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This is the final report of a three year project titled, "A Systems Analvsi:
of Water Quality Survev Design."

In this project a study was made of water quality surveys conducted by the
United States Army Environmental Hypiene Agency (AEHA). Mainly data and reports
from studies of Army Ammunition Plants (AAT) were used.

The focus of this project was the development of computer aided procedures
which would assure efficient use of manpower and equipment and =ssure that the
measurements taken give a reasopalbe representation of the system. Planning the
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survey, conducting the survey and reporting on the survey 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 poasible 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 taken durin1
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. Com
paring these with desirable values as cited in design books and manuals will
give the survey planner ‘nsight into the operation of the system and suggest
the need for more su) /¢y 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 system was developed for use during and after the survev.
A PDP8-0S/8 and peripheral equipment was purchased. Software was developed to
perform data handling functions and to direct the user in application of the
software. 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 be aut
mated to the maximum extent possible; data handling should be delegated to the
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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ABSTRACT

The U.S. Army 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 thus 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 analysis
of the water quality engineering special study or ‘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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wastewater plant serving the installation will experience fluctuations in
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

% facility, 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 pcpulation or
other changes can be made by the engineer using one of the several methods
available 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 loading 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 installa-

tions.

Indicator Model

Analysis of the operation of wastewater treatment plants is a necessity




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 what information 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 Models developed by the Clemson University Department
of Electrical and Computer Engineering. One feature of the Topology model
is the provision allowing the survey officer to flag 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 char-

acter of the wastewater. Thus, a preliminary evaluation of the process
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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 plant's opera-
tional condition. These variabies will indicate areas where design or opera-
tional inadequacies exist which may be the cause of unsatisfactory plant
performance. Trouble spots in the system can, therefore, be pinpointed.
Also, the survey officer can determine, through analysis of the process
variables, what remedial action will 1ikely improve plant performance.

The Indicator Model was developed to evaluate these process variables
for two types of wastewater treatment systems: trickling filter and activated
sludge type of plants. The model can be used to compute the process variables
utilizing preliminary operational data that is available prior to the incep-

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

.
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II  TREATMENT SYSTEM MODEL

Introduction

A wide variety of computer models have been developed to simulate dif-
ferent wastewater treatment systems. Both steady state and dynamic models
have been proposed. While the steady state model does not represent the
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
performance. Since this long-term estimate is what the model is intended to
provide, the steady state approach has been used in this development. To
quote Andrews [12]:

...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.

Model Formulation

Actually, the overall model which has been developed is a combination of
several steady state process models. All the unit processes that are includ-
ed in the system have been modeled and linked one to another. These include:
primary clarification, secondary clarification, the trickling filter, and the
activated sludge process. As mentioned before, these unit processes are
grouped into two basic treatment trains, one incorporating the trickling

filter while the other includes the activated sludge process (see Figure 1).
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a. TRICKLING FILTER TRAIN
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b. ACTIVATED SLUDGE TRAIN

Figure 1: BASIC TREATMENT TRAINS




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, 7.e., they employ microorganisms to assimilate and metabolize the pol-
lutants in the wastewater. As such, these two systems can only be used to treat
biodegradable wastes su.i 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 parameters are most commonly used by sanitary engineers, not
only to indicate the wastewater quality, but also to determine the amount of
treatment accorded the wastewater by the treatment system. These parameters
are as follows: 1) five-day biochemical oxygen demand (BODs); 2) suspended
solids (SS); 3) ammonia; and 4) nitrates. Given the influent levels of these
four water quality parameters and the influent flow rate, the model predicts
their respective concentrations 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 quality parameters in the effluent of the

process. These values then become the input to the next unit process in the
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treatment train. The output conditions calculated for the last unit process

in the treatment train become the plant's effluent conditions.

Effects of Process Dynamics

Since the TSM is a steady state model, the influent and predicted effluent
concentrations must, of necessity, be averages. If the influent flow rate or
concentrations are known to fluctuate drastically, the steady state 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 Filter System

Was.zwater 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
variations. All three are for single-stage filters, Z.e., filters in a parallel
but not in series. The first is for no recycle; the second for recycle from
the filter effluent; and the third for recycle from the secondary clarifier
effluent (see Figures 2 a,b,c).

