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ABSTRACT

Computer simulations of modifications to the

standard activated sludge process are developed and

integrated into a model developed by the Federal Water

P o l l u t i o n Control Administration. The modifications

developed are: deletion of primary treatment; aerobi c

sludge digestion; and a more complete routine for sand

bed sludge dewatering. Cost estimates associated 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 shift of the population from rural areas to the large *

urban centers has brought about an urgent need for the

protection of the nation's water resources. The federal
i i

government has taken the i n i t i a t i v e , and through the
i

Department of the Interior has instituted a large scale

attack upon water pollution.

This program for cleaning the nationls waterwaysi

must of necessity i n c l u d e a large program, for the

construction of p u b l i c works designed to treat the always

present sewage flow of the population. T,here are a v a i l -

able to the design engineer several different treatment

processes, and combinations of processes. Grouped into

two broad categories, there are: primary sewage treatment;

and secondary sewage treatment. There are, of course, also

tertiary treatment, and Chemical treatment processes,

but these do not enjoy any 1 arge, widespread role in the

present system of sewage treatment works. The present

direction now seems to be toward universal secondary

treatment.



The design engineer must be able to select the type

of treatment best suited to the situation, and the regu-

latory 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 are also often i n v o l v e d

in the funding of construction projects, and in the financing

of the projects. For these reasons, both the design

engineer, and the regulatory and planni n g agencies require

a means of selecting proper treatment systems.

One alternative in the decision process, the computer

simulation, w i l l be the topic of the following investigation.



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.

The objectives in the study are to achieve the

capability of predicting the treatment costs for the^"
i

various configurations of the activated sludge process.

This capability would give planners, designers and local

officials a rapid efficient means of selecting a total

treatment scheme intelligently, by looking at as many

alternatives as possible without the grea,t expense of
i

complete preliminary designs for each alternative.

1 .3 Scope of the Study

This study w i l l attempt to modify an existing model

(21), for the standard activated sludge p'rocess to i n c l u d e
i

treatment schemes which w i l l : delete primary sedimentation
i

from the standard activated sludge process; re pi ace an-

aerobic sludge digestion with'aerobic'sludge digestion;

and develop an optimizing routine for the design of sand

drying beds for sludge dewatering. Total treatment costs
i • •[

w i l l be the basis for the comparisons, with the standardi , ' i

for comparison being the standard activated sludge process

costs. The effluents of each type of treatment scheme

w i l l meet the same BOD and Suspended So!ids standards.

NJY



F i n a l l y , a comparison wi l l be made between the

computer simulation and ah actual treatment plant located
t

in Lee, Massachusetts. The Lee treatment plant does not
i

employ primary sedimentation, utilizes aerobic sludge

digestion, and dewaters the digested sludge on sand

d r y i n g b e d s .



PART 2: BASIC CONSIDERATIONS

2.1 Deletion of Primary Sedimentation

Almost all secondary sewage treatment plants are

designed to be an addition to the basic primary sedi-

mentation process. The standard activated .siudge units
i

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 solids.-* i

The exception is found in small extended aeration

plants, and other modifications of the activated sludge

process as found in many designs of small "package"

plants, . It is thought in these small plants that

simplicity and economies of construction .make it worth

while to omit the primary sedimentation phase, especially

in l i g h t of the need to minimize labor and maintenance.

Contact stabilization, as used in small plants, aerates

the sludge from the secondary settler, and returns it to

the aerator to be mixed with the main flow. Larger contact

stabilization plants often do utilize primary sedimentation.

Extended aeration plants utilize long detention periods

in the aerator to completely oxidize the. organic material



in the raw sewage. Detention times range from ten to

twenty-four h o u r s . . .

One of the aims of this research is to investigate

the effects of deleting primary sedimentation from medium

and large sized treatment plants.

One of the first and.most obvious effects to be expected

is an increase in the required detention time in the

aerator so as to oxidize the sewage to a degree e q u i v i l a n t

to the results of a system in which primary sedimentation

is utilized. This w i l l affect the size of the aerator,

the capacity of the air blowers, and the ratio of the mixed

liquor active suspended solids to the total suspended

solids in the aerator.

Another topic of importance would be the effect of
i

deleting primary sedimentation upon the quality of the

resultant sludge. The sludge from a standard activated

sludge system is a mixture of highly v o l a t i l e > relatively

untreated-sol ids, and of a thin, biologically active sludge

mass that has been produced by aerobic assimilation of

organic material by a mixed microbiological population .

The sludge from an extended aeration plant would not
j

contain the highly volatile untreated solids. This difference

will be of significant importance in the case where aerobic

digestion fs employed.



Assuming that the performance of the two types of

plants w i l l be comparable, the d e c i d i n g factor w i l l be

economic. This w i l l be the major consideration here,

to determine if it is possible to economically treat the

sewage without primary sedimentation, for it is reasonable

.to say that the more s i m p l e the p l a n t fs, the easier it

is to operate efficiently. If the goals can be met by

two different plants economically, the simpler design is
i

the better design.

2,2 Aerobic Digestion

Aerobic d i g e s t i o n is the o x i d a t i o n of v o l a t i l e , b i o -

degradable organic material by m i c r o b i o l o g i c a l organisms

which u t i l i z e free dissolved oxygen. This is in contrast
j

to the more staidard anaerobic d i g e s t i o n , ' a process which

is carried on by m i c r o b i o l o g i c a l populations which do not

requi re free di 3solved oxygen.

Anaerobic digestion is now the standard and almost

universal digestion method employed. It is optimally

operated in the mesophi1i c temperature range > at about

98 F., and is completely mixed if it is of the high-rate

type. Detention periods for high-rate digestion are
i

genera l l y from f i f teen to twenty- f i ve days for the f i rst

s t a g e where the ac tua l d i g e s t i o n takes p l a c e . Usua l l y a

s e c o n d unhea ted , unmixed d iges te r is p rov ided fo r
i

s e t t l i n g . ,



Methane and carbon - d i o x i d e are the p r i n c i p a l products,

the methane often be ing util i z e d to heat the digester.

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 the system, wh i c h in turn

is controlled by the activity of the organic acid forming

group. The methane forming bacteria require the organic'

acids produced by the acid formers, but can only u t i l i z e

the acids under certain environmental conditions.

Therefore, it can be seen that anaerobic digestion
i

can be a complicated system to control, and indeed,

digester upset is not uncommon.

Aerobi c di gestion offers the possi b i 1 i ty of a more

stable process, u t i l i z i n g a bacterial population already
i

c u l t i v a t e d by the a c t i v a t e d s l u d g e p r o c e s s . More impor-

tantly. I t ope ra tes on types of equ ipmen t w h i c h are fa i r ly

simple, and already present in the ac t i va ted s ludge

aera t ion tanks . . I t ' e l im ina tes the n e c e s s i t y for gas
i

collection, h i g h temperatures, and close process control.

It w i l l be part of the investigation to s i m u l a t e the

aerobic digestion process mathernati calVy %'on the d i g i t a l

computer, and attempt to analyze the economic feasibility

of the process. ;



2.3 Sludge Dewatering on Sand Drying Beds

Once the sewage solids have been separated from the

m a i n flow in a primary p l a n t , and once the s o l u b l e pol-

lutants have been synthesized into c e l l u l a r material by

one of the secondary b i o l o g i c a l processes and removed
i

from the m a i n stream, the sol ids must s t i l l be disposed.

The s o l i d s have been concentrated by the treatment of the

sewage, by a factor ranging from twenty to one-hundred or

more. However, the sol ids are s t i l l water-borne, and must

be dewatered before ultimate disposal.
i

.One of the oldest methods for sludge' dewatering has
i

been by p l a c i n g the sludge on sand beds to allow the
i

water to both filter through the sand, l e a v i n g the solids

b e h i n d , and to evaporate, also l e a v i n g the solids behind.

Two other, and newer, methods for slud g e dewatering are

vacuum filtration, and centrifugation. Both of these

methods require the i n p u t of power, and almost always the

addition of c h e m i c a l conditioners to 'promote a good cake

formati on.. Bo;;h of these methods also have large capital

costs associated with them.

Sand dry ing beds also have disadvantages associated

with them, such as decreased performance d u r i n g cold

weather; slowness of the drying; large land requirements;

and relatively l i t t l e effort to imp rove the process, for



10

there are no sales men for sand drying beds.

This Investigation win attempt to formulate a model

of the sand bed dewatering process which w i l l be fit into

the general scheme of the activated sludge treatment

s i m u l a t i o n . An attempt to optimize the design and

operation of the drying beds w i l l be made, and a comparison

with the cost of vacuum filtration will also be made.
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PART 3: L I T E R A T U R E REVIEW

3.1 Previous S i m u l a t i o n Techniques

The Federal Water P o l l u t i o n Control Administration (FWPCA)

has developed a simulation of the basic activated sludge

process, under the direction of Robert Smith (21) at the

'Cincinnati Water Research Laboratory. The present inves-

tigation w i l l use that model as a basis. Modifications

and a d d i t i o n a l processes and configurations w i l l be added

to the FWPCA model.

Since the FWPCA model, titled: Preliminary Design

and S i m u l a t i o n of Conventional Wastewater Renovation
i

Systems Us ing the D i g i t a l Computer, w i l l be the basis for

this new work, a fairly complete description of the model w i l l

be presented here.

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 only two decisions ,

concern ing treatment process selection are whether vacuum

filters will be used instead of sand drying beds, and whether

the supernatant stream from the s o l i d s h a n d l i n g processes

is to be returned to the head of the plant.

3.1.1 Waste Characteristics

The influ'ent waste is characterized in two main groups,

soli.d and dissolved species. Each of these groups is

d i v i d e d into: degradable carbon; non-degradabie carbon,
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nitrogen; phosphorous; and Inorganic fixed matter.

The following ratfos are used to relate several,

test results to each other:

BOD/TOC

COD/VSS

COD/TOC

BOD/VSS

raw sewage

1.87 ''

1 .50

3.2

activated sludge

1 .42i

' 2,7

0.84

wnere:

BOD

TOC

COD

VSS

TSS

Biochemical Oxygen Demand

. Total Organi c Carbon

Chemical Oxygen Demand

V o l a t i l e Suspended Solids

Total Suspended Solids

3.1.2 Primary Settler
i i

The model assumes that only solid material is removed

in the primary settler, and that all of the different

classes of sol ids 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 in

the settler. From this information, the two effluent

streams from the settler are characterized: the settled

sewage, and.the s l u d g e underflow.



The overflow rate for the primary settler is determined

by a curve fit through .data obtained from full sized

pi ants:

FRPS = 0.82 e-
GPS/2780 . • 0 >

where: FRPS = fraction of the solids removed

. GPS = .overflow rate gal/day/sq.rf t

3.1.3 Aerator and Final Settler

The performance of the aerator and final settler are
1 i

determined together as related processes. The size of the

aerator is found by the following equation assuming that

all the BOD l e a v i n g the aerator is in the dissolved form:

Q? (BOD, - BOD.) (9]
V A F p - = ^ ± J \CJV M L K CAER x MLSS x BOD,

D

where: VAER = volume of aerator

CAER = rate constant

MLSS = mixed Viquor suspended solids

Q2 = flow at Station 2, M6D

An empirical formula is used to predict the performance

of the final settler, developed from a bench top study

at the Cincinnati Water Research Laboratory:

XRSS = 556(GSS)°-494 (3)

MLSS1-82(24.TA)°-439

(i i
1. . v I

where: XRSS = fraction of solids going over weir

GSS' = final settler overflow rate
TA = aerator detention time



GSSS the final settler overflow rate, is s u p p l i e d as

input to the s i m u l a t i o n .

Next Smith wrote a materials balance around the aera-

tor and the final settler, assumi ng that each pound of

f i ve day BOD removed in the aerator was synthesized into

0.65 pounds of active s o l i d s :

0.65'FOOD'Q0 - C E D R - V A E R - M L A S S -
2 , ' (4)

MLASS(Qr-XRSS + Q7-.URSS)
*J /

i
where: FOOD = amount of BOD synthesized, mg/l/day

CEDR = fraction of active solids destroyed/day

ML ASS = mixec liquor active suspended sol ids

URSS = ratio of solids content in final
I

settler sludge to solids content in
aerator

From this m a t e r i a l s b a l a n c e , i t was found that the s l u d g e

vo lume f rom the f inal se t t l e r w a s :

Q « ( ( 0 . 6 5 F O O D / M L A S S . ) - X R S S ) - C E D R - V A E R
Q
/ URSS - XRSS

Then, the overflow from the final settler'was:
i

Q5 = Q2 - Q7 i ; (6)

Now the i n c r e a s e in n o n - b i o d e g r a d a b l e ma te r i a l resu l t -
i

ing from the destruction of the active mass in the aerator
i

was determi ned:

0.12(FOOD)Q? = (MLDSS + 0 , 1 85MLASS ) ( XRSS • Q R+URSS - Q7 ) (7)
/ £ - 1 D /

where: MLDSS = non-biodegradable matter in the mixed
l i q u o r suspended solids
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S o l v i n g for the MLOSS, we have:

MLDSS = 0-12(FOOD)^2 _ 0;185 x MLASS (8)

Q5 x XRSS + Q7 x URSS
i

An iterative technique was used to solve for the

amount of FOOD synthesized each day into active 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 w i t h p t h e waste sludge stream

equal to zero, a bisection method of root finding was

used, varying the assumed value for MLASS and FOOD. A
i

materials balance about the aerator determined the amount

of sludge to be wasted:

Q _ Q2 °'° " -HLASS FOOD )'+ CEDR'* VAER (9)
6 URSS - 1 . 0

The aiV requirements of the aerator were determined

by the relationshi p:

Ib 02/day = (COD of FOOD used) -

. ' (COD of cells produced) (10)

COD of cells: 1 . 42(0.65FOOD-Q2 -

0.185•MLASS -CEDR.VAER)8.33
i i1

C O D o f F O O D u s e d :

1 . 5 ( F O O D - Q 2 ) 8 , 3 3

t h e r e f o r e , t h e a m o u n t o f o x y g e n u s e d p e r d a y i s :
• i J i

1 / b 0 2 / d a y = 8 . 3 3 ( 0 . 5 8 F O O D - Q 2 1 . 1 6 M L A S S • C E D R - V A E R ) ( 1 1 )
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Added to the a b o v e amount is the oxygen requ i red to

a c h i e v e n i t r i f i ca t ion . A c c o r d i n g . to the f o l l o w i n g c h e m i c a l

e q u a t i o n , four mo les of oxygen are requ i red to conver t
i • j

one mo le of n i t rogen to n i t ra te : |

2 N H4 + 402 ..--,-- 2 N 0 3 ~ ~ + 2 H 2 0 + 4H* '12 '
i

t he re fo re , 6 4 . / 1 4 . , or 4 . 5 7 Ib of oxygen are requ i red

to conver t one pound of n i t rogen to n i t ra te .

The model a s s u m e s an a i r dens i ty of 0 . 0 7 5 Ib /cu f t
i

a>t sea l e v e l , and the a i r to be c o m p o s e d jo f 2 3 . 2 % o x y g e n .

T h u s t h e c o m p u t e r p r o g r a m f i n d s t h e a m o u n t o f a i r r e q u i r e d

dai ly by the formula:
i

AIRCFD - (Ib/day of 02)/0.075/0.232/AEFF (13)

where: AIRCFD = cubic feet of air supplied each day

AEFF = oxygen transfer efficiency

AEFF is calculated by the following equation: '

AEFF = AEFF20((DOSAT-DO)/DOSAT)-(1.02)
DEGC " 20 (14)

where: AEFF2Q = efficiency of oxygen transfer at 20°C,
and zero dissolved oxygen

DO SAT = dissolved oxygen at saturation

DO = dissolyed oxygen in the aerator
" ! 1 '

DEGC = temperature in degrees centigrade
•̂

The diffusers are assumed to be submerged fifteen

feet deep, and the head loss through the piping and

diffusers is assumed to be 25% of the submerqance head.
I 1 I 3 !

From this power for the b l o w e r s is found by:



S C F M - A P - 1 4 4 ,, cv
Horsepower = 33ooo.EFF . - (15)

where: SCFM = standard cubic feet per minute

AP = pumping pressure in psi

EFF = efficiency assumed to be 0.80

3.1.4 Thickener

T h e s l u d g e t h i c k e n e * i s g o v e r n e d b y t w o i n p u t

p a r a m e t e r s , T R R , t h e s o l i d s r e c o v e r y r a t i o , .and T $ S , p

the total s u s p e n d e d so l ids i n . t h e e f f l uen t .

Q i o .
TRR = -^

g!0 '

t hus :

Q 1 2 = T R R . Q 1 0 . T S S 1 0 / T $ $ - 1 2 ( 1 7 )

and:

Q-n = Q10 - Q12 • ( 1 8 )

The total s o l i d s in the overflow is then:

TSS11 = (1-TRR).Q10-TSS10/Q11 . (19)

the various other species of solids are assumed to be

present in the same ratio as the total suspended s o l i d s ,

and the dissolved species are.assumed to remain unchanged

from the inflow stream. '

The size of the thickener is determined from rule-of-

thumb values in terms of solids l o a d i n g in pounds per day

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

two values is used for the required thickener size.

3.1.5 Anaerobic Digestion.

It was assumed that only biodegradable material w i l l

be changed in the digester, so the biodegradable carbon

at the entrance is calculated as:

DIGC - SNBC'TO *j \j \s -i ty ~ • J M U V / I Q

A mass balance was written about the digester using F to

represent the biodegradable carbon, and C to represent

the concentration of active solids in the, digester:

(20)

- dC K1CF

VDIG %- = VDIG Tri— - b - V D I G - C - C (21)

where: VDIG = volume of the digester

I he', first term is described as the time rate of. change .of

the active organisms. The second term is the expression

for growth of active solids. 'The third term is the decay

of active s o l i d s , and the last term is the active solids

l e a v i n g in the effluent.

Since the model stipulates steady state conditions

exist, the first term goes to zero, and it is said that

the decay term is very small and negli gi ble. Therefore
i • '

the e q u a t i o n degenerates to: j 1
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_

TD ( 2 2 )

w h e r e : i D = di gester detent ion t ime
i

The constants, K, , and K/i are temperature dependent, and

can be represented by: ; ,

-0.036(35-t)KI = 0.28 e

K2 = 700 e0.10(35-5)

(23)-

(24)

where: t - degrees centigrade, varying between
20QC. to 35°C.

Since TD, the digester detention time is specified in

the i n p u t , F (the concentration of biodegradable carbon in

the completely mixed digester) can be found.

The biodegradable carbon in the effluent which is

dissolved is assumed to be equal to the remaining volatile

acid concentration, DF. It is then assumed that the

following equation can be used to find DFi:

_L -
TD

CDF

then:

DF

CDF + DF

200 e0.12(35-7)

= DNBC

= SNBC

12

]2

DF ,

F - DF

(25)

(26)

(27)

(28)

There is- a minimum detention time below which thei
digestion process breaks down. This is said to be the

reciprocal of K-, . .- A safety factor of 2.5 is provided,
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and if this m i n i mum detention time is longer than the time

specified in the input, the detention time is changed to

equal the m i n i m u m time of K,/2.5. There is also anoth-er

detent 1 on time Which would be the optimum time for gas

production. This can vary from somewhat below the m i n i m u m

time at h i g h temperatures to'above the m i n i m u m at lower

temperatures. This time is predicted as:

TDOPT = 0-{K2/(K2 + DIGC]2)
1/2))/K] (29)

where: TDOPT = the optimum detention time for gas
product!on

DIGC-J2 r b i o d e g r a d a b l e carbon at station 12

The m i n i m u m detention time is set as the maximum of thei ;
t w o v a l u e s : T D O P T a n d ' K 1 / 2 . 5

Methane pro duct ion in the d iges te r is re la ted to the

COD reduc t ion of . the s l u d g e as f o l l o w s :

CH4CFD - (DIGC12 - DISCI 3 ) ( 3 . 5 ) ( 5 . 6 1 ) ( 8 . 3 3 ) Q 1 2 ( 3 0 )
I o

where: CH4CFD = d a i l y methane production in ftj

,010012 * b i o d e g r a d a b l e carbon at 12

DIGC13 = biodegradable carbon at 13



.3,1.6 Sludge El utr\'atvo,ri

Th.e sludge elutrtatipn proce.ss vs. governed by two

input parameters: the. solids recovery ratio, ERR, and

the solids concentration at the effluent. These values

are the product of engineering judgment, and not of any

scientific theory. The wash water ratio, WRE, is also

input, and is the ratio of wash water to sludge, taken

as 3.0 by t t h e Smith s i m u l a t i o n . The suggested values for

ERR and TSSC15) are 0.75 and 60000, respectively. The

stream values are calculated as follows:

Q15 x TSS
ERR 15

Q13 x TSS13

Q]5 = ERR • Q13 . TSS /TSS15

Q17

(31)

(32)

(33)

(34)

where: ERR = solids recovery ratio

WRE = Wash water ratio

The total s o l i d s concentrations are now found by

TSS]4 = Q 1 3-(TSS 1 3(1-ERR) WRE (35)

The various components of the total solids are assumed to

exist in the ratio present in the influent stream.

Therefore:

3 (36)SOC]4 = (TSS14/TSS]3)

= (TSS15/TSS13) SOC13 (37)
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S im i l a r l y the other s o l i d s s p e c i e s a re de f i ned as be ing
>

in the rat io of the total s o l i d s t imes the in f luent v a l u e .

Th.e d i s s o l v e d s p e c i e s are determined by a s s u m i n g

c o m p l e t e m i x i n g in the e lu t r i a t i on t ank , thus the

d i s s o l v e d carbon w o u l d be found by wr i t i ng :

Q 1 3 - D O C 1 3 Q 1 7 - D O C 5 = Q 1 4 - D O C 1 4 (38)

Now since DOC-,- = DOC,r assuming complete m i x i n g , the

dissolved .carbon at either station 14 or 15 can be f o u n d ,

as :

ooc 1 5 = ( Q 1 3 / ( Q 1 3 + Q 1 7 ) ) o o c 1 3 + ( Q 1 7 / ( Q 1 3
 + Q 1 7 ) ) D O C 5

' ' (39)

Thus all the dissolved species are found, especially
i

the alkalinity, which is the prime purpose of elutriation.
1 . !

Smith did not feel that the model for elutriation was

espectally good, as it re l i e s upon engineering judgment

and experience, not upon soundly developed.theory or

experimental or .

3.1.7 Vacuum Filtration

The design parameters for the vacuum filter are

the l i q u i d l o a d i n g rate in gal 1ons/hour/sq ft, and the

water content of the s l u d g e cake. Smith uses an e m p i r i c a l

equation to determine the final water content, based upon
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the original water content:

-0.123WP = 88.0 (TSS15/10S000.)

where: WP - final per cent water In the cake

[40)

W r i t i n g a m a s s ba lance about the v a c u u m f i l ter, Smi th

found;

W s l5 = W s l6 W sl8

w!5
W w l 6 + W w l 8

W w l 8 = W P ( W w l 8 + W s 1 8 > / 1 0 0

sis = ww
:
18 (100 - W P ) / W P

'(41)

,(42)

(43)

(44)

but:

- Q15'
TSS

16 = Ws!8

1,000,000.(Q15 - Q16) 'w!8

(45)

by combi nation, . :

TEHP1 = 1,000,000. (100 - WP)/WP (46)

Q16 = Q l t ( T E M P l - T S S 1 ( - ) / ( T E M P L - T S S , r ) ( 4 7 )
I 3 j I 0

The total suspended solids value of the vacuum filter

filtrate is Input, and supplied as another engineering
i !

estimate. With the TSS-,^ known, the weight of the total
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s o l i d s at s ta t i on 18 is found as f o l l o w s :

W s l 8 = 8 . 3 3 ( Q 1 5 . T S S 1 5 - (43)

As before, the separate species of solid, material

are assumed to be' present in the same ratio as the total

suspended solids, thus: '

SOC16 = SOC15 (TSS15/TSS15)

A g a i n , the dissolved species are assumed to be present

in the same concentration as in the influent:

DOC

(49)

16 "

and because the stream values at station

of total weight,

( 5 0 )

18 are in terms

8.33Ib. D i s s o l v e d ca rbon at 18 = DOC ] 5( IQ1 g -Q 1 ) (51 )

Next the a rea requi red for the v a c u u m f i l ter is found:

AVF = Q 1 6 ( l , 0 0 0 , 0 0 0 . ) ' '-
2 4 . 0 - V F L - T V F ' i

i

where: AVF = area of vacuum f i 1 ter in s-q ft
I ' 2VFL = loading rate in gal/hr./ft

•TVF = fraction of each day filter is
! i i

• • operated

(52)
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The chemical demand of the sludge, is b.ased upon the.

a l k a l i n i t y and the ratio of v o l a t i l e solids to s o l i d

fi xed matter:

Yl = 100(ALK15)/TSS^5. . . (.53)

Y2 = VSS15/SFM15 . (54)

then the demand for c h e m i c a l , FECL^ is found by:

FECL3 - 1,08(Y1) + 2.0(y2) (55)

DFECL3 = TS$15(FECL3/100)Q]5(365)(8.33)CFECL3 (56)

where: . 1

FECL3 = per. cent ferri c chi bride requi red by

weight

DFECL3 = yearly cost of ferric chloride

CFECL3 = cost of ferric chloride per' pound

3.1.8 Sand bryi ng Beds

The routine for sand drying beds is contained in the

portion of the program c a l c u l a t i n g costs.] Vac.uum filtration,

elutriation, and incineration costs are set equal to zero,

and the beds are designed on the basis of a l o a d i n g factor

of 4.4 pounds of solids per square foot of bed per month.
i

This is a very arbitrary method, and in no way-takes into

account the properties of the sludge. The cost of $2.23 per

square foot for construct ion also seems very h i g h .
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3.1.9 Sludge Incineration

Smith had difficulty obtaining accurate and plehtt--

ful data in which the capital and operating costs could

be found separately, but managed to appro*iiriate the. costs

as follows:

capital cost = 1570[pounds dry solids/day).*6 [57)

operating costs = 16.HYTONS) - 0.00009tYTONS)2 C58)

where; capital cost = dollars
i

operating costs = dollars/year
i

YTONS = total number of tons of sludge s o l i d s
incinerated per year assuming 70-75%.

moisture
'! 1

Smith 'indicated dissatisfaction with: this method,
; i.

and predicted new work to correct the situation.

3.1.10 Cost R e l a t i o n s h i p s
i
\

The very heart of this model is the cost analysis

that predicts a total cost for treatment of the wastewater.

The equations c a l c u l a t i n g the costs are based upon' an
) i

E n g i n e e r i n g News Record Construction Cost Index of 812, and

a capital cost index (;CCI) is input to the s i m u l a t i o n to

account for construct!on cost increases. The cost relation'

ships were based upon an actual cost estimation of plants

ranging from 0.25 to TOO MGD, and curves were fit to the
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data, based upon the major design parameters, such as the

air blowers. Table 'I shows the capital cost relation-

s h i p s incorporated into the model.

Also input in to the model are excess capacity factors

for each process to allow for c l e a n i n g , repair, or storage.

For example, in colder cj imates , excess capacity m i g h t

be required for the sludge digesters if sand drying beds

are to be utilized. For example, an excess capacity factor

of 2 is recommended for 1the anaerobic digestars. This means

that the design capacity calculated by the s i m u l a t i o n is

doubled, the size requi rod is determined, and before the
i

cost is predicted, the volume of the digester w i l l be

adjusted. The factors suggested are listed in Table III.

Table II summarizes the relations used to describe.
i

the operating costs for the p l a n t units. , The t h i c k e n i n g

and elutriation tanks ars assumed .to have only small costs

associated with their operation, and are thus considered

n e g l i g i b l e . An unfortunate feature of these cost relation-

ships is the fact that operating costs for drying beds

are i n c l u d e d in the operating costs of the anaerobic

digester. If anaerobic digestion and sand beds are used,

then the cost is h i d d e n . This also says that the cost

for the sand beds is independent of anything but the size

of the digester.
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T A B L E I

i j
Unit P r o c e s s Cap i ta l C o s t R e l a t i o n s h i p s , a f ter Smi th ( 2 )

Unit P r o c e s s

P r e l i r n i n a r y T r e a t m e n t

P r i m a r y S e d i m e n t a t i o n

A e r a t o r

Ai r E l o w e r s

F i n a l S e t t l e r

SIudge Return Pumps

Cont ro l House

Di g e s t e r s

Vacuum Filters

SIudge Drying Beds
i

Chlorine Contact Tank

Plant kite '

SIudge Thi ckene rs3 t

S l u d g e E lu t r ia t ion
T a n k s

C o s t Equa t i on ( D o l l a r s )

0 . 6 2 5

0 .1

0 . 1 8 2

0 . 1 2 6

14,700(0^

' 1 3 , 4 0 0 ( A P S ) + 5 2 0 0 ( A P S )

1 7 5 , O Q Q ( V A E R ) + 3 6 , 5 0 0 ( V A E R )

1 0 , 7 5 0 + 5 , 8 5 ! 7 ( B S I Z E )

1 2 , 6 0 0 ( A F S ) + 5 3 5 0 / ( A F S )

3650 + 1 1 2 5 ( Q 6 )

4 0 , 0 0 0 ( Q 1 ) ° ' 7

5000 + 1 0 8 0 ( V D I G ) + 1 0 7 0 0 ( V D I G )

12 ,800 + 3 7 2 ( A V F )

0 . 1 2 8

2 . 2 3 ( A S B )

9000{QJ ° - 4 6 9

°'8754 4 0 0 ( Q 2 0 )

( 1 8 . 1 + 8 . 4 6 / j e x p ( A T H M / 1 3 3 7 5 ) ) A T H M

(18 :1 + 4 9 . 5 / e x p ( A E / 6 0 0 0 ) ) A E
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TABLE II

Unit Process Operating Cost R e l a t i o n s h i p s , after Smith (2}

U n i t Process

Preliminary Treatment

Primary Sett!ing

Aerator, final settler
Blowers-excluding power 'i

Digesters

Digesters and ;sludge
Dryi ng Beds -

Vacuum Filter-,
e x c l u d i n g chemicals

O p e r a t i n g C o s t ( D o l l a r s / Y r . )
-D ?7 '

500.CQ-,). + 2150-CQjr"-

lOOO(APS) + 2500(APS)°'5

10,000(VAER) .+ 14500(VAER)°'63

48(VDIG) + !540(VDIG)
0.44

80(VDIG) + 90G(VDIG)°'44

1500(Q 6450(Q
0.37

TABLE III
I

Excess Capacity Factors as Recommended by Smith, (2)

Uni t Process , Excess Capacity Factor

Pr e l i m i nary Treatment
Primary Settler
Aerator
Air Blowers
'Final Settler
SI udge Return^ Pumps
Control House' !

Thi ckener
Di gesters
Sludge E l u t r i a t i o n
Vacuum F11ter
Incinerator
Sludge Drying Beds
C h l o r i n a t i o n i i
Plant Site Preparation

1 .0
2 . 0
1 .2
1 .5
2 .0
2 . 0
1 .0
1 .5
2 .0
1 . 5
1 .0
1 .0
1 .0
1 .0
1 .0
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No cost was assessed for heating th.e digesters, and

si m i l a r l y , no credit was given for the u t i l i z a t i o n of energy

produced in the digester gas. The cost of ferric chloride

used for sludge c o n d i t i o n i n g was taken as, $.08/lb., and

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

U s u a l l y , all conventional biological treatment processes

are preceded,by p r e l i m i n a r y sedimentation. Sand

filters and t r i c k l i n g filters would tend to become clogged

by the sol ids ̂  and the a d d i t i o n a l solids would place an

increased load upon the biota in the aeration tanks of
i ' ,

the activated sludge process without sedimentation.

