did produce a

clear supernatent however. The sémp?e fed at}T.O 1bs BOD/



36

~1bs solids showed increases only on the order of 2.6,

but produced a turbid supernatent with a BOD of 45 ppm
as compared to 10 ppm for the other two samples.
. ! ' , '
The siudge fed the settieabie solids from sewage

demonstrated ﬁ siight dec¢rease in the bound water and SVI
-
values, about a 20% decrease, and this held steady over

|
the entire range of feed rates.

In summary, Heukelekian and Neisber% concluded that

the elimination of primary sedimentation would allow the
)

settneab1e solids to be incorporated 1nt6 the activated

i
siudge, thus increasing its settleability and would not

1

materially increase the oxygden demand in the aerator. Tie

active sludge solids fed on the sett]eab1§ solids portion

of raw sewage could not be ma&e to bulk under any laboratoery

| " | L
conditions. Chlorination was shown To be an aid 1n\contro]11ng
. 3

the sludge volume index, and the dissolved oxygen level
\ |
in the aerator' or sludge was discounted as having any

infiuence upon the bulking cnaracteristics of the slludge.
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3.3 Aerobic Digestion Studies

The sewaqge solids removed from wastewater by the
treatment processes are highly ovganic 1n|nature, and are
very putréﬁcent. It is usually desirabiejto stabilize
these so]i&s by a biological process before final disposai.
By far the most popular process for biclogical stabilization
up until now has been the anafrobic digestion process in
which the grganic material is first transformed into
okganic acids and then the ac&ds are oxidized to carbon
dioxide ana methane. Vo]ati]g solids are reduced by
35-60%, and the remaininb volatile solids are fairiy
stable and are not suﬁject to!rapid putrﬂfaction.

The aerobic digestion process is intended to utilize
the same microscopic biota ersent in tﬁ% activated
sludge pfocess instead of developing a new ecology as is
done in the anaerobic digestion process. | The solids and
bacteria are aerated for extﬁnded péridds to promote full
utilization ¢f the organic fqod source, and then to allow
endogenous respiration to reduce the micfobia] population
and 1eave behind only tne staBTe oxidized remnants of the
cell structure. |

The main intent of the digestion prgcess is the
reductioﬁ of volatile solids, which comprise 75 to 90
per cent of domestic activated sludge (&}, and about 75

| ‘ ! .
per cent for raw primary sludge {(19). 7o eséab?ish the
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effect of aerobic digestion upon sewage sludge, many
experiments have been carried out, most]f upbﬁ secondary
biological sludges

 studies By Eckenfelder (6) found that the oxygen
utilization of a pilot plant at Ridgewood, New Jersey,
varied between 3 and 7 mg of oxygen per hour per gram of
studge, depending upon how long the sludge had been
aerated. He also reported a mean oxidation rate of 5.2%
per day at 21 to 24%C. for the volatile solids. Atso
obsefved was the fact that nitrogen was solubilized during
~oxidation in approximately the same stoichiometric ratio
to the amount of éludge oxidized. |

Dreier (5) summarizes work done at the University of
Wisconsin from 1959 to 1961 on the aerobic digestion
pkocess onza waste made up of one-itnhird pre-treated meat
packing was{e, and two-thirds domestic waste. The studies
were bench scéle, carried out in four Titer f%asks inverted
with holes in the bottom submerged partié?iy in water baths
to maintain constant temperatﬁres. The %eed sludge was
maintained at a concentration close to 3.2%, and the
volatiie content was in the 70 - 80% rande. The sludge
was mixed in a ratio of 1.75/1.00 raw prﬁmary/waste activated
on a dry solids basis.
Controiled variables were: detention times; loading

: !
rate (1bs volatile so1id$/ft3/day); and temperature. The
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The effect of temperature was found to be significant in
tests using saort detéﬁtion times, but in tests using
longer detention times, %he resuits drewic1ose together.
The results on this were_hard to show, for the longer
detention times necessitéted aAIower 10adHng rate since
the solids content of the feed and the digester were
requlated. The change in volatile soiid4 after fifteen
days was negligible at both 15 and EOOC.! The detention

time and the loading rate were not independent variables,

as nigh loading rates forced low detentioL times.
The following seven conclusions were drawn:
1. Reduction of volatile solids is!a function of
detention time, noting that times over 15 days
show a great s1gwdown.

2. Higher temperatures produce higher reductions

of volatile solids. |

3. In general, higher removals were obtained at
lower loading rates.

4. Settling characteristics of sIudges digested
Tess than 30 days are poorer than for undigested
sludge. |

5, Sludges digested more than 5 days drain well

6. Supernatént characteristics are superior to

anaerobic supernatant.

7. The sludge dried with no object{onab1é gdor.
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Further studies with higher loading ?ates indicated
that volatile solids reductions were indeed significant

after fifteen days, after digestion was found to be
complete at lower 1oadings. For examp]e:! at a loading

of 0.1125 T1bs. volatile solids/cu ft/day, the reduction
‘ .
at fifteen days was 35%, and after thirty days the reduc-

tion was 53%. These studies found excellent correlation
petween the amount of solids destroyed and the sludge
age. Tney pfOpose the fo?1ow1ng retationship for determin-

ing the degree of volatile solids reduction:

% Reduction = 2.84 +35.07 Log (siudge age) {59)
This eguation, fit through experimental dﬁta,'was found to
héve a correiation coefficient of 0.78. !

The use of siudge age as an independgnt parameter
allows for the description of processes in which different
solids concentrations are used in the feed,and for the
practice of su%ernatant withdrawal, which would make use

'
1
L

of a theoretical detention time difficult. !
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- 3.4 Siudge Dewatering on Sand Beds

Sludge drying beds are probably the oldest and most
widespread method used for the dewaﬁerﬁng of sewage
sludges. éasica1]y the beds are made upiof a layer of
sand overiéying a layer of gravel. .Oftenkimes an under-
drain system will be provided to colTecf the drained
1iquid..

The dewatering process itself has begn described as
being composed of two mechanisms: drainage and drying.

In drainage the liquid, or subnatant as 1& is soﬁetimes
callied, flows down under the influence oflgrévity through
the sludge and sand bed. It may be col]e;ted and returned
to the plant, or just mixéd with the effiFent, or even be
~allowed to percolate into the groﬁnd. In the drying
process, liquid evaporates fromthe surfacF of the sIudge{-
and is lost to the atmosphere. |

There have been several investigations into the
desigh parameters to be used for sludge d}ying beds, but
most of the earliér attempts were approached from the
point of studying the performance of existing beds, and
fitting curves th¥ough the data points to‘obtain empirical

design relationsnips.

i
i
i

Skinner (20) came up with the equations:

(average annual (suspended sewage

‘precipitation) solids: ppm)

{number of months {mean annual (mean wind

in drying season) temp.:°F.) velocity:
mph }

area per
capita = K

(60)
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!
wnere: K is a constant depending upon the treatment
process. Glass covered beds required half of

the calculated area.

Haseltine {(8) plotted data received from the field

and developed the following equation to predict sand bed

performance: :

Y = 0.157 SO - 0.286 | (61)
where: Y = $olids loading (kg/mg/day)
Sg = solids content (%) |

More recently, work concerning the mechanisms
involved in the dewatering of sludges hasibeen performed
at the University of Massachusetts{17), (19), (2), (1).
Studies have also been carried out on the drying of sludge
by evaporation alone (13). | . :
In the work on dewatering, the concegt of specific .
resistance was used to describe the flow of a fluid through
a porous media. The der%vatfon started with éhe Barcy-
Wejshbach formulation for flow through a pipe, wfththe
pores of the sgnd media comprising many sma]]lpipe-]ike
conduits. The flow was observed to be slow, so iéminar

flow was assumed. Sanders (17) deve]opedfa mathematical

model to describe the draining process.
(s
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RrR_ S ’
_ c 70 o+ ot 1 c g0 G+'{0+1?
t - H - -'o""""' hoH HO + g HO (62)
.

?GO{HC}U (¢ + 1)

1
The same equation is rearranged and stated as follows by

Adrian and Nebiker (14)

RS —
t = ;ESGU%G T ])'Hcg“ HOU L TR L (¢ + 1) HOHG (63)
|
where: R_ = Specific resistance at a head loss of HC(TZM'T)

Sy = Initial solids content (%)
H, = Head Toss at which R_ is measured (M)
H = Head at time t (M)
T = Time {sec.)
Hy = Original head (M)
c = coefficient of compressibility

L = dynamic viscosity of thé filtrate(ML™'T7!)

A media factor, m, is introduced into the above equation
to account for the difference in resistance to flow presente
by differing porasities of the Buchner funneil and d%ffevent
grades of sand used in drying beds. |

In the area of drying of sludges by evapo#ation, Nebiker(13)

carried out studies on actual sludges drying in the open air
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without any drainage. It waé found that water evaporating
from the free surface of tﬁé studge evaporated at a
constant rate aitmost 1den§3cai with the ra%e of evaporation
of a free water surface. -When the solids content of the
cake rose to such a point thatthe upward movement of
water by capillary éction could not satisfy. the evapora-
tion potential of the surface, the drying rate entered what
is called the falling rate stage. The following eguation
was proposed to describe %he time required for drying by
evaporation: , | "
¢ - ks U -Uu+ U Tn(U' /U,) | (64)
cr’ 7t

100 AIIs,c 0 cr cr

only when: U

where: Weo = weight of the tot?l solids (g#ams)
A = surface area (Metersz)
IS’C = constant rate drying 1ntTnsity (kg/mz/hr)
¢, = original water content (%) |
Uep = critical water content, wﬁen constant
rate drying ceases (%).
U, = water content at the end ?f dr&ing (%)
t = time of drying‘(h0urs) |

i
1

The water content at ail times is ca]éulatéd as:

U = 2

T 0T W is the per cent solids

-
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PART 4: MODEL THEORY
4.1 Deletion of Primary Treatment

The first work on the computer simulation model was
to separate the functional groups from the FWPCA model
into separate subroutines. ‘Preiiminary treatment, bio-
logical treatment, and fina? settling are contained in
the first subroﬁtine named BIOLOG. The second subroutiné,
PRIMARY, contains the model of primary treatment. If
primary treatment is to be utilized, the SUbrgutine
PRIMARY is called by the subroutine BIOLOG. In the case
that primary sedimentation is not to be used, it is only
necessary to adjust the stream values at point #2 to be
egual to the combination of the raw sewage mixed with the
return stream, stream #9. 'Stream #8, the underflow from
the primary settler also must becadiusted to zero. The

i
model then progresses exactly as it was written by Smith(21).

4.2 Design Basis for Aerobic Digestion

The subroutines following PRIMARY, and BIOLOG, are:

THICK, which describes the sjudge thickenjng process;

DIGEST, which describes the anaerobic digestion process
’ |

and the elutriation process; VACUUM, which describes vacuum
filtration; and SEWAGE, which is the main calling program
also containing the input/output routine and the ecenomic

evaluations.
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When aerobic digestion is te be used, the new subh-
routine, AEROBE, is called to replace THICK and DIGEST.
Thickeging.and'e]utriation are not required when the sludge
is aerobically digested because the sludge is thickened
in the digestor by supeérnatant withdrawal, and the alkalinity
of the!aerobica11y dibested sludge is considerably lower
than‘iﬁ is. for ahaerobicél1y digested s1u?ge (12), (15},

(5).

The reduction of volatilel'solids in the sludge is
: . [ ' : _
the prime purpose of the digestion process, and in this

: I , .
model, the empirical relation found by Lawton and Norman {10}

will be}¥sed to predi?t the reduction of the v%]ati]e solids
in the digestor: |

% rédgction = 2.L4 + 35.07'* Tog (s?udge age) {(65)
This e%uation Was deveibped for the conti;uousﬂy fed, cph—
p]eteiylmixed system which in bra&ticaT terms would mean
daily feeding and daily withdn%wal of supé%nat%nt and sfudge
if vacuum filters are used. if sand drying beps ére employed
the supernatant withdrawal would be daiTyi but!siudge'with-
drawal wbuid be dn a 1e§s_frequent schedule. A Tisting of
the subroutine used to gimu1atg the aerobic d%gestion is

The values for the required per cent volatile solids

found in the Appendix.

reduction and the total suspended solids to be maintained
; ' | | o
in the aerator are input to the program as is the per cent

of solids escaping in the supernatant ligquor. Then all of
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the stream vectors, BOD, TSS, VSS, SCGC, etc. for the "influent
stream must be set equal to the values at station #10,
which is the point of mixture for the primary and secondary

i

sludge streams. The reason for this is that the thickening
process isjbeing omitted, ah? points #10 and #1712 become
the same point. | |

The main program, SEWAGE, ngw calls ACRGBE instead
of DIGEST, and before returning to the main program AEROBé
sets all siream values at point #15 equal to the streanm
values at point #13 since elutriation is also by-passed.

The détention time in the digester is found by setting
digestion time, DIGT, equal to seven days and solving for
the volatile solids reduction. If the per cent volatile
solids exceeds the required value input to the program,
then the digestion time is incremented byAadding one day
and re-computing the vb?ati?e soiids contbnt. Saven day%
was used as an initial starting point because several
investigators have found that low digestion periods yield
a pooriy draining sludge {i12), (5), (15}, (11). The same
investigators also indicated that settleability also
increased with Tonger detention times.

The volume of the superngtant withdrAWn is found in
two steps. First, the amount reguired to bring-the thin
influent sludge up to the solids content specified to be
held in the aerator is found by the following ecguation:

Q(13) = Q(12)*Tss(12)/(s011ds*10,000.) (66)

where: solids = per cent sclids held in the digester
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Next the destruction of soiids in the digester is taken -
into account by again inc}easing the withdrawn supernatant

to compensate for the 10wer total solids:

Q(13) = Q(13)*TSSA/(SOLIDS*10,000.) (67)
|

where: TSSA = the total suspended solids in the aerator

after solids destruction is accounted for.
: i ! o
Now Q(13), the effluent volume has been found, and the
. | '
volume of the supernatant is merely the difference between

the influent volume and %he effluent volume:

Q(11) = g(12) - Q(13) B (58

The qua?ifies of the effluent and suﬁernatant streams

are now found. The:total suspended solids in the supernatant
is specified by tne input variable, TSSLK, total suspended
solids ]dst from the aerator. This vaTu% must be supplied
and is a product of engineering and experimental experience.
ATl solid species are assumed to be removed according to

the same ratio, much in tne same manner ﬁs in the thickening
\

process set forth in Smith's model (21):

TSS{i1) = TSSLA*SOLIDS*]0,000. (69)
VSS(11) = VSSA*TSSLA (70)
SON(11) = SOLIDNA*TSSLA (71)
SOP(11) = SOLIDPA*TSSLA f (72)

where: VSSA = volatiie solids in the digester

1]

SOLIDNA
SOLIDPA

solid nitrogen in the digester e

1]

solid phosphorous in the digestgr
§ N i



e
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|

The nitrogen and phosphoréus converted to the soluble
state is considered to bes in direct ratio with the amount
of volatile material descroyed. As the cellular materiai

is broken down, the nitrogen and pho$phorous are released

‘to the environment. This agrees with the findings of

Eckenfelder (6), in his studies on oxidation kinetics of
biological sludges.

The volume of the digester is taken to be the product
of the digestion time and the effluent vo1umeip1us the
volume of one day's supernatant:

VOLDIG = DIGT*Q(13) + (11) ‘(73)
Excess capacity for storage and cieaning is provided through
the excess capacity factor input by the user.:

Thé air requirements of the digester are found by

3 of digester capacity.

providing for 15 to 20 cfm/1000 ft
Loehr (i1) foundlthat the air reguired to maintain the
solids in suspension was the Timiting factor on the air
supply: . | |

AIRCFD =-AIRCFD + VOLDIG*20.0*60.0*24.*]dOU./7.48 (74)

where: AIRCED = cubic feet of air supp1iéd'da11y

The blowers are sized by increasingﬁcapaéify by the
amount of air recquired by the digester:

BSIZE = AIRCFD/(24.%60.) - (75)

where: BSIZE = Blower capacity in ft3/min.
i
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Finally the economic relationships in the main : ~
program, SEWAGE, are adjusted to determine the cost figures. ‘
The construction cost of the digester is fakeh to be the | )
same as for a similar size activated sludge aerafor:

,0.182 :(76)

CCOST(3) = 175,000(VOLDIG) + 36500(VOLDIG
The operating cost of the digester is found by adding the
'51ze of the digester and the aerator and using the formula

given by Smith (21) in the original moded:
| dollars/year = 10000.(VAER) + 14500(VAER)D’63 (77)
The capital cost of the largeriair biowers 1s'f0und by
the formula: 7 _
CCOST(4) = 10750 + 5857*BSIZE | (78)
The amortization cogts are based upon a 25 year life
and an interest rate of 4.5%. The construction cost index
is set for the week of August 3-9, 1969 When the ENR INDEX
was at 1275. The cost'réTations in the program Qere keyed
to an INDEX value of 812, and a straight ratio is used to-

convert the capital costs to presently valid costs.
4.3 Design Basis for Sludge Drying Beds

The subroutine written to simulate sand dry{ng beds
utilizes equations #63 and‘64 by Sanders (17) and Nebiker
(13), respectively for the-dra%njng and the dryinglof
sewage sludge. Thé-program starts with a siudge depth of *
1 centimeter, and incréments the depth by 1 centimeter

after the total dewatering and drying time is computed.
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The draining time is assumed to be short .enough so that
thé'dryingrwhich goes on simu]téneousiy will be insignifi-
cant;-;Théreforéﬁ the time required to dréih to a certain
solids content is determined first and then the time
required For the s1udce to reach its f1na1 solids content
is determined. | | |

After the total time to dewater is determined,the
amount of Tland required for the sand beds is determined
by dividing the available drying t1me per year by the total
time required to dewater each app11cat10n of sludge plus

a period for bed restqration; By assigning a land cost

to the area required, and a construction cost for building

the sand beds, it is possible to determine a capital cost
; ,

%or.any depth of sludge application.
In trying to optimi%é the process; it is desirable

to minimize the total capwtal and]operat1ng costs fhis

_requ1res that an operating cost relati onsh1p be ava11ab]e

Th1sh1§ a weak po1nt in the program. The-or1g1na1 mode

by ‘Smith (21) estimates sénd bed operating costs as a

funcfion of the anaerobic d{gester size, regardless of
depth of. appiiéation ) The fodel also uses a2 single design
Toading factor of 4.4 pounds of so11ds per square foot
of bed per month.

In this investigation's attempf to describe more

precisely the éffect ¢f variouS variables upon sand bed



performance, it was necessary to come up with some kind
of operating cost relatidnship. Therefo#e, the cost per'ton
as predicted by Smith's model (21} was used as a basis,
assuming that the beds were loaded to a depth of about 20
centimeter%, which is the common depth of operation.
Realizing that the deptn of filling should influence the
operational cost, it was reasoned that a 'shallow depth of
fiiling would mean a T;rge number of cyc?%s pe} year, and
that this would necesséri?y increase labor costs. However,
there is little or no information 1in thelliterature to
describe how the cost varies. Therefore #he cost is assumed
to va;y linearly with the number of drying cycles per year
and with the total number of tons to be rFmoved:

COSTO(13) = (AREA*70. + NOTONS * 3.)/NOTONS (79)

where: COSTO[]B) = operating cost of the sand beds
&dol]ars/ton)
AREA = Area of sand drying bed% (acres)
~ NOTONS = number of tons removed ﬁer‘cycie

This yields an operating cost of aboht $6.50/ton,

depending %pon_the gquality of the siudge Fpp?ied to the

beds.

In this manner, the total cost for dewatering the
sludge can be optimizéd by computing the total cost for
eacnh depth and comparing it with thé cost for the previous
1ow§r;deptﬁ. when thgrﬁw cost exteeds the pr?vious cost,
the iteration is stopped, and the optimum operating point

is consideraed to be reached.
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The qualities of thé subnatant 1{quid ére determined
by assuming that a certain percentage of the solids in the
sludge will escape. and t}avel throdgh:the sand layer,

The disso]véd,species ara assumed to reméin constant in
concentration. |

The compufer version of the equations coétrolling

|

Z = (XMU*STI*RC)/(100.*(HC**SIGMA)*SIGMA*(SIGMA + 1.))(80)
72 = (SIGMA + 1.)*HO*H**(SIGMA) . ‘ (87)

draihing and drying are as follows:

Draining -

T = (Z*{(SIGMA + 1.) + SIGMA*H**(SIGMA + 1.)-7Z2))/3600(82)

TORY = (WTS/{100.%SCI))~{UO*UC + UC*LDG(UC/UT)) (83)
where: Z and Z2 are dummy variables |
XMU = dyanmic viscosity of f11tfate;(gm/cm~sec)

. SI = original splids content (%)

specific resistance (sec%/gm)

RC

#

SIGMA = cbefficienf of éompressibf]ity

HO = original depth of sludge and sand (cm)

HC = head loss corresponding to RC (cm)

H = total head at tjme'T {cm) !

T = time (hours) -

TDRY = time (hours)

WTS = weight of the solids perlunit area (kg/mz)

UG = original moisture content



UT = final moisture content
UC = moisture  -content at the ehd of constant
rate drying

SCI = cdnstant drying rate of a|fkee surface
| (kg/ménr) i
1 . ' |

The Smith model (2), guotes a construction cost for

sand drying beds at $2.23 per‘square foot, keyed to an

. | . . _
Engineering News Record 1ndex|0f 812. This seemed very

- . . 1 .
nigh, so a rough approximation for a sand drying bed was
I

attempted, using the "Building Construction Cost Data"
values to estimate cost (4). JThe‘foHowing'basic design

was arrived at:
1 Sand Drying Bed = 1 acte: 43,560 sq ft
depth: 70 cm - 10" gravel

17.7" sand

| ‘
Crain pipe: 4", 20' on center

1/2" Asphalt tiner |
Concrete curbing

Installed costs:;

36,300 ft gravel 0 $4.00/yd = | . §5,390.00
64,100 ft3 sand @ $4.50/yd = 10,700.00
7 §4O ft concrete curbing @ $2.65/ft = 2,220.00
43,560 ft2 asphalt Tiner 0 $0.40/yd% =  17,400.00
2,310 ft underdrain @ $0.90/ft = ' 2,080.00
Total cost per acred ' ' $37,790.00

| I

Total cost per sg ft | -8 0.87
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This.figure of $0.87 per square foot does not include any
distribution pipihg or valyes, but it is hard to conceive

of a cost exceeding $7.00 per -square fbot wft? misce]lahedus
piping added in. In terms of the ENR Indéex of 1960 at

812, the cost to be input to the program would be about
$0.64. Also not included in the above cost is any type

of equipment for the removal of the sludge. This type of

‘ . o _
~equipment would very much influence the operating costs

of the sand drying beds. Thus it is assuTed {hat\the
beds are cleaned by hand. |

Laﬁd costs fof the sand beds are input to the mddel.
The cost is assumed to bé $10,000/acre in the simulations

. . . . . |
in this investigation.
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PART 5: RESULTS l

5.1, Cost and Performance Comparisons in the g

Deletion of Primary Treatment

‘ |
When Primary sedimeniatign is omitted from the
' standaré activated siudge treétment scheme, certain cost
benefits accrue from the e1imfnation of the primary ;ett1er.
However, tnis will also require modificatjons to the aerator,
and also to the siudge hahd]i%g processes. Table Al in ﬁhe
Appendi; shows a comp{ete anafysis of the stanéard-activated
siudge plant with anaﬁrobid djgestion, while Table A2 shows
a complete analysis of the activated sludge p]ént,when

| ] :
primary sedimentation is omitted, 1eavingfa11 ather variables

constant. |
These tables will show that the gquantity gf sludge
to be digested or otherwise treated is much greatéf when
primary sedimentation is omitted in this way, for thefé
is not a concentrated primaryls]udge to be mixed with the
more dilute bio1ogicaf s1udge|from the aérator. Instead,
all the solids pass into the ?erator and are predicted to
be removed in-the saﬁg conanFration as alnorma] biologicg]
sludge. ‘ 1 | ~
Table IV shows a cost comparison between the standard ‘
activated siudge and the modification where primary treat- -

ment is omitted. Thelmixed 1iquor suspended solids values
i b 1 ' : '
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TABLE 1Y

| H
Comparison of Activated Sludge with and without Primary
Treatment

Cost: Cents/1000 gallons

URSS = 3.0
FLOW Primary Non-Primary Savings
{MGD) . i (%)

|

MLSS = 2000 mg/1 ‘
1.0 24,12 23.94 0.75
5.0 15.46 15.56 -0.66
10.0 13.58 13.73 -1.10
25.0 11.88 12.08 -1.68
50.0 10.67 11.20 | -2.10
100.0 10.29 10.53 -2.32

| | . ,

5 MLSS = 3000 mg/] . |
1.0 23.01 22.30 3.08
5.0 14.58 14.21 2.53
10.0 12.74 12.45 2.27
25.0 11.09 10.86 2.07
50.0 10.20 9.99 2.00
100.0 G.54 9.35 1.94

- |

. MLSS = 4000 mg/T

1.0 22.40 21.42 4,37
5.0 14.12 13.51 4.32
10.0 12.32 11.79 | 4.30
25.0 10.69 10.23 4.29
50.0 9. 8] "9 739 | 2.27
100.0 9.16 §.76 4.35
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are held constant in both types, and the cﬁncentration
of the sludge underfiow is held constant. The figures
show a slightly more expensive treatment cost for the scheme
thét omits primary treatment when the mixed liguor suspended
solids value is held at 2000 mg/1. The cost difference
falls in the range of 0.75% less expensive for smail plants
to 2.32% more expensive for iarger plants. The computer
simulation snould not be expected to be abcurate enough to
make these differences significant. However, when the
mixed 1iquor suspended sclids held in the aerator is set
at values of 3000 mg/1 aﬁd 4000 mg/1, the simulation pre-
dicts that the omission of primary treatment will result
in a savings of between 3.08% and 4.37%.

