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survey, conducting the survey and reporting on the surve~r were included in the
study.

The site modeling program models the manufacturing processes which contri
bute pollutants to the system, models the sewer system , and models the treat-
ment system including acid or caustic neutralization , settling ponds , and
domestic treatment. The inputs to the model are the production levels of the
manufacturing processes and the outputs are the predicted pollutant measuremen
values at each possible measure point in the system .

The resource matching program accepts data defining proposed measurements
and matches these against the avaIlable time, manpower, and equipment. The
output lists the pollutant to be measured at each measure point , the total
commitment of time for each analyst and for each piece of equipment . Note is
made of any overcommitment of manpower or equipment .

The model refinement or updating program accepts measurements ta~ken dun n
a preliminary survey or during a regular survey and computes suggested new
parameters for the process models.

The indicator model program evaluates the performance of sanitary treat-
ment facilities.

The program uses design data , data from the operating log and/or data
generated during the survey and computes key operational characteristics. (‘err
paring these with desirable values as cited in design books and manuals w i l l
give the survey planner ‘nsight into the operation of the system and suggest
the need for more sw icy measurements or the need for changes in operation .

A system was developed for automatic instrumentation of pH, conductivity,
and other parameters which use strip charp recordings . Interface hardware was
selected and purchased and interface software was developed for direct connec-
tion to a digital computer.

A data handling syst’em was developed for use during and after the survey .
A PDP8—OS/8 and peripheral equipment was purchased. Software was developed to
perform data handling functions and to direct the user in app lication of the
softyare. The program accepts raw data from the analytical chemist and per-
forms data conversions, transcriptions , and data logging functions. Output
is available in several forms as may be needed for various reports during and
at the end of the survey.

Recommendations are: the survey planner should obtain sufficient data in
a proliminary survey to model and analyze the site; measurements should he aut
mated to the maximum extent possible; data handling should be delegated to th t
computer when the operations are well defined and repetitive . The programs .
software and hardware included here will assist the survey planner in followin
these recommendations and design a more effective survey .
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I
ABSTRACT

The U.S. A rmy Environmental Hygiene Agency ’s Sanitary Engineer is

tasked with making decisions in a wide variety of water and wastewater

treatment areas. To assist him in two of these areas , this project was

undertaken with an objective of developing some computer tools with the

engineer in mind .

Estimation of a wastewater treatment plant ’s capability to cope with

an increased load due to a post ’ s expansion is the first area . Given the

approximate character of the wastewater resulting from a post’ s expansion ,

a steady-state model of the treatment process is used to predict the

character of the treatment plant’ s effluent. Some guidance is thu s provided to

to the engineer in determining the present treatment scheme ’s ability to

provide adequate treatment after expansion .

The other area in which aid is provided is in the direction and anal ysis

of the water quality engineering special study or hI survey~. Utilizing

design and operational data , a computer model evaluates the operational

characteristics of the system. Evaluation may be accomplished with

operational data available before the survey and with the data generated

by the survey . Operational characteristics calculated are then used by

the engineer to evaluate the system ’s operational condition and to then

plan and conduct the survey .

.- --‘...-. —‘---- -- -— -.———-- -._ _ _ _  _ _ _ _ _ _ _ _ _ _ _
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I

wastewater plant serving the installation will experience fluctuations in

3 loading . In addition to these changes in personnel strength , many other

adjustments to the operation of the post can have dramatic effects on the

loading of the wastewater treatment plant.

Projecting the effect of such new loadings on a wastewater treatment

facili ty , the sanitary engineer must make decisions as to what physical or

operational changes may be required to ensure continued satisfactory plant

performance . Estimates of the new loading produced by the ‘~.,pulation or

other changes can be made by the engineer using one of the severa l methods

availabl e in the sanitary engineering literature . An estimate of the future

loadings in itself , nonetheless , does not establish the plant ’ s ability to

perform satisfactorily under the new loading . The new l oading estimate ,

however , can be used as an input to a computer model of the treatment plant

to predict the plant ’s future performance . Such predictions can be employed

by the sanitary engineer in formulating a plan of action to meet future re-

quirements. The model will not give exact predictions of the plant effluent.

If the engineer is cognizant of this fact, however , the model will serve as

a valuable aid in the decision making process.

The TSM simulates two basic types of treatment systems : those employ-

ing either (1) a trickling filter , or (2) an activated sludge system . These

two types were chosen because of their prevalent use at U.S. Army insta lla-

t~ons .

Indicator Model

Analysis of the operation of wastewater treatment plants is a necessit y

- 2 -
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when increased loadings are expected . Of equal importance is the surveil-

lance and evaluation of a plant’ s routine operations. Subsequent recom-

mendations regarding process modifications ensure continued satisfactory

performance. Consequently, a detailed examination of the system ’s opera -

tional condition is periodically required . This is accomplished by the

sanitary engineer through the water quality engineering special study or

“survey ” .

In preparation for a survey , the sanitary engineer or “survey officer ”

must decide on the protocol for the survey , that is , what water quality

parameters are of most interest and where in the system do they need to be

determined . This is , of course , predicated on wha t info rmation is needed

to describe the operational state of the system . Models have been developed

by others for this purpose. In particular , there are the Process , Topology ,

and Resource Matching Model s devel oped by the Cl emson University Department

of Electrical and Computer Engineering . One feature of the Topology model

is the provision allowing the survey officer to fl ag for measurement during

the survey , any particular water quality parameter at any point in the sys-

tem . Flaging in this manner usually is done when the survey officer “feels ”

a particular parameter may have a significant effect upon the overall opera-

tional state of the system.

A preliminary evaluation of the process variables of a treatment plant

will provide an initial estimate of its operational state. These process

variables , such as weir overflow rates and process loading intensity , are

functions of the design and operation of the treatment plant and the cha r-

acter of the wastewater. Thus , a prel iminary evaluation of the process

- 3 -
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variables will indicate possible areas where stress on the plant exists .

The survey officer then determines whether certain key parameters should be

flaged and whether measurements within the wastewater treatment plant should

be made during the survey .

[ After completion of the survey , the survey officer must analyze the

data collected . This analysis results in the final determination of the[ treatment plant ’s operational condition and forms a basis for the survey

officer ’s recommendations to improve treatment plant performance. Again ,

evaluation of the process variables, this time using the data generated by

the survey , will assist the survey officer in determining the plan t ’s opera-

tional condition. These variables wi ll indicate areas where design or opera-

tional inadequacies exist which may be the cause of unsatisfactory plant

performance . Troubl e spots in the system can , therefore , be pinpointed .

Al so , the survey officer can determine, through anal ysis of the process

variables , wha t remedial action will likel y improve plant performance .

The Indicator Model was developed to evaluate these process variables

for two types of wastewater treatment systems : trickl i ng filter and activated

sludge type of plants. The model can be used to compute the process variables

utilizing preliminar y operational data that is available prior to the incep-

tion of the survey or the operations data generated during the survey .

- 4 -
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II TREATMENT SYSTEM MODEL

I Introduction

A wide variety of computer model s have been developed to simulate dif-

I 
ferent wastewater treatment systems. Both steady state and dynamic models

have been proposed . While the steady state model does not represent the

I transient operation of a process and , as such , is generally more simplistic

than the dynamic model , it does give an estimate of a process ’ long-term

I performance. Since this l ong-term estimate is what the model is intended to

provide , the steady state approach has been used in this development. To

I quote Andrews [12]:

I . . .the simplest possible expression should be used . The pur-
poses for which the model is to be used must be defined so that
one can be developed which is adequate for the intended use.
Mathematical elegance should be secondary and it should be re-
membered that a model which is too complex may be subject to either
misuse or disuse.

I
Model Formulation

Actually, the overall model which has been developed is a combination of

I severa l steady state process models. All the unit processes that are includ-

I ed in the system have been modeled and linke d one to another. These include:

primary clarification , secondary clarification , the trickling filter , and the

I activated sludge process. As mentioned before, these unit processes are

grouped into two basic treatment trains , one incorporating the trickling

I filter while the other includes the activated sludge process (see Figure 1).

I - 5 -
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b. ACT IVATED SLUDGE TRAIN

Figure 1 : BASIC TREATMENT TRAINS

- 6 -  

-.- ~~~~~~~~ -~~~~~~~~~~~ - . . -- -~~~~~ -~~~~~~~~~~--—-.~~-~~~~ ..



-
~

__
~~~~‘~~ Ti. ~~~~~~~~~~~~~~~~~~~ 

. -- - .—---‘ -‘- - -

Complex interactions between unit processes are not explicitly considered in

the formulation of the model . Again , this is not necessary for the intended

( use of this treatment system model . A more detailed explanation of these com-

plex interactions may be found in the sections dealing with the two treatment

trains.

Water Quality Evaluation

Trickling filter and activated sludge systems are both biological pro-

cesses , s.c. , they employ microorganisms to assimilate and ,iietabolize the pol-

lutants in the wastewater. As such , these two systems can only be used to treat

biodegradable wastes su.... as “domestic ” wastes and certain types of industrial

wastes. To establish the quality of these wastes , a number of water quality

parameters have been used in the past.

Four such p~ranieters are most cormionly used by sanitary engineers , not

only to indicate the wastewater quality , but also to determ i ne the amount of

treatment accorded the wastewater by the treatment system . These parameters

are as follows : 1) five-day biochemical oxygen demand (BOD5); 2) suspended

sol ids (SS); 3) amonia; and 4) nitrates. Given the influent levels of these

four water quality parameters and the influent fl ow rate , the model pred i c ts

their respective conc~ntrations in the effluent of a treatment plant.

Performance of each unit process which is incorporated in the treatment

train is described by a mathematical expression. The expression is used to

calculate the values of the water qualit y parameters in the effluent of the

process. These values then becL; e the input to the next unit process in the

- 7 -  
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treatment train. The output conditions calculated for the last unit process

in the treatment train become the plant ’ s e f f l u e n t  con diti ons .

Effec ts of Process Dynam ics

S i nce the TSM i s a stea dy state mo del , the i nfl uent an d pre di cted ef fl uen t

concen tra ti ons must , of necess i ty, be averages. If the influent flow rate or

concen trations are known to fluctuate drastically, the stea dy sta te model pre-

dictions are less accurate. The engineer must consider this fact when apply-

ing the model and when interpreting the results of the model .

Trickling Fflter System

Was.:water treatment systems utilizing the trickling filter can take on

many different configurations depending on whether the filters are staged and

on the recycle pattern. The model presented here allows for three distinct

var iations . All three are for single-stage filters , i.e., f i l ters i n a pa ra l l e l

but not in series. The first is for no recycle; the second for recycle from

the f i l ter e f f luen t; and the th i rd for recycle from th e secon dary c la r ifi er

effluent (see Figures 2 a,b ,c).

The type of system modeled is controlled by specification of a rec i rcula-

tion data input to the model . If both of the recycle terms are initialized

at zero , then a no recycle system is specified . (Figure 2a). If the recycle

to the filter is not zero , bu t recycle  from the f i l t e r  e f f l u e n t i s , then a

system with recycle from the secondary clarifier will be modeled (Figure 2c).

- 8 -  
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~~R1 ~~~~~~KLING J SECONDA~~~ONDARY

a. Trickling Filter: No Recycle

I ~~~~~~~~ ~ E;~~NG

b. Trickling Filter: Recycle from Trickling Filter Effl uent

~~~~~~~~~~~~~~~~~~~~~
c. Trickl i ng Filter: Recycle from Secondary Clarifier Effl uent

_____  PRIMARY J AERATION _ _ _ _ _ _ _  SECONDARY
CLARIFIER BASIN CLARIFIER

d. Activated Sludge System

Figure 2: Schematic of Treatment Systems
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Finally, if the recycle flow rate from the filter is equal to the recycle

flow rate to the filter and is not equal to zero, the model simulates a system

where recycle is from the filter effluent (Figure 2b).

Other Considerat ions

Factors which may effect the operation of the system but are not incor-

porated in the formulation of the model include the effect of the trickling

filter media type on the BOO reduction; certain compl ex interactions between

the un it processes; and the additional hydraulic and solids loading imposed

on the primary clarifier by wasting secondary sludge to the primar y clarifi er

influent.

One example of compl ex interactions between unit processes is the effect

of the primary clarifier on the performance of the trickling filter. The model

predicts the case in which the prima ry clarifier is overloaded thereby per-

mitting large suspended solids carryover. Conversely, the model does no t ac-

coun t for the situation if the high solids concentration in the tr ickling

filter influent were to clog the filter or otherwi se degrade its performance.

While the exclusion of these and other considerations may result in minor

errors , such errors are usuall y negligible. With an understanding of the

struc ture of the model , as just presen ted , and a knowledge of the mathematical

rela tionships incorporated in the model , the engineer can utilize the present

trickling filter system model to great advantage or modify it to more suitably

fit his needs.

- 1 0-
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Mathema tical Rela ti onsh i ps

A l isting of the expressions that were used in forming the overall model

of the trickl i ng filter system follows . These relationships are used to eval-

ua te the opera t ion of the uni t processes .

Primar y Cl a r i f i e r ~~

F RF = 1.0 —

1.0 - O.OO2O5EXP(-Q/2780A)

RF = Removal factor
t Q = Plant flow (MGD)

A = Total surface area of clarifier (acres)

SS t 
= SS in * RF

BODout = (BOD in)(O•3) +(BOD. )(RF)(O.7)

No effect on ammonia or nitrates

Trickl ’ ng Filter

BOD reduction [2]

E =  1.0
1 .0+0.OO851 W~~

~VF 1
E Decimal BOD removal efficiency
W = BOO loading (lbs/day ) to filter

(not including recycle)
V = Volume of f i lter (Acre - Ft)
F = Recirculation factor 1 .O+R where R = ~~~ c le

(l .O+O.l~)2 infl uent

L 

- 1 1 -
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A temperature correction has also been
incorporated [3], [4]

Et E (1~038)T20

Et = Filter efficiency at temperature , I
E = Filter efficiency as above
T = Temperature of wastewater , deg C

BODout = BOD in * (1.0 - Et)

Suspended Solids [5)

Lbs solids produced = O . 2 ( l b s  BOO m
_ l bS B000Ut)

SSout 
= 55in~ 

lbs solids produced
8. 34(flow+recycle)

Nitrification~
61

£ = EXP( _KD/Qn)

£ = Decima l reduction in NH -N concentration
K = Reaction constant relat~d to the specificsurface of the med ia
D = Depth of filter (Ft)
Q = Hydraulic loading rate (MGAD)
n = Constant related to the specific surface and

conf iguration of packing

K20=K at 20° C =0.23 1 “ rock media
=0.13 2k” rock media

where T is temp . (°C)

n = 2.36 1 “ rock med i a
3.80 2~”rock medi a

[NH3_N]out = [NH3_N ]in *E

[NO3_N]0~t 
= [NO3-N]~~ 

+ [NH3_N] in  - [NH3_N]out

Secondary Cl arifier~~
The secondary clarifier for the trickl i ng filter

— 12 -
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I

system is assumed to operate similar to the
primary and the same equation is utilized .
The exception being that only suspended solids
removal is considered .

