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BB Chapter 1
BB INTRODUCTION AND OVERVIEW

The Continuous Storm-water Pollution Simulation System (CSPSS)
has been developed for use in the 1978 Facilities Needs Estimate
for Control of Pollution from Combined Sewer Overflow (CSO),
Category V, and for Urban Storm-water Runoff, Category VI. The
model has been applied to 14 selected urban area/receiving water
systems and used to estimate the impact of CSO and urban runoff
on receiving water quality on a continuous, long-term basis. The
three main objectives of these studies are (1) determine if a .
particular urban area/ receiving water system is presently experi-
encing a receiving water quality water problem, (2) determine how
much of the problem, if any, is due to CSO and urban stormwater
runoff, and (3) determine the level of pollutant removal required
to achieve selected water quality goals.

SYSTEM STRUCTURE

The Continuous Stormwater Pollution Simulation System is structured
as a series of modules, each designed to perform a certain set of
hydrologic or water quality computations. These modules are
nested; that is, output of one may become input to another. 1In
some cases, more than one option is available to perform a given
function, and the system is structured such that additional

modules may be developed and added in the future with a minimum

of changes to the existing modules.

Basic functions which may be simulated on a continuous basis are
listed as follows.

1. Local rainfall.

2. Local runoff.

3. Pollutant washoff.

4. Sewer system infiltration.

5. Storage/treatment.

6. Dry-weather wastewater flow.

7. Receiving water streamflow.

8. Receiving water quality response.

These modules may be executed in logical sequential order to

produce the desired simulation. A general flow chart of the
simulation system is shown in Figure 1-1.
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The numbers given in each box on Figure 1-1 are module identifiers
which are associated with each computation routine. The series

10 through 50 (rainfall through storage/treatment) constitutes

the urban runoff and combined sewer system pollution generation
simulation. The 60 module and 70 module generate wastewater
treatment flow and upstream receiving water flow, respectively.
Output from the 10 through 50 series and modules 60 and 70 are
input to module 80 which computes receiving water quality resulting
from these inputs.

COMPUTATIONAL SEQUENCE

The basic computational sequence involves the generation of a
number of arrays. The first array is the rainfall array, developed
in the rainfall module (10), which drives the remainder of the
urban runoff pollution generation sequence.

The runoff module (20) converts the rainfall array to a runoff
array which represents the hydrologic response of the urban area.
Either one or two watersheds may be represented, and, therefore,
either one or two runoff arrays may be generated.

The washoff module (30) simulates the processes of pollution
accumulation and subsequent pollutant washoff for four constituents:
suspended solids (SS), five-day biochemical oxygen demand (BOD),
total kjeldahl nitrogen (TKN), and lead (Pb). Thus, four runoff
guality arrays are defined for each watershed.

The sewer system infiltration module (40) is optional and applies
to sewer systems subject to infiltration-induced overflow. This
module will generate an infiltration array based on the recent
time history of daily rainfall. Quality arrays for SS, BOD, TKN,
and Pb are also developed, and these arrays are combined with the
runoff quantity and quality arrays.

The storage/treatment module (50) simulates the effects of a
storage/treatment system on the runoff hydrograph and on runoff
quality.

The receiving water response module (80) determines the water
quality response of the receiving stream immediately downstream
of the urban area to all waste sources, including urban stormwater
runoff, combined sewer overflow, wastewater treatment plant
effluent, and upstream flow. Constituents simulated include
suspended solids concentrations, minimum dissolved oxygen concent-
rations, and total and dissolved lead concentrations.

MAIN PROGRAM

The main program referred to as module CSPSS in Appendix B is a
control module which reads the input data, calls the proper
subroutine at the proper time, and transfers information from one



module to the next. Only basic control data are used directly by
main. These data include the number of years in the simulation,
the time step of the simulation, the number of urban watersheds
in the simulation (1 or 2), a starting value for the random
number generator, and a listing of the option modules selected.

Allowable time steps are 4, 6, 8, 12, and 24 hours. A shorter
time step could be used with a program modification to increase
all array sizes. However, for the purpose of the Needs Survey, a
minimum time step of 4 hours was used.

Option selection is specified by a series of two-digit integer
numbers which correspond to the module indentifier numbers previously
discussed. Option identification numbers which are currently
available are defined in Table 1-1.

Currently most major functions have only one computational module
available to simulate the process. However, the main program
logic is structured such that up to 10 modules can be developed
for each function and added to the simulation system with a
minimum amount of effort required in recoding the program logic
control.

For example, the runoff module (20) is based on the Soil Conservation
Service rainfall/runoff equation. If a future user preferred to
compute runoff based on Horton's infiltration equation, then a
routine could be written to compute the runoff from the infiltration
equation based on the watershed infiltration constants and the
rainfall array. This module could then be assigned an identifier

in the range of 21 to 29. The main program would be modified to
accept this new identifier and to call the new runoff computation
module when the new identifier is specified.

The main program logic provides a framework for future expansion
of CSPSS which could enhance the usefulness and flexibility of
the system.

INPUT DATA FOR MAIN

The input data required specifically for the logic control functions
of the main program are:

1. Location, i.e., city name.

2 Number of years in simulation.

3. Time step of simulation in hours.
4 Number of watersheds.



Table 1-1

Module Code Definitions

Code
10
20

30
40
50
60
70
71
80
81
82

Stochastic rainfall simulator

Runoff by Soil Conservation Service rainfall/
runoff technique

Watershed pollution accumulation/washoff
Excess sewer infiltration

Storage/treatment

Dry-weather wastewater treatment plant flow
Daily streamflow

Stochastic monthly streamflow simulator
Suspended solids response

Suspended solids and dissolved oxygen response

Suspended solids, dissolved oxygen, and
dissolved lead response




5. Starting value for random number generator.
6. List of options selected.
The starting value for the random number generator should be a

7-digit odd integer. <Coding instructions for MAIN may be found
in Appendix A.



BB Chapter 2
BB RAINFALL SIMULATOR (MODULE 10)

PURPOSE

The purpose of the rainfall simulator is to develop an array of
rainfall depths for a period of 1 year which is representative of
point rainfall for the urban area under consideration. The

rainfall array is developed for the time step used in the simulation
(i.e., 4 hours or 24 hours) and preserves certain statistical
characteristics of observed rainfall events. It is assumed that

all precipitation occurs as rainfall. Snowmelt is not simulated.

Two seasons are defined for the purpose of rainfall simulation,
which means that rainfall depths are assumed to belong to one of
two different statistical populations, depending on time of
occurrence. These two populations may represent a wet season and
a dry season or a summer season and a winter season as defined by
the user. Certain rainfall statistics for each season must be
defined and input by the user.

DEFINITIONS AND ASSUMPTIONS

Rainfall simulation is based on the assumption that adjacent
rainfall events are independent and that the time between events,
the duration of events, and rainfall depths can be represented by
certain standard distribution models. Independence among rainfall
events is a function of the time between rainstorms. Therefore,
in order to assure independence, a minimum time between storms or
interevent time must be defined. The minimum interevent time
varies from 8 to 24 hours depending upon the time step chosen,

and 1s discussed further in the last section of this chapter
entitled "Input Requirements."

Figure 2-1 is a definition sketch which illustrates the terms
used in the simulation. The time between storms (TBS) is defined
as the time interval from the end of one rainfall event to the
beginning of the next rainfall event, and the duration of the
storm (DS) is defined as the time interval from the beginning of
rainfall to the end of rainfall within a given event. TBS values
and DS values will always be even multiples of the time step
(IDT) used in the simulation.

Rainfall depths (RD;...RD_) for each time unit within a single
rainfall event are develoPed based on the assumption that adjacent
rainfall depths within a single event are interrelated. However,
each rainfall event is considered to be independent of all other
rainfall events.
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MATHEMATICAL MODELS

Synthetic observations of the time between storms and duration of
storms (TBS and DS) are generated by Monte Carlo sampling of an
exponential distribution. The transformation function is given
as follows for TBS (1,2).

TBS = -1n(RN)TBSA (2-1)
where
TBS = a random observation of the time between storms
in hours.
RN = a uniformly distributed random number ornt the
interval 0 to 1.0.
TBSA = the average time between storms in hours for a

given season as determined from analysis of a
sample rainfall record.

The transformation function used for the duration of storms (DS)
is mathematically identical to Equation 2-~1. Thus, the distribution
for TBS and DS are fully defined by the mean.

Synthetic observations of rainfall depths for each time period
within a given event are generated by a two-step procedure.
First the rainfall depth for the first time period (RN;) is
generated by Monte Carlo sampling of a log normal distribution.
The transformation function is as follows (2).

RD; = Exp(Nv-od + RDM) (2-2)

where

RD; = a random observation of rainfall depth in inches
for the first time period of an event.

NV = normally distributed random variable with a mean
of zero and a standard deviation of 1, N(O0,1).

04 = log transformation of the standard deviation of
rainfall depths for a given season and time
interval (IDT).

RDM = log transformation of the mean of the rainfall
depths for a given season and time interval (IDT).



Values for o, and RDM are determined from analysis of a sample
rainfall recgrd. First the mean (p_) and standard deviation (ox)
are computed from the sample rainfa¥l record. These sample
statistics are then transformed to the log normal distribution
parameters o, and RDM by application of the proper transformation
relationship. These parameter transformation relationships are
discussed in a subsequent section of this chapter.

Once the rainfall depth for the first time interval of an event
(RD, ) has been established, then the rainfall depth for all
subsequent time intervals of the same rainfall event (RD,...RD )
are computed by application of a first-order Markov model. This
procedure 1s described by the following equations (2,3).

Yj-1 = In(RD;_4) (2-3)
y; = RDM + py(y; | - RDM) + NVo o (1 = p?) (2-4)
RD, = EXP(y;) (2-5)

Y;_q = the natural logarithm of the preceding rainfall
depth RDi-

1°

Y4 = the natural logrithm of the current rainfall
depth RDi'

Py = log transformation of the correlation coefficient

between adjacent rainfall depths (i.e., lag 1
correlation coefficient).

The terms RDM, NV, and 04 are as previously defined.

Equation 2-4 states that the rainfall depth for time period i,
where 1 is greater than 1, is a function of the previous rainfall
depth, the average rainfall depth, and a random process. The
random process is a function of the standard deviation of rainfall
depths and the correlation coefficient between adjacent rainfall
depths. The transformed correlation coefficient, p,, is a weighting
factor which determines the relative importance of ghe dependent,
or deterministic, component of the simulation and the independent,
or random, component of the simulation. If p., is near 1.0, then
all rainfall depths for a given event will be nearly equal to the
rainfall depth for the first time period. 1If p., is near 0.0,

then adjacent rainfall depths will approach indépendence and
Equations 2-4 and 2-~5 will approach the Monte Carlo sampling
technique given in Equation 2-2.



LOG TRANSFORMATIONS

As previously discussed, the distribution of rainfall depths is
assumed to be log-normal. The estimated parameters of a log
normal distribution (RDM, o,, and p,) cannot be computed directly
from a sample of rainfall dgpths, but are related to the raw data
sample statistics by a set of transformation functions.

For convenience, let us define the rainfall data set as a series
of observations x;, X, X3...X_  and their logarithms as y;, Yz,
Y3...Y Then the following pgrameters are defined for the
rainfa®l data and the log-normal distribution of rainfall depth.

Wy = Mean rainfall depth.
O, = standard deviation of rainfall depths.
Py = lag 1 correlation coefficient of rainfall depths.
M. = RDM = mean of log-normal distribution model of
Y  rainfall depths.
o, = = standard deviation of log-normal distribﬁtion

O, =
Y nldel of rainfall depths.

py = pg = lag 1 correlation coefficient of logarithms
of rainfall depth.

Given u_, o_, and , then , 0., and are determined as

followsx(2,§). Px “Y Y py
M., = in - g 2/2 (2_6)
y X y
o 0X2 1/,
Y = |1n R (2-7)

X

2y o
ln[px EXP(oy ) Pe t 1]
2
y Gy

(2-8)

SIMULATION PROCESS

The rainfall simulation process for one year can be described in
11 steps as follows.

1. Read input data and initialize.



2. Set time equal to zero.

3. Compute parameters of log-normal distribution of rainfall,
uslng Equations 2-6, 2-~7, and 2-8.

4. Generate time between storms.

5. Set rainfall depths between storms equal to zero.

6. Determine month and season.

7. Generate duration of storm.

8. Generate depth of rain for each time period of storm.

9. Repeat steps 4 through 8 until annual array is filled.

10. Output annual rainfall summary.

11. Return to main program.

INPUT REQUIREMENTS

Input data required for the rainfall simulation are listed below.
Coding instruction are given in Appendix A.

1. Months in season 1.

2. Months in season 2.

3. Mean time between storms in hours for seasons 1 and 2.

4. Mean duration of storms in hours for seasons 1 and 2.

5. and p_, for rainfall depths observed in the selected

Mo, O,
t¥me ¥nterval (IDT) for season 1 and for season 2. Rainfall
depths are measured in inches.

The season definition is left to the judgment of the user.
However, fairly obvious breakpoints can usually be determined
from a bar graph of monthly rainfall. Figure 2-2 is such a bar
graph for Des Moines, Iowa. In this case, season 1 is defined as
months 1, 2, 3, 11, and 12 (winter) and season 2 is defined as
months 4, 5, 6, 7, 8, 9, and 10 (summer). Occasionally there
will be some guestion concerning in which season a month near the
breakpoint should be placed. From a practical standpoint, it
probably does not matter a great deal which season includes the
transitional month.

The choice of time interval (IDT) is also a decision which is
influenced by judgment. In general, the choice of a time step
should be a function of the dissolved oxygen response of the
receiving water. If a given receiving stream responds quickly to
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wasteloads, then the computation time interval should be short.
However, 1if the receiving water response is sluggish, then a
longer time interval is acceptable. For the purpose of the Needs
Survey, a 4-hour computation time interval was used on all free
flowing freshwater stream systems, and a 24-hour computation time
interval was used on all tidal river/estuary receiving water
systems.

Once a time interval is established, then a minimum interevent
time must be chosen before a sample rainfall set is analyzed.

The "minimum interevent time" is defined as the minimum number of
dry hours which must be observed before rainfall events are
considered to be independent. That is, if a dry period less than
the minimum interevent time is observed, the rainfall amounts
(both preceding and following the dry period) are considered to
be part of the same event. 1If a dry period greater than the
minimum interevent time is observed, then the rainfall amounts
preceding and following the dry period are considered to be
independent rainfall events. The minimum interevent times

used in the Needs Survey are given as follows.

Minimum Interevent

IDT (hours) Time (hours)
4 8
6 8
8 8
12 12
24 24

Once the seasons, time step, and the minimum interevent time are
established, then data sets can be defined by examination of the
sample rainfall records. Statistical analysis of these data sets
will yield the required input data.



BB Chapter 3
BBl WATERSHED RUNOFF (MODULE 20)

The purpose of this portion of the simulation is to transform the
annual rainfall array into an annual runoff array. One or two
runoff arrays may be generated. In general, one runoff array

will represent the hydrologic response of the urban area served

by combined sewers, and the other runoff array will represent the
hydrologic response of the urban area served by separate sewers.
However, in the case of an urban area which does not have any
combined sewer service area, the user has the option of generating
two runoff arrays, each of which represents the hydrologic response
of a portion of the urban area, or the user may generate only one
runoff array which represents the entire urban area.

The method used is based on a rainfall runoff relationship developed
by the Soil Conservation Service (SCS). The SCS rainfall/runoff
relationship was chosen because it is a simple relationship which
accounts for the major factors influencing direct surface runoff
such as land use, soil type, antecedent rainfall, initial losses,
and variation of the rainfall/runoff ratio during a given event.
Other simpler relationships, such as the rational method, do not
account for all of the above factors, and more sophisticated
procedures require continuous soil moisture accounting which is

computationally complex and requires detailed knowledge of watershed
characteristics.

Once the runoff arrays are generated, then a simple hydrologic
routing (time-area) may be applied to each array to account for
watershed storage. This step will redistribute the flows with
respect to time. However, the total volumes will remain unchanged.

SCS RAINFALL-RUNOFF PROCEDURE

The SCS rainfall-runoff equation is given as follows (4).

(RAIN - 0.28)2

RUN = “RAIN + 0.85 (3-1)
where
RUN = cumulative runoff in inches.
RAIN = cumulative rainfall in inches.

145}
il

potential soil water storage in inches.



In the SCS method, the potential soil water storage, S, is related
to antecedent precipitation and watershed characteristics by the
watershed curve number or CN value. This empirical relationship
is given as follows (4).

S = (1,000/CN) - 10 (3-2)

Thus, if the CN value is zero, potential soil water storage is
infinite and runoff would always be zero. If the CN value is
equal to 100, potential soil water storage is zero and runoff
will always be 100%.

In the SCS method, the initial loss or minimum amount of rainfall
necessary to produce runoff is assumed to be 0.2S. Therefore,
Equation 3-1 applies only if the total event rainfall is greater
then 0.2s. If total event rainfall is less than this wvalue,
runoff does not occur.

Equation 3-~1 relates total runoff to total rainfall for a given
watershed and antecedent condition. 1In order to determine runoff
volumes for each time period in a runoff-producing rainfall
event, it is necessary to construct a cumulative rainfall curve
for the event, as illustrated on Figure 3-1. Equation 3-1 is
applied at the end of each time period, which results in the
development of a cumulative runoff curve also illustrated on
Figure 3-1. The difference between adjacent cumulative runoff
values defines the runoff occurring in each time period.

This computational process 1is illustrated in Table 3-1 which is
based on a total rainfall amount of 1.8 inches and a CN value of
90 as per Figure 3-1.

Table 3-1
Rainfall Runoff Computations
Cumulative Cumulative
Time Rainfall Rainfall Runoff Runoff
Period (inches) (inches) (inches) (inches)
1 0.3 0.30 0.01 0.01
2 0.5 0.80 0.20 0.19
3 0.5 1.30 0.53 0.33
4 0.3 1.50 0.76 0.23
5 0.2 1.80 0.93 0.17
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Runoff computations in module 20 are based on the above equations
and procedures.

CN values are user supplied and may be considered runoff calibration
parameters. The suggested procedure is to estimate the CN value

for normal antecedent moisture conditions (AMC II) and to assign

CN values for dry conditions (AMC I) and wet conditions (AMC III)
based on the CN value selected for AMC II. The relationship

between CN values for the three antecedent moisture conditions is
given in Table 3-2.

Given the average annual rainfall and an estimated or observed
annual runoff, the CN value for AMC II can be estimated from
Figure 3-2. The curves illustrated in Figure 3-2 were developed
by numerous applications of the runoff module while varying
rainfall and CN values. CN values should be adjusted until the
simulated annual runoff is representative of the prototype.

The selection of a CN value to be applied to a given rainfall
event (i.e., CN I, CN II, or CN III) is a function of the antecedent
5-day precipitation. The objective of the selection procedure is
to choose CN II approximately two-thirds of the time. CN I (dry)
and CN III (wet) should be selected about one~-sixth of the time
each. Criteria for this selection are internal to the simulation
process, which should work well where annual rainfall is in the
range of 25 to 40 inches. Outside of this range CN I or CN III
may be selected more often than is reasonable. If the user
believes this to be the case, the option may be bypassed by
assigning a constant value (CN II) to all CN values. In this
manner, CN II will be used in all runoff computations regardless
of antecedent conditions.

TIME-AREA ROUTING

In a case where the hydrologic response time (i.e., time of
concentration) is large compared to the simulation time step

(IDT), an approximate hydrologic routing by the time-area method
is included.

The parameter used to determine if routing is necessary is the
lag factor (LF) defined as follows.

LF = TC/IDT (3-3)
where

LF = lag factor.

TC = time of concentration in hours.

IDT = simulation time step in hours.



Table 3-2
CN Values (from Reference 4)

AMC I1I AMC 1 AMC III
(Normal) (Dry) (Wet)
100 100 100
99 97 100
98 94 99
97 91 99
96 89 99
95 87 98
94 85 98
93 83 98

92 81 97 -
91 80 97
90 78 96
89 76 96
88 75 95
87 73 95
86 72 94
85 70 94
84 68 93
83 67 93
82 66 92
8l 64 92
80 63 91
79 62 91
78 60 90
77 59 89
76 58 89
75 57 88
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FIGURE 3-2. Chart for selection of CN |1 values.




If LF is less then 1.5, all runoff occurring in a given.time
interval is assumed to appear as runoff at the watershed outlet
during that time period, and hydrologic routing is not performed.
However, if LF is greater than or equal to 1.5, then hydrologic
routing by the time-area method is performed.

The time-area method as defined here is actually an averaging
method whereby the discharge occurring at the outlet is a weighted
average of the runoff values generated by the preceding n time
units where n equals the lag factor rounded to the nearest whole
unit.

Consider, for example, a case were TC = 8 hours and IDT = 4 hours.
In this case LF = 2 and routing will occur. The runoff for any
time period, t in this case, is computed as follows.

RUN(t) + RUN(t-1)

RUN(t) = 3

(3-4)

Applying this routing procedure to the runoff values developed in
Table 3-1 yields the routed values given in Table 3-3.

Table 3-3
Example Time-Area Routing for LF = 2
Time Runoff Routed Runoff

Interval (inches) (inches)
1 0.01 0.005
2 0.19 0.100
3 0.33 0.260
4 0.23 0.280
5 0.17 0.200
6 0.00 0.085
7 0.00 0.000

The routing illustrated above increased the total period of
runoff from five time periods to six, and reduced the maximum
runoff rates from 0.33 inches per IDT to 0.28 inches per IDT.



COMPUTATIONAL PROCESS

The computational process for the runoff module for each watershed
can be described in 16 steps as follows.

1. Search rainfall array for rainfall depth greater than 0.0.

2. Set runoff array = 0.0 for rainless time periods.

3. Determine duration of rainfall event.

4. Determine total storm rainfall.

5. Determine 5-day antecedent rainfall.

6. Determine antecedent moisture condition and select CN value.
7. Determine if rainfall event produces runoff.

8. If rainfall event did not produce runoff, set runoff array =

0.0 for storm period and go to step 1.
9. Determine runoff volume for each time period in storm.

10. Repeat steps 1 through 9 until runoff for entire year has
been computed.

11. Compute lag factor and determine if routing is required.
12. If routing is not required, go to step 14.

13. Route annual runoff array by time-area method.

14. Convert all flows from inches per IDT to cfs.

15. Output annual runoff summary.

16. Return to main program.

INPUT DATA

Input data required for the runoff module are:
1. Months in dormant (winter) season.

2. Months in growing (summer) season.

3. wWatershed data as follows.

a. CN values (CN I, CN II, and CN III).



b. Drainage area in acres.

C. Time of concentration in hours.

d. Washoff coefficient in inches !.
Coding ‘instructions may be found in Appendix A.

Season definitions are required because the AMC selection criteria
are slightly different for winter and summer. This is an attempt

to account for slightly greater initial losses during periods of
active plant growth. This definition of seasons need not correspond
to the seasons defined for the purpose of rainfall simulation.

The drainage area should correspond to the total urban area
tributary to the subject receiving water served by the type of
drainage system (i.e., combined sewer or separate sewer) being
simulated.