However, with the1 advent of the small package plant

to serve sma 1,1 popul ati ons which previously coul d not

afford b i o l o g i c a l treatment came extended aeration and

contact s t a b i l i z a t i o n , along with many other variations

of the activated sludge process. Extended aeration provides

long term aeration of the sewage for periods up to twenty-

four hours, with or without final sedimentation. Long
' I

aeration periods allow for release of a well s t a b i l i z e d .

floe to the receiving water, and shorter aeration

periods with final sedimentation and sludge return provide

for a clear effluent and a h i g h e r solids content in the

aerator. Contact stabilization in small plants provides

for moderate aeration periods ranging from four to eight
'' i I

hours with recirculation of the sludge from the final

settler which has been' activated in an aerobic digester.
i . . I
In larger sized plants, Setter et al. (18) reported

on the modified aeration system employed at the Jamaica

Sewage Treatment Plant!, in the' Ci£y of'New York. The
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plant had a daily average flow of 35 MGD, and employed

short to medium term aerationccoupled with.low and h i g h

mixed liquor suspended solids values and,omission of pri-

mary sedimentation. Aeration periods of 2.0 - 2.5 hours,

and of 4.0 - 4.5 hours were used for the short and long
i

a e r a t i o n p e r i o d s , r e s p e c t i v e l y , w h i l e 2 0 0 - 5 0 0 p p m , a n d

4 0 0 - 1200 p p m w e r e v a l u e s u s e d f o r l o w a n d h i g h s u s p e n d e d
i

sol iids , r e s p e c t i v e l y . ;

A v e r a g e B O D r e d u c t i o n s o f 7 2 . 5 % a n d s u s p e n d e d s o l i d s
i

r e m o v a l s o f 8 4 . 8 % were r e p o r t e d i n t h e e f f l u e n t f r o m t h e
• I !

f i n a l settler for the ent i re 14 month t e s t ing p e r i o d ,

S p e c i f i c a l l y , f o r t h e v a r i o u s c o m b i n a t i o n s o f d e t e n t i o n

t i m e a n d s o l i d s l o a d i n g , t h e B O D r e d u c t i o n s w e r e :

a ) L o w s o l i d s - L o n g a e r a t i o n j — 7 7 . 2 %

b ) H i g h s o l i d s - S h o r t a e r a t i o n - - - - - - . ^ - 71 .01

c ) L o w s o l i d s - S h o r t a e r a t i o n r - 6 9 . 9 %

d ) H . i g h s o l i d s - L o n g a e r a t i o n - ~ 7 6 . 6 %

T h e s e e x p e r i m e n t s a t t h e J a m a i c a p l a n t i n d i c a t e d

t ha t i t i s f e a s i b l e t o o m i t p r i m a r y s e d i m e n t a t i o n .

H o w e v e r the r e s u l t in th i s case i s a s o m e w h a t l o w e r BOD
i ' i

r e d u c t i o n as compared to the s t a n d a r d a c t i v a t e d s l u d g e

p r o c e s s . T h e s a v i n g s a r e i n t h e p r i m a r y s e t t l i n g t a n k s ,

s m a l l e r a e r a t i o n t a n k s , a n d i n a r e d u c t i o n : o f a i r t o b e

s u p p l i e d . T h e a i r r e q u i r e d p e r p o u n d o f B O D r e m o v e d i s
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about twenty-two per cent lower, and the total air required

is about one-third lower than a standard activated s l u d g e -

plant. The Jamaica p l a n t purchased only 7.2% of the gas

energy used, and 6.8% of the electricity used. The

remainder of the gas- used was digester gas, and the remain-

ing electricity used was generated using digester gas as

fuel.

Studies by H e u k e l e k i a n and-Weisberg{9) on the causes

of sludge b u l k i n g found that several- steps taken to prevent

slu d g e b u l k i n g ' w o u l d be ai ded , by omitting primary treatment.
•r;\\'. '..; i':

They studied the re 1 at ions h i p s between bound water in the

slud g e and the.siudge volume index. .

It was found that sludges with high values for boundi
water had relatively h i g h sludge volume indices.

A d d i t i o n a l l y , when the sludges that bulked were subjected

to continuous aeration, the bound water and the sludge1 i
volume index v a l u e s both decreased. During this aeration

period, the s l u d g e color was observed to change from grey

to go 1 den brown, and the microbial colonies became dense

and opaque.

The effect of c h l o r i n a t i o n upon sludge b u l k i n g was

s t u d i e d , and it was observed in a full scale p l a n t thati i
when 'the chlorination of the return sludge was discontinued,

the s l u d g e volume index increased progressively over a

peri oa of ni'ne ' days . During the same time the c h l o r i n a t i o n
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was d i s c o n t i n u e d , the dissolved oxygen in the aerator
i

increased from 0.8 mg/1 to 3.0 mg/1. This indicates that

the chlorine did not adversely affect the bacterial action
* !

in the sludge. The decrease in sludge volume index brought

about by the chlorine wa-; attributed to a physical

release of bound water brought about by the chlorine.

The final experiments on the b u l k i n g of s l u d g e were

an attempt to determine the causes of the b u l k i n g , and

under which conditions it occurs. The siudge was fed two
I i

types of sewage s o l i d s : sol ubl e-col 1 oi dal:. sol i ds obtained
i i

by centrifuging settled sewage; and solids obtained by
i !

s e t t l i n g sewage by gravity. It was reasoned that the
i i

soluble-colloidal solids would be representative of the

solids passing through primary sedimentation,' and that the

settleable solids would represent the effect of e l i m i n a t i n g

primary treatment.

The s l u d g e fed on the s o l u b l e - c o l l o i d a l material

demonstrated an increase in bound water and sludge volumei i a

index over the sludge that was not fed at a l l . The l o a d i n g

rates of 0.33, 0.5, and 1.0 pounds BOD per pound of mixed

l i q u o r t s o l i d s were tested. The sample fed at the rate of

0.33 Ibs BOD/lbs solids showed only s l i g h t increases, whi'l.e

the sample fed at 0.5 Ibs BOD/lbs s o l i d s increased both

bound water and SVI by a factor of 3.5; it did produce a

clear supernatent however. The sample fed at 1.0 Ibs 30D/
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Ibs s o l i d s showed increases only on the order of 2.6,

but produced a t u r b i d supernatant with a BOD of .45 ppm

as compared to 10 ppm for the other two samples.
!

The sludge fed the settleable solids from sewage

demonstrated a s l i g h t decrease in the bo'und water and SVI
!

values, about a 20% decrease, and this held.steady overi
the entire range of feed rates.

(In summary, H e u k e l e k i a n and Weisberg. concluded that

the elimination of primary sedimentation would allow the
ii i

settleable solids to be incorporated into the activated
i

s l u d g e , - thus increasing its settl eabi 1 i ty and would not
i

m a t e r i a l l y increase the oxygen demand in the aerator. The
1 j

active sludge s o l i d s fed on the settleable solids portion

of raw sewage could not be made to bulk under any laboratory
i' • , i

conditions. C h l o r i n a t i o n was shown to be an aid in c o n t r o l l i n gii
t he s l u d g e ' v o l u m e index , and the d i s s o l v e d oxygen leve l

in the aera to r ' or s ludge was d i s c o u n t e d as h a v i n g any

in f luence upon the bu l k i ng c h a r a c t e r i s t i e s o f the s l u d g e .
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3.3 Aerobic Digestion Studies

The sewage solids removed from wastewater by the

treatment processes are h i g h l y organic in nature, and are

very putrescent. It is usually desirable, to s t a b i l i z ei I
these solids by a b i o l o g i c a l process before final disposal.

By far the most popular process for b i o l o g i c a l stabilization

up until now has been the anaerobic digestion process in

which the organic material is first transformed into

organic acids and then the acids are oxidized to carbon

d i o x i d e and methane. Volatile solids are reduced by

35-60%, and the remaining v o l a t i l e solids are fairly

stable and are not subject to: rapid putrifaction.

The aerobic digestion process is intended to u t i l i z ei
the same microscopic biota present in the1 activated

sludge process instead of developing a new ecology as is

done in the anaerobic digestion process. i he s oli ds and

bacteria are aerated for extejnded periods to promote full

utilization of the organic food source, and then to allow

endogenous respiration to reduce the microbial p o p u l a t i o n

and leave b e h i n d only the stable oxidized remnants of the

eel 1 structure.

The main intent of the digestion process is the

reduction of v o l a t i l e s o l i d s , which comprise 75 to 90

per cent of domestic activated sludge (6), and about 75

per cent for raw primary sludge (19). To establish the
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effect of aerobic digestion upon sewage sludge, many
i

expert-merits have been carried out, mostly upon secondary

b i o l o g i c a l sludges

Studies by Eckenfelder (6) found that the oxygen

u t i l i z a t i o n of a p i l o t plant at Ridgewood, New Jersey,
i *

varied between 3 and 7 mg of oxygen per hour per gram of

sludge, 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 v o l a t i l e solids. Also

observed was the fact that nitrogen was s o l u b i l i z e d d u r i n g

oxidation in approximately the same stoichiometric ratio

to the amount 'of s l u d g e oxidized.

Dreier (5) summarizes work done at the University of
( !

Wisconsin from 1959 to 1961 on the aerobi,c digestion

process onaa waste made up of one-third pre-treated meat

packing waste, and two-thirds domestic waste. The studies
; i

were bench scale, carried out in four liter flasks inverted
i

with holes in the bottom submerged partially in water baths
i

to m a i n t a i n constant temperatures. The feed sludge was

maintained at a concentration close to 3.2%, and the

v o l a t i l e content was in the 70 - 80% rang.e. The sludge

was mixed in a ratio of 1.75/1.00 raw primary/waste activated

on a dry soli ds basi s.

Controlled variables were: detention time; l o a d i n g
3 ' ' irate (Ibs v o l a t i l e solids/ft /day); and temperature1. The
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The effect of temperature was found to be significant in

tests using saort detention times, but in tests using

longer detention times, the results drew close together.

The results on this were hard to show, for the longer

detention • times necessitated a lower loading rate since

the solids content of the feed and the digester were

regulated. The change in v o l a t i l e solids' after fifteen

days was negligible at both 15 and 2Q°C. The detention

time and the l o a d i n g rate were not independent variables,
i

as h i g h loading rates forced low detention times.

The following seven conclusions were drawn:

1. Reduction of volatile solids is .a function of

detention time, noting that time.s over 15 days

show a great siowdown.

2. Higher temperatures produce higher reductions

of v o l a t i 1 e soli ds.

3. In generals higher removals were obtained at

lower l o a d i n g rates.

4. Settling characteristics of sludges digested

less than 30 days are poorer tha,n for undigested
i

siudge. i

5. Sludges digested more than 5 days drain well

6. Supernatant characteristics are superior to

anaerobic supernatant.

7. The sludge dried with no objectionable odor.
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Further studies with higher loading rates indicated

that v o l a t i l e s o l i d s reductions were indeed significant

after fifteen days, after digestion was found to be

complete at lower l o a d i n g s . For example; at a loading

of 0.1125 Ibs. v o l a t i l e solids/cu ft/day, the .reduction

at fifteen days was 35%, and after thirty days the re due-
iI >

tion was 53%. These studies found excellent correlationi
between the amount of solids destroyed and the sludge

age. They propose the following relationship'for determin-
I :

ing the degree of v o l a t i l e solids reduction: <
i

% Reduction = 2.84 +35.07 Log (sludge age) (59)

This e q u a t i o n , fit through experimental d(ata» 'was found to

have a correlation coefficient of 0.78.

The use of slu d g e age as an independent parameter
i

allows for the description of processes in which different

s o l i d s concentrations are used in the f'ee.d >and for the
i

practice of supernatant withdrawal, which would make use
i

of a theoretical detention time d i f f i c u l t . |
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3.4 Sludge Dev/atering on Sand Beds

Sludge dry ing beds are probably the oldest and most

widespread method used for the dewatering of sewage

sludges. Basically the beds are made up of a layer of

sand overlaying a layer of gravel. Oftentimes an under-

drain system w i l l be provided to collect the drained

l i q u i d .

The dewatering process itself has been d e s c r i b e d a s

being composed of two mechanisms: drainage and drying.
i

In drainage the l i q u i d , or subnatant as i,t is sometimes

called, flows down under the influence of gravity through
i

the sludge and sand bed. It may be collected and returned

to the plant, or just mixed with the effluent, or even be

allowed to percolate into the ground. In the drying

process, l i q u i d evaporates from<the surface of the sludge,

and is lost to the atmosphere.

There have been several investigations into the
i

design parameters to be used for sludge drying beds, but

most of the earlier attempts were approached from the

point of studying the performance of existing beds, and

fitting curves through the data points to obtain empirical
i

desi gn relationships. ,
i

Skinner (20) came up with the equations:
(average annual (suspended sewage

c a Dita = ]/ precipitation) solids; ppm) /6p (number of m o n t h s [ m e a n a n n u a l ( m e a n wind v

in drying season) temp.:°F.) velocity:
mph)
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where: K is a constant depending upon fhe treatment
process. Glass covered beds required h a l f of
the calculated area.

Haseltine (8) plotted data received from' the field

and developed the following equation to pre diet sand bed

performance:

Y = 0.157 SQ - 0.286 I (61 )
9

where: Y = solids l o a d i n g (kg/m /day)

Sf = s o l i d s content (%)

i
More recently, work concerning the mechanisms

i n v o l v e d in the dewatering of sludges has been performed

at the University of Massachusetts(I 7), (19), (2), (1).

Studies have also been carried out on the drying of sludge

by evaporation alone (13).

In the work on dewatering, the concept of specific

resistance was used to describe the flow of a fluid through
i

a porous media. The derivation started with the Darcy-

We i s h b a c h formulation fo.r flow through a pipe, withthe

pores of the sand media comprising many small p i p e - l i k e

conduits. The flow was observed to be slow, so l a m i n a r

flow was assumed. Sanders (17) developed a mathematical

model to describe the d r a i n i n g process.
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\i
a + 1

M un n n0
u- n , (62)

The same equation is rearranged and stated as follows by

Adr i a n and Nebiker (14)

t - TOO
0
(a Hca

o + 1 uaH
a + 1 HQH (63)

where: R 2 - 1= Specific resistance at a head loss of H (T M )
(4

= Initial sol ids content (%) -

= Head l o s s at w h i c h R is measu red ( M ) '
t*

= Head at tine t (M) '

= T ime ( s e c . )

- Or ig ina l head (M)

= c o e f f i c i e n t of c o m p r e s s i b i l i t y

= dynamic v i s c o s i t y of the f i 1 t ra te (ML T )

A media factor, m3 is introduced into the above equation

to account for the differenee in resistance to flow presente

by differing porosities of the Buchner funnel and different

grades of sand used in drying beds.

In the area of drying of sludges by evaporation, Nebiker(13)

carried out studies on actual sludges drying in the open air
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without any drainage. It was found that water evaporating

from the free surface of the' sludge evaporated at a

constant rate almost identical with the rate of evaporation

of a free water surface. When the solids content of the

cake rose to such a point that the upward movement of

water by c a p i l l a r y action could not satisfy.the evapora-

tion potential of the _ s u r f a c e , the drying rate entered what

is c a l l e d the f a l l i n g rate stage. The f o l l o w i n g equation

was proposed to describe the time required for drying by

evaporation:

W
t = ts

100 A,I s,c
U + U . ln(U /U.)cr cr x cr t' (64)

only when: UQ- Ucr - Ut

i

where: Wt = weight of the total solids (grams)
' 2A = surface area (Meters )

o
I_ _ = constant rate drying intensity (kg/m /hr)s , c

U = o r i g i n a l water content (%)

U „ = critical water content, when constant
w I

• rate drying ceases (%),
i

IK = water content at the end of drying (%)
^ ii

t = time of drying ( h o u r s ) i i
1 r

The water content at all times is calculated as:

U = -, w
1 - 0.01 .w 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. Preliminary treatment, bio-
!

l o g i c a l treatment, and finafi settling are contained in

the first subroutine named BIOLQG. The second subroutine,

PRIMARY, contains the model of primary treatment. If

primary treatment is to be util i z e d , the subroutine

PRIMARY is called by the subroutine EIOLOG. 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

equal to the combination of the raw sewage mixed with the

return stream, stream #9; Stream #8, the underflow from

the primary settler also must becadjusted 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 sludge t h i c k e n i n g process;

DIGEST, which describes the anaerobic digestion process
'

and the elutriation process; VACUUM, which describes vacuum

filtration; and SEWAGE, which is the main c a l l i n g program

also containing the input/output routine and the economic

evaluati ons.
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Wh.en aerobic digestion, is to,, be us,ed, the. new sub-

routine, AEROBE, is called to repl ace 'tRICIC and DIGEST.

Thi ckeni ng . and elutriation are not required when tfie sludge

is aerobically digested because the sludge is thi ckened

in the digester by supernatant withdrawal,- and the alkalinity

of the aerobically dihested sludge is considerably lower

than it is, for anaerobically digested sludge (12), (15),

(5). i

The reduction of vol ati 1 e! sol i ds in the sludge is
. s i

the pri'me purpose of the digestion process, and in this

model, the empirical relation found by Lawton and Norman (10)

w i l l be used to predict the reduction of the v o l a t i l e solids1 r ! !
in the digestor:

% reduction = 2.84 + 35.07 * log (sludge age) (65)

This equation was developed for the continuously fed, com-
* ' .. i

pletely mixed system which in practical terms would mean
i

daily feeding and daily withdrawal of supernatant and sludge

if vacuum filters are used. If sand drying beds are employed
i . ' , . ! -

the supernatant withdrawal would be daily, but 1 s i u d g e " w i t h -

drawal would be on a less frequent schedule. A l i s t i n g of
!

the subroutine used to simulate the aerobic digestion is

found in the Appendix,

The values for the required per cent v o l a t i l e solids

reduction and the total suspended solids to be maintained
' ' '

in the aerator are input to the program as is the per cent

of s o l i d s escaping in the supernatant l i q u o r . Then all of
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the stream vectors, BOD, TSS, VSS> SOC, 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 th.at the thickening
i

process is being omitted, and points #10 and #12 become

the same point.

The main program, SEWAGE, now calls AEROBE instead

of DIGEST, and before returning to the main program AEROBE

sets all stream values at point #15 equal to the stream

values at point #13 since elutriation is also by-passed.

The' detention time in the digester is found by setting

digestion time, DIGT5 equal to seven days and solving for

the v o l a t i l e solids reduction. If the per cent v o l a t i l e

solids exceeds the re qui red' value input to the program,

then the digestion time is incremented by adding one day

and re-computing the volatile solids content. Seven days

was used as an i n i t i a l starting point because several

investigators have found that low digestion periods y i e l d

a poorly d r a i n i n g sludge (12), (5), (15), (11). The same

investigators also indicated that settleabi1ity also

increased with longer detention times.

The volume of the supernatant withdrawn is found in

two steps. First, the amount required to b r i n g the thin

influent sludge up to the solids content specified to be

held in the aerator is found by the following equation:

QC13) = Q(12)*TSS(12)/(solids*10,000.) (66)

where: solids = per cent s o l i d s held in the digester
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Next the destruction of s o l i d s in the digester is taken

into account by again increasing the withdrawn supernatant

to compensate for the 1ower total solids:

Q(13) = Q(13)*TSSA/($OLIDS*10,OQO.) (67)
I

where: TSSA = the total suspended solids in the aerator

after solids destruction is accounted for.

Now Q(13)s the effluent volume, has been 'found, and the

volume of the supernatant is merely the difference between1

the influent volume and the effluent volume:

Q(ll) = Q(12) - Q(13) ' ! . (68-)

The q u a l i t i e s of the 'effluent and supernatant streams.

are now found. The-'-1 total suspended solids in the supernatant

is specified by the i n p u t variable, TSSLA, total suspended

solids lost from the aerator. This v a l u e must be s u p p l i e d

and is a product of engineering and experimental experience.

All solid species are assumed to be removed according to

the same ratio, much in the same manner a:s in the t h i c k e n i n g

process set forth in Smith's'mo del (21):
i

TSS(l'i) = TSSLA*SOLIDS*10,OQO. (69)

VSS(11) = VSSA*TSSLA (70)
i

SON(11 ) = SOLIDNA*TSSLA (71)

SOP{11) = SOLIDPA*TSSLA (72)

where: VSSA = volatile solids in the digester

SOLIDNA = s o l i d nitrogen in the digester
SOLIDPA = s o l i d phosphorous in .the digester
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The n i t rogen and phosphorous conver ted to the s o l u b l e

s ta te is cons ide red to be in d i rect rat io w i th the amount

o f vo l a t i l e mater ia l des t royed . As the ce l lu la r mate r ia l

is b roken down , ' the n i t rogen and phosphorous ' are re leased

to the env i ronmen t . Th is agrees w i th the f i nd ings of

Ecken fe l de r ( 6 ) , in h is s tud ies on ox ida t i on k ine t i cs of

b io log ica l s l u d g e s .

The vo lume of the, d igester is taken to be the product

o f the d iges t i on t i m e , a n d the e f f luent v o l u m e p l u s the

volume of one d a y ' s superna tan t :

V O L D I G = D I G T * Q ( 1 3 ) + Q( l l ) ( 73 )

E x c e s s capac i t y fo r s t o rage and c l e a n i n g is p r o v i d e d through

the e x c e s s capac i t y fac tor input by the u s e r . 1

The air requ i rements of the d iges te r are found by •

3prov id ing for 15 to 20 c fm/1000 ft of d iges te r capac i t y .

Loehr (11) found that the air requ i red to mainta in the

s o l i d s in s u s p e n s i o n was the l imi t ing factor on the air

supp ly :

.A IRCFD = A I R C F D + V O L D I G*20 . 0*60 . 0*24 . *1 000 . /7. 48 ( 7 4 )

where : A I R C E D = cub ic feet of a i r s u p p l i e d ' d a i l y
i

The bl o w e r s are s i z e d by i n ere as i n g f j c a p a c i ty by the

amount of air requi red by the d i ges te r :

BSIZE = AIRCFD/(24.*60.) ' ' (75)

3where: BSIZE = Blower capacity in ft /min.
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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 taken to be the

same as for a similar size activated sludge aerator:

CCOST(3) = 175,000(VOLDIG) + 36500(VOLDIG)0'182 .(76)

The operating cost of the di gester is found by addi ng the

size of the digester and the aerator and using the.formula.

given b y S m i t h (21) in the original model:

dollars/year = 10000.(VAER) + 14500(VAER)P'63 (77)

The capital cost of the larger air blowers is found by

the formula: L •

CCOST(4) = 10750 + 5857*BSIZE (78)

The amortization costs are based upon a 25 year life

and an interest rate of 4.5%. The construction- cost index
I

is set for the week"of August 3-9, 1969 when the ENR INDEX

was at 1275. The cost 'relations in the program were keyed

to an INDEX value of 812, and a straight ratio is used to

convert the capital costs to presently v a l i d costs,

4.3 Design Basis for Sludge Drying Beds

The subroutine written to simulate sand drying beds

utilizes equations 163 and .64 by Sanders (17) and Nebiker

(13), respectively for the draining and the drying of

sewage sludge. The 'program starts with a sludge depth of

1 centimeter, and increments the depth by 1 centimeter
• i

after the total dewatering and drying time is computed.
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The draining time is assumed to be sh.prt .enough so that

the drying which goes on simultaneously will be i n s i g n i f i -

cant. -Therefore, the time required to drain to a certain

solids content is determined first, and then the time

required for the sludge to reach its final solids content

is determined.

After the total time to dewater is determined,the

amount of Vand required for the- sand beds is determined

by - d i v i d i n g the a v a i l a b l e drying time per year by the total'i
time required to dewater each a p p l i c a t i o n of sludge pl u s

a period for bed restoration. By assigning a land cost

'to the area required, an'd a construction cost for b u i l d i n g
i I

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

for any depth of sludge application..

In trying to optimise the process, it is desirable

to minimize the total capital and operating costs. This

requires that an operating cost relationship be a v a i l a b l e .

This,, is a weak point in the program. The o r i g i n a l model

by-.'Smith (21)' estimates sand bed operating costs as a

function of the anaerobic digester size, regardless of

depth of.application. The model also uses a single design

^ loading factor of 4.4 pounds of solids per square foot

of bed per month.
*"-

I n t h i s i n v e s t i g a t i o n ' s a t t e m p t t o d e s c r i b e m o r e

p r e c i s e l y t h e E f f e c t d f v a r i o u s v a r i a b l e s u p o n s a n d b e d
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performance, it was necessary to come up with, some kind
i

of operating cost relationship. Therefore, 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

centimeters, which is the common depth of' operation.

R e a l i z i n g that the depth of f i l l i n g should influence the

operational cost, it was reasoned that a 'shallow depth of
j

f i l l i n g would mean a large number of cycles per year, and
i

that this would necessarily increase labor costs. However,

there is l i t t l e or no i nformation in the literature to

describe how the cost yaries. Therefore the cost is assumed

to vary linearly with the number of drying cycles per year

and with the total number of tons to be removed:
i

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

where: COSTO(13) = operating cost of the sand beds

(dol1ars/ton)

AREA = Area of sand drying beds (acres)

NOTONS = number of tons removed per'cycle

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

depending upon the q u a l i t y of the s l u d g e a p p l i e d to the
i '

beds. . ,

In this manner s the total cost for dewatering the

sludg e can be optimized by computing the total cost for

each- depth and comparing it with the cost for the previous

lower depth. When the rew cost exceeds the previous cost,

the iteration is stopped, and the optimum ope rat ing point

i s consi dered to be reached.
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The, qualities of th.e suhna,ta,nt Itqutd c(fe determined

by assuming that a certain percentage of the solids in the

sludge w i l l escape, and travel through'.the sand layer.

The dissolved species are assumed to remain constant in

concentration. . • . .

The computer version of the equations controlling

d r a i n i n g and drying are as follows:

D r a i n i n g -

Z = (XMU*S!*RC)/(100.*(HC**SIGMA)*SIGMA*(SIGMA + 1,))(8Q)

12 = (SIGMA 4- l.)*HO*H**(SIGMA) (81)

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

D r y i n g -

TDRY = (WTS/{100.*SCI))-(UO*UC + UC*LOG(UC/UT)) (83)

w h e r e : Z and 22 a re d u m m y v a r i a b l e s
i

X XMU = d y a n m i c v i s c o s i t y o f f i 1 t r a t e \ ( g m / c m - s e c )

. S I = o r i g i n a l s o l i d s c o n t e n t (%)
? ' ' 'R C = s p e c i f i c r e s i s t a n c e ( sec / g m )

S I G M A = coeff i c i e n t of c o r n p r e s s i bi 1 i ty

H O = o r i g i n a l d e p t h o f s l u d g e a n d s a n d ( c m )

HC = h e a d l o s s c o r r e s p o n d i n g to RC ( 'cm)

H = t o t a l h e a d at t i m e ' T ( c m ) j

T =• t i m e ( h o u r s ) '

T O R Y = t i m e ' ( h o u r s )
?WTS r v / e i g h t o f t he s o l i d s pe r u n i t a r e a ( k g / m )

• i
U O = o r i g i n a l m o i s t u r e c o n t e n t
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UT = final moisture content

UC = moisture 'Content at the end of constant

rate dryi ng

SCI = constant drying rate of a free surface
p

j (kg/m-hr)
i -.

The Smith model (2) » quotes a construct ion cost for

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

Engi n e e r i n g News Record index of 812. This seemed very

h i g h j so a rough approximation for a sand drying bed was

attempted, using the " B u i l d i n g Construction Cost Data"

values to estimate cost (4). The' f o l l o w i n g basic design

was arri ved at:

1 Sand Drying Bed = 1 acre: 43,560 sq ft

depth: 70 cm - 10" gravel

17.7" sand

Drain pipe: 4", 20' on cente

1/2" Asphalt Liner

Concrete curbi ng

Instal1ed costs:,

36,300 ft3 gravel @ $4.00/yd
64,100 ft3 sand @ $4.50/yd

'$ 5 , 3 9 0 . 0 0

10 ,700 .00

840 ft concrete curbing @ $2 .65 / f t = 2 ,220 .00

4 3 , 5 6 0 f t 2 a s p h a l t l iner @ $ 0 . 4 0 / y d 2 - = 17 ,400 .00

2 ,310 f t underdra in @ $0 .90 / f t - ' 2 , 0 8 0 . 0 0

To ta l cos t per acre-:?

To ta l c o s t per sq f t

$ 3 7 , 7 9 0 . 0 0

$ 0 .87
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This figure of $0.87 per square foot does not include any

distribution p i p i n g or valves, but it is hard to conceive

of a c'ost exceeding $1 .00 per-square foot with miscellaneous
I

p i p i n g added in. In terms of the ENR Index of 1960 at

812, the cost to be input to the program wo.uld 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

equipment would very much influence the operating costs

of the sand drying beds. Thus it is assumed that.the

beds are cleaned by hand.

Land costs for the sand beds are input to the model.

The cost is assumed to be $.10,000/acre in the s i m u l a t i o n s

in this investigation.



56

PART 5: RESULTS

5 . 1 p Cost and Performance Comparisons in the
Deletion of Primary Treatment

i
When Primary sedimentation is omitted from the

I
standard activated slud g e treatment scheme, certain cost

benefits accrue from the e l i m i n a t i o n of the primary settler.

However, this w i l l also require modifications to the aerator,
i i

and also to the sludge h a n d l i n g processes!. Table Al in the
I 'i '

Appendix shows a complete analysis of the standard -activated

sludge plant with anaerobic' digestion, w h i l e Table A2 shows

a complete analysis of the activated sludge plant, when

primary sedimentation is omitted, leaving 1 all other variables

constant.

These tables w i l l show that the quantity of sludge

to be digested or otherwise treated is much greater when
i

primary sedimentation is omitted in this way, for there
i

is not a concentrated primary sludge to be mixed with the

more dilute b i o l o g i c a l sludge from the aerator. Instead,
i i

all the solids pass into the aerator and are predicted to

be removed i n - t h e same concentration as a normal b i o l o g i c a l

s.l udge . ,

Taole IV show's a cost comparison between the standard

activated sludge and the modification where primary treat-

ment is omitted. The mixed l i q u o r suspended, s o l i d s , values
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TABl^E IV

Comparison of Activated Sludge with and without Primary
Treatment

C o s t : C e n t s / 1 0 0 0 ' g a l Ions
U R S S =• 3.0

F L O W
( M G D )

P r i m a r y N o n - P r i m a r y S a v i n g s
_ (*)

1 .0
5 . 0

1 0 . 0
2 5 . 0
5 0 . 0

100 .0

M L S 5 = 2.000 m g / 1

24
15
13
11
10
10

12
46
58
88
97
29

23.94
15.56
13.73
12.08
11 .20
10.53

0.75
-0.66
-1 .10
-1 .68
-2.10
-2.32

M L S S = 3000 nig/1

1 .0
5 . 0

10.0
2 5 . 0
50 .0

100.0

23
14
12
11
10

9

01
58
74
09
20
54

22
14
12
10

9

30
21
45
86
99

9.35

08
53
27
07
00
94

1 .0
5 .0

10.0
2 5 . 0
50 .0

100.0

MISS = 4000 m g / 1

2 2 . 4 0 2 1 . 4 2
1 4 . 1 2 1 3 . 5 1
1 2 . 3 2 1 1 . 7 9
T.6.69 1 0 . 2 3

9.. 8,1 "9.r39
9 . 1 6 8 . 7 6

4 . 3 7
4. 32
4 .30
4 . 2 9
4 . 2 7
4 . 3 5
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are held constant in both type's , and the concent ration

of the sludge underflow is held constant. The figures

show a s l i g h t l y more expensive treatment cost for the scheme

that omits primary treatment when the mixed liquor suspended

solids value is held at 2000 mg/1. The cost difference

fa l l s in the range of 0.75% less expensive for small plants'

to 2.32% more expensive for larger plants. The computer

s i m u l a t i o n should not be expected to be accurate enough to

make these differences significant. However, when the

mixed l i q u o r suspended s o l i d s held in the aerator is set

at values of 3000 mg/1 and 4000 mg/1 , the s i m u l a t i o n pre-

dicts that the omission of primary treatment w i l l result

in a savings of between '3.08% and 4.37%.

The above results were foundc: by assuming that the

mixed l i q u o r suspended solids level to be the same for

both systems. However, commonly used designed parameters

for activated sludge aerator loadings are based upon.a

ratio of pounds of BOD entering the aerator to the number •

of pounds of mixed l i q u o r suspended solids in the aerator.

Primary treatment normally is figured to remove about

35% of the raw BOD. Since this is not the case when primary
!

settling is deleted, the two systems would not be loaded

equally with the same value of the mixed l i q u o r suspended
! '

solids. A more v a l i d comparison between the two systems

could be obtained by adjusting the aerator l o a d i n g s so
: I •

that they were more closely e q u i v a l e n t . Since the system.
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in whi ch pr imary t reatment is del e ted recei ves about 50%

higher BOD in its influent s t ream to the aerator , a simu-

lat ion was made with the m ixed liquor suspended so l ids

for the non-pr imary s y s t e m set at 150% of the va lue for

the system employ ing primary t reatment . The resu l t s of

thi s simul ati on compared with the s tandard a c t i v a t e d

s l u d g e t reatment s c h e m e are c o n t a i n e d in T a b l e V.

Th is compar i son s h o w s that omi t t ing primary sed imen-

tat ion can y ie ld s a v i n g s rangi'ng from 7 . 5 3 % to 11 .01%.