Data Input

Followi ng is a listing of the data input necessary to implement the

simulation of a trickling filter plant.

Card 1

Column 1: Type of plant; 1 for trickl i ng filter plant

Columns 2-9: Fl ow rate to pl ant (MGD)

Columns 10-17: BUD concentration in wastewater (mg/l)

Columns 18-25: Suspended solids conc . in water (mg/l)

Columns 26-33: Mjponia conc. in water (mgJl NH3 as N)

Col umns 34-41 : Nitrate conc. in water (mg/l NO3 as N)

Columns 42-49: Temperature of water (°C)

Card 2

Columns 1-8: Total surface area of primary clarifier (acres)
(2 clarifiers @ 2 acres ea. = 4 acres)

Card 3

Columns 1-8: Total filter volume (acre-ft)
(2 filters @ 3 acre-ft ea. = 6 acre-ft)

Columns 9-16: Total filter surface area (acres)
(3 filters @ 4 acres ea. = 12 acres)

Columns 17-24: Total recycle to filters (MGD)

Columns 25-32: Total recycle from filter effluent (MGD)

Columns 33-40: MedIa coefficient (K) 0.23 1” rock media
0.13 24” rock media

~

. rri

~
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Columns 41-48: Media coefficient (n) 2.36 1” rock media
3.80 24” rock media

Card 4

Columns 1-8: Total surface area of secondary clarifier (acres)
(2 clar ifiers @ 2 acres = 4.0)

Activated Slud ge System

As with the trickl i ng filter type of wastewater treatment plant , many dif-

ferent modifications of the activated sludge process exist. The mode of op-

eration of the treatment plant determines which process modification it employs .

Of f i rs t concern i s the fluid reg ime , i.e. , whether the fl ow is complete-mix

or plug-flow. The model presented here is based on complete-mix conditions.

It can also be appl ied to a plug-flow operation though , sinc e the complete-mix

formulation generally underestimates the treatment level attainable with a

plug -fl ow system. Because this underestimation is not generally severe , the

model can be considered adequate for application to plug-flow systems. The

model , therefore , can simulate the compl ete-mix process including the extended

aeration modification of that process , and is acceptable for the plug-flow

modification (See Figure 2d).

Specification by the engineer of the type of activated sludge system to be

simulated by the model is not necessary . Input of the correc t aeration basin

operational characteristics will result in a simulation of the appropriate

modification.

Aera ti on Bas i n Opera ti onal Character i s ti cs

Accurac y of the model ’ s predictions is also highly dependent upon the

- 14 -
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es ti mate of the aerat ion bas i n ’ s operational characteristics made by the

survey engineer. To obtain reliable results , values for the mixed liquor

suspended solids , recycle rate, and net yield terms must closely approximate

those that exist during actual operation.

Wh ile accurate estimates of these characteristics are mandatory , it is

often qu ite difficult to obtain them. The aeration basin ’s interdependence

on the operation of the other unit processes which surround it , especially the

secondary clarifier , is the cause of this difficulty . In the situation where

the secondary clarifier is underloaded (that is , the sludge blanket is at the

bottom), the MLSS is determined solely by the amount of sludge wasted and is

easily controlled at the desired level . However , future conditions may result

in a critically loaded or overloaded clarifier. This situation is a function

of the secondary clarifier sol ids loading and the settleability of the sludge.

Here , the interdependence between aeration basin and secondary clarifier exists

and governs what the aeration basin ’ s operational characteristics will be.

Should overload ing occur , plant failure will result. An overload can not

be predicted by the model but must be accounted for by the engineer when he

estimates the aeration basin ’ s operational characteristics.

One of the most useful tools for estimating these parameters with ac-

curacy is experience. Comparison of the situation to those currently in

existence or in the literature that are similar in nature can also be of con-

siderable aid.

With an understanding of the structure of the activated sludge model

as just presented , and a knowledge of the mathematical relationships that

describe the operation of the different unit processes in the System , the
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engineer should be able to use the model to advantage or modify It to more

suitably fit his needs.

Mathematical Relationsh ips

Following is a listing of the expressions that were used in forming

the overall model of the activated sludge system.

Primary Clarifier

The relationship is the same as that used for the trickling
f i lter system .

Aeration Basin

BOO reduc tion~~

BOO = BOO. - (MLSS )(Vol)ou in (Y )(T he ta)(FLOWR )

MLSS = Mixed liquor suspended solids (mg/l)
Vol = Aeration basin volume (MG)
Yn = Net yield (lb SS produced/lb BOD used )
FLOWR = Plant flow + recycle flow (MGD)
Theta = Sludge age or sludge retention time

= 1.0 where PU = BOO m (Flow)
Y~ (PUI) (MLSS)(Vol)

Nitrification ~
8
~

A double “halving ” or Balzano type iteration is performed
on the effluent concentrations of ammonia and the nitr ify-
ing bacteria, Nitosomonas , until the governing system
equations are satisfied :

Si ~o 
+ K S X D t

Y(K
5 

+ S
0)

= X0 
- K S X D t

_ _ _ _..