The type of system modeled is controlled by specification of a recircula-
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, but recycle from the filter effluent is, then a

system with recycle from the secondary clarifier will be modeled (Figure 2c).
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b. Trickling Filter: Recycle from Trickling Filter Effluent
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c. Trickling Filter: Recycle from Secondary Clarifier Effluent
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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 Considerations

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 BOD reduction; certain complex interactions between
the unit processes; and the additional hydraulic and solids loading imposed
on the primary clarifier by wasting secondary sludge to the primary clarifier
influent.

One example of complex 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 primary clarifier is overloaded thereby per-
mitting large suspended solids carryover. Conversely, the model does not ac-
count for the situation if the high solids concentration in the trickling
filter influent were to clog the filter or otherwise degrade its performance.
While the exclusion of these and other considerations may result in minor
errors, such errors are usually negligible. With an understanding of the
structure of the model, as just presented, and a knowledge of the mathematical
relationships 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.
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Mathematical Relationships

A 1isting of the expressions that were used in forming the overall model
of the trickling filter system follows. These relationships are used to eval-

uate the operation of the unit processes.

Primary Clarifier[]]

RF = 1.0 - 0.82EXP§-%/2780A)
1.0 - 0.00205EXP(-Q/2780A)

RF = Removal factor
Q = Plant flow (MGD)
A Total surface area of clarifier (acres)

SSOUt ¥ Ssin * RF
BODout = (BODin)(0.3) +(BODin)(RF)(0-7)

No effect on ammonia or nitrates

Trickling Filter

BOD reduction (2]

E = 1.0

1.0+0.0085(_E)i

VF

E = Decimal BOD removal efficiency
W = BOD loading (1bs/day) to filter

(not including recycle)
V = Volume of filter (Acre - Ft)
F:

Recirculation factor 1.0+R where R = recycle
(T.0+0.1R)2 Tnfluent

* 1=




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

B, = (1.038)T'2°

Et = Filter efficiency at temperature, T
E“ = Filter efficiency as above

T = Temperature of wastewater, deg C

BOD,,, = BOD; * (1.0 - Ey)

Suspended Solids L°]

Lps solids produced = 0.2(1bs BODin-1bs BODout) i

SSout = Ssin+ 1bs solids produced .
8.34(flowtrecycle)

Nitrification[s]

= gxp( -ko/Q")

m
I

Decimal reduction in NH,-N concentration
Reaction constant re]atgd to the specific
surface of the media

Depth of filter (Ft)

Hydraulic loading rate (MGAD)

Constant related to the specific surface and
configuration of packing

S oo ~m

=K at 20° ¢ =0.23 1 " rock media
=0.13 24" rock media ]

K20

T-20

K=K20(1.07) where T is temp. (°C)

n = 2.36 1 " rock media
3.80 2%"rock media

[NH3-N]out [NH3-N]1n*E ‘

[N03'N]out g [N03'N]in %3 [NH3'N]in ' [NH3'N]out

Secondarx}Clarifier[]]

The secondary clarifier for the trickling filter

- 12 -




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

Following 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 trickling filter plant

Columns 2-9: Flow rate to plant (MGD)

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

)
Columns 18-25: Suspended solids conc. in water (mg/1)
Columns 26-33: Ammonia conc. in water (mg/1 NH3 as N)
Columns 34-41: Nitrate conc. in water (mg/1 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

o
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6 1" rock media

Columns 41-48: Media coefficient (n) 2.3
3.80 21" rock media

Card 4

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

Activated Sludge System

As with the trickling 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.
0f first concern is the fluid regime, Z.e., whether the flow is complete-mix
or plug-flow. The model presented here is based on complete-mix conditions.
It can also be abp]ied to a plug-flow operation though, since the complete-mix
formulation generally underestimates the treatment level attainable with a
plug-flow 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 complete-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 correct aeration basin
operational characteristics will result in a simulation of the appropriate

modification.

Aeration Basin Operational Characteristics

Accuracy of the model's predictions is also highly dependent upon the

s |




estimate of the aeration basin'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.

While accurate estimates of these characteristics are mandatory, it is
often quite 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 solids 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 overloading 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 Relationships

Following is a Tisting 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
filter system.