The h igher the leve l of mixed l iquor suspende^ j s o l i d s

he ld in the aerator , the greater are the s a v i n g s . W h i l e

i t is not common to see plants w i th m ixed l iquor suspended

so l ids as h igh as 6000 mg /1 , v a l u e s as h igh as 9000 mg/1

' ' • Iwere obse rved at the Lee', M a s s a c h u s e t t s plant ' . A

summary of ope ra t i ng data obse rved at the; Lee, pi ant is

p r e s e n t e d i n T a b l e X . !
• I

Another factor which s h o u l d be taken into account
i

when attempting to simulate a plant in which there is
i

no primary sedimentation , is the effect of the solid which
i

woul d otherwise be removed by sedimentation before enter ing

the aerator. When the solids content of the sludge leaving

the final settler is increased, as p re die ted by Heukelekian
' 'and Weisberg (9), the sludge h a n d l i n g f a c i l i t i e s become

less expensive to construct and operate. Table A3 in
I

the Appendix snows a complete s i m u l a t i o n when the ratio of

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

Comparison of Activated S l u d g e . W i t h and Without
Primary Treatmenti

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

F L O W
( M G D )

,

1 .0
5.0

10.0
2 5 . 0
50.0

100 .0 - '

1 .0
5 . 0

10.0
2 5 . 0
5 0 . 0

1 0 0 . 0

1 .0
5.0 .

10.0
2 5 . 0
5 0 . 0

100.0

Primary

MLSS = 2000 mg/1 :
M L S S = 3000 mg/1 :

2 4 . 1 2
1 5 . 4 6
13 .58 !
1 T. 88
10.97
10 .29

M L S S = 3000 mg/1 :
M L S S - 4 5 0 0 . mg/1 :

2 3 . 0 1
1 4 . 5 8
1 2 . 7 4
11 .09
10 .20

9 . 5 4

MLSS = 4000 mg/1 :
MLSS = 6000 mg/1 :

2 2 . 4 0
1 4 . 1 2
1 2 . 3 2

' 1 0 . 6 9
9 .80
9 .16

Non-Pri |mary

Primary
Non-Pr imary

22.3 :0
14 .21
1 2 . 4 5
1 0 . 8,6
10.00

9.3;5

Primary
Non -P r ima ry

i

2 1 . 1 2 '
13 .28
11 .5,7
10.02

9.18
' : 8 . 5 6

Primary
Nion-Pr imary

2 0 . 4 8
1 2 . 7 9

. 11 .12
9 . 6 0
8 . 7 7

- 8 . 1 5

S a v i n g s
( * ) •

7 . 5 3 ,
8.10
8 . 3 3
8 .61
8.85
9.20

' 8 . 20
8.90

1 9 . 20
9 . 6 5

10.00
1 0 . 3 1 .

8 . 5 5
9 . 4 2
9 . 7 5

1 0 . 2 0
10 .50
11.01
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this s i m u l a t i o n the mixed l i q u o r suspended solids in the

aerator was set at 3000/mg/l, which caused the secondary

sludge to be predicted as being 1.8% solids. This is

not impossible, as can be seen from the observations at

Lee, Massachusetts, in Table X. ,

The s a v i n g s resuit ing from this type of s i m u l a t i o n

are increased s l i g h t l y from the case in which only the
1 I : -

mixed .liquor suspended solids are increased to balance

the increase in BOD loading. As shown in Table V I . , the

costs are from 8.35% to 12.40% less than a corresponding

standard activated sludge system.
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TABU VI

C o m p a r i s o n o f A c t i v a t e d S l u d g e W i t h a n d , W i t h o u t
P r i m a r y T r e a t m e n t

C o s t : C e n t s / 1 0 0 0 g a l l o n s
U R S S = 3 .0 w i t h P r i m a r y ;

U R S S = 6 .0 w i t h o u t P r i m a r y '

F L O W
(MGD)

ML
ML

1 .0
5 .0

10.0
2 5 . 0
50 .0

100.0 •

Primary
!

Non-Pr imary Sav i ngs
U)

SS = 2000 mg/1 : Pr imary
SS = 3000 m q / 1 : Non-Pr imary

2 4 . 1 2
1 5 . 4 6
13 .58
11 .88
10.97
10.29

MLSS = 3000 mg/1 : Pr

2 2 . 1 1
1 4 . 0 5
1 2 . 2 9
1 0 . 7 0

9 .84
i 9.19

i mary

8 . 3 5
9 . 1 0
9 . 5 0
9 . 9 0

10.60
10.65

MLSS = 4500 mq/1: Non-Pr imary

1 .0
5 .0

10.0
2 5 . 0
5 0 . 0

100.0

23 .01
14 .58

, 1 2 . 7 4
n .09
10 ,20

9.54.

2 0 . 9 2
1 3 . 1 1
11 .41

9 .86 •
9 . 0 2

• • 8 .40

9 .10
10.10
10.40
11.10
11 .50

i 11 .90

MLSS = 4000 mg/1': Pr imary
ML

1 .0
5.0

10.0
25.0
5 0 . 0

100.0

SS = 6000 mg /1 : Non-Pr imary

' 2 2 . 4 0
• 14 .12

1 2 . 3 2
10.69

9.81 .
9 . 1 6

2 0 . 3 2
1 2 . 6 3
1 0 . 9 5

9 . 4£
i 8. 61

7 . 9 9

9 .30
10 .55 '
11 .10
11 .75
12.25
1 2 . 4 0
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5.2 Cost iComparisons 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 s i m u l a t i o n for

an activated sludge plant u t i l i z i n g aerobic digestion. W i t h

a 60% destruction of v o l a t i l e s o l i d s , and m a i n t a i n i n g 6.%

solids in the digester, the predicted costs corae out very

close to the predictions for anaerobic digestion as contained

in Table Al. The cost for the system u t l i z i n g aerobic

digestion is predicted to be 0.22% less expensive. This

is a small difference when it is realized that the cost

predictions are only results obtained by a curve of best
• • \fit through experimental data. The small cost advantage

might be well'worth w h i l e when the s i m p l i c i t y • o f the system

is examined.

Several other factors m i g h t . a l s o come in to play. The

relati've simplicity of construction of an aerobic digester

as compared to an anaerobic digester might make it desirable

to construct smaller, s u b d i v i d e d aerators for'the digester,

and perhaps use-a smaller excess capacity factor than is

*? used for an anaerobic digester.

_x, A closer look at the predicted cost figures for this

entire 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 required .conditioning processes of
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thickening and elutriation. i h i s includes the extra blower

capacity required 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 the capital cost of the aerobic digester.

Changes in digester performance such as the level of s o l i d s

and the per cent v o l a t i l e solids destruction have a great

effect upon the operation and size of the vacuum filter

and i nci nerator.

Table VII snows just how close the costs for a p l a n t

with aerobic digestion compare to the costs for a plant

with anaerobic digestion. The range of cost differenee

is between .42% cheaper for aerobic digestion ,and 2.04% morei
expensive for flows ranging from 1 to 100 m i l l i o n g a l l o n s

i
per day. This comparison is again for a v o l a t i l e solids

destruction of 60% and a solids content of 6 %.
i ,

Ta.ble'-V'in shows the effect of different operating

conditions in the aerobic digester upon total treatment

costs for a 10.MGD plant. When the solids destruction
i

or the solids level in the aerator declines, the costs fori
treatment increase. This is due to the increased hydraulic

load upon the vacuum filter. The incineration costs also

rise with increased water content of the vacuum filter

cake, which is a function of the solids content of the sludge
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a p p l i e d to the vacuum filter. ihe rate of volatile

solids reduction can be controlled readily by adjusting
i '

the detention time in the aerator. However, the solids

content of the aerator is a factor which may not be as ' .

readily c o n t r o l ! e d » a l t h o u g h settleabi1ity u s u a l l y is found
i ,' • •

to increase with detention time, and it is .settleabi 1 i ty

which determines the amount of concentration which can be

accomplished.

• r
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TAEiLE VII

C o m p a r i s o n o f A n a e r o b i c D iges t ion and
Aerob ic D i g e s t i o n fo r A c t i v a t e d S ludge

VOLAT =

C o s t s : -Cen ts /1 .000 g a l l o n s
MLSS = 2000 rng/1

SOLIDS = 6 . 0 %

F L O W
( M G D )

A n a e r o b i c Ae rob i c Sav i ngs
( X )

1 .0

5 . 0

10.0

25 .0

5 0 . 0

100.0

2 4 . 1 2

15 .46

13.58

11 .88

10 .97

10 .29

24 .10

1 5 . 4 1

13.55

11 .93

11 .11

10 .50

0 . 3 2

0 . 2 2

- 0 . 4 2

-1 .27

-2 .04
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TABLE VIII -. :

The Effect of Varying V o l a t i l e Solids Reduction and
Aerator Solids Content on the Cost Comparisons Between

Aerobic and Anaerobic Digestion

Flow = 10 MGD
MLSS. = 2000 mg/1

VOLAT
(%)

60

60

60

50

.0

.0

.0

.0

SOLIDS
(%)

6

5

4

5

.0

.0

.0

.0

A N A E R O B I C
£/1000 gal

1

1

1

1

3.

3.

3.

3.

58

58

58

58

AEROBIC
<£/1000 gal

1

1

1

1

3.

3.

4.

4.

55

89

18

01

SAVINGS-
(*)

0.

-2.

.-4.

-3.

22

28

40

16
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5.3 Cost Comparisons Between Vacuum Filtration
and Sand Drying Beds as a Means of Sludge
Dewatering

U t i l i z i n g the computer'simulation for gravity de-

watering as a part of the standard activated sludge process,

cost figures were obtained for comparison with vacuum

filter and incinerator operations for sludge d i s p o s a l .

Table A 5 in the Appendix shows a complete simulation for

activated sludge with sand bed dewatering. By comparing

these costs with the resuits shown in Table Al , which shows
i

predictions for plants with vacuum filtration and incinera-

tion, an idea of the relative economies of sand bed de-
i

watering can be gained. The results in Table A5 assume

365 days a y e a r 1 a v a i l able for drying, a value which is not

universally acceptable. However, to assume any other value
i

would be to localize the s i m u l a t i o n to p a r t i c u l a r areas.
i

This is v a l u a b l e when app l y i n g the model to particular

cases, but is too specific for general d i s c u s s i o n . When

the relative magnitudes of the costs are discussed, the

effects of differing dry ing periods w i l l be indicated.

The total treatment costs for the system u t i l i z i n g

sand beds are shown to be about 22% less than the costs

for mechanical dewatering and i n c i n e r a t i o n . The drastic

effect of the sand beds can be seen by comparing the

amortization and operating costs (?/l000 gal). The cost
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i-

of the vacuum f i l t rat ion and [ i nc ine ra t ion was 3 . 7 0 3 ^ / 1 0 0 0 gal

w h i l e the cos t for the s a n d dry ing beds was 1 . 2 0 3 < £ / 1 0 0 0 g a l .
i

Two f ac to rs come into pla'y when one w i s h e s to c o n s i d e r

the e f fec t of fewer than 365 drying days per year : the
i

s i z e of the sand beds required to a c c o m p l i s h d r y i n g in a

shor ter pe r iod ; and the ex t ra s to rage requ i red in the

d iges te r or other tank to ho ld the s l u d g e dur ing per iods
I

when it cannot be a p p l i e d to the beds .

The area requi red to dry a g iven amoun t .of s l udge

v a r i e s l inear ly w i t h the number o f dry ing days a v a i l a b l e .

S ludge w h i c h requires two a c r e s to dry i n ' 3 6 5 days w i11
ii

require four acres to dry in only h a l f that time. However,
i

the effect of the extra storage required depends 'upon whether
i

the. decrease in the number of a v a l i a b l e days is due to

inclement weather s.uch as rain s or due to a longer period
I i i

or season such as winter when no drying can be accomplished

for long periods o>f time.

In the case in which a v a i l a b l e drying days are reduced

because of rain', the excess capacity factor b u i l t in to
i i

the plant w i l l normally be sufficient to smooth over the
1 i

irregularities in the weather. Thus the only ex-tra cost
*

incurred would be in the larger sand beds.i 3 ' ;

In the case in which there exists a long season of

no drying days, extra storage must be provided in the

plant to carry .o.ver non-drying season. Thus in this case
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extra costs are incurred thorugh both larger sand beds,i
and in pro vision of extra slud g e storage f a c i l i t i e s .

The excess capacity factor normally a p p l i e d to the

anaerobic digester is 2.0, meaning that for a conservative

desi gn, twi ce the theoreti cal di gestion volume is provi ded.

This would easily smooth over the effects of reduced drying
i

days due to rain. Thus if only 182 dry ing days were a v a i l -

able due to preci pi tati on, roughly twi ce as many sand beds
! i

would be requi red, and the dewatering costs would roughly
i

doub le to 2 . 4 < t / 1 0 0 0 ga l , sti 11 • s i gni f i cant ly l e s s than the
i ' '••

cos t for the. same s i z e plant ut i l iz ing v a c u u m f i l t ra t ion

and inci nerati on.

The e f f e c t s for c a s e s in w h i c h the drying s e a s o n is

restr ic ted by longer per iods of inc lement wea the r require
i <

analysis for each i n d i v i d u a l case. However, the cost

differences are so large, the author feels that most plants
i , '

in this country could economically u t i l i z e sand bed

dewatering.
i l

The effects of scale of the plant on the two methods
i • i

of dewatering are shown in Table I'X. In both cases, the

sludge is digested by the anaerobic digestion process.
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Com pan" son of Sand Bed Dewateri ng, and Vacuum
Filtration Plus Incineration; As Reflected In

Total Treatment Costs

71

Costs: Cents/1000 gal

F L O W
( M G D

1

5

10

25

50

100

V a c u u m Filter an
) Inc inera t ion

.0

.0

.0

.0

.0

.0

24.12

1

1

1

1

1

5 . 4 6

3 . 5 8

1 .88 '

0 . 9 7

0 . 2 9 .

d Sand Dry ing ' Sav i
Beds - , (%)

17

11

10

10

9

9

.27

.89

28

23

.92 ' - 19
i
i

.n

.78

14

.10
1

.59 1 6

ngs

.4

.0

.5

.9

.8

.8
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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 computer model

with actual performance data. The treatment processes
i

are shown in flow di a gram form in Fi gure \2. Primary

treatment, is not employed, and aerobic .digestion is used

instead of anaerobic digestion. Sand drying beds are also

used, although no performance data was taken .from these.

The specific resistanee and coefficient of compressi b i 1 i ty

were determined for the aerobic digester sludge, and these
i , i

values can be used to characterize the performance of the

sludge on- t h e drying beds.

The treatment plant utilizes diffused air for its
! I !

aeration tanks and aerated grit chamber. The plant is

new, and is rated at roughly one m i l l i o n gallons per day,
i

and is presently treating only about three hundred thousand

gallons per day. On;e half of the aeration tank capacity
i

is being.uti1ized, and all of the secondary settler capacity

i s bei ng used. ,
i

The operation of the plant is such that very h i g h

solids levels are maintained in the aerator, with total

sludge recirculation b e i n g employed. The aerators of the

digester are fed about once a week, after the supernatant

is withdrawn, - D a i l y or regular supernatant withdrawal is
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not practiced at the moment, probably because of the

excess capacity now a v a i l a b l e .

The experimental resuits of samples from the Lee

treatment plant are found in Table X, - Five day BOD

tests on the raw sewage, the plant effluent, and the

digester supernatant were run on samples composited from

samples collected at 8 A.M.., 12 Noon, and 4 P.M., and run

according to the methods in ' Standard Methods (22). The

following sol ids tests were tun on the raw sewage, fi nal

effluent, aerator l i q u o r , raw sludge, and digester liquor;

residue upon evaporation; and re si due upon i g n i t i o n at

600°C. Both tests were performed on the solids retained,

on No. 2 Whatman Filter Paper. The solids tests were taken

from grab samples, and dried at 103°C to Constant weight

at the treatment plant and then brought to the University

of Massachusetts Environmental Engineering Laboratories for

ignit i o n at 600°C.

The treatment plant achieved an average of over 96%

BOD removal as indicated by the laboratory results, thusi
l e a v i n g l e s s than ha l f o f the required 13 .0 mg/1 of BOD

i ;

in the effluent as predicted by the computer model.

The results of the 'solids tests on the raw sludge,

the aerator l i q u o r , .and the di'gester l i q u o r show an

interesting pattern. On the first day of testing, one

digester was being emptied and cleaned. The digester in



T A B L E X '

Exper imenta l R e s u l t s from the Lee, M a s s a c h u s e t t s T rea tment P lan t

TEST
POINT

Raw Sewage

#1
#2
#3

Average: _

F i n a l Effluent

#1
n
#3

"Average:

Aerator Liquor

#1
$21! *— — _

#3

SUSPENDED
SOLIDS(mg/l )

"

1 77
103
157

146

10
n
12

n

9000
1 1 ?00-1 1 L, \J \J

8050

.0

.0

.0

.0

.60

.45

.10

.38

.0
n* \j

.0

VOLATILE
SOLIDS

. 147
81

129

- -- 119

7
8
9

8

4830
conn

4100

SUSPENDED VOLATIL
(rrig/1) (%)

.0

.0

.0

.0 —

.11

.41

.70

.40

.0
n.•. u
.0

- 83.
78.
82.

- .. 81 .

67.
80.
80.

75.

53.
f>l\j i .
50.

ITY

0
5
1

2

0
7
0

9

7
7/
9

BOD
(mg/1)

206
198
217

207

4
6
8

6

-
_

.0

.0

.0

.0 •

.12

.65

.60

.46

_

_

A v e r a g e : 9 4 1 7 . 0 5 0 7 7 . 0 5 5 . 4



T A B L E X ( C o n t i n u e d )

Exper imen ta l R e s u i t s f rom the Lee, M a s s a c h u s e t t s Treatment P lan t

TEST
POINT

Raw SI udge

#1
#2
#3

Average :

Digester Liquor

#1
#2
#3

Average :

Digester Supern

#1
#2
#3

SUSPENDED
SOLIDS(mg/l )

31500.
46700.
18750.

32317.

47700.
65100.
20700.

44500.

atant

372.
783.
632.

0
0
0

0

0
0
0

0

0
0
0

VOLATILE
SOLIDS

16500
24500
9200

16733

12100
16150
8300

121 83

102
240
183

SUSPENDED VOLAT
(mej/1) (%

.0

.0
-.0

.0

.0

.0

.0

.0

.0

.0

.0

52
52
49

51

25
24
40

27

27
30
29

ILITY
)

.3

.5

.0

.3

.4

.8

.0

.4

.2

.6

.0

BOD
(mg/1)

--

"" ta

--

13.3
17.9
24.0

A v e r a g e 596 .0 1 7 5 . 0 28.9 18.4

Ol
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use was not being fed, and the s o l i d s in the aerator were

being totally recirculated. Five days later, when the

second set of samples were evaluated, the total recircu-

lation of aerator s l u d g e was s t i l l b e i n g carried out,

and the digester in use was decant thickened several times.

This is reflected in the increased solids content of the

aerator, raw sludge, and digester l i q u o r . -

The increase in the s o l i d s content of the raw s l u d g e

is attributed to two factors: The increased s o l i d s l o a d i n g

of the aerator; and the Vncreased age of the mixed l i q u o r

suspended solid's. Heukelekian in his studies on s l u d g e

bulking(8) found that the higher the sludge age, the better

the settling characteristics. During- this . period, the

aerator solids increased approximately 22% while the solids
i

content of the raw sludge increased approximately 50%.
|

Thus a part of the increase in the raw sludge s o l i d s content

can be attributed to a higher mixed l i q u o r suspended

solids l e v e l , and a part to the increase in sludge age in

which the sludge floe loses to some degree the gelatinous

sheath which retains large amounts of water.

The next week, when the empty digester was being
i

returned to service after.clean ing, the solids content of

the aerator predictably dropped, and with it the s o l i d s

content of the raw sludge. The solids content of both

digesters dropped as both were equalized and fed raw sl u d g e .
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The digesters are how being operated more l i k e batch

processes than continuous processes. Feeding is inter-

mittent and supernatant withdrawal is infrequent. It

is doubtful if this type operation can be maintained as

the design flow of the plant is iapproached.
i

The dewatering characteristics of the aerobic sludge

were determined using the specific resistance and co-

efficient of compressi bi 1 i ty determinati ons as outlinedt
by: Sanders, Adrian, Nebiker et al.(17), (14), (2), (1).

The Buchner Funnel filter technique was used on two samples

of aerobic sludge. Each sample of s l u d g e w a s tested at

four vacuum pressures, and the results were analyzed

using a computer program developed at the University of
i

Massachusetts under the sludge dewatering 1 research programs.

A complete sample of these tests appears in Appendix IV.

Table XT- shows a summary of the computer analysis of
i

the data.

In each sample, the first coefficient 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 values

obtained are somewhat 1ower than the values reported by

Nebiker, Sanders, and Adrian (19) of 4.8 x 101'0 and
10 22.1 x 10 sec /gm at 15 in Hg.,for an anaerobi cal ly

digested sludge from an activated sludge plant. Values
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T A B L E X I
!

S p e c i f i c R e s i s t a n c e ' ( a n d C o e f f i c i e n t o f
C o m p r e s s i b i l i t y d a t a A e r o b i c S l u d g e

fro 'm L e e , M a s s a c h u s e t t s

1

RUN

i

1

2

3

4

1

2

3

4

VACUUM
(cm.Hg.)

24

39

10

59

25

40

9

60

.9

.9

.1

.9

• 0 .

.2

.95

.0

SPE
RES
'(s

CIFIC
ISTANCE
ec^/qm)

SAMPLE #1

.'8321 x
1

1 .105 x 1

.3069 x
!

1 .'804 x 1
i

SAMPLE #

.8632 x

1 .223 x 1

^2997 x

1.877 X 1

COEFFICIENT*
OF

COMPRESSIBILITY

1

109 -'- •

O9 - '

109 '

O9 .9712

2

!09

O9

109

O9 .9753

N o t e : T h e v a l u e s f o r c o e f f i c i e n t o f c o m p r e s s i b i l i t y
are for the e n t i r e e x p e r i m e n t a l test of f o u r
r u n s o n each s a m p l e .
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of 1.105 x 109 and 1.223-x 109 were obtained for the

aerobically digested sludge in about the same vacuum

range. These values represent a decrease in specific

resistance by factors of about 17 to 43. This would

materially effect the drainage time of the sludge, and

therefore, 1ower the total dewatering time significantly.

A more significant di fferenee 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.



5.5 Analysis of Simulation vs Actual Data 81

In comparison, with the stmulatiga of the Lee plaat,

the following parameters can be compared: BOD of the

effluent; Volume'of the aerator; suspended solids values

in the aerator, raw sludge, and aerobic digester; and the

v o l a t i l e solids reduction in^the aerobic digester.

The computer program predicts a final BOD of not

more than 13 rag/1. ; The Lee treatment plant now is

a c h i e v i n g 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 gallons, much greater than the

231,000 gallons that the computer program predicts, and
i

this may help explain the greater BOD removal being

achieved at Lee.

the computer simulation varies the suspended s o l i d s

content of the aerator accord ing to the desire of the

person using .it, but it is interesting to note that the

aerator-at Lee! has had suspended solids values ranging

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

had no problem with sludge bulking or excess solids in

the effluent.

The suspended solids content of the raw sludge, from

the fin-al settler varied from 18,,750 - 31,500 mg/1, the

lower value being observed when the solids content of the

aerator was dropped by feeding the digester. The higher

value was observed during the 'same period that high

suspended solids values were observed in the. aerator.
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This is in accord with the f i n d i n g s of Heukelekian et al .

(9) which showed that the greater the sludge age, the

better is its settleabi1ity and compactabi1ity. The Lee

results bear out the premise of greater solids content

in the raw sludge when primary treatment is deleted.

The suspended solids values for the digester are

input to the computer program, with a popular value being

6%. "This value was observed at Lee just prior to feeding

the digester. At the other times, digester feeding and

the lack of supernatant withdrawal gave lower values for

the digester solids content. The operators say there is

no difficulty in m a i n t a i n i n g h i g h solids values,but that

it is not now necessary at Lee because of the low flow

conditions.

The v o l a t i l i t y of the sludge entering the aerobic

digester is about 51.3% and the v o l a t i l i t y of the sludge

leaving the digester is about 27.4%. This corresponds

to a volatile solids reduction 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

peri ods y i e l d i n g long detention times, and of periods

when the digester had' been heavily fed in the previous

week, y i e l d i n g shorter detention times. The highest s o l i d s

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 shown to be the determining

factor in v o l a t i l e solids reduction. Supernatant with-

drawal is not practiced at this time.

Also, the volatile s o l i d s content of the raw sludge

at Lee averaged only 51.3%, w h i l e the computer s i m u l a t i o n

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 s l u d g e recirculation.

The digesters are fed Infrequently, and high values of

mixed l i q u o r suspended'sol i ds are^imai ntai ned in the
/

aerator. The average va lue found during the test ing per iod

was 9 ,417 mg/1 , w h i c h is very much greater than is no rma l l y
I !

expected. This practice of very h i g h solids content in

the aerator, and total sludge rec.i rcul ati on. means that

the sludge age in the aerator w i l l be very h i g h and that,

in effect, the aerator becomes a digester for the sludge,
i

greatly reducing the v o l a t i 1 i ty before it enters the

two separate digesters. Therefore, in actual practice
!

the sludge volatility is reduced from about 85% to 27.4%

as it travels through the aerator and digester. This

corresponds to approximately a 67% reduction, in total

vo l a t i 1 e s o l ids.
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In the comparison of the costs associated with the

actual contract for the Lee plant, and the costs predicted

by the computer s i m u l a t i o n , very large discrepancies

are apparent. The total contract cost of the 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 p l a n t was

$667,000. The computer simulation predicts a cost of

$417,200 for a plant with-the flow pattern and size of

the Lee plant. This is 37.4% less than the actual contract

cost of the plant as constructed.

Table XII shows the original engineer's estimate (23)

and a pro-rata increase to take into account that the

engineer's estimate was for $745,000, w h i l e the total

contract cost was $790,000 i n c l u d i n g the general develop-

ment work.

Table XIII shows a summary of the construction costs

as predicted by the computer simulation. Comparing Table XII

and Table X I I I S it is seen that the cost categories are

somewhat dissimilar. Table XIV is the resuit of an attempt

to match the information into the same categories. In

the engineer's report (23), the cost of the air blowers

is i n c l u d e d in the control house cost. Thus the costs

for the control house and the air blowers w i l l be com-

bined in the s i m u l a t i o n data. In the computer program,
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TABLE XI!

Engineers Construct!on Cost Estimates for
Lee, Massachusetts Sewage Treatment Plant

UNIT COST ($)

Preliminary Treatment
Aeration Tank
Fi n a l Settler
Chiori nation Tank
Digester
Control House
Outside P i p i n g
Landscapi ng ;'
Electrical Work
Drying Beds

O r i g i n a l

$ 31 ,600.00
166,000.00
83,300.00
11 ,400.00
31 ,300.00
138,000.00
54,000.00
27,000.00
70,000.00
8,000.00

$622,000.00

Adjusted

S 33,600.00
178,300.00
89,800.00
12,600.00
33,900.00
148,400.00
58,300.00
29,300.00
75,500.00
8,800.00

$664,500.00

TABLE XIII j
i

Unit Costs for Lee, Massachusetts Sev/age .Treatment
Plant as Predicted by Computer Si m u l a t i o n '

UNIT COSTf ($)

Preliminary Treatment
Aeration Tanks
Air Blowers
Final Settler
Sludge Pumps
Control House
Di gester
Chlorination
Si te Development
Drying Beds

$ 25,590.00
121 ,100.00
35,260.00
41 ,670.00
10,070.00
69,620.00
66,220.00
15,660.00
7,658.00
24,440.00

$417,200.00
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TABLE XIV.

Engineer's Estimated Costs, and Computer S i m u l a t i o n
Costs Consolidated to the same Categories

UNIT

Preliminary Treatment

Aeration Tank

Final Settler

Di gester

Control House

Chi orinati on

Drying Beds

Sludge Pumps

Site Development

Electri cal Work

COST

Engineer's
Esti mate

33i600.00

219,000.00

105,100.00

39,700.00

148,400.00

14,700.00

8 ,000.00

29,300.00

70,000.00

$667,800.00

($)

Computer
Si mul ati on

25,590.00

121 ,100.00

41 ,670.00

66,220.00

104,880.00

15,660.00

24,440.00

10,070.00

7,658.00

$417,200.00

a)
Note: These figures are in c l u d e d in other categories
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the p ip ing cos t s are i nc luded in the a s s o c i a t e d p r o c e s s

unit c o s t s , thus the ou t s i de p ip ing c o s t s f rom the

e n g i n e e r ' s repor-t ( 2 3 ) w i l l be d i v i d e d be tween the ae ra to r ,

f inal se t t le r , ch lo r ine contac t chamber , and the d iges te r ,

the c o s t w i l l be p ropor t ioned a c c o r d i n g to r e l a t i ve c o s t s

of the ind iv idua l un i ts . i

C h e c k i n g the des ign parameters of the computer p rogram

with the design of the Lee plant, the major di f ferences

are found to l ie in the s i z e of the aera to r and the air

b lowers . Smal ler d i f f e rences p ie in the s i z e of the

d iges te r and the f inal se t t le r

The Lee plant was des i gned on the b a s i s of an
i

e x t e n d e d ae ra t ion type ' ' p r o c e s s , and the e n g i n e e r s p rov ided
i

for a 16 1/2 hour de ten t ion t ime in the aera tor at d e s i g n

f l o w . Th is required an aerator s i z e o f 0 . 6 7 5 m i l l i o n

g a l l o n s . The computer s imu la t i on ca l l s for a de ten t ion

t ime of app rox ima te l y 5 1/2 hours w i t h an aera to r s i z e

o f only 0 . 2 3 7 mi l l ion g a l l o n s . T h i s rep resen ts a lmos t

three times, the s i z e aerator at the Lee p lant as compared

to the s imu la t i on .i i

Us ing the e x c e s s capac i t y f ac to rs t o . d e s i g n the

larger ae ra t ion tanks in the s i m u l a t i o n , and a l s o for

increas ing the assoc ia ted blower siz'e, it was found that

$ 1 4 3 , 3 4 2 was added to the aera to r c o s t , and a p p r o x i m a t e l y

$ 6 4 , 8 0 0 was added to the c o s t of the a i r b l o w e r s .
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These two changes Increase the total p l a n t cost by

$208,142, and bring the total p l a n t cost to $625,342.

This represents only a 6.4% difference from the actual
i

contract cost. '

The cost differences represented by the slightly

larger final settler at Lee, and the s l i g h t l y larger
"i

digester predicted by the computer program just about

exactly cancel each other. Thus, if the major design

differences are taken into account, the cost of the actual

plant can be readily verified by the computer program.

It is the design engineer's responsibility to decide basic

parameters, and these can be s u p p l i e d to the s i m u l a t i o n

in order to ensure an accurate prediction.

From the experimental re suits taken from the Lee plant,

it seems l i k e l y that such a long design detention period in

the aerator is not necessary, however, this was one of

the first plants of this type b u i l t on a large scale,

and should serve as a model for future work. - On the average,

3.42% of the raw BOD was all that was left 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 BOD removals requi re increasi ngly

longer detention times.

The results of the solids determinations at Lee also

suggest, that the aerator is not being operated as an .
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•" extended aeration p l a n t in the usual sense of the word.

The mixed l i q u o r suspended solids levels in the aerator

during the testing period averaged 9,417 mg/1, with almost

total sludge recirculation. The digesters were only fed

occasionally. This level is very much greater than the

2000 - 3000 mg/1 level normally expected in standard

activated s l u d g e , and is certainly greater than 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 much stabilized in the aerator

even before they are fed to the digesters.

The operating 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 abo>ut $33,000. During the second

year-, 1969, an average of $342,000 • gal 1 ons of sewage

was treated daily. This works out to about 23.2^/1000

gallons. Of this amount, all except $5,807, represent ing

the cost'of power is a fixed cost. The manpower and other

maintenance costs are the same now as they w i l l , be when

,-s the plant is running at full capacity.

U s i n g the projected cost of electricity at fu l l

capacity, $13»300/year, the operating cost w i l l be about
i ,

9.9(^/1000 gallons. This is above the projected' cost

of 5.46^/1000 gallons predicted by the computer prograrn.

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

about 8,6<£/1000 gal 1ons ,about 20% lower than the actual

budgeted amount at Lee. However, it is (interesting to

note that the budget for the Lee treatment plant Includes

$5100 for Sewer Commissioner's salaries and general

commission expenses. Thi-s represents about 17% of the

1968 budget, and this share should decrease as more sewage

is treated.

It is very difficult to 'predict the operating costs

of a treatment plant in general, for each owner or town
; I

has different ideas on salary levels for operators, the

number of operators to be hired, the laboratory facilities

to be provi ded, etc. These decisions are unn'que to each
•; i'

i

town or engineering firm. Thus an operating cost pre-

diction should be an attempt to give a close approximation,

but should not be expected to be very accurate.
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PART 6: CONCLUSIONS.

6.1 Deletion of Primary Treatment

The computer s i m u l a t i o n has shown that deleting

primary treatment from the activated sludge process can

yield a substantial savings in total treatment costs

for almost all treatment plant sizes. Factors found to

be important in this type design are:

a) the savings from e l i m i n a t i o n of a primary

settler
i

b) increased cost due to a larger aerator

c)\ mixed l i q u o r suspended solids v a l u e s must be

adjusted to equalizedBOD load ings

d) the final sludge is considerably^thicker than

normal activated sludge, 'producing savings in

the sludge h a n d l i n g group of processes..