~~

_

~~~~

_ I __ .  ~
_ ___ .~

_ .~~_J~



where:
= Ammonia in
= Ammonia out

Kr 
= Synthesis rate constant

Y = Yield coefficient
K
~ 

= Saturation coefficient
X .~ 

= Nitrosomonas in
X0 

= Nitrosomonas out
Detention time (Vol/Flow)

A detailed explanation and justification of assumptions may be
found in 8.

j Secondary C1arifier~~
55out 

= ~~ + 8.6SSF

SSF = SS~~ (FR) 3.785 = Solids surface feed (kg/m2 - hr)

I
where : FR = Plant flow + recycle (MGD) 2

f A = Surface area of clarifier (m )

Data Inpu t

Following is a list ing of the data input necessary to implement the

simulation of an activated sludge plant.

Card 1

Column 1: Type of plant: 2 for activated sludge plant

Col umns 2-9: Predicted flow to plant (MGD)

I Columns 10-17: Predicted BOD of influent (mg/l)

Columns 18-25: Predicted suspended solids of Influent (mg/I)

— 17 -

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~  - -. . —- - -



— -.-.-.-.-- ,-- -

Col umns 26-33: Predicted ammonia in influent (mg/l NH3 as N)

Columns 34-41 : Pred icted nitrate in influent (mg/l NO3 as N)

Columns 42-49: Predicted temperature of Infl uent (deg. C)

Card 2

Columns 1-8: Total surface area of primary clarifiers (acres)
(2 clarifiers @ 2 acres ea. = 4 acres)

Car d 3

Columns 1-8 : Total volume of aeration tanks (MG)
2 tanks @ 3 MG ea. = 6 MG

Columns 9-16: Estimated operating concentration of
MLSS (mg /l)

Columns 17-24 : Estimated operating recycle rate (MGD)

Columns 25-32: Net yield (lb SS/lb BOO)
If not readily available , calculate :

V = ~1b SS wastedjday) + (effluent SS) (Flow)
(BOD~~ - BOD0~t) Flow

Card 4

Columns 1-8: Total surface area of secondary clarifiers (acres)
(2 clarifiers @ 2 acres ea . = 4 acres )

I
- 1 8 -
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III INDICATOR MODEL

Introducti on

The indicator model is used to calculate certain parameters , gen-

erally termed process variable or operating characteristics , that indicate

the operational state of the system. These calculated values can then be

compared with the desirable values as cited in design books or manuals

[7, 10, 11]. A comparison will give the engineer insight into the oper-

ati on of the sys tem such that prob lem areas and poss ib le causes of these

problems are more readily apparent. It can also indicate whether

inade quate plant performance is due to design deficiencies or poor

operational practices.

An example should help to illustrate the use of the indicator mode l

more clearly. If a plant’ s effluent suspended solids con centration is too

hi gh , the engineer mi ght fi rst suspect the secondary clarifier . Solids

removal efficiency calculated by the model will indicate whethe r or not

the secondary clarifier is performing poorly. If the secondary clarifier

does appear to be performing poorly, operating characteristics such as

surface settling rate and solids loading rate , calculated by the model ,

can be compared to those suggested in the literature . If the clarifier

is failing due to a hydraulic overload , comparison of the surface settling

rate to comon values should indicate this. If the operational character-

istics of the secondary clarifier compare favorably with those in the

literature , but it still appears to be failing, an investi gation of the

19
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opera t iona l  character is t ics  0f the other unit processes might be helpful.

Should the process loading intensity of the aeration basin not compare

favorably with cited values , a poorly settling sludge might well be the

cause of the secondary clarifier ’ s failure .

Operational Characteristics

Like the treatment system mode l , the indicator mode l is app licable

to trickling fi l ter and activated sludge type treatment plants. Opera-

tional characteristics calculated by the model are as follows :

Pr imary Clarifier

Detention time (hrs)

Surface settling rate (GPD/ft2)

Weir overflow rate (GPD/ft)

Solids loading rate (lb SS/ft2-day )

Solids removal efficiency (%)

Trickling Filter

Hydraulic loading (MGAD)

Organic l oading (lb BOD/day/acre-ft)

Recirculation ratio

BOO removal efficiency (°h)

Aeration Basin

Detent i on t i me (hrs)

Volumetric loading (lb BOD/day/1000 ft3)

Process loading intensity (lb BOO/day/lb MUSS)

20
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Slud ge age or retention time (days)

Di ffused aeration

Volumetric air sup p ly (CFM/1000 ft3)

Organ ic air supp ly (ft3/lb BOD)

Mechan i cal aera ti on

Volumetric power supply (HP/1000 ft3)

Organic oxygen supp ly (lb oxygen/lb BOD)

BOO removal efficiency ( % )

Secondary Clarifier

Detention time (hrs)

Surface settling rate (GPD/ft2)

Weir overflow rate (GPD/ft)

Solids l oading rate (lb SS/day/ft2)

Solids removal efficienc y (%)

Overall Plant

BOO removal efficiency ( % )

Sol i ds removal eff i ciency (% )

Mathemat ical Relationships

Each of the operational characteristics calculated by the model is

represented by a mathematical expression . Many of these expressions are

evaluated at both average and peak flow conditions. This is done by

using either the average or peak flow term in the expression . However ,

21
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this may not always be completely accurate , as the BOO suspen ded sol id s

concentrat ions also vary diurnally. Peak values for the operational

character i st i cs , therefore , may be in error because only the peak flows

and not the peak concentrations were used in the calculations. Such

erro r may be overcome , i f desi re d , by substituting the peak values of

these parameters (BOD, flow , etc.) for the average values as in put data

an d running the model another time . Values of the operational characte r-

i stics calculate d on th is second run , which are printe d out as average ,

w i ll then rep resent the pea k values . Followin g is a li st i ng of the

relat ionships :

Pr i mary Clar i f ier

Detention time : DT = V
1000 F/24

V = clarifier volume (1000 gal )
F = plant flow (MGD)

Surface settl i n g rate:

SSR = F * io6

A

F = plant flow (MGD) 2
A = clarifier surface area (ft

Weir overflow rate:

WOR = F * io6
L

F = plant flow (MGD)
U = weir leng th (ft)

Solids loading:

SL = (Ss ) (F) (8.34)
A

SS = influent suspended sol ids (mg(l)
F = plant flow (MGD) 2A = clarifier surface area (ft

22 
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Solids removal efficiency :

SRE = SST — SSO 
* 100.

SSI = plant influent suspended solids (mg/l)
SSO = primary effluent suspended solids (mg/l)

Tr i ckl i ng Filter

Hydraul i c load i n g :

HL = F + R

F = plant flow (MGD)
R = recycle flow to fi l ter (MGO)
A = filter surface area (acres)

Organic l oading:

OL = (F) (BOO) (8.34)
V

F = plant flow (MGD)
BOO = primary effluent BOO (mg/l)
V = filter volume (acre-ft )

Recircula tion ratio:

RR = R

F = p lant flow (MGD)
R = recycle flow to fi l ter (MGD)

BOO removal efficiency :

E = BOO 1 
- BOO0 * 100.

ROD 1

BODi= primary effluent BOO (mg/i)B0D~ plant effluent BOO (mg/i)

Aeration Bas in

Detent i on ti me:

OT 24V
[F÷R)1000

23 
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Aera tion Basin (Continued)

V = aeration basin volume (1000)
F = plant flow (MGD)
R = recycle flow (MGD)

Volumetric loa ding:

= (BOO) (F) (8.34) (7.481)
V

BOO = primary effluent BOO (mg/i)

Process loa ding intensity :

PU = (BOO) (F) (8.34) (1000)
(kLSS) (vJ (~ .~ 4)

BOO = primary effluent BOO (mg/i)
F = plant fl ow (MGD)
MUSS= m ixed li quor suspended solids (mg/l)
V = aeration basin volume (1000 gal)

S l u dge age:

SA = (MLsS)(O.oOlv)(8.34)
(F
~

)(RS
~Jf8

.
~
4) +

MLSS= m i xed li quor suspended solids (mg/i)
V = aeration basin vol ume (1000 gal)
F
~ 

= waste sludge flow rate (MGD)

RSS = return sludge suspended solids (mg/i)
F = plant flow (MGD)
SS = plant effluent suspended solids (mg/i)

A basic assumption made in the sludge age formu l ation is that

slud ge wasting is from the sludge recycle line. If the wasting

is from the aeration basin , the actual waste sludge flow rate

must be adjusted before input to the model.

F. = (Fa) (MUSS)
1 RSS

= input waste sludge flow (GPO)
Fa 

= actual waste sludge flow (GPO)

MLSS= m ixed li quor suspended solids (mg/i)
RSS = return sludge suspended solids (mg/i)

24
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Volumetric air supply:

VAS = (AV (1000)(7.481)
~4)(6O)(V)

AV = volume of air del i vered (1000 ft3/day)
V aeration basin volume (1000 gal)

1 Organic air supp ly:

OAS = (AV)(1000)
(BOO)(F) (8.34]

AV = volume of air delivered (1000 ft 3/day)
BOO = primary effluent BOO (m~/l)F plant fl ow (MGO)

Volumetric power supply:

VPS = 7.481 HP
V

HP = total aerator horsepower (HP)
V = aeration ha-sin volume (1000 gal)

Organic oxygen supply:

OAS = (N)(HP)(HR)
(BOO) F) 8. 34)

N = oxygen transfer rate (lb 02/HP-hr)
HP = total aerator horsepower (HP)
HR = hours of aerator operation (hr/day)
BOO = primary effluent BOO (mg/i)
F = plant fl ow (MGO)

N = (2.5) CS-C (1.024) T-20 (0.8)

CS = 0.0. saturation in aeration basi n (mg/i)
C = 0.0. conc. in aeration basin (mg/i)
T = plant effluent temperature (°C)

A basic assumption made in the organic oxygen supply formul atior is

that the mechanical aerators employed are rated at 2.5 lb O2/HP—hr

un der standard conditions as defined in [7]. Also assumed is an alpha

25
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value for the wastewater of 0.8. If the engineer has the actual values

of these parameters for the system being investigated , the model should

be changed accordingly.

BOO removal efficiency :

E = BOO 1 
- BOD0 * 100.

BOO0
BOO 1 = primary effluent BOO (mg/i)
bOO0 = plant effluent BOO (mg/i)

Secondary Clarifier

For the secondary clarifier , the flow to the clarifier depends on

whether it is part of a trickling filter or activated sludge type

system. For the trickling fi l ter system , the flow to the clarifier

is equal to the p lant flow plus the recycle to the filter minus the

recycle from the filter effluent. For the activate d sludge system ,

the flow to the clarifier is equal to the plant flow pius the re-

cycle sludge flow .

Detention time :

0 1 =  V
1000 F/24

V = clarifier volume (1000 gal)
F = flow to clarifier (MGD)

Surface settling rate:

SSR = F * io6
A

F = flow to clarifier (MGD) 2A = clarifier surface area (ft

26
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Weir overflow rate:

WOR = F * 1 0 6

F = flow to clarifier (MGD)
L = weir length (ft)

Solids loading rate:

SU = (SS)(F)(8.34)
A

SS = aeration basin or trickling filter
effluent suspended solids (mg/i)

F = fl ow to clarifier (MGO)

Solids removal efficiency :

E = SSI_- SSO~~ 100sSO
SSI = aeration basin or trickling filter

effl uent suspended solids (mg/i)
SSO = plant effluent suspended solids (mg/i)

Data Input

The indicator model is designed to use data that is available prior

to a survey ’ s imp lementation and also the data generated by the survey.

Design data needed should , of course , always be available. Operati onal

data required will be available from the dail y and monthl y operation logs

as required by Technica l Manual 5-665, and then from the data generated

by the survey. (If the value of any parameter is not available , it

should be replaced by - 1.0 in the appropriate column s for the data input. )

A listing of the data input necessary to implement the indicator model

27



F—,.

follows :

Trickling Filter Type Plant

Card 1

Column 1: Plant type ; 1 for trickling filter type plant.

Columns 2—41: Name of instal lation e.g. Fort Ord , CA
(Should be centered)

Card 2 - Primary Clarifier

Column s 1-8: Total volume (1000 gal)
(2 clarifiers @ 4000 gal ea. 8.0)

Columns 9-16: Total surface area (Ft~)(2 clarifiers @ 200 Ft ea. = 400.)

Columns 17—24: Total weir length (Ft)
(2 clarifiers @ 500 Ft ea. = 1000.)

Columns 25-32: Design flow rate (MGD)

Columns 33—40: Design detention time (Hrs)
If not readily available , calculate

01 = Total Vol (1000 gal ) X 0.024
l~esign f’low (MGD)

Columns 41-48: Design surface settling rate (GPD/Ft2)
If not readily available , calculate

SSR = Desigp flow ~MGO) xTotal surfice area

Column s 49-56: Design weir overflow rate (GPD/ Ft)
If not readily available , calculate

WOR = Design flow jMGD) x io6
Total weir length (Ft)

Card 3 - Tricklin g Filter

Column s 1-8: Design flow rate (MGO)

Columns 9-16: DesIgn organic loading (Lb BOO/Acre-Ft/Day)
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Col umns 17-24: Total volume (Acre-Ft)
(2 filters @ 3 acre-ft ea. = 6.)

Columns 25-32: Total area (Acres)
(2 filters @ .75 acres ea. = 1.5)

Column s 33-40: Total design recycle per day (MG)
If not readily available, calculate

R = Design percent recycle X 100. X Design flow (MGO)

Card 4 - Secondary_Clarifier

Column s 1-8: Total volume (1000 Gal)
(2 clarifiers @ 4000 gal ea. = 8.0)

Col umns 9—1 6: Total surface area (Ft~)(2 clarifiers @ 200 Ft ea. = 400.)

Column s 17-24: Total weir length (It)
(2 clarifiers @ 500 Ft ea. = 1000.)

Columns 25-32: Design flow rate (MGD)

Coiumn s 33-40: Design detention time (Hrs)
If not readil y ava i la b le , calcula te

DT = Total Vol (1000 ~ai) X 0.024
Design flOw (MCD)

Column s 41-48: Design surface settling rate (GPO/ Ft2)
If not readily available , calculate

SSR = Design flow (MGD) X io6
‘Total surface area (Ft)~

Columns 49-56: Design weir overflow rate (GPD/Ft)
If not readil y available , calculate

WOR = Design flow ~MGD) X 1O~Total weir length (Ft]

Column s 57-64: Design solids loading (Lb SS/Ft2-Day )

Card 5_- General Operations

Col umns 1-8: Peak flow (influent) (MCD)

Columns 9-16 : Total daily flow (influent) (MG)
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Columns 17—24: BOO (in fluent) (mg/i)

Column s 25-32: Suspended solids (influent) (mg/i)

Columns 33-40: BOO (effluent) (mg/i)

Columns 41-48: Suspended solids (effluent) (mg/l)

Card 6 - Process Operations

Columns 1-8: Primary clarifier effluent BOO (mg/i)

Columns 9-16: Primary effluent suspended solids (mg/i)

Columns 17-24: Trickling filter effluent BOD (mg/i)

Columns 25-32: Filter effl uent suspended solids (mg/i)

Columns 33-40: Total recycle to filter (MCD)

Columns 41-48: Total recycle from filter effluent (MGO)

Columns 49-56: Recycle from secondary clarifier (MCD)

Activated Sludge Type Plant

Card 1

Column 1: Plant type ; 2 for activated sludge type plant.

Columns 2-41: Same as for trickling f i lter type p lant.

Card 2 - Primary Clarifier

Same as for trickling fi l ter type plant.

Card 3 - Aeration Tanks

Column s 1—8: Total tank volume (1000 Gal)
(2 tanks @ 50,000 gal ea. = 100.)

Column s 9-16: Design fl ow rate (MCD)

Columns 17—24: Design detention time (Hrs)
If not readily available , calculate

OT = Tota l Vol (1000 Gal ) X 0.024
Design flow [MGD)
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Column s 25-32 : Design organic loading (Lb BOD/day/1000 Ft3)

Col umns 33-40: Desi gn mixed liquor suspended solids (mg/i)

Columns 41-48: Number of aerators or compressors

Columns 49-56: Total aerator or compressor horsepower
(2 aerators @ 50 HP ea. = 100.)

Car d 4 - Secon dary C l a r i fier

Same as for tr i c k l i n g f i l ter  typ e p l a n t .

Car d 5 - General Operat ions

Same as for tr i c k l i n g filter type plant with the exception of:

Columns 49-56 : Average temperature of plant effluent ( C)
Col umns 57—64: 0.0. saturation in aeration basin (mg/i)

Card 6 - Process Opera ti ons

Columns 1-8: Primary clarifier effluent BOO (mg/i)

Column s 9-16: Prima ry effluent suspended solids (mg/i)

Column s 17-24: Mixed liquor suspended solids (mg/i)

Columns 25-32: Volume of air delivered (1000 f t 3/day)

Columns 33-40: Average mech. aerator operating time (hrs/day )
This should be computed by multiplying the
time of operation of each aerator by its
horsepower and sunining to get the total.
This horsepower-hour total should then be
divided by the total aerator horsepower.

Column s 41-48: Recycle sludge volume (MCD)

Columns 49-56: Recycle sludge suspended solids (mg/i)

Columns 57-64: Wasted sludge volume (GPO)

Col umn s 65-72: Average aeration basin dissolved oxygen (mg/I)
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A P P E N D I X  A

Listing of Treatment System Model

MAIN - MAIN reads in the predicted future influent data. Then , i t routes

the logic to either TFILT or ACTS depending on whether the simulation is

for a trickling filter or activated sludg e type system. Finally, MAIN

prints out the estimated future effluent conditions returned to it by the
I

subprograms .

IFILT - Subroutine TFILT first calls PCLAR which is the primary clarifier

subroutine. Then , TFILT reads in the trickling fi l ter data and , using

the output from PCLAR as input to the f i lter , ciaculates the filter output.

If required , subroutine TFNIT is calle d to calculate the filter nitrification .

The output from the fi l ter is then passed to subroutine TFSEC (the secondary

clar ifier subroutine) and the systems final effluent is determined and

returned to MAIN.

TFNIT - Subroutine TFNIT takes the data passed from IFILT , determines the

filter nitrification and returns this to TFILT.

TFSEC - Subroutine TFSEC takes the data passed to it from TFILT . Then , it

reads in the secondary clarifier data , calcula tes the plant’ s final effluent

and returns this to TFILT .

ACTS - Subroutine ACTS first calls PCLAR which is the primary clarifier

sub rout i ne. T hen , ACTS reads in the aeration basin data and , using the

output from PCLAR as input to the basin , calculates the basin output. If

required , subroutine ACTNIT is called to calculate the basin nitrification.

The output from the basin is then passed to subroutine ACTSEC (the secondary

clarifier subroutine) and the systems final effluent is determined and

returned to MAIN.
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ACTNIT - Subroutine ACTNIT takes the data passed from ACTS , determines the

aeration basin nitrificatio n and returns i t to ACTS.

ACTSEC - Subroutine ACTSEC takes the data passed from ACTS. Then , i t  rea d s

in the secondar y clarif ier data , calculates the plant ’ s fi nal effluent and

returns i t to ACTS .

PCLAR - Subroutine PCLAR may be called by either TFILT or ACTS. PCLAR takes

the plants infl uent data passed to it by one of these subroutines. It then

reads in the primary clarifier data , calculates the clarifie r output and

returns i t to the su brout i ne that called it.

______ 
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V & LEVEL 21 P~’ A r N  CAlF = 752~Th 13I 54 /5 ~

C
C
C
C STEADY STATE TREAT M ENT PLANT MODEL
C MODEL 10 S IMULATE T R I C~~1ING F ILTER
C CR ACTIVATED SLUDGE TYPE P L A N T
C

D IMENSION T Y P ( 4 ,2 )
R EAL N143,N03
COMMON FLOW
DATA TYP ( t , t )  , T Y P ( 2 , 1 )  ,I YP(3 , 1) , T Y P ( 4 , t )

1 / ‘ T R I C ’ , ’ K L IN ’ , ’G F I’ , ’ LT E R ’ / ,
2 T Y P ( t , 2 ) , T Y P ( 2 , 2 ) , T Y P ( 3 , 2 ) , T Y P ( 4 , 2 )
3 / ‘ACTI’ ,’VATE ’,’t) SL’ ,’UDGE ’/

READ (  1, 100) ITY P ,FIOW , BOD, SS ,N H3 ,N03 ,  TEMP
W R I T E  (3, 110) (T Y P U ,  IT Y P ) ,  1= 1 ,4 )
WR ITE ( 3 , 115 ) F1OW ,B OO ,SS, N H3 , N03 , TEMP
GO TO ( l 0 , 2 0) , IT Y P

10 CALL T Ff L T ( B O D , S S , N I 1 3 , N Q 3 , T E~~P , C 3 0 )
20 CAll A C l S ( B O D , S S , N H 3 , NO3 ,TFM P,~~3 O )
30 wR ITE (3 ,12C )BOD ,SS ,N H3 ,N03

STcP
ICO F O R MA T U I , 6 F 8 . 0 )
110 FOR MA T (IH I ,//’ ESTI MA TE OF PLANT PE R FCR M ANCE AF TF~ ‘,

1 ‘INSTALlATION EXP ANSION’ / 1 6X ,4A ’,,’ TYPE PL ANT ’//
2 5X , ’PRED ICTEO FUTURE IN F LUE N T C CN DI T ICN S ’I)

115 FORMAT (IOX , ’FIOW RATE = ’,T30,FR .2,2X, ’(M GO )’/
1 IO X ,’BQC= ’,T3 0,FR .2,2X, ’ (M G/L )’/
2 1OX , ’ SUSP ENDED SCL IOS= ’ ,130,F B .2 , 2 X , ’ ( M G / L ) ’ f
3 IOX , ’AM M ONI A= ’,T30,FR .2,2X, ’ (MG /L I’/
4 10X ,’NIT RA1 E= ’,T 3O ,FB .2,2X , ’ (MG ~ L)’/
5 10X,’TEMPERATURE-~’,T3O,FB.2,2X,’(DEGREES C)’)120 F O R MA T ( / / / 5X , ’ E S T IMA TE O FUTURE EFFLUENT C O N O I T I C N S ’ /
2 10X , ’ 6OC= ’ ,T 3 O , F8.2 , 2X , ’ ( M G / L . ) ’~
3 IOX , ’ SUSPE NDED SOL I DS ’ ,T 3 0 , F 8 . 2 , 2 X , ’ ( M G / L ) ’ /
4 IOX , ’AMM O NIA e ’ ,T 30 , F8 .2 , 2X , * ( M G / L ) ’ /
5 1OX ,’N ITRAT E z ’,T30,F8 .2,2X,’ (MG /li 1)

EN D

- -~~~-~~~
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G L EVEL 21 MAIN DATE = 76011 12/06/25

C
I C

C
SUBROUTINE IFILT (BOD ,SS ,NH3 ,N03,TEMP, *)
COMMON FLOW
REAL NH3,N03 ,K20 ,NN
DATA YTFSS /0.2/
CALL PCIAR (BO0 ,SS)
READ ( 1 ,lI0)V ,A ,RL ,R2 ,K20,NN
WRI TE (3 ,120)V,A ,R1 ,R2,K20 ,NN
W=BO D* FLOW* 8 . 34
R=R l /FL OW
F= ( 1.0+R / (1.0 +. 1*R )**2
E=1 .0I ( 1.0,0.0085* (W/(V*F ) )**.5)
EzE*1.038** (TEMP 20.)
IF(E .GT. .95)E= .95
Exl .—E
SS=SS+YTFSS* (BOD*R.34*FLOW .E*BOD* 8 .34* (FLOW+R1) )/(B .34$ (FLOW+R1))
BODzBOD*E
Q= (FL OW+R1 )/A
D=V /A
IF (NH 3 .GT. 0.)CALL TFN I1 (NM 3,N0 3 ,TEM P ,K20 ,NN ,O,Q )
CALL FTSEC (SS ,R1 ,R2 )
RE I URN1

110 FOR MAT (6F8.0 )
120 I ORMAT(// 1CX, ’TRICKIING FILTER CHARACT ERI SIICS ’/

I 15X , ’TOTAL FILTER VOIUME* ’,T40,FB.2,2X, ’ (ACRE — FT ) ’ ,/
2 15X , ’TOTAL FILTER A REA a ’,T40,F8.2,2X,’IACRE S)’ ,/
3 15X ,’RECYCLE TO F ILTER a S ,T40,F8.2,2X,h (MGD ) ’ ,/
4 1SX ,’RECYCLE FRO M FILTE R= ’,140,F8.2,2X, ’ (MGD )’f
5 15X , ’M ED IA COEFFICIE NT (K)~~’,T4Q ,F8.2/
6 15X , ’MED IA COEFFICIE NT (N)z ’,T40,F8.2)

END 

— “~~~--. — _- -.-~~
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V G LEV EL  21 M A I”j c A r r  = 752c~ 13/5’./5f

C
C
C

SURRO U TP~,lE 1FMI T( N H 3 ,Nf J3 , TEM ~~,K2C,NN, n ,c)
CO MMON F ICW
REA L NH3 ,NC3, K20,K20,NN
K20=K20*1.C7*s( TFMP—20 .)
E=EXP (—K20$C/CssNc-n
N03=N03+NH3—NH3sE
NH3=~\ iH3* E
R E T U R N
END

F

I

-~~~~-—



V G LEVE L 21 t.~A 1N CA TC = 752- ,f-

C
C
C

SU P ROUT I NE T F S E C ( S S , Rt , R 2 )

I CO MM ON FLO W
READ (1,1O )A
W R I T E ( 3 , I O 0 ) A
FLO~ F L OW +R l— R2

I R F = ( 1 . O — 0 . P 2 * EX P (— F l C  / ( ? 7 1 3 0 . O * A ) H / ( 1 . C — O . C C 2 O S * E X P ( — F L C  /
1 (27R 0 .O $A )))

S S S S* R F

J R E T U R N
10 F OR M A T (F R .C)

100 FOR M AT (// 1OX , ’SECO N D AR Y C L A R I F I E R  C~4AR ~ C1E RI ST IC S’ /

I I 1SX , ’ A REA ’ ,T 4 0 ,F8. 2 , 2 X , ’ ( A C R E S ) ’ )

I END

I
I

I

- - “. -~~~~~~~~ -— - . - ~~~~~~~-~~~~~- -  ~~~~~~~~~~~~~~ - -~~~~~~~~~~~~~~~~~~
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V C, LEVEL 21 M A I N  DATE = i52~ f

C
C
C

SUBROUTI N E ACTS (’~OD , SS ,NH3,N 03 ,TC M P ,*)
COM M ON FLOW
REAL M LS S, M13,N03
CALL PCLAR ( B O D , S S )
RE *0 ( 1, 100 IVOL , ML SS, R ,YN
W R I T E (  3, 1 2 C )V O L , M L SS , R,YN
P1 I= B O O * F L O W / ( M L S S*VOL )
I F( P L I .GT.  0 . 4 ) W R T T E ( 3 , 1 3 0 ) P L I
THE TA= l .0/ (YN*P lI )
FLOWR=FLO W +R
)300 =B O c—N L SS*va Lf (YN* THE IA *FLOWR )
S S = M L S S
IF ( NH3 .GT. 0. )CA IL A C T N I T ( P~,H3 ,NC3 ,F LC WR , V C L , T ) -~E T A , T E M P )
CALL AC TSEC (SS, FLO WR )
RE TURN 1

1CO FORMAT ( 4F8 .C)
120 F O R M A T ( / / 1 C X ,  ‘A C T IVATED SLUDGE C H A R A C T E R i S T I C S ’  /

1 15X , ’ T O T A L  A E R A T I O N  BASIN  VO IU M E= ’,TSC ,F 8 .2,2X , ’(M G j ’ /
2 15X ,’MI XED LI QUOR SUSPEN DED SCL ICS= * ,T50,F 8.2,2x , (M / t ) ‘/
3 15X ,’TUTA L SLU DGE RE CY CLE= ’,15C ,F€. 2,2x ,’(M GD ) ’/
4 15X , ’N ET Y IE ID= ’ ,T 5 0 , F 8 . 2 , 2 X , ’ ( L B S  SOL ID S PROCLC F D/ ’ /
5 T62 , ’ L B BOO UT I L I Z E D ) ’ )

130 FORNA T (/5X, lO ( ‘*‘), ‘PII= ’,F5.2/
I ISX ,’THI S PIt M AY CAUSE POORLY SETTLING SLUDG E’/
2 15X , ’AN D IN A B I L I T Y  TO M A I N T A I N  E STI M ATED M LSS )

END

——-

~
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V G LEVEL 21 M A I N  F A T E  752’~ , 14 / 5 ’ ~/5~
C
C
C

SUBROUTI NE A CTNI T (NH3 ,N03, FLCW R ,V CL ,T 14ET A ,TEM P)
CO M MON FLO W
REAL N H3,NC3,NKS,NKR
DATA Y,NKS/O.05,l .0/
R 1=FL O W R—FI OW
TEM P I=VOL/T HETA
N KR=0.33 *1 . 123** (TFMP— 20 .)
D T=VOL /FLO WR
X2 I =Y *FLOW *NH3 *THE TA /VOL
XLO W =O .
XUP=2 .*X21
Ix=O

10 S21= .5*NH3
SLOW O.
SU P=NH3
I S=0

15 S22=S2 1+ (NKR*S2 1*X21*O T)/ (Y * (NKS+S21))
X 2 2 = X 2 1— ( N K R * S 2 1* X 2 1* D T ) / ( N K S + 5 2 1 )
S17= C S22*F IOWR—N H3*FLOW fRI
X I 7 = X 2 2* FLOWR /R 1
CS2=S2 1—S I?
IF (ABS ( DS2 )—O ,Ol )29,29,22

22 IF (IS—20 )24 ,29,29
24 IF (052)21 ,27,25
25 SLOW=S2 1

S21=521-o .G.5* ( SUP—SLOW )
IS=IS+l
GO TO 15

2 7 SUP S2 1
S 2 1=S 21— 0 .5* (  SUP— SLOW )
T S = I S + I
GO TO 15

29 X 1=F IOWR *X2 1
X2=F IDW R*X22
X 2 = ( X 1 — X 2 ) / X 2 1
OX2 z T EMP 1—X2
IF ( A B S  ( CX 2 )—0 .  1 ) 5 0 , 5 0 , 30

30 I F ( X 2 1 — 0 . Q C I ) 4 0 , 4 0 , 3 2
32 IF (IX—2 0)31 ,40, 40
31 IF (0X2 )37 ,37,35

~5 XU P=X2 1
X2 1=X2 1—O.5 * (XUP—XL Ow )
1x = I x + 1
GO TO 10

37 XL OW X2 I
X2 1= X2 1+O. 5* ( XUP—X IOW )
I X = I X + 1
GO TO 10

50 NO3=~4O3+NH3—S2 1
N143=S? 1

40 CONTINUE
RE TURN
fND
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V 6 LEVEL 21 MAIN CA l f  = 75296 13/54/56

C
C
C

SUBROUTINE A C ISEC (SS ,FLOWR )
COMMON FLOW
READ ( 1, 100 PA
WR ITE ( 3, 110 PA
AzA*4047.
SSFZ SS* FL OWR * 3 .78 5/ 24. fA
SSZ4.5+8.6*SSF
RETURN

100
11 0 FORMA T(/~~lOX , ’5fCON~ AR Y CLARIFIER CHARACTERI STICS’!

I 15X , ’AREA*’ ,T40,F8.2,2x,’(ACRES )’)
END 