The above results were foundc¢ by assuming that the
mixed Tiquor suspended solids Tevel to be the same for
both systems. However, common1y‘hsed designed‘parameters
for activated sludge aerator loadings are based upon. a
ratio of pounds of BOD entering the aerator tc the number
of pounds of mixed liquor suspended solids in the aerato%.

Primary treatment normaily is figured to remove abogt

35% of the raw BOD. Since thfs is not the case when primary
settiing is deTeted; the two systems wou]é not be loaded
equélly with the same value oﬁ‘the mixed Eiquor suspended
solids. A more valid coﬁparigon between ﬁhe two systems
could be obtained by adjusting the aerator Toadjngs S0

i

that they were more c¢losely equivalent. Since the system.
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in which primary treatment is deieted receives about 50%
higher BOD in its inf]ﬁent stream to the aerator, a simu-
Tation was madé w{th the mixed liguor suspended solids
for the non-primary system set at 150% of.the value for
the system employing prfmary treatment., The resuits of
this simulation compared with the standard activated
sludge treatment scheme are contained in Tab1F-V.

This comparison shows that omitting p;imary sedimen-
tation can yield savings ranging from 7.53% to 11.01%.
The higher the Tevel Qf mixed Tiquor suspendég solids
held in the aerator, -the greater are thne %avings. While
it is not common to see plants with mixed liquor §uspendéd
solids as high as 6000 mg/1, values as high as 9000 mg/1
were observed ét the Ceeﬂ Massachusetts p%anti A
summary of opefatihg data observed at the;Leeriant is
opresented in Table X. {

Anothey factor which should be taken into account
when attempting fo simulate a plant in wh%ch Tthere is
no brimary sedimentation, is the effectro% the solid which
would otherwise be removed by sedimeﬁtatién before entering
the aerator. When the solids content of the sludge leaving
the final sett?er is increased, as predic?ed by Heukelekian
and Weisberg (9), the s?udge handling facilities become
less expensive to construct and operate.' Table A3 in

the Appendix shows a complete simulation whenithe ratio of

sludge solids to aerator solids (URSS) is set at 6.0. In



TABLE V

Comparison of Activatdd Sludge With and Without
' Primary Treatment

Cost: Cents/1000 gallons
URSS = 3.0 in both cases

FLOW ' Primary Non-Primary i
(MGD) ()
MLSS = 2000 mg/1: Primary
MLSS = 3000 mg/1: Non-Primary‘
1.0 24.12 22.30 7.53
5.0 15.46 14.21 8.10
10.0 13.58 12.45 8.33
25.0 11.88 10.86 8.61
50.0 106.97 10.00 8,85
160.0: 10.29 9.35 9.20
MLSS = 3000 mg/i: Primary
MLSS 4500 .mg/1: Non-Primary
1.0 23.01 21.12 8.20
5.0 14.58 13.28 8.90
i0.0 i2.74 i1.57 9.20
25.0 11.09 10.02 9.65
50.0 10.20 9,18 10.00
100.0 9.54 8.56 10. 31
MLSS = 4000 mg/1: Primary
MLSS = 6000 mg/1: Non=-Primary
1.0 22.40 20.48 8.55
5.0 14.12 12,79 9.42
0.0 12.32 11.12 9.75
25.90 10.69 9,60 10.20
50.0 9.80 8.77 10.50
.0 ~9.16 "8.15 11.01
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this simulation the mixed Tiquor suspended solids in the
aérator was set at 3000/mg/1, which caused the secondary
sludge to be predicted as being 1.8% solids. This is
not 1mposSib1e, as can be seen from the observations at
Lee, Massachusetts, in Table X. |
The savings resulting from this type of éimu1ation
are 1nFreased slightly from the case in which only the

mixed tiquor suspendeh solids are increased to balance

"the increase in BOD Tcading. As shown in Table VI., the

: o !
costs are from 8.35% to 12.40% less than a corresponding

standard activated sludge system.



i i
Comparison of Activated Sludge With and Without
Primary Treatment

|
Cost:

TABLE VI
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( Cents/1000 gallons
URSS = 3.0 with Primary
URSS = 6.0 without Primary
FLOW Primary Non—Priﬁary Savings
(MGD) | :
MLSS = 2000 mg/1: Primary
MLSS = 3000 mg/1: Non-Primary
1.0 24.12 22. 8.35
5.0 15.46 14. 9.10
10.0 13.58 i2. 9.50
25.0 11.88 10. 9.90
50.0 - i 10.97 | 9. 10.60
100.0 . 10.29 : 9. 10.65
MLSS = 3000 mg/t: Primary
MLSS = 4500 mg/1: Non-Primary
1.0 23.01 20. 9.190
5.0 14.58 13. 10.10
10.0 12.74 17. 10.4%
25.0 11.09 9, 11.10
50.0 10.20 9. 11.50
100.0 9.54 8. 11.90
MLSS = 4000 mg/T: Primary
MLSS = 6000 mg/1: Non-Primary
1.0 '22.40 - 20. 9.30
5.0 “14.12 12, 10.55
10.0 12.32 10. 11.10
25.0 10.69 9, 11.75
50.90 9.81 8. 12.25
100.0 9.16 - 7. 12.40
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5.2 Cost Comparisons Between Standard
Anaerobic Digestion and Aerobic Digestion
The substitution of aerobic digestion for the more
standard anaerobic digestion process seems to be a very
real possibility as predicted by the computer simulation,

Table A4, in the Appendix shows a complete simuiation for

an activated sludge plant uti]izing aerobic digestion. With

a 60% destruction of volatile solids, and maintaining 6%
solids in the digester, the predicted costs come out very

|
close to Fhe predictions for anaercbic digestion as contained

in Table Al. The cost for the system utiizing{aerobic ’
digestion is predicted to be 0.22% less expensive. This
is a small dif?erence when it is realized that the cost
predictions‘a;e only results obtained by & curve of best
fit tﬁrough experimental data. The small cost adbantage
might be weil'worth_whi]é when the simp1icityiof'the system
is examined. o | |

"Several other factors might,aiso come in to play. Thne

relative simplicity of construction of an aerobic digester

"as compared to an anaerobic digester might make it desirable

to construct smailer, subdivided asrators for?the digester,
and perhaps use-a smaller excess capacity factor than is
used for an anaerobic digester. |

A closer look at the predicted cost figures for this
entir% plant shows that the cost of the aerator for the
digester is between 50% and 60% of the cost of the anaerobic

digester and its recuired conditioning processes of
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thickening and e1utriatiqn. This inciudes the extra blower
capacity requi#ed by the aerobic digester, However, the
cost for vacuum filtration and incineration increase be-
cause of the increased volume of sludge to be disposed of,
and the capital costs for the vacuum filter and incinerator
are more than double tne capifai cost of Fhe aerobic digester.
Changes in digester performance such as the level of solids
and the per cent volatile solids destructjon have a great
effect upon the operation and size of the vacuum filter
and incinerator. |

Table VII snows Jjust now close the costs for a piant'
with aerobic digestion compare to the costs for a plant
with anaerobic digestion. Tne range of cost difference
is between .42% cheaper fﬁr aerobic d?ges?ion,and 2.04% more
expensive for flows rangjng from 1 to 100'm11150h gailons
per day. This comparisoh is again for a volatile soiids
destruction of 60% and a solids content of 6%.

Table YITT sﬁows the effect of differenf operating
conditions in %he aerobic digester upon total treatment
costs for a 10 MGD plant. When the solids destruction
or the solids level in the aeratsr dec?ings, the costs for
tfeatmebt increase. This is due to the increased nydraulic
load upon the vacuum filter. The incineration costs also
rise with increased water content of the vacuum fiiter

cake, which is a function of the solids content of tne sludge
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applied to the vacuum filter. The rate of volatile

solids reduction can be contrclied readily by adjusting
_ | .
the detention time in the aerator. However, the solids

content of the aerator is & factor whicn may not be as

readily controiled,although settleabiiity usually is Tfounga
:

to increase with detention time, and 11 1s seitleabiiity

wnich determines the amount of concentration whicn can be

accomplished.
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TAGELE VII

Comparison of Anaerobic Bigestion and
Aerobic Digestion for Activated S]uﬁge

| i

Costs: -Cents/1000 gallons
MLSS = 2000 mg/1

VOLAT = 60% SOLIDS = 6.0¢%
|
FLOW Anaerobic Aerobic Savings
(MGD) o (%)
1.0 24.12 24.10 <0.1
5.0 15.46 15.41 0.32
10.0 13.58 13.55 1 0.22
25.0 , 11.88 11.93 . -0.42 .
50.0 . 10.97 R S I X

100.0 10.29 10.50 ' -2.04
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TABLE VITII
fhe Effect of Varying Volatile Solids Reduction and |
Aerator Solids Content on the Cost Comparisons Between
Aerobic and Anaerobic Digestion

Flow = 10 MGD

MLSS. = 2000 mg/1
VOLAT SOLIDS ANAEROBIC AEROBIC SAVINGS.
(%) (%) ¢/1000 gal ¢/1000 gal (%)
60.0 6.0 13.58 13.55 0.22
60.0 5.0 13.58 13.89 -2.28

\
60.0 4.0 13.58 14.18 -4.40
50.0 5.0 ‘ 13.58 14.01 -3.16
J
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5.3 Cost Comparisons Between Vacuum Filtration
and Sand Drying Beds as a Means of Sludge
Dewatering

Utilizing the computer'simu1ation for gravity de-
watering as a Qart of the standard activated sludge process,
cost figures were obtained for comparison with vacuum
filter and incinerator operations for sludge disposatl.

Table A5 in the Appendix shows a compiete simulation for
activated siudge with sand bed dewatering; By comparing
tnese costs with the results shown in Table Al, which shows
predictidns for plants Lith vacuum filtration and ihcinera-
tion, an idea of the relative economies of sand bed de-
watering can be gained.‘ The results in Table A5 assume

365 days a year available for drying, 2 vaiue which is not
yniversally acceptab?e. However, to assume any othe% value
onTd be to localize the simulation to par%icular areas.
This 1is va1uabié when ahpiying the modeil to particular
cases, but is too specific for general discussion. When
the relative magnitudes of {the costs are discussed, the
effects of d%ffering drying periods will be indicated.

The total treatment costs for the system utilizing
sand beds are shown to be aﬁout 22% less than the costs
for mechanical dewatering and incineration. jhe drastic N

effect of the sand beds can be seen by comparing tne

amortization and operating costs (¢/1000 gal}. The cost
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of the vacuum filtration andkincfneration was 3.703¢/1000 gal
while the cost for the sand drying beds was 1.203¢/1000 gal.

Two factors come into p]ab when one wishes to consider
the effect of fewer than 365 drying days per year:‘ the
size of the sand beds required:to accomplish drying in a
shorter period; and the extra storage reguired in the
Higester or 6ther tank to hold the sludge during periods
when it cannot‘be applied to t%e beds.

The area Fequired to dry a given amount of sludge
varies linearly with the number of drying days available.
Sludge which requires Ewo acres to dry in 365 days will
require four acres to dry in 0p1y half that tim?. However,
the effect of the extfa storage reguired depends upon whether
the,decrease-in the number of available days 1sldue to
inclement weather sucq as rain, or due to a longer period
or season such as wintér when no érying can be accompiished
for long periods of time. |

In the case in which avaiiaé?e drying days ére reduced
because of raing the excess capacity factor built intol

the plant will normally be sufficient to smooth over the
| .

‘ |
irregularities in the weather. Thus the only extra cost

incurred would be in qhe larger sand beds.
‘ !
In the case in which there exists a long season of

no drying days, extra storage must be provided in the

plant to carry over non-drying season. Thus in this case
. b : ; : r |
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extra costs are incurred thorugh both ltarger sand beds,
and in provision of extra studge storage fécf?ities.

The excess capécity factor normally applied to the
anaerobic digester is 2.0, meaning that for a conservative
deéign, twice the theoretical digestion volume is provided.
This would easily smooth over the effects of reduced drying
day; due to rain. Thus if only 182 dryimg days were avail-
able due to prqcipitatiop, roughTy twice as many sand beds
wouid be reﬁuired, and the dewate}ing'cosks would roughly
double to 2.4¢/1000 gal, still-significantly Tess than the

cost for thé_same size plant utilizing vacuum filtration

and incineration.

The effects for cases in whi;h the drying seasan is

|
restricted by longer periods of inclement weather require

|

analysis for ecch individual case. However, the cost
differences are so large, the aut$or feels that most plants

. | “|
in this country could economically utilize sand bed
i . .
|

The effects of scale of the plant on the two methods
_ o _ \ - !
of dewatering are shown in Table FX. In both cases, the

dewatering.

sludge is digested by the anaerobic digestion process.



TABLE 1X

1

Comparison of Sand Bed Dewatering, and Vacuum
Fiitration Plus Incineration; As Reflected In!
Total Treatment Costs

Costs: Cents/1000 gal

FLOW Vacuum Fitter and Sand Drying " Savings
(MGD) Incineration Beds (%)
Il
1.0 242 17.27 \ 28.4
5.0 ' 15.46 11.89 2300
10.0 13.58 10.92 - 195
25.0 11.88 10.11 14.9
500 10.97 9.78 10.8
100.0 10.29 9.59 | . 6.8

- ‘
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1
5.4 Performance Comparisons with an Actual

Treatment Plant

[

The Water Pollution Control Plant at Lee, Massachusetts,
was used to compare the predictions of the domputér model
with actual performanfe.data. The treatment processes
are shown in flow diagram form in Figure 2. Primary
treatment is not employed, and aerobic,digeétion is used
instead of anaerobic digestion. Sand drying beds are aiso
used, althqbgh no pérformance data was taken from these.

The specific resistance and coefficient of compressibility
were determined for the aerobic digester F?udge, and these
values can be used toichéraCterize.the performance of the
sludge on-the drying bed;. |

The treatment p1ant1ut1]izes diffuseg airlfor its
aeration tanks and aeratéd grit chamber. The ﬁ1ant is
new, and is rated at roughiy one million ga]1bﬁs per day,
-and is presently treating on]j about threé hundred thousaﬁd
gallons per day. One half of”the aeratio% tan% capacity
is being utilized, and all of the secdndaLy settler capacity
is being used. ‘

The operation of the plant is such t%at very high
solids Tevels are maintained in the'aeratgr, wfth totai
sludée recircuiation being employed. The aerators of the

digester are fed about once a week, atter the supernatant

. . . | . .
is withdrawn. 'Daily or regular supernatant withdraweal is
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not practicea at the $omént, probably because of the
excess capacity now availabie. _

The experimental results of samples from the Lee
treatment plant are found in Table X. . Five day BQD
tests on the raw sewage,‘the plant effluent, and the
digester sdpernatant were run on samples composited from
samplies collected at 8 A.M., 12 ﬂoon, and 4 P.M., and run
according to the methods in'Standard Methods (22). The

following solids tests were vun on the raw sewage, final
effluent, aerator 1iqdor, raw siudge, and digester Tiguors;
residue upon evaporation; and residue upoh ignition at
600°C. Both tésts were performed on the solids retained.
on No. 2 Whatman Fi?tef Paper. The solids tésts were taken
from grab samples, and dried at 1030C to constant weight
at the treatment plant and then brought to fhe_University'
of Massa;husetts Environmental Engineering Labératories for
ignition at 600°C,

The treatment plant achieved an average of over 96%
BOD removal as indicated by the Iaboratory résulté, thus
leaving less tﬁan ha?f of the required 13[0 mg/1 of BOD
in the eff}uené as préd%ctéd by the computer modeT.

The re§u1ts of the solids tests on tne raw sludge,
the aerator liquor, and the di'gester 11qu£r‘show an

intéresting pattern. On the first day of testing, one

digester was being emptied and cleaned. Fhe digester in
| ) t o 1 . ' ' '

o



TABLE X
Experimental Results from the Lee, Massachusetts Treatment Plant

TEST SUSPENDED VOLATILE SUSPERNDED VOLATILITY BOD
POINT SOLIDS(mg/1) - SQLIDS (mg/1) (%) ' {mg/1)
Raw Sewage 7 '
#1 177.0 . 147.0 . 83.0° 206.0
#2 103.0 81.0 78.5 198.0
#3 157.0 129.0 82.1 217.0
Average: _ o 146.0 - - 1190 — - — . 8.2 207.0
Final Effluent
#1 10.60 7.11 67.0 4.12
#2 11.45% 8.41 80.7 6.65
#3 12.10 9.70 80.0 8.60
Average: 11.38 8.40 75.9 6.46
Aerator Liquor
#1 3000.0 4830.0 53.7 --
#2 _ 31200.0 . _—— 6300.0 - —  61.7 --
#3 8050.0 4100.0 50.9 --
0 .0 55.4 --

Average: 9417.

G4



TABLE X (Continued)

Experimental Results from the Lee, Massachusetts Treatment Plant

TEST SUSPENDED VOLATILE SUSPENDED VOLATILITY BOD
POINT SOLIDS (mg/1) ' SOLIDS (mg/1) (%) {(mg/1)

Raw Sludge

# 31500.0 16500.0 52.3 -
#2 46700.0 24500.0 52.5 --
#3 18750.0 9200.0 49.0 --
Average: 32317.0 16733.0 51.3 .-
Digester Liquor
#1 47700.0 ©12100.0 25.4 ~-
42 65100.0 16150.0 24.8 --
#3 20700.0 8300.0 40.0 --
Average: ' 44500.0 12183.0 27 .4 --
Digester Supernatant
" 372.0 102.0 27.2 13.
#2 783.0 240.0 30.6 17.
#3 , 632.0 0 183.0 29.0 24,
Average - 596.0 175.0 28.9 '18.

-
- )
-

O W

9L
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use was not being fed, and the solids in the aerator were
being totally recirculated. Five days later, when the

second set of semplies were evaluated, the total recircu-

"Tation of aerator sludge was still being carried out,

and the digester in use was decant thickened several times.
This is reflected in the increased solids content of the
aerator, raw siudge, and digester liquor. -

The increase in the solids content of the raw s]ﬁdge
is attributed to two factors: The increased solids ioading
of the aerator; and the increased age of the mixed liguor
suspended solids. Heukelekian in his studies on sludge
buiking(8) found that the higher the sludge age, the better
the settling characteristics. During'thié_period, the
aerator solids increased approximately 22% whi]F the solids
content of the raw sludge increased appro§imatehy 50%.

Thus a part of the increase in the raw siudge sg?ids'content
can be attributed to a higher mixed 1iquo; suspended

solids Tevel, and a part to the increase in sludge age in
whnich the siudge floc loses to some degree the gelatinous
sheath which retains large amountg of water.

The next week, when the empty digestér was being
returned to service a%ter.c1eaning, the solids content of
the aerator predictably dropped, and with it the solids
content of the raw sludge. The solids content of both

digesters dropped as Poth were equalized and feF raw sludge.
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The digesters are how being operated more like batch -
processes than continuous processés. Feeding is inter-
mittent and supernatant &ithdrawa1 is infreguent. It

is doubtful if this type operation can belmainta{ned as

the design flow of the piant is \approached.

The dewatering charactegistics of the ae}obic sludge
were determined using the specific resistance and co-
efficient of compressibi1itytdeterminations as outlined
by: Sanders, Adrian, Nebiker et al. (17), (14), (2), (1).
The Buchner Funpel filter technique was used on two samples
of aerobic sludge. Each sample of s1udgé:was tested at
four vacuum pressures, and the results were analyzed
using a computer program developed at the University of
MdssathUsetts,under the sludge dewateringsresearch programs.
A complete sampie of these tests appears fn Appendix 1IV.
Table XI': shows a summary of the computer analysis of
the data.

In each sample, the first coefficienf calculated was
lower than the ones using more data points. - This could
be due to a stray point in the data, but it did occur in
both sets of experiments. The specific resistance vatues
obtéined are somewhat lower than the values reported by
Nebiker, Sanders, and Adrian {19) of 4.8 x 1010 and
2.1 x 1010 secz/gm at 15 in Hg.for an anaerobically =

digested sludge from an activated sludge plant. Values
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TABLE XI

Specific Resistance'and Coefficient of
Compressibility data Aerobic Sludge

f

from Lee, Massacnusetts

i

VACUUM SPECIFIC

.0 1?877 x 10

RUN COEFFICIENT*
(cm.Hg.)  RESISTANCE 0F
{secc/gm) COMPRESSIBILITY
; SAMPLE #1 |
] 24.9 . 8321 x 10° --
2 39.9 1705 x 10° -
3 10.1 3069 x 197 L
4 59.9 1.804 x 107 L9712
|' : \
SAMPLE # 2
1 25.0 8632 x 10° -
2 80.2 - 1.223 x 10° .-
3 9.95 12997 x 10° -
4 60 J

L9753

* :
Note: The values 7or coefficient of compres§ibi1ity

are for the entire experimental test of four
runs on eacp sample.
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9 9

of 1.1056 x 107 and 1.223.x 107 were obtained for the
aerobically digested s]nge in about the same vacuum
- range. These values repfesent a decrease in specific
resistance by factors of about 17 to 43. This would
materially effect the drainage time of the sludge, &nd
therefore, lower the total dewatering time significantly.

A more significant difference‘lies in the coefficients
of compressibility. Nebiker et al. {19) reported values
of 0.63 and 0.64. The coefficients for the aerobic

~sludge were .9712 and .9753.
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5.5 Analysis of Simuiation vs Actual Data 8]

In comparisan with the simulatign of the Lee plant,
the following parameters can be compared: 800 of the
effluent; Volume of tne aerator, suspended solids values
in the aerator, raw s]udge, and aerobic digester; and the
volatile solids reduction in the aerobic digeSter.

The computer program predicts a final BOD of not
more than 13 mg/1. . The Lee treatment plant now is

achieving a better than 96% BOD removal with an-average

~of only 6.46 mg/1 of BOD remaining. The volume of the

Lee aerators is 750,000 galions, wuch greater than the
231,000 galions that the computer program predicts, and
this m;y help explain tne greater BOD rem?val being
achievéd at Lee. |

The computer simuaation varies the suspended solids
content of the aerator according to the desire of the
person using it, but it is interesting to note Ehat the

aerator-at Lee has had suspended soiids values ranging

from 8,050 - 11,200 mg/1 duriﬁg the testing period, and

" had no\prob1em with sludge bulking or excess solids in

the effluent.

The suspended solids content of the faw sltudge. from
the finai settler varied fromH]8,750 - 31,500 mg/1, the
Tower value being observed when the solids content of the
aerator was dropped by feeding the digester. The higher

\ . . : - e b
value was observed during the same period that h1gh

suspended solids values were observed in the aerator.



82

This is in accord with the findings of Heuke]ekjan et al.
(9) which showed that the greater the sludge age, the
better is its Settieabi]ity and tompacta5111ty. The Lee
results bear out the premise of greater solids content

in the raw siudge when primary treatment is deleted.

Tne suspended solids values for the digester are
input to the computer prbgram, with a popular value being
6%. “Thnis value was observed at Lee just prior td feediné
the digester. At the other times, digester feeding and
the lack of supgrnatant withdrawal gave lower values for
the digester solids cghEGnt. The operators say there is
no difficulty in maintaining high solids va]ues,but.that
it is not now necessary at Lee because of the Tow flow
conditions. .

The volatility of the_s?udge entering the aerobic
digester is about 51.3% and the volatility of the sludge
leaving the digester is about 27.4%. This cotresponds
to a volatile solids reduftion of 46.7%, somewhat below
the 60% reduction called’ for in the computer simulation.
However, the 46.7% is an average composited from values
obtained when the digester had been in service for long
periods yielding long detention times, and of periods
when the digester had been heavily fed in the previous
week, yieldjng shorter detené}oﬁwfime;. The highest solids

reduction was observed to be over 52%. This value would
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probably have been greater if regular supernatant with-
drawal had been practiced. This greatly increases the

sludge age, which has been shownrto be the determining

factor in volatile solids reduction. Supernatant with-
drawal is not practiced at this time.

Also, thﬁ volatile solids content of the raw sludge
at Lee averaged only 51.3%, while the computer simulation
predicts an average of about 85%. This may be due to
the very long detention time in the aerator at Lee, 16
Hours; and to the practice of total sludge recircuiation.
The digesters are fed infrequentiy, and high values of
mixed liquor suspendediso1ids aremmaintainedI in the
aerator. Thelqvérage value found during the‘testing period
was 9,417 mg/]? which is very much greater than is normally
expected. Th;s practice of véry high solids content in
the aerator, and total sludge recircu1ati$n,meaps that
the sludge age in the aerator will be very high and that,
in effect, the aerator becomes a d{gester for tﬁe studge,
greatiy reduciég the volitility before it enters the
two separate Qigesters. Therefore, in actual practice
the studge voﬁati?fty is reduced from about 85% to 27.4%
as it travels through the aerator and digester. This
corresponds to approximately a 67% reduction 1n‘tota1

volatile solids.
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In the comparisaon of the costs associated with the
actual contract for the Lee plant, and the costs predicted
by the computer simulation, very large discrepancies
are apparent. The total contract cost of thé Lee plant
was $790,000, of which $123,000 was for general develop-
ment not directly attributable to the cost of the plant.
Therefore the total construction cost of the plant was
$667,000. The computer éimu1ation predicts a cost of
$417,200 for a plant withthe flow pattern and size of
the Lee p]ant.' This is 37.4% less than the actual contract
cost of the plant as constructed.

Table XII shows the inginai engineer's estimafe (23)
and a pro-rata increase to take into account that the
engineer's estimate was for $745,000, while the total
contract cost was $790,000 1nc1uding the general develop-
ment work.