Total treatment cost savings were predicted to be

between 8.35 - 12.40%. I

6.2 Aerobic Sludge Digestion

The simulation of the aerobic sludge digester showed

that aerobic digestion can vary from s l i g h t l y less expen-

sive than anaerobic digestion, 0.22% @ 1.0 MGD, to s l i g h t l y

more expensive, 2.04% @ 100 MGD. The very small differences

predicted by the s i m u l a t i o n probably s h o u l d be taken to

mean that 'the two processes are very close in total cost,
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and other factors should be used to determine which

process should be used. This conslusion was based upon,

the use of vacuum filtration and incineration for ultimate

sludge disposal. If sand drying beds are used for final

dewatering, the cost figures pre diet a substantial savings

for the aerobic digester, for the digester itself is

very much less expensive than the anaerobic digester.

However, the vacuum filter is very sensitive to changes

in solids and l i q u i d loading rates, and the anaerobic
i

process reduces the solids to a greater degree than the

aerobic process. The a e r o b i c d i g e s t e r costs only 42.4%

as much as the anaerobic digester and its a u x i l i a r y

processes of t h i c k e n i n g and elutriation.

Aerobically digested sludge dewaters s i m i l a r l y to

anaerobically digested sludge on dry ing beds as determined

by specific re si stance tests. However, the larger co-

efficient. of compressibility for aerobically digested

sludge compared to anaerobically digested sludge means

the aerobically digested sludge would dewater somewhat

faster.

6.3 Sand.Drying Beds for Sludge Dewatering

The computer simulation showed that sludge dewatering

on sand drying beds can yield s i g n i f i c a n t savings as

compared to the vacuum filter and incineration method

of sludge 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 pre dieted range from 28.4%

for a 1 MGD plant down to 6.8% for a TOO MGD plant. If

only 182 drying days are assumed, the cost savings for

a 10 MGD plant would still amount to about 7.5% over the

same plant with vacuum filters and incineration.

The variables of weather, sludge character!sties

and cost of constructi,on are input to the . s i m u l a t i o n ,

and an optimum size of drying bed is derived.

The savings effected by sand dry ing beds can be

important when deci d i n g on the digestion process.

Aerobically digested sludge tends to be more voluminous

and consequently/more expensive to dewater than
i

anaerobically digested sludge h a v i n g the same specific

resistance, coefficient of c o m p r e s s i b i l i t y and s o l i d s
' ' !

content for the simple reason that anaerobically digested

sludge has more of its o r i g i n a l solids destroyed, and

therefore produces a s l i g h t l y smaller volume of sludge to

be dewatered. The cost of the sludge dewatering is more

than twice as expensive as the actual digestion process,

and is thus very sensitive to the di fferences in digester
i

performance.

Sand drying beds on the other hand are less sensitive

to variation in sludge quality, and can make aerobic
i

d i g e s t i o n 1 very attractive from a cost viewpoint.
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PART 7: RECOMMENDATIONS:

7.1 Recommendations for Future Work

Suggested areas for" future work include parts of

the s i m u l a t i o n now considered to be weak. These areas

are:

a) More scientific evaluation of the elutriation

process is needed.

'b) Vacuum filter loading parameters which take

into account factors such as solids content

and sludge characteristies are needed.

c) More sand dry ing 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.
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APPENDIX I

Complete Simulation Data Tables
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TABLE A1

Standard Activated Sludge Process with Anaerobic
Digestion and Vacuum Filtration

-INPUT PARAMETERS
i

SOLID B O D (MG/L5 ' ' . 140.25

DISSOLVED 'BOD C M G / L > 59 ..8 A

TOTAL SUSPENDED SOLIDS <MG/L> £53 .65

VOLATILE SUSPENDED SOLIDS CMCVL> £23 .65

SEWAGE 'VOLUME (MGD) .' 10.00

MIXED LIGUOk SUSPENDED SOLIDS I
HELD IN AERATOR C«G/L> 200f t .OB

MAXIMUM BOD IN EFFLUENT CMG/D . 13.00
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T a b l e A l , C o n t i n u e d

CASE M O . 1 A C T I V A T E D S L U D G E P K O C E S S C A L C U L A T I O N J U M E 1969

S T A T I O N M G D CAkBO.'s) B O D M B I o ' c A K B O . N j M I T K Q O . E \

1

2

5

7

8

9

10

1 1

\ Z

13

14

1 5

16

20

SOL
D I S .

SOL
D I S

SOL
DIS .

SOL
DIS

SOL
D I S

SOL
D I S .

SOL
DIS

SOL
D I S

SOL
D I S

SOL
D I S

SOL.
DIS .

SOL
D I S

SOL
D I S

SOL
DIS

10.318
•

10.305

13. 1 1 1

. 1 9 5

.013

.320

.208

. 170

.038

.038

• 138

. 0 1 4

.012

10 .000

. 1 160E+03

. 4241 E+02

. 5809E+02
- .''42 4.1 E+02

• 8 9 0 3 E + 0 1
. 1298E+02

.21 50E+04

. 1298 E+02

. 4641 E + 0 b
• 4241 E+02

. 461 1E+03

.2398E+02

. 4 9 0 0 E + 0 4

. 1481 E+02

• 3 0 0 0 E + 0 3
• 148 IE* 02

• 2 5 4 3 E + 0 5
. 1 481 E+02

. 1039FM-05
• 9 8 4 2 E + G 2

. 69 4 7 E+ 03

. 3434E+02

• 2 3 3 0 E + 0 5
« 3434E+02

. 6934E+02
•3434E+02

. 1050E+03
• 4300E>02

. 1 4 1 S E + 0 3

. 5874E+02

. 7 09 S E+02
- . 5874E+02

• 9 2 3 5 E + 0 I
. 3 69 5 E+ 01

• 2 0 9 6 E + 0 4
• 3 6 9 5 E + 0 1

. 5 6 7 2 E + 0 5

. 5874E+G2

'. 1895E+03
• 2 4 2 7 E + 0 2

0
0

0
0

0
• 0

0
0

G
0

0
0

0
0

. 1 4tnn>03

. 59 8 4 E + 0 2

. 4021 E+02

. 1 1G8E+02

• 2 0 J 3 E + 0 2
. 1 100E+02

. 4 2 6 1 E + 0 1
. 11 60 E+02

. 1 0 2 9 E + 0 4

. 1 100E+02

. 1 6 0 8 E + 0 5

. 1 100E+02

• 3598E+03
. 1 100E+CJ? .

. 1 9 6 5 E + 0 4

. 1 l ^ ) 0 E + 0 2

. I 2 0 3 E + 0 3

. 1 100 E+02

. 1 0 1 8 E+ 0 5
- 1 100E+02

.. 1 0 1 8 E + 0 5
. 1 1 0 0 E + 0 2

. 6809E+03

. 1 100 E+02

• 2 0 3 9 F + G 5
. 1 100 E+02

. 6 7 9 6 E + 0 2
• 1 1 0 0 E + 0 2 ,

• 3C00E+02"
. 1 100E+0S

. 1036E+B2
• 2 2 0 0 E + 3 2

. 5436E+01
• 2 2 0 0 E + 0 2

. 1 4B1 F+0 1
•2347E+02

. 137 IE-:- 03
• 2 3 4 7 E + 0 2

. 4 3 4 3 E + 0 4

. 2 2 0 G f C + 0 2

. 3 7 72 E+ 32

. 1 1 60:{-i-03

.3985h:+"03

. 23 33 E+02

• 2^40S:-f-S2
.2338 £+02

« 2066E+04
. 233BE+02

•8525E+03
. 8 1 2 1 H>03

. l i V O f j (•:•!• 02
•^ o f, / rr <. " ">» c-f- iJ () LL'f1 ,'jji

. 1 7 W 7 E + G 4

.2206F>33

. 5 6 8 9 E + 0 1
- 2 2 0 6 E + 0 3

• l f l £ - 0 E + 0 £
. 1 9 C f i : T + t i 2
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S T A T I O N

i

2

5

7

8

9

10

1 1

12

13

14

15

16

20

SOL
DIS

SOL
D I S

SOL
DIS

SOL
D I S

SOL
DIS

SOL
D I S

SOL
DIS

•SOL
DIS

SOL
D I S

SOL
DIS

SOL
D I S

SOL
D I S

SOL
DIS

SOL
D I S

M G D

10.318

10.305

10. 11 1

.195

.013

.326

.208

. 1 7 0

. 033

.038

. 138

• 014

.012

10.000

P H O S P H O R U S

• 2 1 5 4 E + 0 1
.48 601:+ 01

. 1078E+01
. . 4860E+01

.8903E-01

. 5444E+01

.2150F.+ 02

. S444E-f-01

"«861 7E+03
. 48 60 E+ 01

. 6 9 7 6 E + 0 1
• 3 1 7 7 E + 0 2

. 7 3 7 1 E + 0 2

.5408E+01

. 4 5 1 2 E + 0 1

. 5408E+01

.3821E+03

. 5408 E+ 01

. 1577E+03

.2299E+03

. 1054E+02

. 6155E+02

.31 57E+03
, 6155E+02

. I 0 5 2 E + 0 1

. 6155E+02

•20S0E+01
. 4000E+01

F I X E D
M A T T E R

.39 12F>02
« S00SL7.+ G3

. 1958E+02

. 5000E+03

.35321-:+ 01

. 5000E+03

• 8531E+03
• .5000E-1-03

. 1 565E+05

. 5000E+03

•3246E+03
. 5000E+03

. 1 7 7 2 E + 0 4
o 5000E+03

. I085E+03

. 5000E+03

.9 188E+04

. 5000E+03

•9188E+04
. 5000E+03

. 6 l43E- f -03

. 5000£>03

.. 1839E+05

. 5000E+03.

. 6 1 3 i E ^ 0 2

. 50B0E+03

•3000E+0S
. 5000E+03

VSS

, 2 4 7 1 E - ( - 0 3

. 1237E+03

. 1692E+02

. 4086E-I-04

.9886E+05

.9223E+03

• 9 8 0 1 E + 0 4

• 6 0 0 0 E + 0 3

• 5081F.+ 05

•2078E+05

. 1389E+04

' . 41 6 1 E + 0 5

. 1387E+03

.223661+03

TSS

.2863E+03

. 1433E+03

.2045E+0S

. 4939E+04

. 1 1 4 5 E + 0 6

. 1247E+04

. 1 1 57E+05

. 7085E+03

. 6000E+05

.2997E+05

. 2 0 0 4 E + 0 4

. 60 00 £+05

. 2000E+03

.2536E+03
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CAST: MO. i

S T R U C T U R E

A C T I V A T E D SLUDGE PROCESS CALCULATION JUNE 1969

P R E L I M I N A R Y . TR'f •
P R I M A R Y - S E T T L E * .
A E R A T I O N T A N X S . . -
A I R . BLOCKS. . . * .
F I N A L . S E T T L E R . • •
S L U D G E . P U M P S . . . .
C O N T R O L . H O U S E . . .
S L U D G E , T H I C K E N E R
A N A E R 0 3 . D I G E S T E R
F.LUTRIATION. . . .'.
V A C U U M . . F I L T E R . .
S L U D G E . I N C I N E R A T
C H L O R I N A T I O N . . - -
S I T E . D E V E L O P M E N T

CAP COST
D O L L A R S

AMORT-
S/YEAR

O P E R A T I O N
S / Y E A R

1 3 0 1 E M - 0 6
4364E+06
9 391 £+06
1 3 6 7 E + 0 6
4075E+66
529 8 E+ 05
4208 F> 06
1 8 1 2 E + 0 6
399 1 E + 0 6
1952E+06
3 7 1 9 E + 0 6
6 7 9 6 E + 0 6
5562E+05
6926E-J-05

• 8776F:+04
• 2 9 4 3 E + 0 5

. . 6333E+05
• 9 2 1 7 E + 0 4 !
. 2 7 48 E+ 0 5
. 3573E+04
•2838E+05
. 3 2 2 2 E + 0 5
•2692E+05
. 1316E+05
• 2 5 0 S E + 0 5
. 4 53 3 E+ 0 5 :
. 3 7 5 1 E + 0 4

.. 4671 E-i-04 j

. 1004f r>(3b

. 2469 E+ 0S

. 4 5 1 9 E + 0 5

. 1 783E+05
0
0
0
0

' . I 2 2 6 E + 0 5
0

. 4 3 2 4 E + 0 5

. 2 0 9 9 E + 0 5

. 1 9 4 5 E + 0 5
0

STRUCTURE

P R E L I M I N A R Y . T R T .
P R I M A R Y . S E T T L E R .
A E R A T I O . N T A N K S . • •
A I R . B L O V / E R S
F I N A L . S E T T L E R . * .
S L U D G E . P U M P S . . . .
C O N T K O L . H O U S E . . .
S L U D G E . T H I C K E N E R
A.NAEROB.DIGF.STKR
E L U T R I A T I O N
V A C U U M . . F I L T E R . .
S L U D G E . I N C I N E H A T
C H L O R I N A T I O - N . * . .
S I T E . D E V E L O P M E N T

A M O R T I Z A T I O N PLUS O P E R A T I N G COST
S/YEAK ' C E N T S / 1 0 0 0 GAL

,1882E+05
. 5412fc>05
.1085E+06
• 2 7 0 5 E + 0 5
. 2 7 48 E+ 0 5
• 3573E+04'
•2838E+05
. 1222E+05
.39 I 7 E + 0 5
. 1 3 1 6E-1-05
. 6S32E-5-05
. 66S2E+05
.2320E-I-05
. 4671 E-i-04

5155E+00
1 483E+01
2 9 7 3 E + E 1

. 7 4 I 0 E + 0 0
• 7528 E> 00
.9790E-01
. 7776F:>00
. 3348E+00
• I 0 7 3 E + 0 1
, 3606E+03
J 8 7 2 E + 0 I

. 1 8 3 1 E + 0 1

. 6357E+00

TO T AL C A P 1 T AL C 0 S T ( £ )
TOTAL A M O R T I Z A T I O N A N D O P E R A T I N G C O S T ( E / Y r < 9
A M O R T I Z A T I O N COST PER 1 J J R K GAL ( C E N T S ) '
O P E K A T I N G COS"! PER 1030 GAL ( C E N T S )
TOTAL COST PER 1000 GAL ( C E N T S ) 1358E+
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ML ASS =
MLDSS =

V - N I T =
CWR -

• M I T R E M =
URPS -

EFF =
ATHM =

GES =
WRE -

V D I G =
C 2 D J G • =

VFL •-= •
FOOD =

VOL DIG =
SOLIDS =

. 469 1 E + 0 2

. 2 9 4 4 E + 0 1

. 4066E+00

. 1 106E+00
. 4000E+03
.3793E+00
.3335E-V04

• 9 0 0 0 E + 0 1
. 3000E+01
. 1 526E+03
•8550E+03

49 00 E> 01
* 1 0 7 1 E + 0 3

0
' 0

MLBSS =
MLSS =

R E T U R N =
CARREM =

P H O S R E M =
' URSS =

GPS =
1 TKK =

] T D I G =
F H D I G =

C H 4 C F D =

TVF' = •
D E G C =

ARATE =
TSSLA =

.2879E+03
• 2 0 0 0 E + 0 4
. 4656E+00
. 7864E+00

•8573E-01
.3000E+01
. 1375E+04

. 1 5S3E+04
•3300E+02
. 5910E+00
•9306E+05

2380E+00 -
•2000E+02

. 4500E-01
0

MLNBSS =
VAER =

M L I S S =
B O D R E M =

FRPS =
' X R S S =

GSTK =

ERR =
TD =

C 1 D I G =
C02CFD =

AVF =
DO =

•AY EARS =
DIGT =

. 6226E+03
•2313E+01
. 2844E+03
• 9018F>00

. 5000 H> 00

. 1242E-01

. 9 0 0 0 E + 0 1

. 7600E+00

. 1 5013E+02
• 2 6 G 5 E + 0 0
. 43 8 7 E+ 3 5

. 4 4 1 8 E + 0 3
e 1000E-I-01

.2500E+02
0

CPTO,\J = . 5202E+02
ECF 1 .00 2 .00 1 .20 1.50 2.00 £ .00 1.00

1 . 50 2.00 1•50 1 - 00 1.03 1.00 1.00 1.00
CEiN'G = .6706E-01 , CTRP = . 1000E+00 CTGO
G L A N D = .2000E-01 CCR = . J 3 3 7 E + 0 1
CCI = . 1 5 7 0 E + 0 1 AF = . 6 7 4 4 E - 0 1

1500E+00



TABLE A2

Computer Simulation of Activated Sludge Process,
Deleting Primary Sedimentation with all other

Variables Remaining Similar to
Standard Activated Sludge

INPUT PAKAMETEKS

101

SOLID BOD (MG/L) 140.25

DISSOLVED EOD (MG/L) , 5 9 - 8 4

TOTAL SUSPENDED SOLIDS (MG/L) £ 5 3 . 6 5

VOLATILE SUSPENDED SOLIDS (MG/L) 223 .65

SEWAGE VOLUME' (MGD) " 1

M IXED LIQUOR SUSPENDED SOLIDS :

HELD IN AERATOR (MG/L) . £00^.00

MAXIMUM BOD IN EFFLUENT (MG/L) 13-P3
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able A2 S Continued

CASE NO. 1 ACTIVATED SLUDGE PROCESS CALCULATION JUNE 1969

STATION MGD CARBON BOD MB IOC ARSON NI TROGEN

1

2

5

7

9

10

1 1

12

13

14

1 5

16

20

SOL
D I S

SOL
D I S

SOL
D I S

SOL
DIS

SOL
DIS

SDL
D I S

SOL
D I S

SOL
DIS

SOL
D I S

SOL
D I S

SOL
DIS

SOL
D I S

SOL
D I S

10. 478 . 1 136E+03
. 4194E+02

10. 478 vl 136E+03
.4194E+02

10.093 . 7 1 8 3 E + 0 1
. 143 IE-!- 02

.386 . 2 1 1 0 E + 0 4
. 143 IE* 02

.478 . 2946E+03
. 1978E+02

.336 .2110E*04
. 1431E+02

.354 . 1 150E+03
. 1431E+02

.032 . 2443E+05;
.1 431 E+02'.

.032 . 1300E+05
.9842E+02

. 1 12 .8893fc>03
.3534E+02

.015 . 2l00:->05
.3534E+02

.013 . 7000I:>02
•3534E+02

10. 000 . 1050E+R3
. 4300E+02

. 1376E+03
• 5786E+02

. 1376E+03

. 5786E+02

..6S25E+01

. 6 1 8 7 E + 0 1

• -1879E+04
• 6 1 8 7 E + 0 1

*8 195E+02
. 1642E+02

0
0

0
0

0
0"

0
0

0
0

0
0

0
0

. 1 403E+03

. 5984E+02 •

. 4007E+02

. 1 100E-5-62

•. 4007E+02
. 1 100E+02

.3763E+01

. 1 100E+02

. 1 1 0 6 E + 0 4

. 1 100E+02

. 2507E+03

. 1 100E-V02 •

. 1 106E.+ 04

. 1 100E+02

.6022E+02

. 1 100E+02

. 1280E+05

. 1 100E+02

. 1280E+05

. 1 100E+02

•8752E+03
. 1 100E+0S

•2067E+05
. 1 100E*02

. 63 8 9 E+ 02

. 1 100E-H32

. 3 f . f c j (5E+0f t

. 1 100E+02

. 1030E+02
•2052E+02

. 1030E+02

. 20 52 E* 02

. 1082E- I -0 ]
•2542E+02

. 1 186E+03

.2542E+02

. 1664E+02

. 5235E+02

..1 186E+03

.2542E+02

. 6463E+01

.2542E+02

. I 3 73 E+ 04

.2542E+S2

. 7362E+03

. 4396E-J-03

. 5034E+02

. 1290E+03

. 1 189.E+'04

. 1290E+03

.3963E+01

. 1290Ev33

. 1000F+02

. 1 9 W 0 E + 0 2
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S T A T I O N M G U P H O S P H O x U S VSS VSS
MATTEk

1 SOL 10.478 - 2 0 4 4 E + 0 1 .3859E+02 .2421E+03 . 2 8 0 7 E + 0 3
DIS . 4 4 1 0 E - - 0 1 • 5000E+03

2 SOL • 1 0 . 4 7 8 . 2 0 4 4 E V 0 1 *3859E+02 . 2 4 2 1 E + 0 3 . 2807E+03
D I S . 4 4 1 0 E + 0 1 .5000E+03

5 SOL 10.093 • 7 1 8 3 E - 0 1 * 3 2 7 7 E + 0 j . 1365E+02 . 1693E+02
DIS .5608E*01 .5000E+03

7 SOL .386 . 2 1 1 0 E + 0 2 .9628E+03 . 4 0 1 0 E + 0 4 . 4973E-:-fi 4
DIS • 5 6 0 8 E + C 1 . 5000E-I-03

9 SOL
D I S

478 .29 60 Ei-01 . 2183E-I -03 * 589 1E+03 . 8074E+03
. l 2 9 8 E ^ - 0 2 - . 5000 f> 03

10 SOL
DIS

386 . 2 1 1 0 E - t - 0 2 . 9628E+03 . 4 2 2 1 E + 0 4 . 5 1 8 4 E + 0 4
. 5608E+01 - 5000E-1-03

1 1 SOL
D I S

354 . 1 1 5 0 F + 0 1 * 5244E+02 .2299E+03 •2824E+03
. 5 6 0 8 E + 0 1 .5000!£f03

SOL
D I S

032
5608 E+ 01

. 1 1 1 4 £ + 0 5 . 4386E-1-05 . 6000E-I-05

13 SOL
D I S

14 SOL
D I S

032 . 1309E+03 • 1 1 1 4 E + 0 5 . 2601E+05 .371 511 + 05
. 1 189E+03 .5000E+03

I I S . .8955E+01 .7621E+03 . 1 7 7 9 E + 0 4 .2541E+04
.3394E+02 .5000E+03

1 5 SOL
DIS

16 SOL
D I S

20 SOL
DIS

015

013

10. 000

. 2 1 1 5E> 03
• 3394E>02

. 7049E+00
•3394E+02

. 2 0 0 0 E + 0 1
. 4 0 0 0 E + 0 1

1800E+05 .4200^+05 . 6000E+05
5000E+03

5999E+02 . 1 4 0 0 E + 0 3 .2000E+03
5000E-1-03

.2236L ;>03 .2536E+03
5000E+03
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CASE NO. 1

S T R U C T U R E

A C T I V A T E D S L U D G E PROCESS C A L C U L A T I O N J U N E 1969

CAP' COST
DOLLARS

AMORT-
S/YEAR

O P E R A T I O N
S/YEAR

A E R A T I O N T A N K S - • -
A I R * B L O W E R S
F I N A L . S E T T L E R . . .
S L U D G E . PUMPS. « • •
C O N T R O L . H O U S E . • •
S L U D G E . T H I C K E N E R
A N A E R O B , D I G E S T E R
E L U T K 1 A T 1 0 N . , . . .
V A C U U M . . F I L T E R . .
S L U D G E ! I N C I N E R A T
C H L O R I N A T I O N , • • •
SITE. DEVELOPMENT

. 1301E+06

. 1448E+07

. I 9 0 & J E + 0 6

. 4 0 7 0 E + 0 6
• 5 1 S 0 E + 0 5
. 4208 E* 06
. 1525E+06
•3400E+06
.2002E+06
• 3827E-K06
. 69 22 E* 06
.5562E+05
. 6926E+05

.8775E+04
• 9 7 6 2 E + 0 S
'. 128 lE-t -05
.2745E+05
. 3453E+04
.2838E+05
. 1029E+05
.2293E+05
. 1350E+05
. 2 58 1 E-f- 0 5
'. 4 6 63 E+ 05
. 3 7 5 1 E+ 0 4
. 4671E+04

. 1 004E^P55

. 6 4 5 7 E + G 5

.2613E+05
0
0
0
0

. 1064F>05
0

. 42 6 4 E* 05

. 2 1 6 5 E + 0 5

. I 9 4 5 E + 0 5
,0

S T R U C T U R E

P R E L I M I N A R Y . T R T .
A E R A T I O N T A N K S . . •
A I R . B L O W E R S . « . . .
F I N A L . S E T T L E R . • •
S L U D G E . P U M P S » . . •
C O M T R O L . H O U S E . • •
S L U D G E . T H I C K E N E R
A N A E R O B . D I G E S T E R
E L U T R I A T I O N
V A C U U M . . F I L T E R . •
S L U D G E . I N C I N E R A T
C H L O R I N A T I O N .
S I T E . D E V E L O P M E N T

A M O R T I Z A T I O N PLUS O P E R A T I N G COST
S/YEAR CENTS/1000 GAL

. 1881EH-05

.1622E+06
•3895E+05
• 2745E-J-05
.3453E+04
.2S38E-f-0.5
. 1029E+05
.3357E+05
.1350E+05
.6845E+05
.6833E+05
•2321E+05
. 4 6 7 J E + 0 4

, 5155E+00
. 4443E+01
. 1 0 6 7 E + 0 1
.7520E+00
.9459E-01
.7775E+00
.28 18E+00
.9 198E-J-00
.3698E+00
. 1875E+01
. 1872E+01

. J280E+00

TOTAL CAPITAL COST C S) . 4539E+07
TOTAL A M O R T I Z A T I O N A N D O P E R A T I N G C O S T C S / Y R ) . 5012E+06
A M O R T I Z A T I O N COST PER 1000 GAL ( C E N T S ) .8387.E+01
O P E R A T I N G COST PER 100S GAL ( C E N T S ) . .5346E+31
TOTAL COST PER 13^0 GAL ( C E N T S ) « 13731> R2
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ML ASS =
M L D S S =

V N I T =
CVJR -

i M I T R E M =
L'KPS =

EFF =
ATHM -

GKS =
WRE -

V D I G =
C£DI G =

VFL =
FOOD =

VOL DIG =
S O L I D S =

. 6 53 4 E+ 03

. 3 6 3 1 E + 0 2

. 5370E+01
'. 5026E+00

. 1720E+00
. 4000E4-03
. 3 6 4 4 E + 0 0
• 2 7 7 5 E + 0 4

• 9 0 0 0 E + 0 1
.3000E+01
. 1269E+03
.8550E+03

49 00 E+ 01
. 1575E-J-03

0
0

MLBSS =
MLSS =

R E T U R N =
CARREM =

P H O S R E M -
.URSS =

GPS =
TRR =

AE ' =
T D I G =

F R D I G =
CH4CFD =

TVF = .
DEGC =

' A R A T E -
TSSLA =

• 2 7 6 0 E + 0 3
• 2 0 0 0 E + 0 4
. 439 9 E+ 00
•8670E+00

. 1 523E+00
. 3 0 K 0 E + 0 1
. 1375E+04
. 9 5 0 0 E v 0 0

. 1 633E+04

. 3300E+02
* 467 7 E+ 80
. 5881E+05

238SE+00
• 2000t>02

* 4500E-01
0

M L M B S S =
VAFR =

M L I S S ^
BODRFCM =

FRPS =
XRSS =
GSTH -

GE =

ERR =
TD =

C 1 D I G =
.C02CFD =

; AVF =
DO »

AV EAR'S -
D I G T =

. 7098E+03

. 3676E-5-0 i

. 3S09L>03

.9359E+00

. 5000E+00

. 1 02.1 E- 01
• 9 G 0 0 E + 0 1
•8000E+03

. 7 600 E-;- 00

. 1 500E+02

. 26.^ iJE>00

.3089E+05

.4557E1.03
. 10E50E + 0 1

• 2500 Fi J-- Q 2
ti

CPTON = - 5053E-1-02
ECF 1 .00 2.00 1 .20 1 > 5 0 2.00 2.00 1.00

1.5.0 2 - 0 0 1.50 K00 1 - 0 0 1.00 1.00 1.00
C E N G = . 6 6 9 2 E - 0 1 C T R P = .1000E+00 CTGO
C L A N D " . 2 0 0 0 E - 0 1 CCR = . 1 3 3 7 E + 0 1
CCI = . T570E+01 AF = . 6 7 4 4 E - 0 1

1 500E-M30
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TABLE A3

Simulation of Activated Sludge without"Primary
Sedimentation with Anaerobic Digestion and

Vacuum Filtration

INPUT PARAMETERS
i

S O L I D BOD C M G / L ) ' 140.25

D I S O L V E D BOD C M G / L ) ' 59-84

TOTAL S U S P E N D E D S O L I D S C M G / L ) 253.65

V O L A T I L E S U S P E N D E D S O L I D S C M G / L ) . 223,65

S E W A G E V O L U M E C M G D ) 10.00

M I K E D L I Q U O R S U S P E N D E D SOLIDS
H E L D I N A E R A T O R C M G / L ) 3000.00

M A X I M U M B O D I N E F F L U E N T C M G / L ) 1.3.00
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CASE NO. 1 A C T I V A T E D SLUDGE PROCESS .CALCULATION1

STATION MGD CARBON BOD NBIOCARBON

107

JNE 1969

1

2

5

7

9

10

1 1

12

13

14

15

16

20

SOL
D I S

SOL
D I S

SOL
DIS

SOL
D I S

SOL
D I S

SOL
D I S

SOL
D I S

SOL
D I S

SOL
DIS .

SOL
DIS

SOL
DIS

SOL
DIS

SOL
DIS

10.226

10.226

10.095

. 131

.226

. 131

..099

.032

.032

. 1 14

.01 5

.013

10.000

. 1 1 67E+03

.4264E+.02

. 1 1 6 Y E + 0 3

. 4264E+02

. 6 .121E+01

. 1481E+02

. 6361 E + 0 4

. 1481E+02i

. 6324E+03
• S659E+02

.63 61 E + 0 4

. 1481E+02

. 4224E+0C3

. 1481E+0&.

. 2445E+05
• 1481E+02

« 1285E+05
• 9842E+02

•8769E+03
• 3 5 7 1 E + 0 2

.2096E+05

. 6986E+02
•3571E+02

i
* 1050E+03
. 4300F.+ 02

. 1 4 1 I E + 0 3

. 5916E+02

. 141 1E+03

. 59 16E+02

. 58 79 E+ 01
• 7 1 2 4 E + 0 1

. 5745E+04
• 7 1 2 4 E + 0 1

. 1800E+03

0
0 '

0
0

0
0

0
0

0
0

0
0

, 0
0

. 1403E+03
•5934E+02

.41 18E+02

. 1 100E+02

. 41 18E+02

. 1 100E+02

' . 3 '164E+01
. i 100E+02

•3288E+04
. 1 100E+02

. 5361E+G3
* 11001:+ 02

•3288 E+04 '
. 1 100E+02

'.u^oa

. 1 .264E+05

. 1100E+02

. 1264E+05

.S628E+03

. 1 1 0 0 E + 0 2

.2062E+05

. 1 100E+0S

. 63 73 E+ 02

. i 100E+02

.3000E+02

. 1 100E+02

.2041 E+02

. 1054E+02
• 2 0 4 1 E + 0 2

. 9 0 9 7 E + G 0
•2564E+02

• 2 5 6 4 E + 0 2

•3434E+02

.3436E+D3

.2564E+02

•2282E+0S
.2564E+02

. 1321 E + 0 4
.2564E+02

. 699 1E+03
•4300E+03

. 4 7 7 1 E + G 2

. 1 2 6 7 E + 0 3

. 1 140 E + 0 4

. 12 67 El- 03

• 3801F>01
. 1 2 6 7 E + 0 3

. 1000E+02

. 1900FL+02
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STA

1

2

5

7

9

10

1 1

12

13

14

15

16

20

T I O M M G D

SOL 10.226
DIS

SOL 10.226
D I S

SOL 10.095
D I S

SOL .131
D I S

SOL .226
D I S

SOL .131
D I S

SOL .099
DIS

SOL , 032
DIS

SOL .032
DIS

SOL ,1M
DIS

SOL . .015
D I S

SOL ,013
DIS

SOL 10,000
DIS

PHOSPHORUS

•2096E+01
• 4 3 9 4 E + 0 1

.2096E+01
•4394E+01

. 6121E-01

. 5615E*01

•6361E+02
. 561 5E+01

•6355E+01
•2183E+02

•6361E+02
• 5 6 1 5 E + 0 1

.4224E+01

. 5 6 I 5 E + 0 1

•2445E+03
. 56J5E*01

. 1294E*03

. 1208E+03

•8831E+01
•3440E+02

.21 10E-P03
• 3440E-J-02

. 7035E+00
• 3440E-1-03

•2000E+01
. 4000E-»-01

F I X E D
M A T T E F <

• 3 9 V 3 E + 0 2
. 5000E^03

. 39 73 E* 02

. 500GE+03

• 2 7 7 6 E + 0 1
. 5000 E+ 03

•2834E+04
•5000E+03

. 4702E-J-03

. 5000E-S-03

• 2S8.4E-^04
. 5000E+03

.191 6E*03
•5000E+03

j

. 1 109E+05
'. 5003E-I-03

. 1 1 09 E+ 0 5

. 5000E*03

•7568E+03
. 5000E+03

I
. 1809E+05
. 5000E+03

]

•6029E+02
. 5000E+03

•3000E+02
. 5000E-I-03

VSS TSS

• 24S5E+03 .2882EH-03

•2485E+03 .2882E+03

. 1 163E+02 * 1440E+02

. 1208E+05 . 1 497E+05

. 1265E+04 . 1735E+04

. 1272E-J-05 . 1S61E+05

• S448E-f -G3 . 1036E-:-04

.439 l.E+05 . 6000E+05

."2570E+05 .3679E+05

. 1754E+04 . 2 5 1 i E - ) - 0 4

. 419 1E+05 . 6000E+05

. 1397E+03 -2000E+03

.2236E+03 .2536E+03
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.CULATIOM Jli-NiT. J 9 69

STRUCTURE

PRELIMINARY*TR
AEKATIONTANXS.
AIR.BLOWERS
FINAL.SETTLER
SLUDGE. PUMPS
CONTROL.HOUS
SLUDGE. THIC
ANAEROB. DIG
ELUTRIATION
VACUUM. . FIL
SLUDGE.INCINER
CHLORINATION.
SITE.