If the total drainage area is adjusted by an areawide runoff
coefficient and if all CN values are read in at a value of 100,
then the runoff array generated would be identical to a runoff
array generated by application of the runoff coefficient directly
to the rainfall array (i.e., rational method). That is, runoff
would always be a constant portion of rainfall. This technique

may be appropriate when applied to highly impervious watersheds
where the areawide runoff coefficient is greater than approximately
80%. However, the user should be aware that some summaries
produced by the program are related to the drainage area read as
input and, therefore, must be adjusted by the ratio of the drainage
area read in to the actual drainage area to be correct. The
summaries 1n question are those that show runoff or overflows in
inches per year. All other data will be accurate as printed.

The washoff coefficient (item d above) is considered a watershed
parameter and 1s, therefore, part of the watershed input data.
However, it is not used in the runoff computations but is used in
pollutant washoff computations. Selection of an appropriate

washoff coefficient is discussed in Chapter 4, "Pollution Accumulation
and Washoff."



Bl Chapter 4
BB POLLUTION ACCUMULATION AND WASHOFF (MODULE 30)

The objective of the pollution accumulation and washoff module is
to simulate the process of pollutant accumulation or buildup on
the watershed during dry periods and subsequent pollutant washoff
during periods of runoff. Pollutants considered are those which
are evaluated in the receiving water impact analysis and include
suspended solids (SS), five-~day biochemical oxygen demand (BOD),
total kjeldahl nitrogen (TKN), and lead (Pb). The accumulation
and removal of each of the above pollutants are computed for each
time step in the year, and annual quality arrays for each are
developed.

ACCUMULATION

watershed pollutant accumulation at the end of any time period,
t, is related to the accumulation at the end of the previous time
period, t-1, by the following recursion formula (5).

L =L *(1 - R) + Y 4-1
(t) = Le-py*td - R) (4-1)
where
L(t) = pollutant accumulation at time t in lb/acre.
L(t—l) = pollutant accumulation at time t-1 in lb/acre.
R = pollutant removal or decay rate in fraction removed
per simulation time step.
Y = pollutant accumulation rate in lb/acre per simulation

time step.

If R is a nonzero value, then the pollution accumulation function
given above is nonlinear. If R equals zero, then the accumulation
function becomes linear and a constant unbounded accumulation

rate of Y lb/acre/At is assumed. Figure 4-1 illustrates the
pollution accumulation and washoff functions for the case where

R = 0 and for the case where R # 0. Selection of the R parameter
is discussed in detail in a subsequent section of this chapter.

WASHOFF

Watershed pollutant washoff at the end of any time period, t, is
related to the accumulation at the end of the previous time
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period, t-1, and to runoff during time period t, by the following
equation (5).

M - EXP({( -Kw*RUN (4-2)

(t) - Fe-n L ey

where
M(t) = pollutant washoff for time period t, in lb/acre.

K

W watershed washoff coefficient, in inches !.

Il

RUN(t) = runoff for time period t in inches.

The washoff component of the simulation is also illustrated on
Figure 4-1.

INPUT DATA

Input data required for the pollution accumulation washoff module
for each watershed are as follows.

1. Pollutant loading rates (Y) for BOD, SS, TKN, and Pb in
pounds per acre per day.

2. Pollutant decay rates (R) for BOD, SS, TKN, and Pb expressed
as fraction removed per day.

Coding instructions are given in Appendix A. The watershed

washoff coefficient is part of the input data required for Module
20 as discussed in Chapter 3.

SELECTION OF THE WATERSHED WASHOFF COEFFICIENT K,

I1f observed runoff hydrographs and pollutographs for the subject
watershed are available, then the watershed washoff coefficient,
which is a first-order exponential decay coefficient, can be
derived from the observed data. If such data are unavailable,
then the washoff coefficient must be estimated by the user.

In general, washoff coefficient values range from approximately
1.4 to 4.6. The higher values are associated with steep highly
impervious watersheds while the lower values are associated with
flat, pervious watersheds.

The chart presented on Figure 4-2 may be used to select an appropriate
watershed washoff coefficient for an urban watershed if observed
hydrographs and pollutographs are not available. The chart

applies to urban watersheds served by separate sewer systems.
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For combined sewer systems where the major portion of the pollutants
accumulate in the collection system, a minimum value of 4.6

should be used. A default value of 4.6 is built into the program
and will be used in the washoff computations if the user does not
supply a site specific value.

SELECTION OF POLLUTANT DECAY RATES

Selection of appropriate pollutant decay rates is largely a

matter of judgment. Some investigators believe that all pollution
accumulation is linear and, therefore, decay rates are zero;

while others believe that pollution accumulation is nonlinear and
approaches some maximum limiting value during long dry periods.

If the pollutant decay rate (Rd) is expressed as fraction removgd
per day, then the reciprocal of R4 (1.0/Rd) is equal to the ratio
of the maximum possible watershed load to the daily accumulation
rate (Y).

The decay rates used in the Needs Survey simulations are specified
as follows.

Pollutant Decay Rate (Rd)
BOD 0.0667
TKN 0.0667
Ss 0.0
Pb 0.0

The concept of a decay or removal rate R may also be used to
simulate the effects of best management practices (BMP). R may
be expressed in terms of a removal component (Rr) and a decay
component (Rd) as follows.

R = Rr + Rd (4-3)
where

R = total pollutant removal rate.

Rr = pollutant removal rate due to physical particle
removal, i.e., streetsweeping.

Rd = pollutant removal rate due to decay or other
natural processes.

Previous discussion has focused on the component Rd which is
equal to the total R if BMP's are not practiced. However, if a



management practice can be associated with an Rr value, then the
effect of this management practice on washoff quality can be
simulated by increasing the total R value used in the simulation.

For example, consider a homogeneous storm sewered urban watershed
served by curbs and gutters. It may be desirable to evaluate a
proposed streetsweeping program whereby one-quarter of the watershed
streets are swept every day by vacuum-type sweepers. Assuming

that the vacuum sweeper pickup efficiency is 80% and that one-half
of all watershed pollutants are located in the street gutter,

then Rr may be evaluated as Rr = 0.80 x 1/4 x 1/2 = 0.10. That

is, Rr is equal to the sweeper pickup efficiency times the fraction
of watershed swept each day times the pollutant availability
factor. 1In this case, 10% of all watershed pollutants would be
removed by sweeping each day. If the pollutant of interest were
BOD and the background decay rate Rd were equal to 0.067, then

the total pollutant removal rate R would be 0.167.

SELECTION OF POLLUTANT ACCUMULATION RATE

The pollution accumulation rate is a calibration parameter which,
when adjusted, will affect the total annual pollution yield
generated by a watershed. The objective, then, is to choose an
accumulation rate which will simulate prototype pollutant production
as closely as possible.

If total annual pollutant yield of the prototype is unknown, then

it must be estimated by emperical methods. A suggested method is
reported in Table 4-1 (6). The method presented in Table 4-1

will give estimates of total pollutant yield in terms of lb/acre/year
for BOD, SS, TKN, and Pb. If the watershed decay rate R is zero

(SS and Pb), then a first approximation of Y may be estimated by
Equation 4-4.

Y = M/360 (4~4)
where M is the annual yield as determined by application of the
procedures outlined in Table 4-1.

I1f the watershed decay rate is 0.067 (BOD and TKN), then Y may be
estimated by Equation 4-5.

Y = 2.25 M/360 (4-5)

where all terms are as previously defined. Y wvalues should be

adjusted until the desired annual pollutant yields are obtained.

The procedure outlined in Table 4-~1 was originally developed by
Heaney, Huber, and Nix (6) for BOD, SS, VS, PO,, and total N.



Table 4-1

Estimating Annual Pollutant Yield
(Adapted from Heaney, Huber, and Nix, 1976)

The following equations may be used to predict annual average
loading rates as a function of land use, precipitation, and
population density’

Separate Areas

Combined Areas

where

PD

o
£, (PD

Land Uses

M

P

d
B

q)

e e M e

B W

pounds of pollutant j generated per acre of land

Il

1b

a(i,j) + P - £,(PDy) acre-yr

1b

B(1,1) + P - £,(PDy) acre-yr

use 1 per year

annual precipitation, inches per year

developed population density, persons per acre

factors given in table below

population density function

Residential

Commercial

Industrial

Other developed, e.g., parks, cemeteries,
schools (assume PD, = 0)

d

Population Functions

Pollutants

{ W Ry WOy Y Y 0 8

o nn

N

W N

;3

£2(PDy) = 0.142 + 0.218 - PD0"54
£, (PDg) = 1.0

£2 (PDG) = 0.142

BOD;

Suspended solids (SS)
Total Kjeldahl nitorgen (TKN)
Lead (Pb)



Table 4-1--Continued

Factors o and B for Equations

Separate factors, o, and combined factors, B, have units
lb/acre~in. To convert to kg/ha-cm, multiply by 0.442.

Pollutant, j

Land Use, 1 1. BOD: 2. SS 3. TKN 4. Pb
1. Residential 0.799 16.3 0.089 0.0216
Separate 2. Commercial 3.20 22.2 0.200 0.0866
Areas, a 3. Industrial 1.21 29.1 0.188 0.0328
4. Other 0.113 2.70 0.041 0.0031
1. Residential 3.29 67.2 0.505 0.0216
Combined 2. Commercial 13.2 91.8 1.140 0.0866
Areas, B 3. Industrial 5.00 120.0 1.065 0.0328
4. Other 0.467 11.1 0.234 0.0031




The a and B values presented here for TKN and Pb were developed
from statistical analysis of available data summaries specifically
for the Needs Survey application.

COMPUTATIONAL SEQUENCE

The computational sequence for the watershed pollution accumulation
and washoff module is described in eight steps as follows.

1.

Read pollution accumulation rates removal rates and washoff
coefficient for each watershed.

Initialize watershed pollutant loads.

Calculate watershed pollutant load at end of time period
using Equation 4-1.

If runoff for time period is greater than zero, calculate
watershed pollutant washoff using Equation 4-2.

Subtract washoff (if any) obtained in step 4 from accumulation

obtained in step 3 to obtain actual watershed load at end of
time period.

Repeat steps 3 through 5 for entire year.

Convert washoff quality arrays from units of pounds per acre
per time period to mg/l.

Compute loading summaries and return to main program.



BBl Chapter 5
BBl SEWER SYSTEM INFILTRATION (MODULE 40)

The purpose of the infiltration component is to construct a daily
array of excess sewer infiltration values for wastewater collection
systems. This array is added to the runoff array before processing
by the storage/treatment model or receiving water model. Thus,

it is primarly intended for use in combined sewer systems.

The infiltration module is optional and should be used when there
is evidence that infiltration alone will cause treatment plant
bypass or overflow and when the annual quantity of such overflows
are known or can be estimated.

Sewer system infiltration rates are dependent on many factors

such as soil type, ground-water table elevations, type of collection
system, and age and condition of collection system as well as

local rainfall. There are no general mathematical models available
which account for all of the above parameters. Therefore, simulation
of sewer system infiltration is subject to much uncertainty, and

the results must be reviewed by the user for reasonableness.

INFILTRATION QUANTITY

Total infiltration quantity is computed from the daily rainfall
array by an emperical equation developed from analysis of observed
rainfall and infiltration data for the City of Baltimore, Maryland
(7).

INF(J) = + 11.3*DRAIN(J) + 11.6*DRAIN(J-1)
.5*DRAIN(J-2) + 6.4*DRAIN(J-3)
.8*DRAIN(J-4) + 3.6*DRAIN(J-5)
.O*DRAIN(J-6) + 1.5*DRAIN(J-7)
.4*DRAIN(J-8) + 1.8*DRAIN(J-9) (5-1)

+ 4+ ++ N
s O

where

INF(J)

sewer system infiltration rate for day J
in gallons per minute per inch of pipe
diameter per mile of sewer.

DRAIN(J) to DRAIN(J-9) = daily rainfall in inches from
the current day (J) to the 9th day previous
(J-9).

Total infiltration production rate given above (gpm/inch/mile) is
converted to total infiltration rate in cubic feet per second
(cfs) for the prototype by application of the following equation.



INF(J) = INF(J)*DIA*LENGTH*INFADJ*0.002228 (5-2)

where
DIA = average sewer diameter in inches.
LENGTH = total sewer system length in miles.
INFADJ = a calibration factor which can be used to adjust

the annual infiltration volume generated by the
model to prototype conditions.

Application of Equations 5-1 and 5-2 to a given daily rainfall
array and sewer system will produce a daily total infiltration
array. However, a substantial portion of this infiltration may
be intercepted and treated by existing dry-weather treatment
facilties, which generally have treatment capacities three to
four times greater than expected average sanitary wastewater flow
rates. Thus, only those flows greater than the excess treatment
plant capacity will result in untreated overflow. The excess
treatment plant capacity is given by Equation 5-3.

EXCAP = (DWFR - 1.0)DWF (5-3)

where

EXCAP excess treatment plant capacity in cfs.

DWFR = ratio of the treatment plant capacity to the
average sanitary wastewater flow rate (dry-weather
flow).

DWF = expected average dry-weather flow rate generated
by the combined sewer area in cfs.

The value EXCAP is subtracted from each value in the total
infiltration array to produce the excess or infiltration overflow
array. This concept is illustrated in Figure 5-1.

INFILTRATION QUALITY

Infiltration is assumed to be pure water which mixes with the
sanitary wastewater in the collection system. Based on this
assumption, infiltration quality arrays are developed for BOD,
SS, TKN, and Pb by a simple dilution calculation. Initial
concentrations in the sanitary wastewaters are assumed as follows.

5 -2
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Pollutant Strength

BOD 200 mg/1
Ss 200 mg/1
TKN 40 mg/1
Pb 0.04 mg/1

The dilution factor for each day with excess infiltration is
computed by Equation 5-4.

DILFAC = [EXINF(J) + DWF*DWFR]/DWF (5-4)
where
DILFAC = dilution factor.
EXINF(J) = excess infiltration for time period J in cfs.

All other terms are as previously defined. The excess infiltration
quality arrays are then computed as follows.

IOBOD(J) = 200/DILFAC (5-5)
I0Ss(J) = 200/DILFAC (5-6)
IOTKN(J) = 40/DILFAC (5=7)
IOPb(J) = 0.04/DILFAC (5-8)

Where IOBOD, I0SS, IOTKN, and IOPb sub J are the quality values
for each time period J with infiltration overflow.

COMPUTATIONAL SEQUENCE

The computational sequence for the combined sewer infiltration
module may be described in 7 steps as follows.

1. Read input data.

2. Develop daily rainfall array from IDT rainfall array.
3. Compute total infiltration array by application of equations
5-1 and 5-2.



4. Compute infiltration overflow array by application of
Equation 5-3.

5. Compute infiltration overflow quality arrays for BOD, SS,
TKN, and Pb.

6. Add excess infiltration quantity and quality arrays to
runoff quantity and quality arrays developed for the wastershed
by modules 20 and 30.

7. Return to main program.

INPUT DATA

Input data required for the combined sewer infiltration computation
are listed below. Coding instructions are given in Appendix A.

1. wWatershed number (1 or 2).

2. Computation code: 0 = infiltration is not computed,
1 = infiltration computed.

3. Average diameter of sewers in inches.

4. Total length of sewer system in miles.

5. Average domestic wastewater flow generated by sewered area
in cfs.

6. Ratio of sewer flow to dry-weather flow at which overflow
occurs.

7. Infiltration adjustment factor. This factor is equal to 1.0

if adjustment to computed infiltration array is unnecessary.

Pisano and Queiroz (8) have developed the following equations
which relate total length of sewer systems to area served.

L = 168.95A°928 (5-9)
L = 239.4]1A°928 (5-10)
where
L. = total sewer length in feet.
A = total area served in acres.

Equation 5-9 applies to low population density systems (10-20
persons/acre), whereas Equation 5-10 applies to high population
density systems (30-60 persons/acre). The correlation coefficient



of the above equation is 0.906. Similar relationships for average
sewer diameter are not available.

Limited experience to date indicates that the infiltration overflow
array generated by application of the procedure described herein

is relatively large and that an infiltration adjustment factor
(INFADJ) on the interval 0.2 to 0.8 is generally required to
produce reasonable values of total annual overflow volume and

total annual duration of overflow.



Bl Chapter 6
BBl STORAGE/TREATMENT (MODULE 50)

The purpose of the storage/treatment module is to modify the
runoff quantity and quality arrays in such a manner as to simulate
the operation of stormwater runoff storage and treatment facilities.

Computation of storage, treatment, and overflow is accomplished
on a simulation time step basis throughout the year. For every
time period in which runoff occurs, the treatment facilities are
utilized to treat as much runoff as possible. When the runoff
rate exceeds the treatment rate, storage is utilized to contain
‘the runoff. When runoff is less than the treatment rate, the
excess treatment rate is utilized to diminish the storage level.
If the storage capacity is exceeded, all excess runoff is considered
overflow and does not pass through the storage facility. This
overflow is lost from the system and cannot be treated later.
The treated runoff array is then added to the overflow array and
the combined quality is computed to produce the new modified
runoff arrays. This concept is illustrated in Figure 6-1.

The quality of the runoff waters in storage is considered to be

the quality of the composite mixture during any time step. Thus,
storage will have an attenuation effect on both the quantity and
quality of runoff. However, actual removal of pollutants from

the runoff waters in storage is not simulated. Thus, the treatment
which occurs in storage is assumed to be negligible.

The physical, chemical, and biological aspects of wastewater
treatment are not simulated directly in this module. Instead,
effluent quality for each constituent is computed by application
of a user-supplied treatment efficiency to the stored runoff
waters.

COMPUTATIONAL PROCESS

The storage/treatment simulation computations can be described in
7 steps as follows.

1. Read storage/treatment input data.

2. Generate storage inflow, storage outflow, and overflow
arrays (see Figure 6-1).

3. Generate storage volume and storage quality arrays.

4. Generate treated outflow quality arrays.



ORIGINAL RUNOFF ARRAY
{(RUN (J))

INFLOW (J)
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STORAGE
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OUTFLOW {J)

NEW RUNOFF ARRAY (RUN (J})

FIGURE 6-1. Definition sketch storage/treatment system.




5. Sum overflow and treated outflow arrays (quantity and quality)
to form new runoff arrays.

6. Summarizes annual discharges, overflow events, overflow
volumes, and output results.

7. Return to main program.

INPUT DATA

The required input data for each watershed are listed as follows.
Coding instructions may be found in Appendix A.

1. Design treatment rate for stormwater treatment facility in
cfs.

2. Maximum storage volume of storage facility in ft3.

3. Initigl volume in storage at the beginning of the simulation
in ft3.

4, Quality (BOD, SS, TKN, and Pb) of initial stormwater in
storage in mg/l.

5. Treatment plant pollutant removal efficiencies at the design
treatment rate for each constituent (BOD, SS, TKN, and Pb)
expressed as fraction of each pollutant removed by the
treatment process.

Items 3 and 4 above apply at the beginning of time step 1, year
1. For subsequent years, the residual values in storage at the
end of the previous year's simulation, if any, will be used as

initial values for the following year. For the purpose of the

Needs Survey, Items 3 and 4 were read in as zero values.



B8 Chapter 7
BB DRY-WEATHER WASTEWATER TREATMENT PLANT FLOW (MODULE 60)

The purpose of the dry-weather flow module is to create an array
of flow values which represents base wastewater flow generated by
the entire urban area. Both domestic and industrial waste sources
should be consideréd. Average values of wastewater effluent
quality for SS, BOD, TKN, and Pb are applied to the time variant
flow array in order to generate representative dry-weather point
source wasteloads to the receiving water.

FL.OW RATIOS

Dry-weather point source flow magnitude is varied by hour of the
day and by day of the week by application of the appropriate flow
ratios. These flow ratios are multiplied by the mean dry-weather
wastewater effluent flow rate to obtain a representative time
variant flow rate. The ratios used are the standard national
average default values used in the "STORM" model (9), as presented
in Tables 7-1 and 7-2.

INPUT DATA

Input data required for the dry-weather flow module are described
as follows. Coding instructions may be found in Appendix A.

1. Mean dry-weather wastewater flow rate in c¢fs. This value
should include all municipal and industrial WWTP's serving
the urban area which discharge to the receiving water.

2. Flow-weighted average effluent quality of point sources
igg}uded in Item 1, in mg/l. The parameters of interest
a BOD
b. SS
c. TKN
d. Pb

e. DO deficit



Table 7-1
Hourly Flow Ratios (After Reference 9)

Hour of Hour of

Day Ratio Day Ratio
1 0.6 13 1.3
2 0.5 14 1.3
3 0.5 15 1.3
4 0.5 16 1.2
5 0.5 17 1.2
6 0.8 18 1.1
7 0.8 19 1.1
8 1.4 20 1.0
9 1.5 21 1.0
10 1.5 22 0.8
11 1.4 23 0.7
12 1.4 24 0.6

Table 7-~2

Daily Flow Ratio (After
Reference 9)

Day of

week Ratio
Monday 1.08
Tuesday 1.04
Wednesday 0.92
Thursday 1.03
Friday 1.00
Saturday 0.96
Sunday 0.95




BB cChapter 8
UPSTREAM FLOW (MODULES 70 AND 71)

The purpose of the streamflow modules is to provide an array of
flow values which is representative of the upstream flow entering
the urban area. Only quantitative aspects of the upstream flow
are considered in this portion of the simulation system. Upstream
flow quality is considered in the receiving water response module
which is discussed in Chapter 9.

There are two options available for upstream flow. The first
(module 70) reads in and stores an array of observed daily flow
values for a period of up to 5 years. The second (module 71) is
a stochastic streamflow simulator which will generate synthetic
values of monthly flows. Module 71 is similar in structure to
the rainfall generator presented in Chapter 2.

For the purpose of the Needs Survey, module 70 was used for all
site studies since the time distribution of streamflow is better
defined on a daily basis than on a monthly basis.

The term upstream flow as used here refers to all waters entering
the upstream boundary of the urban area which are available to
blend with the local urban runoff, combined sewer overflow, and
wastewater treatment plant effluents. These flows may be generated
by one or more major streams as illustrated on Figure 8-1.

Refering to Figure 8-1, flows Q, and Q_, are the flows of interest,
and their summation defines the upstregm flow array which is to

be read into or simulated by the model.

Several additional important concepts are illustrated in Figure 8-1.
First, the receiving stream within the limits of the urban area

is considered a mixing zone. This zone accepts the upstream

flows and mixes these flows with the local urban-area-induced

flows, including urban runoff, combined sewer overflow, and
wastewater treatment plant effluent. These local flows are added
to the upstream flow in order to produce the total outflow from

the urban area, represented as Q. on Figure 8-1. The total outflow
(quantity and quality) from the Srban area becomes the inflow to

the receiving water response portion of the simulation.

DAILY STREAMFLOW (MODULE 70)

It 1s suggested that a minimum of 10 years of daily streamflow
record be obtained for each site. This record should then be
examined to determine which 5-year sequence in the 10-year record
provides the best representation of the long-term streamflow.



RIVERB RIVER A

FIGURE 8-1. Definition sketch showing upstream flow, mixing zone, and receiving zone.