Table X1II shows a summary of the construction costs
as predicted by the computer simulation. Comparing Table XII
and Table XIII, it is seen that the cost categories are
somewhat dissimilar. Table XIV is the result of an attempt
to match the information into the same categories. In
the engineer’'s report (23), the cost of the airleowers
is included in the control house cost. Thus the costs
for the coﬁtro1 house and the air blowers will be com-

bined in the simulation data. In the computer program,



TABLE XII

Engineers Construction Cost Estimates for
Lee, Massacnusetts Sewage Treatment Plant
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UNIT COST ($)
Original Adjusted
Preliminary Treatment $ 31,600.00 $ 33,600.00
Aeration Tank 166,000.00 178,300.00
Final Settler 83,300.00 89,800.00
Chiocrination Tank 11,400.00 12,600.00
Digester 31,300.00 33,900.00
Control House 138,000.00 148,400.00
Qutside Piping 54,000.00 58,300.00
Landscaping 27,000.00 29,300.00
Eiectrical Work 70,060.00 75,500.00
Drying Beds 8,000.00 8,800.00
| $622,000.00 $664,500.00
TABLE XIII

!

Unit Costs for Lee, Massachusetts Sewage Treatment
Plant as Predicted by Computer Simulation’

cosT ($)

UNIT
Preliminary Treatment $ 25,590.00
Aeration Tanks 121,100.00
Air Blowers 35,260.00
Final Settler 41,670.00
Sludge Pumps 10,070.00
Control House 69,620.00
Digester 66,220.00
Chlorination 15,660.00
Site Development 7,658.00 ¢
Drying Beds 24,440.00
00

$417,200.



TABLE XIV

Engineer's Estimated Costs, and Computer Simulation
Costs Consolidated to the same Categories
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UNIT

COST (3)

~ Preliminary Treatment
Aeration Tank
Final Settier
Digester
Control House
- Chlorination
Drying Beds
STudge Pumps
Site Development

Eiectrical Work

a)

Note: Thnese figures

Engineer's
Estimate

33,600.
219,000.
105,700

39,700.
148,400.

14,700

- 8,000.

29,300.

70,000,

00
00

.00

00
00

.00

Computer

Simulation

25,590.
121,100.
41,670.

66,220

104,880.

15,660

24 ,440.
10,070.
7,658,

00

00

00

.00

00

.00

a0
00
e

$667,800

are included

.00

in other categories

$417,200.

00
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the piping costs are included in the associated process
unit costs, thus the outsiﬁe piping costs from the
engineer’s report (23} wi]% be divided between the aerator,
final settler, chlorine COntac% chamber, énd the digester.
The cost will be proportioned according to relative costs
of the individual units. |

Checking the design parameters of the comhuter program
with the design of the Lee plant, the major differences
are fouﬁd to lie in the size or the aerator and the air
blowers. Smaller differences iie in the size of the
digester and the final settler,
| The Lee plant was designeL on the basis of an
extended aeration typehprocess, and the engineers provided
for a 16 1/2 hour detention time in Ehe aerator at design
flow. This required an aerator size of 0.675 miliion
ga]]ohs. The computer simulation calls f?r a detention

time of approximately 5 1/2 hours with an aerator size

of only 0.237 mitlion gallons. This represents alnmost

~three times the size aerator at the Lee plant as compared

to thelsimUIation.
Uging the excess capacity factors toidesigﬁ the
larger aeration tanks in the simulation, Jnd also for
increasing the associated blower size, it was found that
$143,342 was added to the aerator cost, and approximately

$64,800 was added o the ccs£ of the air blowers.
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These two changes increase the total plant cost by
$208,142, and bring the total plant cost to $625,342.
This represents only a 6.4% difference from the actual
contract cost. j

The cost differences represented by the slightly
larger final settler at }ee, and the slightiy larger
digester predicted by thg computer program jhst about
exactly cancel each other. Thus, if the major design
differences aré taken into account, the cost of the actual
plant can be readily verified by the computer program.

It is the design engineer's responsjbi]ity to decide basic
paramefers, and these can be supplied to the simulation
in ordér to ensure an accurate prediction{

From the experimental results taken from the Lee plant,
it seeﬁs Iike]g thét such a Tong design detention period in
the aerator is not necessary, however, this was one of
the first plants of this type built on a'1arge scale,
and should serve as a modei for future work. - On the average,
3.42% of the raw BOD was a1l that was ?eft in the effluent,
and this was measured by a five-day BOD test. Most secondary
activated sludge type plants achieve about 90 - 92% BOD
removal, Remaining 80D removals require increasingly
lTonger detention times.

The results of tne solids determinations at lLee also

suggest that the aerator is not being operated as an
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extended aeration plant in the usual sense of the word.
The mixed Tiquor suspended solids levels in the aerator
during the testing period averaged 9,417 mg/1, with almost
total siudge recirculation. The dﬁgeSter? were only fed
cccasionally. This Tevel is very much greater than the
2000 - 3000 mg/1 level normally expected in standard
activated sludge, and is certainly greater fhan the

levels expected in extended aeration plants in which much
of the stabilized solids escape to the receiving waters.
The solids at Lee are very muah stabilized in the aerator
even before they are fed to the digesters.

The opérating costs of the Lee plant were obtained
from the town report, and from the Lee Sewer Commission.
The budget for the first year of operation was approxi-
mately $29,500 and the budget for the second year's
operation, 1969, was about $33 000. Dur1ng the second
year, 1969, an average of $342,0DO-ga1lon£ of sewage
was treated daily. This works out to about 23.2¢/1000
gallons. Of this amounté all except $5,807, representing
the cost of power is a #ixed cost. The ménpower and other
maintenance costs are the same now as they will be when
the plant is vunning at full capacity. ’

Using the projected cost of electricity at full
capacwry $13, BOO/year, the operating cost will be about
9, 9¢/1UOO ga1|0ns This is above the projected cost

of 5.46¢/1000 gallons predicted by the computer program.

However, i1f the large size aerator and blowers are taken
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into account, the projécted operating cost would be

about 8.6¢/1000 gallons,about 20% lower than the actual
budgeted amount at Lee. However, it is shteresting to
note that the budget for the Lee treatment plant inc1ude;.
$5100 for Sewer Commissioner's salaries and genevral
commissfon expenses. This represents about 17% of the
1968 budget, and this share shOqu decrease as moré sewé@e
is treated.

It is very difficult to predict the operating costs
of a tfeatment p1ant‘in general, fqr each owner or town
has different ideas on éalary Tevels for‘operatérs, the
number of opefators to be hired, the 1ab5ratory facilities
to be provided, etc. These decisions are ungque to each
town or engineering fir%. Thus an operating cost pre-
diction should be an attempt to give a c]ose approximation,

but shou1d not be expected to be very acturafe.

i ' |
! .

L
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PART 6: CONCLUSIONS.

6.1 Deletion of Primary Treatment
The computer simulation has shown tnat deleting
primary treatment from the activated s?udge process cahn
yield a substantial savings in total treatment costs
for aimost all treatment plant sizes. Factors found to
be important in this type design are:
a) the savings from elimination of a primary
settler
b) %ncreased cost due to a larger aerator
mixed liquor suspended solids values must be
adjusted to equalizeuBOD loadings
d) the final sludge is cons%derab1yrthickbr than
normai activated siddge,‘prodqcing savings 1ﬁ
the sludge handling group of processes.
Total treatment cost savings were prédicted to be
between 8.35 - 12.40%. |
6.2 Aerobic Sludge Digestion
The simulation of the aerobic sludge digester showed
that aerobic digestion can vary from slightly less expnen-
sive than anaérobic digestion, 0.22% @ 10 MGD, to slightly
more expensive, 2.04% @ 100 MGD. The ver} small differences
predicted by tne simulaticn probably should be taken to

mean that the two processées are very close in total cost,
. | o
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and other factors should be used to determine which
process should be used. Tnis conslusion was based upon
the use of vacuum filtration and incineration for uitimate
sludge disposal. If sand drying beds are used for final
dewatering, the cost figures predict a sﬁbstantiaW saviﬁgs
for the aerobic digester; for the digester itself is

very much 1ess expensive than the anaerobic digester.
However, the vacuum filter is very sensitive to changes

in solids an¢ Tiquid foading rates, and the anaerobic
Process reduées the solids to a greater degree than the
aerobic process. The aerobic digester costs only 42.4%

as huch as the anaerobic digester and its auxiliary
processes of thickening and e1utriat10n.‘

Aerobica11y digested sludge dewaters similarly to
anaerobically digested sludge on drying beds as determined
by specific resistance tests. However, the larger co-
efficient. of compressib%1ity for aerobically digested
sludge compared to ﬁnaerobica]]y digested sludge means

the aerobically digested sludge would dewater somewhat

" faster.

6.3 Sand Drying Beds for Sludge Dewatering

The computer simu1atioh showed that siudge dewatering
on sand drying beds can yield significant savings as
compared to the vacuum filter and incineration method

of}siudge disposal. Weather is a big factor in the costs

>
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of sand drying beds, and if 365 days of drying weather
is-assumed, the cost savings predicted range from 28.4%
for a 1 MGD plant down to 6.8% for a 100 MGD ptant. If
only 182 drying days are assumed, the cost savings for
a 10 MGD piant would still amount to about 7.5% over the
same plant with vacuum filters and incineration.

The variables of weather, sludge characteristics

and cost of construction are input to the simulation,

- and an optimum size of drying ned is derived.

The savings effected by sand drying beds can be
importantlwhen deciding on the digestion procéss.

Aerobically digested sludge tends to be more voluminous

and conseguentiy more expensive to dewater than

|
anaerobically digested sludge having the same specific

resistance, coefficient of compressibility and solids

content for the simpie reason that anaerobicaII& digested
sludge nhas more of its original solids destroyed, and
therefore produces a slightly smallier volume of sludge to
be dewatered. The cost of the sludge dewatering is more
than twice as expensive as the actual dig?stion process,

and is thus very sensitive to the differences in digester

performance.

Sand drying beds on the other hand are less sensitive
to variation in sludge quality, and can make aerabic

digestion' very attractive from a cost viewpoint.



94

PART 7: RECOMMENDATIONS:

7.1 Recommendations for Future Work T

Suggested aréés %o% futu}e work inciude parts bf
the simulation now considered to be weak. These areas
are; | |

a) More scientific evaluation of the elutriation
process is nee&ed.

'b) Vacuum filter loading parameters which take
ingo account factors such as solids content
and sludge characteristics are needed.

c) More sand drying bed construction cost data
would greatly improve the simulation.

d) Accurate sand drying bed operating data is
sorely needed to improve the drying bed
simulation. '

e) A more scientific approach to the sludge
thickener design would improve the engineering

soundness of the model.

l

L%
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TABLE AT

Standard Activated Sludge Process with Anaerobic
Digestion and Vacuum Filtration

CINPUT PAnA\LlEhb

SOLID BOD (MGr/L) ' . 143.25
DISSOLVED ‘BOD (MG/L) 59 .8 4
TOTAL SUSPENDED SOLIDS (MG/L) 253, 65
VOLATILE, SUSPENDED SOLIDS (MG/L)> - 501,65
SEWAGE "VOLUME (MGD) | 188D

MIXED LIQUIK SUSPENDED SOLIDS i
HELD IN AERATOR (MG/L) 200%. 50

| :
MAXIMUM BOD IN EFFLUENT (MG/LD , 132.040



Tabhle A1,

CASE NO»

STATION
1 300
DIS.

2 SOL
DI

5 508
DIsS
T80,
DIS

g8  S0L
P1S

9 SOL
DIS.

10 801
DIS

11 SOL
DIsS

i2  S0L
DIS

13 0L
DIS

14 0L
DIS

15 SOL
LIS

16 S0L
Dis

20 S0L
DIs

1

Continued

ACTIVATED SLUDGE PROCESS

MGD

10318

1056 365

13111

4195

17,

«313

« 178

« 338

o 335

1Ay

CARBON
« 1 140E+H3
ARA1ES B2

«SBOHIEHBEE
s e A2 A4VE Q2

«BIP3EFAT
+ 1298 E+0R

2 158E+04
« 1298E+52
4641 E+EDS

« AZAVEFD2

s 46TIE+D3
+ 2398 E+E2

s AQDBE+ B 4
« 148 TE+0B2

S 30Q0E+E3
o TAZ YEXH2

«2541E+85
« 148 1E+G2

« 1B39EFE5
OB AZEAGR

HILTEFH3

« 343 4E+00

 20580T+E5
¢ 34B4LEFOD

s GG LRGP
«J4BAE+E2

< 16508403
4350

BOD

 LAISE+D3
' SET4E+ U2

« TROBE+DE

VBB TART R

s 9RE5E+D1
e 369 0RETD]

203 e+ 4
¢+ 3695E+31

«S36T2EFDD
« SBET4EHG2

L 1B95E+H3

» 2427702

o2

[ ]

o

$ J AR 03
. 59\,5/; .J.r’.’")

CALCULATION

NEB1JCARBON

. 4D 1E+ 62
C11BBESRR
|
opI3EYR2
C L 1EBEFR2

 4261E+O
C11GDE B2

CIBZIEL04
1160E+62

|
C160BE+0S
L 11806+ 02

« 359HEFOS
‘11 Ef'()’

$1965E+04
. 110AE+02

«  1203E+03
11 E8ERB2

1O IBE+E5
L 11P0E+E2

S 1OIBE+ED
 JIGEESQ2

CSROE03
. 1160E+32

e 2UIIEEGED
11 28E+E2

s KT EE+ LR
011@UE4E?;

o SOGUEL G
 L1GDE+DR

97

JUNE 1969

NI TROGGEN
IBZEEFHR
P 226H0Es D2

» 5A36F 0]
220G E+ 62

W 1AGTESG ]
« 234702

S 1371003
f2J4LNELGE

« A3 43+ 4
C2200ERR

.3772E+92
11 E0ON+03

e 2H40GEF 52
+ 233GE+02

cCHEEEEA
s 2335 E+02

B 525E+03
121E+63

w

e STEOERD2

lE?f}()rL'lj

e LTOTE+( 4
f220B0E+53

¢« SOHDLI+
s 22BEEE3

e PG ELG2

PR,
e 10T ME



Table A1, Continued

STATION
1 S0L

DS

2 S04

DIsS

5 SOL

DIS

7 S0L

D1s

8 SOoL

DIS

9  SOLu

DIs

10 SOL
DiIs

11 SOL
DIs

12 SDL
DIS

13 SoL
DIS

14 SOL
DIS

15 SOL
DI

16  SOL
DIs

26 50L

DIS

MGD

10318
1 @e 3035
10+ 111
195
013

320

« 338
« 238

+ 13€

c014

«212

100043

PHOSPHORUS

«2154E+01
» AZ60E+ Q1

1ETEE+S]

e 4B 6BE+D]

V8903E-01
« S444E+G 1

«2150E+02
05444E+@1

WBOLTE+BS

AR GHE+G ]

» 69760+ 01
+317YE+Q2

 13T1E+ 02
 SABBE+ D]

«4512E+0 1
e 5408 FE+0 ]

«3821E+D3
+ S40BE+3)

«1577E+Q3
 2299E+23

«1@54E+22
«» 6155E+22

«3157E+43
+ 6155E+02

 1052E+31
e 61 35E+02

s EPRBEYHY
s ADPOE+LH]

FIXED
MATTER

«3912E+02
«SO00E+03

« 1958 E+02

« S00ORTE3

¢ 3532E+31
+ 5000E+03

B 531E+G3

©« 5000E+B3

- 1565E+85
« SOPOE+A3

¢ 3246E+B3
«5000E+Q3

« 17TT12E+0 4
« SCOBE+B3

« 108 5E+03
« 50BBE+D3

«F1BEE+D4
« 5000E+03

s P 1BEE+84
¢ SPDBE+B3

. 6143E+@3
. SBOBEFD3

« 1839E+(S

«SOMBE+03

«6131E+62
» SOREE+BS

- 30DBRELG2
+ SOBOE+Q3

247153
1237E403
« 1692E+02
4G5 6EXD 4

+ 98B 6E+GD

«P223E+03

+IBBIE+D4

« 6000E+B3

¢ 3BB1E+DS

«20T8E+ES

« 1389E+04

e 4161E+05

 1387E+03

$2235E+(3

.2863ﬁ#@3l
. 1433E+63
+2BASE+0R
«4939E+04
11458466
P 1247E+B4
C1157E+65
.  TOBSE+ 63
. 6DBHEDS
.29;7E+@5

2RO 4EFD 4

. 6DOBE+GS

+20DAE+33

253 6E+B3



CASE NO» 1

Table Al, Continued

1

STRUCTURE

PRELIMINARY « TRT»
PRIMAIY » SETTL Eixe

AERATIONTANKS v o o

ALK BLOWERSe e 0t o
FINAL» SETTLER . » »
SLUDGE. PUMPS« o v o
CONTROL s HOUSE o b «
SLUDGE. THICKENER
ANALKOB. DT GESTER
FLUTHRIATION oo
VACUUA e « FILTER. o
SLUDGE« INCINERAT
CHLORINATION « v«
SITE. DEVELD PMENT

STRUCTURE

PRELTMINARY  TRT.
PRIMARY « SETTLER.
AEBATIONTANKS e s o
AIRBLOWERS s s
FINALe SETTLER. « »
SLUDCE PUMFSe s e
CONTROL « HOUSE « « »
SLUDGE« THICKENER
ANAERDB. DI GESTER
ELUTRIATION s 0 e s s

VACUUM . « FILTEF. «

SLUDGE INCINERAT
CHLORINATIO\‘. P Y
SETE. DEVELOPMENT

TOTAL CAPITAL COST

CAp COST
DOLLARS

C1301E+06
4364606
c9391E+E6
c1367E+06
 ABTSESC6
L S2OEEFBS
CA2BBE+O6
CIB12E+66
<399 1E+06

L 1952E406
W 3TI9E+06

« 619 6EFDE
*» SS62E+DS
+ 6926E+DE5

AMORT
5/YEAR

BG4
+ 2943+ 0E5

e H333EHES

92T G4
v2TABRESAD
¢ 3513E+04
«Z2E38E+RS
« 1222E+025
« 2692E+D5
» IB31EE+OS
e 250%E+E5
¢ 45830+ G5
-375}E+@ﬂ

S AGCTIE+D4

ACTIVATED SLUDGE PROCESS CALCULATION JUNE

OPERATION
S/YEAR

i

BB 4REES
c2469EFHS
ASIOE+ES
« 1TB3E+®S

@
o
2
B
W IB2HE+ED
&

ABRLEFES

«2PIQEF(S

19 45E+05
5

1

99

1969

AMORTIZATION PLWS OPERATING COST

S/YEAR

+« 1EB2E+85
«eSA12E+05
« 1B5E+06

C2TOSE0S i

“2TLGELDS
«3573E+04
COB3RE+05
«1222E+85
«3917E+05
«1316E+05
. 6532E+65
 66E2E+TS
L 2320E+05
CLETIEFD 4

TOTAL AMORTIZATION AND OPERATING COSTCE/YRD

AMIRTIZATION COST PER
GPERATING £CD31T PER

Gal. (CRENTSY

CCENT)

TOTAL COST PER 1663 AL (CENT®)

1
i

)

CENTS/ 10800
¢ 51555400
« 148 3E+01
$29IRE+G ]
-7%1@E+@@
TOREEH O
9 79@5:”" ‘."j 1
CTTTEE00
P IAR T
C1073E+01
«36BGEFOD
C1ET72F+01
V1531
635TE+ G0
C12BBEL00

e AATTSESOT
« 49 55E406
«BR269E+01
e B53AERTH
» 135K E+E2

GAlL.



Table Al, Continued
MLASS = W 7550E+83 MLESS =  +2879E+03
MLD3S = L 4691E+32 MLSS =  «200DE+D4
UNIT = «2944E+01 RETURN = .+ 4856E+030
CWR = o+ 4066E+30 CARKREM = +7864E+00
. 1 b3
NITREM = «1186E+88 PHOSKEM = «8573E-01
URPS = +4000E+33 “URSS = W3000E+«01
EFF = .3793E+00 CPS = +1375E+Q4
ATHI =  +3335E+04 THR = «9530FE+30
GES =  +93325+01 . BLE = J1583E+04
WRE = . 30080E+01] "TDIG = «3300E+p2
VDIG =  «1526E+0(3 FRDIG = +S5912E+80
CeDIG = .8550E+03 CH4CFD =  +93B6E+05
UFL = « 4980E+61 TVF = J03KBE+00 .
FOOD = . 1B71E+63 DEGC = +2008E+02
VOLDIG = 6] ARATE =  «45Q0E-01
S0LIDS = G TSSLA = 4]
CPTON = .5202E+02
ECF 1.00 2.00 1420 1.50 2.00 2.68 1.09
1052 2.080 150 1080 1087 1.006 1.62 1.00
CENG = +6706E-8) CTRP = 18A0E+6@ CTGO
CLAND = .2000mE-01 CCR = +1337FE+01
CCL = +1570E+01 «6THLE-01

AF =

1}

100

MLNBSS = . 62265433
VAER = «2313F+01
MLISS = «2844E+03
BODREM = +901BE+0D
FRPS = +50005E+88
XKSS = W 1242E-6G1
GSTH = .90GOE+2]
CGE = «SP3BE+G3
ERR = «7608E+03
TD =« 1580E+02
CIDIG = +2605E+00
CO2CFD = . 48571E+35
AVF =  4418E+03
D) = L 1pEGE+DI
"AYEARS = +250BE+82
DIGT = ¥’
. 150BE+E8
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TARLE A2

Computer Simulation of Activated Sludge Process,
Deieting Primary Sedimentationr with all other
Variables Remaining Similar to
Standard Activated Sludge

INPUT PARAMETERS

SOLTD 20D (MG/L) 140425
DISSOLVED EOD (MG/L) . 59.84
TOTAL SUSPENDED SOLIDS (MG/LD 257. 65
VOLATILE SUSPENDED SOLIDS €MG/L) 207465
SEWAGE VOLUME (MGD) | 1o, 50
MIXED LIGUDK SUSPENDED S3LIDS J

HELD 1IN AERATOR (MG/L) . 2p06. 60

MAXTIWUM BOD IN EFFLUENT (?’:G/L) 13.65



Tatcle A2,

Continued

ACTIVATED SLUDGE PROCESS CALCULATION

CASE NO. 1

STATION  MGD

1 SOL  18.478
DIS

2 SOL  10. 478
DIS

5 SOL  18.093
Dis

7 80L « 386
DIS

9  SOL . 478
DIS

10 SOL 2386
DIS

1t SoL + 354
DIS

12 50L L 032
DIS

13 S0L e 332
DIs

14  SOL L 112
DIS

15 SoL c 015
DIS

16 SOL $ 013
DIs

20 SOL  103. 000
DIS

CARBON

» 11306E+03

» 419 4E4 02

«1136E+03

419 4E+02

s T183E+G1

C1431E+32

CC110E+B4
1 431E+02

«2946E+03
« 1978E+E2

+2118E+D 4

« 1431E+02

+ 115BE+03
« 1431E+82

«2443E+DS:
C1431E+02

+ 1300E+05
9B A2E+G2

c3§93E+03
+ 353 4E+02

e 2100F+05
«3534E+02

TEOBE+ 0D
« 383345+ (2

« 1650E+03

« A300E+D2

BOD
¢« 1376E+33
« 578 6E+B2

e 1376E+03
« STEGE+D2

« 6825E+ 81
<618 7E+01

189 E+P 4
«H187E+D1

19 5E+ 72
o 1 642E4 52

@
@

4
g

=

o 1AB3EFE3

- 598 /—!E-{- @2 °

NBIOCARBON

e ADBTE+G2
- 11pGE+DE

W ABETE+D2

- 1100E+E2

« 3T63E+01
« 110BE+ B2

1 1I06E+D 4
«1100E+G2

«2507TE+D3
« 11802EFE2

1 1B6E+24
« 1180E+G2

« 6O22E+02
« 1 1BBE+ B2

« 1280E+05
» 110BE+E2

«1280E+385
« 11G0E+BE

CBISPE+D3

¢ 110RE+G2

P2OETEFDS
c 1168E+D2

o GEEGE+D
+1130E-62

o JUEGETER
» LG EE+H2

102

JUNE 1969

NI TROGEN
 1B3BEL A2
2BS2E B2

» 1030E+ 02
S2B52EFE2

«1GERE+D]
 2542E+ 52

2 1186E+03
«2542E+ 32

e 1664E+032
« S235E+52

«1186E+23
«2542E+02

e 6463E4+01
e 2542E+H2

« 1373E+04
«2542E+02

« 1362E+(G3
¢ 439603

« SB34E402
«1290EF(3

+ 1IB9EYD4
« 1290E+03

« 3963E+E]
< 1290E+23

 1OABEFGE
+ 190002



Taple AZ,

STATLION
1 50L
DIS

2 S0bL
DIS

5 S0L
bis

7 S50L
DIS

2 SGL
bIS

1 S0L
BIs

11 50L
BIS

12 SOL
DIS

I3 =S0L
bIS

14 300
DIS

15 500
DIS

e SOL
DIS

eg 504
Dis

MiCD

138« 473

106G 478

1a.ae3

« 336

« 478

e 386

» 354

232

332

‘112

« (115

913

16060

Continued

PHO SPHOIUS

CBBALETG ]
441QE-01

o 2044561
s 4410548 ]

« 7T183E-031
¢ SEDEERD

21 10BE+P2
+ SOUBEFL]

229 60E-T1

« 1298E+@2

«21IBE+P2
« SGAZE+DN

« 1150+ 1
e S50B8E+0L

e 2443E+33
» S60BE+E]