Aeration Basin

BOD reduction[7]

BOD = BOD., - (MLSS)(Vol
out in {7;71%%5?6 T

MLSS = Mixed liquor suspended solids (mg/1)
Vol = Aeration basin volume (MG)
Yn = Net yield (1b SS produced/1b BOD used)
FLOWR = Plant flow + recycle flow (MGD)
Theta = Sludge age or sludge retention time

= 1.0 where PLI = BODin (Flow)

Y, (PLT) THLSS) (VoT)
Nitrification[8]

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

3

So E KrSOXOD

t
Y(K_ + 505

S

>
1}

Xo ~ KrSOXODt

l(S".SO

= 1§ =




where:

Ammonia in
Ammonia out
Synthesis rate constant

o -
"

Yield coefficient
Saturation coefficient

w

Nitrosomonas in

-

Nitrosomonas out
Detention time (Vol/Flow)

O > > XK < XK U »n
o i
"

[ad

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

Secondary Clarifier[9]

SSOut = 4.5 + 8.6SSF
SSF = 55, (FR) 3.785 = Solids surface feed (kg/m® - hr)
24A
where: FR = Plant flow + recycle (MGD) 2
A = Surface area of clarifier (m®)

Data Input

Following is a listing 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

Columns 2-9: Predicted flow to plant (MGD)

Columns 10-17: Predicted BOD of influent (mg/1)

Columns 18-25: Predicted suspended solids of influent (mg/1)

& A7 -




Columns
Columns
Columns
Card 2

Columns

Card 3

Columns

Columns

Columns

Columns

Card 4

Columns

26-33: Predicted ammonia in influent (mg/1 NH3 as N)
34-41: Predicted nitrate in influent (mg/1 NO3 as N)

42-49: Predicted temperature of influent (deg. C)

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

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

9-16: Estimated operating concentration of
MLSS (mg/1)

17-24: Estimated operating recycle rate (MGD)

25-32: Net yield (1b SS/1b BOD)
If not readily available, calculate:

" (1b SS wasted/day) + (effluent SS) (Flow)

‘(BODin - BODout) Flow

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

=18 »




IIT INDICATOR MODEL

Introduction

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-
ation of the system such that problem areas and possible causes of these
problems are more readily apparent. It can also indicate whether
inadequate plant performance is due to design deficiencies or poor
operational practices.

An example should help to illustrate the use of the indicator model
more clearly. If a plant's effluent suspended solids concentration is too
high, the engineer might first suspect the secondary clarifier. Solids
removal efficiency calculated by the model will indicate whether 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 common 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 investigation of the

19
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operational characteristics of 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 model, the indicator model is applicable
to trickling filter and activated sludge type treatment plants. Opera-
tional characteristics calculated by the model are as follows:

Primary Clarifier

Detention time (hrs)

Surface settling rate (GPD/ft?)
Weir overflow rate (GPD/ft)

Solids Toading rate (1b SS/ft2-day)
Solids removal efficiency (%)

Trickling Filter

Hydraulic loading {(MGAD)

Organic loading (1b BOD/day/acre-ft)
Recirculation ratio

BOD removal efficiency (%)

Aeration Basin

Detention time (hrs)

Volumetric loading (1b BOD/day/1000 ft°)

Process loading intensity (1b BOD/day/1b MLSS)




Sludge age or retention time (days)
Diffused aeration
Volumetric air supply (CFM/1000 ft°)
Organic air supply (ft3/1b BOD)
Mechanical aeration
Volumetric power supply (HP/1000 ft3)
Organic oxygen supply (1b oxygen/1b BOD)
BOD removal efficiency (%)

Secondary Clarifier

Detention time (hrs)

Surface settling rate (GPD/ftZ)
Weir overflow rate (GPD/ft)

Solids loading rate (1b SS/day/ft)
Solids removal efficiency (%)
Overall Plant

BOD removal efficiency (%)

Solids removal efficiency (%)

Mathematical 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,
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this may not always be completely accurate, as the BOD suspended solids
concentrations also vary diurnally. Peak values for the operational
characteristics, therefore, may be in error because only the peak flows
and not the peak concentrations were used in the calculations. Such
error may be overcome, if desired, by substituting the peak values of
these parameters (BOD, flow, etc.) for the average values as input data
and running the model another time. Values of the operational character-
istics calculated on this second run, which are printed out as average,
will then represent the peak values. Following is a listing of the
relationships:

Primary Clarifier

Vv
1000 F/24

Detention time: DT

V = clarifier volume (1000 gal)

F = plant flow (MGD)
Surface settling rate:

sSR = F * 10°

—

F = plant flow (MGD) >

A = clarifier surface area (ft°)
Weir overflow rate:

WOR = F * 105

L
F = plant flow (MGD)
L = weir length (ft)

Solids Tloading:

SL = (SS) (;) (8.34)

SS = influent suspended solids (mg/1)
F = plant flow (MGD) )
A = clarifier surface area (ft")
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Solids removal efficiency:

Trickling Filter

Hydraulic loading:

Organic loading:

SRE

55

I

SSO

HL

=R clag}

Recirculation ratio:

BOD removal efficiency:

Aeration Basin

Detention time:

RR

F
R

E

SST - SSO
= * 100.

plant influent suspended solids (m
primary effluent suspended solids

F+R
—

plant flow (MGD)
recycle flow to filter (MGD)
filter surface area (acres)

= {F) (303) (8.34)

plant flow (MGD)
primary effluent BOD (mg/1)
filter volume (acre-ft)

= R

F

plant flow (MGD)
recycle flow to filter (MGD)

BOD1 = BOD0 * 100.

1

primary effluent BOD (mg/1)
plant effluent BOD (mg/1)

24V

23

{

/1)
mg/1)




Aeration Basin (Continued)

Vv
F
R
Volumetric loading:

VL
BOD

aeration basin volume (1000)
plant flow (MGD)
recycle flow (MGD)

(BOD) (F) (8.34) (7.481)
Vv
primary effluent BOD (mg/1)

Process loading intensity:

PLI =

BOD
F

]
Sludge age:

SA

MLSS=

OmMmxo M<
w wn =
w

MLSS
= aeration basin volume (1000 gal)

=

BOD 8.34) (1000
SS
primary eff]uent BOD (mg/1)
plant flow (MGD)
mixed liquor suspended solids (mg/1)

éMLSS!%O 001V};8 34§

m1xed Tiquor suspended solids mg/])
aeration basin volume (1000 gal)
waste sludge flow rate (MGD)

return sludge suspended solids (mg/1)
plant flow ?MGD)
plant effluent suspended solids (mg/1)

A basic assumption made in the sludge age formulation is that

cludge 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.

won

fFa% gMLSS)

input waste sludge flow (GPD)
actual waste sludge flow (GPD)

mixed liquor suspended solids (mg/1)
return sludge suspended solids (mg/1)
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Volumetric air supply:

VAS

n

AV
v

fou

Organic air supply:

0AS =

AV
BOD
F

wouw o

Volumetric power supply:

VPS =

HP
)

Organic oxygen supply:

0AS =

HP
BOD

= =
el
US| | T |

=
|

(AV%§1000g§7.481)

volume of air delivered (1000 ft3/day)
aeration basin volume (1000 gal)

AV) (1000
BOD)(F) (8.3

volume of air delivered (1000 ft3/day)
primary effluent BOD (m§/1)
plant flow (MGD)

7.481 HP
v

total aerator horsepower (HP)
aeration basin volume (1000 gal)

N)(HP) (HR
lBOD;(F;§8.345
oxygen transfer rate (1b 02/HP-hr)
total aerator horsepower (HP)
hours of aerator operation (hr/day)

primary effluent BOD (mg/1)
plant flow (MGD)

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

9.17
CS
C
T

D.0. saturation in aeration basin (mg/1)
D.0. conc. in aeration basin (mg/1)
plant effluent temperature (°C)

A basic assumption made in the organic oxygen supply formulatior is

that the mechanical aerators employed are rated at 2.5 1b 02/HP-hr

under standard conditions as defined in [7]. Also assumed is an alpha
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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.
BOD removal efficiency:

E = BODi - BOD0 * 100.
o}

BOD; = primary effluent BOD (mg/1)
BOD0 plant effluent BOD (mg/1)

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 filter system, the flow to the clarifier
is equal to the plant flow plus the recycle to the filter minus the
recycle from the filter effluent. For the activated sludge system,
the flow to the clarifier is equal to the plant flow plus the re-
cycle sludge flow.