« T K T «
K S . «. .
* » * • . .
ER. . .
S » • o .

SE. . .
K EN ER
ESTOR

TER. *
N E R A T
w • . • •

PM EN T

CAP . C O S T
DOLLARS

. 1302E+06

.9931E+06

. 1851E+06

.3286E-I-06 ,
• 2 5 4 1 E + 0 5
• 4 2 1 2 E + 0 6
. 1561E+06
.3473E+(56
• 2026F>06
.3G79E+06
. 6986E ->06
. 5 5 6.7 E+ 05
. 693SE+0S

A M O R T .
S/YEAR

. . 8 73 3 E+ 0 4
.6697E+05
. 1 2 4 B E + S 5
.223 6E+05
* 1 7 1 3E+04
.2840E+05
. 1053E+05 .
• 2342F.+ 05
. 1 366L ? +P)5* 1. "-J \-> <J <-- * YJ •**

.2616F>05

. 47 11 E> 05 .

.3754E+0/1

. 4675E+04

O P E R A T I O N
S/YEAR

.1004E-:-05
• 4 7 2 8 E + 0 5
• 2 5 3 4 E + 0 5

0
0

• 0
0

. 1083E+05
1/1lO

. 42 73 £> 05

.2194E-1-05

. 1945E+05
0

STRUCTURE

PRELIMINARY.TRT.
AERATION TANKS* « .
AIR. BLOWERS
FINAL.SETTLER...
SLUDGE.PUMPS. 0 . .
CONTROL * HO USE...
SLUDGE:. THICKENER
ANAERO8.DIGESTOR
ELUTRIATIOiM.. • • •
VACUUM. .FILTER. .
SLUDGE.INCINERAT
CHLO.'ilNATION. . . .
SITE. DEVELOPMENT

AMORTIZATION
S/YEAR

PLUS OPERATING C O S T
CENTS/1000 GAL

. 1S82E+05

. 1 142E+06
* 3 78 2 E+ 0 5

. . 2 2 1 6 E + 0 5
« 1 7 1 3 E + 0 4
•2840E+05
. 1 0 S3 E+ 0 5
. 3425E+05
. 1366E-r05
. 6889E-:-05
.6905E+35
.2J21E->0'5
. 4675E+04

. 5157E+00

.31 30 IH- 01

. 1836E+31

. 6071E+00

. 4694E-0 i
• 7 7 3 2 E + 0 0
.2884E+00
•9384E+00
•3743E+00
. 1887E+01
. 1892F.+ 01
. 6359E+00
• 1281 £+00

TOTAL CAPITAL COST • .
TOTAL AMORTISATION AND OPERATING
AMORTIZATION COST PER 1000 GAL
OPERATING COST PER 1000 GAL
TOTAL CO.ST PER 1000 GAL

CO S T
4001E+07
4 4 7 4 E + 2 6
7 3 9 2 K + 0 1
4866E-J-01
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no

ML ASS =
MLDSS =

V\> ! T =
CWR =

N I TREK =
URPS =

EFF =
ATHM =

GES =
WR E =

VD! G =
C 2 D I G =

VFL = .
FOOD =

VOLDIG =
S O L I D S =

.9463K-1-03

. 523 7 E-!- 0S
•3433E+01
. S13£E*00

. 1 530H>00
. 4000F.+ 03
. 3 5 7 1 E + 0 0
.28 4 IE* 04

.9030E-E-01

.3000E-I-01 .

. 1299E+03

.855SE^03

49 00 E+ 01
. 1 566E+03

0
0

MLBSS =
MLSS =

K E T U K . M =
CARREM =

PHOSKEM =
URSS =

GPS =
TRR =

AE =
TDIG =

F R D I G =
C H 4 C F D =

TVF =
D E G C =

ARATE =
TSSLA -

./^6S5E-i-03
• 3 0 0 0 E + 0 4
. 1835E+00
• 8703E-1-00

. 1367FJ+00
•6000E+01
. 1375£>04
•9500E+00

. 1655E+04

.3300Ii-!-0S

. 4745E+00

. 61 16E^0b

•2380E+00 •
• 2000E-t-02

. 4500E-01
0

M L N B S S =
V A E R =

M L I S S =
BO DREW =

FRPS =
XRSS =
GSTH =

GE =

ERR -
TO =

C 1 D I G =
C O & C F D =

AVF =
DO =

AY EARS =
D I G T =

. 1 C 5 6 2 E + D 4
• 2 4 5 5 E + E 1
. ^;807L>03
.9359E-:-00

. 5000E>60
•5774E-02
.9603F- + 01
•80G0E*03

. 76G0£-*-00
. 15i3C!'E + 02
• 2605E-f-0S
• 3 2 1 2 E + 0 5

• 4 6 2 0 E + 0 3
. 1000E+01

.2500E-t-02
0

CPTOiM = .50! 5E+G2
ECF 1.00 2 .00 1.20 1.50 2.00 £.00 1 .00 '

1-50 2.00 1.50 U00 1.00 1.00 1.00 1-00
C&N'G = . 6 7 1 6 E - 0 1 CTRP - .1000E+00 CTGO
CLA.VD = . 2 0 0 0 E - 0 1 OCR = . 1337E+01
CCI = . 1 5 7 0 E + 0 1 AF = . 6744E-01 .

. 1 500E>00
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Computer S i m u l a t i o n of Activated Sludge with Aerobic
Digestion, 60% V o l a t i l e Solids Destruction and 6%

Suspended Solids Held in the Digester

I N P U T P A R A M E T E R S

S O L I D B O O C M G / L ) 1 4 f i , 2 b
I

D I S S O L V E D B O D C M G / L ) 59.84

TOTAL S U S P E N D E D ' S O L I D S CMG/D £53.65

V O L A T I L E S U S P E N D E D S O L I D S C M G / L ) , 223*65

S E W A G E V O L U M E C M G D ) 1G.0S

M I X E D L I Q U O R SUSPENDED SOLIDS
H E L D I N A E R A T O R C M G / L )

M A X I M U M B O D I N E F F L U E N T C M G / L )



Table A 4, Continued

CASE

STA

1

2

5

7

8

9

10

1 i

12

13

15

16

20

N O .

T I O N

SOL
D I S

SOL
DIS

SOL
DIS

jSOL
DIS

SOL
D I S

SOL
DIS

SOL
DIS

SOL
D I S

SOL
D I S

SOL
DIS

SOL
D I S

SOL
DIS

'SOL
DIS

1 A C T I V A T E D S L U D G E PROCESS CALCULATION!

M G D

10. 174

10. 161

9.998

. 164

.013

. 1 7 4

. 177

. 160

. 177

. 017

.017

.014

10.000

C A R B O N

. 1067E+03

.4252E+02

. 5343E+02

. 4252E+02

• 9 1 48 E+ 0 1
. 1262E+02

. 2 1 9 7 E + 0 4

. 1262E+02

. 42 69 r> 0 5

. 4252E+02

. 2058E+03

. 1477E+02

. 51 14E+04

.. 1477E+02 '

• « 2 1 7 6 E * 0 3
. 1477E+02

-51 14E*04
. 1477E+02

• 2 1 7 6 E + 0 5
. 1 4 7 7 E + 0 2

. 2 1 7 6 E + 0 5

. 1477E+02

. 7254E+02

. I 4 7 7 E + 0 2

. 1050E*03

. 430GE*02

BOD

. 13S4E-'r03

. 5894E+02

. 6927E+02

. 5S94E+02

.9967E+01
•3032E+01

-2228E+04
•3032E+01

.5535E-1-05

. 53 9 4 E+ 02

. 3079E+02

. 70 59 E+ 01

0
0

0
0

0
. 0 •

0
0

0 '
0

0
0

. 1403E+03

. 59 8 4 E+ 02

N B I O C A H B O N

•3273E+02
. 1 100E-J-02

. 1638E+02

. 1 100Ev02

.4186E+01

. 1 100E+02

. 1005E+04

. 1 100E+02

. 1309E+05

. 1 J 0 0 E + 0 2

. 18941:+ 03

. 1 100E-i-32

. 1876E+04

. 1 100E+02

•2002E+03
•. 1 180E-V02

. 1876E+04

. 1 100E+02

.2002E+05

. 1 100E-S-02

.2002Ev05

..I 100E+02

. 6674E+02-

. 1 100E+02

.3000E+02

. 1100E+02

JU>iE 1969

N I T R O G E N

. 1013E->02
• 2358E:-f-02

. 50 7 lE-i- 01

.2358E+02

. 1 4 9 4 E + 0 1

. 2468E+02

. 1 546E^03

.246SE+02
V

. 4 0 5 1 E + 0 4
• 235&E-J-(52

. 1752E+&2

.2864E-1-03

. 43 S3 E-:- 03

. 2460E+02

. 1853E+02

.2864E4-03

. 4353E+03
•2460E+02

• 1834E+04
• 2 8 6 4 E + 0 3

. 1834E+04

.2864E-1-03

. 61 14E+01
•2864E+03

. 1000E+02

. 1903E+G2



Tab le A4 , Cont inued

1 3

STATION M G D P H O S P H O R U S F I X E D
M A T T E R

VSS TSS

1

2

5

7

8

9

10 '

1 1

12

13

15

16

20

SOL
D I S

SOL
D I S

SOL
D I S

SOL
D I S

SOL
D I S

SOL
D I S

SOL
D I S

SOL
DIS

SOL
D I S

SOL
D I S

SOL
D I S

SOL
DIS

SOL
D I S

10. 174

10. 161

9.998

. 1 6 4

.013

. J 74

• 177

. 160

. 177

.017

.017

. 0 1 4

10.000

• 2 G 2 8 E + 0 I
. 4832E+01

. 1 0 1 I E+ 01

. 48 32 E+ 01

.9 148'E-01

.5399E+01

• 2 1 9 7 E + 8 2
. 5399 E+ 01

. S 0 3 0 E - V 0 3

. 4832E+01

• 3 1 6 2 E + 0 1
. 5 2 6 1 E + 0 2

. 7 8 59 E+ 02

. 53 58 E+ 01

• 3 3 4 4 E + 0 1
. 52 6 IE* 02

.7859E+02

. 53 58 E+ 01

.331 1E+03

. 5261E-i-0£

.331 1E+03

. 5261E+02

. 1 1 0 4 E + 0 1

. 5261E+02

. 4 0 0 0 E + 0 1

. 2980E+02 . 2273E+03

. 5000E+03

. 1492E+02 . 1 138E+03

. 5B00E+03

*3073t>01 . 1738E+02
. 5000E+03

. 7-380E+03 . 41 7 4 E + 0 4

. 5000E+03

. 1 192E+05 ' .9093E-1-05

. 5030E+03 ;

. 186 IE* 02 . 41 J 6E-J-03

. I j 5 4 4 E + 0 4 . 1023E+05

. 5000E+03

. 1 544E+02 . 4352E+03

. 5000E+03

i
. 1 544E+04 . 1023E+05
. 5000E+03

. 1633E+05 . 43 52 E+ 05

. 5000E+03

. 1633E+05 . 435£E-^05

. S000E+03 .

. 5442E+02 . 1 4 5 1 E + 0 3

. 5000E+03

. 30ft!0E*K2 *2236E+03

. 5000E+03

» 2 5 7 1 E - t - 0 3

. 1287E+33

.2045E+0S

. 49 1 2 E-> G 4

. 1029E-06

. 4303K+03

. 1 1 7 7 E + 0 5

. 6000E+03

. 1 1 7 7 E + 0 5

. 6000E*05

.6000^05

. 2 0 0 0 E + 0 3

.2536E+03
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CASE NO. 1

S T R U C T U R E

ACTIVATED SLUDGE PROCESS CALCULATION JUNE 1969

P R E L I M I N A R Y . TRT.
P R I M A R Y . S E T T L E R .
A E R A T I O N T A N K 3 . . «
A I R . B L O W E R S . . . . .
F I N A L . S E T T L E R . . .
S L U D G E . P U M P S . . . •
C O N T R O L . H O U S E . . .
A E R O B I C - D I G E S T E R
V A C U U M . . F I L T E R . -
S L U D G E . I N C 1 N E R A T
C H L O R I N A T I O N . . . .
S I T E . D E V E L O P M E N T

CAP COST
DOLLARS

AMORT.
S/YEAR

O P E R A T I O N
S/YEAR

* 1302E+06
• 4 3 0 7 E + 0 6
• 9 1 6 3 E + 0 6
. 1833E*06
• 4032EH-06
•5277E+05
• 4 2 1 0 E + 0 6
•3950E*06
.J1223E+06
. 7376E+06
. 5565E405
. 6929E+05

•8780E+04
.2904E+05
. 61.79E+05
. 1236E405
. 2719 E* 05 "
.3559E+04
*2S39E+05
. 2 6 6 4 E + 0 5
. 28 43 E+ 0 5

• . - 5 9 7 4 E + 0 5
•3753E+04
. 4673E-f-04

. 1004E+05

.2441E-J-05

. 5685E*05
•2508E+05

0
0
0
0

. 4800E+0S

.2402E+05

. 1945E+0S
0

S T R U C T U R E

P R E L I M I N A R Y . T R T . 1

P R I M A R Y . S E T T L E R .
AERATIONTANKS. . .
A I R * B L O W E R S :
F I N A L - S E T T L E R . . .
S L U D G E . P U M P S , c . .
C O N T R O L . H O U S E . . .
A E R O B I C . D I G E S T E R
V A C U U M . • F I L T E R . .
S L U D G E . I N C I N E R A T
C H L O R I N A T I O N . . . .
S I T E . D E V E L O P M E N T

A M O R T I S A T I O N
S/YEAR

.1882E+05

.5346E+05

.1 I86E+06
• 3 7 4 4 E + 0 5
• 2 7 1 9 E + 0 5
• 3559E+04
.2839E+05
•2664E+05
. 7648E+05
• 7 3 7 6 E + 0 5
.2321E+05
.4673E+04

PLUS O P E R A T I N G COST
CENTS/1000 GAL

. 1 4 6 5 E + 0 1

.3250E+01

. 7 449 E* 00

.9750E-01

. 7 7 79 £+00

. 7298E+00
• 2 0 9 5 E + 0 1
• 2 0 2 1 E + G 1
..6358E+00
. 1280E+00

TOTAL C A P I T A L COST CS> ' . 4 2 1 7 E + 0 7
TOTAL A M O R T I S A T I O N AND O P E R A T I N G C O S T C S / Y R ) .4923E+06
A M O R T I S A T I O N COST PER 1000 C A L < C E N T S ) ' . 7 7 9 2 E + 0 1
O P E R A T I N G COST PER 1000 GAL ( C E N T S ' * 5 6 9 5 E + 0 1
.TOTAL COST PER 1000 GAL ( C E N T S ) . 1349E+02



T a b l e A 4 , C o n t i n u e d

115

ML ASS -
MLDSS =

V N I T =
CV.iR =

N I T R E M
UK' PS -

EFF =
ATHM =

GES =
WRE =

V D I G =
C 2 D I G ~

VFL =
FOOD =

VOL DIG =
S O L I D S -

CPTOM =
ECF 1.

1 . 50 ?.
C E N G =
CLAND =
CCI = .

•S516E*03
. 59 32 E-t- .02
• 2 5 1 4 E + 0 1
• 3"M3E+0e

MLBSS
MLSS

R E T U R N
C A R R E M

= . 1E509E*00 PHOSKE
. 4000E+.03
. 4055E^.00

0

• 9808E+'01
• 3 0 0 0 E + 0 1

0
0

. 4 9 0 R E + 0 I
» 1096E+03

• 8 7 1 3 E + 0 0
. 6 0 0 0 E + 0 1

. 503 3 E+ 02

Ui^SS
GPS
TRK

AE
T D I G

F R D I G
C H 4 C F D

i
TVF
DEGC

A R A T E
TSSLA

00 2.00 1.20 1. 55) 2.
.00 1 .50 1 .
. 6765E-01

.2000E-01
1570E+01

00 1 .00 1
CTKP = .

CCR = .
AF =

= .2681E+03 ML;N)HSS =
= .asaBE+s/i i

. 4697E-J-00
= . 7768E+00

^'i = .755 IE- 01
•3003E+01

= . 1 3 7 b E + 0 4
= .9500E-J-00

0

= . 3300E+02
0

0.

I
= .2380K-'-00

= .20C0E+02

V A E R =
M L I S S =

BO D R E W =

FRPS -
XHSS =
GSTH =

GE =

EKK =
TD =

C 1 D I G =
C02CFD =

AVF =
DO =

. 4500E-01 A Y E A R S ~
= . 1S00E-01

0G 2 .00 1.00
.00 1 .00 1.00
1000E+00 CTGO =
133SE-f-01
. 6744E-01

DIG! =

. 1500E*

. 5V53E+03
-225U>01
.2- i i60E-f -03
•9B03E+00

. 5000E-5-00

. i g / i 9 E - 0 i

.9000P>01

.8003E+03

. 7 6 & 0 E + 0 0

. 1500E+02
0
0

. 5061 E + K 3
. 1900E+31

• 2 5 0 0 E + 0 2
.^300tL-:-02

00
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TABLE A5

S tandard A c t i v a t e d Sludge P r o c e s s w i th Sand Drying Beds

INPUT PARAMETERS

SOLID BO'D <MG/L) 140.25

DISSOLVED BOD CMG/L5 59*84

TOTAL SUSPENDED SOLIDS CMG/L) ' 253.65
!

VOLATILE SUSPENDED SOLIDS CMG/L) 223.65
i

SElvAGE VOLUME (MGD) • 10.00

' MIXED LIQUOR SUSPENDED SOLIDS
HELD IN AERATOR (MG/L) - 2000.00

• MAXIMUM BOD IN EFFLUENT CMG/L ) 13.00



Table A5, Continued

1 1 7

CASK NO. 1 ACTIVATED SLUDGE PROCESS CALCULATION JUNE 1969

STATION MGD CARBON BOD NBIOCAKBQN NITROGEN

I

2

5

7

8

9

10

I I

12

13

20

SOL 10 .173
D I S

SOL 10. 160
D I S

SOL 9 .996
D I S

SOL . 1 64
D I S

SOL .013
D I S

SOL . 173
D I S

SOL . 177
D I S

SOL . 143
D'lS

SOL .033
D I S

SOL .033
D I S

SOL 13.003
D I S

. 1077FX53

. 42 48 E+ 02

. 5390E+02

. 4243E+02

• 8 9 9 3 E + 0 1
* 1257E+02

• 2 I 8 0 E + 0 4
. 1257E+02

• 4 3 0 6 E + 0 5
. 42 48 E+ 02

.261 4E+03

. 1220E+02

. 5 1 2 4 E + 0 4

. 1472E+02

.31 53E+03

. 1472E+02

.2595E+05

. 1 472E+02

• 9 3 2 0 E + 0 4
•9839E+02

. 1050E+03
* 4300E+02

. 1 433E+03

. 58 9 2 E+ 02

. 7 1 7 2 E + 0 2

. 5892E+02

* 9 9 8 6 E + 0 1
• 2 9 9 D E + 0 ]

. 2252E+04
• 2990E+-01

. 5730E+05

. 58 9 2 E+ 02

.3.1 72E-5-03

. 58 1 S E+ 0 1

0
0

0
0

0
' 0

0 ' '

i 0
. I 40 3 E> 03
. 5984E+02

•3105E+02
. 1097E+02

. 1 555E+02

. 1097E+02

. 4 S 2 4 E + 0 1

. 3 0 9 7 E + 0 2

• 9753E+03
. 1097E+02

. 124SE+05

. 1097E+02

• 9 1 8 2 E + 0 2
• 9 0 9 3 E + 0 1

. 1800E+04

. 1097E+82

. \ 1C8E+03

. 1097E+02

.91 13E-I-04

. 1097E+02

. 9 1 1 3 E-i- 0 A

. 1097E+02

•3000E+02
. 1 100E+02

.1021 E+02

. 1 8 9 6 E + 0 2

. 51 1 2 E + 8 1

. 1 8 9 6 E + B 2

. 1485E+01
• 2 0 0 7 E - f - K 2

. 1 577E+03
•2037E+02

. 40S5E- f -04

. l S 9 6 E + f i 2

• 2243E+02
. 1657E+02

. 4405E-J-03

. 1999E+02

.271 3 E+02

. 1 9 9 9 K + 0 2

. 223 1 E + 0 4

. 1999E+02

• S 0 9 2 E + 0 3
• 9 4 4 0 E + 0 3

. 1000 E+02

. 1900E-02
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STA

1

2

5

7

8

9

I B

1 1

12

13

20

T I O U

SOL
D I S

SOL
D I S

SOL
D I S

SOL
DIS

SOL
DIS

SOL
DIS •

SOL
DIS

SOL
DIS

SOL
D I S

SOL
D I S

SOL
D I S

MGD

10. 173

10. 160

9-996

. 164

.013

. 173

. 177

. 143

.033

i

.033

10. 000

PHOSPHORUS

• 2 0 3 4 E + 0 1
.3996E<+01

. 1018E+01

.3996E+01

•8993E-01
• 4S74E+01.

• 2 1 8 0 E + 0 2
. 4574E+01

.3 138 F> 83
-3996E+01

. 4G322E+01

. 3 7 58 E+ 0 1

. 7883E+02
•4533E+01

. 43 52E+ 01

. 4533E+01

. 3992E+03

. 4533E+01

. 1448E+03
•2589E+03

•2000E+01
. 4000E+01

F I X E D
M A T T E R

. 3088E+0S

. 4985E+03

. 1 546E+02
• 4985E-E-03

.31 60 E+ 01
•4985E+03

. 765SE+03

. 49S5E+03

. 1235F>05

.4985E+03

.8164E+02

. 4133E+03

. 1600E+04

. 4985E+03

•9848E+02
. 4985E+03

.8 103E>04

. 4985E+03

.8 103E+04

. 4985E-I-03

•3000E*02
.5000E+03

VSS

•2293E+03

. I 148E+03

. 1 709E>02

. 41 41 £+04

. 9 1 7 3 E + 0 5

. 5229 E+ 03

. 1025E+05

. 630 7 E-i- 03

. 5 1 9 0 E + 0 5

. 1864E+05

•2236E+03

TSS

.2602E+03

. 1303E+03

•2025E+02

• 4 9 0 7 E + 0 4

. 1 G 4 1 E + 0 6

« 6045E+G3

. 1 185E+05

. 7292E+03

. 6000E+05

• 2 6 7 4 E + 0 5

•2536E+03
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CASE NO. 1

S T R U C T U R E

A C T I V A T E D SLUDGE PROCESS C A L C U L A T I O N ) J U N E 1969

P R E L I M I N A R Y . T R T .
P R I M A R Y * S E T T L E S .
A E K A T I O N T A N K S . . .
. A I R . B L O W E R S
F I N A L . S E T T L E R . • •
S L U D G E . P U M P S . . . *
C O N T R O L . H O USE. . •
S L U D G E . T H I C K E R E H ,
A N A E R Q B . D I G E S T E R
S L U D G E . I N C I N E K A T -
S L U D G E . D R Y I N G . B D
C H L O R I M A T I O M . . . .
S ITE. D E V E L O P M E N T

CAP COST
DOLLARS

. 1303E+06

. 431 1E+06

.93 49 £+06

. 1439E+06

. 4035E+06

. 5282E+05

. 4 2 1 4 E + 0 6

. 1 595E+06

.3542E+06
0

•5273E+06
. 5570E+05
•6936E+05

A M O R T .
S /YEAR

•8788E404
.29S7E+05
.6305E+05
.9703E+04
•2721E+05

- . 3562E+04
. 2842E+05
. 1075E+05
.2389K+05

0 .
.3556E+05 1

. 3756E+04

. 4678 E+ 04

O P E R A T I O N
S/YEAR

.1004E + 0b
• 2 4 4 1 E + 0 5
. 4 4 9 7 E + 0 5
. 1392EH-05

0
0
0
0

. 1 102E+05
0

. . 8422E+04
. 1945E+05

0

S T R U C T U R E

P R E L I M I
P R I M A R Y S E T T L E R

A I R . B L O W E R S . . . . .
F INAL. S E T T L E R , v .
S L U D G E . PUMPS. .. .
C O N T R O L . H O U S E * . .
S L U D G E . T H I C K E N E R
A N A E R O B . D I G E S T E R
S L U D G E - I N C I N E R A T
S L U D G E . D R Y I N G . B D
C H L O R I N A T I O N . . . .
S I T E . D E V E L O P M E N T

A M O R T I Z A T I O N PLUS O P E R A T I N G C O S T
S/YEAR CENTS/1000 GAL

• 1 8 8 3 E+ 0 5
. 53 48 E+ 05
* 1080E+06
« 2 8 6 2 E + 0 5
- S 7 2 J E + 0 5
•3562E+04
• 2842E+0.5
. 1075E+05
•349 1 E + 0 5

0
•4399E+05
• 2 3 2 1 E + 0 5
. 4 6 7 8 E + 0 4

.5159E+00

. 1465E+01
•2959E+01
. 7842E+0CO
. 7/;56E-f00
• 9 7 6 0 E - 0 1
• 7 7 8 7 E + 0 0
• 2946F.+ 00
.95631L+00

0
. 1205E+01
. 6358E-1-00
. 1282E-f00

TOTAL CAPITAL COST CS)
TOTAL A M O R T I Z A T I O N A N D O P E R A T I N G COST < £ >
A M O R T I S A T I O N COST PER 1000 GAL ( C E N T S )
O P E R A T I N G COST PER 1090 GAL ( C E N T S )
TOTAL C O S T PER 1000 GAL ( C E N T S ) .

3684E+07
38 57E+06
6 S 0 7 E + 0 1
3 7 6 0 E + 0 1
1057E+02



Tab!e A5 , •Continued

MLASS =
MLDSS =
VNIT =
CWR =

NITREM =
URPS =
EFF =

ATHM =

GES =
VJRE =

VDIG =
C2DIG =

VFL = .
FOOD =

VOLDIG =
SOLIDS =

.8684E+03
-618SE+02
.2644E+01
.3668E+00

.1 191E+00
.4000E+03
•4131E+00
.2904E+04

•9000E+0I
.3000E+01
.1329E+03
.8550E+03

4900E+01
•1123E+03

0
0

MLBSS =
MLSS =

RETURN =
.CARREM =

PKOSREM =
URSS =
GPS =
TRR =

AE =
TDIG =

FRDIG =
CH4CFD =

TVF =
DEGC =

ARATE =
TSSLA =

•2649E+03
•2000E+04
.4697E+00
•7799E+00

•8481E-01
•3000E+01
.1375E+04
•9500E+00

0
•3300E+02
•6408E+00
•8979E+05

.2380E+00
.2000E+02

-4500E-01
0

MLiMBSS =
VAER =

MLISS =
BODREM -

FRPS =
XRSS = .
GSTH =

GE =

ERR =
TD =

C1DIG =
C02CFD =•

AVF =
DO =

AYEARS =
'DIGT =

. 5467E+03

.2299E+01

.2553E+03
•9023E+00

•5000E+00
. 1238E-01
.9£100E-*-01
•8000E+03

. 7600E+00
•1500E+02
.2605E+00
•4716E+05

0
•1000E+01

•2500E+02
0

CPTON = 0
ECF 1.00 2.00 1-20 1.50 2.00 2.00 1.00

1.50 2.00 1.50 1.00 1.00 1.00 1.00 1.00
CENG = -6925E-01 CTRP = .1000E+00 CTGO
CLAND = -2000E-01 CCR' = .1339E-f-0i
CCI = -1570E+01 AF =

•1500E+00



TABLE A6 .

S i m u l a t i o n of the Lee, Massachuset ts Trea tment P l a n t

I N P U T PAf iAMETEKS

SOLID & O D < M G / L >

DISSOLVED BOD C M G / L ) . 59*84

TOTAL S U S P E N D E D SOLIDS C M G / L ) £53-65

VOLATILE SUSPENDED SOLIDS C M G / L ) £23.65

S E W A G E VOLUME < M G D > ' 1 « 0 0

M I X E D L I Q U O K SUSPENDED SOLIDS
H E L D I N A E R A T O R C M G / L ) 3000.00

M A X I M U M B O D I N E F F L U E N T C M G / L ) 13.00
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CASE NQ. I A C T I V A T E D SLUDGE PROCESS CALCULATION JUNE 1969

STATION MGD CARBON BOD MBIOCARBON NITROGEN

1

2

5

7

9

10

1 1

12

13

15

16

20

SOL
D I S

SOL
D I S

SOL
D I S

SOL
D I S

SOL
DIS

SOL
D I S

SOL
D I S

SOL
DIS

SOL
D I S

SOL
DIS

SOL
D I S

SOL
DIS

1.023

1.023

1 . 000

.023

.023

• 023

.021

.023

.001

• 001

.001

1.000

. 1072E+03

. 4237E+02

. 1072E+03
• 4 2 3 7 E + 0 2

• 6380E-J-01
. 1454E+02

. 3264E+04

. 1454tH-02

.2040E+03

. 1 454E+02

• 3 2 6 4 E + 0 4
. 14S4E+02

•2040E+03
. 14S4E-S-02

• 3 2 6 4 E + 0 4
. 1 454E+02

. 20 40 E+ 05

. 1 454E+02

• 2 0 4 0 E + 0 5
. 1454E+02

.2040E+03

. 1454E+02

. H35WE-03

. 4300E+02

. 1 3 5 1 E + 0 3

. 5866E+02

. 1351E+03

. 5366E+02

. 6399E-V01
• 6 6 1 7 E + 0 1

. 3076E+04

. 6617E+01

- . 9 3 1 4 E + 0 2
. 6 6 1 7 E + 0 1

0
0

0
0

0
0

0
0

0
0

0
0

• . 1403E+03
. 5984E+0S

• . 3494E+02
. 1 100E+02

•3494E+02
. 1 100E+02

• 3 1 6 5 E + 0 !
. 1 100E+02

. 1 6 1 9 E + 0 4

. 1 100E+0S

. 2 538 E* 03

. 1 100E+02

. I 6 1 9 E + 0 4

. 1 100E+02

.2538E+03

. 1 100E+02 .

. 1 6 1 9 E+ 0 A

. 1 100E+02

•2538E+05
. 1 100E+02

•2538E+05
. 1 100E+02

• 2538E-f-03
. 1 100E+02

•3000E+02
. 1 100E*82

. 1004E+02
• 2 1 6 4 E + 0 2

. 1004E+02

.21 64F1+02

.9656E+00

.2656E+02

. 1862E+03

.2656E+0S

. 11 63 E+ 02

. 1385E+03

. 1S62E-J-03

.2656E+02

. 1 1 6 4 E + G 2

. 1385E+03

. 1362E>K3

.2656E+02

. 11 52 E+ 3 4

. 13S5E+03

. 1 3 52E+04

. 13S5E+03

. 1 152E+02

. 1385E+03

. 1000Fvv02

. 19G0E-S-02
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STA

1

2

5

7

9

10

1 1

12

13

15

16

20

T I O i M

SOL
D I S

SOL
D I S

SOL
DIS

SOL
D I S

SOL
DIS

SOL
D I S

SOL
D I S

SOL
D I S

SOL
DIS

SOL
DIS

SOL
DIS

SOL
DIS

M G D

1. 023

1.023

1.000

.023

.023

.023

.021

.023

.001

. 001

.001

1.030

P H O S P H O R U S

.2001E+01

. 4 4 7 1 E + 0 1

. 2 0 0 1 E - I - 0 1

. 4 4 7 1 E + Q 1

. 6330E-01

. 5677E+01

.3264E+02

. 5 6 7 7 E + 0 1

•2039E+01
•2530E+02

.3264E+0S

. 5677E+01

• 2 0 4 0 E + 0 1
.2530E+02

. 3264E+02
, 5677E+01

.2020E+03

.2S30E+02

.2020E+03
• 2 5 3 0 E + 0 S

. 2 0 2 G E + 0 1
•2530E+02

' .2000E+01
. 4000E+01 .