« 136B9E+03
« 1159E+03

«BOL5E+0]
« 339 4E+B2

«2115E+B3
+ 339 4E4+02

« TEHAVE+ GO
e 339 4E+D2

CEODOE+D]
«ABOEBE+DI

FfRED
MATTER

+ 3859 E+GR2
« SOUDELE3

+ 38359E+032
o SOBGE+B3

e 327TTEAD
« SOBBE+Z3

9 62EEFE3
. SGEEET U3

«ZIB3ETH3
« HTUAEREF B3

+ 9625E+H3
« SOBQEXH3

e 52445+ 02
» SRBBE+03

 1114E+05
« S008E+E3

e 111 4E+35
¢ SBDDE+DB3

«T621E+G3
CSO0RE+E3

CAEBOE+ES
« SGBUE+G3

« 5999+ (2
« SPBBE+E3

s 30B0E+ER
« SUBBE+D3

W 24218483

V2ARTE+03

« 1365502

s AR 1OESG 4

« 59 1E+0A3

W 422V E+G 4

V2299 E+E3

.agaeﬁ%gs
«2GHRIE+DS
1 1T9E+0 4
.QEE@E+@5
« JADDESE3

$2236E+03

CR2EETEHED

« 1693E+02

 AQT3E0 4

SBOTAETE3

e D1 E 44

o ZH2 400

 BOBBELES

« 3715E+05

«204TE+04

e 20U0E+E3

s 2036E+03



Tabie A2, Continued

CASE NG. 1

STRUCTURE

PRELIFHINARY « TRT
AERATIONTANKS e « o
AIRGBLOHEHSnuocn
FINALe SETTLERs « »
SLUDGE«PUMFSe 0w e
CONTROLeHOUSEa s «
SLUDGE. THICKENER
ANAEROB.DIGESTER
ELUTRIATIONe e e
VACUUMT.FILTERe.
SLUDGE. INCINERAT
CHLORINATION S s o w
SITE« DEVELOPHENT
|

- STRUCTURE

FRELIMINARY « TRTs
AERATIONTANKS e e«
AIR-BLOWERSesaoo
FINAL « SETTLER s
SLUDGE.PUMPSeeo s
CONTROL « HOUSE e s »
SLUDGE THICKENEK
ANAEROB: DIGESTER
ELUTRIATION s a s
VACUUMe s FILTERKe »
SLUDGE. INCINERAT

CHLOKI‘\]ATIONA: . s o-
SITE. DEVELOPMENT

TOTAL CaPITAL COST
TOTAL AMORTIZATION AND OPERATING COST (3/7vi0
AMORTIZATION C25T PER
QFERATING CO5T PER
TOTAL CO3T FER 1040

CAP COST
DOLLARS

s 1301EYHS
e 14481E+07
« 19CQUE+BE
 4GTOE+G 6
«SIEGE+HS
« 4203506
« 1525E+06
e 3400E+06
2002FE+E6
W 3B2TE+DS
« 6922E+806
¢ D502E+E5
 GO26EF05

ACTIVATED SLUDGE PROCESS CALCULATION

AMORT.
5/YEAR

G TTISEYEA
«FTCEE+EUS

« 128 1E+0G5

«2T45E+85
« 3453E+04
« 2B3BE+ 05
¢ 1B29E+D5
« 2293E+00
«1350K+B5

LO5B1E+05

o« A66ZEXED
«3TS51E+04
o 46T1E+GA

1

JUNE

OPERATION
$/YEAR

2100345415
e 545TE+05
s 2613E+(35
@
@
g
¢
¢« 1BGAE+ES
. B
$ 42640+ 55
W 21650485
. 1945E+405

I@

04

19 69

CAMORTIZATION PLUS OPERATING COST

et GAL
GAL (CENTS)

$/YEAR

(33

¢« 1281E+B5
e 1 6221EFE6
2« 389 5E+ED
«2T45E405
+ 3453E+04
« 2E38E+05
« 1G29E+0B5
« 3357E+05
« 1350E+05
« 6B 45E+35
« 6B33E+05
«2321E+05
46T I1EFD A

1068 GAL (CENTS)

(CENTS)

CENTS/Z1808¢2 CGAL

« 5158E+00
« A443E+G ]
1B6TESD
s T520E400
+G4AS9E-01
. 77TSE+GD
2 I8E+00
«9198E+ 0D
«3698E+30
s 1875E+D1
« I8T2E+01]
« 6358E+00
« 1280FE+0D

« 453G E+D7
«SAIRELR6
«E38TE+GH
L+ 3346F+031
e P3TZE+MAD



Tanle A2, Lontinued

MLASS =« 65334E+03 MLESS = «2T60E+E3
MLOSS = «3631F+02 MLSS = «2080E+84
WNIT =  «5370E+G! RETURN = «4399E+07
CUR = v+ 5A26E+G3 CARREM = +E6TEE+GD

NTTREM «1720E+08 PHOSREM = « 1323F+20

URPS =« 4BABE+03 UKSS = «3000F+01
EFF = «3644F+00 GPS = «13750+p4
ATHY = «2TT5E+04 TRE = «9560E 00
- i |
GES = «900BELG1 AE =  +1633E+34
WRE =  +30B0FE+51 TDIG =  «330pE+02
VDIG =  «1269E+P3 FEDIG =  «467T75+50
C2DIG = .E§550E+03  CHACFD =  S58&1E+G5
VFL =« 4900E+0] TVF =  «23808E+060
FOOD =  +1575E+33 DEGE = «200pF+02
VOLDIG = % ARATE =« 4580E-01
SOLIDS = o) TSSLA = o
. CPTON = .5@53E4@2
ECF 1e00 2.80 1,20 1.50 2,00 2.00 1.80
1450 240608 1459 1.00 1.006 1400 1.008 1,00
CENG = «6692E-61 CTRP = +1260F+08 CTGO
CLAND =  +2000E-¢1 CCK = «13375+81
CCI = «1STBE+01 AF = 4 6T44E~0)

MLNESS
VAER
MILTSS
BODEEY

FRPS
XRSS
GSTH

GE

ErK

TD
Ci1DIG

LoeCrp

AVE
bo

AYEARS
DIGT

[T

1

LUB U [ itonouou

i

u oy

« TOOGEREE
y36TO6E+D
o ZE2O9E-03
«9359E+B0

CSBEARLGH
COGHBEYG 1
HBRABOBEFT3

. T6UDEL GY
¢ 15BBE+52
C26Z5E+DE
C3BBGE+HS

455TF+ 83
C1P0BE+G1

« E5DUE+GE

b

-
Y

o

C e 15BDEYAD



TABLE A3

Simulation af Activated Sludge without Primary
Sedimentation with Anaerobic Digestion and

Vacuum Filtration

INPUT PARAMETERS

SOLID BOD (MG/L)
DISOLVED BOD (Maxi)

TGTAL SUSPENDED SOLIDS (MGLL)
VOLATILE SUSPENDED SOLIDS (MG/L)
SEWAGE VOLUME (MGD)

MIXED LIDQUOR SUSPENDED S0OLIDS
HELD IN AERATOR (MG/L)

MAXIMUM BOD IN EFFLUENT (MG/L)

145.25

59.84
253465
223.65

10.00

30006.00

13.08

106



CASE ND.
STATION
1 SOL
DS
2 SoL
DIS
5 SOL
DLS
7 SoL
DIS
9 SOL
DIS
16 SOL.
DIs
i1 SOL
LLS
12 SoL
DIS
13 S0L
DIS,
14 SOL
DIS
15  SOL
DIS
16  SOL
DIS
20 SOL
DIS

Tabia A3, Continued

i

MGD

18. 226

18.226

180825

« 131

« 226

+ 131

- 299

032

« 32

+ 114

+B15

213

10000

ACTIVATED

CARBON
P 11678403
. AR G4ER G2

e 1167E+63
¢ A20A4E+ D2

I
e L12TE+00
« 148 1E+02

+ 63061E+8 4
-1481E+PQ

. 632 4F402

LRE59E+DE

«6361E+04
« VABIE+ G2

« 422 4E+03
c 148 1E+ 9L

2 2445E+035

« 14818+02

0 128 5E+05

» 3B 42E+02

-BT69E+E3
»3ST1E+B2
E
<209 6E+05
«3571E+D2

e 698 6E+ 02
«35T1E+p2
t
f
» 1050E+03
» A300E+E2

SLUDGE

BOD
1A TE+ES
« 39 1 0E+22

«1411E+33
e SO 1 GE+E2

«38YI9ELD]
s T2 4E+ Q1L

« STEHHE+D 4
« TT24E+D1

« 18BRE+03
«2215E+Q2

]
.

fes IR &&=

(S N

. 1403E+53
‘598 4E+ 02

PROCESS CALCULATION

NBIOCARBON

«4118E+B2
¢ 11GREXD2

» AL IGE+ZE
s 1120E+XG2

W 3164E+01
1 1B0E+82

« 3288E+04
¢ 1108E+02

« S361E+E3
«1180E+32

e 3CEEELH4

11BBE+B2

215 4E03
C L 1BBE G2
P 126AEO5
« 1100E+ 02

c1264E+0S
c11DBE+DR
|
& 62BE+03
c 110BE+GR

PRBORETES

«110BE+B2
i

.« 687I3E+D2

« 110BE+D2

«30BOE+02
«1160E+02
l A

!
i

107

JUNE 1969

NITROGEN

&

B548+82
0]

%
1
co4lELER

-

10545+ GE
S 2041E+02

L IBEGIE+EE
« 2564E+02

» 34B6EFE3
« 2564E+ G2

e JABAEFE
«B260E+32

e 3A4AB6EX03
e 250AET 02

« 1321E+034
2564EF 02

« 65T TE+{3
¢ 43BOEXGS

« ATTIEXGE
W I26TE+E3

«1140E+84
C126TEFE3

«3BBIEXET
s 1EG6TESDBS

L 1000E+02
1CUBE+EE



STATION
1 SOL
DIS

2  S0L
DI

5 SOL
DIS

7  SOL
DIS

9 S0L
DIS

19 SOL
DIS

11 S0L
DIS
12 s0L
- pIS
13 SOL
DIS

14 SOL
DIsS

15 S80L
D1S

16 SOL
DIS

23  50L

Table A3, Continued

DIS

MED

10.226
1@&226
10095
«+ 131
226
+ 131
« 299
032
«B32

o114

015

«B13

PHOSFHOKUS

« 209 6E+D 1
¢« 439 4E+0 1

+ 209 6E+01
» 439 4E+ D1

«6121E-01
+ 5615E+01

«6361E+02
e 361 5E+31

e 6355E+G1
«+2183E+@2

$ 6361E+02

+ 361 5E+01

420 4F4D1
»5615E+D1

¢ 2445E+03
« 5615E+01

« 189 4E+83
+ 1208E+03

"B831E+0]
« 344BE+ 02

«2110E+@3
« 3440E+02

.« 1B35E+00
e J44DE+Q2

«2DEBE+G
e ABBEE+B 1

FIXED
MATTER

« 397 3E+02
« SHBHPE+ D3

«3973E+02
« SEGEOE+E3

«27TT6E+D ]
e SROOE+G3

283 4E+04
« SOBOE+D]

.« ATP2E+ U3
. S00BE+Q3

288 4E+04
« SEPEE+0G3

+ 131 6E+03
« SROBE+E3
|

< 1109E+0S

"« SOBRE+G3

«1109LE+05
« SP0BE+03

T568E+03
« SPOBE+E3

|
P 1BB9E+GS
« SQOHE+ B3
|

s SE29E+Q@2
« SO0Q0E+A3

« 30B0E+Q2
« SDQOERE3

|

V5SS

+ 248 5E+ D3
e 248 5E+03
« 1163E+02
e I2O8E+D5
L 1265E+04
.1272E+@5
«BALBERET

s ABG LE+05

« 17154E4004
«A4191E+05
«1397E+P3

108

-7
02
[o2]

28R 2E4+B3
P 28B2E+G3
14488402
e 149 TE+DS
 1735E+04
+1561E+35

«1036E+04

C3B6TIE+BS
«2511E+34
« GOCOE+GS
« 2000E+03

;2536E+@3



Table A3, Continued

CASE ND. i ACTIVATED S5LUDCE PROCESS CALCURLATION JUNE 1969

STRUCTURE cap CosT AYMORT. OPERATION
S/YEAR /Y EAR

PRELIMINARY « TRT.
AERATIONTANKS . « «

AIRG- BLOHEFESQ e« 88 &

DOLLARS

« 13025+ 06
«O931E+G6
«1851E+B6

e BIB3E+04

¢ GEITE+GS
. 1248E+55

e 1OG4ELB5
« AT2ZE+05
«2534E+035

FINAL« SETTLERc e 328 6ELE6 s 22)6F+P5 4]
SLUDGE PUMPS e s e f2S541E+GS ¢ 17T13E+04 5
CONTROL «HOLUSE e v o 42128+ 06  PBABERES o}
SLUDGE. THICKENER c1561E+06 ¢ 1OSAF+GS | o}
ANAFKOP« DIGESTOR «347TBERR6 « 2340E+(S c1083E+05
ELUTRIATIONGccos f2025F+06 e 13660465 9

VACUUMe « FILTER ¢
SLUDGE.INCINERAT
CHLORINATION: ¢ s«
SITE.DEVELOPMENT

«3B19E+06
69 GEFO6
P 556TEFDS
« 6932E+(5

CC616E+ES

cATVIERES
« 37048+ 34

« 46T5ERD 4

« A2T3E-GS

f 219 4F+00

» 19 40E4+G5
o

STRUCTURE AMORTIZATION PLUS OPERATING COST

PRELIMINARY « TRTs
AERATIONTANKS: « »
AIR-BLOHERSn.oe.
FINAL « SETTLER «
SLUDCE«FUMPSe o0
CONTROL «HOUSE. 4

SLUDGE. THICKENER .

ANAERDOB. DIGESTOR
ELUTRIATION o ¢ o
VACUUMe « FILTER «
SLUDGE. INCINERAT
CHLORINATION s e
SITE DEVELOPUENT

TOTAL CAPITAL COST
TOTAL AMORTIZATION

S/YEAR

s 1882E+85

« 11425406
c3TH2E+E5

P 2216E+05

e 1 713E+0G4

e PR ADELDD

« 1AS3E+35

« 34258405

I, s 1366E+35
« GEEOE-GS

| -6%ﬂ5E+95
PEBIE+NRS

o« HGTOE+D4

AND OPERATING COST

AVORTIZATION COST PRER 16808 GAL

OPERATING COST PER

1708 GAL

TOTAL COST PER 14089 GAL

CENTS/Z 1606

« D1 5TE+R]
« 31385+
¢ 1838E+ 81
o 66T1ESGD
04694E“@i
» 77821+ 32
« 2008 4E+ 5D
« 93 4E+30
 3T4A3E+QD
 183TE+O1
«1BOREE0Y
« 635S9E+G0
128 1E+B0
\

« ABDIE+BT
e 44T AEEDE
« A392Er3
A S6EF(]
e 1226E+D2

GAaL



Table A3, Continued

MLASS
MLDSS
UNIT
CUWR

nononu

NI TREM
URPS
EFF
ATHM

noion

GES
VRE
VDIG
CadIg

wonuwonmon

VFL =
FOOD

VOLBIG
SOLIDRS

wn

CPTON
ECHF

150 2.0

CENG =
CLAND =
CCI =

«GAE3EFDT
«3237E+82
¢ 3A33E+!
e 5132E+88

« 1530E+DH
o« ABZOF+P3
«3571E+08
e 2B841E+04

C90BOE+G
L 3BBBE+PY

1299E+013

«8558E+(3

« 1566E403

%]
4]

« SO15E+GE
14053

6716E-01
«20BBE-81

I

«1570E+0 1

MLBSS
MLSS
RETURN
CARREM

% PHOSKEM
URSS
GPS
TRE

AE
TDIG
FRDIG
CH4CFD

TVF
DEGC

ARATE
TSSLA

al5]

CTRP

CCR
AF =

1

monon il

1 nonoar

Honon

it

on

« A6E5E+A3
s 3ABBE+E4
« 1835E+00
B THSE+GO

< 136T0+008
« GOEBEFO]
+ 1375E+04
» I50BE+OD

v 1655540 4
«3300E+32
e 47 45E+50
s 6116E+05

-238@E+@@

s 2008BEF32

« ASHRE~D 1
5}

130 2,80 1.20 150 2.02 £.60 1.0
1.08 1.60 1.00 1.00
« 10BEE+ECD
« 1337E+31

CTGO

MLNESS
VAR
MLISS
BODREW

FRPS
KR53
G5TH

GE

ERR

TH
CiDIG
COo2CFD

AVF
bo

AYEARS
DIGT

Hown

t

ononon

o o#n

Non

*

114

N DEEEHD 4
D ASBER ]
P ABBTE+H3
«9359E 30

« SOBGE+G
« STT4E~ (G2
«c9CRAE+T ]
CEZBGIEFE3

P T6BOE+20
P 15CFEFRD
C2605EF30
s 3212E+25

462HE+D3
« 1BBHE+G]

«25p0ELB2
.

« 1 580E+Q0



-TABLE A4
Combﬂter Simulation of Activated Studge with Aerobic

Digestion, 60% Volatile Solids Destruction and 6%
Suspended Solids Held in thne Digester

INPUT PARAMETERS

SOLLID BOD (MG/L)D _ 14G.25
DISSOLVED BaD (MG/L) 59484
TOTAL SUSPENDED SOLIDS (MG/L) 253. 65
VOLATILE SUSPENDED'SGLIDS (MG/L) : 2234605
SEWAGE VOLUME (MGID 18.060

MIAED LIQUOR SUSPENDED 50L.1D5
HELD IN AZRATOR (MG/LD 200680

MAXIMUM BOD IN EFFLUENT (MG/L) 13.50



Table A4, Continued

CASE NO.
STATION
1 SOL
DIS

2 SoL
DS

5  50L
DIS

7 JSOL
PIs

g SOl
DIS

9  SOL
. DIS

16 SOL
DIS

11 SOL
DIS

12 S0L
DIS

13 SOL
DLS

15 50L
DIS

16 S0L
DIS

26 SOL
DIS

1 ACTIVATED SLUDGE PROCESS CALCULATION

MGE

10174

1804161

« 160

« 177

O17

17

@14

18. 000

CARDBON
CIDETEFDR3
e 4252E+ 02

« S343E+ 82
. 42528+ 02

«F148E+01
» 12625402

219 TE+B 4
 1262E+62

L4269 D5
4252E+02

COBSSE+D3
C147TTE+GD

(51146404

« 1477E+0B2

w21 7T8E+E3

o 1 ATTEFD2

+5114E+B84
s 14TTEXB2

+2176E+05
« 14TTE+G2

+21776E+05
« YATTE+EZ2

«1254E402

« 1477E+D2

+ 1050E+63
« 43C0E+G2

BAD

s 128 4E+03
« 6O2TE+B2
« OB 9 4E+ 2

P IF6TEFQI
¢ 3R32E+0BI

- 2225F+04
«3032E+D1

+ 55355485

. 529 4+ 02

« 3079+ B2
¢ 1059 E+31

@
@

4]
4]

+ 14D3E+B3
« 598 4E+ B2

NBIOCARBON
«3273E4+02
< 1100E+p2

« 163BE+ (2
« 1128E+ 22

cAIBEE+DT
.1 1BEE+B2

¢ 10053E+24
« 11B8E+ 22

. 1389E+05
« 1100E+82

« 189 412+03
« 11DOE+D2

I8 T6E+G4
v 1160E+02

s 20P2E+R3

« 1 19BE+BE

«18T6E+0 4
+ 110BE+G2

c2BU2E+ES
« 113GE+02

«CPORE+ RS
»11B0E+02

66T AR+ BD
L 110GE+D2

«2000E+D2
+ 1102E+E2

112

JUNE 1969
NITKOGEN
LD 13ERDD
«2358E+ 082

e SUTIE+H1

W 2358E+02

¢ 149 4E+0 1
« 24563 E+G2

15465403
P 2453EFOR
]
cABSTE+G 4
«2355E+ 02

« 1T5R2E+G2
28 64EEH3

e 4353E+03
« 2460E+02

» 1853E+02
S 2B 6AEXHS

+ 4353E+03
«2460E+02

$ 1834540 4
<28 64E+03

¢ IB34E+0G 4
«ZB 64E+03

« 611 4E+01
« 28 64E+03

 1GODRELE2
«1GBAE+E2
|



Table A4, Continued

STATION

)

1%

bt

12

13

o
&

SO
DIS

S0L
DIS

50L

DIS

DIS

5GL
DIs

S0L.
Bis
S50L
Dis
SOoL
DIS
SOL
DIS

S0L
LIS

S04
LIS

SOL
DIS

MGD

ife 1774

18.161

G998

+ 164

+ 160

« 177

s @17

177

014

10« 260

PHOSPHORUS

 2O2BE+0]
. 4832E+01

c1B11E+G1
.4%32E+@1

«9148E-01

« 5399E201

J219TE+RD
«5399E+D0 ]

CBAZOER3
4B3DE+D

«3162E+31
e S2OTE+E2

e 1859+ 82
« S535BE4AML

« 33 44E+01
« SEBLE+EE

e TE59E B2
« 5358E201

«3311E+33
e 5261E482

«3311E+63
« DE2E1E+GE2

« 11BAE+G
» DE6LELDZ

« 2000ERE]
« AROOETD

FIXEDR
MATTER

e 29BDE+B2
« SEBOEE+R3

» 140 2E02

« SGEOE+ER

e 30713E+61
« SPEOE+HES

« TOEPBE+G3
« SBBBE+FE3

« P192E4905
« DEBHE+DR3

c1861E+02
» DEOGECB3

¢ 1448104
» SEOBE+23

« 1 544E+02
« DBBOE+ES

e 15445+ 0 4
e SOLBE+D3
c 1633E+05
 SOBBEF03

« 1633E+B5
« DBBOE+ES

« SAL2FE+FH2
» SEBOERB3

e SOMBBE+FRR
SHEBE+D3

*

V55

«2273E+03

« 1I3BLE+ES

1 738E+02

v4174E+@4

L 9@IBEHGS

4116E403
C1023E+05
. 43520483
|
C1G23E+D5
C 43506405
. 4358E+05

c1451E+23

«Z22306E+33

+204

—_
—t
[#3)

«2571EFG3
.1287E+éé
SE+G2
A9 12ELG4
C1BZIE+GE

'3

« L3030

Lo

« PTTFTEADS
o GOUGESGD
.1i77E+ﬂS
¢ BUACETDS
« EROEERDD

« 200GE+E3

8%
ur
LW
U
T
..l.
2
(W3]



Table A4, Continued

CASE NO. 1

STRUCTURE

PRELIMINARY « TRT»
PRIMARY-SETTLER:
AERATIONTANK S+ v s
ATR«BLOWERSecoes
FINAL+ SETTLER« s«
SLUDGE PUMPSe s e
CONTROL +HOUSE s « »
AEROBIC.: DIGESTER
VACTUUM e « FILTER. »
SLUDGE. INCINERAT
CHLORKINATION ¢ oo
SITE«DEVELOPMENT

i
1
b
b

STRUCTUKE é

PRELIMINARY « TRT
PRIMARY « SETTLER.
AERATIONTANKS S o
AIR.BLOMERSO:l.ﬁ
- FINAL«SETTLERs s
SLUDGEs PUMPSec v
CONTROL « HCUSE. « »
AERCEBIC«DIGESTER
VACUUM e « FILTER . «
SLUDGE. INCINERAT
CHLORINATION e e
SITE« DEVELOPMENT

TOTAL CAPITAL CGST

CAP COST
DOLLARS

. 13D2E+86
. 4307E+86
+9163E+06
< 1833E+06
. 4332E+36
« S2TTE+DS
- 4210E+06
+395CE+06
« 4223E+B6
« 13716E+06
« 5565E+05

AMORT.
$/YEAR

8 IBUE+D4
v 290 4E+DS
« 61719E+DS
« 1236E+G5

f2T19E+05

«3559E+0 4
C2E39E+ES
« 26645+05
¢ 2B AZEADS

e AT AESDS

«3TS3E+G4
¢ 46T3E+0 4

OPERATION
S/YEAR

« 1004E+B5
02441E+®5
e SE85E4+05
«2508E+35

&

4]

]

B
« ABDBE+ES
f2ADREFGS
« 19 45E+35

@

« 6229E+05

114=

ACTIVATED SLUDGE PROCESS CALCULATION JUNE 1969

AMORTIZATION PLUS OPERATING COET
CENTS/ 108308 GAL

S/YEAR

« 1882E+05

« 3346E4+05
+ 1186E+06
«3T744E+05
«2719E+05
s 3559E+04
«2839E+05
s 2664E+05
« THE4BE+B5
« 13746E+05
«2321E+05
s A6T3E+0 4

{5

«5156E+0842
« 1465E+ 01
« 3E50E+0]
1B26E+01
» T449E+E0
+2TSRE-D1
o TTTSE+OD
« 1298 E+00
2 2095E+B 1
s 2D21E+E1
y6358E+@B
< 1280E+00

A2 VTR

« LO23E+E6
« TY92E+01
« SO9HE+A]
» 1349 E+02

TOTAL AMORTIZATION AND OPERATING COST(S/YR)
AMORTIZATION COST PER 1060 GAL&CENTS)
OPERATING COST PERK 1002 GAL (CENTS

JOTAL COST PER 1068 GAL (CENTS?
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Table A4, Continued

-SSIGEJQS

« SO02E+E2

e 201 4E+01

e 3113E4+0G

\

 1PEOEL0H

« 4EO0E+E3

s 4 55EFB0

@

COGHBE+E
 3300E+0 1]
@

3
49 GOE+D
+ 109 6E+B3

«HTI3E+00
« ODBOE+ DL

« SBZ3E+E2

100 2.08 14208

150 2.060

«I5TBE+ G

1056 14072
¢ 6765E-01
«200BE-81

MLBESS
M55
RETURN
CARREM

nomon

I

PHOSKREM
URSS
GPS
TRR

|

AE
TDIG
FRDIG
CH4CFD
!
TVEF =
DEGC

nonowou

]

ARATE
TSSLA

H

268 1E+(3
20UBE+G4
s 469 TE+ZE
« TTEBEF0D

e TSS51E-01
« JO0GEL G
¢« 13775E+D4
eI SHPE+BD

]

- 3320E+p2
B
B.