There are six possible 5-year sequences available in the 10 years
of record, i.e., years 1 through 5, years 2 through 6, years 3
through 7, etc. The mean annual flow for each of these 5-year
sequences should be compared to the long-term mean annual flow,
and that sequence yhich yields a mean most nearly equal to the
long-term mean should be selected.

The simulation assumes that a year is composed of 12 months, each
30 days long. This assumption was made to simplify internal flow
control and time-step accounting procedures. However, the observed
streamflow record must be modified in order to adjust for the

above assumption. It is suggested that for a normal (365-day)

year every 73rd value should be deleted from the data set and

that for a leap year (366 days) every 60th value should be deleted.
This procedure will yield a 360-day year, or 1,800 streamflow
observations for the 5-year sequence.

INPUT DATA (MODULE 70)

The input data required for module 70 are discussed above. Data
may be entered for 1, 2, 3, 4, or 5 years, but not for portions

of a year. Thus, allowable data sets will contain 360, 720,

1,080, 1,440, or 1,800 daily streamflow values. Coding instructions
are given in Appendix A.

STOCHASTIC MONTHLY STREAMFLOW SIMULATOR (MODULE 71)

Synthetic observations of monthly streamflow may be generated by
application of a first-order Markov model similar to the Markov
model described in Chapter 2, "Rainfall Simulator." Mathematically,
these models are nearly identical. However, the parameters are
defined differently.

Monthly streamflows are assumed to be defined by a log normal
distribution, and the first monthly value for the first year

(Q,1,1,) is generated by Monte Carlo sampling of a log normal
diétri ution (2).

Q(lrl) = EXP(NV'O]_ + QM]) (8’1)

where

Q(1r1) = a random observation of monthly streamflow
for the first month of the first year.

g

a normally distributed random variable with
a mean of zero and a standard deviation of
1,N(0,1).



0; = log transformation of the standard deviation
of monthly flows for month 1 (January).
QM; = log transformation of the mean of monthly flows

for month 1 (January).

Once the monthly streamflow for the first month of the simulation
has been established, then monthly flows for all subsequent
months are computed by application of the first-order Markov
model. This procedure is described by the following equations
(2,3).

Y(i,3-1) T 1MQ4,5-1)) (8-2)
O
Y(i,5) = M5 ¢ 05 50T (Ya,5m1) T Mynp)
+ NV oy J(1 - p%) (8-3)
Qi,q) = BP(Y (4 5)) (8-4)

where
Y(i j-1) = log of monthly flow for year i and month j~1.

Y(i i) = log of monthly flow for year i and month j.

QM. = log transformation of the mean of flows for
3 month j.
p. = log transformation of correlation coefficient
] between flow in month j and month j-1.
Gj = log transformation of standard deviation of

flows for month j.

Q
]

._1 = log transformation of standard deviation of
J flows for month j-1.

QM-_l log transformation of mean of flows for

J month j-1.
In order to apply the above model, a sample of monthly flow data
must be obtained and the mean and standard deviation of flows for
each month must be computed. In addition, the correlation
coefficient between adjacent monthly flows (lag 1 correlation



coefficient) must be determined. Parameters for the model are
then obtained by application of the transformation functions
presented in Chapter 2. Thus, at total of 36 different parameters
is required to define the monthly streamflow simulator.

INPUT DATA (MODULE 71)

The input data required for the stochastic monthly streamflow

generator are the statistics of the raw data set as described _
above. The log transformations are performed internally. Specifically
the data required for each month (1...12) are:

1. Mean of monthly flows.

2. Standard deviation of monthly flows.

3. Correlation coefficient between flow in current month and
flow in previous month.

Coding instructions are found in Appendix A.



BB Chapter 9
BBl RECEIVING WATER RESPONSE (MODULES 80, 81, AND 82)

PURPOSE AND OVERVIEW

The purpose of the receiving water response portion of the simulation
is to compute the water quality of the receiving water on a
continuous basis due to the combined effects of all waste sources.
Water quality parameters considered are: (1) suspended solids
concentrations, (2) minimum dissolved oxygen concentrations, (3)
equilibrium dissolved lead concentrations, and (4) total lead
concentrations. In addition, total annual discharge of all
pollutants to the receiving water is determined.

The receiving water response module will generate the data required
to construct a cumulative frequency distribution for each water
quality parameter considered. Cumulative fregquency curves may be
developed for existing prototype conditions or for proposed
conditions. The difference between existing condition and proposed
condition curves can then be compared to quantify the receiving
water quality impact of the proposed improvements.

An example of these curves for minimum dissolved oxygen is shown

in Figure 9-1. In this case, simulation of the existing conditions
shows that the DO standard of 5.0 mg/1 will not be met 30% of the
time. Simulation of a proposed condition (say an extensive
storage/treatment system for CSO) shows that the DO standard of

5.0 mg/1 will be exceeded only 2% of the time. Thus, this decrease
in frequency of exceedance of the water quality standard is one
measure of the water quality enhancement which would be obtained

if the proposed improvements were constructed. Another measure

of the water quality impact of the proposed improvements is given
by the area between the existing conditions curve and the proposed
conditions curve as shown on Figure 9-1. This area has the units
of DO in mg/1 and represents the average increase in minimum DO
levels of the receiving water under proposed conditions. Similar
curves may be constructed from the simulation results for suspended
solids, total lead, and dissolved lead.

UPSTREAM FLOW QUALITY

The background upstream flow quality is specified by the user by
reading in an upstream flow water quality matrix. An example of
such a matrix is presented in Table 9-1. The parameters must be
gquantified by month and must include temperature, background DO
deficit, chloride content, 5-day BOD, suspended solids, TKN, and
total lead. The chloride content is important only when dealing
with a river/estuary system. Where the receiving water is a
freshwater stream, zero values should be entered.
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Ideally the values entered in the upstream flow water quality
matrix should be monthly means determined by analysis of observed
records of water quality measured upstream of the urban area. If
records near the upstream boundary of the urban area are not
available, then records from a nearby station which is not affected
by urbanization can be used. If no water quality records are
available, then reasonable values of background quality may be
obtained from the literature. A good source for such information
is reference 10, "Loading Functions for Assessment of Water
Pollution From Nonpoint Sources."

SUSPENDED SOLIDS RESPONSE (MODULE 80)

Suspended solids is assumed to be a conservative substance during
the time period required for inflows to mix. Thus, suspended
solids concentration occurring in the receiving water during each
time step is computed as the flow weighted average of all suspended
solids entering the mixing zone (see Figure 7-1) during that time
step. This computation is performed as follows.

zf Qi X SSi

_1=1
Q.
=1 °
where
SS = SS concentration for time period in mg/l.
Qi = flow rate generated by source i (urban storm

water CSO, WWTP or upstream flow) for time
period in cfs.

§S, = suspended solids concentration generated by
source i1 for time period in mg/l.

DISSOLVED OXYGEN RESPONSE (MODULE 81)

The dissolved oxygen response model is a one-dimensional completely
mixed plug flow freshwater river or river/estuary representation.
Application of this model is limited to free-flowing freshwater
streams and tidal river esturaries where the flow primarily

occurs along one dimension. In general, if the length of the
receiving water system is large compared to the width, then the
model can be applied. The model cannot be applied to impounded
rivers or to multidimensional estuary systems.

Parameters of the system are considered constant throughout the
length of stream under consideration. Thus, the model is a lumped
parameter representation rather than a distributed parameter
representation.
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Before the actual DO budget computations can be performed for
each time step in the simulation, several system parameters must
be defined. These parameters inclyde: the mean depth of flow,
the velocity of flow, the saturation value for dissolved oxygen,
and the reaction coefficients such as the waste decay rate K1,
the reaeration rate K2, and the sediment uptake rate SB.

Receiving Water Hydraulics

The relationship between depth of flow and flow rate is represented
by the following equation (11).

H = B,0P2 + B, (9-2)
where
H = mean depth of flow in feet.
Q = total flow in the receiving water in cfs.

B1, B2, and B3 = constants.

In a free flowing freshwater stream, B3 will represent some
minimum value of depth, while B, and B, define the stage discharge
relationship for the reach. If open channel flow applies, then
the following relationships may be used to estimate B, and B, (11).

n 0-6
Br1 = T/ (9-3)
1.49 B S 2
o
By = 0.6 (9-4)
where
n = Manning roughness coefficient for the channel.
B = the average width of the stream in the receiving reach
in feet.

So = the average channel bottom slope of the stream in

the receiving reach in feet per foot.

In general, B and S_ can be measured from USGS topographic maps,
and n can be estimafed from values reported in the literature.
For example, see Chow, 1959 (12), pages 101 to 123.



In a deep tidal estuary where stage is relatively uneffected by
changes in the freshwater flow Q, the constant B; may be set
equal to the mean depth at mean water level, and B, and B, may be
set equal to zero.

The relationship between velocity of flow and flow rate is represented
in the model by the following equation (13).

Vo= a,0%2 (9-5)
where
V = average velocity of flow in feet per second.
a; and a, = constants.

The a; and a, values used in equation 9-5 should be based on the
depth/flow relationship defined in Equation 9-2. That is, for
every value of Q, there is a corresponding value of depth defined
by Equation 9-2, and for every value of depth, there is a value
of cross sectional area of flow computed as B x H. The average
velocity of flow is then computed by dividing the flow rate Q by
the cross sectional area A. Values of Q versus V may then be
plotted on log-log paper to determine the proper coefficient a;
and o,. This procedure i: illustrated in Table 9-2.

Saturation DO

Dissolved oxygen saturation is a function of temperature and
chloride content and is defined in the receiving water module by
the following equations.

DOSAT = 14.652 - 0.410222*T + 0.00799*T?2
- 0.00007777*T3 (9-6)
DOSAT = DOSAT*(1.0 - CC/100,000) (9-7)
where
DOSAT = saturation value of dissolved oxygen in mg/1l.
T = receiving water temperature in degrees centigrade.
CC = chloride concentration in mg/1l.



Table 9-2
Example Computation of Hydraulic Constants
(a's and B's) for a Free Flowing Stream

Known from maps: B 300 feet assume: n = 0.03

nn

SO 0.0005 feet per foot
n 0-6 0.03
B1 = T = T = 0.0306
1.49 B so 2 1.49(300)(0.0005) 72
B, = 0.6 Bs = 0.0
H=0.0306 9%°°% + 0.0
Q H Area, A v
cfs (ft) (ft2) (ft/sec)
100 0.48 144 0.69
500 1.27 381 1.31
1,000 1.93 579 1.73
2,000 2.93 879 2.28
5,000 5.07 1,521 3.29
10,000 7.69 2,307 4.33

from log-log plot of Q vs. V

o, = 0.104

oy = 0.407

V = 0.104 Q0407




Equation 9-6 relates saturation dissolved oxygen to temperature

for freshwater systems (l14). Equation 9-7 presents an approximate
relationship which defines an adjustment to the computed saturation
value in systems which contains significant chlorides. Equation
9-7 was developed from analysis of dissolved oxygen solubility

data reported in Reference 15.

Carbonaceous Waste Decay Rate Kl

The CBOD or carbonaceous waste decay rate is assumed to be a
constant value for each type of waste source. The overall waste
decay rate is computed as the weighted average of the decay rates
for each source. Kl values for carbonaceous oxygen demand at 20°
C are assumed as follows.

Source K1, day !(base e)
Upstream flow 0.16
Stormwater 0.16
Wastewater effluent 0.23
Combined sewer overflow 0.40

The above values of carbonaceous waste decay rate are default
values which are built into the program. If the user does not
supply specific values for K1, then these values are assigned.
The program assumes that runoff from watershed 1 is combined
sewer overflow (K1 = 0.40) and that runoff from watershed 2 is
separate stormwater runoff (K1 = 0.16). The user may override
these assumptions by specifying a K1l value for each watershed,
for the upstream flow, and for the dry-weather flow.

The ability to specify K1l values is most useful in the case where
the receiving water is a shallow stream. It has been shown that
for shallow flow (less than 8 feet deep), the instream carbonaceous
waste decay rate is greater than the typical laboratory values
which are used here as default values. The following equation

can be used to estimate the effect of stream depth on Kl (16).

K1H = K1*(8/H) 43¢ (9-8)

where

K1lH carbonaceous waste decay rate for a stream with

a mean depth H less than 8 feet.

K1l = typical or laboratory value of carbonaceous waste
decay rate.

n
1]

mean depth of receiving stream in feet.



The relationship defined by Equation 9-8 is only an approximation,
and considerable scatter in the data have been observed. K1
values as large as 4.0 for domestic wastes have been reported for
very shallow (less than 3-foot mean depth) receiving streams.
Therefore, in this case of a shallow stream, the Kl value may be
used as a calibration parameter.

The K1 value for the total mixed flow is then computed by the
following equation.

4

Eg; Q; *BOD, *K1;

Kl = 1
Z: Q. *BOD.
i=l 1 1

(9-9)

where
Q.l = flow rate from source i (e.g., CSO), in cfs.
BODi = carbonaceous oxygen demand from source i in mg/l.
Kl. = waste decay rate for source i as defined above

in day ?!.

K1l is then adjusted for receiving water temperature by application
of Equation 9-10 (14).

K1 = K1(1.047)(T~20) (9-10)

where all terms are as previously defined.

Nitrogenous Waste Decay Rate K3

The nitrogenous waste decay rate at 20° C is assumed to be equal
to 0.10 day ! base e for all sources (11). This value is adjusted
for receiving water temperature as follows (11).

(T-20)

K3 = 0.10(1.017) (9-11)

where

K3 = nitrogenous waste decay rate in day !.



Atmospheric Reaeration Rate K2

Atmospheric reaeration of streams and estuaries has been the
subject of numerous investigations. Most of these studies have
resulted in the development of empirical relationships which
relate the reaeration rate to the hydraulic parameters of depth
of flow and velocity of flow. However, choosing the proper
emprical relationship for a given case has been largely a matter
of engineering judgment.

In 1976, Covar (17) reviewed many of the commonly used K2 equations
and the data from which these equations were derived. From this
review, specific criteria were developed by which the most appropriate
equation could be selected for a given set of hydraulic conditions.
The Covar criteria have been incorporated into the receiving

water response module of CSPSS.

By these criteria, one of three equations is chosen based on flow
hydraulics. These equations are: (1) the O'Connor-Dobbins
equation, (2) the Churchill equation, and (3) the Owens equation.
Each of these equations is defined below.

1. The O'Connor-Dobbins equation

K2 = l—z—ﬁ—?—‘s’g (9-12)
2. The Churchill equation

kz = 1.6, 2% (9-13)
3. The Owens equation

K2 = 21}-12.‘87‘;’67 (9-14)
where

K2 = atmospheric reaeration coefficient in day ! base e.

<
il

velocity of flow in feet per second.

H = depth of flow in feet.
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The selection criteria are outlined as follows.

1. If depth is greater than 2.0 feet and velocity is less than
or equal to 2.5 feet per second, the O'Connor-Dobbins eguation
is used.

2. If depth is greater than 2.0 feet and velocity is greater
then 2.5 feet per second, the Churchill equation is used.

3. If depth is less than or equal to 2.0 feet, the Owens equation
is used.

In most cases, the above procedure results in the computation of
reasonable values of the reaeration coefficient for flowing

streams and river/estuary systems, for each time step in the
simulation. However, the user has the option of specifying a K2
value to be used in all dissolved oxygen response computations.

If this option is utilized, then the Covar K2 selection criteria

is bypassed, and the K2 value read in by the user is applied at
each time step. This option is most useful in the case of a
shallow stream where the stage-discharge and the discharge-velocity
relationships are uncertain and where this uncertainly is reflected
in the computation of unrealisticly large values of the reaeration
rate.

The user also has the option to adjust the computed or specified

K2 values, if so desired, by application of a K2 adjustment
factor.

K2 = K2*K2ADJ (9-15)

where

K2ADJ = a user-supplied adjustment factor.

This adjustment factor may be used to calibrate the DO budget
model to prototype conditions if sufficient data exist to define
the cumulative DO frequency curve in the receiving water under
existing conditions. A default value of 1.0 is built into the
model.

The K2 value is adjusted for receiving water temperature by the
following equation (14).

)(T—ZO)

K2 = K2(1.024 (9-16)

where all terms are as previously defined.
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All empirical equations discussed above (Equations 9-11, 9-12,

and 9-13) will yield values of the reaeration coefficient which
approach zero as the velocity of flow approaches zero. However,
reaeration occurs even in still waters due to wind and wave

action. Thus, Equations 9-11, 9-12, and 9-13 will yield unreal-
istically low values of K2 in cases where the velocity of flow is
near zero. Therefore, a minimum value of the reaeration coefficient
is computed and compared to the value obtained by application of

the emperical equations. The minimum value is defined as follows.

K2MIN = 2.0/H (9-17)

where

K2MIN minimum reaeration rate due to wind and wave

action.

H = mean depth in feet.

If K2 is less than K2MIN, then K2 is replaced by K2MIN.

Sediment Uptake Rate SB

Sediment uptake rate or benthic demand at 20° C is computed as
follows (14).

SB = SBA*3.281/H (9-18)
where
SB = benthic demand in mg/l/day at 20° C.
SBA = areal benthic demand in gm 0,/m2/day.

1}

H depth of flow in feet.

SBA values are user-supplied and should be obtained from preyious
studies of the receiving water sediments, if available. Typical
values as reported by Thomann (l4) are given in Table 9-3.

Sediment uptake rates are then adjusted for receiving water
temperature by application of Equation 9-18.

)(T-ZO)

SB = SB(1.065 (9-19)

where all terms are as previously defined.
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Table 9-3
Average Values of Oxygen Uptake of
River Bottoms (after Thomann 1972)

Uptake (g O,/m?/day)

at 20° C
Approximate
Bottom Type and Location Range Average

Municipal sewage sludge--

outfall vicinity 2-10.0 4
Municipal sewage sludge--

"aged" downstream of outfall 1-2 1.5
Cellulosic fiber sludgea 4-10 7
Estuarine mud 1-2 1.5
Sandy bottom 0.2-1.0 0.5

Mineral soils 0.05-0.1 0.07

dcalculated from reported values of 2-5 and 3.5 at 11° C.
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Dissolved Oxygen in a Stream

The dissolved oxygen deficit of a freshwater stream is represented
by a plug flow model. That is, the model simulates the dissolved
oxygen budget within each discrete unit of water generated by the
urban system in each time step of the simulation. Mixing of
waters in adjacent plugs is assumed negligible. As the discrete
plug moves downstream, the oxygen resources are being depleted by
waste decay, and oxygen resources are being added by reaeration.
These reactions are time-dependent and thus, the equations which
define the reactions are expressed as a function of time.

Ooxygen demands considered are ultimate carbonaceous BOD (CBOD),
nitrogenous BOD (NBOD), sediment demand (SB), and background

dissolved oxygen deficit. The only oxygen source considered 1is
atmospheric reaeration.

Ultimate carbanaceous BOD is computed as follows (13).

BOD
CBOD = = (9-20)
(1.0 - e-3-0%KI,

where

CBOD

ultimate carbonaceous BOD in mg/l.

BOD 5-day BOD from all sources in mg/l.

K1 = Composite carbonaceous waste decay rate as
previously defined.

Ultimate nitrogenous oxygen demand (NBOD) is computed by application
of Equation 9-20 (11).

NBOD = 4.57*TKN (9-21)

where

NBOD ultimate nitrogenous oxygen demand in mg/1l.

TKN

"

total Kjeldahl nitrogen from all sources in mg/l.

The dissolved oxygen deficit at any time, t, is computed for each
type of oxygen demand as follows.
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1. For carbonaceous demand

D, = %31_:_13_% (e"KI*t _ -K2*t, (9-22)
2. For nitrogenous demand
D, = R NBOD (oTRITL _ omKZTL, (9-23)

3. For benthic demand

Dy = 52 (1.0 - e <" (9-24)
4. For initial deficit

Dy = Do e K2*t (9-25)
5. For total deficit

DODEF = D; + D, + Dy + Dy (9-26)
where

t = travel time in the receiving reach in days.
Do = dissolved oxygen deficit in the receiving water

upstream from the urban area in mg/l.
DODEF = dissolved oxygen deficit at time t, in mg/l.

All other terms are as previously defined.

The procedure used in the DO budget module for streams is to
divide the receiving reach into 50 equal increments (equal travel
times) and to solve the above equations for each increment. This
computation yields a DO deficit array for the plug flow. This
array is then searched, and the maximum value is saved. The
minimum value of dissolved oxygen is then computed as follows.

DOMIN = DOSAT - DC (9-27)
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where

DOMIN

in mg/1.

DOSAT

]

minimum value of dissolved oxygen for time step

saturation value of dissolved oxygen for a given

temperature and chloride concentration in mg/1l.

DC
mg/1l.

Dissolved Oxygen in an Estuary

critical or maximum dissolved oxygen deficit in

The DO budget computations for a river/estuary are similar to the

computations for a freshwater stream.

However, the equations

which define the reactions have been modified to account for

tidal dispersion.

equations are:

9 - 16

These modifications were first proposed by
O'Connor (18) and have been reported by Nemerow (19).

The modified

1. For carbonaceous demand
_ K1*CBOD J1*X - J2*X -
D, = X2 = K1 (e e ) (9-28)
2. For nitrogenous demand
_ K3*NBOD J3*X _ _J2*X _
D: = 55— %3 (e e ) (9-29)
3. For benthic demand
- SB _ oJ2*X _
Dy = g5 (1.0 - e ) (9-30)
4. For initial deficit
*
D, = Do e 2" X (9-31)



where

_ VF _ 4*K1*E -
Jl = 55| 1.0 {1.0 t rT | (9-32)
_ VF ' 4*K2*E _
J2 = 5| 1.0 -Jl.o * ET | (9-33)
_ VF _ 4*K3*E _
I3 = 555 | 1.0 ‘/1.0 * 5T } (9-34)

VF = velocity of freshwater flow in miles per day.

E = tidal dispersion coefficient in square miles
per day.

X = distance downstream from urban area in miles.
All other terms are as previously defined.

Equations 9-28 through 9-31 are applied in a manner similar to
Equations 9-22 through 9-25 in order to generate the desired DO
deficit array. All other computations are as described in the
section on dissolved oxygen in a stream.

The tidal dispersion coefficient for the receiving water under
consideration should be obtained from previous studies, if available.

Typical values of the tidal dispersion coefficient as reported by
Thomann are given in Table 9-4.

Computational Segquence

The DO budget computations for each time step in the simulation
can be described in six steps as follows.

1. Compute the total flow from all sources entering the receiving
water in cfs.

2. Compute the following parameters.
a. Velocity of flow, V, in feet per second.
b. Depth of flow, H, in feet.
C. Total 5-day BOD in mg/l.
d. Total nitrogenous oxygen demand, NBOD, in mg/1l.

e. Initial DO deficit in mg/l.
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. Saturation DO concentration, DOSAT, in mg/l.

Carbonaceous waste decay rate, K1, in day_l.

o

Ultimate carbonaceous oxygen demand, CBOD, in mg/l.
i. Atmospheric reareration rate, K2, in day !.
J. Nitrogenous waste decay rate, K3, in day !.

k. Benthic demand, SB, in mg/l/day.

3. If the receiving water is an estuary (E # 0), then compute
the following addition parameters.
a. Velocity of freshwater flow, VF, in miles per day.
b. Reaction exponents, J1, J2, and J3.