~~~~~
- - -
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V 6 LEVEL 21 MA IN DATE = 75296 13/54/56

C

I C
C

SUBROUTINE PCLAR (BOD,SS )

I COMMON FLOW
READ ( 1,10 )A
W RI TEC3 ,100)A

l 
RFztt.0_ 0 .B2*EXP (—FLOW FI2780 .0*A)))/II .0~ 0 .CO205*EX P (_ FLOt ,i /

1 127 80.0*AH)
S S= S S *R F
BOD*0.3*80C+0 .7*800*RF

I RETURN
10 FORMAT (FR .C)

100 FORNA T (//1CX, ’PR IMAR Y CLARIFIER CHARACTE R ISTICS’ !
1 15X ,’AR EA z ’ ,T40,F8.2,2X , ’(ACR (5)’)I END

I

I
I
I

- I

- I
I
I
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Output From Treatment System Model Program
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ESTI MAT E OF PLANT PE RFORMA N CE AFTE R INS TA IL AI IC N E~~PANSI C N
TRICKLING FILTER TY PE PLANT

PREDICTED FUTURE INFLUE NT CON D IT IONS

FLOW RA TE= 14.60 ( MGD )
BOC= 148.00 ( MG / I)
SU SPENDED SO L ( DS= 163.00 ( M G/ I )
A M M O N IA =  0.0 (MG/I )
N I T R A T E =  0.0 ( MG/ I )
TEMP ERA TU RE = 15.00 ( DEGREES C )

PR IMARY C L A R I F I E R  C H A R A C T E R I S T I C S
ARE A = O.R4 (A CRES )

TR ICKLING F I LTER C H A R A C T E R I S T I C S
TOTAL FILTER VO IU M E= 4.56 (A C R E—FT )
TO TAL FILTER ARE A= 1.52 (ACRES )
RECYCLE TO F ILTER= 0.0 (~~GC )
REC YCLE FROM F ILTER = 0.0 (MG O )
M EDIA COEFFICIENT (K )= 0.23
MED IA COEFFICIENT (N )= 2.36

SECONDARY CLA RIFIE R CHARACTE R IST ICS
A REA= 0.43 (ACRES )

ESTIMA TED FUTUR E EFFLUENT CCND I TIO N S
BaD= 39.10 (MG/I )
SUSPEN DEC SCL IOS= 6.69 (M G/I )
AP M ON IA z  0.0 ( MG/ I )
NI TRATE= 0.0 (MG/I ) 

~~~~.- - - - . - - ---- --~~-~~~~~~~~~ -— -- ~~~~~~~~~~~ - -



- —- - - -
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

-
~~~~~~

--—- 

E S T I M A T E  OF PL .~~T PE~~F (IR MAN C E A F TE H IN S T A L L A T I O N  E X P A N S I O N
TRICKLING FILTER TYPE PLANT

P R E D I C T E D  FUTURE INFLUENT C OND IT TD NS

FLO W R A TE~ ~~~~ (M GO )
250.00 (MG/I )

SU SPEN OE P Sfl L IL~S= 500.(”D (MG/I )
AMM O NI.A = ?0.Ot’ (MG/I )
N I T R A T E  0.0 (MG /L )
1E frP E R ATU P .~= 1 5.0) (DEGRFES C )

P R I M A R Y  C L A D I F I E ~1 C H A R A C T E R I S T I C S
A R E A =  0.50 (ACRES )

T R I C K L I N G  F I L T E R  C~~A RA C T E R T S T I C S
T fl T A I FILTE R VOLU M E= 5,03 (A C RE—F l )
T OTAL FILTER AR F A= C.7 (ACRES )
RE C Y CLE TO F I L T E R =  ~~~~ (P6 0)
TOTAL RECYCLE FROM E l ITE 2.00 (MG~))
M E D I A  C U F F FIC ! E NT  (1(1 = 6.23
M ED IA COEFFIC IENT (NP= 2.36

~ccoN r~ RY CL A RIF IER C HAR ACTE R I S T I C S
A R E A =  3.5 (AC R ES )

ESTI M A T E D  FUTURE F FFL (JENT CCND I TIONS
r~Qfl= 78.7R (~~G/L )
SUS PE~IOE fl SQL IPS= 15. 6 (MG/I)

1 9.SR (“GIL )

~I t R A T E =  .42 (“GIL)

_ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  -- —— , - — - ,  - — — -



APPENDIX C

Listing of Indicator Model Program
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_ _

V , LEV’]  2 1 ‘f IN  OATL  752% ‘3 8/ 4 6 / 2 5

C r~( J X  S?I~ 00000010
C ~‘(1GF~ P . S” IT~ 00000020
C 00000330
C 00000040
C 00000050

DIME ’45 10N PL -)ES (6 ,2) ,U rJI T (4 ,4) 000000’ o
C )””r]~ A(9 ,6),PL \ N T ( 1 ’ )  000330Tu
~~T A PLDE S (1,2) ,~‘LDFC (2 , 2 ) ,PI 0ES (3 ,2 ),PIDE SI4 ,2 ) 30O000~~o

1 /‘~~~T I’ ,’V A T E ’ ,’fl SL’ ,’UDGE’/, 000000)0
2 L L D E S (1 , 1 ) , I)L1)!S ( 2,1 ) , PLDES ( 3 ,1), PLDE S (4 ,t) 00000M-j
3 / T ~~(C’ ,’K L I N ’ ,’G F !’ ,’LTER’ / oooooit~
D A T A  ‘J~~I T (  1 ,1 ) ,U J I T ( 2 , 1 )  ,U ~l IT( ~,1) ,UNIT( 4 ,1) 00000120

I ~~‘P~~~~M’ ,’4 k Y  ,‘SE 1T’ ,’L IN~~’/, 00)00130
2 u’il T (l ,2) ,UNfT (2,2),J~~IT (3, 2 ),UNt T (4, 2 ) 00000140
3 I’ ~E~~’,’AT I1) ’,’N TA ’ ,’’4KS ‘I, 00000150
4 i’~IT (l , 3),1r4IT (?, 1), ’JNIT (3 ,3) ,UNt T (4 ,3) 00300lbii
5 / ‘F~I’JA’ ,’L CL ’ ,’AR IF ’ ,’tER ’/ 00000170

) A T A  I J [  1 (1 ,4) ,U’il 1 (2,4) ,UN IT( 3 ,4) ,I J N I T I 4 ,4) D 0 ) j O I M O
1 / ‘t C’,’KL tN’ ,’~~~F I ’ ,’LTE~~’/ 000301)u

C 00000200
0000 021 ’J  

-

0 0 3) 3 2 2 3
~~ \ D( 1 , 9 D 1)  N0TY ~

) ,PLA ~~T 000J~~2 3 0
,~~I T r (  ~,~~J2) 300302’.)