!
23Z B+ @0
f2PGOHE+D2
CASBEE-21
C1GBDE-T1

1.59 2.080 2.80 1.00
100 1.90
CTRP =
CCR =

100 1.40

«10DBE+DY CTGD
+ 1338E+01
AK = 1 86744E-01

o noH

i n

i

n

I

115

« 3YS3E+03
«2251E+01
e 2460EFG3
+UDBIEADG

« DBBOE+DY
s 1249001
«FOBHBESFH
«BAPBE4+E3

56615463
L1BOBE+D!

«250B0E+B2
e A3BOLTAZ

15205083



TABLE A5

‘Standard Activated Sludge Process with Sand Drying Beds

INPUT PARAMETEKS

SOLID BOD (MG/L) | 140425
DISSOLVED BOD €MG/L) 59.8 4
TOTAL SUSPENDED SOLIDS (MG/L)Y - 253,65
VOLATILEiSUSPENDED SOLIDS (MG/L) 223465
SEWAGE VOLUME (MGD) ' : 1. 60

MIXED LIGUOR SUSPENDED SOLIDS : : ,
HELD IN AERATGR (MG/LD = 2000.00

MAXIVUM BOD IN EFFLUENT (MG/L) 13.08



Tabie A5, Continued

r

CASE

NO.

STATION

16

1

13

20

SOL
DI5S

SoL
DIS

500
DIs

S0L
DIsS

SOL
DIS
SOL
DIS
S0L
P15
SOL
DIS

1 ACTIVATED SLUDGE PROCESS CALCULATION

MED
10173
]@wlbﬂ
9996
s 164
013
« 173
« 177

143

CARBON

1 BTIEFD2
s 42 48 E+ @2

 539QE+H2
42 ARE4LDE

L B993E+O
e 1257E+32
| |

L 2IBAE+G4
;.125?E+@2

i
Lo ABOEE+DDS
» 4248 02

le2G14F+03
| i220E: 02

re D12 4E+0 4

W 1472E+02

«3153E+033

«laT2Erp2

239 5E+25
‘-1472E+®2

«932HEY@ 4
e 9839E+p2

|

e 1853E+33
« ABBOE+DE2
|

BOD

»

1A33E+03
«DBO2F+B2

e T1T2E+D2
« SEOZE+QP

«99B O+
e 2990E+01

2250 E+0 4
s 299UE+G 1

» STICE+TS
« 5B892E+ G2

e 31T2E+MU3
« 38 1BE+D1

14035403
. 508 4E+ 02

NBIOCAREON
i

«31G5E+02
109 TE+ G2

« 1555E+02
« 1097TE+Q2

» AG24E+0 ]
« 109 TEHEE

«9T53E+E3
« J0OTE+B2

» 1242E+035
» 1297E+ 02

«91g2u+ 32
093G E+E]

1BBOE+04

e 109 TE+ 82
|

e 1 1GSE+03

. 109 7TE+ 02

«91I3E+04
+ 1E9TE+ 02

+O1TI3E+0G4
» 1297E+D2

«3000E+E2
« 119002

117

JUNE 1969

NITROGEN
L 1021E+02
189 6E+02

¢ S112E+91
s 189 6E+ 032

e 14B5E+G1

PO TEFEE

C15TTE+FBS
«2807TE+(G2

» ABESE+ G A
1B EE+EE

2247 E+02
e 165TE+G2

« 4405733
«1999E+052

LTI R+ G2
L 1999E+32

223 1E+34
1990 E+ g2

sBO92E+H3
e QAA0E+E3

. 10095+ 02
 19BOE+E2



"Table A5, Continued

STATION
1 s0L
DIS
5 soL
DIS
5 $OL
DLS
Y SOL
DIS
g SOL
DIS
9  $OL
DIS .
16 SOL
DIS
11 SOL
pIS
12 s0L
P1S
13 SOL
DIS
23 SOL
DIS

MG

104173
10160
9.996
164
fB13

. 173

e 177

.« 143

. 033

.

«[A33

1G. 2006

PHOSPHIRUS

« 203 4E+01
+3996E+01

+ 1818E+A!
»3996E+0]

WB993E-01
e 45T4E+D 1

«2180E+02
« 45T 4E+D 1

B 138 EXDBD
«3996E+D]

 AGR22FE+E ]
« 3758E+01

» 188 3E+02
+ A533E+01

« 4Z5PE+ P
« 4533E+01

s 3992E+03
» 4533E+91

e 1 448E+0G3
-2589E+63

 2OGOE+]
. 4BBBE+O L

FIXED
MATTER

« 308 E+0R
« 498 SE+03

« 1 3460+02
« 498 5E+B3

« 3YEOE+D]
¢ 498 5E+03

s TGOBEHDD
498 5E+03

L 1235E+B5
« 498 SE+03

B 164102
¢ 4133E+03

« 1600E+3 4
AGBSEFR3

<98 45 E+02
49K SE+03

«EB1B3E+B4
. L9 5E+33

SB103E+04
¢ 498 5E+(3

3002E:52
¢ SEEOE+(3

VSS

+2293E+E3
< 1148E+03
+17B9E+D2
CL1ALE+D4
«91IBEHDS
+ 5229E+33
C1025E+35
« 63B7E+03

« 31903E+05

c1864E+05

. 2236E+E3

ER

758

.26@2ﬁ+m3
« 13036+03
$2BP5E+D2
A9 ETEL T 4
s IDATEFDS

« HO0ASE+ BT

«1185E+05

< T1292E+ 03

« GPBDE+BS

e Z6ETLE+ES

+ 2536E+023



Table A5, Continued

CASE NO.» i
STRUCTURE
PRELIMINARY - TRT,
PRIMARY « SETTLER«
AERATIONTANKS e 0 e
ATKeBLOVERS o e w e
FINAL SETTLERe o »
SLUDGE.PUMPS e 0w ¢
CONTROLHOUSE a6 «
SLUDGEs THICKENER
ANAERDIB. DI CESTER
SLUDGE. INCINERAT o G
S5LUDGE«DRYING. BD
CHLORINATIONC s ¢ »
SITE. DEVELOPMENT .

STRUCTURE

PRELIMINARY « TRT+ |
PRIMARY « SETTLER.
AERATIONTANK S v oo
ATReBLOWERS oo eoe
FINAL+ SETTLER e« »
SLUDCL‘:O PU\"IPSO .8
CONTROL «HOUSE s
SLUDGE. THICKENEK
ANAEROB. DI GES TER
SLUDGE: INCINERAT
SLUDGE. DAY ING.BD
CHLORINATION + o
SITE DEVELOPMENT

TOTAL CAPITAL COST  €$)

TOTAL AMORTIZATION AND OPLERATING COST (O
CAL (CENTS)

AMORTIZATION COSY FPER 1048

CAP COST
DOLLARS

» 1343E+86
V431 1E+D6
«9349E+06
< 1439E+06
« 4B35EHGE6
« S5282E+05
CAZL4EFD6
« 1595E+36
«3542E+06

« D2T3E+06
« 55TBE+DBS
c 6936EF05

AMIRT.
- 8/YEAR

9

S/YEBR

¢« 1383E+085
e S3ARE+BS
+ 1DBBEXDE
+ 28 62E+05
«R2TR1E+GS
e 3S5CEE+04
V2B AZEFDD
« 1OTS5E+05
«3491E+B5
&
« 43998200
«2321E+05
s AG6TEETD 4

QPERATING COST PER 1889 CAL (CENTS?

TOTAL COST PER 1860 CAL

(CENTSY .

JBIBEE+04
.29G7E+@$
« 63OSE+D5
«GTGAE+ A
212 R3S
e 3562E+0 4
OB 42E+ (5
s I0TEELB5
23895

ACTIVATED SLUDGE PROCESS CALCULATION

«3556E+PY5
«3TSOED 4
» 40T1RETD A

119

JUNE 1969

OPERATION
Y/ YEAR

« 1E0BAE+DS
W 2441E+D5
e 449 TEAES
« 1892E+05

0]

5]

5]

&
11B2E+00
4]
«BAPRE+D 4
« 19 45E+035
@

AMORTIZATION PLUS OPERATING COST

CENTS/1008 AL

« 5152 E+08 4
« 1465E+01 '
«2959E+31
T8 A4ZES (A0
« TASCE+ 08
«FTERE-01
T3 TEL G
« 29406V (37
«9563E+O0
8
« 12B5E+
« 6308 E+CE
o 1282E+00

e 368 4E+0T
«ABOTEAH O
5T OTE+ R
e 3T6HE+
L IDSTE+DE



Table A5, Continued

MLASS = .B684E+03 MLBSS =  +2649E+83
MLDSS = «6188E+02 MLSS = +20BBE+04
UNIT = +2644E+21  RETURN = «4697E+30
CWR = +3668BE+00 .CARREM = .7799E+00
NITREM .1191E+28 PHOSREM .B481E-@1
URPS =  4000E+03 URSS = +300QE+H1
EFF = .4131E+00 GPE = +1375E+34
ATHM = 2904E+84 TRR = +9500E+00
GES = .9GBBE+Z] AE = 2
WRE = +3000E+#1 TDIG = «3300E+02
VDIG = .1329E+G3 FRDIG = +64B8E+00
C2DIG = .B550E+@3 CH4CFD = .8979E+B5
UFL =  «4900E+01 TVF = .2380E+00
FOOD = .1123E+03 DEGC = +2000E+82
VOLDIG = ) ARATE = «45@0E-81
SOLIDS = G TSSLA = o
CPTON = 7
ECF  1.00 2.82 1.20 1.50 2.00 2.80 1.00
1.50 2.00 150 1.080 1.00 1.80 100 1.60
CENG = +69253E-81 CTRP = .18@0E+00 CTGO
CLAND = .2@8B0E-81 CCR = .1339E+@1
CCI = +157QE+81 AF =  6T44E-G1

I S 1O 1 moH N

Worowon

u

(LI}

120 -

«S46TE+E3
L2299E+01
+2503E+803
«9B23E+00

«500BE+EY
+9BUBEFDL
+BOOBE+B3

« T6QRE+0B0
- 1580E+82
v2685E+DHY
+4T716E+BS

2
1 BPBE+DY

+250BE+D2
2

«15PQE+B0
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TABLE A6

Simulation of the Lee, Massachusetts Treatment Plant

INPUT PARAMETERS

SOLID EOD (MG/L)D | 1403.25

DISSOLVED BOD (MG/L) ' b 5948 4
TOTAL SUSPENDED SOLIDS (MG/L) 253465
VOLATILE SUSPENDED SOLIDS (MG/L) 223465
SEWAGE VOLUME (MGD) ' 1.0

MIXED LIQUOR SUSPENDED SOLIDS
HELD IN AERATOR (MG/L) 30088.00

MAXIMUM BOD IN EFFLUENT (MG/L) 13.08



1 ACTIVATED SLUDGE PROCESS CALCULATION JUNE 1969

Table AG,

CASE NO

STATION MGD

1 SOL 1523
DIS

2  50L 1.023
D1S

5  SOL 1.000
DIS

7 SOL . 023
DIS

9  SOL ¢ 523

DIS :

10 SoL . 523
DIS

11 SOL 021
DIS

12 SoL 023
DIS

13 sS04 001
DIS

15 SOL 201
DIS

16 SOL . 301
DIS

2¢0 S0L 1.088

DIS

Conitinued

CARBON
1OT2E+03
e AR3TE+H2

1BT2E+E3
«4237E+ 02

63805401
« 1454E+02

« 3264E+0 4
2 1454E+02

2B 4RE+B3
+ 1454E+02

+ 3264E+04
« 1 454E+02

«2040E+83
o JAS4EE2

e 3264434
» 1454E+02

e 2D4PE+HS
e 1 454F+02

2B A4BEFHS
« 1454E+ 62

e 2B40E+E3
e 1454E+02

«1050E+B3
» 4320E+02

BOD
«1351E+63
. S8 66E+02

« 1351E+PA3
« BB 66E+H2

. 6399E“"@1
»661TE+DY

«30T6E+G4
« G6177EFDY

=~ 9314E+02
s 661TE+G]

%)
]

@
o

%)
4]

@
0]

P e 14B3E+03

¢ S9B4E+E2

NBIOCARBON

349 4E+02

«110BE+22

e 349 4E+02
1 1E2E+02

«3165E+81
fll@@E+62

» 1619E+9 4
« 1180E+02

s 2538E+@3

»1100E+02

+ 1619E+04
« 110BE+3R2

e 2538LE+03

« 110BE+G2 .

«1619E+74
«1100E+p2

e 2538E+05
« 110DE+@2

« 2H3BE+05
« 11022E+02

+ 253BE+R3
e 1100E+32

«3000E+p2
« 110G E+-B2

122

NITRIGEN

1 OZAE+ A2
21645402

« 1EB4E+ (2
e 2164E+62

«FES6E+RD
« 2406E+ G2

. 1B62E+23
«2656E+H2

1 HE3E+GZ
« 13855+63

« 1E62ELB3
«2656E+02

« 1164402
« 138 5E+G3

s 1B62E+(3
«2656E+02

e

152E8+84
138 5E

+03

« 11528RE+0G4
1385E+03

« 1152E4+062
» 1385E+013

. 109PE+02
- 1900E+02

Py
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Table A6, Continued

STATION
o SOL
DIS

2 SOL
DIS
5 SOL
DIS

7 S0L
DIS

9  SOL
DIS

16 SoL
DIS

11" S0L
DIS

12 soL
DIS

13 SOL
DIS

15 SOL
DIS

16 $OL
DIS

2p  SOL
DIS

MCD

1,023
1.023
163
. 523
. 623
. 023
. 321
<223

. B31

G301 .

« B0

1.020

PHOSPHORUS

fEDOLEFD]
« A4TIE+D]

2RG1ETD]
 AATIEFQ]

» L33DE-01
¢ SETTE+D]

« 3264+ 02
«D6TTEFQD L

«2039E+01
253pE+ 02

« 3264E+02
«SETTE+D]

« 20 40E+A L
+2530E+02

« 32048+ 02
+ S6TTE+D]

L 2V20E+G3
« 2530E+E2

«20H20E+33

«2028E+01
«2330E+02

W 2O0BEYDL

s AUDBEFDY

FIXED
MATTER

C2OBGELER
.« SOO0E+E3

2+ 2980L+02
¢ SECOE+B3

« 2393 E+01
« DDEEEFGE3

W 1224E+ 04
« SOO0CE+R3

C21GOE+GR
CSBUBEF D3

«1224E404
« SE0OEL32

« 1224E+02
-SBGBErBS

o« 1224E+0 4
« SHRBE+(P3
«1901E+DS
« SHBCE+ 83

c19B1E+3S
. SCOBE+G3

s 190 1E+03
¢ SODOE+G3

|
. 30BOEL G2
¢ SBBBESG3

Vs

«22B3E+03
s 2233E+03
«1212E+02
.62m2E+éa
C 408 1E+DD
¢ 6528 E+B 4
. 408 1E+83
-6528E+84

40812505

 ADB 1T E+D5

COP36FE+03

123

«2581E+33

258 1E+063

s T426E+04
« 4291 E+33
«TTS2E04
+ 68GHELD3
e TID2E+04
« ODDOEFDS
« 5OBEE+ES
e GOUPE+A3

+ 25356E+03



Table A6, Continued

CASE ND. H

STRUCTURE

PRELTMINARY « TiKT
AERATIONTANK S o o
ATREBLOWERS e o
FINAL « SETTLER e«
SLUDGE. PUMPSv s v e
CONTROL JHOUSE 4 W
AERDBIC.DIGESTER
SLUDGE. INCINERAT
SLUNDGE« DRYING. BD
CHLORINATION e v a e
SITE.DEVELOPMEMT

STHRUCTURE

PRELIMINARY « TRT.

AERATIONTANKS.
AIKa BLOL’.EKE}- T )
FINAL.SETTLER
SLUDGE.PUMPS. ..y,
AERDBICDIGESTER
SLUDGE. INCINERAT
SLUDGE. DY ING.BD
CHLORINATION G+
SITE-DEVELOPMENﬂ

TOTAL CAPITAL COST
TOTAL AMOxTIZATION
AMOKRTIZATION C35T PEKR
OPERATING CI5T PER

ACTIVATED SLUDGE PROCESS CALCULATION

AMOKT.
$/YEAR

CAP COST
DILLARS

2559 E+05
«1211E+06
¢ 3526K+35
416TE+ES
+ 10RTE+BS
BT HZEFYS e 469 SEFD4
 BE2RELES  B4H6EFD4
0 o
e 2444E+05 1 64BE+T4
e 1566E+05 c1O56E+04
TESRE+D4 ¢ STESE+(2

s 1T25E+ 34
Z169E+G4
22318 E+D4
« 28 10E+34
e £TBEE+B3

124

JUNE 1969

OPERATION
S/YEAK

«2650FE+04
e 11435405
«3167E+84

.

7

0

4

N7
CTAGTESGS
e 1945FE+04

»

AMORTIZATION PLUS OPERATING COST

S/YEAR

« 43T1T5E+04
c 1960E+35
« 5044+ 4
2B 10E+D 4
« 6788E+A3
« A0 SEFG4
« 4466E+ 04
- @
+239TE+G 4
+30B1E+04
« 5165E+03

AND DOPERATING COST

1806 GAL

1206 CAL

10TAL CO5T PEx 1089 GAL

CENTS/10006 GAL

1199E+81
« S369E+( 1
+1519E+01
W T6995430
« 18 6GE+B0
128 6E+@1

. 1223E+01

@
c 6D6TEFDC
fB223E+00
« 1AL SEGH

e 4112E+FP6
« ATOKESPS
2 ATOOFEAD]
s DALLE4 T
« 1317E+02
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Table A6, Continued

MLASS = . 1025F+04
MLDSS = . 62R0E+62
CUNIT = «3114E+00

CWRE = «40i8E+08

NITREM = . 1507E+Q

URPS = . 4600E+03
EFF = «3715E+00
ATHM = G
|
GES =  +9360E+61
WRE =  +30008R+01
VDIG =  «S5ES3E+G1
CeDIG = ]

VFL = 4907 E+E L

FOOD =  «1532E+083
VOLDIG = «5443E-041
SOLIDS =  + 60POE+G1

CPTON = 2

ECF 1.20 2.8 1.2
150 2,00 1.549 1.
CENG =  «9511E~-01
CLAND = .2000E~01 .
CCI = 12758421

MLBSS =  486DE+83
MLSS = J3ABBRE+04
RETURN = o+ 4635E+00
CARREM = W8633E+00
O PHOSREM = «1328E+0D
UKSS =  «3308E+0)
GPS =  «1375E+04
TRK =  +95B9E+00
AE = g
TDIG = +33B0E+02
FRDIE = g
CH4CFD = B
TVF =  .2380E+00
DEGC =  2000E+02 ° 7
'ARATE = « 4500E-01
TSSLA = «106RE-B1
B 150 2.00 2.00 1.00
08 1.02 1.28 1.63 1.08
CTKP = +«1000E+0H CTCY =

CCR = +1365E+M1
AF = «+6T744E-81

MLNBSS

= 15195404 -
VAEK = .2370E+00
MLISS =  « 4080E+G3
BODREM = +9343E+80
FRPS = +5000E+00
XRSS = «5864E-02
CSTH =  «9080E+a}
GE = +3000E+03
ERR = +7600E+00
TD =  «1580E+G2
CIDIG = o
CO2CFD = 2
AVF = 0
DO = . 1BBRE+OI
AYEARS =  +2500E+62
DIGT = 4308E+52
. 1590E+ 00
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APPENDIX 11

Computer Program Variabie Definitions
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APPENDIX II

Computer Variable Listing and Definition:

VARTABLE NAME DEFINITION

ACOST {i) Amortization cost of process i,l$/§r.
AE Elutriation tank surface area, sq ¥t
AEFF Efficiency of aerator diffusers,

corrected for water temperature
and dissolved oxygen deficit

AEFF20 Efficiency of aerator diffusers
' at zero dissolved oxygen and 20°C

AF Amortization factor, capital cost
recovery factor at interest of
ARATE for AYEARS

AFS Final settler surface area, sq ft/1000
AIRCFD Aerator ajr requirement in standard
cubic feet per day
ALK () Alkalinity as CaC0, at station i, mg/]
AQCOST(i) Amort1zat1on plus operating costs
for process 1, $/yr
APS Primary settler surface area,
sq ft/TOOO
ARATE Interest rate at which the plant
is amortized (%)
AREA | Area required for sludge drying beds,
: acres
ASE - Area of the sand drying beds, as in
the original Smith modei, sq ft
ASMAX Current maximum value of XMLASS, mg/]l
ASMIN Current minimum value of XMLASS, mg/1
ASS (i) The ith input value of XMLSS
ATHI | Surface area of the thickener, based

upon overflow rate, sq ft



APPENDIX II, continued
VARTABLE NAME

ATHZ

ATHM
AVF
AYEARS
BOD(1)
BODREM:

BSIZE
CAERZO

CAER
CAIRP
CAPKG

CiDiG
CeDIaG
CCI

CCOST(4)
CCR

128

DEFINITION

Surface area of the thickener
based on solids loading, sq ft

The larger value of ATH] and ATHZ

Area of Vacuum filter, sq Tt

“Number of years for amortization

Total BOD at station i, mg/1 oxygén

Fraction of 5-day BOD removed by
the aerator

RequirEd blower size, cfm.

Rate constant for BOD removal in
the aerator at 20°C.

Rate canstant for BGD removal
corrected for water temperature

Cost of electricity for air

blowers, $/yr. |

Capital cost per thousand galToné.
treated, cents

Rate constant for anaerobic digester
Rate constant for anaerobic digester

Capital cost index, ratio of ENR
Index of present to 812

Capital cost of ith process, §

[ -
Capital cost ratio:
1 + CENG + CTRP + CLAND + CTGO



APPENDIX ITI, Continued
VARIABLE NAME

CEDR
CENG

CFECL3
CFPGAL

CH4CFD
CXWH
CNIT
CLAND
CO2CFD
COPKG

COSTO(1)
CPERKG(1)

CPTON
CREM
CT60

CTRP

129

DEFINTTION

Rate of solids destruction in the
aevator, fractiaon/day

Coft of engineering, fraction of
total cost ‘

Cost of ferric chleoride, $/1b

Aerator air requirement, in standard
tubic feet/gallon.raw sewage

“tandard cubic feet of methane
produced each day by anaerobic
digester

Cost of electricity, $/kilowatt hour

Rate constant for nitrification
in aerator

Cost of Tand expressed as fraction
of capital cost

Standard cubic feet of carbon di-
oxide produced daily in anaerobic
digester

Operating cost per 1000 gallons, cents
Operating cost of ith process, $/yr

Total cost of ith process, cents/1000
gallons

Cost of sludge dewatering per ton
of dry solids

Fraction of organic carbon removed
by the aerator

Con%ingincy cost, fraction of total
capital cost

Contractor’'s profit, fraction of
total capital cost
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APPENDIX II, Continued

VARIABLE NAME DEFINITION

CWR Ratio of carbon in final settier
sludge to carbon at influent

DBOD(i) | Dissolved BOD at station i, mg/l

DEGC Water temperature, degrees
centigrade

DEMBOD( 1) The ith #nput value for the
required maximum BOD at station 5,

i myg/ 1

DFM(3) f Concentration of dissolved fixed

matter at station i
. . |
DIGT 1 Digestion time for aerobic digester,
_ days

DIGCi2 | Concentration of biodegradable
carbon at station 12, mg/1

DIGCI3 Concentratilon of biodegradable
carbon at sltation 13,mg/1

DN(1) | Dissolved hitrogen'at station i, mg/l

DNBC (i) Dissolved non-biodegradabie carbon

at station i, mg/1

D0 , Concentration of dissolved oxygen in
the aerator, mg/l

DOC(1) : Pissolved organic carbon at station 1,
mg/1
DOSAT Oxygen saturation level at the mid-
! depth of aerator, mg/i
DP{1) : Dissolved phosphorus tevel at station
i -1, mg/l
DRYDAY | Number of days suitable for siudge
drying on sand beds, days
ECF(1) Excess capacity factor for process i,

ratio of required capacity to design
capac1ty



APPENDIX II, Continued
VARIABLE NAME

EFF
" ERR

ERROR
FECL3
FMAX.