4. Compute the DO deficit curve for 50 equally spaced points on

the receiving stream.

5. Find the maximum DO deficit, DC, and compute the minimum DO,
DOMIN, in mg/l.

6. Test for a calibration point. 1If DIST1 # 0, then compute
the DO at distance DIST1 (DOX1).

The above sequence is repeated for every time step in the simulation
intil the annual arrays are filled. These arrays, the DOMIN

array and the DOX1 array, are then analyzed, and a cumulative
frequency table is developed and printed for each.

JISSOLVED LEAD RESPONSE (MODULE 82)

The equilibrium dissolved lead response model for CSPSS is based
on the assumption that a lead carbonate (PbCO;) system governs
the chemistry of lead in natural waters. In most cases, it 1is
generally accepted that lead carbonate chemistry will control
dissolved lead content for most natural waters where pH is in a
reasonable range and total lead concentrations are not excessive.
when the lead carbonate system governs the chemistry of aquatic
lead, the solubility of lead is a function of total alkalinity,
total hardness, and pH of the receiving water after mixing. The
dissolved lead equilibrium model developed here is based primarily
on information presented by Stumm and Morgan (20).

The purpose of the model is to compute total and dissolved lead
concentrations in the receiving water for each time step of the
simulation. In addition, maximum annual 96-hour and time average
mean dissolved lead concentrations are also computed.
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The lead carbonate model does not consider lead forming the

insoluble hydroxy-carbonate solid phase, Pbg (CO3), (OH),, as well

as the insoluble sulfate and phosphate phases. Also not considered
is the formation of soluble organo-lead complexes with humic,

fulvic, and tannic acids, which are common (and largely unquantified)
constituents in natural runoff. Further, the model is based on a
"closed aqueous system," that is, not open to the atmosphere.

The effects of the above limitations are, in part, offsetting.
Although the consideration of the additional solid phases might
serve to decrease predicted dissolved lead concentrations, the
additional consideration of soluble lead complexes with organic
acids would have the net effect of increasing soluble lead concent-
rations. Also adsorption and desorption may be important factors
in determing the fate of lead, and this mechanism is not considered.
Adsorption which will tend to decrease dissolved lead concentrations
is associated with alkaline and neutral waters, whereas desorption
which will tend to increase dissolved lead concentrations is
associated with acidic waters.

Because of these uncertainties, dissolved lead concentrations
found in nature may be higher or lower than values predicted by
this formulation. However, the model will yield a reasonable
approximation of the dissolved lead content in natural waters.

The integral chemical reaction which forms the basis of the
dissolved lead response model is given by the following formula.

PbCOg = Pb' ' + CO3~ (9-35)

In order to solve the above chemical reaction at equilibrium
conditions, several other reactions in the receiving water must
be considered. These reactions are defined by the following
formulas.

H,CO; = HCO; + H (9-36)
HCO, = CO; + H (9-37)

H,O

1
jas]
4
O
i

(9-38)

Equilibrium constants which are used in the solution of Equations
9-35 through 9-38 are defined in Table 9-5. These constants are
utilized in the mathematical solution of the equilibrium reactions
defined above.
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Table 9-5
Equilibrium Constants for the
Dissolved Lead Response Model

Ky, = 1.5 x 10713
p Equation 9-35
PRy, = 12.824
Ky = 4.45 x 1077
Equation 9-36
pK; = 6.35
K, = 4.69 x 10 11
Equation 9-37
pK, = 10.33
K, = lo"14
Equation 9-38
pKw = 14.0

Conversions and Definitions

Before proceeding with the development of the mathematical
relationships which define the equilibrium dissolved lead response
model, several relationships among the variables should be defined.
These relationships will be useful in the forthcoming equations.

It should be noted that brackets [ ] always express a concentration
in moles per liter, while the absence of brackets expresses a
concentration in milligrams per liter.

The relationship between the H' ion and pH is expressed as follows.

+ 1
H - —— 9—39
(B =~ oH (9-39)
conversely;
pPH = Log (9-39a)

(H']
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The relationship between the OH  ion and the H' ion is given by
the following equation.

10714
+

[H ]

[OH ] =

(9-40)

Concentration of total hardness, TH, total alkalinity, TA, and
lead, Pb, may be converted from moles per liter to milligrams per
liter by application of the following series of linear
transformations.

TH = [TH] x (1.0 x 10%5) (9-41)
TA = [TA] x (1.0 x 10%) (9-42)
Pb = [Pb](2.0719 x 10°5) (9-43)

where
TH = total hardness as mg/1 CaCOj;.
[TH] = total hardness as moles/1 CaCOj;.
TA = total alkalinity as mg/l CaCOg.
[TA] = total alkalinity as moles/1 CaCOj.
Pb = lead concentration as mg/l.

[Pb] = lead concentration as moles/1.

The activity of lead is defined as follows.

APb = [Pbly (9-44)
where
APb = activity of lead as moles/1l.
y = activity coefficient of lead, dimensionless.

The total carbonic species of each inflow water or of the mixed
receiving water is defined by the following equation.
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[CT] = [HyCO5] + [HCO3] + [CO5 ] (9-45)

where

[HCO3]1 = [CTlay, (9-46)
and

[COs~] = [CTlass (9-47)
where

oy, = ionization factor of HCOj

+ ~1
a1 = lg_l + 1 + .K%_ (9-48)
K, [BH ]
and
o2 = lonization factor of C03=
[(H ]2 (B 2]
oo = K1K2 + 1 + K, (9-49)

The activity coefficient for lead, y, used in the solution of
Equation 9-44, is determined by application of the Davies equation
(20). The Davies equation defines a relationship between log Yy,
the ionic strength I of the solution, and the valence Z of the

ion in question. It has the following form.

log y = =-0.522 ——JI:— - 0.21 (9-50)
1+ (1

where

Z = valence of ion in question

and

I = 10 5(4TH - TA) (9-51)
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Determination of [CT] for Each Inflow

The dissolved lead computation procedure for each time step in

the computation begins with the determination of the total carbonic
species [CT] for each of the four waters which make up the inflows
to the receiving water. The [CT] for each inflow source is
determined by application of the following equation.

_ [TA] - [OH"] + [H'] (9-52)
[cT = aq1 t+ 20z

where all terms are as previously defined.

Mixing of Inflows

The inflows are now mixed, and the concentrations TA_, TH_,

[cT_ ], and [Pb_] are determined. The subscript m inBicat¥s
con@entrations™in the receiving water after mixing, and lead is
expressed in terms of total lead.

TA = I (9-53)

TH_ = . (9-54)

il
W

[CTm] (9-55)

[Pb,_] ; (9-56)
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where

Qi = inflow from source i in cfs and all other terms
are as previously defined. -

Determination of pH for Mixed Flows

In order to determine the pH of the receiving water, [H+] must
first be determined by application of the following equation.

[H] = [CT,](ay; + 2055) + [OH ] - [TA_] (9-57)

where all terms are as previously defined.

031, Oy, and [OH_ ] are all functions of [H+]. Therefore, a
closed form solutfon to Equation 9-57 does Bot exist. Equation
9-57 is solved by application of the Newton-Raphson technique for
the solution of nonlinear equations of the form f(x) = 0 (21).
This technique appears to be free of convergence problems.
However, the possibility of convergence problems always exists
when numerical methods are employed. Once [H+] is known, then pH
is determined by application of Equation 9-39a.

Precipitation Determination

Once the chemistry of the receiving water as determined in the
previous three steps is known, then the occurrence or nonoccurrence
of lead precipitation is determined by computing and comparing

two parameters, K and K' . The solution for parameter K is

defined by the followinspseries of equations and relationships.

K = y[Pbm][CTm]ag (9-58)
where
1
Y = — (9"59)
109
where
T
d =2l ——— = 0.21m (9-60)
1+ JT;
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where

—_ =5 - -
I = 1075(4TH - TA_) (9-61)
where
. (al® 1 LEy)* )™ 9-62
o = ¥ + + — -
2 K; K, K, ( )
where
. 1
K, = > 9-63
where
“Im
pK; = pK; - 0.5(——— - 0.21 (9-64)
1 + |1
m
and
. 1
K, = — == 9-65
2 lOpK2 ( )
where
K; K 2 'm 0.21I (9-66)
PKy = PRg - — - V. -
1+ (I I
m
The solution for parameter Ké is defined by the following
equations. p
” l
K = ———— (9-67)
SP loszp
where
Im
pK. =pK__ -4 |————— - 0.21 (9-68)
sp sp 1 + JT; m
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If K is less than K _, precipitation will not occur, and total
lead will equal dis8Blved lead. 1If K is greater than K] then
precipitation will occur, and only a portion of the totak’lead
will be dissolved.

Dissolved Lead Determination

1f precipitation does occur, then the dissolved lead fraction is-
determined by application of the following equations.

K-
_ __s _
APme = -(Fl.;ﬁa—zr (9-69)
APme
Pme = 2.0219 x 105 (9-70)

where

Apme Actual dissolved lead activity in mixed inflows as
moles/liter.

I

Pme Actual dissolved lead concentration in mixed inflows
as mg/l.

The above computations are repeated for every time step in the
simulation, and in this manner, a total lead array and dissolved
lead array are generated for the year.

Computational Sequence

The dissolved lead computations for each time step in the simulation
can be summarized in six steps as follows.

1. Compute the total flow from all sources entering the receiving
water in cfs.

2. Determine the total carbonic species, [CT], of each influent
water.

3. Determine the concentrations of total alkalinity, total

hardness, total carbonic species, and total lead for the
mixed inflow waters (i.e., receiving water).

4. Compute the pH of the receiving water using the Newton-Raphson
technique.

5. Determine if lead precipitation occurs in the receiving
water.

6. Determine dissolved lead concentration.
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Reports generated by module 82 for each year in the simulation
include: (1) cumulative frequency of total lead concentrations,
(2) cumulative frequency of dissolved lead concentrations, (3)
maximum annual 96-hour dissolved lead concentration, and (4)
long-term average dissolved lead concentration.

INPUT DATA

The input data required for the receiving water response portion
of CSPSS are considerably more extensive than are data requirements
for the other modules. If module 80, suspended solids response,

is run, then all that is needed is background suspended solids
concentration by month for the receiving water upstream from the

urban area. If module 81 is run, then the following data are
required.

1. Hydraulic coefficients--a's and B's.

2. K2 of receiving water in day ! base e (optional).

3. Sediment oxygen uptake rate in g 0,/m?/day.

4. Adjustment factor for computed K2 (optional).

5. Distance to DO calibration point in miles (optional).

6. Length of receiving water reach in miles.

7. Tidal dispersion coefficient in mi?/day (for river/ estuary
system).

8. Waste decay rates (Kl values) for watershed 1, watershed 2,
upstream flow, and dry-weather flow in day ! base e (optional).

9. Background water quality matrix for receiving water. The

following water quality parameters must be defined by month.
a. Temperature, °C.

b. DO deficit, mg/l.

C. Chloride concentration, mg/l1 (for river/estuary system).
d. BODs concentration, mg/l.

e. Suspended solids concentration, mg/l.

f. TKN concentration, mg/l.

If module 82 is run, then background total lead concentrgtions
must be added to the above background water quality matrix.

In addition, certain chemical parameters for each inflow

source must be defined. The additional parameters required
are:
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a. Total alkalinity, mg/l.
b. Total hardness, mg/l.
c. pH, standard units.

Coding instructions may be found in Appendix A.
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Appendix A
CODING INSTRUCTIONS



Module--Main

Input: The following variables are inputed:
Card 1
Col 1-40 Location
Card 2
Col 1-2 Number of years to be simulated
Col 3-4 Time interval for simulation (in hours)
Col 5-6 Number of watersheds
Col 7-15 Seed number for pseudorandom number
generator
Card 3
Col 1-2 First option selected
Col 3-4 Second option selected
Col 5-6 Third option selected
Col 15-16 Eighth option selected
Output: Report on:

The location of the analysis, number of years to be
simulated, time interval for the simulation, number of
watersheds, seed number for the pseudorandom generator,
and options selected for this simulation.



Module 10:

Input:

Card 1

Stochastic Rainfall Simulator

The following variables are inputed:

Col 1-2

Col'23—24

Card 2

Col 1-2

Col

Card 3
Col
Col

Card 4
Col
Col

Card 5
Col
Col
Col

Card 6
Col
Col

Col

Output:

.

23-24

1-10
11-20

1-10
11-20

1-10
11-20

21-30

1-10
11-20

21-30

Months in season 1, Col 1-2, 3-4, 5-6, etc.,
until all months in season 1 are entered
(1-12 allowable)

Months in season 2, Col 1-2, 3-4, 5-6, etc.,
until all months in season 2 are entered
(1-12 allowable)

Mean time between storms in hours--season 1
Mean time between storms in hours--season 2

Mean duration of storm in hours--season 1
Mean duration of storm in hours--season 2

Mean rainfall depth in inches--season 1
Standard deviation of rainfall depth in
inches--season 1

Correlation coefficient of rainfall depth--
season 1

Mean rainfall depth in inches--season 2
Standard deviation of rainfall depth in
inches--season 2

Correlation coefficient of rainfall depth--
season 2

Report on input parameters and a summary of annual
rainfall array, by season.



Module 20: Runoff by Soil Conservation Service
Rainfall/Runoff Technique

Input: The following variables are inputed:

Card 1
Col 1-2 Months in dormant season, Col 1-2, 3-4, 5-6,
. etc., until all months in dormant season are
entered (1-12 allowable)

Col 23-24

Card 2
Col 1-2 Months in growing season, Col 1-2, 3-4, 5-6,
. etc., until all months in growing season are
entered (1-12 allowable)
Col.23-24
Card 3
Col 1-10 CN1l for watershed i
Col 11-20 CN2 for watershed i
Col 21-30 CN3 for watershed i
Card 4
Col 1-10 Drainage area in acres for watershed i
Col 11-20 Time of concentration in hours for
watershed i
Col 21-30 Washoff coefficient for watershed 1
Note: There is a set of Card 3 and Card 4 for each watershed.

The first set of cards contains data for watershed 1, and
the second set of cards contains data for watershed 2.

Qutput: Report on input parameters and summary of annual runoff,
by watershed.



Module 30: Watershed Pollution Accumulation/Washoff

Input:

Card 1
Col

Col
Card 2
Col
Col
Card 3
Col
Col
Card 4
Col
Col

Note:

Output:

The following variables are inputed:

1-10 Accumulation rate for biochemical oxygen
demand in lb/ac/day
11-20 Decay rate for biochemical oxygen demand

in fraction removed/day

1-10 Accumulation rate for total Kjeldahl nitrogen
in lb/ac/day
11-20 Decay rate for total Kjeldahl nitrogen in

fraction removed/day

1-10 Accumulation rate for suspended solids
in 1lb/ac/day
11-20 Decay rate for suspended solids in

fraction removed/day

1-10 Accumulation rate for lead in lb/ac/day
11-20 Decay rate for lead in fraction removed/day

A set of Cards 1 to 4 is required for each watershed.
Data for each watershed must be grouped together and
watershed 1 data must precede watershed 2 data.

Report on input parameters. Summary of annual
runoff quality arrays and total annual washoff for
each pollutant by watershed.



Module 40:

Input:

Card 1
Col

Col
Col
Col
Col
Col
Card 2

Output:

Note:

Excess Sewer System Infiltration

The following variables are inputed:

(for watershed 1)

1

2-11

12-21
22-31
32-41

42-51

Watershed code (1 infiltraticon computed,
0 infiltration not computed)

Average pipe diameter, in inches

Pipe length, in miles

Average daily dry-weather flow, in cfs
Capacity ratio for wastewater treatment
plant

Infiltration adjustment factor

(Same as Card 1) (Required for the other wafershed)

Report on input parameters by watershed. Summary of
excess infiltration results and a summary of the
resultant excess infiltration plus direct runoff
quality array.

If a 0 is entered in Col 1, the remaining fields for
that watershed may be left blank.



Module 50: Storage/Treatment

Input:

Card 1
Col
Col
Col
Col

Col
Col

Card 2
Col
Col
Col
Col

Col

Note:

Output:

The following variables are inputed:

1-10 Maximum storage capacity watershed i, in ft3
11-20 Maximum treatment rate watershed i, in cfs
21-25 BOD removal efficiency watershed i
26-30 Suspended solids removal efficiency
watershed i
31-35 TKN removal efficiency watershed i
36-40 Lead removal efficiency watershed i
1-10 Initial storage watershed i, in ft3
11-20 Initial BOD concentration watershed i,
in mg/1l
21-30 Initial suspended solids concentration
watershed i, in mg/1
31-40 Initial TKN concentration watershed i,
in mg/1
41-50 Initial lead concentration watershed i,
in mg/1

A set of Cards 1 and 2 is required for each watershed.
‘Data for each watershed must be grouped together,
and watershed 1 data must precede watershed 2 data.

Report on input parameters and summary statistics on
operation of treatment plant, the quality of the water
discharged to the receiving stream, the number of
overflow events, the number of days with overflow,

and the annual volume of overflow in inches.



Module 60: Dry-weather Wastewater Treatment Plant Flow

Input: The following variables are inputed:

Card 1
Col 1-10

Mean daily dry-weather flow for wastewater
treatment plant in cfs

Col 11-20 Mean 5-~day biochemical oxygen demand
concentration of dry-weather flow in
mg/1

Col 21-30 Mean suspended solids concentration of
dry-weather flow in mg/1l

Col 31-40 Mean total Kjeldahl nitrogen concentration
of dry-weather flow in mg/1

Col 41-50 Mean total lead concentration of dry-weather
flow in mg/1

Col 51-60 Mean dissolved oxygen deficit of dry-
weather flow in mg/1

Output: Report on input parameters.



Module 70: Daily Streamflow

Input: The following variables are inputed on dataset
FTO8F001:

Card 1

Col 2 Number of years of streamflow on data set
(1-5 allowable)

Cards 2 to 1,801
Col 1-6 Daily streamflow in cfs

Note: One to five years of streamflow data may be contained
on this data set. Thus, allowable number of cards
read are 361, 721, 1,081, 1,441, and 1,801.

Output: I1f improper amount of data is entered, then message
is written and the job aborted; otherwise, output
generated by this module includes the number of
years of streamflow read and the first 10 values
of daily streamflow on the data set.



Module 71: Stochastic Monthly Streamflow Simulator

Input: The following variables are inputed:
Cards 1 to 12 Monthly data (months 1 to 12)
Col 1-10 Monthly mean streamflow in cfs
Col 11-20 Standard deviation of monthly streamflow
in cfs
Col 21-30 Correlation coefficient of monthly
streamflow
Output: Report on input parameters and summary statistics

for generated streamflow array.
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Module 80: Suspended Solids Response

Input: The following variables are inputed:

Cards 1 to 12

Col 41-50 Suspended solids concentration in upstream
flow (mg/1)

Output: Report on input parameters and on cumulative frequency

of suspended solids concentration in the receiving
water.
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Module 81:

Input:

Card 1
Col
Col

Card 2
Col
Col
Col
Col

Card 3
Col
Col
Col

Col
Col
Col
Col
Col

Col

Suspended Solids and Dissolved Oxygen Response

The following variables are inputed:

1-10
11-20

1-10

11-20
21-30
31-40

1-10

11-20
21-30
31-40
41-50
51-55
56-60
61-65

66-70

Cards 4 to 15

Col
Col
Col
Col
Col
Col

Col

Output:

1-10

11-20
21-30
31-40
41-50
51-60

61-70

ay
Gg

Bs -
K2 for receiving stream day ! rase e
(optional)

Areal benthic uptake rate (gm 0,/m?/day)
Calibration for K, (K2ADJ, optional)
Distance from urban area to calibration point,
in miles

Length of receiving water reach, in miles
Tidal dispersion coefficient, in miles?/day
K1l for watershed 1 in day ! base e

(default = 0.40) _

K1 for watershed 2 in day ! base e

(default = 0.16) _

Kl for upstream flow in day ! base e
(default = 0.16) -

Kl for dry-weather flow in day ! base e
(default = 0.23)

(data for months 1 to 12)

wWater temperature (month i) (°C)

Dissolved oxygen deficit (month i) (mg/1)
Chloride concentration (month i) (mg/1)
Biochemical oxygen demand concentration (BODs)
in upstream flow (month i) (mg/l)

Suspended solids concentration in upstream
flow (month i) (mg/1l)

Total Kjeldahl nitrogen concentration in
upstream flow (month i) (mg/1)

Lead concentration in upstream flow (month i)
(mg/l) (necessary only if Module 82 is run)

Report on input parameters and cumulative distributions
of minimum dissolved oxygen, dissolved oxygen at
calibration point, portion of receiving water

affected by low DO, and cumulative distribution

of suspended solids.
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Module 82:

Input:

Suspended Solids, Dissolved Oxygen, and

Dissolved Lead Response.

The following variables are inputed:

Cards 1 to 15 Same as Module 81

Card 16
Col
Col
Col
Col

Card 17
Col
Col
Col
Col

Card 18
Col
Col
Col
Col

Output:

1-10

11-20
21-30
31-40

1-10

11-20
21-30
31-40

1-10

11-20
21-30
31-40

Alkalinity--(CSO)
Alkalinity-~-(SWw)
Alkalinity--(SF)
Alkalinity--(DW)

Hardness--combined sewer overflow (CSO)
Hardness~-storm water (SW)
Hardness-~streamflow (SF)
Hardness--dry-weather flow (DW)

pH--(CS0)
pH=-~-(SW)
pH--(SF)
pH--(DW)

Report on input parameters, amount of lead in

water column and sediment, cumulative frequency

of total lead and dissolved lead concentrations,
maximum annual 96-hour dissolved lead concentration,
and long-term average dissolved lead concentration.
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Appendix B
FORTRAN LISTING OF CONTINUOUS

STORMWATER POLLUTION SIMULATION
SYSTEM (CSPSS)



This appendix contains a listing of ali subprograms which constitute
CSPSS. The subprogram name and a brief description of its purpose
are given below in the order in which it appears.

CSPSS

This is the main module. It controls the processing of the
simulation.

AWP
This function calculates the annual washoff in pounds.

BODRD

This module reads input for DO budget model (modules 80-82).
BODRW

This is the DO budget model.

cCT

This function calculates the CT (total carbonic species) for the
dissolved lead model.

CFDO

This module accumulates the frequency of minimum dissolved oxygen
concentration on the ranges specified.

CFPB

This module accumulates the frequency of maximum lead concentrations
on the ranges specified.

CFSS

This module accumulates the frequency of maximum suspended solids
concentrations on the ranges specified.

CKSEL

This module validates the options that the user has selected.

DFN

This module is the first derivative of the function used in the
Newton-Raphson method to calculate the hydrogen ion concentration
in the lead model. ’

DOE

This module calculates the dissolved oxygen level in an
estuary.



DOS

This module calculates the dissolved oxygen level in a stream.
DRYWEA

This module reads the input for the dry-weather flow simulation
and calculates the value of dry-weather flow by time interval and
by day of the week.

DSRD

This module reads daily streamflow records.

EXXPON

This module generates a random observation from a exponential
distribution.

FN

This module is the function used in the Newton-Raphson method to
calculate the hydrogen ion concentration in the lead model.