~RIT 11 ( 
~,‘)0R) PL A NT 003 0325 3

‘1T~~(’,)05 ) I P L D F S ( 1 ,N P T Y P ) , t= 1 ,4) 0O : ,) -3) 2~~0
w P I TL (~~,903) 000002 (3

1. F)ET E~~~A f ~ JF PR~~C E S S  TYPE 0033J2~’0
Ti (93 ,80), N P TY P

r 00J00~~j 0C A C T I V A T F r )  SLU OC E TYPT1 PLANT u0000~~1 .)
C 0000031)

F’) P[~ r)( 1 , 9 0 6 ) ( A ( 1 , 1 ) , f = 1 , 7 )  00000HO
00000 34 3

C P~~1”AR Y L A R I F I F R  J 03D03 -~3
C A (1, 1 )= T O TA L TANK VOL U MF (1000 GA L ) 0G000~ ’0
C A( 2 ,1)= TOTAL SURFACE A R E A (Fl?) C0000370
C A(~~,I)=T flT4 L W EIR LENGTH (Fl ) 000003i’0
C A ( 4 ,1)=D ES IGN FLOW RATE (MC D ) O00 oO3-~0
C A ( r j , 1)=QE S IGN O FT ENTI ON ~ER I 0D ( HRS )
C ~U ,1)= flE SI6N SURFACF SETTLING RATE IGP D /FT2) 00000410

A(T ,l)= DF S Tr ~M W E I R  OVERFL OW RATE (GPO/FT) C 00004.’O
C COCOO 44O

~~ ITE ( 3,~~O 4 ) (UN IT(I, 1 ) ,I=l , 4) 00000440
I F ( A I 1 , 1 )  .11. O. 0)WR ITF (3, 010) 00000453
Ir (A ( ? , 1 )  .11. 0.0 )W R ITE (3 ,911 ) 00000460
I F ( A 1 3, lJ .LT. 0 .0)WR ITE (3, 912) 00000470
IF (A (4 ,I) .11. 0 .D )WR IT F (3, 913 ) 00O3D4~~0I r ( A ( 0 ,1) .LT. 0 .0)WRI TE (3 ,9[41 00000490
I F (A ( o , 1 P  .IT. 0 .0)WRITE(3, 915) 00000500
IF (A ( 7 ,1) .LT. 0.0 )WR !TF (3,9 16) 00000510

C C00005?0
0 0 0 0 0 5 3 0

1 00000540
C A E R A T I O N  BAS I N  00000550
C A ( 1 , 2 ) - = T I J T A I  TA NK VOL uME (1000 GAl ) 00000560
C A ( ? , 2 ) ~~DES ( GM F L ) W  R A T E  ( MCD) 0 00 0 0 5 (0
C A l  i,?) =Q[SICN DETENTION PERIO D ( H R S )  O C 000SMO



I
I v ; L EVEL 2 1 MA I N  DA T E  = 75296 08/46/25

C A( 4 ,2) OES ICN OR GANI C Lf l A D 1 N ~ (LB BCP /DAY /1000 F F 3) 00000590
C ~~~~ ?)=DE S IGN M L ’S (M G /L ) 00000600

A ( 6 ,2) =NUMRER OF A E R ’~T0R S OR COMPRESSORS 00000610
C A(7,2 )=T~)TA L AERA T f ’R (~R CI )MPRESSOR H (JR SE PI )W CR 00300620
C C0C 00630

W R I T E (3 , 9 0 4 ) (U N I T (I ,2 ) ,I 1,4) 00000640
I F (A (I , 2 )  .LT. 0.0)W~~ITE (~~,92O) 00000650
LF( A (? ,2) .11. O .0)WU TE (3 ,9?1) CC000660
IF (A ( 3,2) .11. 0 .O )WR!T F(3 ,922 ) CC000o7O
If(A (4 ,2) .LT. 0.0 )WR I T E (3 ,923) 00U306’~0
Ir(A ( ’,2) .11. 0.0)W ~~ITE ( 3,9?4) 0O0006~~0
I F ( A ( 6 , 2 )  .11. 0 .O)WPI TE (3 ,925 ) C0000700
IF( A ( 7 ,2P .11. O.D )W ~~ITE( ~~,926) 00000713

C 0 0 0 0 0 7 2 3
00000 7 3 0

C 00003 740
C F INAL C L A R I F I E R  000 0) 750
C A ( 1 , 3 ) T 1 T A L  TANK VOLUME (100) GAL ) 0000076 0
C ( ? , 3 ) T O TAL  SURFAC E AR~~ (f T2 ) 00C00770
C A(3, l ) T U TA L WEI P. 1E”~GTH (V T ) 30300 7~iO
C 4 (4 ,3 )= OE S IE ,N FLOW R A TE (MCD ) CC0O07~~O4 A (i ,3 1= O E S (GN O E T C M T I O N  PERIOD (HP~S) C0000800
C AU., U=OE SIO’4 SURF ~~CE SETTLI N G RATE ~G PD /FT 2 ) 00000810
C A( 7 ,3)=~~~S tGN W E I R  O VERFLOW R A T E  (GPD /FT ) 00000820
C A (~~,3 )= DE5IGN SOLIDS L O A D I N G  (LB S S /D A Y /F T 2 )  0 0 0 0 0 8 3 0
C O O O J U ~3’ .J..‘ITF ( 1 ,9O 4HUNIT(I,3) ,I=1, 4) 00000850

I F (A l 1 . 3) .LT. O. 0 )w P IT F (3 ,910) 00000860
IF ( A (? , 3) .11. 0.-0)W ~~ITE (3 , 9[j) 0O0OO~3 1O
I F ( A ( 3 ,3) .11. O .0 )W 7 IT F (3, 912 ) CC 0008~~0
I F t ’ ~(4 ,3) .LT. 0.O)w 2 IT F (3 ,913 ) C0000800
I F ( A ( 5 ,3) .11. 0.0 )WP ITE (3 ,914) 00000900
I r ( A (~~,3) .LT. O. 0 )W 9 ITE (3 ,915) CC00~~~10
I F ( A ( 7 , 3 )  .LT.  0 . 0 ) W R I T F ( 3 , 9 1 6 )  0000 392 0
IF(A( ~~,3) .LT. 0. 0 )WRIT F( 3 , 917) O0OO.~~ 3Q

C 0000CY4 ’ .(
T O 1-J~ C0 0o0950

C 00000960
C 00303 970
C T-~!CK L ING F I L T E R  TYPE PLANT 00 0 0 0~~~0
C CC 0O09 ’ ~0

)~~~ ‘~F .~I)([ ,~~0 6 ) (A (j, 1 ), I=I, r) 00001000
C 00001310
C “R I ”A R Y  C L A R I F I E R  O C CC IO 2 O
C. A ( [,I) =T OTAI . TANK VO lUME (1000 GA l ) 0013t O iu
C t .(? ,t)~~T (3T’.L SURFACE AR ~~A 1 F F ? )  00031 .)’.O
C ~( 3,l ) = T c ) T A L  W E I R  LENGT H (FT) 00031050
C A (~~,1 )= D E S l GN  FL OW RAT E )M’ D) 300olooo
C A ( 5 , 1) = f l r S IF,N D ETENTI ON ‘ER IOr ) (I-4 RS ) 0oo’~i0~ o

~.U, l) = D F SI (~N S U R F A C E  S E T T L I N G RAT E (GPO/ V T? ) C 0OO 10~ 0
C Al 7 ,I )= ~ 1 SIGN W F I R  O VERFL O W RATE (GPO /F l) 0000U ‘0
C 00031110

I r~ (3 ,304) (UNIT (1 ,1) ,! = 1, 4) C0~,Ci 1 1 1 )
I F (A ( 1 , l )  .Ll . 0 .0 )W RIT F (3,910 ) 0003112 0
l~~(A (2 ,1 )  .11. O .O)w RITE(3, 91[) 00 3 J 1 1 ~~:
l F ( A l 1 ,1) .tT . 0 .O)W~~tTE ( 3, 9L2) 000011 ’ .
T F ( A ( 4 , 1 )  .LT . 0 .0 )W R IT F ( 3 , 9 1 3 )  C 00O 11~~3
~ C A C  5 , 1) .1 T. 0.0) W R I T E  (3,914) 00031 1
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IF (A (6,1 ) .LT . O. 0 )W R TTE (3 ,915 ) 00001170
I F (A ( 7 , 1 )  .LT. O . O ) W R ! T E ( 3 , 9 1 6 )  0000i. iso

C 00001190
R EA D ( 1 ,9 0 6) ( A (I , 2 ) ,I= l ,5 )  00001200

C 00001210

C TRI C K LI NG FILTER 00001220
C A (1, 2 )=D ES IGN FLOW RATE (MG D ) 0C001230
C A (2 ,2)=DESIGN ORGAN I C LO AD (LB BO O /A CR E—FT DAY ) 00001240
C A ( 3 ,2)= TO TAL FILTER VOLU M E (ACRE—Fl ) C0001250
C ~I (4 ,2)= TO TAL FILTER AREA (ACRES ) 00001260
C A (5,2)=TOTAL RECYCLE TO FILTER (MCD) 00001270
C 00001280

~R IT E ( 1 ,9O 4 )(UNI T (I,4),I= l,4 ) 00001290
I F (A U , 2 )  .11. 0 . 0 ) W R I T E ( 1 ,940 ) 00001300
IF(A(2 , 2) .LT. 0.O)w~~!TE (3,941) 00001310
1 (4(3,2) .11. O .O )WRI TE (3 ,942 ) 00001320
IF (A(4, 2 ) .11. 0.0)W ~ I TF (3 ,943) 000 01330
IF (A (5 ,2) .LT. O.1)w~~I T E I3 , 944) 0000 1340

C C0001350
~ EA D (1 ,9 0 6) ( A (I , 3 ) , I = 1 , P) 00001360

C 00001373
C F I N A L  C L A R I F I E R  C 00013’~C
C A ( 1 , 1 )= T 1 )T 4L  T A N K  V O L U M E  11000 G A L )  0000IflO

A ( 2 , 3 ) = T i ) T A I  SURFACE AREA I F T 2 )  0000 14 13
C A ( 3 ,3)= T1] TAL WE !” LENGTH (Fl) 00001410
C A ( 4 , 3 ) = O C S I G N  FL:J w RATE (MO D) 00001420
C A (5 ,3 )=OES!G1 DETENTION PE RIOD (HRS) 00001430
C A (o,3) D FS T G J  SU~ FA CE SE T TL ING RAT E (G PD /FT2 ) 00001440
C A (7, 3 )=DE S IG .N M EN C /E R F L OW  RATE ( GPO/F l )  000014 5 0
C A (R ,3 )=nrs! r,N SOLIDS L O A D I N G  (LB SS/OAY/ FT2 ) 00001460
C 0 0 0 0 1 4 7 0

wRI T E(3 ,704)(IJNIT (I, 3) ,I=1,4) O00014~~O
I F ( A ( 1 , 3) .LT. 0 . O ) WR I T F ( 3 , 910) 00301490
IF (A (2,3 ) .11. O.0)w ”TTE(3,911 ) 00001500
I F ( A ( 3 , 3 )  .LT. O .0 )WRITE (3 ,912) 00001510
I F (A ( 4,3) .LT. O. 0)WR I. TF ( 3, 913) 00001520
IF (A( 5 ,3 ) .LT. 0 .0)WRI TE(3, 914 ) 00001530
I F (A(6 ,3) .LT. O.O )W~~ITE (3, 9l5 ) 00001540
IF (A ( 7,3) .IT. 3 .0 )WR ITF (3, 916) ooo o iss o
I F (A (P ,3) .11. O. O )WRIT F (3 ,917 ) 00001560

C 00001570
1,1) 10 105 00001583

C 00001590
101 CALL AC T (D2 03 ) CC OGI600
1 V CALL T F IL TU ~200) 00001610
200 CONTINUE OOO016 ~’o

STOP C000 163 0
001 F O R M A T ( I I ,1 0 A 4 )  00001640
902 FORM A T (L H 1 / //T41,50(’ * ’)/ 00001650

I T41. ’* PLANT D ESIGN AN D O P E R A T I O N  C l-4ECk *‘ , 00001660
2 /T41,5O(’*’)) 00001610

903 FORMA T (//T20, ’DE S IGN IN F O R M A T I O N  NOT A V A I I A B L E ’ /  000016H0
1 T2 0,32 (’$’)) OCOOIbOO

004 F IJ RM AT (/T 18 , ’* *’ ,4A4 , ’**’) 00001700
305 FORMA T (T52 ,444 , ’ TYPE P LA N T’ ) 00001710
906 Ffl R~ AT( 8FR. O ) 00001720
908 FORMAT (T46 ,10A4) 00001730
U0 Ffl~ MA T ( T .’0, ’Tfl1A L V O L U M F ’ )  00)01740
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Oil  F~, R M 4 T ( T 2 O , ’T f lTAL  SU’~FACC A R E A ’ )  00001750
91? I O R M A T ( T 2 0 , ’ T O T A L  WE I R l~ NGT I-$ ’ )  00001760
9 13 FO PM A T (T2 0 , ’FLOW RATE’ )  00001770
q14 F ]1M A T(T 20, ’DETENT !(H T IY E ’) 00001790
15 FI1 RM A T (T20, ’SURF ACE SETTLING RATE’ ) 00001793

-~1~ rfJ ’~M AT( T 2O , ’W E I R  OV E-RF l O~.d R A TE’ ) 00001830
017 F DR M A T( T 2T ) ,’SOLI- )S L O A D IN G ’ ) 00001 910
)?J F3~~~ A T ( T ? 0 , ’ T U T A l  T A N K  V J L U M F ’ )  0 0 0 0 192 0

9 2 1  F ’ ” A T ( T 2 ) , ’ I L O W ‘~ A T ’ E ’ )  0 0 0 0 1 83 0
02? F ( ~~ M~, T ( T 2 O , ’ L ) E T E i T T C N  PE~~!f l [)’) 0000184 0
92 3 r .~~ ”A T (T 20 ,’~~P C A N I C  L O A D I N G ’ )  00001850
924 F f l -~.M A T ( T2 ) ,’M L ~~S’) 00001860
025 r I f l ? M A T ( T 2 3 , ’ N U M H F R  CF A F R A T O ~ S OR CO” PRE SSCP S’ ) 00001870
q2s , F~~~~~ A T ( T ? C , ’ T 1T A L  A E R A T O R  OR COMPRESSOR ‘-IORSEPOWER’) 0000[6M0
94 7 F (J R A A T ( T ? 0 , t F lf) W R A T E ’ )  CCO O18)u

~ 4 I  F1~~ Mj ~T ( T 2 0 , b O R G 4 ’ .4 I C LO A D I N G ’ )  0 0 0 019 30
34 7 Ffl~~~AT(T20 ,’TDTAL 1 I L T ~ R VCLUMF ’) 0000191)
1~~1 F r ~~M~~1(T ,3 ,~~T OTA L F I L T[P A R E A ’ )  0O001Y~ 0
~ 44  F I 7 V ~~ T ( T 2 0 , 1 F ! L T r R  R E C Y C L E ’ )  0 C 0 0 1 9 3 0

00001942 
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SUBRO UTINE ACT (* ) 00001950
COMM ON A (9,6),PLAN T (10) 0 0 0 0 1 9 6 0