FMIN

FOOD

FRDIG
FRPS
GE
GES
GPS
GSS
GSTH
GTH

HC

| | 131

DEFINITION

|
Efficiency of the aerator: pounds of
carbon escaping to the. atmosphere per
pound of carbon entering the aerator

S@11ds recovery ratio for the elutrija-
tion tank. Total solids in stream 15
divided by total solids in stream 13

Difference between FMAX and FMIN

Cancentration of ferric chloride u%ed
for sludge conditioning, mg/1

Current maximum value of FOOD, mg/]
5-day BOD

Current minimum value of FOOD, mg/}
5-day BOD

5-day BOD synthesized into active
solids in the aerator per day, mg/]
oxygen

Fraction of carbon entering anaerobic
digester which is converted to gas

Fraction of solids removed in pr.mary
settler

Design overflow of eluiriation tank
gdallons per day per sq ft

Design solids loading of elutriation
tank, ib/day/sq ft,

Primary settler overflow rate,

gpd/sq ft

Design overflow rate for secondary
settler, gpd/sq ft

Thickener solids loading rate,
1b/day/sq ft

Design cverflow rate for thickener,
gpd/sq ft

Reference head corresponding to Rc,cm



APPENDIX TII, Continued
 VARIABLE NAME

HO
LOOPS

NAS
NBOD
NFORK(1)

NOTONS

QUTPUT (1)

PREPT

Q1)
RC .
REMN

REMP

RETURN | |

SAND \
SBOD(1i) i
SCI

SFM(F)
STGMA

132

‘Déf{ﬁrTfON

Depth of siudge filling plus sand
depth on sand drying beds, cm.

Number of iterations carried out ’
when stream number 9 is returned

Number of input vaﬂues for MLSS

- Number of input values for 5-day BOD

Decision matrix which decides which
flow pattemis to be used

- Number of tons of dry solids applied

on each run of the sand drying beds

Decision matrix which decides whicgh
portion of the s1mulat1on is to
be printed

Time required to clean and prepare
sand beds between applications, days

Flow at statioh i,, MGD

Spec1f|c resastance of the sludge,
secl/gm

Fraction of nitrogen removed from the
main stream by the aerator

!
Fraction of phosphorus removed from

’ the main stream by the aerator

Sludge return ratio, 06/02

Depth of the sand drying bed, cm
Solid 5-day BOD at station i, mg/]

Cons%ant rate dry1ng constant,
kg/me-nr

Solid fixed matter at station i, mg/]

Coefficient of compre331b111ty of
the siudge



APPENDIX II, Continued
VARIABLE NAME

SNBC (i)
SO ,
SOC(i)

SON(7}
Soiids
SOP(4)

STF

STO

TA
TAN

TACOST
TDRY

7B0D2
T80OD5 -
TC0ST
TCOSTO

0

133

DEFINITION

Solid non-biodegradabie carbon at
station i, mg/1

Original solids content of the
siudge, decimal fraction

Solid carbon concentration at
station i, mg/l

Solid: nitrogen at station i, mg/l

Total suspended solids level main-
t?ined in the aerobic digester, mg/]

So1id phosphorus at station i, mg/l

Frattiona] sdlids content of sludge
after drying on drying beds

Fractional solids content of sludge
after draining, when drying begins
on sand drying beds

Time required for‘s]udge to drain
0? sand drying beds, hr

Rerator detention time, VAER/Q,, days

| .
Aerator detention time required-
to achieve nitrification, days

Total amortization cost, $/yr

Time Fequired for sludge to dry on
sand drying beds, hr

Total S-ﬁay BOD at station 2, mg/d
Total 5-day BOD at station 5, mg/]

Total tréatment cost, ¢/1000 gal

Total operating and maintenance
cost for the plant, $/yr

Anaerobic digester detention time, days



APPENDIX II, Continued

VARIABLE NAME
TDIG

TEMP1
T0C2

TQCS -

TOC7

134

DEFINITION

Sludge temperature in the anaerobic
digester, degrees centigrade

Temporary storage space

Total carbon concentration at
station 2, mg/]

Total carbon cohcentration at
station 5, mg/1

Total carbon concentration at

" station 7, mg/]1

T0L
TOTAOC

T0TCC
TRR

TSS(1)

TSSLA

TVF
VOLUME

uc

Tolerance allowed between calculated
XMLSS and the required value

Total amortization and operating
cost per year, $/yr

Total capital cost of plant, $

Solids recovery ratio for the thickener,
TSS(]Z/TSS(?O) !

Total suspended solids at station i,
mg/ 1

Fraction of tota],§u5pended solids
Tost in the aerobic digester
supernatant

Fraction of the time the vacuum
filters are in operation

- Number of gallons per day of sludge

fed to the aerobic digester

Moisture content of the siudge on
the drying bed when the falling

" rate period is begun

uo

URPS

Moisture content of sludge on the
drying bed at the time of appiication

; Ratio of solids in.stream & to soiids

in stream 1, 7SS(8)/7SS(1)



APPENDIX II, Continued
VARIABLE NAME

URSS

VAER
VDIG

VFL

VNIT

VOLDIG

VOLRED

VSS(i)
WAS
WDN

WFGOD

WP
WRE

WTS

XLANDC

135

DEFINITION

Ratio of solids in stream 7 to
the solids in aerator, TSS(7)/MLSS

Volume of aerator, millions of galions

Volume oF anaerobiC digester,
thousands of cubic feet

Vacuum filter loading, gai/hr/sq ft
Volume of aerator required to
achieve nitrification, millions of
gallons '

Volume of aerobic digester, millions
of gallons

.Per cent reduction of influent

volatile solids in the aerobic
digester .

Concentration of volatile suspended
solids atlstation i, mg/i

Pounds of active solids in aerator
Pounds pér day of dissolved nitrogen
in streams 5 and 7 from the aerator,
tb/day

Pounds per day of 5-day BOD
synthesized to active solids in the
aerator

Per cent moisture in filtered sludge

Wash water ratio for elutridtion,

Q(17}/0(13)

Weight of total solids per 'unit area,
gm/sag m

Cost of Tand for the sand drying
beds, $/acre



APPENDIX 11, Continued
VARIABLE NAME

XLNBSS

XMLASS

XMLBSS

XMLDSS

XMLISS

XMLSS
XMy

XRSS

Yi
Y2

YTONS
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DEFINITION

Concentration of inert organic solids
in aerator caused by inert arganic
solids in the influent, mg/]

Céncentration of active solids held
in the aerator, mg/]l

Céncentration of unmetabolized
biodegradable solids held in
aevator, mg/l

Concentration of non-biodegradable
solids in aerator caused by
destruction of active solids by
ndtural causes, mg/1

Concentration of inert inorganic
selids in aerator, caused by
inorganic solids in the influent,
mg/1

Total concentration of solids in
the aerator, mg/l

Dynamic viscosity of filtrate of
sand drying beds, gm/cm-sec

Ratio of solids in the overfiow
stream from the aerator to the
total solids held, TSS{5)/MLSS

AfkaTinity of sludge expressed
as a percentage of the total solids

Ratio of volatile matter to ash
for siudge. -

Number of tons of sludge incinerated
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APPENDIX I1Ii

Program Listing in Fortran LV
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F1003+PROGRAM SEWAGE
1p29t DIMENSION NFORK1C15)sUNITC3®)0UTRPUT(2®)

213381 COMMON - GC20Y»S0CC20), SVBC(E@):SOVtzﬁ),SDPCEB),SFM(EB>,DOCCBB),
P10 4PCDNBCC2@) s DNC20) s DPC20) , DFMC20) 5 SBODC23)» DBODC23), CCOSTC1S) »
Z1B50CCOSTOC15Ys ACOSTC 15 A0COSTC15)»NFORKC 1), ASSC12), DEMBODCID) »
B1B6ACVSS(20)s TSS(22) s ALK(20), CPERKGC1S)» ECFC15),0208¢12), FRPSINC1Z)
P1B721COMMON DEGCs URPSs> URSSsXRSS»CAER20, AEFF202, D0» CKWHs CCIs AF, GSSs WP
B108BCTRRs GTH» GSTHs ERRs WRE» GE, GES» TDIGs TDs VFLs TVF» SBL,NAS, NEODs NQs NFR
B10991COMMON AIRCFD, FECL3, CFECL3s XMLASSs XMLBSS,» XLNBSS> XML DSS» XMLISSs UNIT
@11207COMMON RETURNs FRDI Gs» C1DIGs C2DI Gs CH4CFD, CO2CFDs FOODs CAERs AEFF, CNIT,
21119CCEDRs CFPGAL»K35,L00PSs FRPS» XMLSS,BODS, VAER, BSIZE» AVF

1111t COMMON VDIG» ATHM> AEs VOLDIGs ARATE> AYEARS, SOLIDS» TSSLASDIGT

11121 COMMON XLANDCs XMUsHC» SIGMA»HO» SANDs DRYDAY» SCI» STO» STF»RCs AREA
1115t INTEGER UNIT,QUTPUTs AEROBIC,DIGESTO

P1122tNCASE = @

P11301D0 300 I=1,20

D11401QCI)=0.5

G1150150CCI)=0.0

B1160tSNBCCII=0.0

B11701SONCI>=03.0

P1180tSOPCIN=0.0

21190tSFMCII=0.0

B1208tDOCLIY=0.0

P1210TDNBCCIV=CG. 3

B1223tDNCI)=0.0

P1230tDPCI)=0.0

R1248tDFMCIN=0.0

B12501SBODCId=0.0

P126ptTDBODCIY=0.0

212701VSSC1I=0.0

P1280tTSSCIY=F.0

B12991300 ALKCI)=0.0

G1388tD0 4BB 1=1-15

51310+CCOSTCI)I=0.0

P1320tCOSTOCII=0.0

21338tACOSTC(Id=0.0

313401 ADCOSTCId=042

21350t 488 CPERKG(1II=0.9

213631D0 500 I=t»12

P1370t500 ASS5(I)=0.0

#1380tD0 4080 I=1,10

B139BtNFORKCId=@.0

21400t 600 DEMBODCIY=0.0

B14201t 102 FORMATCAF8+4/6F 1045/ 5F 10+ 4/5F 100 4/5F 10« 4)

214301103 FORMAT(Fg.2)

@14401107 FORMATC(I3Z(9FE.2))

$14501301 FORMATCIHI1/7Xs8HCASE NOa»s 1 4» 3Xs

P1468C36HACTIVATED SLUDGE PROCESS CALCULATION,2Xs9HJUNE 1969/)
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1475t 302 FORMATC(EX, THSTATION, 4X» 3HMGDs 4X s 6HCARBON, 7X5 3HBOD,
14885 6X, 1BHNBIOCARBONS 3X5s SHNI TROGEN//)

1490t 323 FORMATC//8Xs> THSTATIONS 4Xs SHMGDs 4Xs 1 OHPHOSPHORUS, 4X
1491C SHFIXED»s 7Xs 3HVSSs 7TXs 3HTSS/ 40X s 6HMATTER/)

15101 304 FORMATC12Xs3HDIS»B8Xs2C245E9+4)52C3XsE9.4)/)

1725t 156 FORMATC/TXs1352Xs3HS0L>3XsF 6435 1Xs 4E1144) _

1738+ 108 FORMAT(8X» 104 STRUCTURE» 12X>8HCAP COSTs 5X» 6HAMORT« s 7Xs
17T40COHOPERATION/ 30X THDOLLARS, 6Xs * B/ YEARY s TXs %S/ EAR® /)
17531189 FORMAT(//8X10H STRUCTURE, 18Xs*AMORTIZATION PLUS OPERATING COST#*
176BC/3TX*5/YEARX 10X *CENTS/ 1000 GAL*/)

1775t 159 FORMATC12XKs3HDIS,» 10Xs2E114)

17801155 FORMATC(8Xs 2AR%5 4X> 3CE104 45 3X))

17901158 FORMAT(BXs2A85 12XsE104 45 6XsE10.4)

18001157 FORMATC(1BA6/10A6/ 10A6) 4

1962t 61¢ FORMATC7X,* MLASS = *E[7+4s3K5% MLBSS = %E10. 453X
1902C *MLNBSS = ¥E18+4/6X% MLDSS = #*E1Qe4s3Xs% MLSS = *E1Q. 4s
1984C 3Xs% VAER = *E10. 4/ 6X% UNIT = %510 453X, % RETURN = %
1996C EiB. 4, 3Xs% MLISS = *E1D. 47 64* CWR = *E1Q. 453X %*CARREM = %,
1908C E1@. 45 3Xs*BODREM = *E1@. 4/) - ,

1910t 620 FORMATC7X»* NITREM = *E10«4,2X,*PHOSKEM = *E10. 4,
1912C 2Xs% FRPS = *E10«4s /7 6X% URPS = #E[@.4»3Xs% URSS = %

1914C El1Z.4,3Xs% XRSS = *E10. 4/76X% EFF = *E1@. 453X,

1916C =* GPS = *E1{+4s3Xs% GSTH = *E10.4/6Xx% ATHY = *E1@. 4
1918C 3Xs* TRR = *E10. 4s 3Xs % GE = %E10@.47)

19201 630 FORMATC 6X* GES = *E13«4»3Xs% AE = %E1%. 453X,
1922C * ERR = *E10.4/6X% WRE = *El1@.4s3Xs*% TDIG = %E1D2. 4»
1924C 3Xs* TD = *E10. 47 6X% VOIG = *E1@e423Xs% FRDIG = *,

1926C E18-4s3Xs* CIDIG = *E1Q.4/6X% C2DIG = *E1Q.4,3Xs*CHACFD = *,
1928C E10. 45 3X>*%CO2CFD = *E18.47) : _

1930t 643 FORMAT(9X>#VFL = ¥E1D.4,3Xs%  TVF = *E10.4,3Xs%  AVF = %
1931C E18.4/6X%  FOOD = *E10«4s3Xs% DEGC = *E10. 4s 3Xs % DO = *,
1933C E18.4/) ,

1940t 641 FORMATC6X* VOLDIG = #sE1@.4s 3Xs% ARATE = %, E10. 43X,

1941C *AYEARS = #E10@+ 476X* SOLIDS = #,E1@e453XKs% TSSLA = *,E1fe4

1942C 53Xs* DIGT = *E1Q.4//76X*% CPTON = *,E1@.4)

221801119 FORMAT(8X, I8HTOTAL CAPITAL COST»27XsE10.4

21B7C/8Xs* TOTAL AMORTIZATION AND OPERATING COST*EX,E10. 478X
2108C*AMORTIZATION COST PER 1200 GAL*15X,E10. 4/8X,

2109C*OPERATING COST PER 1000 GAL*18X»E10.4/8X.%TOTAL COST PER*

2110C* 1800 GAL¥22X,E10.4//) |

P2130t306 FORMATC6Xs 3GHBODS DEMAND CANNOT BE ACHIEVED)

P21901 387 FORMATC 6X» 2THDEMAND MLASS CANNOT BE HELD)

2200t 313 FORMATC7Xs1352Xs 3HSOL s 2Xs F&s352C 1K E10e 4)52¢2Xs E10 4))
P22101308 FORMATC7Xs SHECF 5 7F5.2/8Xs8F5.2)

B22501335 FORMAT (15F4.2)

GR2651 790 FORMATCTX, THCENG = E10. 45 2Xs THCTRP = E100 452X THCTGO = E10s 45
2270C/ TX» BHCLAND = El@e 45 2Xs 6HCCR = E10. &) -
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Ge28pt 731 FORMATCTXs 6HCCI = E1@. 45 6Xs SHAF = E18.4)-

P229731325 FORMATOIHLY

23101321 FORMATC(15X»8A5/15Xs8A5)

23157 324 FORMATC///)

023281322 FORMATC(//16X17H INPUT PARAMETERSs///15X17H SOLID BOD (MG/L)Y»2 *
22330CHXs ‘

P2340CF8«2//16X20HDI SSOLVED BOD (MG/L) 16XsF8.2//715X30H TOTAL SUSPENDED S
P235@COLIDS (MG/LYIXFE.2//15X33H VOLATILE SUSRPENDED SOLIDS (MG/L)4XFB.2/
P2360C/15X20H SEWAGE VOLUME (MGDY17XF8.2//15X380H MIXED LIQUOR SUSPENDED
22370CSOLIDS/15X23H HELD IN AERATOK (MG/L) 14XFE.2//15X31H MAXIMUM BOD IN
2330C EFFLUENT (MG/L)Y 6XFE.2/ 1HD)

2397+t READs CUNITCII)»II=1s302

2392t READs AEROBICsDICGESTO

2395t READ, COUTPUTCId»I=127)

2396t 2396 FORMAT(ZAZ)

D240t READ, C(ECFCIY»>I=1,15)

G241t READs (NFORKCIDd»I=1»10)

24111 IF(NFORK(2) +EQ. 1) NFORK1(2) = 1

24121 IF(NFORK(3) LEQ.B) NFORKI(8)Y = 1

2413t [F(NFORKC3) LEQ.%)Y NFORKICI1®)
24141 IF(NFORKC1)Y .EQ.1) NFORK1C11)
2415tIF(NFORKCT) EQ.3) NFORK1¢13)
24161 IF(NFORK(1) +EGe 1) NFORK1C1B) = 1

2417t IF(NFORKC3) «EQe 0> UNITC1T7) AEROBIC

24181 [FC(NFORK(3) +EQ.@) UNITC18) = DIGESTO

A24221READ, SOC(2@)> SNBCC23) 5> SONC20) > SOPC2D)Y» SFME23), DOC(20) »

B2 43@CDONBC(22) s DNC23) 5 DP(23)s DFMC(2@) » DEGCs ALK C20)

G2 44BtVS5(20)=S0C(203%2.13

B24501 TSSC(28)=VSSC(2@)+SFMC22)

P24t 5B0D(20)=(S0CC22)~-SNBC(28)Y)%1.87
B2479tDBOD(28)=(DOC(23)-DNBC(2@) )% 1.87

P24830tREAD » URPSs URSSsXRSSsCAER20,AEFF20, D0, CKWHs CCI» GSS,
9249DCTHR,LSS(12):CTH:GSTH:ERR:TSS(15);WnE:GE;GE5:TDIG:TD,
P2SPACTSSC16Y, VFLs TVFs SBL

2535t KEADs AYEARSs ARATE

25108t AF = (ARATE*(1. + ARATE)**AYEARS)/CCARATE + 1.)%*AYEARS =149
225331CCL2=0. 98 ‘ :

P2S431DCL2=8.Q

225501 READ » NAS, CASSCIY,I=1,NAS) :
P25601READs NBOD, (DEMBODCJ)Y» J=15NBOD)
F2STOTREADsNQs CA23CJIY 5 J=15NED

2580 1READ, NFR> CFRPSINCIY»J=1sNFR)

25811 READXMU»HC, SIGMA,HO» SANDs, DRY DAY » XLANDC

25821 READ,SCIsS5TOs»STF»RC

2587tL0O0QPS = 6

2598 CONTINUE

1
1
1

(LI | B | I |



P2ePRtB0 25 LF=1,NFR

02610 FRPS=FRPSINC(LF)

p262@tDO 25 LA=1,NG

P26301QC2RY=020CLA)

P264Rt8P DD 25 I=1,NAS

P26501XMLS5=A8SCT)

P26601DD 25 K=1,NBOD

22672tBODS=DEMBOD(K)

P2630167 CONTINUE

B269@1CALL BIOLOG

327981 1F(K35 .EQ. 5) WRITEC61,387

B271311F(KX35 +EQ. 10> WRITEC61,306)

2720t IF(K3S «EQs 5 «0Re K35 »EQ. 18> GO TO 25

2725 IFI(NFORK(3) +EQ. ) GO TO §:

p2730tCALL THICK ‘
P2740tCONTINUE '

2758t GO TO ®2

p2760131 CALL AEROBE

P2770tGD TO 83

P278pt82 CALL DIGEST

B2793+83 CONTINUE

2792t IF(NFORKC1YY 77,777,718

2794t 78 CALL DRY

2796t GO TO 46

27981 77 CONTINUE

PoBABt IFC(NFORKC(1).EQ. 1) GO TO 46

@28 1@+CALL VACUUM

628261 CONTINUE

2825t 46 CONTINUE

P2830tQACII=RC1I1I+QC1 4+ 16D

2840t TEMP1=QC111/Q¢9)

22850 TEMP2=Q{14>/79¢(9)

B2 60t TEMP3=QC16)/8(9)

P28 TOtSOCCI)=TEMP 14S0CC11) + TEMP2*SOCC 1 4) + TEMP3%*SOCC 16)
28801 SNBC(9)=TEMP1#SNBCC11)+ TEMP2%xSNBC( 14)+TEMP3%SN3C(16)
B2890TS0NC9I=TEMPI*SONC1 1)+ TEMP2*SONC 1 4)+ TEMP3%S0NC 16)
P290BT1SOP(9)Y=TEMP1*SOPC 11>+ TEMP2%S0P( 1 4>+ TEMP3%SOP( 16)
P29 1@t SFM(OY=TEMP1%5FM(1 1)+ TEMP2*SFMC1 4+ TEMP3*S5FMC18)
P2920tDOCC9)I=TEMP1*DOCC1 1)+ TEMP2%DOCC 14>+ TEMP3%DOCC16)
D293+ DNBC(9I=TEMP 1*DNBCC 11)+ TEMP2%DNBCC 143+ TEMP3*DNBC( 1 6)
P29 4B 1DNCI)=TEMP1%DNC 1 1)+ TEMP2#DNC14)+ TEMP3%DNC 1 6)
@295@tDPC9)=TEMP1*DP( 11>+ TEMP2#DPC 1 4)+ TEMP3*DP( 16}
B296@+DFMC9) = TEWPI*DFM(11>+TEMP2*DFMC14)+fEMP3*DFM(16)
P29 731 5B0DC9)=(SOC(9)I-SNBC(9))% 187
P29EAtDBOD(IY=C(DOC(9)-DNBCCO))I*1.87

@299@¢SBADCYI= (SOC(9)=-SNBCC(9))I*1.87

141
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GINDBTVSSC9I=SO0C(II*2. 8

B30101TSSC9I=VSSC9I+SFM(9)

B302810(4)=QC2I+QC 6

G303 P* CALCULATE CAPITAL AND OPERATING COST
P30489t CCOSTCII=14700.%Q(20)*%*Q. 625
P33501COSTOC1)=500.0%QC20)+2150: 0% QC28)**3,37
P3B6BTGPS=-2780. B%ALOG(FRPS)-551.7

3265t IF(NFORK(2) «EQ. 1) 60 TO 1881
A3DT0TAPS=0C1)*1000.0/GPS

B3080tAPS=APS*ECF(2) i

P3RS At CCOSTI(EI= 13400« B*kAPS+S200. D*xAPS* %G+ 17
B31001COSTOC2)=1200. D%APS+2500. D*¥APS**B+ 5

#3110t12@1 VAER=VAER*ECF(3)
B3120tCCOST(3)=175000+ B% VAER+36500. 3% VAER**P. 182
31301 COSTOC3) =10000«%(VAER+VOLDIG) + 14580.*%(VAER+VOLDIG)**Z.5
P3140tBSIZE=BSIZE*ECF(4)
@31521CCOSTC4Y=10570.3+5,857%BSIZE
031601CAIRP=AIRCFD*365+@*CKWH/ 1830.0

P3170tCOSTAC 4)=CAIRP

3175t QC4) = GC2Y + @C&)

B31801AFS=G(4)*1000.0/GS53

23190t AFS=AFS*XECF(5)
B32001CCOSTC(SI= 12600 0%AFS+5350.3/AFS*%3. 126
P32181QCE)=QAC6IXKECFC 6)
B3222tCCOSTC6)=3650.0+2250.2%QC( &)
23230tCCOST(T)=400006.2%QC20) *%xF. 73
P3240tATHM=ATHM*ECF (&)
B3250tCCOST(BI=C 18849+ I/EXPCATHM/ 13303.0) Y *ATHM
B3260tVDIG=VDIG*ECF(9)
P32701CCOST(9)=5000. 0+ 1280« B*VDIG+ 10708 0% VDI G**Q+ 128
3273t IF(NFORK(3) .E@. G)CCOSTC(9Y=175000.*%VOLDIG+36500.*VOLDIG¥*.182
D328t AE=AEXECFC10) , .