Detention time:

0T = Vv
1000 F/24

v clarifier volume (1000 gal)

F flow to clarifier (MGD)
Surface settling rate:
SSR = F * 105
T
F = flow to clarifier (MGD) ;
A = clarifier surface area (ft“)
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; Weir overflow rate:
1 WOR = F * 10°
. —T

flow to clarifier (MGD)
weir length (ft)

SO vy S

F
k

Solids loading rate:

SL = (SS)(F)(8.34)
A
SS = aeration basin or trickling filter
effluent suspended solids (mg/1)
F = flow to clarifier (MGD)

Solids removal efficiency:

E- = SSI - SSO
=55 * 100

SSI = aeration basin or trickling filter
effluent suspended solids ?mg/])

SS0 = plant effluent suspended solids (mg/1)

Data Input

The indicator model is designed to use data that is available prior
to a survey's implementation and also the data generated by the survey.
Design data needed should, of course, always be available. Operational
data required will be available from the daily and monthly operation logs

as required by Technical 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 columns for the data input.)

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

27




—

follows:

Trickling Filter Type Plant

Card 1

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

Columns 2-41: Name of installation e.g. Fort Ord, CA
(Should be centered)

Card 2 - Primary Clarifier

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

Columns 9-16: Total surface area (Ft

2
)
(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

DT = Total Vol (1000 ga]E X 0.024
Design flow (

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

SSR = Design flow (MeD) X 10°
otal surface area (Ft)

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

WOR = Design flow ﬁnsoz x 108
otal weir lengt t

Card 3 - Trickling Filter

Columns 1-8: Design flow rate (MGD)

Columns 9-16: Design organic loading (Lb BOD/Acre-Ft/Day)
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Columns 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)

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

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

Card 4 - Secondary Clarifier

Columns 1-8: Total volume (1000 Gal)

(2 clarifiers @ 4000 gal ea. = 8.0)
Columns 9-16: Total surface area (th)
(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

DT = Total Vol (1000 gal) X 0.024
Design flow (MGD)

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

6 |

SSR = Design flow (MGD) X 10
otal surface area (Ft

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

WOR = Design f1ow ‘MGD) x 10°
otal weir lengt t
Columns 57-64: Design solids loading (Lb SS/FtZ-Day)

Card 5 - General Operations

Columns 1-8: Peak flow (influent) (MGD)
Columns 9-16: Total daily flow (influent) (MG)
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Columns 17-24: BOD (influent) (mg/1)

Columns 25-32: Suspended solids (influent) (mg/1)
Columns 33-40: BOD (effluent) (mg/1)
Columns 41-48: Suspended solids (effluent) (mg/1)

Card 6 - Process Operations

Columns 1-8: Primary clarifier effluent BOD (mg/1)
Columns 9-16: Primary effluent suspended solids (mg/1)
Columns 17-24: Trickling filter effluent BOD (mg/1)
Columns 25-32: Filter effluent suspended solids (mg/1)
Columns 33-40: Total recycle to filter (MGD)

Columns 41-48: Total recycle from filter effluent (MGD)
Columns 49-56: Recycle from secondary clarifier (MGD)

Activated Sludge Type Plant

Card 1
Column 1: Plant type; 2 for activated sludge type plant.
Columns 2-41: Same as for trickling filter type plant.

Card 2 - Primary Clarifier

Same as for trickling filter type plant.

Card 3 - Aeration Tanks

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

Columns 9-16: Design flow rate (MGD) ‘

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

DT = Total Vol (1000 Gal) X 0.024
Design flow (MGD)
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Card

Columns 25-32:
Columns 33-40:
Columns 41-48:
Columns 49-56:

Design organic loading (Lb BOD/day/1000 Ft3)
Design mixed liquor suspended solids (mg/1)
Number of aerators or compressors

Total aerator or compressor horsepower
(2 aerators @ 50 HP ea. = 100.)

4 - Secondary Clarifier

Card

Same as for trickling filter type plant.