C 0 00 0 1 970
C R E A D  IN O P ERATIONS DATA 000019t40
C 00001990

REA D(1, 90111 A( I,5 ) ,1=I ,8 ) 00002000
C 00 3 0201 0
C GENERAL OPERATIONS 00002020
C A (1, 5 )=PEA K FLOW C E N F L U E N T )  (MCD) 00002030

L. C A (2, 5)= TOTA1 DAI L Y  FLOW (INFLU EN T ) (MG ) 00002040
C A ( 3 ,5)=BO0 (INF LUE N T ) (MG/I) 00002050
C A ( 4,5 )=SUSPEND ED SOLIDS (INFLUENT ) (MG /I ) 00002060
C A (5 , 5)=BOO (EFFLUE N T ) (M G /I ) 00002010
C A ( 6 ,5)= SUSPENDED SOLIDS (EFFLUENT ) (MG/I ) 00002090
C A (7 ,5)=A V E R AG E TEMPERATUR E (EFFLUENT ) (DEC C ) 00002090
C A (R ,5)=D .O. SATU R ATION IN A E R A T I O N  B A S I N  (M G /I) 00002100
C C0 0 02L 1 0

s I R I T E ( 3 ,909 000021 2 0
WRI T EI 3,910) 30002130
IF ( A(1 ,5 ) .11. 0.0)W RITE( 3,911 ) 0093:140
I F ( A ( 2 , 5 )  . L T .  0. 0 ) W R I T E ( 3 , 9 1 2 )  0 0 3 0 2 1 5 0
IF (A ( 3 ,5 ) .LT. O .O)W R IT E ( 3,9 1 3 )  00002160
LF (A(4, 5 ) .11. O. 0)W RITE( 3, 914) O C j 0 2 1 ’ J
I F ( A ( i ,5) .11. 0.r) )wR! TE( 3 ,915) CCOO 2U ’0
I F ( A ( G , 5 )  .11. 0 . 0 ) W R I T E ( 1 ,916)  0 0 0 0 2 19 0
I F (A (7 ,5) .11. O .0)WRI T FI 3 ,917 ) C0O3~’?u 0
IF(A (R ,5) .17. 0.O )WRITE (3,918) 00002210

C 003022~’3
.-~r A n ( j , 9 3 l ) ( A ( I , 6 ) , I= l , 9 )  0 0 ) 0 2 2 3 0

C C 0 0 0 2 2 4 0
C PRO CES S O P E R A T I O N S  0O’~0?250
C A (1 , 6 ) = P R I M A R Y  EFFLU ENT BOO (MG /L) 000022t 0
C A( ? ,6 ) PR I KA R Y E F F L U E N T  SUSPENDED SOLID S (MG /I) 003)2270
C A C  1,6) = M IX E D  LIQUOR SUSPEN DED SO LIDS (MG/L I 0 O J ~’2s0
C A ( 4 ,6 ) =VOLU M E OF AI R  D E L I V E R E D  (1000 F F 3/DAY ) C00322 ~uC A(5 ,h)= HOURS 01 O PERAT ION CF MECHAN ICAL A F R A T O P S  (M RS/DAY ) 00202 330
C A (’- ,6)~~R E T U R N  SLUDGE V O L U M E  (MCD ) 000u. 31 0
C A C  1,6)=RE TU R N SLUDGE SUSPEN DED SC 105 (MG/I ) 0C0023?0
C A (~~,6)=W AS TE SLUDGE V O L U M E  (MGO) C C O C ? 3 3 3
C A ( 9 , 6 ) = A V E R A G E  A E R A T I O N  B A S I N  DI SO LVED OXYGEN (M G/ I? 000u: 34 0
C 00312350

W P T T F ( 3 , 723) 00002360
I F (A (I , 6 )  .LT . 0.O )W RI TE (3,92 1 ) 000u.’37 0
IF (A (2,6) .17. 0.0)WRITE (3,922) 0000?3~ 0
I r (A ( 3,6) .LT. 0.0 )W RI TE( 3 .92 3 ) C 0OO 13’~0
1 1 (1.14, 6) .LT. 0 .0)WRI TE I3 ,924) 00002400
IF (A ( S,6) .11. 0.0)WR I TE(3 ,9?5) 00002410
IF (A(6 , 6) .LT. 0 .0)WR!TF(3,9?b) C0002420
!F (A( 7,6) .11. 0.O )WRI TE( 3 ,927) 0000:430
I1 (A( R ,6) .LT. 0 .O)W RIT E( 3 ,928) 003-i:’.4O
I r ( A ( 9 ,6) .LT. 0 .o )wRITE(5 ,92 91 00002450

C 0 0 0 0 2 4 ( 0
WRITF(3,90 ?) 00002419
W ’ I T F ( 3 , -703)P1 ANT OCO J . ’ 4 ’ ~C
W Q T T E ( 1 ,904 ) 000O2’.~~0

C 000025 0
C 3PFRAT !(JNS AND DESIGN CHECK 0000251u
C 000025.’C 

~~~~~~~~~~~~~~~~~~~~~t~rr ff::n - : f l- .] - n r r - - — — —
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C P R I M A R Y  C L A R I F I E R  00002530
C C0002540
C DETE N TION TIME 0000255 0

IF (A (1 ,1) .11. 0.)GO To 101 00002560
XA=A(1,I )/ (A(2,5 )*l .0E03124.) CC002570
XP=A (I,I)/(A( 1 ,5)*I .0E 03/24 .) 00002580
WRIT’ (3,930)A(5 ,1),XA,XP 00002590

C 00002600
C S U R F A C F  S E T T L I NG R A T E  0 0 0 0 2 6 1 0

1 01 I1 (A (2 ,1. ) .LT. 0.)GQ TO 102 00002620
X A=A (2 , 5)*1 .0E06 /A (2 ,1) 00002630
X P = A ( 1 . 5)*[ .0E 06/A(2,1) 00002643
W R I T~~( 3 ,93L )A ( 6 , 1 ) , X A ,XP 00002650

C 00002660
C W r IR OVERFLO W RATF 00002670

102 I F (A ( 3 ,1) .11. O.)GO TO 103 00002680
X A = A ( ? ,5)*I .0E 06/A(3 ,l) 00002690
XP A II ,5 )*j .0E06/A(1 ,l ) 00002700

~.~~~T[( 4, 932 )A (7,1 ),XA,XP 00002710
C CC002720
C S11L1’~S Ln~oIrs1(; C0002730

1 03 I F ( A ( 4 ,5) .11. 0. .09. A (2, 1 ) .17. 0.)OO TO 104 00002740
XA = A(4 ,5)*A (2,5)-*9 .34/A(2 ,1) 00002750
~~~~~~~~~~~~~~~~~~~~~~~~~~~~ O0OO27~ O

C 000021~ 0
C E F F I C I E N L Y  0 0 0 0 2 7 ’ O

104 I F ( A ( 4 , 5 )  .LT. 0. .UR . A (2, 6) .LT. O.)GO TO 105 00002800
EFF= ((A(4,5)—A (?,6))/A(4,5))*100. 00002810
W~~ITE( 3,~~34)EFF 00002820

C 00002833
C A ERATION BASIN 00002840
C 00 O J2~350
C DETEN TION TIM E 00002AsO

1 05 I F ( A ( 1 ,2 )  .17. 0.)GO TO 106 C0~J02~~70
IF (A( 6, 6) .11. 0.)CO TO 106 00O02H-~0
X A = A (l , 2 ) / ( ( A ( 2 ,5)+A (6,6))*1 .0F03)*24. 00O0~’ 8o O
XP=A ([,2 )/((A (I ,5)+A( 6 ,6))*I.0E 03 )*24. 00002900
W Q I T E ( 3 ,94 0 )A(3,? ) ,XA ,XP 00032U0

C 00002920
C V O L U M F T R I C  LOADING 00002940

106 IF (A(1 , 6) .LT. 0. .OR . 4 (1,2) .11. 0.)GO lEo 107 00002340
XA=A (l,6 ) *A(2, 5)*R.34/A (1,2)*1 .481 000029 0
X P= A (1,6)*A( I ,5)*R. 34/A (l,2)*7.481 00002960
W P I TE ( 4 ,941)X 4,XP 00002970

C 00302980
C PROCESS LOADING INTEN S ITY 000020)C

1 1 (4(3 ,6) .IT. 0.)GO Tn 107 00003000
X A = A ( I , 6 ) * A ( 2 , S ) * R . 3 4 / ( A ( 1 , 6 ) * A ( 1 , 2 ) * 1 . O F — 0 3 * 8 . 3 4 )  0 0 3 0 3 0 1 0
X P= 4(1, 6 )*A (I , S)*R.34 / (A(3 ,6)$* (1,2)*1 .oE— 03s8 .34) 00003020
WR I T E  1 3 ,942) XA ,XP 00004030

C 00003040
C AVE RA G E SIUDGF AGE 00003050

1 07 I F (A (3 , 6 )  .LT. 0. .09. A (I, 2 )  .LT. 0.)G0 10 108 000030 ’ J
L F I A ( M ,6) .11. 0. . 9 R . 4 (7 ,6) .LT. 0.)GO TO 108 00003010
IF (A (6, 5 ) .17. 0.)GO TO L OB 0C003090
X A ( A ( 3 , 6)* A ( t , 2 ) * t . ) [ — O 3 * P . 3 4) I ( ( A ( 8 , 6 ) * 1 . E~~O 6 * A ( 7 , 6 ) * 9 . 3 4 ) +  0 0 0 3 3 0 ~~0

I ((A(?, 5)_A (8,6)st. r_06)SA (6,5)*R.34)) 00033100
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W ?ITE (3 ,943)XA 00 )0311 3
C 00033120

‘ C I IFFUSEE ) AERATION 000031
C V O L U N r I R I C  AI R SUPPLY

1 39 IF (A (4,6) .LT. 0.0) GO If) 110 C0O 351~
IF(A (I,2) .11. O .)Gfl TO 109 000031L
XA= A( 4 ,6)*I000.*7.48052/ (A(1,2)*24.*60.) 0 0 0 3 3 1 1 3
~PITE(1 ,q44)XA C0O031~~0c

C O PG~\ 4 I C A I R  Su Piiv  000~~3?u0
I’)9 T [ ( A ( 1 , h )  .11. 0. ) G O TO 117 0 0 O O 3 ~~~L)

X. -~= A ( 4 , 6 ) * 1 C O Q . / ( A ( l , 6 ) * A f 2 , 5 ) * 8 . 3 4 ) 0 0 0 u 3 2 f l
I TE (3,945) X4 0000 ~? 53

GO TO i i ?
~ 0000325 u
C ~ECH4\ ICAL A E R A T  ION 0000
C V 1I LU~~F1~~T C  POWER SUPPLY 0000h ’1)

11’) IF (A ( 7,2) .17. 0.0 •09. AU,2) .11. 0.3)00 TO 112 CCOO3 2hO
X A = # ( 7 , 2 ) / A 1 l , f l * 7 .4 9 0 5 ?  0 0 0 3 5 2 ) 0

~.~~1fF (3,946)XA 000u3300
0 C 0 0 3 3 1 0

C ~1~~IA iIC ~X YG E N  SU P~ LY GO0O~~3~’~)
1 1 1  11 (4(9 ,6) .LT. 0. .OR. A (1,6) .17. 0.)GO TO 112 00303330

I F (A (5 ,6) .17. 0. .0’. 4(9,5) .11. 0.)GC Tn 112 00003i ,C
=2.~~* ((A(8 ,5 —4(9 ,6))/9.17)*1.0~ 4** (A(7 ,5)—2 0.)*fl.8 00003350

XA~r flN *A( 7,2)*A (5,6)/ (A(l,6)*4 (2,5)*R.34) OCC OS 3 ’0

~~ lT F( 1 ,947)XA COCG .3 ~7O
C 0 0 O 0 3 3 ’ ~0
C ~~~ ICI FN C Y OC0333~~0

112 11 (4(1,6) .Lt. 0. .OR. 4(5,5) .11. 0.)GO Id 113 CCO 03 ’~30
1F1=( A (l,6 )—A( 5 , 5))/A (1,6)*100. 00003410
w P I I r l 3 ,948)FIF C0C~~~4~~J

C C O O  4 ~0
C S FC I~J rA ~~Y C L A R I F I E R  0 0 0 3 3 4 4 3
C C C DO 4 4 5 0
C or n ~r I r~ T I 

yr C C O O  3 ’ s~~~U

1 1 5  11 (4 (1,3 ) .11. 0.)GO 10 114 CC30147 0
IF (AU ,6) .17. 0.100 TO 117 O00O5 4~~fl
X A=A (1,3)/ ((4 (?,5)+A(6,6))*I.0E03)*24. C000”.?0
XP A(1,3)/( (A (l,5)+A(6,6))*1.0F03)*24. C0003500
w~~ITE ( 3,9rC )A(5, 1),XA,XD 00003510

C 0 0 0 0 3 5 2 0
C SU~U ACE S ET h  INC RATE C C O O 3 S  30

11 4 IF(A (2,3) .11. O.)GO TO ItS O0O0354..~
X4 ((A(? ,5)+A(6,6))*l.0E06)/A(2,3) 0000355u
XP= ((A (~~,S)+A( 6,6))*[.0F7G)~~A(2 ,3) O0O )4’n~3
w~~IT1( 3,951)A( 6,3),X A ,XP oOoo~~5~~o

C 000)SbhO
C W E I R  OVERF L O w RAT E C0003 S~ 0

Li’ . IF (A l 3 ,4 ) .11. 0. )GO Tfl 116 0000 3600
XA~~(A(?, 5)+A(6,6))*I.1106/4(3 ,3) 0000361-)

0000
W” I T E ( 1 , ) 5 ’ ) A ( 7 , 3 ) , X A , XP 0000363 )

0 003
C S1~I 195 lOAD ING CCOO 3~ SQ

1 16 IF (AC ’ , 3) .11 • 0. )flO TO 117 0000 3he .3
IF (A ( 3 ,6) .1.1. 0. )C,O TO Ll ~ 000.0 3 ’ 1 9

CCC0’ ’~I~O

L. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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X P = A ( 3 ,6)*(A(I,5) +A (6,6))*R.3 4/A(2,3) 000036)0
w1UIE ( 3,953)A(8 ,31, XA , X P 00003700

C 00003710
C E F F I C I E N C Y  000031?0

1 1 7  (1(4(6,5) .LT. 0.)GO 10 118 0C003730
1Fr= (A (3,6)—A (6,S))IA (3,6)~~100. 0C003749
W R I T I ( 3 , 954)EFF 00003150