32901 CCOSTC1B) = (18.8+52.0/EXPCAE/6200.))*AE

P33PV TAVF=AVFXRECF(11)
2331@1CCOSTC11)=12300.0+372.0%AVF

3312t TONS = TSSC18)*%365./2000.
B33201COSTOC11Y=TSSC1SY*FECL3*QC 15)Y%30. 40%CFECL3
P33301COSTOC11)=COSTOC11)+1500.2%QC20)+6450. 3%QAC20I**PD+37
P3340TYTONS=0. 1825%TSSC18)

$33501CO0STOC12)=16. 1*YTONS~0.00889*Y TONS**2.
B336FtCCOSTCI2)=1570.0%TS3C18Y%* P+ 60
P337F1CCOST(14)=90B0.0%CQCSI-QC17)I*%D. 469
P338031COSTOC14)=DCL2*CQC5)=-QC17))I*8«33%xCCL2%365.0
P339@tCCOSTC15)=4400.0%Q(20)*%B.375
Z34QBTIFCNFORKC 1)) 48,5 485 47 |
3419t 47 ASB = AREA

23420tCCOSTC1@)=0.0



3445t IFC(NFORK(3) «EQ. ©) VDIG = @C13)/2.5E-4
B@34TG148 COSTO(9)=4B.@% VDI G+ 540 @k VDI CkkQ4 44
3475t IF(NFORK(3) EQ. @) COSTOC9) = @.0
P34806r 49 CTRP=0.10

B349PtCTGO=B.15

P3SPRtCLAND=0.02

@3516t DO 30 J=1,15

B3520t33 CCOSTCII=CCOST(II*CCI

®3530tD0 31 J=1,15 ,
73540131 ACOSTCJI=CCISTCJI*AF

#3550+t TOTCC=0.0 !
P35601D0 32 J=1,15 |
33572132 TOTCC =TOTCC+CCOSTCJY
B3580*CENG=0.08*( 10302008/ TOTCCI**Q. 146
P359B1CCR=1.0+CENG+CTRP+CTGO+CLAND
B36@B+ TOTCC=TOTCC*CCR

83610tD0 90 J=1,15
B3620tACOSTCIY=ACOSTC(JI*CCR

23630190 CCOST¢JY=CCOSTCJY*CCK
B3640*TACOST=0.0 {

P3650t TCOSTO=0.0 : ;

03660t TOTAOC=0.0

@3670+D0 33 J=1515

@3680* TACOST=TACOST+ACOSTC D)
$36901tA0COSTCII=ACOSTCJY+COSTOCY)
P3TOBTCPERKGC(J)=A0COSTCJ)7QC20)/3653.0
83712t TOTAOC=TOTAOC+AOCOSTCJ)

33720133 TCOSTO=TCOSTO+COSTOCJY! '
3725t CPTON = AOCOSTC(11)/TONS

P73t CAPKG=TACOST/8(23)/3650.0
P37401COPKG=TCOSTO/QC20)/3650.0
@375@?TCOST=TOTAocxoc2@)/3656.q

B37681 TOCL=50C(2)+DOCC2)
P3770tTOCS=50CC5)+DOCC5)

p37837 TOCT=S0CCT7Y+DOCCT) |

3796t TBOD2=SBODC2Y+DBOD(2)

23502t TBODS5=SBODCSY+DBODCS)
N381@tCUR=QCTI*TOCT7/QC21/T0C2 .
B382DtCREM=1.0~TOCS*xQC 5) /QC2)/TOCS
B383@*BODREM=1.0- TBODS*Q(S)/O(E)/TBODQ
B38 40t EFF=CREM~-CWR

B350t REMN=1.02- (50N(5)+DV(5))*@(5)/0(2)/(50%(2)+DW(2))
P38 60t REMP=1.0-(SOP(5)+DP(S5))*QC5)/Q(2)/(SOP(2)+DP(2))

@3872tLO0OP5S=LO0OPS-1
23BBOTIF(LODPSYSET, 685 67

P390t 68 NCASE = NCASE + 1

3903t IF(QUTPUTC(1) +EQ.1) GO TO 604

143
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83910 PRINT 322, SBOD(28),DBODC20)Y, TSS(20),VSS(20),QC20),XMLSSs BODS
3930t 684 IFC QUTPUTC(Z2)Y +EQ.1) GO TO 681

3935 PRINT 301sNCASE

339408 PRINT 302

P395PtNSTA=1

3968t DO 91 K7 = 1,20 ‘

397@tIFCQCKT) +LE. B.00801) GO TO 91

3975t IFC(SOCCKT) "«LE. G.$31> GO TO 91

3983 1PRINT 313sK75QCK7)»S0C(KT)>SBODCKTI» SNBCIKT) s SONCKT)
39901tPRINT 304,DOCCK7)»DBODCK7)s DNBCC(K 72 DNCKT)

420t 91 CONTINUE

4006t PRINT 323

4312tD0 92 KB=1,28

4Z2B1IFCQCKEY LE. Q.0001) GO TO 92

4225t IFC S0C(KB) «LE. 2.001) GO TO 92

4D3BTPRINT 1565K8,QCKE)» SOP(KE)» SFMIKEB Y VSSIKBY» TSSCKE)
4048 tPRINT 159, DPUKE)s DFMIKS)

40501 92 CONTINUE

40601 601 IFC(OUTPUT(3) EQ. 1) GO TO 4808

4600t PRINT 301,NCASE

4693+ PRINT 108

478000 93 1I=1515 .

4T18+IF(NFORKICII). -EQs1) GO TO 93

4715t 17 = 2%I1 - 1

4720tPRINTISS, UNITCI 7)) UNITCIT7+1)5»CCOSTCIIYs ACOSTCII)»COSTOCITD
4730193 CONTINUE :

4735t PRINT 109

4740tD0 94 1I=1515 )

4750t IFCNFORKICITIY +EQ. 1) GO TO 94

4755t I7= 2%11-1

4TOPTPRINTISS,UNITCITIS UNITCI 74135, A0COSTCIIY)» CPERKGCII)D
4779t 94 CONTINUE

4788t PRINT 324

4830 CONTINUE

4856 PRINT 118, TOTCCs»TOTAOCsCAPKGsCOPKGs TCOST

4355t 602 IFCOUTPUTC4Y EQ. 1) GO TO 683

4360t PRINT 610, XMLASS,XMLBSS,>XLNBSSs XMLDSS, XMLSS, VAERS UNI Ts
48170C RETURN,XMLISSs CWRs CREM» BODREM '
483831 PRINT 620s KEMNsREMPs FRPS»> URPSs URSSsXRSSs EFF,

489BC GPSs GSTH» ATHM, TRREs GE

49081 PRINT 630s GESs AE» ERR» WREs TDIGs» TD» VDI G» FRDI Gs C1DI G»
4919C C2DIG, CH4CFDs CO2CFD

4920+ PRINT 640, VFL» TVFsAVF, FOODs DEGCs DO ‘

4930t PRINT 641, VOLDIG,ARATEs AYEARS» SOLIDS, TSSLA,DIGT, CPTON
P4950 PRINT 308, (ECF(JY»J=1,15)

P496M PRINT 780, CENGsCTRPsCTGO,CLANDsCCR



@497 PRINT 781, CCI,AF
49741 683 CONTINUE

4980t PRINT 325
2499@1LO0OPS=6 A
P5080t25  CONTINUE
85101 $TOP

A50201 END
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25030+ SUBROUTINE BIOLOG

BSE4LATCOMMON . QC(23),30C(20), SNBCC20)Y 5 SON(20)» SOP(23) > SFM{203),D0CC20)Y
PSOSECDNBCCSRY» DNC(26GY> DP(23) » DFMC23) » SBODC22), DBODC20)» CCOSTC15),
0S@60CCOSTOC15),ACOSTC15),A0COSTC15) s NFORKC1@)5ASSC12), DEMBODC1@) s
25BTOCVSS(20)5 TSSC20)5 ALK (20)» CPERKGC15) ECF(15),020¢1@), FRPSINCIO)
BSAEFtCOMMON DEGC, URPS» URSSs XRS5, CAER2D, AEFF20, D0 CKWHs CCI » AF 2 G555 WP
PSBIACTRRs GTHs GSTHs ERR» WRE> CE» GESS TDI G» TDs VFL, TVFs SBL»NAS,NBOD»>NQs» NFR
O51001COMMON AIRCFDs FECL3, CFECL3s AMLASSs XMLBSS» XLNBSSs XMLDSSs XMLISSs WNIT
2Si1PtCOMMON RETURNs FRDIG»C1DIGs C2DI Gs» CH4CFD» CO2CFDs FOODs CAERS AEFF3CNI T
B512BCCEDRs CFPEAL s K35, L00PSs FRPSs XML SS»B0ODS5s VAER, BSIZEs AVF

51227 COMMON VDI Gs ATHM, AE, VOLDI Gs ARATEs AYEARS, SOLIDS, TSSLADIGT

51231 COMMON XLANDCsXMUsHC>S1GMA»HOs SANDs DRYDAY, SCI» 5T05 STF» RCs AREA
B5130r67 IFCLOOPS-6)66,65,66

351 40% MIX STREAMS NINE AND TWENTY

P5150t65 QC9)=0.0

5155t FMIN = (.0

05160166 TEMPI=Q(20)>/CQ(28)+0€9))

BS170t TEMP2=G¢9)/¢QC20)+Q(93)

PSISEtSICC1Y=TEMP1*S0CC22)+ TEMP2%30C(9)

BS190+SONC1)Y=TEMP1%SON(20)+ TEMP2XS0N(9)

B52001SOPC1Y=TEMP14%S0P(20)+ TEMP2%xS0P(9)
P5218tSNBCC1>=TEMP1#SNBC(20)+TEMP24%5SNBC(9?

B52201tSFMC1)=TEMP 1%*SFM(20)+ TEMP2*S5FM(9)

P5230100CC 1) =TEMP1*DOC(2@)+TEMP2*DOC(9)
@524B1DNBCC 1 )Y=TEMP 1*DNBC(2@)+ TEMP2%DNBC(9)

BS250tDNC1)Y=TEMP1*DNC2@)+ TEMP2*DN(9)

25260+ DPC1)=TEMP1%DP(20) . - +TEMP2%DP(9)

P5272tDFMC1I=TEMP 1*DFM(20)+ TEMP2%DBFM(9)
PS2BPTALKC 1) =TEMP 1 ®*ALK (20)+ TEMP2*ALK(9)

P52931QC1)Y=0¢20)+Q¢9)

B53881VSSC1Y=50C(1)I*2.13

95310+ TSSC1I=VSSCIY+SFMC D)

@532P1SBODC13=CSOCC1)=-SNBCC1))* 187

5338t DBODC1) = <(DOCC1) -DNBCC1)I*1.87

PS3ABTIFCNFORK(2)) 100,108,110 ‘

#535@+ 18P CALL PRIMARY

25360tG0 TO 128

P53701110  S0CC2Y=TEMP1*S0C(20)+TEMP2%S0C(9)

P5380TSONC2)=TEMP 1%S50N(22)+ TEMP2*SONC9)

B5390tS0PC2)=TEMP1%50P(23)+ TEMP2%S0OP(9)

23403 1SNBCC(2)=TEMPI*SNBC(2@)+ TEMP3*SNBC(9)
B5410tSFMC2)=TEMP 1 %SFM(20)+ TEMP2%SFM(9)

254201 D0CC2)=TEMP1%DOC(20)+TEMP2%xDOC(9)

35430t DNBCC2)=TEMP1%DNBC(28)+ TEMP2%DNBC(9)
@S440tDNC2)=TEMP 1%DN(29)+ TEMP2*DN(9)

B54531 DPC2)=TEMP1#DPC20) + TEMP2%DPF(9)



BS46@31 DFMC2)=TEMP1*DFM(208) + TEMP2%DFM(9)
O547T01ALKC2) = TEMP 1 *ALK(23)+ TEMP2+ALK (9)
254801Q(2)=GC20)+G(Y)
B5490tS5¢23=50CC1)Y*2.13

B550@1 TSSC2Y=VSSC1I+SFMC 1)
AS5510t3B0DC2)=(S0CC1)-SNBCC1))%1.87
355221 DBODC2)=CDOCC1)~DNBCC1I)*1.%7
55251 120 CONTINUE

5533t BOD2 = SBODC2) + DBODC2)Y
?55401DBOD2=DBOD(2)

B5550% AERATOR PERFORMANCE

P5578t 1888 CEDR=M. 18%1+047%* (DEGC-28. 1)
255801 CAER=CAER2O* 1+ B4 Tx%x ( DEGC-20. 3>
2559015VI=100.0

BS6RAtSMAK= 120068033/ 3VI

5605t IF(NFORK(2).El.1) SMAX = 300080808./5VI

@S610t1IF C(URSSHAMLSS-SMAXR) 86586585
05620185 URSS=SMAX/XMLSS |
35630186 SA=XMLSS5/1000.0 '
756401 TA=(BOD2 - BODS)/(BODS*CAER*SA*QA.
5650t VAER = Q(2)%TA

B56601RRS5=556. 1 %GSS+%3. 4942/&WL55**1-8IBS/(TA*24 YRk 4386

P567TBT ASMAX=BODS/XRK55/0. 685
P56EDTASMIN=0.1

" P563@tIFCASMAX-XMLSS)Y SR, 58, 70
B5702170 ASMAX = XMLSS _
P5710150 XMLASS=CASMAX+ASMINY/2.0
P57281 42 FOOD=$BOD(2)+DBOD2
P573BtFMAX=FO0D

@S7404N=1

@5752160 TO §

B5762t7 ERROR=FMAX-FMIN
$57701TOL=0. 19

357801 IFCERROR-TOL) 21521519
P5790t19 FOOD=(FMIN+FMAX)/2.0
3530014 IF(FOOD-DBOD(2Y)5,5,6
#5810t+5 DBODC4»=DBODC(2)=-FD0D
PSER2PTIBODC4)=5BOD(2)

P583%160 TO &

A584316 SBODC4I=CSBODC2Y+DBODC2)Y-FO0ODI*0. 70

B5850tbBODC4=0.233%5B0DC 4> ‘
B5E6018 TEMPI=(d. 65%FOOD/XMLASS)Y ~XRSS

25872 QACTI=(QI2I*TEMP 1 ~-CEDR* VAER)Y / CURSS-XRSS)D

P58EAT28 QCSI=Q(2Y-QCT

BoBIFDrN=N+ |

B59@0tIF(N~-2)23,23:22

25910122 TEMP2=XRSS*G(S5)+URSS*QCT)
P5920tXMLBSS=0C¢2)*SBODC 4) / TEMP2/ 380

147
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2593031 580DC5)=(XMLASS* 3. 683 5+XMLBSS*D.80)*XRSS
#5943t DBODC5)=DRODC 4

359501 TBODS=SBOD( S)+DBODC 5

259631G0 TO 24

P597@r23 TBODS= XWLASS*XRSS*E 685

95983124 IF(TBODS-BODSY 10513515

(5999110 IF(N-3)11s12513 .

PeBOET 11 FMIN= (CEDH*VAER/@(2)+XHSS)*XMLASS/@ 65
B6010tFOOD=FMIN

P6B23tG0 TO 4

P6N3Bt12 X35 = 5

BED 4B+ RETURN

B6356113 FMAX=FOOD

peR6@tG0 TO 7

P6RTBT1S IF(N=-3)16518,17

2608016 K35 = 10

P609PT RETURN

G61091t17 FMIN=FOOD

6110118 GO TO 7

p6120t21 CONTINUE

#6130t XLNBSS= bNBC(E)*Q(E)*B-!S/TEMPE

DO ADTAMLISS=QC2Y%SFMC2Y/ TEMP2

B61501XMLDSS=C(0. 12%xQC2)%FOOD/ TEMP2)Y - 0. 18 5% XMLASS
06162t TEMP1=XMLASS+XMLBSS+XLNBSS+XMLISS+XMLDSS
D617+ TEMP2=TEMP1-XMLSS , .
P6180tTOL=5.0

P619A+IFCABSCTEMP2) ~ T0L>41,41,51

P62BA 51 IFC(TEMP2)S52, 52, 53

P6210152 ASMIN=XMLASS

Pe22p1GO 1O 50 |

P6233153 ASMAX=XMLASS

6240160 TO 50

p6256141 CONTINUE
PE2681S50C(5)=CXMLDSS+XMLASSI*XR55/ 2« 46+ (XMLBSS+XLNBSSI*XRSS/2.33
P627T01SOCCTI=S0CCSI*URSS/XRSS
BE2EDTSNBCCS)=XLNBSS*XRS5/24 33+ (XML DSS+ G4 185%XMLASS) *XRSS/ 2. 46
F62951SNBCC7)=SNBCC5)*URSS/XRSS

D63001 TEMP2=XRSS*XMLASS/2. 46
POEZIBTSONCSI=De 234k TEMP2+(S0C(5)-TEMP2)/10.0
PE3201 TEMP2=TEMP2*xURSS/XRSS

G633 SONCTI=Pe 23 4% TEMP2+(SONC TY-TEMP2)/13.0
B6E340130PCSI=S0CE5I*B.D1
D63501S0PCTI=S0CCTI*BeP1]
PO6I6BTSFMISI=XMLISS*ARSS
P63TATSFMCTI=XMLISS*URSS

BGSSQTDOCCSD DNBC(2)+DBODC 4>/ 1. 87
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P63901DNBCCS)=DNBCC2)

064201 DOCC7>=DOCCS)

64137 DNBCC7)=DNBCCS)
Z64221DNCSY=CEC2Y%CSONC2) +DN(2) )= SONCSI*QCSI+SONC I *ECTID I/ (EC5I+ACT)
B64301DNCTI=DNCS)

Q6440 DPCSI=CAC2I*CSOPC2I+DP(2))-C30PC5)I*QC5) +SOPCTI*ACTIII/CECSI+ACTY)
B64581DPCTY=DP(5) .

@6468t DFMCSY=DFM(2) |

BE4TDTDFMC T =DFMC2)

B6E4ABATSBODCTI=(SOCCTI=SNBCCTI %1487

B64981DEODCTY=C(DOCC7)-DNBC(7Y)*1.87

B65331VSS(5)=50C(5)%1.90

P651BTTSSCE)=VSSISI+S5FMCS) ,

Q65201 VSSCTI=S0CCTI*1.90 i

265301 TSSCTI=VSSCTIHSFMCT .

B654G* " CONDITIONS FOR NITRIFIZATION

B65501QC6Y=CQAC2I% (1. 0-0. 65%¥FO0D/XMLASS) +CEDR¥VAER) ZCURSS=- 142
P656BtRETURN=QL 63/7Q¢2) |

065781 X 4X3=C 1« O+RETURN )/ RETURN/ UKSS ‘.
P65801ONC3)=DNC2) /C 1« 2+RETURND

P6S9BTA3Y=DN(I)I*B. 99/ (X4X3~1.0) |

P6600TCNIT=0e IB*EXP{B. 116%x(DEGC-15.0))

P6610t TAN=( 1« O+RETURN) * CALOGCX 4X3)+ 4. 685/ (DNC3)+X3Y))/CNI T

P66201UNT T=QC2) % TAN .

0 6630% AIR REQUIREMENTS | , ,

 P66401DOSAT=14e 16~0e 39 43%DEGC+3+ DB 771 4% DEGC**2- 0. PDPDE46*XDEGCH*3
P6650tDOSAT=DOSAT*1.221

066607 ALFF=AEFF20%(DOSAT-DO) % 14 @2%*(DEGC-20. 0> /DOSAT
BE6TBTUFO0D=QC2Y*FOOD*8 .32 |

D6630T WAS=AMLASS* VAER*8 . 33 | , ,

BP66IBTAIRCFD=C( s 5T7*WFOOD+ 1+ 1 6%CEDR*WAS)/AEFF/2.232/0.875
PETBBtWON=CACSIKDNCSI+QC TI*DNC 73 I %8+ 33

P6T10TIFCUNTIT-VAERY 26526527 ,

36720126 AIRCFD=AIRCFD+4. 6%xWDN/AEFF/04232/0.075

6730127 BSIZE=AIRCFD/ 1448+0

67403 CFPGAL =AIRCFD/1000003«3/78¢1)

P6752tRACIBI=QCTI+QCR) f !
R6T6BTSOCCINISCSOCCTI*ACTI+SOCIEIXECEIIZAC18)
PETTBTSNBCC1D) =CSNBCCTI*ACTI+SNBCISI*Q(EY I /QC10)
BETBETSONC1BI=C(S0NCTI*AC TI+SONCEI*QL8Y)I/QC10)
@6T9B1SOPCIBI=CSOP(TI*QACTI+SOP(8I*ACBYI/QC18) 1
PEBBRTSFMCIDI=CSFMCTI*ACTI+SFMCEI*T(8)YI/QC 1) |
B68191DOCC10Y=CDOCC7I*QCTI+DOCIEI*QCE) /A0 1Y)

D682 DNBCC 1B =(DNBCC TI*@C¢ 7Y+ DNBCIEI *Q(8)I I /6C 16>
D633DTDNCI@Y=CDNCTI*ACTI+DNCEI*QCEIIZAC1D)
B6B4GTDPC1IEY=(DPCTI4*QCTI+DP(EI*Q(8Y /T 1B

@635C1DFMC @) =(DFMCTI*GC T +DFMIEY ¥ (812780 1M
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Beg et V55( 1@):3‘0[1( 102%2.8
PE3TATTSSC1BI=VSSCIEY+S5FMOLID)
P688ATRETURN

P68IBTEND

PEOPRT SUBROUTINE THICK

P69 10t COMMON QC20),50CC20)5 SNBC(23) » SONC2@)Y, SOPC20) » SFMC2035,D0CC28)»
BE92ACDNBC(20), DNC28) >, DP (207 DFMC223, SBODC20) > DBOD(28)YsCCOSTC15),
G693BCCOSTOC1SY» ACOSTC15),A0COSTC15),NFORKCI?),AS5C12), DEMBODCID) »
B6SANCVSS(20), TSS(23), ALK 20D s CPERKGC15),ECFC15)5628C 16>, FRPSINC12)
269501 COMMON DEGC»> URPS, URSSs XKSS» CAEREAs AEFF2@s DOs CKWH CCL s AF5 GSSs WP
2696BCTRRs GTHs GSTHs ERR» WREs GE» GES» TDIGs TDs VFL» TUF, SEL s NAS,NBODs NG, NFR
26970t COMMON AIRCFD» FECL3, CFECL3s AMLASSs XMLBSSs XLNBSSs XMLLDSSs> XMLISS, WIT
D698DtCOMMON KETURNS FRDIGs C1DIGs C2DI Gy CH4CFDs CO2CFDs FOODs CAERs AEFF, CNI T,
B6990CCEDRs CFPGALs K355, LO0PSs FRPS» XMLSSs BODS, VAERs BSIZEs AVF

6995t COMMON VDIGs ATHM, AEs VOLDIGs ARATEs AYEARS, SOLIDS, TSSLASDIGT

6996t COMMON XLANDC»XMU,HC, SIGMA,HO, SAND» DRYDAY, SCI5 STJ» STF,RC» AREA
D700 H* CALCULATE STREAM INT3 THICKNER

BTB10% CALCULATE STREAMS FROM THICKNER
@702010C12)=TRR*QC1BY*TSSC1BY/TSSC(12)

B7TR301Q¢11Y=QC10)Y~-GC12) |

@TB4A1 TSSC11)=C 1. - TRRI®QACI1BI*TSSC18Y/78C11)

@7350t TEMP4=TS5C11)/TS5C1)

P7060150CC11)=TEMP4%50CC 1)

@T@TBTYSSC11I=S0CCLLI%2.03

270803 SNBCC11)=TEMP4%5NBCC 10)

BT0921S0NC11)= TEMP &4k SONC 1O

B7T1801SOPC11)=TEMP4%SOPC12)

BT110+SFMC11)Y=TEMP4%SFMC10)

27126tDOCC11)=DOCC 1@

PTI30*DNBCC11)Y=DNBCC18)

BTI4DTDNCI1)=DNC D)

Z7153tDPC11Y=DPC1D)

PT160TDFMCI1)=DFMC1®)

GT17T0t TEMP3=TSSC12Y/TSSC1M

O7180tATH2=QC18Y*TS55C10@)>%8.33/GSTH

B71901S0CC12Y=TEMP3%50CC16)

Q72351 SNBCC123)=TEMP3*SNBCC10)

P721BTSONCI2)Y=TEMP3*30N(10)

P7220tS0PC12)=TEMP3*S0PC1@)

PT23BtSFMC12)=TEMP3*SFMC 1)

@7243tDOCC12>=DOCC18)

@7250tDNBCC12)Y=DNBCC1B) 1
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PT260t+DNCI2)=DNCI@)
B7273+DPC12)=DPC18)
P728@3+DFMCI2)=DFMC1@)
BT29@1V35(123=50CC123%x2.0
Pi382tATH1=QC12)* 1800006.27/GTH
@73180rATHM=AMAX 1 CATH 1, ATHZ)
A7320t RETURN

B73381END

0108+ SUBROUTINE DIGEST

210101 COMMON @ca®>,soc<2@),smscc2@),sowceaa,sopc2@>,SFw<2|>,Doc:2@>,
BIGEBCDNBCCQQ),DNCE@);DP(Z@) DFM({203)sSBODC23)s DBODC2BY s CCOSTC15) s
P1230CCOSTOC15Y,ACOSTC15),A0COSTC15)sNFORKC18)»,A55¢12Y, DEMBODC18),
G1B4BCVSS(26)s TSS5(20), ALK(20)5, CPERKG(15),ECFC15),320¢10)sFRPSINC18)
210501 COMMON DEGCs URPSs URSS»XRSSs CAER2Q, AEFF 208, D05 CKWH> CCI 5 AFs G555 WP
B106ACTRRs GTHs GSTH» ERRs WREs GE, GESs TDIG» TD» VFLs TVFs SBL»NASsNBODs N@s NFR
@1070+COMMON AIRCFDs FECL3s CFECL3,XMLASS, XMLBSSs XLNBSS» XMLDSSs AMLISS» UNT T
P1P8D+COMMON RETURN, FRDIGsC1DIGs C2D1 Gs CH4CFDs CO2CFDs FOODs CAER, AEFFSCNI T
D109 DCCEDRs CFPGAL K355 L00PSs FRPSs XML SSs BODSs VAERs BSIZEs AVF

1295 COMMON VDIG, ATHM, AEs VOL DI Gs ARATEs AYEARS» SOLIDSs TSSLASDIGT

1996t COMMON XLANDC,»XMU»HCs STGMAsHO» SAND, DRYDAY» SCI15S5T0s STFsRCs AREA
D1100% CALCULATE DIGESTER PERFORMANCE
?1110tC1DIG=0.28/EXP(0.B36%(35.0-TDIG))
211201C2DIG=700« BR*EXP(De 10%€35. 8- TDIGY )
$1138tDIGC12=50CC12)-SNBC(12)+DOCC12)~DNBCC12)

$1143+TDM=2.5/C1DIG

011501 TDOPT=(1.0=-CC2DIG/(C2DIG+DIGCI2I**B.5))/C1DIG
B1160+TDMIN=AMAX 1¢(TDM, TDOPT)

B1170+1FCTD~TDMIND 43> 435 44

P1180+143 TD=TDMIN

01198144 DIGC13=C2DIG/(C1DIG*TD~1+9)

B1200t+ TEMP4=¢DIGC12-DIGC13>/(S0CC12)+D0CC12))
P121BtCDF=200. PP*EXP(Qe 12%(35. 3= TDIGY)

P122@+DF=CDF/CCIDIG%TD~1+3)

@123@130CC131=SNBCC12Y+DIGC13-DF

124D+DOCC13)=DNBCC12)+DF

1253+ FRDIG=C¢S0CC12)-S0CC13))/50CC12)

Z12631SNBCC13)=SNBCC12)

P1272+SONC13 d=C1.@-TEMP4A) *SONC12)