F I X E D
MATTER

• 2980E-H02
. 5000E-t-03

.29S0E+02

. 50G0E+03

.2393E+01

. 5000E+03

. 1 2 2 4 E + 0 4

. 500EE+03

• 2 1 0 0 E + 0 2
. 50L40E+03

. 1224E+04

. 5000E+03

. 1224E+02

. 5000E+03
1

. I 2 2 4 E + 0 4

. 5000E+03

. 1901 E> 05

. S00GE-4-03

• 1901 E + 0 5
. 5000E+03

. 1 9 0 I E + 0 3

. 5000E+03

• 3000E-1-02
*5000E+03

VSS

•2283E+03

.2233E-1-03

• 1212E + 02

(

. 6202E+04

. 4081E+03

. 6523E+04

. 4081E+03

. 652SE+04

i

. 4081E+05

.4081E-H35

. 4081 EH- S3
'

,2236E*03

TSS

.2581E4-03

• 2581E-1-03

. 1452E-*-02

. 7 4 2 6 E f 0 - 4

. 429HL+03

. 7 7 52 E-i- 0 A

. 6300E+03

. 7752E+04

. 6000E+05

. 6 0 0 0 E + G 5

. 600SE4-03

.2536H1+03



Table A63 Continued

124

CASE NO. 1

S T R U C T U R E

A C T I V A T E D S L U D G E PROCESS C A L C U L A T I O N J U N E 1969

TuT.
A E R A T I O N T A N K S . . .
A l R . B L O l v E R S
F I N A L . S E T T L E R . . «
S L U D G E . PUMPS.- . . .
C O N T R O L . H O U S E . . .
A E R O B I C . D I G E S T E R
S L U D G E . I N C 1 N E R A T
S L U D G E . D R Y I N G . E D
C H L O K I N A T I O N . . . .
S I T E . D E V E L O P M E N T

CAP COST
DOLLARS

A M O R T .
S /YFAR

• 2 b 5 9 E + 0 5
. 121 1 E + 0 6
•3526E+05
. 4 1 6 7 E + 0 5
. 1 0 0 7 E + 0 5
. 6962F.+ 0b
. 6 622 E+ 05

0
. 2 4 4 4 E + 0 5
. 1 566E+05
. 7658E+04

. 1 7 2 5 E + 0 4

.81 65E+04
• 2 3 7 8 E + 0 4
•2810E+04
. 6 788 E+ 03
. 4695E-I-.0/I
. 4 4 6 6 E + 0 4

0
.' 1 6 4 8 E + 0 4
. 1C356E+04
. S165E+03

O P E R A T I O N
S / Y E A K

2650E+04
I 143E-J -05
3 1 6 7 E - J - 0 4

0'
0
0
0

' 0
7 4 8 7 E + 0 3
1 9 4 5 E + 0 4

0

S T K U C T U H E

A E R A T I O N T A N K S . . .'

F I N A L . S E T T L E R . . ,
S L U D G E . PUMPS. . . .,
C O N T R O L . HOUSE. » ,
A E R O B I C . D I G E S T E R
S L U D G E . I N C I N E R A T
S L U D G E . D K Y I N G . B ! )
C K L O R I N A T I O N . . . .1
S I T E . D E V E L O P M E N T ,

A M O R T I Z A T I O N PLUS O P E R A T I N G COST
S/YEA8 C E N T S / 1 0 0 0 GAL

.4375E+04

. 1 9 6 0 E + 0 5
. 5 5 4 4 E + 0 4
. 2 8 1 0 E + 0 4
. 6788E+03
. 4695E+04
. 4 4 6 6 E + 0 4

0

• 2 3 9 7 E + 0 4
• 3 0 0 1 E + 0 4
.5165E+03

. 1 1 9 9 E + 0 1

. 53 69 E + 0 1

. 1 5 1 9 E + 0 1

. 7699E+00

. 1860E+00

. 1286E+01
, I 2 2 3 E - J - 0 I

0
. 6567E-1-00
.8223E+00
, 1 4 1 S E + 0 0

TOTAL CAPITAL COST
TOTAL A M O R T I Z A T I O N A N D O P E R A T I N G COST
A M O R T I Z A T I O N COST PER 1000 GAL
O P E R A T I N G COST PER 1000 GAL ' • •
TOTAL COST PER 1000 GAL

4 1 7 2 E + 0 6
43 08 F.* 05
7 7 0 9 E + 0 1
5 4 6 4 E + 0 1
1 3 1 7 E + 0 f i
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ML ASS =
MLD33 =
. V . M I T =

CWR =

N I T R E M =
UKPS =

EFF =
ATHM =

GES =
WKE =

V D I G =
C£D!G =

VFL = •
FOOD =

V O L O I G =
SOL I Do =

. 1025E>04

. 6200 L> 02

.31 l ^ E + 0 0

. 4918E*00

. 1 507E+00
. 4 0 0 W E + 0 3
.371 5E+00

0
i

. 9 0 f i 0 E + 0 i
• 3 000 E* 01
. 58 53 E+ 01 '

0

4900E+01
. 1 532E+03

• S/140E-01
. 6000E+01

MLBSS =
MLSS -

R E T U R N =
C ARK EM =

P H O S R E M =
U^SS =

GPS =
TRR =

AE =
T D I G =

F R D I G =
C H 4 C F D =

TVF = .
DEGC =

'ARATE =
TSSLA =

. 4860E+03

.3000E+04

. 4635E+00
•8633E+0G

. 1328E+00
•3000E+01
. 1375E+04
• 9 5 0 0 E + 0 0

0
•3300E+02

0
0

2380E+00
•2000E+0S '

. 4500E-01

. 1000E-01

M L N B S S =
V A E R =

M L I S b =
BODftE.'-l =

FRPS =
' X R S S =

GSTH =
GE =

ERR =
TD =

c i D i e =
C02CFD =

AVF =
DO =

AY EARS =
D I G T =

• - 1 0 1 9 E + 0 4
. 2370EH-00
. 40S0E+03
•9343E+00

. 5000fc>00

. 5864E-02
•9000E+31
•8000E+03

. 7600E+00

. 1500E+S2
0
0

0

. 1 0 0 0 E + 0 1

• 2 5 0 W E ^ 0 2
. 4300E+32

CPTQN = 0 •
ECF 1.00 2.00 1.20 1.50 £.00 2.00 1

1.50 2.00 1.50 1.00 1.00 1.00 1.00
CENG = .9511E-0! CTRP = . 1000E+00
CLAUD = .S000E-01- CCK = .1365E+01
CGI = . 1275E+0-1 AF = -6744E-01

00

*00
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APPENDIX II

Computer Program Variable Definitions
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APPENDIX n

Computer Variable Listing and Definition:

V A R I A B L E NAME

ACOST (i)

AE

AEFF

AEFF20

AF

AFS

AIRCFD

ALK(i)

AOCOST(i)

APS

ARATE

AREA

ASB

ASMAX

ASMIN

ASS(i )

ATH1

DEFINITION :

Amortization cost of process i, $/yr.

Elutriation tank surface area, sq ft

Efficiency of aerator diffus'ers,
corrected for water temperature
and dissolved oxygen deficit

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

Amorti zation factor, capital cost
recovery factor at interest of
ARATE for AYEARS

Final settler surface area, sq ft/1000

Aerator air requi rement in standard
cubi c feet per day

A l k a l i n i t y as CaC03 at station i, mcj/1

Amortization p l u s operating costs
for process i, $/yr

Primary settler surface area,
sq ft/1000

Interest rate at which the plant
is amortized (%)

Area required for slud g e dry ing beds,
acres !

Area of the sand dry ing beds, as in
the original Smith model , sq ft

Current maximum value of XMLASS, mg/1

Current m i n i m u m v a l u e of XMLASS, mg/1

The ith input value of XMLSS

Surface area of the thickener, based
upon overflow rate, sq ft
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APPENDIX

V A R I A B L E

11, conti nued

NAME

ATH2

ATHM

AVF

AYEARS

BOD(i )

BODREM

BSIZE

CAER20

CAER

CAIRP

CAPKG

C1DIG

C2DIG

CCI

CCOST(i')

OCR

DEFINITION

Surface area of the thickener
based on s o l i d s • 1 o a d i n g , sq ft

The larger value of ATH1 and ATH2

Area of Vacuum filter, sq ft

Number of years for amortization •

Total BOO at station i, mg/1 oxygen

Fraction of 5-day BOD removed by
the aerator

Required blower size, cfm.

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

Rate constant for BOO removal
corrected for water temperature

Cost of electricity -for air
blowers , $/yr.

Capital cost per thousand g a l l o n s .
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, $
i

Capital cost ratio:
1 + CENG + CTRP + CLAND + CTGO
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A P P E N D I X II, Continued

V A R I A B L E NAME

CEDR

CENG

CFECL3

CFPGAL
V

CH4CFD

CKWH

CNIT

CLAND

C02CFD

COPKG

COSTO(i )

CPERKG(i)

i
CPTON

CREM

CTGO '

CTRP

DEFINITION

Rate of solids destruction in the
aerator, fracti on/day

Cost of engineering, fraction of
total cost

Cost of ferric chloride, $/1b

Aerator air requirement, in standard
fcubic feet/gal 1 on,raw sewage

Standard cubic feet of methane
produced each day by anaerobic
digester

Cost of electricity, S/kilowatt hour

Rate constant for nitrification
in aerator

Cost of land 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
gal 1ons

Cost of sludge dewatering per ton
of dry solids

Fraction of organic carbon removed
by the aerator

i
Contingincy cost, fraction of total
capital cost

Contractor's prof it, fraction o.f
total capital cost
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VARIABLE

II, Continued

NAME

CWR

DBOD(i )

DEGC

DEMBOD(i)

DFM(i)

DIGT

DIGC12

DIGC13

DN(i)

DNBC(i )

DO

DOC(i)

DOSAT

DP(1)

DRYDAY

ECF(i)

130

DEFINITION

Ratio of carbon in final settler
sludg e to carbon at influent

Dissolved BOD at station i, mg/1

Water temperature, degrees
centi grade

The ith [input value for the
required maximum BOD at station 5,
mg/1

Concentration of dissolved fixed
matter at station i

i
Di gestion time for,aerobi c digester,
days

Concentration of biodegradable
carbon at station 12, mg/1

Concentration of biodegradable
carbon at station 13,mg/1

i
Dissolved nitrogen at station i, mg/1

Dissolved n.on-biodegradabl e carbon
at station i, mg/1 '

Concentration of dissolved oxygen in
the aerator, mg/1

Dissolved organic carbon at station i,
mg/1

Oxygen saturation level at the mid-
depth of aerator, mg/1

Dissolved phosphorus level at station
i, mg/1 '

Number of days su i t a b l e for sludge
drying on sand beds, days

Excess capacity factor for process i,
ratio of required capacity to design
capacity
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APPENDIX

VARIABLE

II, Continued

NAME

EFF

ERR

ERROR

FECL3

FMAX.

FMIN

FOOD

FRDIG

FRPS

GE

GES

GPS

GSS

GSTH

GTH

HC

DEFINITION

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

Solids recovery ratio for the elutria
tion tank. Total solids in stream 15
d i v i d e d by total solids in stream 13

Difference between FMAX and FMIN

Concentration of ferric chloride used
fdr sludge c o n d i t i o n i n g , mg/1

Current maximum value of FOOD, mg/1
5-day BOD

Current m i n i m u m value of FOOD, mg/1
5-day BOD

5-day BOD synthesized into active
solids in the aerator per day, mg/1
oxygen

Fraction of carbon entering anaerobic
digester which is converted to gas

Fraction of solids"removed in primary
settler

Design overflow of elutriation tank
gallons 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 l o a d i n g rate,
1b/day/sq ft

Design overflow rate for thickener,
gpd/sq ft

Reference head corresponding to Re,cm



132

APPENDIX

VARIABLE

II, Continued

'NAME

HO

LOOPS

NAS

NBOD '

NFORK(i )

NOTONS

OUTPUT(i

PREPT

REMN

REMP

RETURN

SAND

SBOD{i)

SCI

SFM(i )

SIGMA

D-EfifTCTION

Depth of sludge f i l l i n g p l u s sand
depth on sand drying beds, cm.

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

Number of input values for MLSS

Number of input values for 5-day BOD

Decision matrix which decides which
flow pattern is to be used

Number of tons of dry s o l i d s a p p l i e d
on each run of the sand drying beds

Decision matrix which decides which
portion of the simulation is to
be printed

Time required to clean and prepare
sand beds between a p p l i c a t i o n s , days

Flow at station i » , M G D

Specific resistance of the sludge,
sec2/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, Qc/Qo

Depth of the sand drying bed, cm

Solid 5-day BOD at station i, mg/1

Constant rate drying constant,
Icg/m'-hr

Solid fixed matter at station i, mg/1

Coefficient of compressi b i 1 i ty of
t h e siudge • • • '
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VA R I A B L E

II, Continued

NAME

SNBC(i)

SO

SOC(i)

SON(i)

Solids

SOP(i)

STF

STO

T

TA

TAN

TAGOST

TORY

TBODg

TBOD5 •

TCOST

TCOSTO

DEFINITION

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

Origi-nal solids content of the
sludge, decimal fraction

S o l i d carbon concentration at
stati on i , mg/1

Solid: nitrogen at station i, mg/1

Total suspended solids level main-
tained in the aerobic digester, mg/1

Solid phosphorus at station i, mg/1

Fractional solids content of sludge
after drying on drying beds

Fractional solids content of sludge
after draini ng, when dryi ng begins
on sand drying beds

Time required for sludge to drain
on sand drying beds, hr

i
Aerator detention time, VAER/Q?) days

Aerator detention time required •
to achieve nitrification, days

Total amortization costs $/yr

Time required for sludge to dry on
sand dryi ng beds , hr

Total 5-day BOD at station 2, mg/1

Total 5-day BOD at station 5, mg/1

Total treatment cost, it/1000 gal *

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

TD Anaerobic digester' detention time, days
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A P P E N D I X

V A R I A B L E

11, Continued

NAME

TDIG

TEMPI

TOC2

TOC5

TOC7

TOL

TOTAOC

TOTCC

TRR

TSS(i)

TSSLA

TVF

VOLUME

UC

UO

URPS

DEFINITION

Sludge temperature in the anaerobic
digester, degrees centigrade

Temporary storage space

Total carbon concentration at
station 2, mg/1

Total carbon concentration at
station 5, mg/1

1 '
Total carbon concentration at
station 7, mg/1

Tolerance allowed between calculated
XMLSS and the required v a l u e

Total amortization and operating
cost per year, $/yr

Total capital cost of plant, $

Solids recovery ratio for the thickener,
TSS(12/TSS(10)

Total suspended s o l i d s at station i,
mg/1

Fraction of total suspended solids
lost in the aerobic digester
supernatant

Fraction of the time the vacuum
fi1ters are in operati on

Number of gallons per day of sludge
fed to the aerobic digester

Moisture content of the sludge on
the drying bed when the f a l l i n g
rate peri od is begun

Moisture content of sludge on the
drying bed at the' time of ap p l i c a t i o n

Ratio of solids in.stream 8 to s o l i d s
in stream 1, TSS(8)/TSS(1)
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VARIABLE

II, Continued

NAME

URSS

VAER

VDIG

VFL

VNIT

VOLDIG

VOLRED

VSS(i)

WAS

WON

WFOOD

WP

WRE

WTS

XLANDC

DEFINITION

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

Volume of aerator, m i l l i o n s of gallons

Volume of anaerobic digester,
thousands of cubic feet

Vacuum filter loading, gal/hr/sq ft

Volume of, aerator required to
achieve nitrification, m i l l i o n s of
gal l o n s

Volume of aerobic digester, m i l l i o n s
of gal 1ons

Per cent reduction of influent
volatile solids in the aerobic
di gester -

Concentration of v o l a t i l e suspended
sol ids at station i, mg/1

Pounds of active solids in aerator

Pounds per day of dissolved nitrogen
in streams 5 and 7 from the aerator,
Ib/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 elutriation,
Q(17)/Q(13)

Weight of total solids per 'uni t. area,
gm/sq m

Cost of la n d for the sand drying
beds, $/acre
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VARIABLE

II, Conti nued

NAME

XLNBSS

XMLASS

XMLBSS

XMLDSS

XMLISS

XMLSS

XMU

XRSS

Y1

Y2

YTONS

DEFINITION

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

Concentration of active solids held
in the aerator, mg/1

Concentration of unmetabolized
biodegradable sol ids held in
aerator, mg/1

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

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

v
Total concent ra t ion of so l i ds in
the ae ra to r , mg/1

Dynamic v i s c o s i t y of f i l t rate of
sand drying beds, gm/cm-sec

Rat io of s o l i d s in the o v e r f l o w
s t ream from the aerator to the
total s o l i d s held, T S S ( 5 ) / M L S S

A l k a l i n i t y o f s ludge e x p r e s s e d
as a percentage of the total s o l i d s

R a t i o of v o l a t i l e matter to ash
for s l u d g e .

Number of tons of s l u d g e inc inerated
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0 1 0 0 0 T P R O G R A M SEWAGE
1020T D I M E N S I O N N F O R K l C 1 5 : i * U N l T C 3 0 > * O i J T P U T < 2 0 > i
01 030 1 COMMON ' G < 2 0 > * S O C C 2 S > , S N B C C 2 0 > * S O N C 2 0 ) * S O P C 2 0 : > * S F M C 2 0 > * D O C < 2 0 > J

0 1 0 4 0 C D N B C C 2 0 ) * D N ( 2 0 ) * D P C 2 0 ) * D F M C 2 0 > * S B O D C 2 0 ) * D B O D C 2 0 > * C C O S T ( 15)*
01050CCOSTOU5)* ACOSK 1 5) * AOCOSTC 1 5) * N F O R K C 1 0 > * A S S ( 12) * D E M B O D C 1 0> #
0 1 0 6 0 C V S S C 2 0 ) * T S S C 2 0 ) j A L K C 2 0 ) j C P E R K G < 1 5 ) * E C F ( 15)*Q20( 1 0 > * F R P S I N ( 1 0 )
01 070 T C O M M O N D E G C * U R P S * U R S S j X R S S * C A E R 2 0 * A E F F £ 0 , D O * C K W H * C C I * A F * G S S * WP*
S1080CTRR* GTH* GSTH* ERR* WRE* GE* GES* TDI G, TD* VFL^ TVF, SBL>NAS> N B O D j NQ* MFR
01090tCOMMON AIRCFD, FECL3j CFECL3jXMLASSjXMLBSS*XLiMBSS*XMLDSSjXMLI SS* VNIT
01 1 00 T C O M M O N RETURN, FRDI G* C ID! G* C2DI G* CH4CFD* C02CFD* FOOD* CAER* AEFF* C M I T *
01 1 1 0 C C E D R ^ C F P G A L * K 3 5 * L O O P S , F R P S * X M L S S * B O D 5 * VAER* BSIZE* AVF
111 It COMMON VDI G* ATHM* AE* VOLDI G* ARATE* AY EARS* SOLI DS* TSSLA* DI GT
1112t COMMON X L A N D C * X M U * H C * S l G M A , H O * S A N D j D R Y D A Y * SCI* STOjSTF*RC* AREA
1115t I N T E G E R U N I T * O U T P U T * A E R O B I C j D I G E S T O
01 120 tNCASE = 0
01 I 3 0 T D O 300 1=1*20
01 1 4 0 » Q C I ) = 0 . 0
01 1 5 0 t S O C C I ) - 0 . 0
01 1 6 0 T S N B C C I ) = 0.0
01 170 rSONCI)=0 .0
0 1 1 S 0 t S O P C I ) = 0 . 0
01 1 9 0 t S F M C I ) = 0 . 0
01200tDOCCI>=0.0
01£10TDNBCCI>=0.0
01220tDNCI)=0.0
01230tDPCI)=0.0

0 1 2 6 0 T D B O D C I ) = 0.0
0 1 2 7 0 r V S S U ) = 0 . 0
0 1 2 8 0 t T S S C I > = 0 . 0 .
01290T300 A L K C I ) = 0 . 0
01300tDO 400 1=1*15
01310tCCOSTCI)=0o0
01320TCOSTOCI)=0.0
01330tACOSTCI )=0.0
0 1 340 t AOCOSTC I )=0.0 - •
013.50*400 C P E R K G C I 5 = 0 . 0
01360rDO 500 1 = 1* 12
01370T500 ASS( I )=0 .0
01380TDO 600 1=1* 10 . • . •
0 1 3 9 0 t N F O R K C I ) = 0 . 0 i
01400*600 D £ M B O D < I > = 0 . 0
01420? 102 FORMATC4F8 . 4/6F1 0. 5/ 5F1 0. 4/ 5F1 0* 4/5F10. 4)
0 1 4 3 0 r l 0 3 F O R M A T C F 8 . 2 )
01440T 107 FORMATS I 3 / C 9 F S . 2 ) )
01450t301 FORMATC 1H 1/7X* 8HCASE NO/.* I 4* 3X*
01460C36HACTIVATED SLUDGE PROCESS C A L C U L A T I O N * 2 X > 9HJUNE 1969/5
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1470? 302 F O R M A T C 8 X * 7 H S T A T I O N * 4 X * 3 H M G D * 4X* 6HCAR80N* 7X* 3HBOD*
1480C 6X, 1 0 H N B I O C A R B O N * 3 X * 8 H N I T R O G E N / / )
1 4 9 0 T 323 F O R M A T C / / S X * 7 H S T A T I O N * 4 X * 3 H M G D * 4 X * 10HPHOSPHORUS* 4X
149 1C 5 H F I X E D * 7 X * 3 H V S S j 7 X * 3 H T S S / 4 0 X * 6 H M A T T E R / )
I 5 1 0 t 3 0 4 F O R M A T C 1 2 X * 3 H D I S * 8 X * 2 C 2 X * E 9 . 4 ) * 2 ( 3 X * E : 9 . 4 ) / )
I 7 2 5 f 1 5 6 F O R M A T C X 7 X * I 3 * 2 X * 3 H S Q L * 3 X * F 6 . 3 * 1 X * 4 E 1 N 4 )
I 7 3 0 t l 0 8 F O ' R M A T C B X * 10H S T R U C T U R E D 1SX* 8HCAP COST* 5X* 6HAMORT. * 7X*
1740C9HQPERATION/30X* 7H DOLLARS* 6X* **5/YEAR** 7X* * S/YEAR*/)
1 7 5 0 T 1 0 9 F O K M A T C / / 8 X 1 0 H STRUCTURE*. I8X* * A M O R T I Z A T I O N PLUS O P E R A T I N G
1 7 60C/ 37X* $/ Y EAR* 10X** CENTS/ 1000 GAL*/)
I 7 7 5 r 159 F O R M A T C 1 2 X * 3 H D I S * 1 0 X * £ E 1 1 .4 )
1 780 T 155 F O R M A T C 8 X * 2 A 8 * 4 X * 3 C E 1 0 . 4 , 3 X ) >
1 790 T 1 58 F O R M A T C 8 X * 2 A 8 * 1 2X* E 1 0. 4* 6X* El 0. 4)
1 8 0 0 t l 5 7 F O R M A T C 10A6/10A6/10A6) ; •
1900t 610 F O R M A T C 7 X * * MLASS = *EI3 .4*3X* MLBSS = * E 1 0 - 4 * 3 X *

*MLNBSS = *E10.4 /6X* MLD'SS = *E10 .4*3X** MLSS = *E10.4*
3X>* VAER = *E10 .4 /6X* WU7 = *E1 0. 4* 3X* * R E T U f t N = *

COST*

1902C
1904C
1906C
1908C
19 10t
19I2C
1914C
1916C
1918C
1920T
1922C
1924C
1926C
1928C
1930t
1931C
1933C

£10. 4* 3X** MLISS - *E1
E 1 0 . 4 , 3 X > * B O D R E M = *E1
620 F O R M A T C 7X* * N I T R E M
2X** FRPS = *E10.^
E10. 4*3X** XRSS = *E1
* GPS = *E10.4*3X**
3X** TRR = * E 1 0 . 4 * 3 X * *
630 F O R M A T C 6X* GES = *E1

CWR = *E10. 4* 3X* *CARREM = *..4/6X*
.4/)
= *E1 0- 4* 2X* *PHOSREM = *E10i4*

URPS = * E I 0 . 4 * 3 X * * URSS =
.4/6X* EFF = * E 1 0 . 4 * 3 X *
GSTH = *E10 .4 /6X* ATHM =: *E10

GE = + E 1 0 . 4 X )
.4*3X** AE = * E 1 0 - 4 > 3 X *

4*

* ERR = *E10.4/6X* WRE = *E1
3X** TD = *E10.4/6X* V D I G = :

/ i*3X** T D I G = *E10 .4*
1 0. A> 3X* * , F R D I G = *,

E10
£10
640
E10
£10

C 2 D I G = * E 1 0 . 4 * 3 X * * C H 4 C F D = *

1941C
1942C

AVF =
DO = **

4

4*3X>* C 1 D I G = *E10 .4X6X*
A, 3X**C02CFD = * E 1 0 . 4 X ) :

F O R M A T C 9 X * * V F L - *E10 .4*3X** TVF = # E 1 0 . 4 * 3 X * *
4X6X* FOOD = *E10 .4*3X** DEGC = *E10 .4*3X**
4X)

641 FORMATC6X* V O L D I G = * ,E10.4*3X** ARATE = **E30 .4*3X*
*AYEARS = * E 1 0 - 4 X 6 X * SOLIDS = * * E 1 0 . 4 * 3 X * * TSSLA = , * * E 1 0
*3X** D I G T = * E 1 0 . 4 X / 6 X * CPTON = **E10 .4 )

0 2 1 0 0 T I 1 0 F O R M A T C 8 X * 18HTOTAL CAPITAL COST* 27X* El 0. 4
2107CX8X**TOTAL A M O R T I Z A T I O N AND O P E R A T I N G COST*8X* El 0 . 4X8X*
2108C*AMORTIZAT. ION COST PER 1000 GAL* 1 5X* E 1 0. 4X8X,
2109C*OPERATI;MG COST PER 1000 GAL* 18X* El 0. 4/8X* *TOTAL COST PER*
2110C* 1000 GAL*22X*E10 . 4//)
02130T306 F O R M A T C 6X*30HBOD5 D E M A N D C A N N O T B E A C H I E V E D )

F O S M A T C 6 X * 2 7 H D E M A N D MLASS C A N N O T BE HELD)
F O R M A T C 7 X * I 3* 2X* 3HSOL* 2X* F 6 . 3 * 2 C l X * E 1 0 - 4 ) * 2 C £ X * E : i 0 . 4 ) )
F O R M A T C 7 X * 5HECF * 7F5. 2/SX* 8 F5. 2)
FORMAT C 1 5 F 4 . 2 )
K O R M A T C 7 X * 7 H C E N & .= El 0. 4* 2X> 7HCTRP - El 0. 4* 2X* 7HCTGO '= E10

02190T307
2200 1 313
02210T308
02250t305
022601700
2270C/7X*8HCLAND E10. 4*2X* 6HCCR - E 1 0 . 4 )
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02280 t701 F O R M A T C 7 X * 6HCCI = El 0. 4* 6X* 5HAF = E10 .4 )
02290t325 F O R M A T ( l H l )
2310T321 FORMAT C 1 5X* SA5/ 1 5X* 3A5>
2315T 324 F O R M A T C / / / ) !
02320T322 F O R M A T C / / 1 0 X 1 7 H I N P U T 'PARAMETERS*// / 1 5X 1 7H SOLID BOD C M G / L ) * 2
02330C0X*
0 2 3 4 0 C F 8 - 2 / / 1 6 X 2 0 H D I S S O L V E D BOD C M G / L ) I 6X* F8*2// 1 5X30H TOTAL S U S P E N D E D S
02350COLIDS C M G / L 5 7 X F 8 . 2 / / 1 5 X 3 3 H . VOLATILE SUSPENDED SOLIDS CMG/L ) 4XF8 - 2/
02360C/15X20H S E W A G E V O L U M E C M G D ) 1 7XF8 . 2/ / 1 5X30H M I X E D L I Q U O R SUSPENDED
02370CSOLID3/15X23H H E L D IN AERATOR C M G / L ) 1 4XFS. 2// 1 5X3 1H M A X I M U M BOD IN
2380C EFFLUENT C M G / L ) 6XF8- 2/ 1H0)
2390T R E A D * C U N I T C I I ) * I I = 1 * 3 0 >
2392*

2396t 2396 FORMATC 2A8>
02400 t R E A D ^ C E C F C I >j 1=1, I 5)
02410rREAD, C M F O R K C I ) , 1= 1, i 0)
2 4 1 1 T I F C N F O R K C 2 ) . EQ. 1) N F O R K H 2 ) =
2 / ( I 2 t I F C i M F O R X C 3 ) .EQ.0 ) N F O H K 1 C 8 ) = 1

2 4 I 4 T I F C N F O R K C 1) , EQ. 1) N F O R X 1 C 1 1) = 1
2 4 1 5 t I F C N F O R K C l > . E Q . 0 ) ' N F O R K 1 C 1 3 ) = 1
2416T I F C N F O R K C 1 ) .EQ. 1> N F O R K H 1 0 ) = 1
2417t I F C N F O R K C 3 ) . EQ. .0) U N I T C 1 7 ) = AEROBIC
2 4 1 B T I F C N F O R K C 3 ) .EG.0 ) U N I T C 1 8 ) = DI GESTO
02420 T R E A D * SOCC20) , SNBCC 20) » SON C 20) * SOPC 20) > SFMC20) , DOC C 20)*
0 2 4 3 0 C D N B C C 2 0 ) * D M C 2 0 ) * D P C 2 0 ) * D F M C 2 0 ) * D E G C * A L K C 2 0 )
0 2 4 4 0 t V S S C 2 0 ) = SOCC20>*"2. 13
0 2 4 5 0 T T S S C 2 0 ) = V S S C 2 0 ) + S F M C 2 0 )
0 2 4 6 0 t 3 B O D C 2 0 ) = C S O C C 2 0 ) - S N B C C 2 0 ) ) * 1 . 8 7
0 2 4 7 0 t D B O D C 2 0 ) = C D O C C 2 0 ) - D N B C C 2 0 ) ) * l . s 7
02 AS 0t READ * URPS* URSS* XRSS> CAER20* AEFF20* DO* CK WH* CCI * GSS*
0 2 4 9 0 C T R H * T S S C 1£>, GTH* GSTH* ERR* TSSC 1 5) * WRE* GE* GES* TDI G* TD*
02500CTSSC 16)* VFL*TVF*SBL
2505t R E A D * A Y E A R S * A R A T E
2 5 1 0 T AF = C A R A T E * C 1 . +, ARATE) **AYEARS) /C C ARATE + l . ) * * A Y E A R S -1 . )
02530rCCL2=0.08
02540tDCL2=8.0
0,2550TREAD , NAS* C ASSCI ) * I = 1* NAS)
02560TREAD* NBOD, C D E M B O D C J) * J= 1 * N B O D )
02 570 T READ* NQ* C Q20C j')* J= 1 * NO)
02580TREAD* MFR* C FRPSINC J) * J= 1 * NFR)
2581T R E A D * X M U * H C * S I G M A * H O * S A M D * D R Y D A Y * X L A M D C
2582T R E A D * S C I * S T O * S T F * R C
2587TLOOPS = 6
2598 C O N T I N U E
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02600:00 25 L F = 1 , N F R
0 2 6 1 0 ? F R P S = F R P S I N C L F >
0 2 6 2 0 T D O 25 L Q = 1 , N Q
0 2 6 3 0 r Q C 2 0 ) = Q 2 0 C L Q )
02640t80 DO 25 1 = 1 , N A S
0 2 6 5 0 t X M L S S = A S S C I >
02660tDO 25 K = 1 , N B O D
02673tBOD5=DEMBOD(K)
02680*67 CONTINUE
02690tCALL BIOLOG
02700UFCK35 - E Q . 5) W R I T E C 61»307)
0 2 7 1 0 T I F C K 3 5 . EQ. 10) W R I T E C 61,306)
2720T I F C K 3 5 .EQ. 5 -OR. K35 . E0i 10) GO TO 25
2725 I F C N F 0 R K C 3 ) .EQ. 0) GO TO 8',
02730tCALL THICK
0 2 7 4 0 T C O N T I N U E . -
2750T GO TO 82
02760T81 CALL AEROBE
02770tGO TO 83
027S0t82 CALL DIGEST
02790*83 C O N T I N U E
2792* I F C N F O R K t 1 > > 77,77,73
2794T 78 CALL .DRY
279 6T GO TO 46
279St 77 C O N T I N U E
0 2 8 0 0 U F C N F O R K C 1 ) . E Q . 1) GO TO 46
02810tCALL VACUUM
02820*CONTINUE
2825? 46 C O N T I N U E
0 2 8 3 0 * Q ( 9 ) = Q C 1 1 ) + Q C I 4 ) + Q C 1 6 )
02840tTEMPl=Q< 1D/QC9)
0 2 8 5 0 t T E M P 2 = Q C 1 4 ) / Q C 9 )
0 2 8 6 0 t T E M P 3 = Q C 1 6 ) / Q C 9 > :
0 2 8 7 0 f S O C C 9 ) = TEMPl*SOCC 11> + TEMPS*SOCC 1 4) + TE>viP3*SOC< 16)
0 2 8 8 0 t S N B C C 9 ) = T E M P l * S N B C C 1 1 ) + T E M P 2 * S N 3 C ( 1 4 ) + T E M P 3 * S N 3 C < 1 6 >
0 2 8 9 0 t S O N C 9 ) = f E M P 1 * S O N C 1 1 ) + T E M P 2 * S O N C 1 4 > + T E M P 3 * S O N C 1 6 )
0 2 9 0 0 r S O P C 9 ) = T E M P l * S O P C 1 1 ) + T E M P 2 * S O P C 1 4 ) + T E M P 3 * S O P C 1 6 )
0 2 9 1 0 t S F M C 9 > = T E M P l * S F M C 1 1 ) + T E M P 2 * S F M C 1 4 ) + T E M P 3 * S F M C 1 6 )
0 2 9 2 0 t D O C C 9 ) = T E M P I * D O C C 1 1 ) + T E M P 2 * D O C t 1 4 ) + T E M P 3 * D O C C 1 6 )
02930tDNBCC9 ' ) = T E M P l * D N B C C 1 1 ) + TEMP2*DNBCC 1 4) + TEMP3*DNBCC 1 6)
0 2 9 4 0 t D N C 9 ) = : T E M P l * D N C 1 ! ) > T E M P 2 * D N C 1 4) + TEMP3*DNC 1 6)
0 2 9 5 0 t D P C 9 ) = T E M P I * D P C 1 1 ) + T E M P 2 * D P C 1 4 ) + T E M P 3 * D P C 1 6 )
0 2 9 6 0 t D F M C 9 ) = T E M P l * D F M C 1 1 ) + T E M P 2 * D F M C 1 4 > + T E M P 3 * D F M C 1 6 >
0 2 9 7 0 T S B O D C 9 ) = C S O C C 9 ) - S N B C C 9 ) > * 1 - 8 7 !