GMSF

This module simulates monthly streamflow for the number of years
to be simulated.

INFL

This module simulates excess infiltration.

INFLRD

This module read input for the excess infiltration simulation.
ISTR

This module reads monthly streamflow statistics and uses GMSF to
generate monthly streamflows.

LOGNOR

This module generates a random observation from a log normal
distribution.

MARKOV

This module generates a lag one Markov process with a log normal
distribution.



MONTH
This module determines the month of the current time step.
NWTRAF

This module uses the Newton-Raphson method to calculate the
hydrogen ion concentration in the lead model.

OAF

This module is the excess infiltration equation fitted for Baltimore,
Maryland. See SWMM User's Manual, vers. 2, p. 139.

PBRW

This module is the dissolved lead simulation.

PER

This function calculates percent.

PUTDOS

This module calculates and writes the time average percent of
affected streamflow reach for specified levels of dissolved
oxygen concentrations.

PUTFDO

This module writes the cumulative minimum dissolved oxygen frequency
curve.

PUTFPB

This module writes the cumulative lead concentration freguency
curves (total and dissolved).

PUTFSS

This module writes the cumulative suspended solids concentration
frequency curve.

RAINFL
This module is the rainfall simulation (module 10).
RAINRD

This module reads rainfall statistics for the rainfall simulation
model.



RANDOM

This module generates a random number on the !0,11 internal with
a uniform distribution.

RECWAT

Thig module is the receiving water response simulation.
RUNOFF

This module simulates direct runoff using the SCS method.

RUNQLR

This subroutine reads input data for the runoff guality model.

RUNQLT

This module simulates pollution accumulation and washoff on' the
watershed.

RUNRD

This subroutine reads input data for runoff model.
SEASON

This module determines which season the time step is in.
SSRW

This module calculates suspended solids concentrations in the
receiving water.

STOR

This module simulates storage/treatment of runoff.
STORRD

This module reads input for the storage/treatment model.

TRANS

This module transforms input rainfall and streamflow statistics
to log form.

XL2

This function calculates the load on the watershed per time
interval.



XMIX

This module calculates the average concentration resulting from
the mixing of four different inputs.

XM2

This function calculates the washoff on the watershed per time
interval.



C 00000100
€ ODEVELUPED BY: CH2M HILL INC. 00000200
C 7201 N.W. 11TH PLACE 00000300
C GAINESVILLE FLORIDA 32602 00000400
C 060000500
C FOR = FACILITIES REQUIREMENTS DIVISION 00000600
C U.S. ENVIRCNMENTAL PROTECTION 00000700
C AGENCY ' 00000800
C WASHINGTON D.C. 00000900
C 00001000
C 00001100
C 00001200
C 00001300
CHF2LHLS L5 eRe %3 RLOCK DATA 35335l S dof SRl d$b Sy Sob3 5544 00001400
C 00001500
BLOCK DATA 00001600

COMMON /GLOBL1/ALF1,ALF2,BETA]1,BETA2,BETA3,SBA,K2ADJS,DIST, 00001 700

1 DIST2+E,T(12),DUS(12),CC(12),0DW(42) ,BODDW 4SSDWy TKNDHyPBDHW 4 00001800

2 BOODUSF(12),TKNUSF(12),SSUSF(12),PBUSF(12},K2SPEC 00K, 00001900

3 K1W1,K1IN2,K1USF,K1DWF 00002000
COMMON /STR2/Q0DUS(360,5) ,QMUS(12,5),QMSF(12),SDMSF12),CCMSF(12) 00002100

COMMON /10/11IN,IRIV,I0UT 00002200

DATA YIIN/S/,1RIV/8/,10UT/76/ 00002300

C 00002400
C-HERE IS WHERE YOU INITIALIZE ANY VARIABLES IN COMMODN 00002500
C 00002600
REAL QDUS/1800%0.0/ 00002700

REAL QMUS/6020.0/40MSF/12%0.,0/,SDMSF/1220.0/ 00002800

REAL QDW/42%0,0/ 00002900

END 00003000

c 00003100
CEERLJL LR L 2L R4s MAIN S22 L RSB LRSS B LS SE LSO SBE S0 00003200
¢ 00003300
COMMON /GLOBAL/IDT,NYR,LOC(10),IRN1,1WSD 00003600

COMMON /710/11IN,IRIV,10UT 00003500
DIMENSION ISEL(8) 00003600

C- 00003700
C THIS MODULE CONTROLS PROCESSING IN ALL DTHER MDDULES 00003800
C 00003900
C OPTIONS SELECTABLE ARE : 00004000
C 00004100
C  OPTIONS DESCRIPTION 00004200
C e memma- cmmemee e 00004300
C 10 RAINFALL SIMULATION 00006400
C 20 RUNOFF BY SCS EQUATION 00004500
C 21 RUNOFF BY COEFFICIENT METHOD 00004600
C 30 POLLUTANT WASHOFF 00004700
C 4Q EXCESS INFILTRATION 00004800
C 50 STORAGE 7/ TREATMENT 00004900
C 60 DRY WEATHER FLOMW 00005000
C 70 DAILY STREAMFLOW 00005100
C 71 MONTHLY STREAMFLOW SIMULATION 00005200
C 80 SUSPENDED SOLIDS RESPONSE 00005300
C 81 SUSPENDED SOLIDS AND DISSOLVED OXYGEN RESPONSE 00005400
C 82 SUSPENDED SOLIDS,DISSODLVED OXYGEN AND 00005500
C LEAD RESPONSES 00005600
C 00005700
C 00005800
1000 FORMAT(312,19) 00005900

1001 FORMAT(10A4) 00006000
1002 FORMAT (812} 00006100



1003 FORMAT(*1',726,*CONTINUDUS STORMWATER POLLUTION SIMULATION

1+,

17,130, "FEBRUARY 1579, ///,

1 T2,*GENERAL SIMULATION CONTROL DATA',20(*-*})//,
2T224*LOCATION: *,7132,1044)

1004 FORMAT(1X.T3,'NUMBER OF YEARS TO SIMULATE:'*,T32,12,

aNa e el e NaNaNaEaN e Na Nall o]

[aRaNelaNelaYeNaEaNeNaNe)

(o) s aEaNeNaNaNaNeNel (alaNaNaN o NaNaNaNe Nyl

27,78, *TIME INTERVAL IN HOURS:',132,12,/
3710, *NUMBER OF WATERSHEDS:'",T732,12,/
11X, 5, *SEED FOF RANDOM GENERATOR:2®.T732,19)

THERE ARE 8640 HOURS IN ONE YEAR ~ASSUMED 360 DAYS OF 24 HRS’

-~ FOR TIME INTERVAL =4 THERE ARE 2160 EVENTS PER YEAR

1]

4 ¢k b 4 A
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~ READ LOCATION

READ (1IN,1001)} LOC
WRITE(IDUT,1003)L0C
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<%
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<
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- READ NUMBER OF YEARS TO SIMULATE
YIME INTERVAL OF SIMULATIDN
NUMBER OF WATER SHEDS
SEED NUMBER FOR RANCOM NUMBER GENERATOR

READ (IIN,1000) NYR,IDT,IWSD,IRN1
WRITE(IOUT 1004 INYRSIDT, IWSD»IRNIL

FOELL R E

4 4 b 4%
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- READ OPTIUONS SELECTED

READ (I1IN,1002) ISEL
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113
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L33
73
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VALIDATE THE OPTIONS SELECYED

CALL CKSEL(ISEL »£402) B -8

SYSTE 100006200
00006210
00006 300
00006400
00006500
00006600
00006 700
00006800
00006900
00007000
00007100
00007200
00007300
00007400
00007500
00007600
00007700
00007800
00007900
00008000
00008100
00008200
00008300
00008400
00008500
00008600
00008 700
00008800
00008900
00009000
00009 100
00009200
00009300
00009400
00009500
00009 600
00009 700
00009800
00009900
00010000
00010100
00010200
00010300
00010400
00010500
00010600
00010700
00010800

. 00010900
00011000
00011100
00011200
00011300
00011400
00011500
00011600
00011700
00011800
00011900
00012000
00012100



[aEaNaXeNaNalalal

Xk - Xakataiaiakakake

1
10

b 3b 4P 2k 30

b
2
% STEP &
%

E et

3
<k
L1

INITIALIZE FIRST

NYEAR=1
La e 2 g2t 02

STEP 6

B 4k 26 4b 3

L LI O

L2222 2 2L 22 2

CONTINUE
00 7 1=1,8

SIMULATION

DO OPYIONS SFLECTED

YEAR

DO THE FOLLOWING ONLY FOR THE _FIRST YEAR OF SIMULATION

IFCISEL(I).EQ.0}GOTO 10

IF(ISEL(I).EQ.10) CALL
IF(ISEL(I}.EQ.20) CALL
IFCISEL(1).EQ.30)} CALL
IF(ISEL(I).EQ.40) CALL
IF{ISEL{I).EQ.50) CALL
IF(ISEL(1}).EQ.60) CALL
IF(ISEL(I).EQ.T70) CALL
IF(ISEL(I).EQ.71) CALL
IF(ISEL(I).EQ.80) CALL
IFCISEL(I).EQ.81) CALL
IF(ISEL(1).EQ.82) CALL

CONTINUE
DO 30 I=1,8

RAINRD

RUNRO

RUNQLR

INFLRD

STORRD

DRYKWEA

DSRD (NYSTRM,£403)
ISTR
BODRD(ISEL(I)])
BODRD(ISEL(1})
BODRD(ISEL(I))

C THE FOLLOWING OPTIONS ARE EXERCISABLE EACH YEAR

o

3
C
C
C
C
C
C
35
C
C
C
C
C
C
C

IFCISEL(I).EC.0)GOTO 35

IFCISEL(1).EQ.10) CALL
IFCISEL{I).EQ.20) CALL
IF(ISEL(I).EQ.30) CALL
IFCISEL(I).EQ.40) CALL
IFCISEL(I).EQ.50) CALL
IF(ISEL(I).EQ.80) CALL
IF(ISEL(I).EQ.B1) CALL
IFCISEL(T).EQ.B2) CALL

CONT INUE
L2 232 E 2 2

STEP 7

L I <}

W 3 3

BEELHEELT L LS

INCREMENT SIMULATION YEAR

NYEAR=NYEAR+1]

THLLEELLILe o

b 46 4p db

IS SIMULATION FINISHED ? ?

RAINFL(NYEAR)

RUNOFF(NYEAR)

RUNQLT(NYEAR)

INFL

STOR(NYEAR)

RECWAT(NYEAR, ISEL(1),NYSTRM)
RECHNAT(NYEAR, ISEL(I)}NYSTRM)
RECWAT(NYEAR, ISEL(I)},NYSTRM]}

?

00012200
00012300
00012400
00012500
00012600
00012700
00012800
00012900
00013000
00013100
00013200
00013300
00013400
00013500
00013600
00013700
00013800
00013900
00014000
00014100
00014200
00014300
00014400
00014500
00014600
00014700
00014800
00014900
00015000
00015100
00015200
00015300
00015400
00015500
00015600
00015700
00015800
00015900
00016000
00016100
00016200
00016300
00016400
00016500
00016600
00016700
00016800
00016900
00017000
00017100
00017200
00017300
00017400
00017500
00017600
00017700
00017800
00017900
00018000
00018100
00018200



C 00018300
IF (NYEAR.LE.NYR)GO TO 10 00018400

50 CONTINUE 00018500
€99 STOP 00018600
402 STOP 300 00018700
403 STOP 305 00018800
END 00018900
00019000

C 00019100
CEEFLLTLILHRLELTIIILLE AWP SHEHLHIIRLESHSERLLEB20 65 00019200
C 00019300
FUNCTION AWP(R,IDT,CP) 00019400
T1=R%62.4 00019500
12=T1%3600 00019600
T3=T2#*1DT 00019700
T4=T3%CP 00019800
AWP=T4/1000000 00019900

RE TURN 00020000

END 00020100

C 00020200
CEHLee LT E L5 BODRD L5833 8RS S S0P L o0 Sk 4d 00020300
C 00020400
SUBROUTINE BOORD (0OPT) 00020500

COMMON /I10/1INLIRIV,I0UT 00020600

COMMON /GLOBL1/ALF1,ALF2,BETAL1,BETA2,BETA3,SBA,XK2ADJ,DIST], 00020700

1 DIST2+E,7(12),0US(12),CC(12),QDN(42) ,BODDOW SSON, TKNDW,PBDNW, 00020800

2 BODUSF(12)TKNUSF(12),SSUSF(12),PBUSF(12),K2SPEC,DDN, 00020900

3 K1W1,KINZ,K1USF,KI1DWF 00021000
COMMON /PB1/TA(4)sTH(4),PH(4) 00021100

REAL KZADJSK2SPEC 00021200

REAL KIW1,KIW2,K1USF,K1DWF 00021300
INTEGER OPT 00021400

C 00021500
C THIS MODULE READS BOD INPUT FOR DO BUDGET MODEL 00021600
C 00021700
1000 FORMAT(*1",T26CONTINUOQUS STORMWATER POLLUTION SIMULATION SYSTEM00021800
1, 00021810

1 /7,730,'FEBRUARY,1979%,//7/ 00021900

2 oT2,*INPUT TO DO BUDGET MODEL®,20('-*)// 00022000

3 T10.,*ALPHA VALUES 2*3730,F12.8,T44,F12.8) 00022100

1001 FORMAT(IX,T11,*BETA VALUES 2",728,3(2X,F12.8)}/, 00022200
1 T11,*SPECIFIED K2 2*,T2B4F10.2»* 1/DAY") 00022300

1002 FORMAT(1X4T194"SBA :*,T30,F10.,2+" GM 02/ME22/DAY*,/, 00022400
1 T1T7s*'K2A0J 2'4,T30,F10.2 00022500

2 /T17+°*DIST]1 2°',T30,F10.,2," MILES® ./, 00022600

1 T17+°%0IST2 2°,T30sF10.2s* MILES*,/T21,'E12',T30,F10.2, 00022700

1 v MILES®#%2/0AY/, 00022800

1 T10,°K]1 WATERSHED 1 ",T30,F5.2," 1/DAY"/ 00022900

1 T104*K]1 WATERSHED 2°4T30,F5.2," 1/DAYY/ 00023000

1 T10s°K1 STREAMFLOW*,T30,F5.2+% 1/DAYY/ 00023100

1 T10,"K1 ORY WEATHER FLOW'3T30,F5.2,* 1/DAY") 00023200

1003 FORMAT(1X,® TEMP®*»T10,°DUS®*,T32,°%CC"*) 00023300
1004 FORMAT(7F10.2) 00023400
1605 FORMAT(1X 212 43X6(2XsFB.2),2XsF8,4) 00023500
1006 FORMAT(3(/)sT2,UPSTREAM QUALITY ARRAY®*,20(°=*},//, 00023510
1 T2,'MONTH®*»T12,*TEMP®,T264,°00°,T728,*CHLORIDE"®,T41 00023600

1 ,*8BGOD*, ' 00023700

1 T48, SUSPENDED® s T62*TKN®* T719LEAD®/T20,*DEFICIT*,T31,*'CONC*y 00023800

2 TG1,'CONC*»T649,"SOLIDS s T62,"CONC*,T71,°*CONC?*, 00023900

1 /T12,'DEGREES C*+T25,15(*=%) " MG/L"*s15("*-*}) - 00024000

1607 FORMAT(4F10.2) B~ 10 00024100



1408 FORMAT{3(/),T2,*INPUT DATA FOR LEAD SUBMODEL®*,20("~*),//s

T244°CSO" TG40 9" SHR*sT54, "USF*, T69,"WHTP ',/ /,

T2 4 "HARDNESS (MG/L)"3T19,F10.25T36,F10.2,T49,F10.2:T644F10.2/74
T2y *PHY,T19,F10.2,T36,F10.2,T45,F10.2,764,F10,2)

E RV LSS

1C09 FORMAT(5F10.2,44F5.2)

C

'sXakakakakaXa

[ NN oWl ol ol Nl

sl aNalaNeRaNaNaNaNaNoWaNa)

OO ™

DO SUSPENDEL SOLIDS ONLY
IF(OPT.EQ.80)G0OTO 10
pae 2 222

e
&

5 db b b
w
-
gad
w
[

READ ALPHA PARAMETERS
READ (IIN,1004) ALF1,ALF2
WRITE(IOUT,1000) ALF1,ALF2

FE5FFEE

L33
L2
<%
L33

44 2 b 46 4
w
-
m
)
N
[ L B 4

D323 3 s 31

o
e

READ BETA PARAMETERSAND K2 AT 20 DEGREES C

READ (1IN,1004) BETAl,BETA2,BETA3,K2SPEC
WRITE(IOUT,1001) BETA1,BETA2,BETA3,K2SPEC

5 2 2 4 48
w
-t
m
©
W
2 3k 25 4

READ SBA-AREAL BENTHIC UPTAKE RATE (GM 02/M2/DAY)
K2ADJ -FOR CALIBRATION OF K2
DIST1-DISTANCE URBAN AREA TO CALIBRATION PT
DIST2-DISTANCE OF REACH
E -~ TIDAL DISPERSION COEFF

READ (1IN,1009) SBA,K2ADJsDIST1,0IST2,E,K1KW]l K1IN2,K1USFeK1DWF
IF(K2ADJ.EQ.0.0)K2ADJ=1.0
IF(K1W1,.,EQ.0.0)K1IW1=0.40
IF(KIUSF.EQ.0.0)K1USF=0,16
IF(K1DOWF.EQ.0.0)K1DWF=0,23
WRITE(IOUT,1002) SBA,K2ADJ,DIST1,DIST2,E ,KIW1,K1W2,K1USF.K1CWF

LR LLFLHLETE
* %
* STEP & %
% %
L2222 22t -2 0

READ FOR EACH MONTH 7 WATER TEMPERATURE
DUS DO DEFICIT (MONTH 1,1=1,12)
CC CHLORIDE CONC
BOD
TKN B -~ 11
ss

00024200
00024300

T2 ¢ "ALKALINITY (MG/L)*3T19,F10.25T734,F10.2¢T49+F10.2,T644F1€.2//,00024400

00024500
00024600
00024 700
00024800
00024900
000625000
00025100
00025200
00025300
00025400
00025500
00025600
060025700
00025800
00025900
€0026000
00026100
00026200
00026300
00026400
00026500
00026600
00026700
00026800
00026900
00027000
00027100
00027200
00027300
00027400
00027500
00027600
00027700
000217800
00027900
00028000
00028100
00028200
00028300
00028400
00028500
00028600
00028700
00028800
00028900
00029000
00029100
00029200
00029300
00029400
00029500
00029600
00029700
€0029800
00029900
60030000
00030100
00030200



C FE
10 WRITECIQUT,1006)
DO 20 I=1,412
READ(IIN,1004) T(I1),DUS(I),CC(I)sBODUSF(I)SSUSF(I)},TKNUSF(I),
1 PBUSF(1)
0 WRITEC(IOUT,10C5) I,T7(1)},0US(I)sCC(1),EDDUSF{I),SSUSF(I),
1 TKNUSF(I)},PBUSF(I)
IFIGPTNEL82)6GOTD 40
KEAD (IIN91007’(TA(I)|I=1|(O)
READ (TINSICO7)CTH(I) +1=1,4)
READ (1INS1CO7Y(FH(I),I=1,4)
WRITECIOUT L 1008YC(TA(I) o1=1,40) s (TH{E) 4I=1,4),{PH(I),1=1,4)

40 CONTINUE
C
C ST EILLSLSES
C 3 %
c ¥ STEP & ¥
c 2 %
€ FEEEILCTETELL
C
€ RETURN TO CALLING MODULE
C

RETURN

END

C
CTIT LTI LLTeT0e BODRW SFFLTB3 o os 534 oe oIk e
c

SUBROUTINE BODRW(QST.BST,QCS+BCSsQSF,QDR,MTH,
1 FDO,FDOX1+TST,TCS,BODTC,BODTN, I1,MTI, MO, ULOC,ULON,CDO,DOMIN)}
COMMON /GLOBAL/IDToNYR,LOC(10),IRNI,IWSD

CCMMON /GLOBL 1/ALF1,ALF2,BETAL +BETA2,BETA3,SBA,K2ADJ,DISTL,
1 DIST29E+T(12),DUS(12)4CC(12)+QDN(42) 4BODDW s SSDWy TKNDWs PBDMW o
2 BODUSF(12),TKNUSF(12),SSUSF(12),PBUSF(12),K2SPEC ,DDW,
3 KIW14K1W2Z2+KI1USF,K1DNF

DIMENSION FDO(16) HFDOX1(16) CDO(7)

DIMENSION TEMD1(50)

C THIS 1S THE DD BUDGET MODEL

REAL K1,K2,K2ADJ+K2MIN,J1,42
REAL LO,LON,K2Z2SPEC
REAL KIW1.KI1KWZ,K1USF,K1DWF
REAL K11,K12,K13,K14
REAL J11+3124J135J145J150164+417
REAL J21+K22,J23+4J264,425
REAL LC1,L02,L03,L04
REAL K3,J3,MIC,M2,MINoLONL,LON2,LON3,LON¢
NTP=24/1DT
STEP 1

COMPUTE QT TYOTAL FLOMW (IN CFS)

amen

QT=QST+ACS+QSF+QDR
IF(QT.NE.0.C)GOTO 13

C IF NO FLOW THEN SKIP THIS ROUTINE
BODTC=0.0
BODTN=0.0
G010 150

C STEP 2 B - 12

¢ COMPUTE V VELOCITY OF FLOW (IN FPS)

00030300
00030400
00030500
00030600
00030700
00030800
00030900
00031000
00031100
00031200
00031300
00031400
00031500
00031600
00031 700
00031800
00031900
00032000
00032100
00032200
00032300
00032400
00032500
00032600
00032700
00032800
00032900
00033000
00033100
00033200
00033300
00033400
00033500
00033600
00033700
00033800
00033900
00036000
00034100
00034200
00034300
00034400
00034500
00034600
00036 700
00034800
00034900
00035000
00035100
00035200
00035300
00035400
00035500
00035600
00035700
00035800
00035900
00036000
00036100
00036200
00036300
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V=ALF12QT¥FALF2

IF V IS ZERC THEN INVALID DATA-ABORT JOE
IF(V.EQ.0.0)}STOP 100

STEP 3

COMPUTE H DEPTH OF FLOW (IN FEET)

H=BETA1%QT*+BETAZ+BETA3

IF H IS ZERQO THEN INVALID DATA-ABORT Jg08
IF(H.EQ.0.0)STOP 110

STEP ¢4

COMPUTE LO - INITIAL BOD LOAD (MG/L)
BODT-TOTAL BOD (# PER DT)

LOI=QST*BST

LOZ2=QCS*BCS
LO3=QSF*BODUSF(MTH)
ULOC=AWP(QSF,IDYBODUSF(MTH)})
LO4=QDR*BUODDW
LO=(L0O14L 0241 034L04)/QT
BODTC=AWP{QT,IDT,LO)

STeP S

COMPUTE LON -INITIAL NBOD LOAD (MG/L)
BODTN-TOTAL NBOD (# PER DT)