1283+ SOPC13Y=(1.0-TEMP4)*SOPC12)

$129@31SFMI13)=SFML12)

P1303tDNBCC13Y=DNBCC12)

P131GTDNCI2)Y=DNC1I2)+B. 65%SONC12Y*TEMP 4

B13201DPC13)= DP(12)+bGP(12)*TEWP4

1330+ DFMCI3)=DFM(12)

‘&1 3401VDI G= acle)*TD*lgag.@/7.48



P1350tCHACFD=163.85%(DIGC12~-DIGC13)*QC12)
21360tCO2CFD=249.9%(DIGC12-DIGC132*QAC12)-CHACFD
Q13731 VSSC13)=S0CC13)%2.0
B13881TSSC13Y=VSSCI3I+5FM(13)
@1390:Q€13)=0¢12)

@1 400% CALCULATE STREAMS FROM SLUDGE WASH
B1412tIFC(NFORKC 1)) 455 45 46

P142081t 46 RETURN

B1430t45 QC17Y=WRE*QC13)

21440t TEMP1=QC13)* 1008000 3/ GE

P1450* TEMP2=G(13)*TS5C13)%8.33/GES

B3146Gt AE=AMAX 1 CTEMP 1, TEMP2) _
P1470tQC15)=ERR¥QC13)Y*T55C13)/TSS(15)
B148010C14)=QC1T7I+QC13)-QC15)

B14981TSSC14)=0C13)%(C1.B-ERRI*TSSC13)+WRE*TSS(5)) /8¢ 14)

P15BBTVSSCITI=VSSCS)
B151BTTSSC17Y=TSS(S)

21520t TEMP1=TSS(15)/TSS(13)
P1530750CC¢15)=TEMP1%50C(13)
B1540tSNEBCC15)=TEMP1*SNBC(13)
A1558tSONCISI=TEMP1%SONC13)
Z1560tSOPC15)Y=TEMP1*50PC13)
P1STB1SFMC15)=TEMP1%xSFMC13)
P15821VSSC15)=S0CC15Y*2.0

B1590r TEMP2=TSSC 14>/ TS5¢13)
B1600tS0CC14>Y=TEMP2%S0CC13)
B16161VSSC14)=50CC14)%*2.0

216201 SNBCC14)=TEMP2%SNBCCi3)
P16301S0NC14Y=TEMP2%SONC13)
B1640tS0PC14)=TEMP2%SOP(13)
Q165BtSFMC14)Y=TEMP2%xSFMC13)

P1668rTEMPI= QC13X/7CQC13Y+QC17Y)
B16TOTTEMP2=QC17)/CQAC13)Y+QC17))
216801DOCC14)=TEMP1*DOCC 13+ TEMP2%DOC( 5)
B1690tDNBCC14)=TEMP1%DNBC( 13>+ TEMP2*DNBC( 5)
B17001DNC14Y=TEMP1%DNC13)+ TEMP2%DNC5)
R1710+DPC14)=TEMP1*DPC13)+ TEMP2%DP(5)
B1720tDFMC14)=TEMP1%DFMC 13+ TEMP2%xDFM( 5)
@1730tDOCC15)=DOCC14)
B1740tDNBCC15Y=DNBCC14)
P17SOTDNC1I5)=DNC14)

G1760tDPC15Y=DPC14)
G1772tDFMC15)=DFM(14)
P178@1IFCUNI T~ VAER) 60» 685 61

B17901 60 ALKC(S)=ALKC1)+3.57%CDNCSY-DNC2))
21800160 TO &2

B1B1GT61 ALKCSI=ALK(1)

21820162 ALKC12)=ALK(S) _
P1832TALKC13)=ALK(12)Y+(DNC13)=DNC12))*3457
F18401ALKC 1 4) =TEMPI%ALK{ 13+ TEMP2%ALK( 5)
B185@1ALKC15Y=ALKC14)

718601t RETURN

@18 78tEND
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#1832t SUBROUTINE VACUUM |

@18901COMMON O(B@);bOC(2@):bNBC(BB):SON(?@)JbOP(QE);SFMC2@)sDOC(2@),
31928CDNBCC203), DNC20) s DP(20) 5 DFM( 203, SBOD(208Y, DBODC22) s CCOSTC15),
B191BCCOSTOC15),ACOSTC153,A0COST( ) 5, NFORKC12)5ASSC12), DEMBODC18)»
B192ACVSS(22) s TSS(20) 5 ALK(22) s CPERKGC15Y> ECFC15),0208C18)5 FRPSINC1®)
19381 COMMON DEGCs URPSs URSS» XRSSs CAERZDs AEFF205 D0O» CKWHs CCTs AF s GSSs WP
P19 4BCTRRs GTHs GSTHs ERR» WRE» GE» GES» TDI 6> TDs VFL» TUFs SBL NASINBOD, NG» NFR
2195031 COMMON ATRCFD, FECL 3, CFECL3, XMLASS» XMLBSS» XLNBSS, AMLDSSs XML ISS» UNIT
819621 COMMON RETURN» FRDIG»C1D1G»C2D16sCH4CFD, CORCFDs FOODs CAER> AEFF>CNI T,
219 7T@CCEDRs CFPGALs K355 LOOPSs FRPSs XML S55 B0 DSs VAER, BSIZEs AVF

1975t COMMON VDIGs ATHM, AE, VOLDIGs ARATE, AYEARS
P1980tY1=180.0O*ALKC1S)/TSSC15

B199@tY2=VSSC15)/(TSSC15)-VS5¢15))

PRPEBTFECL3=1.08%Y 1424 g%Y2

G2@101CFECL3=0. 08 |

B2A20%, CALCULATE STREAMS FROM VACUUM FILTER
PEB3BtWP=88.8/C(TSS5C15) /10000 0)%*3.123

PRO4Pt TEMP 1= 1020000. 3% C 100« B~ WP /WP
GRASETAC16d=QC15)* ( TEMP1~-TSSC19))/( TEMPI~TSS5C16Y)

B2B6BT TSSC18Y=8. 33%(QC15)*TSS(15)-BC 16> *TSS( 162D

20731 TEMP2=TSSC 18/ TSSC15)

BROEB1S0CC18)=TEMP2%S0C(15)

8209021 VSSC18)=50CC18)%2.0

P21t SNBCC18)=TEMP2*xSNBCC15)

@2118730NC18)Y=TEMP2%30N(15)

G21231S0PC18)=TEMP2xSOPC(15)

B213BtVS5(16)=350CC16)%2,0

221401DOCC16)=DOCC1S)

@215+ DNBCC16)=DNBCC15)

P2163tDN¢16)=DNC1I5)

B2170tDP{16)=DPC15) _

P22t TEMP3 =8.33%(QC15)~QC16)) |
P219@+DFMCI8)=DFMC1S)* TEMP3

@22@881DPC18)=DPC15)*TEMP3

P2210tDNC18Y=DNC15) %« TEMP3

32220+ DNBCC18)Y=DNBCC 15 % TEMP3

72232tD0CC18Y=DOCC(1SI*TEMP3

P2240t TEMP2=TSS(163/TS5C15)

P225@150CC16>=50CC15)*%TEMP2

P2263+SNBCC163=SNBCC15)*x TEMP2

G2275tSONC16)=50N(15)*TEMP2

2283t S0PC16)=S0PC 15 % TEMP2

A22901SFMC16)=SFMC1S)*TEMP2

P2300+ DFMC16)=DFMC1S)

Pe31BTAVF=0C16)* 10008088 /VFL/TVF/24.

#2328+ RETURN

Z23381END
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30981t SUBROUTINE PRIMARY
3D10%* PRIMARY SETTLER PERFORMANCE
30201 COMMON QC28)5,30CC20) 5, 3INBCC20) > SONC20),30P(20), SFM(203,D0C(28),
3030CDNBC(2@7s DNC22)Y,DP(20)s DFM{23), SBOD(23) s DBOD(2@),CCOSTC15),
3B4BCCOSTOC15)ACOSTC15), A0COSTU15) s NFORKC1D2), ASSC12), DEMBODC 1)
3050CVSS(20), TS5(20) 5, ALK(20) s CPERKG( 1) ECF(15Y,Q0208C10)5 FRPSINCI®
326ATCOMMON DEGCs URPSs URSSs» XRSS,»CAER2RZ, AEFF2@, DO CKWHSCCI s AF» GS5Ss WhPs
3B7OCTRRs GTH» GSTH» ERRs WREs GEs GES, TDI G» TD» VFL» TVFs SBLsNAS,» NBODsNG»NFR
3080 +COMMON AIRCFDs FECL3sCFECL3sXMLASSs XMLLB5S, XLNBSSs XMLDSSs XML ISS, UNIT
30921 COMMON RETURNs FRDIG»C1DIG»C2DIGs CH4CFDs CORCFDs FOODs CAERs AEFF, CNI Ts
3100CCEDR> CFPGAL»K35,L00PSs FRPSs XMLSS»BODS, VAER> BSIZEs AVF
3118+ COMMON VDIGs ATHM» AE, YOL DI G, ARATEs AYEARS
31201GC8)=FRPS*QC 1)/ URPS
3138t0¢2)=0¢1)-Q¢8)>
3148t TEMP1=C1.-FRPSY*QC1)/Q¢2)
315PtS0CC2Y=TEMP1%S0C¢ 1)
31601TSNBCC2Y=TEMP1%SNBCC 1)
31768130NC2)=TEMP1*S0NC 1)
3180tS0PC2)=TEMPt*580PC 1)
3190tSFMC2)=TEMP1%SFM( 1)
3200tDOCC2Y=DACC 1)
3218tDNBC(2)=DNBCC 1)
32231 DNC2)Y=DNC 1)
3230tDP¢2)=DP( 1)
324@1DFMC2)=DFMC 1)
32501VSS(2)=S0C(2r%2. 13
3260t TSS(2)=VSS(2)+S5FM(2)
327315BODC2Y=(S0CC2)Y-3SNBC(2))%*1.87
3283t DBODC2I=(DOCC2Y-DNBCC(2) % 1.87
329@r TEMP1=FRPS*QC1)/Q(8)
3300BtSO0CC3Y=TEMP1%50C(1)
3310tSNBCC(8Y=TEMP14SNBCC 1)
3320t S0NC8Y=TEMP1*50NC1)
3330+tS0PC8Y=TEMPI*S0PC 1)
334Dt SFMCB8I=TEMP1%SFM( 1)
335@1DOCC8)Y=DACC2)
336BtDNBCCE)=DNBC(2)
3370tDNCEY=DNC2)
3380t1DPL8Y=DP(2)
339QtDFMLE)Y=DFM(2)
340B1VSSC8)=50C(8)*2. 13
34101 TSS(8I=VSS(EI+3FM(R)
3420tSBODC8Y=CS0CE8I-SNBC(8II*1.87
3433tDBODCBI=C(DOC(BI-DNBC(B))*1.87
34401 RETURN
3450 1END



34601 SUBROUTINE AEKOBE

34701COMMON 02875 S0C(20)+ SNECC203, SONC20)» SOP(2@) 5 SFMCL28Y, DOCCED)»
3480CDNBC (28, DNC2@) » DPC20)» DFM(208)» SBODC20Y» DBOD(26) 5 CCOST(15),
349BCCOSTOC 15, ACOSTC15), A0COSTC 15) s NFORKC 1825 ASSC12), DEMBODC18) »
3500CVSSC20)5 TSS(20) s ALK(20) s CPERKGC( 155, ECFC15),@20¢10)» FRPSINC 10)
35101 COMMON DEGCs URPSs URSSs XRSSs CAER20, AEFF20s D0s CKWHs CCIs AF2 GSS5 WPs
352BCTRRs GTHs GSTHs ERRs WREs GE» GES» TDI G TDs VFL» TVF» SBLs NAS, NBOD, N@s NFR
35301 COMMON AIRCFD, FECL3s CFECL 35 XMLASSs XMLESSs XLNBSSs XMLDSS» AMLISSS UWNIT
35481 COMMON RETURNs FRDIGs C1DI Gs C2DIGs CH4CFDs CO2CFDs FOOD, CAERs AEFFS CNI T,
355@CCEDRs CFPGAL» K355 LOOPSs FRPS» XML S5 BODSs VAERs BSTZEs AVF

35681 COMMON VDIG» ATHM, AEs VOLDIGs ARATE, AYEAKS» SOLIDSs TSSLA, DIGT

3561t COMMON XLANDCsXMUsHC3> STGMA,HOs SAND, DRYDAY> SCIs STOs STFs RCs AREA
35781 VOLAT = 60. .

3575t DIGT = 7.0

35821 TSSLA = D.B1

3590t QC12) = QC18) |

3600t SOLIDS = 6.8 i-

3610t SOCC12) = S0CC12)

3620t SNBC(12) = SNBC(1@)

I

36301 SONCI2) = SONC1@)Y

3640t SOP(12) = SOP(1@)

365@8% SFMC12) = SFM(12)

366G TSSC12) = TSSC1@)

36701 DOCC12) = DOCC1@)

3683t VYSSC12) = VSSCI1d)

3690t DNBCC12) = DNBCC1@) |
3708t DNC1I2) = DNC1@)

37181 DPC12) = DRI \

3720+ DFMC12) = DFMC1@) |

3732+ 5BODC12) = SBODC1I®)
374ptr DBODC12) = DBODOI®)

3750% EFFECT OF THICKENING

3768t GC13) = QC12)>*TSSC12>/(SOLIDS*19000.)

3770% EFFECT OF SOLIDS DESTRUCTION

3771t 18 DIGT = DIGT + 1.

37721 VOLRED = 2.84 + 35.87*ALOG(DIGTY/2.3025

37901 VS5S5A = VS5C123»*(1e = VOLRED/I1ZD.3%(EC12)Y/QC13))
38001 TSSA = (T55€12)-CVSSC12Y%VOLRED/ 188.))%0C12)/8C13)
3802+ IFCVOLRED oLE. VOLAT) GO TO 10

28201 @C13) = QC13>*TSSA/CSOLIDS*10088.)

3825t XKT = VSSA/TSSA

3838+ TSSA = SOLIDS*103000.

3835t YSSA = XRT*TSSA

4Bt QCI1Y = QC12) - Qi3

3858t TSSC11) = TSSLA%SOLIDS*10080.

38601 TSSC13) = TSSA

38%Pt YSS5C13) = VSSA*TSSC13)/¢SOLIDS*10200.)

!
| .



38901 VSSC11) = TSSLAXVSSA
3900t SOLIDNA = SONC12)%{l. ~-VOLRED/108. )#@(12>/ac13)
391@t DNA = DNC12) + SONCU2)Y*({VOLRED/180.)

3920t DNC1i) = DNA

39321 DN(13) = DNA

3940t - SONC11) = SOLIDNA*TSSLA

3950t SONC13) =GC12)*SONC12)%(1.~TSSLA +VOLRED*TSSLAZ108. ~VOLRED/120.
3960C »/QC13) : \ S

3978t SOLIDPA = SOPC12)%(1.-VOLRED/1083.)*QC12)/Q¢13)
3980t DISPA = DPC12) + SOPC12)*(VOLRED/108.)

3993t SOPC11) = SOLIDPA*TSSLA |

4923t DPC11) = DISPA

401@tSOPC13)= 9(12)*50PC12)*(1.-TbSLA+VOLRED*TbSLAIlﬁﬁa-VOLRED/IGQ-)/Q(13
40208C ) :
4p3@+ DP(13) = DISPA

49471 S0CC11)Y = VSSC11)I/2.

4045t DOCC11Y = DOCC12)

4950t SOCC13) = VSSC13)/2.

4p52¢ SNBCC13) = SNBCCI12)*EC12)/QC13)

4B54¢t DNBCC13) = DNBCC12) ‘ :
406@t SFMC11) = SFMC12)%TSSLA ' :
4870+ SFMC13) = (SFMCI12)%(QC13)+QC11)2-SFMC11I*GC11)3 /¢ 13)
4pg@t DFMC11) = DFMC12) '

49501 DFMC13) = DFMC12)

41@¢+ VOLDIG = DIGT*QC13) + @(11)

4110% AIRCFD = AIRCFD + VOLDIG*20.%60+%24.% 1000/ 7. 48
4120t BSIZE = AIRCFD/(24¢%604¢)

41301 IF(VNIT-VAER) 60, 605 61

41401 68 ALK(S5) =ALK(1) + 3457%«(DNC5) - DN¢2))

41501 GO TO 62 : '

4160t 61 ALK(5) = ALKC1Y

417@1 62 ALK(12) = ALK(5)

4188t ALKC13) = ALKC12) + (DNCi3) =« DNCI12))%3.57

4198t ALKC15) = ALK(13) f '

42p@t TSSC15) = TSSCID)

4210t VSSC1I5) = VSSC13)

4220t QC15) = QC13)

423@t SOCC15) = S0CC13)

424@r SNBCC15) = SNBC(13)

4250t SONC15) = SONC13)

42601 SOP(15) = SOP(13>

4270t DOCC1S) = DOCC13)

4280t DNBCC(15) = DNBCC13)

429@t DNC15) = DNC13)

4302t DPC15) = DPC13)

4310t SFMC15) = SFMC13)

43281 DFMC15) = DFMC13)

SEO8tKETURN

5313+

END
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5322 SUBROUTINE DRY

S@33 1 COMMON @C2@)5>SACC23) » SNECC23) > SONC2@)» SOP(28), SFM(28),DOC(28)
SA4OCDNECC20) , DNC2D)Y , DPC20) , DFMC22)» SBOD(2(3) s DBQDC2@)Y, CCOSTI15)
S@SACCOSTOC15Y» ACOSTC15)5 A0COSTC15)» NFORK(18)5AS5C12), DEMBODC 1),
5060CVSSC20Ys TSS(20),ALK(208) s CPERKGC15) > ECF(15),G20C1@)Ys FRPSINC1E)
S53701COMMON DEGCs URPS, URSS, XRSS) CAER20, AEFF28, D03 CKWHs CCLs AFs G55, WP
508BCTRRs GTHs GSTHs ERRs WRE» GE» GESs TDIGs TDs» VFLs TVF, SBL,NASs NBOD, NUs NFR
50901 COMMON AIRCFD, FECL3, CFECL3, XMLASS» XMLBSS5: XLNBSS, XMLDSSs XMLISS, WNI T
5190 +COMMON RETURN, FRDIGsC1DIG»C2DIGsCH4CFD» CO2CFDs FOOD, CAER) AEFFLCNITs
51 19CCEDRs CFPGAL,K35,L00PSs FRPSs XMLLSS» BODSs VAER, BSIZEs AVF

5120t COMMON VDIGs ATHMs AE, VOLDIGs ARATEs AYEARSs SOLIDSs TSSLASDIGT
S138tCOMMON XLANDC, XMUsHC» S1GMASHO» SAND, DRYDAY» SCI»5T0s STFs RCs AREA
514@+ REAL NOTONS

5158t 50 = TSSC13)/1020080.

S160t VOLUME = QU13)% 1088000

525¢ TOTC = 1.E12

5268t 34  CCOSTI = TOTC

5270 HI = (HO-SANDY*S30/S7T0

5280 HS = HO-SAND

5299 H = HI + SAND

5320t 40  FORMATC(Eé.1)

53101 QC16) =0CI3Y%(1. -SO/STO)

5320 S1 = SO%1006.

5330 Z =C(XMUXSI®*RCYI/C10D.*(HC**STGMAY *STCMAKCSIGMA+14))

S340 Z2 = C(SIGMA + 1.)%HOXH%*(SIGMA)

5350 T =(Z*(HO**CSIGMA+14)+SIOMA*H* % (SIGMA+14)=22))/3600.

5360 WTS = 18. *{HO-SANDI*S0

5370 UC = SPGe*CCSCI*kWTS) ke 5)

5380 UD = 103.%((1.-5T0>/STO?

5398 UT = 100.%CC1.=-STF)/STF) ,

5400 TDRY = CWTS/C1@0.%*SCI))*CUD-UC+UC*LOGCUC/UT)Y Y

5410 PREPT = 2. o

5420 TOTALT = T/24. + TDRY/24. + PREPT

5430 RUNS = DRYDAY/TOTALT

5448 AREA =(VOLUME/(RUNS*(HO=SAND) I *365.%2+ 54%124/(Te 5% 43560.)

5450 NOTONS = (SO*AREAXCHO-SANDY % 435606/ ¢ 12+%2¢S4)YIRE24 4/ 2000

549Gt CCOSTC13) = P« SO*AREA*43560. + AREA*XLANDC

5495t CCOSTC13) = CCOSTC13)*CCI

5581 CCOSTT = CCOSTC(13)/CNOTONS*RUNS)

551Gt ACOSTC133 = CCOSTC13)%AF

S52@+ COSTOC13) =(AREA*7Q. +NOTONS*3.)*RUNS

5525 COSTX = COSTOC133/CRUNS*NOTONS)

5530 TOTC = COSTX + ¢ ACOSTC13))/(NOTONSkRUNS)

5590t 320 FORMATC1Xs 3CFTe252X)5 1Xs FB 42,5 1Xs2¢CF7:253X)F9.2)

5595t IF¢(TOTC «GE. CCOSTI) RETURN

S60@ HO = HO + 1.0

56101 Q¢16) = QC1SY%C1s ~SO/STO)

56281 TEMP1 = B.81
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5630t TS3(16) TEMP1*TS5¢1%)
S640t 50CC186) TEMP1%30C(15)
5650t SNBCC16) = TEMP1*SNBC(15)
S66pr SONC16) TEMP 1% 5ONC15)
5679t SOPC16) TEMP1%50P(15)
5680t SFMC1 6D TEMP1%5FM{13)

Hon

H#uun

5690t DOCC16) DOCC(15)
5703t DNBCC(16) = DNBCC(1S)
S7i@t DNC16) = DNC1IS)
5729t DP(16) = DP(15)

573@r DFMC16) = DFM(13)
57881 GO TO 34

S88@ END

6B +END PROG

6018 PRELIMIN ARY«TRT. PRIMARY. SETTLER. AERATION TANKS. e
6028 AIR+BLOW ERSesoss

6038 FINALSE TTLERess SLUDGE+P UMPSeees CONTROLe HOUSE« s
6040 SLUDGE.T HICKENER ANAEROB. DIGESTER ELUTRIAT IONsesee
6058 VACUUM.e FILTER«.. SLUDGE.I NCINERAT SLUDGE.D RYING.BD
6368 CHLORINA TIONeess SITEsDEV ELOPMENT

6879 AEROBIC.DIGESTER

60388 GoP1B0sB8583050501000:050,020 )

6090 1es2es1e251e5s2¢002eP01ePBs1e552e051¢551e@s1e0s51es1eBar1e0
6100 1515050505050 0500020,050585040

6118 108543305 1Be52¢230034305110s 19020y 500420052503
6120 4003669 DeB2s 1050055102081

6130 [ e5732000e2 9255623005 750

6140 9eDsBe 76560000 es3e0s80ResPes33e

6150 15620805 4492042385 404

6160 25+5G+845

6170 1

61808 30800.

6190 i

$Y22514] 13.080

6210 1 )

6220 10.

6230 1

62 48 « 50 )

TR1ID 2009195819039 7T5 4605 45023652 18000

TO20 LeB5s0e25:0a5Ss 14834E+9



APPENDIX IV

Sample Specific Resistance Data for Aerobic Sludge



TABLE LY,

Typical Aerobic Sludge Buchner Funnel Data

160

Time Buret Reading Cumulative filtrate
(sec) {m1) volume (ml)
0 ' 250 0
30 : 233 17
60 . 225 25
90 220 30
120 216 34
150 213 37
180 209 41
210 , 206 44
240 203 47
270 200 50
300 197 53
330 194 56
360 ' 191 59
390 189 61
420 _ 187 63
450 . 185 65
480 183 67
510 : ' 180 70
540 178 72
570 176 74
600 174 76
630 172 78
660 170 80
720 : 166 84
780 162 88
840 : 159 91
900 155 95
960 152 98
1020 149 101
1080 146 104
1140 143 107
1200 ' 140 110
1260 137 113
1320 134 116
1380 131 119
121

1440 : 129
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TABLE A7, Continued

Time : _ Buret Reading Cumulative Filtrate
(sec) (m1) Volume (mt1)
1500 126 124
1560 123 127
1620 121 129
1680 119 137
1740 116 134
1800 113 137
1860 112 138
1520 110 140
1980 108 142
2040 105 145
2100 103 147
2180 101 149

Temperature = 23°¢

Vacuum = 10.0 cm H§.
Filter Paper: #5 Whatﬁan
Volume of sample = 250 mi

: |
Linear curve fit through the data poipts yielded

the following equation: Y = A + BX |

where:
A = 0.932159
B = 0.0905648
R = 0.999569 = Coefficient of correlation
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:
A computer program was used to fit the linear curve
through the déta, and another program was dsed to determinec
the specific resistance of the sludge by the following

formula:

_ 2ppA%

ue
where: R = specific resistance secz/g

b = s1opé of t/V vs V curve

P .= vacuum applied

A = filtration area

p = filtrate viscos%ty

¢ = weight of solids/unit volume of filtrate
From the above equation,_thé value for the specific

resistance was found to be 0.30698600 x 109

at 10 cm Hg.

The coefficient of comerssibi]ity is found by
finding thelsicpe of the 1ine:through values for the specific
resistance af ceveral different pressures. Another computer
routine was used to determine the coefficient of compres-
sibil%ty after several values for the specific resistance
were found. The value obtained for the coefficient of

compressibility was: 0.97121706, obtained from four

I .
different pressure experiments.
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APPENDIX V

Treatment Plant Cost Curves

163
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Figure 6. Cost of Activated Siudge Plants Utilizing
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A =1Debt Service, cents per 1000 gallons.
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Treatment Cost, cents/1000 gallons
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