0 2 9 S 0 t D B O D ( 9 ) = C D O C ( 9 ) - D N B C C 9 » * l - 8 7
02990?SBODC9)= CSOCC9)-SNBCC9) ) *1•87
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03000T V 5 S C 9 ) = S O C C 9 > * 2 . 0
0 3 0 1 0 T T S S C 9 > = V S S C 9 ) + S F M C 9 )
0 3 0 2 0 T Q C 4 ) = Q C 2 ) + Q C 6 )
03030* CALCULATE CAPITAL AND OPERATING COST
030 40 T C C O S T C l )=14700. *QC20>**0 i '625
03050TCOSTOC 1)=500.0*QC20)+2150«0*QC20)* *0 .37
03060TGPS=-2730 .0 *ALOGCFRPS>-551 .7
3065t IFCNFORKC2) . EQ. 1) GO TO 1001
03070 tAPS=QC 1)* 1000. 0/ GPS
03080TAPS=APS*ECFC2)
0309 0t CCOSTC 2)= 1 3400. 0*APS+ 5200. 0* APS** 0. 10
03100tCOSTOC2)=1000.0*APS+2500.0*APS**0. 5
031 10t 1001 VAER=VAER*ECFC3)
031 20 t CCOSTC 3) =1 75000. 0*VAER+ 36500. 0*VAER**0. 182
3130* C O S T O C 3 ) = 10000. *< VAER+ VOL DI G) + 1 4500. *C VAER+ VOLDI G> **0. 5
03140rBSIZE=BSIZE*ECFC4)
03 1 50 r CCOSTC 4>= 10570. 0+5. 8 57+BSIZE
03160tCAIRP=AIRCFD*365.0*CKWH/1830.0
0 3 1 7 0 T C O S T O C 4 5 = C A I R P
3 1 7 5 T Q C 4 ) = Q C 2 ) + Q< 6)
03180TAFS=QC4)*1000 .0 /GSS
03190tAFS=AFS*ECFC5>
03200tCCOSTC5)=12600.0*AFS+5350.0 /AFS**0. 126

03220 t CCOSTC 6) =3 650. 0+2250. 0*QC 6)
0323 0r CCOSTC 7) =40000. 0*QC20>**0. 70
03240tATHM=ATHM*ECFCg)
0 3 2 5 0 t C C O S T C 8 ) = C 18-8+9. 1/EXPC ATHM/ 1 3300. 0) )*ATHM
03260T VDIG=VDIG*ECFC9>
03270 tCCOSTC9)= 5000.0+ 1280. 0*VDIG+ 1 0700. 0* VDI G**0- 128
3273T IFCNFORKC3) . EQ. 0) C C O S T C 9 ) = 1 75000. *VOLDI G+36500. *VOLDI G** . 182
03280tAE=AE*ECFC 10)
3290T CCOSTC10) = C IS .8+ 52. 0/EXPC AE/6000. ) )*AE
03300tAVF=AVF*ECFC 11)
033 10t CCOSTC 1 1) =12800-0+ 372. 0*AVF
3312t TONS = TSSC 18)*365./£000.
03320 t C O S T O C 1 1 )=TSSC 15>*FECL3*QC 15>*30. 40*CFECL3
03330 T CO STOC 1 1 )=C03TOC 1 1) + 1 500. 0 *QC 20 >+ 6450. 0+QC 20 > **0 . 37
03340TYTONS=0. 1825*TSSC IS)
03 3 50 t C O S T O C 12) =16. 1*Y TONS- 0. 00009 *YTONS**2.
033 60 r CCOSTC 12) =1570. 0*TSSC 18)**0.60
033 70 T CCOSTC 1 4) =9000. 0*C QC 5) -QC 17))**0.469
03380 TCOSTOC 14) = DCL2*CQC 5 ) - Q C 17) ) *S . 33*CCL2*365. 0
0339 0T CCOSTC 1 5) = 4400. 0*QC 20) **0. 875
03400T IFCNFORKC m4S*'48j47 ,
3410t 47 ASB = AREA
03420TCCOSTC 10)=0.0
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3445T I F C N F O R K C 3 ) • EQ. 0) V D I G = Q C 1 3 > / 2 . 5 E - 4
03 470 T 48 C O S T O ( 9 > = 48.0*VDI G+540. 0*VDI G**0. 44
3475* I F C N F O R K C 3 ) .EQ. 0) C O S T O C 9 ) = 0.0
03480? 49 CTRP=0. 10
03490rCTGQ=0 . 1 5
03500tCLAND=0.02
03510T DO 30 J = l » 15
03520T30 C C O S T ( J ) = C C O S T C J ) * C C ! :

03530tDO 31 J= 1* 15 ,
03540T31 A C O S T C J ) = C C O S T ( J ) * A F
03550tTOTCC=0.0 !
03560tDO 32 J=U 15 [
03570T32 TOTCC =TOTCC+CCOSTC J) .
03380tCEiNJG = 0.08*< 1 000000. 0/ T O T C C ) **0. 146
03590tCCR='1.0+CENG+CTRP+CTGO + CLAND
03600 tTOTCC=TOTCC*CCR
03610TDO 90 J = l > 15
03620 t A C O S T C J ) = A C O S T C J ) * C C R |
03630t90 C C O S T C J ) = C C O S T C J ) * C C R j
03640rTAC05T=0.0 J
03650tTCOSTO=0.0 ' 1 :
03660tTOTAOC=0.0
03670tDO 33 J=lj 15
03680tTACOST.= TACOST+ACOSTCJ)
03690tAOCOST(J)=ACOSTC J)+COSTOCJ)
03700 tCPERKGCJ)=AOCOSTCJ) /QC20 )>3650 .
03710 tTOTAOC = TOTAOC + AOCOSTCJ)
03720t33 TCOSTO^TCOSTO + C O S T O C J ) 1

3725t CPTON = AOCOSTC II )/TONS (

03730 t CAPKG=TAC05T/QC 20) / 3 650.0
03740rCOPKG=TCOSTO/Q<20) /3650 .0
03750 tTCOST=TOTAOC/QC20) /3650 .
03760TTOC2=SOCC2)+DOCC2)
0 3 7 7 0 T T O C 5 = S O C C 5 5 + D O C C 5 )
0 3 7 8 0 t T O C 7 = S O C C 7 ) + D O C C 7 )
03790 tTBOD2=SBODC2>+DBOD<2>

03800tTBOD5=SBODC5> + DBODC5)
0 3 8 1 0 t C W R = Q C 7 ) * T O C 7 / Q C 2 ) / T O C 2 ,
03820tCREM=1.0-TOC5*QC 5 ) / Q C 2 ) / T O C 2
0 3 8 3 0 T B O D R E M = 1 . 0 - T B O D 5 * Q C 5 ) / Q C 2 ) / T B O D 2

03850tREMN=1.0-(SONC 5) + DNC 5»*QC 5) /QC 2) /C SOMC 2
03860tREMp=l.0-CSOPC5)+DPC5))*QC5)/QC2)/CSOPC2)+DPC2)>
03870tLOOPS=LOOPS- 1
03880 MFC LOOPS) 67 j 68 > 67
03890T6S f^JCASE = NCASE + 1
3900T I F C O U T P U T C 1 ) . EQ. l ) GO TO 604
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03910 P R I N T 322* S B O D C 2 0 ) , D B O D C 2 0 ) * T S 3 C 2 0 ) * VSSC20) , Q C 2 0 ) * X M L S S * BODS
3930t 604 IFC O U T P U T C 2 ) . E Q . l ) GO TO 601
3935 P R I N T 3 0 1 * N C A 5 E
03940 P R I N T 302
03950 tNSTA= l
39601 DO 91 K7 = 1*20
3 9 7 0 T I F C Q C X 7 ) .LE. 0 .0001) GO TO 91
3975r I F C S O C C K 7 ) - - L E . 0.001) GO TO 91
39801PRINT 3 1 3 * K 7 * Q C K 7 > * S O C C K 7 ) * S B O D C K 7 ) * S N B C C K 7 > * S O N C K 7 )
3 9 9 0 r P R I N T 3 0 4 * D O C C K 7 ) , D B Q D ( K 7 ) * D N B C C K 7 > * D N ( K 7 )
4000T 91 C O N T I N U E
4006t P R I N T 323
4010* DO 92 K8 = 1*20
4 0 2 0 t I F ( Q ( K 8 > .LE. 0 .0001) GO TO 92
4025T I F C ' S O C C K 8 ) *LE. 0 .001) GO TO 92
4 0 3 0 t P R I N T 1 5 6 * K 8 * Q C K 8 ) * S O P C K 8 ) * S F M C K 8 > * V S 5 C K 8 ) * T S S C K 8 )
4 0 4 0 T P R I N T 1 5 9 * D P C K 8 ) * D F M C K 8 3
4050T 92 C O N T I N U E
4060* 601 I F C O U T P U T C 3 ) . EG. 1) GO TO 4800
4600T P R I N T 3 0 1 > N C A S E
4690T P R I N T 108
4700TDO 93 11= 1* 15
4 7 1 0 t I F C N F O R K l C I I ) . . E Q . 1 ) GO TO 93
4715t 17 = 2*11 - 1
4 7 2 0 t P R l N T 1 5 5 * U M l T C I 7 ) * U N I T C I 7 + l ) * C C O S T C m * A C O S T C ! I ) * C O S T O C I I )
4730^93 C O N T I N U E
4735T P R I N T 109
4740tDO 94 I I- 1* 1 5
4 7 5 0 r I F ( N F O R K l C I I > •EQ. 1) GO TO 94
4755? 17= 2*11-1
4 7 6 0 T P R I N T 1 5 8 * U N I T C I 7 > * U N I T C I 7 + I ) * A O C O S T C I I ) , C P E R K G C I I )
4770T 94 C O N T I N U E
4780T P R I N T 324
4800 C O N T I N U E
04850 P R I N T 110* TOTCC* TOTAOC* CAPKG* COPKG* TCOST
4855T 602 I F C O U T P U T C 4 ) .EQ. 1) GO TO 603
4860t P R I N T 6 1 0 * X M L A S S * X M L B S S * X L N B S S * X M L D S S * X M L S S * V A E R * V N I T *
4870C R E T U K N * X M L I S S * C W R * C R E M * B O D R E M
4880t P R I N T 620* R E M N , R E M P * F R P S * U R P S * U R S S * X R S S * E F F >
4890C G P S * G S T H * A T H M * T R R * G E
4900T P R I N T 630*GES*AE*ERR* W R E * T D I G * T D * V D I G * F R D I G * C 1 D I G *
4910C C 2 D I G * C H 4 C F D * C 0 2 C F D
4920t P R I N T 640* VFL* TVF* AVF* FOOD* DEGC* DO
4930t P R I N T 641* VOLDI G* ARATE* AYEARS* SOLI DS* TSSLA* DI GT* CPTON
04950 P R I N T 308* C ECFC J) * J= I * 1 5)
04960 P R I N T 700* CENG* CTRP* CTGO* GLAND* CCR
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04970 P R I N T 701.* C C I ^ A F
4914* 603 C O N T I N U E
4980' PHUMT 325

05000T25 CONTINUE
05010TSTOP
0 5 0 2 0 T E N D
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05030rSUBROUTINE BIOLOG
05040 T COMMON - Q C 2 0 ) * 3 0 C C 2 0 ) * SNBCC 20) * SON(20) * SOPC 20) * SFMC 20) * DOCC20) *
0 5 0 5 0 C D N B C C 2 0 ) * D N C 2 0 ) * D P C 2 0 ) * D F M C 2 0 ) * S B O D C 2 0 ) * D B O D C 2 0 ) * C C O S T C 1 5 ) *
05060CCOSTOC 15)* ACOSTC 1 5) * AOCOSTO 5) * NFORKC 1 0) * ASSC 1 2) * DEMBODC 10)*
0 5 0 7 0 C V S S ( 2 0 ) * T S S ( 2 0 ) * A L K C 2 0 ) * C P E R K G C 1 5 ) * E C F C 1 5 ) * Q 2 0 C 1 0 ) * F R P S I N C 1 0 )
050801 COMMON DEGC* URPS* URSS* XRSS* CAER20* AEFF20* DO* CKVJH* CGI * AF* GSS* WP*
35090CTRR* GTH* GSTH* ERR* WRE* GE* GES> TDI G* TD* VFL* TVF* SBL* MAS* -NBOD*NQ* NFS
05100TCOMMON AIRCFD* FECL3*CFECL3*XMLASS*XMLBSS*XLNBSSjXMLDSS*XML ISS*VMIT
051 1 0tCOMMON RETURN* FRDI G* C 1 DI G* C2DI G* CH4CFD* C02CFD* FOOD* CAER* AEFF* CNI T*
05120CCEDR*CFPGAL*K35*LOOPS* FRPS*XML3S*BOD5* VAER*BSIZE*AVF
5122T COMMON VDIG*ATKM*AE*VOLDIG*ARAfE*MEARS*SOLIDS*TSSLA*DIGT :
5123T COMMON XLANDC*XMU*HC*SIGMA*HO*SAND*DRYDAY*SCI * S T O * S T F * R C * A R E A
0 5 1 3 0 T 6 7 IFCLOOPS-6)66* 65* 66
05140* MIX STREAMS NINE AND TWENTY
05 l50 t65 Q C 9 ) = 0 . 0
5 1 5 5 T FMIN = 0.0

05160*66 TEMP1 = Q ( 2 0 ) / C Q ( 2 0 ) + Q(9»
0 5 1 7 0 T T E M P 2 = Q C 9 ) / C Q C 2 0 ) + Q C 9 ) )
05 l80 tSOC(1 )=TEMP1*SOCC20)+TEMP2*SOCC9)
05190 tSONCl )=TEMPl*SONC20)+TEMP2*SON(9)
05200TSOPC1)=T£MP1*SOPC20)+TEMP2*SOPC9)
05210tSNBCC1)=TEMP1*SNBCC20>+TEMP2*SNBCC9)
05220tSFMC1)=TEMP1+SFMC20)+TEMP2*SFMC9)
05230TDOCC1)=TEMP1*DOCC20)+TEMP2*DOCC9)
05240tDNBCC1)=TEMP1*DNBCC20)+TEMP2*DNBCC9)
05250TD.NC 1) = T£MP1*DNC20) + TEMP2*DNC9)
05260TDPC1)=TEMP1*DPC20) +TEMP2*DPC9)
05270T DFMC1)= TEMP 1 * DFM C 20) + TEMP2* DFMC 9)
05280TALKC1)=TEMP1*ALKC20)+TEMP2*ALKC9)
0 5 2 9 0 t Q C 1 ) = Q C 2 0 ) + Q C 9 )
0 5 3 0 0 T V S S C 1 ) = S O C C 1 ) * 2 . 1 3
05310 tT3SC 1) = VSSC D + SFMC 1)
0 5 3 2 0 T S B O D C 1 ) = C S O C C 1) -SNBCC 1 ))* 1 .87
5330t DBODC1) = C D O C C 1 ) -DNBCC1))* 1.87 -
0 5 3 4 0 T I F C N F O R X C 2 ) ) 100* 100* 110
05350r l00 CALL PRIMARY
05360TGO TO 120
0 5 3 7 0 T 1 1 0 SOCC2)=TEMP1*SOCC20)+TEMP2*SOCC9)
05380TSONC2)=TEMP1*SONC20)+TEMP2*SONC9)
05390tSOPC2)=TEMPl*SOPC20)+TEMP2*SOPC9)
05400TSNBCC2)=TEMP1*SNBCC20)+TEMP2*SNBCC9)
05410 tSFMC2)=TEMPl *SFMC20)+TEMP2*SFMC9)
05420 rDOCC2)=TEMPl *DOCC20)+TEMP2*DOCC9)
05430TDNBCC2)=TEMP1*DNBCC20)+TEMP2*DNBCC9)
05440tDN<2)=TEMPl*DMC20)+TEMP2*DN(9)

' +TEMP2*DPC9')
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05460*DFM(2)=TEMP1*DFMC20>+T£MP2*DFMC9)
05470tALK<2>=TEMPl*ALK(20>+T£MP2*ALK(9>

0 5 4 9 0 * V s S C 2 ) = S O C C 1)*2. 13
0 5 5 0 0 t T S S C 2 ) = V S S C 1> + SFM< 1)
0 5 5 1 0 * S B O D C 2 > = CS'OC( 1>-SNBC( 1 )> *1 .87
0 5 5 2 0 * D B O D C 2 ) = ( D O C C 1)- DNBCX 1 >>* 1 .87
5525* 120 CONTINUE
5530 T BOD2 = SBODC2) + DBODC2)
05540TDBOD2=DBOD<2>
05550* AERATOR PERFORMANCE
05 570 t 1 000 CEDR=0. 18*1 . 047** C DEGC- 28 • 0)
05580* CAER=CAER20*1. 047** CDEGC-20.0)
05590? SVI=100.0
0 5600 t SM AX= 12 00000. 0/^ VI
5605* IFCNFORKC2) . EQ. 1) SMAX = 3000000. /SVI
05610tlF (URS3*XMLSS-SMAX> 8 6 > S 6 ^ S 5
05620*85 URSS=SMAX/XMLSS '
05630*86 SA=XMLSS/100'0.0
05640 tTA=CBODS-BOD5) /CBOD5*CAER*SA*24 . > ,
5650* VAER = Q C 2 ) * T A -'
05660TXRSS=556. 1*GSS**0. 49 42/XMLSS** 1 -8 1 65/C TA*24. )**0. 4386

05670*ASMAX=BOD5/XRSS/0- 685
05680*A3MI!SJ=0.0
05690* IFCASMAX-XMLSS) 50^ 50* 70
05700T70 ASMAX = XML3S
05710*50 XMLAS5=(ASMAX+ASMIN>/2.0
057S0*4£ FOOD=3BODC2) + DBOD2
05730*FMAX=FOOD
05740tN=l
0 57 50 * GO TO 8
05760*7 ERROR=FMAX-FMIN
05770*TOL=0. 10
057S0* IFCERROR-TOL)21»21* 19
05790*19 FOOD=(FMIN+FMAX>/2.0
05300*4 IFCFOOD-DBODC2) ' ) 5> 5^ 6
05810*5 DBODC4) = DBODC2) -FOOD

05330*GO TO 8

05850*DBODC4)=0 .£33*SBODC 4)
05860*8 TEMP1=C0.65*FOOD/XMLASS>-XRSS
0 5 8 7 0 r Q C 7 ) = ( Q C £ ) * T E M P l - C E D R * V A E R ) / C U R S S - X R 3 S >
05880*20 Q C 5 ) = Q C 2 ) - Q ( 7 )
05390*N=N+ 1
05900* IFCN-2)23*23*22
05910*22 TEMP2=XRSS*Q(5 )+URSS*QC7)

05920 tXMLBSS=QC2)*SBODC4) /TEMP2/0 .80
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05930*3SODC5>=CXMLASS*0 .685+XMLBSS*0 .80 ) *XRSS
05940* DBODC5)=DBOD(4 )

0 59 60 T GO TO 24
0 5 9 7 0 T 2 3 TBOD5=XMLASS*XRSS*0.685
05930*24 IF(TBOD5-BQD5>10> 10* 15
05990T10 IFCN-3) 1U12* 1 3 . . • - . . .
06000 t 1 1 FMIN=CCEDK*VAER/Q<2>+XRSS>*XMLASS/0 .65
06010rFOOD=FMIM
06020TGO TO 4
06030*12 X35 = 5
06040tRETURN
06050t 13 FMAX = FOOD
06060tGO TO 7
06070T15 IFCN-3M6* 18* 17
06080*16 K35 = 10
06090*RETURN
0 6 1 0 0 T 1 7 FMIN=FOOD
06110T18 GO TO 7
06120t21 CONTINUE
06130tXLNBSS=SNBCC2)*QC2)*2. 13/TEMP2
06140tXMLISS=QC2)*SFMC2) /TEMPS
06150rXMLDSS=C0. 12*QC 2) + FOOD/TEMP2) - 0. 185+XMLASS

06130tTOL=5.0
06190t lF (ABSCTEMP2)-TOL)41* 41 *51
06200t51 IFCTEMP2>52* 52> 53
06210*52 ASMIN=XMLASS
06220TGO TO 50
06230*53 A3MAX=XMLAS3
06240*GO TO 50
06250*41 CONTINUE
06260TSOCC5)=CXMLDSS+XMLAS3)*XRSS/2 . 46+CXMLBSS+XLNBSS) *XR3S/2. 33
06270T30CC7)=SOCC5) *URSS/XR3S
06280TSNBCC 5)=XLNBSS*XRSS/2. 33+CXMLD33+0. 18 5*XMLA33) *XRS3/2. 46
06290*3NBCC7)=3NBCC 5)*UR3S/XRSS
06300*TEMP2=XRSS*XMLA3S/2.46
06310*SONC5)= :0 .234*TEMP2+C30CC5) -T£MP2) / i 0 .0
06320* TEMP2=TEMP2*URSS/XRS3
06330tSONC7>=0.234*TEMP2+CSON(7)-TEMP2>/ !0 .0
06340*SOPC5) = S O C C 5 ) * 0 . 0 1
0 6 3 5 0 t S O P C 7 ) = S O C C 7 ) * 0 . ' 0 1
06360*SFMC 5)=XMLI3S*XRSS
06370tSFMC7)=XMLISS*URSS
06380*DOCC5)=DNBCC2)
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06390rDNBCC 55
06400 T DOC C 7) = DOCC 5>
0 6 4 l 0 t D N B C C 7 ) = D N B C C 5)
0 6 4 2 0 T D N ( 5 ) = C Q C 2 ) * C S O N C 2 ) + D N C 2 ) ) - C S O N t 5 ) * Q C 5 ) + S O N C 7 ) * G C 7 ) > >/( GC 5) +GC 7) )

0 6 4 3 0 t D N C 7 ) = D N < 5 )
06440rDP(5) = <QC2) * (SOPC2) + DP(2) ) -C30PC 5) *GX 5) +SOPC 7)*Q( 7) ) ) /t GC 5) + QC 7 ) )

0 6 4 5 0 t D P C 7 ) = D P C 5 )
06460f DFMC5>=DFMC2)
06470 tDFM(7)=DFMC2)
06480 t S B O D C 7 ) = C $ O C C 7 ) - S N B C ( 7 ) ) * 1.87
0 6 4 9 0 t D B O D ( 7 ) = C D O C ( 7 ) - D N B C C 7))* 1.8 7

0 6 5 0 0 t V S S C 5 ) = S O C C 5 > * 1 . 9 0
0 6 5 1 0 T T S S C 5 ) = V S S C 5) + SFMC 5)
06 520 f VSSC7)=SOCC7>* I -90 J
0 6 5 3 0 T T S S C 7 ) = V S S C 7 ) + S F M C 7 3 i «
06540* ' CONDITIONS FOR NITRIFICATION
0 6 5 5 0 t Q C 6 ) = C Q C 2 ) * C 1.0-0. 65*FOOD/X^LAS$)+CEDR* VAER)/( URSS- 1 . 0)
06560TRETURN=QC6) /QC2) ,
06570tX4X3=C1.0+RETUrtN) /RETURN/URSS i .
06 580 f DiMC3) = DMC2) /< 1 . 0-f-RETUftN)
0 6 5 9 0 t X 3 Y = D N C 3 ) * 0 . 9 9 / C X 4 X 3 - 1.0) |
06600tCNIT = 0. 18*EXPC0. 1 16*CD'EGC- 15.0)) .
06610tTAN=C 1.
06620tVNIT=QC2)*TAN
06630* AIR REQUIREMENTS
06640TDOSAT=14. 1 6-0. 39 43*DEGC+0. 0077 1 4*DEGC**2-0. 0000 646* D£GC**3
06650tDOSAT=D03AT*l .221
06660tAEFF=AEFF20*CDOSAT-DO)*1 .02**CDEGC-20.0) /DOSAT
06670TWFOOD=QC2) *FOOD*8 .33 |
06680tWAS=XMLASS*VAER*8- 33 ! '
06690tAlRCFD=C0. 577* WFOOD+ 1 . 1 6*CEDR* WAS)/ AEFF/0. 232/0. 075
06700t lvDN=CQC5)*D iMC5) + QC 7)*DNC 7) )*8. 33
0 6 7 1 0 t I F C V N I T - V A E R ) 2 6 > 2 6 * 2 7
06720 T 26 AIRCFD=AIRCFD+4.6*WDN/AEFF/0i232/0.075 |
06730t27 BSIZE=AIRCFD/1440.0
06740 rCFPGAL =AI RCFD/ 1 000000. 0/QC 1)
0 6 7 5 0 t Q C 1 0 ) = : Q C 7 ) + Q C 8 ) ' '
0 6 7 6 0 r S O C < 1 0 ) = C S O C C 7 ) * Q C 7 ) + S O C C g ) * Q f 8 ) ) / Q C 1 0 > '
06770TSNBCC 10) = C S N B C C 7 ) * Q C 7 ) + S N B C C 8 ) * Q C 8 ) ) / ' Q C 10)
0 6780 T SON ( 10) = C 5 0 N C 7 ) * Q C 7 ) + SONC8 I ) *QC8> ) / Q C 10) ,
0679 0t SO PC 10) = C S O P C 7 ) * Q C 7 ) - ( - S O P C 8 ) * Q C 8 ) ) / Q C 10) ,'

0 6 8 1 0 t D 6 C C 1 0 ) = C D O C C 7 ) * Q C 7 ) + D O C C 8 ) * Q C 8 ) ) / Q C 1 0 )
06820tDNBCC 1 0) = C DNBCC 7 ) *QC 7) + DNBCC8) *QC8»/Q( 10)
0 6 3 3 0 T D N C 1 0 ) = C D N C 7 ) * Q C 7 ) + D N C 8 ) * Q C 8 ) ) / Q C 1 0 )

0 6 3 5 0 T D F M C 10) =C DFMC 7 ) * Q C 7) +DFMC8 > * Q C 8 ) ) / Q C 10)
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0686flt VSSC 10>
0 6 8 7 0 T T S S C 1 0 ) = VSSC 1 0 5 + S F M C 105
06880 tRETURN . '
06890* END

0 6 9 0 0 t S U B R O U T I N E T H I C K
069 10f C O M M O N Q C 2 0 ) , SOCC 20) > S M B C C 20) > SON C 20) > SOPC 20) , S F M C 2 0 ) , DOC C 20) >
0 6 9 2 0 C D N B C C 2 0 ) * D N C 2 0 ) , D P C 2 0 > * D F M C 2 0 ) j S 8 0 D C 2 0 ) * D B O D C 2 0 > * C C O S T C 15),
06930CCOSTOC 1 5 ) * A C O S T C 1 5 ) , A O C O S T C 1 5 ) , N F O K K C 10) ,ASSC ! 2 ) , D E M B O D C 10),
0 6 9 4 0 C V S S C 2 0 ) , T S S C 2 0 ) , A L X C 2 0 ) * C P E R K G C 1 5 ) > E C F C 1 5 ) j Q 2 0 C 1 0 ) , F R P S I N C 1 0 )
069 50 T C O M M O N DEGC* URPS* URSS> XKSS, CAER20^ AEFF20* DO* C K W H * C C I * AF* GSS* WP*
06960CTKR> GTH> GSTH> E R R ^ hRE* GE> GES, TDI G^ TD* VFL> T V F ^ SEL^ MAS* NBOD* N Q * i V F R
069 70 1 C O M M O N A I R C F D * FECL3* CFECL3*XMLASS*XMLBSS*XLNBS3* XMLDSSj X M L I S3j V N I T
0 6 9 8 0 t C O M M O N R E T U R N * FRDI G* C 1 DI G* C2DI G* CH4CFD> C02CFDJ FOOD, CAER, AEFF, CNI T,
06990CCEDR,CFPGAL J K35* LOOPS* FRPS* XMLSS* BOD5* VAER> BSI ZE* AVF
699 ST COMMON VDI G* ATHM* AE* VOLDI G* ARATEj, AYEARS* SOLI DS* TSSLA* DI GT
699 6 1 C O M M O N XL AN DC* X M U * HC> SI G M A ^ H O j . SAND* DRY DAY* SCI * STO* STF, RC* AREA
07000* .CALCULATE STREAM I N T O T H I C K N E R
07010* CALCULATE STREAMS FROM T H I C K N E R
070S0 tQC 1 2 ) = T R R * Q C 10)*TSSC 10)/TSS< 12)
07030 T Q C 1 1 ) = Q C 1 0 ) - Q C 1 2 )
07040TTSSC 1 1 ) = C 1 . 0 - T R R ) * Q C 10)*TSSC 10) /QC 11) *
07050rTEMP4=TSSC 1 1 ) /TSSC 10).
0 7 0 6 0 T S O C C 1 1 )=T£MP4*SOC( 10)
07070 1 VSSC m = SOCC 1.15*2.0
07080tSNBCC 1 1 ) = T E M P 4 * S N B C C 10)
07090?SONC 1 1 5 = TEMP4*SOtNC 10)
07 1 00 r SOPC 11 ) = TEMP 4* 50 PC 10)
071 1 0 T S F M C 1 1) = TEMP4*SFMC 10)
0 7 1 2 0 t D O C C 11 ) = D O C C 10)
0 7 1 3 0 t D N B C C 1 1 ) = D N B C C 10)

07150* DPC 1 1 ) = D P C 10)
0 7 1 6 0 t D F M C 1 1 ) = D F M C 10)
07170 tTEMP3=TSSC 12) /TS5C 10)
0 7 1 8 0 t A T H 2 = Q C 10)*TSSC 1 0)*8» 33/GSTH
07l90 t SOCC 12)=TEMP3*SOCC 10)
0 7 2 0 0 t S N B C C 12), = TEMP3*SNBCC 10)
0 7 2 1 0 T S O N C 12)=TEMP3*SONC 105
07220tSOPC 125=TEMP3*SOPC 10)
07230 tSFMC 1 2 ) = T E M P 3 * S F M C 10)
07240 t DOC C 1 2 ) = D O C C 10)
0 7 2 5 0 t D N B C C 1 2 ) = D N B C C 10)
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07260TDNC12)=DNC10)
07270TDPC12>=DPC10)
07S80TDFMC12)=DFM<10)
07290TVSSC12)=SOC
07300TATMJ=Q(10)*1000000.0/GTH
07310* ATHM = AMAX1(ATH1,ATH2)
07320TRETURN
07330TEND