LON1I=QST*TST*64.57
LON2=QCS%TC5%4.57
LON3=QSF#TKNUSF(MTH) %4 .57
TI=TKNUSF (MTH)}%4 .57
ULON=AWP(QSF,1DT,T1)
LONG=QDRETKNDWS4 .57
LON=(LON1+LONZ+LON3+LONSG }/7QT
BODTIN=AWP(QT,IDT,LON)

STEP 6

COMPUTE DO-INITIAL DO DEFICIT (MG/L)

DO=(DUS(MTH)*CSFDDH2ZQDR)/QT
STEP 7

CALCULATE TEMPERATURES
ASSUMES TEMPERATUR READ IS FOR 15TH OF THE MONTH
FOR BEGINNING OF NEW MONTH

IF{MTH.NE .MO)MTI=]

IF(MTH.NE .MO)IMO=MTH

IF(MTH.NE.1)GOTO 1
TEMP=T(1)
GOTD 10
IF (MTH.NE .12)60T0 2
TEMP=T(12)
¢oT0 10
FOR MONTHS 2 TO 11 CALC BEGINNING OF MONTH TEMPERATURE
CONT INUE
IF(T(MTH) .GT.T(MTH-1})G0TO 3 13
FOR T(MTH) JLE.T(MTH~1) B -
TEMPB=T (MTH) 4.5% (T(MTH)-T(MTH-1) )

00036400
00036500
00036600
00036700
00036800
00036900
00037000
00037100
00037200

-00037300

00037400
00037500
00037600
00037700
00037800
00037900
00038000
00038100
00038200
00038300
00038400
00038500
00038600
00038700
00038800
00038900
00039000
00039100
00039200
00039300
000394060
00039500
00039600
00039700
00039800
00039900
00040000
00040100
00040200
00040300
00040400
00040500
00040600
00040700
00040800
00040900
00041000
00041100
00041200
00041300
00041400
00041500
00041600
00041700
00041800
0004190C
00042000
00042100
000642200
00042300
00042400



6oT0 4
CONTINUE

FOR T(MTH) .GT.T{MTH-1)
TEMPB=T(MTH) -~ .S%{T(MTH)~T(MTH-1))
CONTINUE

FOR MONTHS 2 70 11 CALCULATE END OF MONTH TEMPERATURE
IF(T(MTH) .LE.T(MTH+1))6GOTD 5

[l [ g Bt

C FOR T(MTH)6T.T(MTH+1)
TEMPE=T(MTH) ~.5%(T(MTH)~-T(MTH+ 1))
6aoT0 6

b CONTINUE

C FOR T(MTH) LET(MTH+1)
TEMPE=T(MTH) + .5+ (T(MTH)-T(MTH+1})
6 CONTINUE
DELTAT=(TEMPE-TEMPB)}/(30.0%NTP)
C CDUNT FROM BEGINNING OF MONTH FOR 303NTP EVENTS
TEMP=TEMPB4MTISDELTAT
MTI=MT1+l
10 CONTINUE
¢ COMPUTE DOSAT ~SATURATION VALUE OF 00 (MG/L)
€ CORRECY FOR TEMP (DEGREES CELSIUS)
C
DOSAT=14.652~0.410222%TEMP+0,007992TEMP %2
1 ~0.00007777%TEMP3%3
€ CORRECT FOR CHLORIDE CONC (MG/L)
CHL=CC{MTH)
DOSAT=00SAT#(1.0-CHL/100000)
STEP 8

COMPUTE K1 -WASTE DECAY CODEFF

[aEaNaKal

K11=LO1%*K1W2
K12=0L023K 1W1
K13=L03*K1USF
K164=LO43K1DWF
Ki=(K11+K12+K13+K14)/7(LO1+L024L03+L04)
C WRITE(6,1021)TEMP
1021 FORMAT(1X,E10.5)
K1=K1%1.047+3(TEMP-20.0)

C WRITE(6,1021)K1
c

C STEP 9

C

COMPUTE ULTIMATE BOD DEMAND FACTOR
XF=1.0-EXP(~5,0%K1)
FACTOR=1.0/XF
LO=LO*FACTOR

STEP 10

COMPUTE K2-STREAM REARATION RATE (1/DAY)

THE K2 VALUE IS CCMPUTED FROM ONE OF THREE
OR IS GIVEN BY K2SPEC

EMPIRICAL EQUATIONS AND ADJUSTED FOR

TEMP AND MINIMUM VALUES AS FOLLOWS:

aEaXalaNaNoNalaN o

IF(K2SPEC.GT,.0.0)6O0TO 46
IF(HeGT+2.0.ANDsV.LEL.2.5) GO TO 20
IF(HeGT.2.,0.AND.V,GT.2.5) GO TO 30
60 10 40 B - 14

00042500
00042600
00062700
00042800
00042900
00043000
00043100
000643200
000643300
000643400
00043500
00043600
00043700
00043800
00043900
00044000
00044100
00044200
00044 300
00044400
000464500
00044600
00044 700
00044800
00044500
00045000
00045100
00045200
00065300
00045400
00045500
00045600
00045700
00045800
00045900
00046000
00046100
00046200
000646300
00066400
00046500
00066600
00046700
00046800
00046900
00047000
00047100
00047200
00047300
00047400
00047500
00047600
00047700
000647800
00047900
00048000
00048100
00048200
00048300
00048400
00048500



20
30

40
&5
46
C
48
C

C

C

[

X aXalika X XaXa ke

(@] [aEuNaNelal (@]

47
C
C
C
C
C

K2=12.93V%%0.,5/H3%]1.5
6C 10 45
K2=11.63VEE( 4969 /HFF1.673
GO 10 45
K2=21a74%VEEL 6T/HZE1 .ES
GOTC 4&
K2=K2SPEC

1IF NO VALUE ENTERED MAKE K2ADJ=1
IF(K2ADJ.EQ.0.0) K2ADJ=1.0

AGJUST K2
K2=K2ADJ®¥K2

CORRECT FOR TEMP
K2=K2%1.024%=(TEMP-20.0)

CALCULATE MINIMUM VALUE OXYGEN EXCHANGE
KZ2MIN=2 .0/H
IF (K2MIN.GT.2.0)KZMIN=2.0

USE LARGER K2 VALUE KZ=MAX(KZ2,K2MIN)
IF(KZMIN.GT.K2)KZ2=KZ2MIN

MAKE SURE K2 NOTEQUAL K1 - MAKES D UNDEFINED
IF(K2.EQ.K]1) K2=0.99%K2

STEP 11
COMPUTE K3 AS>UMING K3=0.10 AT 20 DEGREES C

K3=0.10%1.017=%( TEMP-20.0)
IF(K3,EQ.K2)K3=0.99%K3
STEP 12

COMPUTE SB ~BOTTOM SEDIMENT UPTAKE RATE (MG/L/DAY)

CONVERT SBA TO (MG/MSC/DAY} TO (MG/L/DAY)
SB=SBA%3,281/H

CORKECT UPTAKE FOR TEMP
SB=SB*1.065%F(TEMP-20.0)

STEP 10

CHECK FOR AN ESTUARY

IF AN ESTUARY GO T0 STEP 13-A
IF(E.6T.0.0) GO 1O 47
OTHERWISE GO TO STEP 13-B
GO T0O 75
CONTINUE
STEP 13-A

COMPUTE MIC,M2sMIN,J1,42,43

VF VELOCITY (MILES/DAY)
VF=V%*86400/5280
VF2=VF%VF
E4=4.0%E
£E2=2.0%E
TK1=E4%K1
TEMI=1.0+(TK1/VF2)
MIC=SQRT(TEM1)
TK2=E42K2
TEM2=1,04(TK2/VF2)
M2=SQRT(TEM2)
TK3=E4%K3
TEM3=1,0+(TK3/VF2)

B - 15

00048600
00048700
00048800
00048900
00049000
00049100
C0049200
00049300
00049400
00049500
00049600
00049700
00049800
00049900
00050000
0005C 100
00050200
00050300
00050400
00050500
00050600
00050700
00050800
00050900
00051000
00051100
000512C0
00051300
00051400
00051500
00051600
60051700
00051800
00051900
00052000
00052100
00052200
00052300
00052400
00052500
00052600
00052700
00052800
00052900
00053000
00053100
00053200
00053300
00053400
00053500
00053600
00053700
00053800
00053900
00054000
00054100
00054200
00054300
00054400
00054500
00054600



MIN=SCRT(TEM3)
J1=VF%(1.C-MIC)/E2
J2=VF2(1.0-M2)/E2
J3=VF%{(1.0-MIN)/E2
DELTAX=DBIST2/50.0
X=0.0
DC=L 0
DO 50 J=1,50
CALL DOe(XsMICyMZsMINSJl yJ29J3 yK1,K2,K34L04LON,SB,D0,D1)
C ACCUMULATE TIME AVERAGED DO SUMMARY
DOXY=DOSAT-D1
IF(LOXY.LEL.O.Q)CLO(1)=CDO(1)}+1.0
IF(COXYLT.1.0)C0R0C2)Y=CD0O(2)+1.0
IF(DOXY.LT.2.0)CDO(3)=CDO(3)+1.0
IF(DOXY.LT.3.0)CRO(4)=CDO(4)+1.0
IF(DOXYLT.4.0)CCO(5)=CDO(5)+1.0
IF(DOXY.LT.5.0)C00(6)=CDO(6)+1.0
IF(OOXY.LT.6.C)C00(T)}=CDO(T)+1 .0
IF(D1.6T.CC)DC=D1

X=X+DELTAX
TEMG1(J)=D1
cu CONTINUC
G0 T0 &)
C STEP 13-8
¢ COMPUTE OC FOR A STREAM (E=0)
75 VF=V%*B86400/5280

TMAX=DI1ST2/VF

DELTAT=TMAX/5C.0

TIM=0.G

DC=0.0

D0 80 J=1,50

CALL DUS(TIM,K1,K24K3,4L0,+L0ON,SB,D0,D1)
¢ ACCUMULATE TIME AVERAGED DO SUMMARY
DOXY=DGSAT-D1
IF(DOXY.LE,.0.C)CDO(1)=CDG(1)+1.0
IF(DOXYLT.1.0)CE0(2)=CDD(2)+1.0
IF(DOXY.LT.2.C)CDO(3)=CDO(3)+1.0
IF(DOXYLTW43.0)CDO(4)}=CDO(4)+1.0
IF(DOXY.LT.4.0)CDO(5)=CD0(5)+1.0
1IF (DOXY L Te5.0)CDO(6)=CD0(6)+1.0
IF(DOXY.LT.6.0)C00(7)=CD0(7)+1.0
IF(D1.6T.DC)IPC=D1
TIM=TIM+DELTAT
CONTINUE

L]

COMPUTE MINIMUM OO

[N N el o)

DOMIN=DOSAT-DC
STEP 14

COMPUTATION OF DO AT A CALIBRATION POINT NECESSARY ?

2 Xalaka)

IF(LIST1.EQ.C.C) GO TO 100
OTHERWISE CALIBRATE WITH STEP 15
STEP 15

CCHMPUTE DOX1-D0 AT DISTANCE,DIST1,D0WNSTREAM FROM URBAN AREA

[N aNeNaNalel

FOR NONTIDAL STREAM
IF(E.NE 0.0} GO TO 85
TX1=01ST1/VF

B - 16

00054 700
60054800
00054900
00055000
00055100
00055200
00055300
00055400
00055500
00055600
00055700
00055800
00055900
00056000
00056100
00056200
00056300
00056400
00056500
00056600
00056700
00056800
00056900
00057000
00057100
00057200
00057300
00057400
00057500
00057600
00057700
00057800
00057900
00058000
00058100
€0058200
00058300
00058400
00058500
00058600
60058700
60058800
00058900
00059000
00059100
00059200
00059300
00059400
00059500
00059600
00059700
00059800
00059900
00060000
00060100
00060200
00060300
00060400
00060500
00060600
00060700



CALL DOS(TX1,K1,K2,K3,L0,LON,SB,D0+01)
DOX1=DOSAT-D1

60 70O 100

&S CONTINUE

€ FOR ESTUARY (E =0)
x=DIST1

CALL DUE(XsMIC,M2,MIN,J1+J2:03,K1,K2:K3,L0,LON,5B,D0,D1)
DOX1=DOSAT-D1
100 COUNTINUE

C STEP 16
C
C CUMULATIVE FREQUENCY O
C
CALL CFDO (DOMIN,FDO}
C
€ CUMULATIVE FREGQUENCY COX1
C
IF{DIST1.NE.C.0)CALL CFDOIDOX1,FDOX]1)
C STEP 17
C
C RETURN TO CALLING MODULE

i50 RE TURN
END

FUNCTICGN CCT(PH,A)
REAL K1,K2
K1=4 .45E-7
KZ2=4.69E-11
HP=1.0/{10.0%%PH)
OH=1.0L-14/HP
ALFIO=(HP/K1)4(K2/HP)+1.0
ALF1=1.0/ALF1C
ALF20=(HP*HP ) /(K 1%K2) +(HP/K2)+1.0
ALFZ2=1.0/ALF20
CT1=A-0H+HP
CT2=(ALF142%ALF2)
CCT=CT1/CT2

1¢ KETURN '
END

C
CH 35Tttt CFDD T35 0 oIS SESFe b eSS SRS S oodd

SUBROUTINE CFDO (DO,FDO)
DIMENSION FDO(16)

CUMULATIVE FREQUENCY DO

Y Xaka

ACCUM FREQ GF DD ON RANGES SPECIFIEC

-~

1IF (DO.LE.1.C) GOTO 10

IF (DD.LE.2.C) GO TO 20

IF {DO.LE.3.C) GO 1O 30

IF (DD.LE.4.C) GO TO 4¢

IF (DO.LE.5.C)} GO TO 50

IF (DO.LE.6.0) GO YO 6C

iIF (00.LE.7.C) GO TO 70 B - 17
1IF (DD.LE.B.C) GO TO 80

00060800
00060900
00061000
00061100
00061200
00061300
¢c0061400
00061500
00061600
00061700
00061800
00061900
00062000
00062100
00062200
00062300
00062400
00062500
00062600
060062700
00062800
00062900
00063000
00063100
00063200
00063300
00063400
000635C0
©0063600
00063700
00063800
00063900
00064000
00064100
00064200
00064 300
C0064400
00064500
00064600
00064 700
00064800
00064900
00065000
60065100
00065200
¢0065300
00065400
00065500
00065600
00065700
00065800
00065900
00066000
00066100
60066200
00066300
00066400
00066500
00066600
00066700
00066800



10
20
30
40
50
€0
70
€0
90
100

110

C
CERB3LLL L0 STLT CFPB LR PIHH35 0k
C

IF (DO.LE.9.0) GO T
1F (BO.LE.10.C) GO
IF (DO.LE.11.0) GO
IF (DO.LE.12.C) GO
IF (DO.LE.13.0) GO
IF (DO.LE.14.C0) GO
IF (DO.LE.15.0) GO
FOO(16)=FDO(16)}+1.0
GO 10 200
FDO(1)=FDO(1)+1.0
60 10 290
FOO(2)=FDO(21)+1.0
GO TG 290
FDO(3)=FD0O(3)+41.0
G0 70 200
FDO(4)=FDO(4)+1.0
GO 10 200
FOO(5)=FD0(5)+1.0
60 TO 290
FDB(6)=FDO(6)+41.C
GO 10 230
FOO(T)=FDO(7)+1.C
60 T0 2230
FOO(8)=FD0(B)+1.0
GO 10 250
FDO(9)=FD0O(9)+1.0
GO T0 200
FOO(10)=FD0O(10)+1.0
60 10 290
FDO(11)=FCO(11)+1.0
GO 1O 240
FDD(12)=FD0(12)+1.0
GO TO 290
FDO(13)=FDO(13)+1.0
60 10 230
FDO(14)=FDO(14)+1.0
60 TO 200
FOO(15)=FDD(15)+1.0
RETURN

END

SUBROUTINE CFPB(PB,
CIMENSION F(20)

IF (PB.GE.O.0.ANDPB.LT.0.005)GO0TO 10

IF(PB.LT.0.010)6G0T0
IF(PB.LT.0.,015)GGT0
1F(PB.LT.0,020)GCTO
IF(PB.LT.0.,025)GCTO
IF(PB.LT,0.030)6GDT0
IF(PB.LT.0.035)6G0OT0
IF(PB.LT.0.040)G0TO
IF(PB.LT.0,045)6G0T0
IF(PB.LT.C.C50)G0T0
IF(PR.LT.0.06)60T0

IF(PB.LT.0.07)G0OTO

IF(PB.LT.0.08)G0TD

IF(PB.LT.0.09)60T70

IF(PE.LT.0.1)}G0TO 1
IF{PB.LT.C.2)60T0 1

g 90

10 100
T0 110
T0 120
T0O 130
T0 140
T0 150

F)

20
30

1CC
116
120
130
140
50
60

B - 18

00066 9C0
00067000
00067100
00067200
00067300
00067400
00067500
00067600
00067700
00067800
00067900
00068 000
00068 100
00068 200
00068 300
00068400
00068 500
00068600
00068700
00068800
00068900
00069000
00069100
00069200
00069300
00069400
00069500
00069600
00069700
00069800
00069900
00070000
00070100
00070200
00070300
00070400
00070500
00070600
00070700
00070800
00070900
00071000
00071100
00071200
00071300
00071400
00071500
00071600
00071700
00071800
00071900
00072000
00072100
00072200
00072300
00072400
00072500
00072600
00072700
00072800
00072900



IF(PE.LT.C.3)G0OT0 170
IF(PB.LT.C.4)GOTO 180
IF{PB.LT.C.5)CCTN 190

G010 2¢)

10 F(1)}=F(1)+1
GGT10 2%¢

20 F(2)=F(2)+1

. GOTO 259

20 F(3)=F{3}+1
GOT0 250

40 Fla)=F(4)+1
GOTO 259

€0 F(5)=F(5)+1
GOT0 2%

€0 Fl6)=F(6)+1
GGTC 250

Y] FC7)=F(7}+1
GOTC 2%D

EC F(8)=F(8)+1
GOTC 2%9

3¢ F(9)=F(9)+1
GOTC 250

1a0 F(10)=F(10)+1
GOTU 2%9

110 FCIT)=F(11)+1
GOTC 250

120 F(12)=F(12)+1
GLTO 250

130 F(13)=F(13)+1
GLTO 280

140 F(14)=F(14)+1
GOT0 282

15¢ F(15)=F(15)+1
GOTC 2%0

160 F(16)=F(16)+1
GUT0 253

17¢ FC17)=F(17)+1
6070 252

18¢ F(1E8)=F(18)+1
6010 253

15¢ FE19)=F(19)+1
G010 2%5)

200 F(20)=F(20})+1
25¢ CONTINUE

KE TURN

END

LN LR LTHRLBLLLL CFSS TIPS LLE LTINS SRR 2L BT L LN

C
C
C
SUBROUTINE CFSS (SST,FSS)
C
{ CUMULATIVE FREQUENCY OF SUSPENDED SOLIDS
DIMENSION FSS(21)
€ DEFAULT 1S SST>500
IF (SST.LE.25.0) GO TO 10
IF (SST.LE.50.0) GO TO 20
IF (SST.LE.75.0) GO TO 30
IF (SST.LE.100.0) GO TO 40
IF (SST.LE.125.0) GO 10 50
IF (SST.LE.1506.0) GO YO 60 B - 19
IF (SST.LE.175.0) 60O 10 70

¢0073C00
00073100
00073200
00073300
00073400
00073500
00073600
00GT73700
00073800
0007390¢C
00074000
00C74100
60074200
000743C0
00074400
000745G0
00074¢0G0
0007647G0
00074800
00074500
00075000
¢0075100
00075200
00075300
000754600
00075500
00075600
¢0075700
000758C0
00075900
00076000
00076100
00076200
00076300
00076400
00076500
060076600
00076700
00076800
000769GC0
00077000
¢0077100
00077200
00077300
00077400
00077500
00077600
00077700
00077800
00077900
00078000
£0078100
00078200
00078300
00078400
00078500
c0078600
00078700
¢0078800
¢0078900
000790600



140G
150

162

18

160

C
CEH5 LT e bbb £t CKSEL
C

IF (SST.LE.200.0) GO
IF (SST.LE.225.0) GO
IF (SST.LE.25C.0) GO
IF (SST.LE.275%.C) GO
IF {(SST.LE.300.0) GO
IF (SST.LE.329.0) GO
IF {SST.LE.3%0.0) GO
IF (SST.LE.37%.0) GO
IF (SST.LE.4CC.0) GO
IF (SSTeLE.425.0) &GO
IF (SST.LE.45C.0) GO
IF (SST.LEL47%.0) GO
IF (SST.LE.®CLC.0) GO
FSS(21)=FSS5(21)+1.0
6C 10 330
FSS({1)=FSS(1)+1.C
GO 10 330
FSS{2)=FSS(2}+1.C
GO 70 23C
FSS{3)=FSS(3)}+1.C
G6 10 330
FSS{4)=FSS(4)+1.C
GO 10 330
FSS{5)=FSS{5)+1.(
60 10 3.0
FSS(&E)=FSS{6)+1.C
€0 70 330
FSS{7T)=FSS{(7)+1.C
60 70 300
FSS(E8)=FSS(E)+1,0
GO 710 3900
FSS(¢)=FSS(9)41.0
GO 10 320
FSS{10)=FSS({10)+1.0
G0 10 32¢C
FSS(11)=FSS(11)+1.0
GG 10 330
FSS{12)=FSS(12)+1.0
G0 10 230
FSS(13)=FS5S(13)+1.0
GO 10 2050
FSSU{14)=FSS{14)+1.0
GO 70 300
FSS{15)=FSS(15)+1.0
GO TO 330
FSS{16)=FSS(161+41.9
G0 10 320
FSS(17}=FSS{17)+41.0
60 70 330
FSS(18)=FSS(18)+1.0
GG 70 2C
FSS(19)=FSS(19)+1.0
GG 10 330
FSS(20)=FSS(2C)+1.
GO 10 390
KETURN
END

SUBROUTINE CKSEL (SEL %)

10
10
10
10
10
10
10
10
10
T0

TO
10

EE 22 2202 2R 2t R ey a2 21

£0

GO

130
110
120
130
140
150
160
170
180
190
200

00079100
€0079200
€0079200
00079400
00079500
00079600
00079700
¢0079800
60079900
000800600
00080100
00080200
00080300
00080400
00080500
co080600
00080700
60080800
00080500
00081000
00081100
00081200
00081300
00081400
00081500
00081600
00081 700
00081800
00081900
00082000
00082100
00082200
00082300
00082400
00082500
00082600
00082700
00082800
00082900
00083000
00083100
00083200
00083300
00083400
00083500
00083600
00083700
¢0083800
00083900
00084 000
00084100
00084200
00084 300
00084400
00084500
00084600
00084 700
00084800
00084900
00085000
00085100