C 00003763
C Pl A NT BOO EFF IC IFNCY 0 C C 0 3 7 7 3

11 8 T F ( A (  3 ,5) .11. 0. .OR. A (5 ,5) .11. 0 . ) G O  IC 11~
) 0 0 0 0 3 7 8 0

I = ( (3 ,5)—A(5, 5))IA (3 ,5)*l00. C0003790

~.‘~ ! T E ( 3 , 9 6 O ) E  C 0 0 0 3 P O O
C 00003810
C PI A \E SUSPENDED SOLIDS E F F I C I E N C Y  0000 382 0

1 1 )  IF (A (4 ,5 ) .11. 0. .09. 4 (6,5) .17. 0.)GO II) 120 0 C 0 0 3 8 3 J
E =(A ( 4,6)—A(6 ,S))/4 (4 ,5 )~~100. 000)3940
W~~IT~~(3, 96I)E C000~~P5O

C C C 0 0 3 8 ~~O
12 0 C 9~TI NUE1 00005P73

0003 3’~~O
-1) 1 F OR”A T( 1)19 .0) 0003

~~9 F~~9M AT( 1H1 // /,I41,5 0 (’*’ )f 0 0 0 j 3 9 - )3
I T 41, ’* PLANT D IS IGN AND OPERAT ION CHECK *‘ , 00003910
.0 /T41 ,5O( ’*’)) C00039 0

~;~~3 Ffl~ M AT(T46,10A 4) 0000 493 u
~~~~ Fr~~M AI( // I 3O , ’PA 4 A M E TER ’ ,T74 ,’OES IGN ’ ,TP8 ,’AV E R A G E ’ ,tI06 ,’PEAK’ / O COQ H-. 0

T3 0,~~*********’ ,T74, 1******’ ,TR 8, ’*S*****’ ,T106 , ’****’/) 00303 950
331 F’i ~ M A T( /T?C, ’OPF~~A II 1iMS INF0 .~NA T I O N  NOT A V A I L A B L E ’ , 030 04 6-.

1 /123,361 ‘ *‘ ) ) 0C003 /0
910 Fd1~~M 1.T(/hI9,’** GENERAL OPFRATI ONS **‘) C0J039~ 0

~ 1j FLI QMA T (T2 0, ’PFAK FLG W’ ) 00C03~~~0
912 F PPM A T (12 0 , ’TOTA L D A I L Y  FLOW’ ) 000)493)
“1~ I (1RM ~~T (T2 O ,’A V E R A G E  IN FLU EN T BOO’ ) GCU ~~~ - 10

1 14 F - i ~~~A T ( T 2 O , ’A V r R 4 G E  INFLUENT SUSPFNDFD S O L I D S ’ )
~15 F ‘M AT( T20 , ’AVER AG F EFFLUENT 800’) 00004043
‘)1 6 FY’M AI( T2O, ’AVFR ~ GE E FF IU FN T SIJSPFNDED SOLIDS’ ) C C U O ’ .040
017 FPRM AT (T 20, ’AV E RA G E E FFLUENT TEM PER ATU RE’) OCOO .C5Q
)19 F O R M A I ( T 2 0 , ’D .O. SA T U R A T I O N  IN A E R A T I O N  BASI N’ )
1.03 F f l 1M A T ( / T 1 9 ,’$* PROCESS O PERAT ION S $*‘) CO — ~~J ’,U7C

~?1 F0R~~AT( T’C ,’P R I M A R Y  EFFLUENT BUD’ ) CCCC 4000
122 F )PM AT(T2 0,’P R I M A R Y  EFFLUENT SU SPFMO ED Y L ID S ’ )  00~~”. 13

~23 F O R M A I ( T 2 3 , ’M IX E D  LI Q UO R SUSPENDED SOLIDS’ )
974 FDRM4 T(T2 0 , ’VOLUM F OF A R DELIVER E D ’ )  0 0 00 4 110
175 1 [’RMA T(T7C, ’HOUR S (IF O P E R A T I O N  OF M E C H A N I C A L  A ERATORS’ ) O0- )~~’. 1 23
926 IORM A T (T? C , ’RETUR N SLUDGE VOL U M E’ ) CC H ~ 1 ~0
92 7 F1 )RM A T (T 2 0 ,’R E TURN SLUDGE SUSPF N DEU SO L I D S ’ )  CCC C’.140
~~ 8 FO~ M A T ( T 2 0,’WA STF SLUDG E VOLU ME’ ) OO u 4 1 5 ~)
979 F f l R M A T ( t 2 O , ’Av ERAGE A E R A T I O N  BASIN DIS O LV EI ) OXYGEN’) CO ’3~~1~~3
93~ Ff l R M A T ( f T 1 0 ,’PR I~~A RY C L A R I F I E R  DETENTION T I M E  (HRS )’ ,T7 0 ,F1O. 4,T85 00004170

j  ,1 [O. 3 ,T[OO,F 1O.3) 0 O O U 4 L ’ ~
)

q 31 rh )~~M A T( /TI 0 ,~~PR I M A R Y  C L A R I F I E R  SURFACE S E T T L I N G  R A T E  (G PD /F1 2 ) ’ , OO0 )’. I- ~ Q
1 T70,F10.3,I 85 ,Fl0.3, T100 ,F10 .3) CC 004200

~42 F I1RMAT (/ TI0, ’P R I M A R Y  C L A R I F I E R  W EI R O V E R F L O W  R A T E  (GPO/IT)’ , 00004213
1 170, F 1 0.3, TBS,F 10.3, T lJ O, Fl 3.3) 0COC4~’.’0

) 43 F P P M A T (/ T t 0 , ’PR I M ARY C L A R I F I E R  SOLIDS L O A D I N G  RATE (LB SC/ IT?’ , 100C4230
I ‘— DA Y ) ’ ,TR5 ,FI) .3,T100 ,FIO .3) 00G ’~.:’•O

914 F 1OM ’3T (/T10, ’PRI M A P Y C L A R I F I E R  SOLIDS R F M O V A L  E F F I C I E N C Y ’ , oo 0-~ . ’~o
I 1I ?O ,F5 .I, ’ ?‘) CC O - ’.:’ 0
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I V LEV EL 21 ACT DATE = 75296 08/46/25

940 FORM AT (/T 10 , ’A F RAT T O N BASIN DETENTION TI M E (s- IRS ) ’ , 00004213
1 T70 ,Ft0 .3 ,T85 ,F1O.3 ,T100,F1O.3 ) CC0 04280

* 
941 FORM AT( /T 1 0, ’AER AT ION BASI N VOLUMETRIC LOADING ‘, 00034290

1 ‘(LB 800/1000 FT3— OA Y ) ’ ,T 85,F10.3,T100,F10. 3) 00004300
942 FOR M AT (/Tl0 , ’PROCFSS LOADING IN TENSI TY (LB 800/LB M ISS—DAY ) ’ , 0000431 0

1 T85,F1D.3,T100,F1O.3) 00004320
943 FORM AT(/ hl 0, ’AV E RAG E SLUDGE AGE (OA YS ) ’ ,TR5, F10 .3) 00004330
944 F O R M A T I / T I C , ’ V O L U M E T R I C  A I R  SUPPLY (CFM/100 0 FT3 )’ 00004343

I ,T85 ,F 10 .3)  0 0 0 04 3 5 0  -
945 F[’~ MAT (/TlO, ’ORC 4NIC AIR SUPPLY ( FT 3 / L B  DOD ) ’ , 00OO43~-J

1 785,110.3)  C C C . 0 4 3 7 O
946 F-i (PMA T (/Tl0 , ’VOLUME TRIC ~f lW ER SUPPLIED (HP/b OO Fl’,)’ , C00343~ O

I TR5,~~IO.3) OCC3 ’.3)C
947 FO R~’AT (/Tb 0, ’ORGANI C OXYGEN SUPPLY (10 02/LB BUD)’, C0004400

I T85,F10.1 ) 00004410 -

949 FORMA T (/TIC, ’AE RA T IO N BA SIN BOO RE MOVAL F F F I C I E N C Y ’ , T 1 2 0 , I5 .1, C C 3 c ~~.:O
1 ‘ ~~‘) 0 C C 0 4 4 3 0

950 F1 )RM4T( / t1C , ’SFC f1ND A~ Y C L A R I F I E R  OE TENTI CM TI ME (1495)’ , 000044’i U
I r 73,FL 0 .3,T85, F10 .3,Tb00, F10 .3) 00004450

‘951 FORMAT (/T1O , ’SECONOARV CLARIF IER SURFACE SETTL ING RATE (GPD/’ , CC004460
1 ‘FT2 ) ’ ,17O, F10. 3 ,TR5,F1O .3, T100 ,F10.3) 00004410

957 F1R M A T (/T I J , ’SECDNDAR Y CLARIFIER WEIR OVERFLOW RATE (GPL/FT (’ , 0 C C 3 4 4 3 0
1 T7u,F~~J. 3 ,TR5,F 10. 3,T100,F10.3) CC004490

9 5 3  FMP M A T (/T I C , ’SFC IlNO A R Y C L A R I F I E R  SOLIDS LOADING R ATE (LB SS /F 12 ’ , 000u4 i3C
I ‘— O AY ) ’ ,170,F1O .3 ,185 ,F10.3 ,T100 ,Fb 0.3) 0C 004513

954 F1 )PMA T (/ T1Q , ’SEC (I (~4fl A RY C L A R I F I E R  SOLIDS RE M OVAL E F F I C I E N C Y ’ , C C 3 3 4 5 9 0
I T1 2),F5. 1, ’ ~~‘ ) 000045 39’

960 F(1PM~tT( /T1C,~~OVEO ALL PLANT BOO REMOVAL EFFICIENCY’ , 00094540
1 T1? 3,F5.j,’ “I 00004550

961 F (lQM A T(/T IdJ ,’flVE~~ALL PLANT SOLIDS RE MOVAL EFFICIENCY’ , 00004560
1 1129 ,F 5.1,’ ~~‘) 00004510

END CCOC ’.580

I
T

I 
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I v 1. LEVEL 21 T r I L l  DATE = 75296 0 8/ 4 6 /25

SUB ROUTINE TF ILT( * ) C000459C
COMM ON A( 9,6) ,PLANT ( 1 0) 000046i)

C 00004610
C READ IN OPERATIONS OAT A 00004620
C 00004630

READ (t, 901)(A(I,5),I=l,6) 00004640
C C0004650
C GENERAL OPERATIONS 00004660
C A (1,1 )=PEA K FLOW (IN FLUE FI T) (M GO) 00004670
C A (? ,5 )=TO TAL 04111’ FLOW (INFLU EN T I (MG ) 00004680
C A ( 3 , 5 ) = B 1 J t )  ( I NFLUENT ) (M G /L I 00004690
C A (4,5)= SU SPENU ED SOL IDS (INFLUENT ) (MG/L I 00034703
C A (5 ,5)=BOD (EFFLUENT) (MG/I) C0004710
C 4 (6 ,5 )-= SUSPENDE D SOLIDS (EFFLUENT ) (MG/L I - 0 0 0 04 12 0

C 00004730
WRITE (3,909) C0004740
WR I TE (3 ,91C) 00004750
I F IA (l ,5 )  .11. O.0)WR I TF (3 ,911) 00004760
IF (A (2,5) .11. 0.0)wRITF(3 ,912) CC004770
IF ( A (3 , 5 )  .11. 0.O )WR ITF (3,9 13 ) 003047~40
IF(A( 4,5) .LT. O.0)wRITE (3,914) 003047 0
IF(A (5,5) .11. O .0)WRI TE (3 ,915) CC O O ’s S O O
IF (A (6,5 ) .17. 0.O)WRITE(3,916) 00O04~~IO

C 00004 820
RFAD(1, 931)(A(T,6),I=1 ,R) 0 0 0 C 4 B 1 O

5 C
C PRO CESS OP FRA T IONS C0Th4850
C C0004860
C A(1 ,oI= P RIM A RY EF FLUF N T BOO (MG/L I GC 1C 4~~10
C A( ?, 6 )=P RIM ARY EFFLUENT SUSPENDED SOLIDS (MG/I) OOO 04H~ J
C A(3, 6 )=F IL TE R EFFLUENT 800 (MG/L I 00004830
0 A ( 4, 6)=r IITE R EFFLUENT S ’JSPENDED SOLIDS (M G/ I) C0 0 0 ’ .900
C A(5 ,6)=RECYCLE TO FILTER (MCD) OOuJ ’..[O
C A (6,6)=RECYCLF FROM FILTER (MCD) COO )49’O
C A (7,’)=RECYCLE FROM SECONDARY CLARIFIER (MCD) 003-i4 93G
C 00004 140

WT1I TE (3 ,920) 00304930
I F ( A ( 1 , 6 )  .LT.  0 . 0 ) W R 1 T F ( 3 , 9 2 1 )  000049 60
I F ( A (2 , 6) .LT. O.O )W R ITF (3,922 ) 00004913
IF (A ( 3 ,6) .11. O.O)W RI TE (5 ,923) 00034930
IF(A (4 ,6) .LT. 0.O)W RITE (3 ,924) CCO ’3 4 940
I F (A (5,6 ) .11. 0 .O )W RI TF (3 ,925) 00005000
IF (A ( h,6) .LT. 0.O)WR I TEI 3 ,926) 00035310
I F (A(7 ,6) .LT. O. 0)WR ITE (3 ,927) 0 0 3 0 3 0 2 3

C 00005030
WR ITE (3,902 ) 00035043
W RI TF C 3 , 9 0 3 ) PL A N T  00005050
WPI TE(3 ,904 ) O C O O S O ’ O

0 00025010
C O P E R A T I O N S  AND DESI GN CHECK 0C0 ( ’~0u O
C 0 0 0 C S C o O
C P R IM A R Y  C L A R I F I E R  00005100
C 003 05 1 10
C 3I T FNTI I IN TINE 000 ’SI?o

I F ( A ( l , 1 )  .LT.  0 . ) G O  TO [00 C C D C ’ 1 30
X A = A ( L , 1 ) / ( A ( 2 , 5 ) * 1 . O E O I / ? 4 . )  OO 0 ) ’ ~14 ~’X P A ( 1 , l ) / ( A ( l , 5 ) * l . 0 E 0 3/ ? 4 . )  oc o o s i s o
w P I TF (1 ,93 0 )A( 5,1 ),XA,XP CC (05I’Q

~~~~~~~ - - - -~~~-
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I LEVEL 21 IF ILT DATE = 75296 08 / 4 6 / 2 5

C C C 0 0 5 1 7 3
C SURFACE SETTL ING RATE C0OO 51-~i0

100 IF (A(?,1) .11. 0.)GO TO 101 000051 1- i
XA=A (?,5)*I.0E06/A (2,1) 00005200
XP=A (1,5)*1.0E06/A (2,l) 00005210
W RI TE(3 , 91I)A (6 ,1 ) ,XA,XP 00005220