01000TSUBROUTINE DIGEST
01010tCOMMON QC20),SOC(20),SNBC(20),SONC20),SOP(20),SFM(20),DOC<20),
01020CDNBC(20),DNC20),DPC20),DFMC20),SBOD(20>,DBODC20),CCOST(15),
01030CCOSTOC 15 ) ,ACOSTC 15) ,AOCOSTC 15) ,NFORKC 10),ASS( 12),DEMBODC 10),
0 1 0 4 0 C V S S < 2 0 > j T S S C 2 0 ) , AL.KC20) j CPERKGC 15)*ECFC 1 5) > Q20C1 0) , FRPSINC 10)
01050TCOMMON DEGC*URPS/URSS^XRSSjCAER20^AEFF20^DO>CKWH^CCI*AFjGSSj WP*
01060CTRR^ GTH, GSTH^ ERR> WRE* GE, GES*. TDI G* TD* VFLj TVF* SBU, MAS, NBOD* 1MQ* NFR
01070tCOMMON AIRCFD, FECL3, CFECL3, XMLASS, XML.BSS, XLNBSS, XMLD3S* XML I S3, ViMIT
0108 0t COMMON RETURN, FRDI G, C 1 DI G, C2DI G, CH4CFD, C02CFD, FOOD, CAER, AEFF, CM I T,
01090CCEDR, CFPGAL,K35,LOOPS,FRPS,XMLSS,BOD5, VAER, BSIZE, AVF
\095 COMMON VDIG,ATHM,AE*VOL DIG,AftATE,AYEARS,SOL IDS,TSSLA,DIGT
1096t COMMON XLAiMDC,XMU,HC,SIGMA,HO,SAND, DRYDAY, SCI , STO, STF, RC, AREA
01100* CALCULATE DIGESTER PERFORMANCE
01110 tC lD lG=0 .28 /EXPC0*036* (35 .0 -TDIG) )
0 i l20tC2DlG=700.00*EXP(0.10*C35.0-TDIG))
01I30tDIGC12=SOCC 123-SNBCC I2) + DOCC 12)-DiVBCC12)
01140?TDM=2.5/C1DIG
01150TTDOPT=C1.0 -CC2DIG/CC2DIG+DIGC12)* *0 .5 ) ) /C1DIG
01 !60tTDMIN = AMAXlCTDM,TDOPT)
01 l70t IFCTD-TDMIN)43»43,44
01I80T43 TD=TDMIN
01190t44 DIGC13=C2DIG/CC1DIG*TD-1-0 )
01200 tTEMP4=CDlGC12-D lGC13) /CSOCC 1 2)- t -DOCC 1 £) >
01210tCDF=200.00*EXPC0. 1 2*C 35. 0-TDI G»
01220?DF=CDF/CC1DIG*TD-1.0)
0 l230tSOCC13>=SNECC12)+DIGC13-DF
01240 tDOCC13)=DNBCC12)+DF
0 1 2 5 0 t F R D I G = C S O C C 1 2 ) - S O C C 1 3 ) ) / S O C C 1 2 )
01260tSNBCC13)=SNBC(12)
01270tSONC'13 ) = C1.0-TEMP4)*SON( 12)
01280?SOPC13)=C1 .0 -TEMP4) *SOPC12)
0 i290 tSFMC13>=SFMC' l2>
01300TDNBCC13)=DNBCC12)
01310TDNC13>=DNC12)+0 .65*SON(12 ) *TEMP4
0 1 3 2 0 T D P C 1 3 ) = D P C 1 2 ) + S O P C 1 2 ) * T E M P 4
01330 tDFMC13)=DFMC12)

VDIG = QC 12)*TD*1000.0/7. 48
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0 1 3 501CH 4CFD= 1 63 • 8 5* ( DI GC 1 2- DI GC 1 3 > *QC 12 >
0 1 3 6 0 t C 0 2 C F D = 2 4 9 . 9 * C D T G C 1 2 - D l G C l 3 > * Q C 1 2 ) - C H 4 C F D
0 1 3 7 0 t V S S C 1 3 ) = S O C C 1 3 5 * 2 . 0
01380?TSSC135=VSSC!3>+SFMC13)
01390TQCI3)=QC12)
01400* CALCULATE STREAMS FROM SLUDGE WASH
0 1 4 1 0 T I F C N F Q R K C l ) > 4 5 j 45i 46
01420*46 R E T U R N
0 1 4 3 0 T 4 5 Q C 1 7 ) = W R E * Q C 1 3 )
014401TEMP1 = Q C 1 3 ) * 1000000. 0/GE
0 1 4 5 0 t T E M P 2 = Q C 1 3 ) * T S S C 1 3 ) * 8 . 3 3 / G E S
0 1 4 6 0 t A E = : A M A X l C T E M P l , T E M P 2 >
0 1 4 7 0 T Q C 1 5 ) = E R R * Q C 1 3 ) * T S S C 1 3 ) / T S S C 1 5 )
0 1 4 8 0 t Q C 1 4 ) = Q C 1 7 ) + Q C ! 3 ) - Q C 1 5 )
0 1 4 9 < 0 t T S S C 1 4 ) = QC 1 3 ) * C C 1 .0 -ERR)*TSSC 1 3) +WRE*TSSC 5) ) / Q C 14)
0 1 5 0 0 t V S S C 1 7 ) = V S S C 5 )
0 1 5 1 0 t T S S C 1 7 > = T S S C 5 )
0 1 5 2 0 t T E M P l = T S S ( 1 5 > / T S S C 1 3 )
0 1 5 3 0 T S O C C 1 5 ) = T E M P 1 * S O C C 1 3 )
0 1 5 4 0 T S I M B C C 15) = T E M P 1 * S N B C C 1 3 )
01550tSONCI5)=TEMP1*SONC13) =
0 1 5 6 0 T S O P C 1 5 5 = T E M P 1 * S O P C 1 3 )
0 1 5 7 0 T S F M C 1 5 ) = T E M P 1 * S F M C 1 3 )
0 1 5 8 0 t V S S C 1 5 ) = S O C C 1 5 ) * 2 . 0
01590tTEMP2=TSSC14)/TSSC13)
01600TSOCC14)=TEMP2*SOCC13)
0 1 6 1 0 t V S S C 1 4 ) = S O C C 1 4 ) * 2 . 0
0 1 6 2 0 T S N B C C 14) = TEMP2*S'>JBCC 13) - .
0 1 6 3 0 T S 0 1 N J C 1 4 > = TEMP2*SONC 13)
0 1 6 4 0 T S O P C 1 4 > = T E M P 2 * S O P C 1 3 )
0 1 6 5 0 T S F M C 1 4 ) = T E M P 2 * S F M C 1 3 )
016601TEMP 1= Q C 1 3 ) / C Q C 1 3 ) + Q C 1 7 ) )
0 1 6 7 0 » T E M P 2 = Q C 1 7 ) / C Q C 1 3 ) + Q C 1 7 ) )
01630rDOCC 1 4) = TEMP 1*DOCC 13) + TEMP2*DOCC 5)
01-690 tDNBCC 1 4> = TEMP1*DNBCC 13) + TEMP2*D[NJBCC 5)
0 1 7 0 0 t D N C 1 4 ) = T E M P l * D N C 1 3 ) + T E M P 2 * D N C 5 )
0 1 7 1 0 t D P C I 4 > = T E M P 1 * D P C 1 3 > + T E M P £ * D P C 5 )
0 1 7 2 0 t D F M C I 4 ) = T E M P 1 * D F M C 1 3 ) + T E M P 2 * D F M C 5 )
0I730tDOCC15)=DOCC14)
0 1 7 4 0 t D i M B C C 15) = DMBCC 14)
0 1 7 5 0 T D N C 1 5 ) = D N C 1 4 )
0 1 7 6 0 T D P C 1 5 ) = D P C 1 4 )
0 1 7 7 0 f D F M C 1 5 > = D F M C 1 4 )
0 1 7 8 0 t l F C V i M I T - V A E R ) 6 0 ^ 60*61 •
01790^60 A L K C 5 ) = A L K C l ) + 3 . 5 7 * C D N C 5 ) - D N < 2 ) 5
01800*60 TO 62
01810*61 A L K C 5 ) = A L K C 1 )
01820t62 A L K C 1 2 ) = A L K C 5 )
01830 tALKC 13) = ALKC 1 2) + C DNC 13) - DiVC 1 2) ) *3. 57
0 1 8 4 0 Y A L K C 1 4 ) = T E M P i # A L K C 1 3 ) + T E M P 2 * A L K C 5 )
0!S50 tALKC15>
0 1 8 6 0 t R E T U R N
0 1 8 7 0 t E M D



1 153
I

01880TSUBROUTINE VACUUM.
0 1 89 0t COMMON G K 2 0 ) j S O C C 2 0 ) * S N B C C 2 0 > * S O i S K 2 0 ) j S O P C 2 0 ) j S F M C 2 0 > * D O C C 2 0 ) ,
01900CDNBCC20) jDN<20) * DPC20)* DFMC 20) , SBODC20) > DBODC 20) » CCQSTC 15)*
01910CCOSTQC 1 5 ) * A C O S T C 1 5>* AOCOSTC j 5>*NFORKC 10)* ASSC 12>* DEMBODC 10)*
01920CVSSC20) *TSSC20) *ALKC20 ) *CPEt tKG( 15)*ECF< 1 5 > * Q 2 0 C 10)*FRPSINC 10)
01 930* COMMON DEGC* URPS* URSS* XRSS* CAE^£0* AEFF20* DO* CK UJH* CC! , AF* GS5> VJP*
01940CTRR* GTH* G3TH* ERR* WRE* GE* GES* TDI G* TD* VFL* TVF* SBL* MAS* NBOD* NG* NFR
019 50t COMMON AIRCFD*FECL3*CFECL3jXMUASS*XMLBSS*XUMBSS*XMLDSS*XMLlSS*VNlT
0 19 60 1 COMMON RETURN* FRDI G>C 1 DI G* C2DI G* CH4CFD* C02CFD* FOOD* CAEFU AEFF, CN I T*
01970CCEDR»CFPG'AL*K35jLO lOPS*FRPS»XMLSS»BOD5i VAER,BSIZE*AVF
1975t COMMON VDI G* ATHM* AE, VOLDI G* ARATEi AY EARS
01980tY 1=100. 00* ALKC 15 ) /TSSC 15)
0 1 9 9 0 T Y 2 = V S S C 1 5 ) / f TSSC J 5 ) - V S S C 2 5 »

020I0TCFECL3=0-08
02020*. CALCULATE STREAMS FROM VACUUM FILTER
02030 tWP=88 .0 /CTSSC 1 5) / 1 0000. 0)**0. 123
020 40 tTEMPl= 1000000. 0*C 100.0-WP)/WP
02050TQC 1 6 ) = Q C 15)*CTEMP1-TSS( 1 5) >/C TEMPI -TSSC 16
02060tTSSC 1 8 > = 8 . 3 3 * C Q C 15)*TSSC 15>-Q( 16>*TSSt 16
02070tTEMP2=TSS< 185/TSSC 15)
02080tSOCC 18)=T£MP2*SOC( 15)
02090 t V S S C 18 )=SOCC 18)*2«0
02100tSNBCCl8)=TEMP2*SNBC< 15)
021 107 SON 0 18> = TEMP2*SONC 15)
02120TSOPC 18)=TEMP2*SOPC 15)
02130tVSSC 1 6 ) = S O C C 16)*2*0
02 1 4® t DOC ( 16)= DOC ( 15)
02l50tDNBCCl6)=DNBC(15)

16) = DiMC 15)
16)=DPC15)

02180tTEMP3 =8 .33*CQC 15 ) -QC16) )

02200tDPC 18)=DPC 15)*TEMP3
02210tDMC ISOsDNC 15)*TEMP3
0S220tDNBCC 18>=DNBCC 15)*TEMP3
02230rDOCC 18)=DOCC 15)*TEMP3
02240rTEMP2 = TSSC 16) /TSSC 1,5)
02250TSOCC16)=SOCC15)*TEMP2
02260fSNBCCl6)=SNBCC 15)* TEMPS
02270TSONC 1 6)=SONC 1 5)*TEMP2
02280 ? SOPC16)=SOPC 1 5)*TEM?2
02290 tSFMC i6)=SFMC15)*TEMP2
02300tDFM< 16)=DFM< 15)
02310vAVF=QC 1 6)* 1000000* /VFL/TVF/24..
02320TRETURN
02330 TEND
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3000tSUBROUTINE PRIMARY

3010* PRIMARY SETTLER PERFORMANCE
3020 T COMMON QC20) , 30 CC 20) » SNBCC20) > SONC £0) , SO PC 20) , SFMC20) » DOC C 20),
3030CDNBCC20>*DNC20) jDP<20> jDFM< '20> jSB6D(20>*DBODC20> jCCOST< 15)*
3B40CCOSTO< 15),ACOSTC 1 5> > AOCOSTC 1 5)* NFORKC 10) ,ASSC 12),DEMBODC 10),
3 0 5 0 C V S S C 2 0 ) > T S 3 C 2 0 ) ^ A L K C 2 0 ) * C P E R K G C 15)*ECFC 1 5 ) / Q 2 0 C 10),FRPSINC 10)
3060rCOMMOiM DEGC>URPS JURSS*JCRSS*CAER20*AEFF20/DO*CKWH*CCI iAF>GSS* WP>
3070CTRR* GTH, GSTH> ERR> WRE, GE* GES, TDI G* TD* VFL, TVF* SBL, NAS* NBOD»NQ, NFR
3080 t COMMON AIRCFD*FECL3jCFECL3*XMLASS*XMLBSSjXLNBSS*XMLDSS*XMLISSjVNIT
3090 r COMMON RETURN jFRDIGjClDIG*C2DIG*CH4CFD*C02CFDjFOOD*CAER*AEFF*CiM I TJ

3U0t COMMON VDIG*ATHM*AE* VOLDI G,!ARATE* AYEARS
31£0TQC8)=FRPS*QC1) /URPS

= Q C 1 ) - Q C 8 >
l=C l . -FRPS)*QC 1 ) / Q C 2 )

3 1 5 0 T S O C C 2 ) = T E M P 1 * S O C C 1)
3160TSNBCC2)=TEMP1*SNBCC1)
3 l70 tSONC2)=TEMPl *SONC 1)
3180tSOPC2)=TEMPl*SQPC I)
3 l90 tSFMC2)=TEMPl *SFMCl )
3200 tDOCC2)=DOCC 1)
3210tDNBC(2)=DNBCC 1)
3220tDNC2)=DNCl)
3230tDPC2)=DPC 1) :

3£40tDFMC2)=DFMC 1)
3 S 5 0 t V S S C 2 ) = S O C C 2 ) * £ . 13
3260 tTSS(2 )=VSSC2)+SFMC2)
3 2 7 0 T S B O D C 2 ) = C S O C C 2 ) - S N B C ( 2 ) ) * 1 . 8 7
3280 1 DBO D< 2 ) = C DO C C 2 ) - DNBC C 2 ) ) * 1 . 87
3290tTEMPl=FRPS*QCl) /QC8)
3300tSOCC8)=TEMPi*SOC( 1)
33 l0 tSNBCCS>=TEMPl*SNBC<l>
3320tSONC8)=TEMPi*SONCl )
3330tSOPC8)=TEMPl*SOP( 1)
3340tSFMC8)=TEMPl*SFMC 1)
3350rDOCC8)=DOCC2>
3360TDNBCC8)=DNBCC2)
3370tDNC8)=DNC2)
3380TDPC8) = .DP<2)
3390tDFMC8)=DFMC2)
3400 tVSSC8)=30CC8)*2 . 13
3 4 1 0 r T S S C 8 ) = V S S C 8 ) + S F M C 8 )
3420 t S B O D C 8 > = C S O C C 8 ) - S N B C C 8 )•>*!. 87
3430 tDBODC8)=CDOC(8) -DNBCC8)>*1 .87
3440tRETURN
34 50 tEND
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3460TSUBKOUTINE AEROBE
3470rCOMMON Q C 2 0 > * S O C C 2 0 > * S N B C C 2 0 > * S O N C 2 0 > * S O P C 2 0 > * S F M C 2 0 > , D O C C 2 0 ) ,
3 4 8 0 C D N B C C 2 0 ) , D N C 2 0 ) , D P C 2 0 ) , D F M ( 2 0 ) , S B O D C S 0 ) > D B O D C 2 0 ) , C C 0 3 T C 15),
3490CCOSTQC 1 5 ) , A C O S T C 1 5 ) * A O C O S T C 15),NFQRKC 10 ) *ASS< IS), DEMBODC 10),
3 5 0 0 C V S S C 2 0 ) . » T S S C 2 0 ) j A L K C 2 0 ) * C P E R K G C 15) ,ECFC 1 5 ) * Q 2 0 C 10),FRPSINC 10)
3510 rCOMMON DEGC, URPS, URSS, XHS3, CAEK20, AEFF20, DO, CK U'H, CCI > AF, GSS> IvP,
3520CTRR, GTH, GSTH^ ERH^ Wri£> GE, GE3* tDI G^ TD, VFL, TVF, SBL^ NAS^NBOD, iN)Q^ i^FH
3530rCOMMO.M AIRCFD, FECL3* CFECL3*XMLASS*XMLBSS*XLNBSS*XMLDSS*XMLI SSJ V.MIT
3 5 4 0 T C O M M O N R E T U R N , FRDI G* C 1 DI G, C2DI G> CH4CFD, COSCFD, FOOD, CAER> AEFF, GNI 7,
3550CCEDR, CFPGAL*K35,LOOPS,FRPS,XMLSS>BODS, VAER, BSIZE, AVF
3560T COMMON VDIG, ATHM,$E*VOLDIG,ARATE,AYEARS,SOLIDS,TSSLA,DIGT

COMMOM XLAANlDC*XMUjHCiSlGMA,HO,SAMD»DRYDAY,SCI*S70*STF,SC, AREA
VOLAT = 60.
D I G T = 7.0 | ' ;

TSSUA = 0.01
Q C 1 2 ) = Q C 1 0 )
SOLIDS = 6 . 0

3561T
3570T
3575r
3580T
3590T
3600T
3610T
3620 T
3630t
3640t
3650T
3660T
3670T
3680T
3690T
3700T

3 f l0T
3720t
3730T
3740T
3750*
3760t
3770*
3 7 7 1 T
37727
3790T
3800*
3802t
3820 r
3825r
3830T
3835T

30CC 12) = S O C C 1 0 )
SNBCC12) = SNBCC10)
SONC12) =
SOPC12) =
SFMC12) =
TSSC12) =
D O C C 1 2 ) =
V S S C 1 2 ) =
DNBCC12) =

SONC 10)
SOPC10)
SFMC 10)
TSSC10)
DOCC 10)
VSSC10)

DN3CC10)

3860T
3880?

DN C 1 2 ) = DN < 1 0 )
D P C 1 2 ) = D P < 1 0 )
DFMC12) = DFMC 10)
SBOD< 12) = SBODC 10)
DBODC12) = DBODC10)
EFFECT OF T H I C K E N I N G
Q C 1 3 5 = QC12) *TSSC I 12) /CSOLIDS*10000 . )
EFFECT OF SOLIDS DESTRUCTION
10 DIGT = DIGT •*- i'.
VOLRED = 2.84 + 35. 07*ALOGC DI GTi/2. 3025
VSSA = V S S C 1 £ > * C 1 . - V O L R E D / 1 0 0 , ) * C Q C 1 2 3 / Q C 1 3 ) )

TSSA ~ C T S S C 1 2 ) - C V S S C 1 2 ) * V O L R E D / 1 0 0 . ) ) * Q C 1 2 ) / Q ( 1 3 )
IFCVOLRED .LE. VOLAT) GO TO 10
Q C 1 3 ) = QC13)*TSSA/CSOLIDS*10000.)
XRT = VSSA/TSSA
TSSA = SOLI 03*1000,0.
VSSA = XRT*TSSA
QC in = QC 12) - QC 13)
TSSOi) =r TSSLA*SOLIDS*!0000.
T S S C 1 3 ) = TSSA
V S S C 1 3 ) = VSSA*TSSC13) /CSOLIDS*10000 . )



156

3890*
3900t
3910*
3920*
3930T
3940*
3950*
3960C
3970T
3980*
3990T
4000*

VSSC 11) = TSSLA*VSSA
SOLI DMA = 3 0 N C 1 2 ) * C 1 . - V O L R E D / 1 0 0 . > * Q C 1 2 > / Q C 1 3 )
DMA = DNC12) -*- SQNC12)*CVOLRED/100 . )
D N C 1 1 ) = DMA
DN.C13) = DNA
S O N C 1 1 ) = SOLI DMA*TSSLA
SONC13) =QC12)*SON(12)*C l.-TSSLA +VOLRED*TSSLA/100. -VOLRED/100.
) / Q C 1 3 ) ,
SOLIDPA
DISPA =
S O P C 1 1 )
D P C 1 1 ) =

= S O P ( 1 2 > * < l . - V O L R £ D / 1 0 0 . ) * Q C 1 2 ) / Q C 1 3 )
DPC12) + SOPC12)* (VOLRED/100. )
= SOLIDPA*TSSLA

DISPA
4010*SOPC13)=QC12)*SOPC12)*C1. -TSSLA+VOLRED*TSSLA/100 . -VQLRED/1
4020C ) .
4030* DPC13) = DISPA

SOCC 1 1) = V S S C 1 l ) / 2 .
DOCC 1 1) = D O C C 1 2 )

4050t S O C C 1 3 ) = VSSC13) /2 .
S.NBCC13) = S N B C C 1 2 ) * Q C 1 2 ) / Q C 1 3 )
DNBCC13) = DNBCC12) '
SFMC 11) = SFMC 12HTSSLA ' - "
SFMC13) = C S F M C 1 2 ) * C Q C 1 3 ) + Q C 1 1 ) ) - S F M C 1 1 ) * Q C 1 1 ) ) / Q C 1 3 )
D F M C 1 1 ) = DFMC12)
DFMC13) = DFMC12) ,
VOLDIG = DIGT*GC13) + Q C 1 1 )
AIRCFD = AIRCFD + VOLDIG*20.*60.*24** 1000./7-48
BSIZE = AIRCFD/C24.*60.)
IFCVNIT-VAER)60> 60*61
60 ALKC5) =ALKC1) + 3 .57 *CDMC5) - DNC2))
GO TO 62
61 ALKC 5) = ALKC 1)
62 ALKC12) = ALKC5)
ALKC 13) = ALKC12) +

= ALKC13)
= TSSC13)
= VSSC 13)
Q C 1 3 )
= S O C C 1 3 )

SNBCC15) = SNBCC13)
S O N C 1 5 ) = SONC13)

. ) / Q C 1 3

4070T
408 0f
409 0T
4100*
4110*
4120*
4130*
4140*
4150*
4160*
4170*
4180*
4190T
4200T
4210*
42201
4230*
4240*
4250*
4260*
4270*
4280*
4290*
4300*
4310*
4320*
5000TRETURN
5010* END

C D N C 1 3 ) - D N C 1 2 ) ) * 3 . 5 7
ALKC 15)
TSSC 15)
VSSC 15)
Q C 1 5 ) =
SOCC 15)

SOPC 15) = SOPC 13)
D O C C 1 5 ) = DOCC13)
DNBCC 15) = DNBCC 13)
DNC1S) = DNC13)
DPC 15) = DPC 13)
SFMC 15) = SFMC 13)
DFMC 15) = DFMC 13)
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5020 S U B R O U T I N E DRY
5030tCOMMON Q C 2 0 } * S O C ( 2 0 ) * S N B C C 2 0 > » S O N < 2 0 > * S O P C 2 0 > * S F M C 2 0 > * D O C C 2 0 > »
5040CDNBCC20-) , D N C 2 0 ) , DPC 20) > DFMC 20) * SBODC 20) * DEO DC 20) > CCQSTC 15 )*
5050CCOSTOC 1 5 ) * A C O S T C 1 5 ) * A O C O S T ( 1 ; 5 > * N F O K K C 10)*AS5C 1 2 ) > D £ M B O D C 10)*
5 0 6 0 C V S S C 2 0 > * T S S C 2 0 > * A L K C 2 0 ) * C P E R k G C 1 5 ) * E C F C 1 5 ) * Q 2 0 C 1 0 ) , F R P S I N C 1 0 )
5070?COMMON DEGC*URPS*URSS*XRSS*CAER20*AEFF20,DO*CKWH*CCI*AF*GSS*WP*
5080CTRR* GTH* GSTH* ERR* W R E * G E * GES* T D I G J TD* VFL* TVF* SBL* M A S * N B O D * N Q , M F K
5090tCOMMOM A l R C F D * F E C L 3 * C F E C L 3 * X M L A S S * X M L B S S * X L i M B S S * X M L D S S * X M L l S S * V N I T
51 00 T C O M M O N R E T U R N , FRDI G* C 1 DI G* CSDI G* CH^iCFD* C02CFD* FOOD* CAER* AEFF* CNI T*
51 1 0 C C £ D R * C F P G A L * K 3 5 * L O O P S j F R P S * X M L S S * B Q D 5 > VAER* BS1ZE* AVF
5120T C O M M O N V D I G * A T H M * A E * VOLDI G* ARATEj.AV EARS* SOLI DS* TSSLA* DI GT
5 1 3 0 1 C O M M O N X L A N D C * X ^ J U * H C * S I G M A * H O * S A N D * D R Y D A Y * S C I * S T O * 5 T F * R C * A R E A
5140T REAL MOTONS
5150T SO = TSSC13) /1000000.
5160T VOLUME = Q C 1 3 ) * 1000000.
5250 TOTC = 1 .E12
5260T 3^! CCOST1 = TOTC
5270 HI = (HO'SAND)*30/STO
5280 H5 = HO-SAND
5290 H = HI + SAND
5300t 40 F O R M A T C E 6 . 1 )
5330T 0 C 1 6 ) = G C J 3 ) * C 1 * -SQ/STO)
5320 SI = S0*100- :
5330 2 s C X M U * S I * R C > / C 1 0 0 . * C H C * * S l G M A ) * S l G M A * C S I G M A + l . ) >
5340 Z2 = C S I G M A + 1 . )*HO*H**(S IGMA)
5350 T = C Z * C H O * * C S l G M A + l . ) + S I G M A * H * * C S l G M A * U ) - Z 2 » / 3 6 0 0 .
5360 WTS = 10. *<HO-SAND)*SO
5370 UC = 5 0 0 . * C ( S C I * W T S ) * * . 5 )
5380 UO = 1 0 0 . * C C 1 . - S T O ) / S T O >
5390 UT = 1 0 0 . * C C l . - S T F ) / S T F )
5400 TORY = C W T S / C 1 0 0 . * S C I ) ) * C U O - U C + U C * L O G C U C / U T ) )
5410 PREPT =2" . •
5420 TOTALT = T/24. + TDRY/24. + PREPT
5430 RUNS = D R Y D A Y / T O T A L T
5440 AREA = < V O L U M E / C R U N S * C H O - S A N D ) ) ) * 3 6 5 . * g . 5 4 * 1 2 . / C 7 . 5 * 4 3 5 6 0 . )
5450 NOTONS = ( SO*AREA*CHO-SAN'D)*43560.X ( 12« *2. 54> >*62. 4/2000.
5490T C C O S T C 1 3 > = 0.50*AREA*43560. + AREA*XLANDC
5495t C C O S T C 1 3 ) = C C O S T C 1 3 ) * C C I
5500 CC03TT = C C O S T C 1 3 ) / C N O T O N S * R U N S )
5510T ACOSTC13> = CCOSTO3)*AF
5520T C O S T O C 1 3 > =CAREA*70 . +NOTOMS*3.)*«UNS
5525 COSTX - COSTO C.I 3 ) / C R U N S * N O T O N S )
5530 TOTC = COSTX + C A C O S T C l 3 » / C N O T O N S * R U N S >
5590t 320 F O R M A T C 1 X * 3 C F 7 . 2 * 2 X > * I X * F 8 . 2 * I X * 2 C F 7 . 2 * 3 X > F 9 . 2 >
5595? I F C T O T C • GE. C C O S T 1 ) R E T U R N
5600 HO = HO + 1.0
5610t Q C 1 6 ) = Q C 1 5 ) * C 1 . -SQ/STO)
5620T T E M P I = 0 . 0 1
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5630T
5640t
5650r
5660t
5670*
5680t
5690t
5700t
5710t
5729 T
5730T
5780t
5800
6000t

T S S C 1 6 ) :
S O C C 1 6 ) :
S N B C C 16)
S O N ( 1 6 ) :
S O P C 1 6 ) :
S F M C 1 6 ) ;
DO C C 1 6) =
D N B C C 1 6 )
DM ( 1 6 ) =
D P ( 1 6 ) =
D F M C 1 6 ) -•
GO TO 34

END
END PROG

: T E M P i * T S S C 1 5 )
: TEMP1*SOC< 15)
= TEMP1*SNBCC 15)

= TEMP1*SON( 15)
; TEMP1*SOP( 15)
: T E M P 1 * S F M C 1 5 )
: DO C ( 1 5)
= D N B C C 1 5 )
D N C 1 5 )
D P C 1 5 )

: D F M C 1 5 )

6010
60PRVJ tLf C-* iCJ

6030
6040
6050
6060
6070
6080
6090
6100
61 10
6120
6130
6140
6150
6160
6170
6180
6190
6200
6210
6220
6230
6240
7010
7020

P R E L I M I N
AT R. Bl 0 W

A R Y - T R T. P R I M A R Y - SETTLER. A E R A T I O N TANKS. . .
r\ J. 4\ * 1~J L** W W t_i i ̂  »_r * •» - »

F I N A L - SE T T L E R . . . SLUDGE. P U M P S . . . . CONTROL. HOUSE. . .
SLUDGE. T H I C K E N E R ANAEROB. DIGESTER E L U T R I A T I O N . . . . .
V A C U U M . . F I L T E R . . SLUDGE. I N C I N E R A T SLUDGE. D R Y I N G . B D
C H L O R I N A T I O N . . . . S I T E . D E V ELOPMENT
A E R O B I C . DIGESTER
0
1
1
1

*
.
>

0*
,2
1*

05.
400.
1
9
1
2
1

•
.
5
5

57
0*
• *
• ,

0
.
0
*
*
*
0

,
,
,

0* 0
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*
,

0*0*
30.,
6. 0*

1
0

2000.
• 76,

200.*
0.045

0* 0*
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0.*2
.02,

0
2

* 0, 0*
.0*2.

0,0*0*
•
1

* .95*
60000-
4 .9*0 •

,30.,
.0,0.
60000
,3.0,
238,4

0*0,0*0
0, 1 .0* 1 * 5*2.0* 1.5, 1.0* 1.0* 1.0, 1.0
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43.* 1 1.* 19.* 4., 500., 20.* 2 50.*
05, 1.0,0.01
., 750.
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3000.
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1
1
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1
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009
05*
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1
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7* 46. *45.*365., 10000.
•804E+9

1.0
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APPENDIX IV

Sample Specific Resistance Data for Aerobic Sludge
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TABLE A7

Typical Aerobic S1u,1ge Buchner Funnel Data

Time
(sec)

0
30
60
90
120
150
180
210
240
270
300
330
360
390
420
450
480
510
540
570
600
630
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440

Buret Readina
(mlj

250
233

. 225
220
216
213
209
206
203
200
197
194
191
189
187
185
183
180
178
176
174
172
170
166
162
159
155
152
149
146
143
140
137
134
131
129

Cumul ati ve f i 1 trate
vol ume (ml )

0
17
25
30
34
37
41
44
47
50
53
56
59
61
63
65
67
70
72
74
76
78
80
84
88
91
95
98
101
104
107
110
113
116
119
121
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TABLE A7, Continued

Time
(sec)

1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160

Buret Reading C u m u l a t i v e Filtrate
(ml ) Vol ume (ml )

126 124
123 127
121 129
119 , 131
1 1 6 ' 1 3 4
113 137
112 138
110 140
108 142
105 145
103 147
101 149

Temperature = 23 C i
V a c u u m = 10.0 cm Hg. >

Fi l ter Paper: #5 W h a t m a n

V o l u m e of s a m p l e = 250 ml

Linear curve f i t through the data points y i e l d e d

the f o l l o w i n g equa t ion : Y = A + BX

where :

A = 0 . 9 3 2 1 5 9 , '

B = 0.09015648

R = 0 . 9 9 9 5 6 9 = C o e f f i c i e n t of co r re l a t i on
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A computer program was used to fit the linear curve

through the data, and another program was used to determine-

the specific resistance of the sludge by the following

formula:

R = TT- :

2
where: R = specific resistance sec /g

b = slope of t/V vs V curve

P -= vacuum appl ied

A = filtration area,

y = filtrate viscosity

c = weight of solids/unit volume of .filtrate

From the above equation, the value for the specific

resistance was found to be 0.30698600 x 109 at 10 cm Hg.

The coefficient of compressibility is found by
i ;

finding the slcpe of the line through values for the specific

resistance at several different pressures. Another computer

routine was used to determine the coefficient of compres-

sibility 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
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