5 - General Operations

Card

Same as for trickling filter type plant with the exception of:

Columns 49-56: Average temperature of plant effluent ( C)

Columns 57-64: D.0. saturation in aeration basin (mg/1)

6 - Process Operations

Columns
Columns
Columns
Columns

Columns

Columns
Columns
Columns

Columns

1-8:
9-16:

17-24:
25-32:
33-40:

41-48:
49-56:
57-64:
65-72:

Primary clarifier effluent BOD (mg/1)
Primary effluent suspended solids (mg/1)
Mixed liquor suspended solids (mg/1)
Volume of air delivered (1000 ft3/day)
Average mech. aerator operating time (hrs/day)
This should be computed by multiplying the
time of operation of each aerator by its
horsepower and summing to get the total.
This horsepower-hour total should then be
divided by the total aerator horsepower.
Recycle sludge volume (MGD)

Recycle sludge suspended solids (mg/1)
Wasted sludge volume (GPD)

Average aeration basin dissolved oxygen (mg/1)
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APPENDIX A

Listing of Treatment System Model

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

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

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

prints out the estimated future effluent conditions returned to it by the
subprograms. i

TFILT - Subroutine TFILT first calls PCLAR which is the primary clarifier
subroutine. Then, TFILT reads in the trickling filter data and, using

the output from PCLAR as input to the filter, claculates the filter output.

If required, subroutine TFNIT is called to calculate the filter nitrification.
The output from the filter is then passed to subroutine TFSEC (the secondary

clarifier subroutine) and the systems final effluent is determined and

returned to MAIN.

TFNIT - Subroutine TFNIT takes the data passed from TFILT, 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, calculates the plant's final effluent

and returns this to TFILT.

ACTS - Subroutine ACTS first calls PCLAR which is the primary clarifier |
subroutine. Then, 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 nitrification and returns it to ACTS.

ACTSEC - Subroutine ACTSEC takes the data passed from ACTS. Then, it reads
in the secondary clarifier data, calculates the plant's final effluent and
returns it to ACTS.

PCLAR - Subroutine PCLAR may be called by either TFILT or ACTS. PCLAR takes
the plants influent data passed to it by one of these subroutines. It then
reads in the primary clarifier data, calculates the clarifier output and

returns it to the subroutine that called it.
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21 MAIN CATE

EADY STATE TREATMENT PLANT MODEL
DEL TO SIMULATE TRICKLING FILTER
ACTIVATED SLUDGE TYPE PLANT

DIMENSION TYP(4,2)

REAL NH3,ND3

COMMON FLOW

DATA TYP(141)sTYP(2,1),TYP(3,1),TYP(4,1)

1 /°TRIC'y*KLIN',*'G FI','LTER"/,

2 TYP(1y2)sTYP(2,2)sTYP(342)sTYP(4,2)

3 /'ACTI',*VATE',*D SL*,'UDGE*/
READ(1,100)ITYP,FLOW,BODySS¢NH3,NO3,TEMP
WRITE(3,110)(TYPUI,ITYP),I=1,4)
WRITE(3,115)FLOWBODySSeyNHI,NO3,TENMP
GO TO (10,20),1TYP
CALL TFILT(BOD¢SS+NH34NO3,TEMP,E30)

CALL ACTS(BODySSyNH3,NO3,TEMP,£30)
WRITE(3,12C)BODySSyNH3,NO3
STCP
FORMAT(I1,6FB8.0)

= 75296 13/754/5¢

FORMAT(1H1,//% ESTIMATE OF PLANT PERFCRMANCE AFTER ',
1  CINSTALLATION EXPANSION®'/16X,4A4,*' TYPE PLANT'//

2 5Xy'PREDICTED FUTURE INFLUENT CCONDITICNS'/)

115 FORMAT(10Xy'FLOW RATE="4T30,FB8e2,2X,"'(FGD)*/

10X, *BOC="+T309FBe2¢2Xy ' (MG/L) "/

10Xy "AMMONIA="',T30,F8s292X,y'(MG/L)"*/
10Xy *NITRATE="yT304FBe292Xs " [MG/L) "/

NS WN -~

10X,y * SUSPENDED SCOLIDS=",T304FB84242X,*'(MG/L)*/

10X, * TEMPERATURE=*,T30,FB8,2,42X,*'(DEGREES C)*)

120 FORMAT(///S5X,*ESTIMATED FUTURE EFFLUENT CONDITICNS®/

10X, *BOC="4T30,F8a2¢2Xs " (MG/L)*/

10Xy *AMMONTIA=",T30,F8.242X,*(MG/L)"*/

2
3 10X,y *SUSPENDED SOLIDS=',T30,F8.242X,'(MG/L)"/
4
5

10Xy *NITRATE=?,T30,FB842¢2Xy*(MG/L) )
END
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