COGMMON /I0/11IN,IRIV,I0UT

00085200

INTEGER  SEL(8) 00085300

C 00085400
C THIS MODULE VALIDATES THE OPVIONS SELECTED 00085500
€ IF AN ERROR THIS MODULE PRINTS MESSAGE AND ABORTS JJB 00085600
C 00085700
C 00085800
C EXAMPLES OF COMPLETE RUNS ARE: 00085900
C 102G304350607082 00086000
C 1020304050607162 00086100
C 00086200
1601 FORMAT(1Xs//+sT1Cs YINVALID OPTIONS SELECTED'*,8(3X,12)) 00086300
1009  FORMAT(//T2,'0OPTIONS SELECTED :v) 00086400
1015 FORMAT(T2,°10 RAINFALL SIMULATOR®) 00086500
1020  FDRMAT(T2,'20 RUNOFF BY SCS EQUATION') 00086600
1030 FORMAT(T2,'3C POLLUTANY WASHOFF®) 00086700
1040  FORMAT(T2,'40 EXCESS INFILTRATION') 00086800
1050  FORMAT(T2.'S0 STORAGE TREATMENT®) 00086900
1660  FORMAT(T2,'60 DRY WEATHER FLOW') 00087000
1070  FORMAT(T2,'7C DAILY STREAMFLOW') 00087100
1071 FORMAT(T2,'71 MCNTHLY STREAMFLOW SIMULATION®) 00087200
1080 FORMAT(T2,'8C SUSPENDED SOLIDS RESPONSE®) 00087300
1081  FORMAT(T2,'81 SUSPENDED SOLIDS AND DISSOLVED OXYGEN RESPONSE®) 00087400
1062  FORMAT(T2,'82 SUSPENDED SOLIDS,DISSOLVED OXYGEN, AND LEAD RESPONOOOB7500
1SEY) 00087600
IF(SEL(1).EQ.10)GO TO 5 00087700
IF(SEL(1).EQ.€0)GO TO S 00087800
IF(SEL(1).EQ.70)60 TO S 00087900
IF(SEL(1).EQ.71)GO TO 5 50088000

GOTO 900 00088100

5 CONTINUE 00088200
DD & 1=2,8 00088300
IF(SEL(I).EQ.0)GO TO 8 00088400
IF(SEL(I).EQ.I0)G0 TO 7 00088500
IF(SEL(I)}.EQ.20)G0 TO 7 00088600
IF(SEL(I).EQ.30)GD TO 7 00088 700
IF(SEL(1).EQ.40)C0 TO 7 00088800
IF(SEL(I).EQ.50)60T0 7 00088900
IF(SEL(I)EC.60)GDTO 7 00089000
IF{SEL(I).EQ.70)COTO 7 00089100
IF(SEL({1).EQ.71)CG0TD 7 00089200
IF(SEL(1).EQ.80)COTO 7 60089300
IF(SEL(T) .EQ.81)GOTO 7 00089400
IF(SEL(I) .EQ.B2)60TO 7 00089500

coTC 90O 00089600

7 CONTINUE 00089700
IF(SEL(I-1)}.,LT.SEL(I})GD TO 8 00089800

G010 9C2 00089900

& CONT INUE 00090000
WRITECIOUT »1C09) 00090100

DU 100 I=1,8 00090200
IF(SEL(I).EQ.10)G0 TO 10 00090300
IF(SEL(I).EQ.2C)IGD TO 20 00090400
IF(SEL(I) .EC.30)60 TO 30 00090500
IF(SEL(1) .EQ.40)CGC TO 4¢ 00090600
IF(SEL(I).FQ.50)GC TO 50 00090700
IF(SELL]1) LEQ.60)GD TO 60 00090800
IF(SEL(I).EQ.70)G0 TO 70 $0090900
1IF(SEL(1).EQ.71)G0 TC 71 00091000
IF(SEL(1).EQ.EG)CD TC 80 B - 21 00091100
IF(SEL(I).EQ.E1)GD TO 81 00091200



10
20
3¢

«0

60
70
71
&0
g1

82

1a¢C
ECO
500

aEnleNalaNaNaN el

100
11¢

IF(SEL(I).EQ.E82)6G0 TO B2
G0 70 100
WRITE(IOUT,1010)
GOTO 1¢2
WRITE(IDUT,1(20)
GOTD 1090
WRITELIOUT,1C30)
G016 1CO
WRITE(IOUT 1040}
G070 1IcO
WRITE(IOUT,1050)
GOT0 100
WRITEC(IOUT,1060)
GO0 100
WRITE(IOUT,1070)
GOTC 100
WRITE(IOUT,1071)
G010 1O
WRITE(IDUT,10€0)
6070 100
WRITE(IOUT,1081)
GOTD 100
WRITE(IOUT,1082)
CONTINUE

RE TURN

WRITE(IOUT,1001)SEL

RETURN 1
END

ERROR CODES
300

INVALID OPTIONS

NOT ENDUGH DATA FOR STREAMFLOW

INVALID ALPHA VALUES FDR STREAMFLOW VELDCITY
INVALID BETA VALUES FOR STREAMFLOW DEPTH

LS LH LR LXL AL LLB LR ELEL DFN SRS LORIRLR S SL NS R pu 5L R

FUNCTION DFN(TA,CT,C1,C2,U)
01=1E-14
Ti=(U/C1)+1.0+(C2/U}
T2=((UFU)/(C1%C2))+1.04(U/C2)
T3=1/(71%11)

Ta4=-1.0%CT*T3
T5=(1/C1)-(C2/(UZU})
TE=T4*15

T71=1/(T12%72)

T8=-2.C2CT*T7

T9=( (22U} £(C1%C2))2+(1/C2)
T10=T8*TS

T11=01/(U%U)}
CFN=T64T10-T11-1.0

RE TURN

Co2u st odb b DOE FHESpRdSddffd bbb Sdd SR pe SR PR R r eI L4k

SUBROUTINE DCE(X14MICIMZ1oMINTI,J11,J21,J31,K11,K21,4K31,L01,

1 LON1,SE1,001,011)

REAL MIC1oM214MINI 4J114+J214+J31,K11,K21,K31,L01,L0N1

¢ COMPUYTE DEFICIT DUE TO (BOD

A= (K11%LO1)/(K21-K11} B - 22

E=EXP(J11%X1)

00091300
00091400
00091500
000916060
00091700
00091800
000919060
00092000
00092100
00092200
00092300
00092400
€0092500
00092600
00092700
00092800
00092900
00093000
060093100
000932G0
00093300
00093400
00093500
00093600
00093700
00093800
00093900
00094CC0
00094100
00094200
00094300
00094400
00094500
00094600
00094700
00094800
00094900
00095000
00095100
00095200
00095300
00095400
00095500
00095600
00095 7G0
00095800
00095900
00096000
00096100
00096200
00096300
00096400
00096500
00096600
00096700
60096800
60096900
00097000
00097100
00097200
00097300



C=EXP(J21%X1)
DEF1=A%(B-C)

C COMPUTE DEFICIT DUE TO NBOD
D=(K31%LON1}/(K21-K31}
E=EXPLJ31%X1)

DPEF2=D%(E~C)

COMPUTE DEFICIT DUE 1O SEDIMENT DEMAND
F=SE1/K21
G=1.0-EXP(J21%X1)

DEF3=F %G

COMPUTE CEFICIT DUE TG INITIAL DEFICIT (DO)
DEF4=DOIZEXP(J21%X1)

( CGMPUTE TOTAL DEFICIT D1

D11=DEF1+DEF2+DEF3+4DEF4
RE TURN
END

-~

(]

CE TS HrT L0 LFRELELLFE POS FERLIL0EPOE LT LSS LRSS FL AL LSL LT L %D

SUBROUTINE DGS(T1.,K11,K214K31,L01,L0ON1,SB1,D01,D011)
REAL K11+K214K31,L01,LON1

¢ COMPUTE OEFICIY DUE TG CBGD
A=(K112L01)/(K21-K11)
B=EXP(-1.0%K11%T1)

C=EXP(-1.0%K21%*T1)
DEF1=A%(B-C)

( COMPUTE CEFICIT DUE TE NBOD
D=(K31%LON1)/(K21-K31)
E=EXP(-1.C%K31%T1)

DEF2=D*(E-C)

C CGMPUTE CEFICIT DUE TO SEDIMENT DEMAND
F=SB1/K21
6=1.0-C
CEF3=F%(

C COMPUTE DEFICIT DUE TC INITIAL DEFICIT (DO)
PEF4=DO1%C

C COMPUTE TOTAL DEFICIT
D11=DEF1+DEF2+DEF34DEF4
RE TURN

SUBROUTINE DRYWEA

OESEKVED DAYA.
INPUT DATA WILL BE

THE SPECIFIC RANDCM YARIABLE TO BE GENERATED ISt
1. THE CRY-WEATHER FLOW RATE PER UNIT OF TIME

AUTHOR - MIKE MARA

DATE DECEMBER 1977

A AmMCACRAAASA

CONTINUE

ace

THE URY-WEATHER FLOW SIMULATOR WILL GENERATE RANDOM UBSERVATIONS
OF DRY-WEATHER FLOW, THE MEAN DAILY DRY-WEATHER FLOW DERIVED FROM

INPUT VARIABLES =mmmme o e e e e e e e oo e em

00097400
60097500
00097600
000977C0
00097800
00097500
€0098000
0009&100
000982C0
60098 200
00098400
00098500
000986C0
G0098700
C0096€00
00098900
00099C00
00099100
0099200
€0099300
000994C0
00099500
00099600
00099700
0099800
00099900
00100000
00100100
00100200
00100300
00100400
00100500
00100600
00100700
¢010CEQO
00100900
00101000
00101100
00101200
€0101300
00101400
€0101500
00101€00
60101700
00101800
001019C0
00102000
00102100
00102200
00102300
00102400
00102500
00102600
00102700
00102800
001029C0
€0103000
00103100
00103200
00103300
00103400



COMMON /GLOBAL/ZIDToNYRSLCC(10),IRNY, IKSD

(CMMON /GLOEL1/ALF1,ALF2,BETA]1,.BETA2,BETA3,SBA,K2ADJ,DISTY,
DIST2.E4T(12),0US€12),CC(12) Q0N (42)BODDK s SSOWs TKNDK,PBOW,
BUDUSF(12) 3 TKNUSF(12),SSUSF(12),PBUSF{12),K2SPEC,DDW,

W R e

K1W1lyK1W2 sK1USF +KI1DWF

COMMON /ZJU0/T1IN,IKIV,ICUT

DIMENSION FDT(6) oDFR(7],HRFR(24)

REAL OFR/1.CE314(490:0924140341.00+049640.95/

REAL HRFR/D463CeS30:54005304550e8,048514691.551.5,

C NAME DESCRIPTION/DIMENSION

{  mmmmme e e e e e
C.

¢ 107 LENGTH OF 1 TIME UNIT (HOURS)

C BGOW MEAN CAILY DRY WEATHER FLOW (CFS)
C BODDK 600 DRY-WEATHER CONCENTRATION (MG/L)

C SSCW SUSPENDED SOLIDS DRY-WEATHER (ONCENTRATION (MG/L)

C TKNDW TKN DRY-WEATHER CONCENTRATION (MG/L)

c PEDW LEAC DRY-WEATHER CONCENTRATION (MG/L)

C

C

C DUTPUT VARIABLES ==~mmm oo oo oo o e e e e e em e
¢

C NAME CESCRIPTION/DIMENSION

(, ...............................................................
C

c GOwW DRY-WEATHER FLUW PER UNIT OF TIME (42) (CFS)

C BLODk ECD DRY-WEATHER CONCENTRATION (MG/L)

¢ SSDW SUSPENDED SOLIDS DRY-WEATHER CONCENTRATION (MG/L)

¢ TKNDW TKN DRY-WEATHER CONCENTRATION (MG/L)

C PEOW LEAD DRY-WEATHER CONCENTRATION (MG/L)

C

C

llcl' ’1-" '1.3'1.3.1-391.2'1-2!1 01'1.1'1 oO!loO‘O.B'O.‘T’ch/

1000 FORMAT(6F1C.2)

00103500
€C0103600
00103700
00103800
00103900
00104000
00104100
00104200
00104300
C0104400
00104500
00104600
00104 700
00104800
00104500
00105000
00105100
00105200
00105300
00105400
00105500
00105600
00105700
00105800
00105900
00106000
00106100
00106200
00106300
00106400
00106500
00106600
00106700
00106800

1001 FORMAT(®*1',T2¢,"'CONTINUOUS STORMWATER POLLUTION SIMULATION SYSTEMO0106SC0

1%9/

1 T30+"FEBRUARY,1979',//

2 9724 INPUT TO DKY WEATHER SUBMDDEL®*,20(*-%),//,
1T25,% CGDW = ',F1C.2.," CFS*'/,

2T26 4% PODDW = ",F1CG.2,% MG/L'/,
3T254" SSDW = ",F1Ce2s* MG/L'/,
4724+ TKNDK = *,F1Ce2," MG/LY/,
5T254% PEDW = *,F1C.2,' MG/L"/,
6T2%,'0DW = *,F10.2,% MG/L")

C STEP 1

C

C~ READ BQDW,E0ODDW, SSDHW » TKNDW,PBDWsDDW

C

READ(IIN,100C) BCDW,BODDW,SSOWTKNOW, PBOW, DOW
WRITE (JOUT,1G01) BQDWBODDH 2 SSDW » TKNDW,PBDOW, DDW
€ ECHD THE INPUT

C STEP 2
C
C - COMPUTE NUMBER CF PERIODS IN DAY
¢
NP=264/101
20 CONTINUE
C STEP 3
C
C CALCULATE ADJUSTMENT KATIOS B - 24

C

00106910
00107000
00107100
00107200
00107300
00107400
00107500
00107600
00107700
C0107800
00107900
00108000
00108100
00108200
00108300
00108400
00108500
00108600
00108 700
00108800
00108900
00109000
00109100
00106200
00109300
001094C0



1=1
DO 30 J=1NP
FOT(J)=0.0

00 30 J1=1,1D7
FOT(J)=FDT(J)+HRFR(I}
I=1+1
30 CONTINUE
DB 35 J=1,NP
FOT(J)=FDT(J)/IDT
35 CONTINUE
C STEP ¢4
C
C - CALC THE DRYWWEATHER FLOW PER UNIT OF TIME
C
I=1
B0 40 10A=1,7

DO 40 IHR=1sNP
COM{I1)=BQDUWEDFR{IDA)*FDT(IHR)
I=1+1
40 CONTINUE
C STeep 5
C
€ RETURN 7O CALLING MODULE
C
RETURN
END
C
CEPLLXLLRLLTLLELLTH2LLL DSRD S LIS LLALL ST LTSI LREISL L ST LD
C
SUBROUTINE DSRD (NYRSTR,%*)
COMMON /IO/IINGIRIV,10UT
COMMON /GLOBAL/TOUTSNYR,LLEC(10),IRN1,IWSD
COMMON /STRZ2/7QDUS(360,5)sQMUS(12,5),QMSF(12),SOMSF(12}),CCMSF(12)
C
C READ DAILY STREAMFLOW RECCRDS
C

100C FORMAT(F6.))

1601 FORMAT(1X,"*NOT ENOUGH DAILY STREAMFLOW DATA',/,

1* JOB ABORTED')
1002 FORMAT(12)

00109500
00109600
00109700
00109800
00109900
00110000
00110100
€0110200
00110300
00110400
00110500
00110600
00110700
00110800
00110900
00111000
00111100
00111200
00111300
00111400
00111500
00111600
00111700
00111800
00111900
00112000
00112100
00112200
00112300
00112400
00112500
00112600
00112700
00112800
00112900
60113000
00113100
00113200
00113300
00113400

1003 FORMAT(®1°,726,*CONTINUCUS STORMMWATER POLLUTION SIMULATION SYSTEM00113500

1',

17,730, YFEBRUARY,1979%,///,

1772, INPUT FOR DAILY STREAMFLOW'®',20(*~t})/,

17772, "NUMBER OF YEARS OF STREAMFLOW READ

1004 FCRMAT(//72, *THE FIRST TEN VALUES ARE =*/)

1005 FORMAT(T104F6.0,* CFS")

C GET THE NUMBER OF YEARS OF STREAMFLOW TO BE READ IN

KEADCIRIV,ICO0ZINYRSTR
IF(NYR.LTNYRSTRINYRSTR=NYR
WRITE(IOUT,1CC3INYRSTR
DU 10 J=1,NYRSIR
0O 10 1=1,36C

1 READCIRIV,1000,END=99)QDUS(],J)
WRITE(IOUT,1C06)
00 25 I=1,1C
WRITE(IOUT,10C5)QDUS(I,1)

26 CONTINUE
RETURN

99 WRITE(IOUT,1CC1) B - 25
RETURN 1

00113510
60113600
00113700
00113800
00113900
00114000
00114100
G0114 200
€0114300
00114400
00114500
00114600
00114700
00114800
00114500
00115000
00115100
00115200
00115300
00115400



END

¢
CEEEXLLLAILLEILLTL L L L 2SL0E EXXPON 2T LILIIE S22 SLLLXL LIS S 24S
C

SUBROUTINE EXXPON(XMEAN,R)
C
C-GENERATE A RANCDM OBSERVATION
C-FROM AN EXPUNENTIAL DISTRIBUTION
C
C FetrEsdetsddd
c = 2
C % STEP 1 %
c * %
€ RS EILLNITLL
C
C GET RANDOM NUMBER
C

CALL RANDOM{X])
C
€ FLEESEESELILET
C * %
C * STEP ¢ ¥
C = ¥
€ SRR RLBHLLRLY
C
C CALC RANDOM VARIATE
C

R==1.J%(ALOG(X)}3XMEAN
C
C SRttt
c = 2
C % STeEP 3 ¥
c = 2
C SERSsEnILL
C
C RETURN TUL CALLING MODULE
C

RETURN

END

C
CEEH L LLT LR EF LI FN FE38 55025 2be o5& 25X
C

FUNCTION FN(TA.CT.C1,C2,U)
0l1=1€E-14

T1=(u/Cl)+1.C+(C270)
12=1.0/T1
T3=((URU)/Z(C13%C2))+1.04(U/C2)
Té=c/13

75=01/U

FN=CT*(T12+T4 )+T5~U-TA

KETURN

END

[N aNal

SUBROUTINE GMSF
COMMON /ID/1INGIRIV,I0UT
COMMON/GLOBAL/1DT4NYR,LOC(10) +IRN1,IWSD

00115500
00115600
00115700
00115800
00115900
00116000
00116100
00116200
00116300
00116400
00116500
00116600
00116700
00116800
00116900
00117000
00117100
00117200
00117300
00117400
00117500
00117600
00117700
00117800
00117900
00118000
00118100
00118200
00118300
00118400
00118500
00118600
00118700
00118800
00118900
00119000
00119100
00119200
00119300
00119400
00119500
00119600
00119700
00119800
00119900
00120000
00120100
00120200
00120300
00120400
00120500
00120600
00120700

SRR LLSHLL LRSI FRLLLLs GMSF FHEFERERSBELLESLEFLER LSRR T LRI LN S R 2200120800

00120900
00121000
00121100
00321200

CUMMON /STR2/QDUS(360,5),QMUS(12+5),QMSF(12),SDMSF(12),CCMSF(12)} 00121300
1000 FORMAT('1°,726,*CONTINUOUS STORMWATER POLLUTION SIMULATION SYSTEM00121400

147130, B - 26

00121410



1501
13062

2 XakalaRakaka!

A nkeXaKa]
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20
21

25.

[aEaNaNaNe]

[aNaNeNa! aXaNaNel

'FEBRUARY 1979%,//,726,"MONTHLY STREAMFLOW GENERATOR®*,//
T2 o*MONTHY s T11,,* YEARY, T21,*QUANTITY®)

FORMAT(1IX /7 sT13,124T12,12,T21,F10.2)

CFORMAT(1X+//+T5, "AVERAGE ANNUAL FLOW',F10.2)

THIS MODULE GENERATES MONTHLY STREAMFLONWS

STEP 1

GENERATE FIRST OBSERVATION IN FIRST YEAR OF SIMULATION

ASUM=C.0

IYEAR=1

IMO=1

ONMD=QMSF (1)

SIG=SDMSF (1)

CALL LOGNOR (ONMO,SIG,VAL)
QMUS{IMO, IYEAK)=VAL
ASUM=ASUM+VAL

STEP 2

GENERATE MONTHLY VALUES FOR MONTHS 2 TO 12

b0 20 IMD=2,12
RATIO=SDMSF{IMO)}/SDMSF (I1MO-1)
R=CCMSF (I1MO)

SIG=SDMSF(1MO)

QNMO=QMSF (1MO)
ONMOL1=QMSF(IMO-1)

QMUSL1= QMUS{IMD-1,IYEAR)
CALL MARKOV(QNMO+SIG,RATID,QMUSL1,ONMOL1,VAL,R)
ASUM=ASUM+VAL
QMUS(IMOSsIYEAR)=VAL

CONTINUE

WRITEC(IUUT,1000)

DG 2% I=1,12
WRITE(IOUT,1001) 1, IYEARQMUS(ILIYEAR)
AVMUS=ASUM/12.0
WRITE(1DUT,1002)AVMUS
ASUM=0.0

STEP 3

INCREMENT SIMULATION YEAR BY 1

IYEAR=]IYEAR+1

STEP &

CHECK FOR END OF SIMULATION

IF (IYEAR.GT.NYR) GO TO 99

STEP 5

COMPUTE FIRST MONTH FLOW FOR NEXT YEAR

IM0=1
RATIO=SOMSF(1)/SOMSF(12)
R=CCMSF (1)

SIG=SDMSF (1)
QGNMO=QMSF (1)
ONMOL1=QMSF(12)

B - 27

00121500
00121600
00121700
€0121800
00121900
00122000
00122100
00122200
00122300
00122400
00122500
00122600
00122700
00122800
00122900
00123000
00123100
00123200
00123300
00123400
00123500
00123600
00123700
00123800
00123900
00124000
00124100
00124200
00124300
0012440(

0012450¢(

00124 60¢(

00124 70C

0012480C
00124900
00125000
00125100
00125200
00125300
00125400
00125500
00125600
00125700
00125€00
00125900
60126000
00126100
00126200
00126300
00126400
00126500
00126600
00126700
00126800
00126900
00127000
00127100
00127200
00127300
00127400
00127500



OMUSL1=QMUS(12,]1YEAR-1)
CALL MARKOV(QNMO,SIG,RATIO,QMUSL1 ,CNMOL1 ,VAL,R)
UMUS(1,IYEAR)=VAL
ASUM=ASUM+VAL
C STEP 6
C
C GO 10 STEP 2

SUBROUTINE INFL
COMMON /10/ITIN,IRIV,I0UT
COMMON /GLOBAL/ICTL,NYR,LOC(10),IRNI,IWSD
COMMON ZINFIL/WSCOD(2),ADTIA(2) ,ALENG(2) ADKWF(2)},RDWF(2),
1 IAF(2)
COMMON Z/1IRO/ICORM(12),IGROW(1IZ)+CNI(2)+CN2(2)CN3(2),DA(2]},
1 1C(2),CRO(2)
INTEGER WSCOD
REAL 1AF
COMMON /RAINZISEAS1(12),ISEAS2(12),TBSA(2),DSA(2),RDA(2),
1 RDSA(2),CCA{2),RDY(2160)
COMMON /RUNQL/BOD(2,2160),TKN(2,2160),55(2,2160) ,PB(2,2160)
COMMON /RUNOF/RUN(2,2160)
DIMENSICN RF(360)
REAL 1GSS(360),I0BOD(360),I0TKN(360),10PB(360),10A(360)
REAL I0SST,IOBODT, IOTKNT,10PBT 4MSSMPB,MTKN,MBOD
REAL 10T.MAXFLO
INTEGEKR TCEI
REAL MXIK
REAL MXCBODyMXCTKN MXCSSMXCPB
1000 FORMAT("1 ', *EXCESS INFILTRATION RESULTS FOR WATERSHED *,12,/
I T2,*TOTAL DURATIGN EXCESS INFILTRATION *,16,* HOURS®,/
1 T2,*TOTAL AMODUNT OF EXCESS INFILTRATION ',F10.2,°* INCHES®,/
1 T2,*MAXIMUM EXCESS INFILTRATION RATE ',F10.2,*' CF5')
1001 FORMAT(//,"'1