C 00005230
C WFI R  OVERFLOW RATE CC005240

111 I F (A( 3 ,l ) .11. O.)GO TO 102 00005250
X Pt=A (2,5)*l .0E06/A (3,1) 00305260
XP= 8 (1,5)*I.0E06/A (3,1) CC005270
WR I TE(1,93fl4(7,l),XA,XP O0Q052~3-J

C OO0052~~3
C SOLIDS LOADING 00005330

102 I F IA (4,5) .11. 0. .OR. 4 (2,1) .11. O.)GC TO 103 C 0 0 0 5 3 1 0
XA=A (4, 5)*A (2, ‘5)*R. 34/AU, 1 00005322
XP=A(4,5)*A (I,5)*8.34/A (2,1) 00005330

~PITE (3,933 )XA,X P 00005340
C 000053’o
C EFFICIENCY 00005360

193 1 (4(4,5) .11. 0. .OR. A (2,6) .11. 0.)GO TO 104 0033537-1
EFF= ((A ( 4,5)—A(2,6 ))/A (4,5))~~1OO . 0000SHO
W RI TC(3 ,914)EFF 000053)3

C 0 0 C C 5 4 0 0
C TR ICKLIN G FILTER 00005410
C 0 0 3 3 5 4 7 0
O HY DRAUL IC  LOADING O C - 3 0 5 4 3 0  —

134 IF (A (4,2) .LT. 0.10.0 70 106 00005440
I F ( A ( 5 , h )  .11. O .) G O  TO 106 000 054 30
X A = ( A ( 2 , 5 ) + A ( 5 , 6 ) ) I A ( 4 , 2 )  00005460
XP~~( A ( I , 5 ’ , + 4 ( 5 , 6 ) ) / A ( 4 ,2 )  C 0 0 0 5 4 7 0

1-3 5 X f l = ( 4 ( l , 2 ) + A ( 5 , 2 ) ) / A ( 4 ,2) 0 0 0 0 5 4 5 3
I F (A(1,?) .11. 0. .09. 4(5,2) .11. O . ) X D = — 1 .  0 0 0 3 5 4 9 0
~~ I T ’ ( 3 , 9 4 O ) X D , X A , X P  O C C C 5 S O O

o C 3 0 0 5 5 1 0
fT O~~GA N I C  L O A D I N G  OCO L )5520

106 IF (A (1 ,6 ) .17. 0. .OR. A (3,2) .11. 0.)G0 TO 107 OCC 35531
XA~~(A(2, 5)*A(1,6)*8e34)/A (3,2) 00005549
XP= (A(1,5)’A(1,6)*8.34)/A (3,2) COOuSS”O
WRITF(3, 941)A(2,2 ),XA,X P 00005560

C 00)95513
C P FC I P C U IA TI ON RATIO oo~~~s s i

107 11 (4(5,6) .LT. 0.)GO TO 108 0OO 05~”~0
X A = A 1 5, 6) / 4 1 2 , 5 )  00005600
X °=A I5 ,6 )/A (1,5 ) 00005610

l )~ XD~ A( 5 ,2)/A(I ,? ) o c o o s ~~,o(114 (5,2 ) .tT. 0. .OR. 4(1,2) .11. 0 .)XD=—1. 0000 5—iu
w~~ITE (3, 942)XD ,XA ,XP 00005640

C 00005650
C EF F ICIE N C Y 000056(0

139 I F ( A ( l , 6 )  .11. 0. .OR . 4 (5 ,5) .LT. 0.100 IC 110 0000561 0
C 00 056 80

W R I TE(3 ,943)F 0000569 0
C 00005 133
C SEC ON DARY C L A R I F I E R  C000571G
C C0005 770
C DETENTION TI M E 00005 flU

110 I F ( A I I ,  ~) .LT . O.)c,O TO LII 00005143) 

~~~- --- ----~~~~~~--—-~~~---~~~~~~ - - - - ---- -~~~~~~ - --— - - -
~~~~~~~~~~~
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V 6 L E v E L 21 Tr IL T DATE = 75296 08/46/25

I F ( A ( S ,6) .LT. 0. .09. 4(6,6) .17. 0.100 TO [[4 00005750
XA =A (I,3)/((A (2, S)+A(5,6)_A(6,6))*1.0E03)*24. C00057h’J
X P=A (t,3)/ ((A(I,5)+A(5,6)~~A (6,6))*I.0EO3)*24. 00005770
3~R !TE (1,95O)A(5,3),XA ,XP 0000579o

C 000057 10
C SURFACE SETTLING RATE 00 0O 5 R~~0

111 IF (4 (2,3 ) .11. O .IGO TO 112 00005810
XA= (A (2 ,5 )+A(5 ,6)—4(6,6)) *1.3E06/A (2 ,3) oooos~~~
XP= (A (1 ,5 )+A (5 ,6)— A (6 ,6))*1.0E06/A (2,3) 00005830
W R I TE (3 ,951)4 (6 , 3), X~ ,XP C 0 0 0 5 8 4 0

C 0 0 0 0 5 8 5 0
C W EI~ OV FIFLOW RATE 0000581,3

112 IF (4(3,3) .17. O .)GO TO 1 13 000O5~i70
X A = ( A (2,5)4 .4(5,6)—A (6,6))*1 .3E06/A(3 ,3) 000O58~~0
X P~~(4(I,5 )+A (5 ,6I—A (6 ,6))*1.3EO6/A (3,3) C 000589T

~R ITE (3,952 )A (7 ,3),XA ,XP c c o c s o c o
C 0 0 0 0 5 4 1 0
C S O L I D S  LO A D I N G  00005 ’-l oO

113 Ir(4 (4,6) .17. O.)GO TO [15 CCOO5OIO
IF(A (5 ,6) .17. 0. .09. 4(6,6) .11. O.)GO TO 114 000059 ’,u
Ir (A I2 , 3) .11. O.)GO TO [14 COo35o~~.

CC 005 It 0
• XP-= (4([,5)+A (5,6)—A(6 ,6))*A (4,6)*R.14/A(2,3) 00005910

W R ITF (3,953)A(R ,3),XA ,XP 0030’,9PO
0 00005990
C [IF IC IE’ ICY 0 3 9 ) 0 9 0 6

11 4 IF (A(6, 5) .11. 0.10.0 TO 115 00000913
[= (A (4,6)—A (6,5H/A (4,6)*100. OCOOoO2C
WR I TE (3,954)E 00036c~~U

C 00 - ’~- ) 6 0 4 J
C PLANT POD EFFICIENCY O C 0 ~~6u53

I1’ IF (A (3,~~) .17. 0. .09. 4(5,5) .11. O.)GO 10 116 0C 9Ce~060
0030601.)

w3!IE (3,960)F 0 0 3 3 0 0 4 0
C C0 0 0 0 0 1 O
C P L A N T  SUSPEN DED SOLIDS EFFICIENC Y 00006110

110 I F (A ( 4 , 5 )  .11. 0. .09. 4 (6 , 5 )  .11. 0 . ) G 0  TO 117 CO - j ooll O
C C~~Ct I!0

bRI TE(1 ,961)E 0030614u
C CCU06140

11? CONTINUE 00006150
-(~~TU RNt 0 0 0 o o 1

901 FflR~~A T(9F 8 .0) O C O O 6 I 7 0
- 1 02 FORMA T (IH I ///T 41 ,50 (’* ’)/ C C O O f I b O

1 141 , ’S PLANT OE S IGN AND OPERATI O N CHECK *‘ , 009
2 /T41,57(’’’)) CCOOo200

1 03 F I J 7 M A T I  7 4 6 , 1 0 4 4 )  C C 0 0 t ~~’ 10
90’. F1i RMA T(~~/T 3O,’PA R4ME T~ 9’,T74,’DESIGN ’ ,T A R ,’AV ERA S E’ ,T[Ob ,’P [AK’/ 0030f270

I 130,’$$*S*$$**’ ,T14 ,’S*****’,189 ,’ * *** ** * ’ ,T106 ,’****’/) 00 99(2 ~()
119 fl) 2U 4T (/T2O ,’OPFRA T IONS IN FO R MATION NOT A V A I L A B L t ’ , 30006o -o

1 / T 2 0 , 3 6 ( ’ * ’ ) )
11 0 FO ’MAI (/TIe , ’** GENERAL O P E RATIONS **‘) 0 0 f l ( 7 ’ O
~ 1 1 1’1P~~AT(I20,’PEAK FLO W’ ) O C CO f -2’ O
117  1 (P’MAT (120, ’TOTAI DAILY FLOW’ ) 0 O - (~~~j
91 3 Ff PMAT (T20, ’AV FRAc,f Ir~JFLUF N T 1300’) 000 ~~~~ .

‘ 13
91 4 1 o ~MAl( T?O,’A vE RA flF INFL UENT SUSPENDED SOLIDS’ )

~~~ 1 Y ~)U A T (T2 O, ’ AV F R A G E  EFFLUENT ROD’ ) 00 ‘
1 L L  5 ’)OMAT(T? O, ’AV FR4Gf EFFLUENT SUSPENDED SI LID S ’) 00 ’’ (70



L E V E L  2 1 T F I L T  041 1 75296 0 8 / 4 6 / 2 5

9?) FOR MA T( / 11 8, ’*S PROCESS O PE RATI aN S **‘) 000063i0
921 FOR M A T ( T 2 0 ,’PR IMARY EFFLUENT BOO’ ) 0 0006 -143
922 FOR MA T(T?0, P R I M A R Y  EFFLUENT SUSPENDED SOLIDS’ ) 00006350
923 F O R M A T ( T 2 f l ,’F ILT FR EFFLUENT BOO ’ ) 00006363
924 FDRMA T (T20 , ’FILTER EFFLUE~~T SUSPENDEr) SOLIDS’ ) 000)6310
92 5 F(JR P’A T (T2O,’RECYCLE TO FILTER’ ) O C 0 0 6 3 ’~0
926 FORM AT (T20, ’RECYCLE FROM FILTER’ ) 00006343
‘42 7 FORMA T (T20 , ’RECYCLE FROM SECONDARY C L A R I F I E R ’ )  000064 3
930 F ORM AT(/T 1O, ’PRI M A R Y C L A R I F I F R  DETENTION TI M E  (HR S) ’ , CC006410

I T 70,Fb3 .3, TR5 ,Fb O. 3,TIO 0,Fb O .3 ) 0000649-3
131 FflRMA T(/T IO ,’PRI’~A RY CLARIFIER SURFACE SETTLING RATE (GPL’/FT2)’, 0 0 0 0 6 4 3 0

1 170,Fb 0 .3,T85 ,F10 .3 ,Tb)0 ,FbO.3 ) CC O O Ô 4 i C
13? F O RMA T(/ T10, ’PRI M A R Y  C L A R I F I E R  W E I R  O V E R F L O W  RATE (300/FT I’ , 00006’.’~~

1 T 70 ,Fb 0.3 ,T85 ,Fb0 .3 ,Tl 3O,Fb0 .3) CC336463
933 FORMAT(/T l0, ’PR I M A R Y C L A R I F I E R  SOLIDS LOADI N G RATE IL’) SS/FT 2’ CO 00641~

1 , ‘—DAY)’ ,T85,FIO .3,Tb 00 ,FI0.3) 00036480
‘434 Ffl’~M4T (/Tb0 ,’PRIMA RY CLARIFIER SOLIDS REM OVAL EFFICIENCY’ , 00336413

I T120,F5.I,’ R’) C00065)0
940 F IIR MAT (/T b0, ’ T R I C K L I N G  F I L T E R  HYDRA ULIC L O A D I N G  (MO A D ) ’ , 00036510

I T70 ,Fb3 .3,T85 ,Fb O .3 ,T 133 ,FL0 .3) O C Dc65 ~’O -

941 FDRM A T (/ T b 0 , ’T RICK L IN G FILTE R O RGANIC LO A D I N G  (LB BUD /A C R E — ’  00306510
1 ,‘FT—DAY ) ’ ,T70,FI0 .3,T35 ,F10 .3,T100 ,F10. 3) 0 0 0 9~~540

942 FOR M A T (/T 1O, I F I LT F R R E C IR C U L A T IO N  R A T I C  (RF C IRC U L A T I O N / I N F L L J E N T ) ’ ,00 -905 ’- .)
I T7 0,F10 .3,TR5,FbO .3 ,Tb00, FLO. 3) CC~~3o5 0

04 1 F ’ 1 R M A T ( / T 1 O , ’F I L T E R  BOO R E M O V A L  E F F I C I E N C Y ’, 003)~~5~~
I Tl2 0,F5 .1 ,’ U ) CO ; J ~~ 5 ( Q

950 F ’lRMA T(/ TI O , ’SECDN OAR V C L A R I F I E R  DETENTI ON T IM F (HRS ) ’ , CC - 3 0 6 ”4 0
I T70 ,FID .3,TR 5 ,Fb 0.3 ,Tl0O,F IO.3) C330’ t- Oo

951 Ffl R M A T (/ T 1 0 ,’SFC IINO ARY C L A R I F I E R  SURFACE S E T T L I N O  ‘~A r F  ( 1, P 1 / F T ? ) I , 0 0 3 0 5 e, I 3
I r7 0,F10.3,T85 ,F 1 0 .3,Tl)3.F1O.3) C C i T 0 f ~~ .’0

052 F[’R MA T(/T lO , ’SE CONOARY CL A R I F I E R  W F I R  OVE ~ F IUW ‘lAIF ( Pl9 /~~ T )’ , O 0’ j O l 0 l 9
1 T7u,F10.3,T85,Fb 0.3,Tb3O,Fl0.3) O00O6’~~O

951  F O R M A T  (/Tb 0 , ’SECON CAR Y C L A R I F I E R  SOLIDS L I J A O I M I ,  R A I ~ (I’ S C I F T 7 ’ , C O , t ’ô ’ j
I ‘— OAY )’ ,T70,FI0.3 ,T85 ,FbO. 3,TID 0,FI0.1)

154 1oR M A T ( / T I C , ’SEC 3NDA ~kY C L A R I F I E R  SOLIDS R E M O V A L  E F F: L I~~sr v ’  , 00~,T h o 1 3 
-

I T 12 1,F5 .I, ’ Z’ 1 CC ,,~~ ~o
06-0 F f l 0 M 8 T ( / T b C ,~~flVE R AL L P LANT BOO REMOVAL E I F I C I E N C Y ’, Cü T (~~~~j

1 T1 2 0,F5 .1, ’ ~ ‘)  0O 99t 703
16-i F f l P M A T ( / T 1 0 ,’OVE RAL L PLA ~IT SOLIDS RE MOVA L  E F F i C I E N C Y ’ , G O -- J e ‘ 10

I T 12 0,F5. 1, ’ ~~‘ ) C C 3 C~ 120
END 000 7 (0 

~ -~~~- __ ~~~~~~ - - - ~ - -~~~~ -_ _ _ _
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