1 FOR®

1s5X s *WATERSHED NO. *»13,/,

1 TG2+"'BOC*»T53,*TKN 2 T64,*SS",T75,'PB*/,

1 1Xy*MAXIMUM CONCENTRATIONS(MG/L)"5T32+4(1XsF11.2),4/

1 1Xs "MEAN CONCENTRATIONS(MG/L}®4T32,4(1XsF11.2)s/

1 1X, *TCTAL ANNUAL WASHOFF(LBS)® ,T32,46(1X,F11.0)4/)
€ CALCULATE THE NUMBER OF TIME PERIODS PER DAY

NTP=24/1DT

C CALCULATE THE NUMBER OF TIME PERIODS PER YEAR
NSTEPS=8640/107
€ OEVELOP DATLY RAINFALL ARRAY

K=1
L=0

29 CONTINUE

C INITIALIZE THE AMOUNT OF RAINFALL THIS DAY--DR
DR=0

DG 30 1=1,NTP
C ACCUMULATE [DAILY RAINFALL
DR=DR+RDY(K)
K=K+1
30 CONTINUE
L=L+1

B - 28

EXCESS INFILTRATION PLUS RUNOFF QUALITY-STATISTICS

00127600
00127700
00127800
00127900
00128000
00128100
00128200
00128300
00128400
00128500
00128600
00128700
00128800
00128900
00129000
00129100
00129200
00129300
00129400
00129500
00129600
00129700
00129800
00129900
00130000
00130100
00130200
00130300
00130400
00130500
00130600
00130700
00130800
00130900
00131000
00131100
00131200
00131300
00131400
00131410
00131500
00131600
00131700
00131800
00131900
00132000
00132100
00132200
00132300
00132400
00132500
00132600
00132700
00132800
00132900
00133000
00133100
00133200
00133300
00133400
00133500



€ PUT AMOUNT OF DAILY RAINFALL IN DAILY RAINFALL ARRAY
RF(L}=DR

IF(L.GE.360)GD TC 35

60 10 29

CONTINUE

n

NOW THE RAINFALL ARRAY (DAILY)} HAS BEEN BUILT --RF(36CQ)
DO ANALYSIS FOR EACH WATERSHED
D0 999 NWS=1,IWSD
IF WATERSHED HAS NC INFILTRATION THEN GO TO END OF THIS MOODULE

IF(WSCOD(NWS).EC.0) GOTO 999

[a e [aXaNal [l aNaNalaNTY)

TOTAL DURATION EXCESS INFILTIRATION
T0EI=0
MAXIMUM INFILTRATION KATE
MXIR=0.0
COMPUTE TOTAL INFILTRATION ARRAY
ASSUME NO RAINFALL IN LAST 9 DAYS OF PREVIOUS YEAR

@)

SOME CONSTANTS FOR COMFUTING INFILTRKATICN OVERFLOW ARRAY

[aNaNaN el el

C1=ADIA(NNWS)
CZ2=ALENG(NNWS)
C3=1AF{NKWS)}
IOA(1)=DAF(RF(1)-0-0.0-0.0.0.0,0.0.CI.CZ,C3)
TOA(2)}=0AF(RF(2)4RF(1)4040+04040+0,0+,0,C1,C2,C3)
IDA‘3):BAF(RF‘3)’RF(Z),RF(I"O!ODO’O’O’OQO!CI’CZ!C3)
ICA(4)=0AF(RF(4)+RF(3),RF(2},RF(1),050,0,0,0,0,01,502,C3)
10A(S)Y=0AF(RF(5) sRF(4) sRF(3) 4RF(2},RF(1),050,0+0+0,C1,C2,C3)
TIOA{G6)=0AF(RF(6) sRF(5) 4RF(4) yRF(3)4RF(2)4RF(1)50+045050,C1,C2,(3)
IOA(T7)=0AF(RF(7)sRF(E) RF{S) 4RF(4)sRF(3),RF(2)4RF(1)50,0,0,4Cl,

1 €2,C3)
IOA(B)=0AF(RF(8) sRF(T7)sRF{6) 4RF(5),RF(4),RF(3),F(2)4RF(1),

1 0,0,C1,C2,C31)
1I0A(S)=0AF(RF{9)} ,RF(B) RF(T7) ,RF(6),RF(5),RF(4),RF{3),RF(2),

1 RF(1),0,C1,C2,C3)

DO 200 J=17,360
I0A(J)=0AF(RF(J) JRF(J=1)sRF(J=2) ,RF(J=3),RF(J=4) sRF(J~-5),
1 RF(J-6),RF{JU-7}RF(J-8),RF(J-9)},C1,C2,C3)
00 CONTINUE

COMPUTE INFILTRATICN CVERFLOW ARRAY
MAXFLO=ADWF (NWS ) %(RDWF (NWS)=1.0)
€ MAXFLD -1S THE EXCESS CAPACITY DF THE WWTP
DO 250 J=1,3¢€0
C CALC AMOUNT OF OVERFLOW
T0A(J)I=I0ACJI-MAXFLO
C IF INFILTRATION AMOUNT LESS THAN EXCESS CAPACITY THEN NO OVERFLOb
IF(I0A(J)eLT+0.0)I0A(J)=0.0
1F(10A(J) «NE.C.O)TDEI=TDEI+1
IF(MXIR.LE.I0A(J)IMXIR=ICA(J)
25¢ CONTINUE
C CONVERT TOTAL DURATION EXCESS INFILTRATION TO HODURS
TDEI=TDEIZ24
Z6¢ CONTINUE B - 29
C

00133600
00133700
00133800
00133900
00134000
00134100
00134200
©0134300
00134400
00134500
00134600
00134 700
00134800
00134900
00135000
00135100
00135200
00135300
00135400
00135500
00135600
00135700
00135800
00135900
00136000
¢0136100
00136200
00136300
00136400
00136500
00136600
00136700
00136800
00136900
00137000
00137100
00137200
€0137300
00137400
00137500
60137600
00137700
00137800
00137900
00138000
00138100
00138200
00138300
00138400
00138500
€0138600
00138700
00138800
€0138%00
001390600
00139100
00139200
00139300
00139400
00139500
00139600



STEP 2
COMPUTE INFILTRATION OVERFLOW QUALITY ARRAY

INFILTRATION OVERFLOW QUALITY IS BASED ON THE FOLLOWING
RAW WASTEWATER STRENGTHS

8005=200 MG/L

SS =200 MG/L

TKN = 40 MG/L

PB = 0.04 MG/L

COMPUTE SS BOD TKN AND PB QUALITY

e e el aNaNaNaN o NaNal ol e Wl

DO 300 J=1,360

-

IF(I0A(J) .NE.O.0)GD TO 275
10SS(J)=0.0
10800(J})=0.0
IDTKN(J)=0.0
10PB(J}=0.0
60 10 300
275 CONTINUE

C CALC DILUTICN FACTOR = RATIO CF TOTAL FLOW TO DRY WEATHER FLOW

DILFAC=(IOACJ)I+ADHF (NWS)*RDWF(NWS))/ADWF (NKS)
10SS{J)=200/DILFAC
10B0OD(J)=200/DILFAC
IOTKN(J}=640/D1LFAC
ICPE(J}=0.04/DILFAC
300 CONTINUE

STEP 3

DUTPUT INFILTRATION OVERFLOW SUMMARY

alaNuleNalel

INITIALIZE VARIABLES
10T=0.0
10SST=0.0
1080DT=0.0
IGTKNT=0.0
10PBT=0.0
PO 400 J=1,360
C COMPUTE TOTALS
I0T=10T+10A(J)
I10SST=10SST+I10A(J)*10SS(J)
10BOOT=I0BODT+I0A(J)*I0BOD(J)
IOTKNT=I0TKNT+10A(J)ILIOTKN(J)
10PBT=10PBT+I10A(J)*I0PB(J])
4C0 CONTINUE
( CONVERT TOTAL EXCESS INFILTRATION YO INCHES
10T=10T*3600%24
C (ACRE-FEET)
I0T=107/43560.0
€ (INCHES)
10T=107T*12.0/DA(NKS)
WRITE(IOUT,1000)INWS,TDEI,IOT yMXIR
C
C STEP ¢

COMBINE INFILTRATICN OVERFLOW ARRAY WITH RUNOFF ARRAY FOR
WATERSHED B - 30

[aEaXalal

00139700
00139800
00139900
00140000
00140100
00140200
00140300
00140400
00140500
00140600
00140700
00140800
00140900
00141000
00141100
30141200
00141300
00141400
00141500
001641600
00161700
00141800
00141900
00162000
00142100
00142200
00142300
00142400
00142500
00142600
€0142700
001642800
001642900
00143000
00143100
00143200
00143300
00143400
00143500
00143600
00143700
00143800
00143900
00144000
00144100
00144200
0014464300
00144400
00144500
00144600
00144700
00144800
001644900
00145000
00145100
001645200
00145300 -
00145400
00145500
00145600
00145700



45¢

5060

999
909

MXCBAD=5.0

MXCTIKN=0.C

MXCSS=0.0

MXCPB=0.C

T0SS=042

TOTKN=G.C

TOPE=0.0

T080D=C.0

TOR=0.0

DO SO0 J=1,NSTEPS

K=J/NTP

K=K+1]

QT=RUN(NHS o J)+I0A(K)
IF(QT.CE.0.0001)6G0BT0 450
SSINWS,J)=0.0

EOC(NWS4J]=0.0

TKN(NWS3J)=0.0

PBINWS,J)=0.0

RUN(NWS »J}=0.0

GOTO 5CO

CONTINUE
QULSS=(RUN(NKS s JIFSSINKS 4 J)+10A(K)2I0OSS(K]))}/QT
SS(NWS,J)=QULSS
QULBOD=(RUN(NWS s J})2BOD(NKWS,J}+ IOACK)=I0BOD(K)}/ZQT
BOD(NHS ,J )=QULBOG
QULTKN=(RUN(NKS s J}XTKN(NWS , 3)}4 IOA(K)ZTOTKN(K }}/QT
TKN{NHSsJ)} =QULTKN

QULPB=(RUN(NWS yJ)}EPB(NHS,J} +I0A(K)*IOPB(K))/QT
PB{NWS,J)=QULPEB

RUN(NWS ,J}=€T

IF{MXCBGD .LT.QULBOD)IMXCBOD=QULEDD
IF(MXCTKN.LT QUL TKNIMXCTKN=QUL TKN
IF(MXCSS.LT.QULSSIMXCSS=QULSS
IF(MXCFB.LT.QULPB)MXCPB=QULPB
TOSS=TOSS+{QULSSZCT)
TOPBE=TOPB+{QULPBZOT)

TOTKN=TOTKN+ (QULTKN=QT)
TOBOOD=TOBOD+ (CULBODQT)
TOR=TOR+QT

CONTINUE

AVSS=TOSS/TOR

AVPB=TOPR/TOR

AVTIKN=TOTKN/ TOR

AVBOD=TOBOD/TOR
WOBOD=AWP(TOR,1DT,AVBOD)
WOTKN=AWP(TOR,IDT,AVTIKN)
WOSS=AWP(TOR,IDT,AVSS)
WOPB=AWP{TOR,IDT,AVPB)

WRITE(IQUT L1001 INRS,MXCBOD 4MXCTKNMXCSS ,MXCPB,AVBOD,AVTKN

AVSS,AVPB ,WOBOD » WOTKN 4 WOSSWOPB
CONTINUE
CONTINUE

C STEP 5

c

C RETURN TO CALLING MOOULE

C

C

CHELLL 0L EHEXLTLES INFLRD 330 L2405 42 SSE L5 LRSS0 L 0 BE 25T L%

RETURN
END

B - 31

00145800
00145900
00146000
00146100
00146200
00146360
00146400
00146500
00146600
00146 700
00146800
00146900
00147000
00147100
00147200
00147300
€0147400
001475C0
00167600
00147700
001647800
00147900
00148000
00148100
00148200
00148300
00146400
00148500
00148600
00148700
00148800
00148900
00149000
00149100
00169200
00149300
€0149400
00149500
00149600
00149700
00149800
00149900
00150000
00150100
00150200
00150300
00150400
00150500
00150600
00150700
00150800
00150900
00151000
00151100
00151200
00151300
00151400
00151500
001516060
00151700
00151800



100C
1202

alalalalat o N N Na NN o Na e el

00151900
SUBROUTINE INFLRD 00152000
COMMON /10/11IN.IRIV,.I0UT 00152100
CUMMON /GLOBAL/IDTSNYR,LOC(1G6) sIRN1,IWSD 00152200
COMMON /INFIL/WSCCD(2),ADIA(2) ,ALENG(2) ADWF (2),RDRF (2), 00152300
1 1AF(2) 00152400
INTEGER WSCD LWSCOD 001525C0
REAL LENGTH, IAF »INFAF 00152600
FORMAT(11,5F10.2) 00152700
FORMAT(*1°,T2€,*CONTINUOUS STORMWATER POLLUTION SIMULATION SYSTEM0O0O152800
1, 00152810
174730 "FEBRUARY 4 1€79%,/// 060152900
1 T2,%EXCESS INFILTRATION INPUT DATA®,20('-*)/) 00153000
FORMAT( 00153010
1 /7724 "WATERSHED: '"412,T24,'CODE: ',12/ 00153100
1 T2,*AVERAGE PIPE DIAMETER: "+F1042s' INCHES*/ 00153200
1 Teo*TOTAL SYSTEM LENGTH: *,F10.2,% MILESY/ 00153300
1 T2+"DRY WEATHER FLOW: *4F10.24* CFS*/ 00153400
1 T2,"DRY WEATHER FLOW RATIO: °*»F10.2./ 00153500
1 T2, INFILTRATION ADJUSTMENT FACTOR: *,F10.2) 00153600
WRITECIOUT,1002) 00153610
DO 20 I=1.1WSC 00153700
READ(IIN,1000)IWSCDDIA,LENGTH, DWF ,DWFRy INFAF 00153800
IF(INFAF.EQ.0.0) INFAF=1.0 00153900
WRITEC(IOUT,10C1)1eWSCD4O1ALLENGTHDWF yDWFR 4 INFAF 00154000
WSCCD(I)=WSCD 001564100
ALENG(1)=LENGTH 00154200
ADIA(I)=DIA 00154 300
ADWF (1)=DWF 00154400
KCWF (1 )=CWFR 001564500
IAFCT)=INFAF 00154600
CONTINUE 06154700
RE TURN 00154800
END 001564900
C 00155000
CHETIITTITHTRLLLLIRLLALE [STR TS S L4 S IE ST SR SL L0212 L L 34L6 9200155100
¢ 00155200
SUBROUTINE ISTK 060155300
00155400
THE INDEPENDENT STREAMFLOW SIMULATOR WILL GENERATE RANDOM 00155500
OBSERVATIONS OF STREAMFLOW, GIVEN STATISTICS FROM OBSERVED DATA~ 00155600
00155700

INPUT DATA WILL BE 00155800 |
00155900
THE SPECIFIC RANDCM VARIABLES(S} TO BE GENERATED 1S(ARE): 00156000
00156100
1. 00156200
00156300
AUTHGR - MIKE MARA 00156400
00156500
DATE DECEMBER 1977 00156600
00156700
CONTINUE 00156800
INPUT VARIABLES =v-----csrcccrr s ccm e s s c e e vo -~ 00156900
00157000
NAME DESCRIPTICN/DIMENSION 00157100
--------------------------------------------------------------- 00157200
00157300
QMSF MEAN MONTHLY FLOW (12) 00157400
SDMSF STANDARD DEV OF MEAN MONTHLY FLOW (12} 00157500
CCMSF 00157600

aNaNaNaNaRaNaNal

LAG 1 COKR CCEFF OF ADJAC%SJ MONTHLY FLIWS (12)
B -



C BODSF
C SSSH
C TKNSF
C PESF
C NYR
C
C

CONTINUE
C
¢
C
C NAME
C  e=ce--
C
C BODSF
C SSSF
C TKNSF
C PBSF
¢
C

OUTPUT VARIABLES

BOD STREAMFLOW CONC
SUSPENDED SDLIDS STREAMFLUW CONC
TKN STREAMFLOW CONC
LEAD STREAMFLOW CONC

NUMBER OF YEARS OF SIMULATION

DESCRIPTIOGN/DIMENSION

P R R e Y e el e e e e e e

BOD STREAMFLOW CONC
SUSPENDED SOLIDS STREAMFLOW CONC
TKN STREAMFLOW CONC
LEAD STREAMFLOW CONC

COMMON /GLOBAL/ICT4NYR,LOC(10),1RN1,IWSD

COMMON /GLOBL1/ALF1,ALF2,BETAL1,BETA2,BETA3,SBALX2ADJ,DISTI,
1 DIST2+E5T(12),DUS(12),CC(12),QDW(42) ,BODDKW »SSDWy TKNDW4PEDNW
2 BOGODUSF(12),TKNUSF(12),SSUSF{12},PBUSF(12),K2SPEC,DDW,

3 KIWN14K1HWZ2,K1USF,K1DWF

COMMON /STR2/GDUS(360,5),0MUS(12,5),QMSF(12),SDMSF(12),CCMSF(12)

COMMON /IG/11IN,IRYIV,]I0UT
1030 FORMATL(I2)
1601 FORMAT(SF10.2)
1003 FORMAT(*1°*,T264* CONTINUOUS STORMWATER POLLUTION SIMULATION SYSTEMOO160600

1%/

1 T30, "FEBRUARY,1979°%,7/
2 //725,"INPUT TO INDEPENDENT STREAMFLOW®/
3 //7/+T24"MONTH'«T164*MEAN",T31,'SD?*,
1 T469*CCRR COEFF?*)
1u0E FORMAT(1IXs/sT34124T11,F10.2,T264F10.2,T41,F10,2)

(-READ MONTHLY STREAMFLCW STATISTICS

WEITE(IDUT,1003)

READ (TIN,1CC1)} XG.XSC.XCC
WRITE(IDUT,1005) 1,XQ,XSD,XCC

¢ STer 1
C
C
DO 10 I=1,12
S CONTINUE

1¢ CALL TRANS (XCysXSDeXCCoQMSF(1)ySDMSF(I)}sCCMSF(1))
15 CONTINUE

€ STLF 2

C-GENERATE MONTHLY FLOWS FDR NYR FLOWS

C

CALL GMSF

C STeEP 3
C

C RETURN TO CALLING MODULE

C
40 RETURN

C
CARn e LR pe St LOGNOR 22X 5dddd
(

SUBROUTINE LOGNOR(MEAN,SD,R])

(MG/L)
{MG /L)
(MG/L)
(MG/L)

{MG/L)
(MG/L)
(MG/L)
{MG/L)

00157700
€0157800
00157900
00158000
00158100
00158200
00158300
00158400
00158500

------------------------------------------------- 00158600

00158700
00158800
00158900
00159000
00159100
00159200
00159300
00159400
00159500
00159600
00159700
00159800
00159900
00160000
00160100
00160200
00160300
00160400
00160500

00160610
00160700
001608&00
00160900
00161000
00161100
00161200
00161300
00161400
00161500
00161600
00161700
00161800
00161900
00162000
00162100
00162200
00162300
00162400
00162500
00162600
00162700
001628C0
00162500
00163000
€0163100
¢0163200
00163300
00163400
00163500
00163600



REAL MEAN,NV

GENERATING A RANDOM NUMBER FRCOM A LOG NORMAL 0,1

e
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i
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s
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GENERATE 12 RANDOM NUMBERS ON UNIFORM 0,1 INTERVAL

alalaNalaNaNaNale Nl ol

SUMRN=0.0

D0 10 I=1,12
CALL RANDCM (X)
SUMRN=SUMRN+X

<

3 W b 4F &b
v
—
m
o
~N
L B ]

CALCULATE NORMAL VARIATE

[aNnEeRaNaNeNaNaRe N ]

NV=SUMRN=-6.0
P1=5D
PZ=MEAN

%
4
2
i
1%
3t
4
e
e
%
&
3

b ¢k b &b 9P
v
-
m
]
w
b b dF b b

01
114
L1
L1
i
114
133
L+
L3
113
L1
(1]

CALCULATE THE RANDCOM VARIATE

aEeNaNaleaN ol el el

R=EXP{NVZSD+MEAN)

[N aEalalsNaNaRaleNal

C
CHEL S fe Tt $ILT MARKOV TR 53 L B4 o533 224643
C

SUBROUTINE MARKOV (MEAN,SD,RATIO,QL1,ML1,RD,CC)
REAL NVsML1,MEAN

GENERATE A LAG ONE MARKOV SERIES <LOG NORMAL DISTRIBUTIOND

el aReNalalal

%+ B - 34

00163700
00163800
00163900
00164000
00164100
00164200
00164300
00164400
00164500
00164600
00164700
00164800
00164900
00165000
00165100
00165200
00165300
00165400
00165500
00165600
00165700
00165800
00165900
00166000
00166100
00166200
00166300
00166400
00166500
00166600
00166700
00166800
00166900
00167000
00167100
00167200
00167300
00167400
00167500
00167600
00167700
00167800
00167900
00168000
00168100
00168200
00168300
00168400
00168500
00168600
00168700
00168800
00168960
00169000
00169100
00169200
00169300
00169400
00169500
00169600
00169700



GENERATE 12 RANDOM NUMBERS ON UNIFORM O,1 INTERVAL

[alaNaNakal

SUMRN=0.0

B0 10 I=1,12
CALL RANDOM (X)
SUMRN=SUMRN+X

AL}

<

wv
-t
m
°
~N
b F 2 A 2

CALCULATE NORMAL VARIATE

2 ksXalakalakakakakn
G

NV=SUMRN=-6.C
AGL1=ALOG(QL])

[

<%
7
[+
L1
L1
2
<+
113
<%
L1
%
<%

CALC COEFF AND CCRKECT IF GT 1

[aNaNeNaNaNaleNal ol ¥
LI IR TN : 1Y
w
-
™
©
W
[ I 4

COEFF=RATI10%CC
IF (COEFF«GT.1.0)}COEFF=1.0

2 NalaNala R aRa RNl S

¢
€ SISILEIILLILLL
C * %
C * STEP 4 *
C = %
C LTSI EE
C
C CALCULATE VARIATE
C
YI=MEAN+CCEFF2(ACL1-ML1)+4NV2SDESQRT(1-CC3CC)
30 RD=EXP(YI)
T6=RD
C IF (RD.LT.0.01) KD=0.01
FLEELLTLLITELS
* STEP 5 *
SLETTELTLTILLT
RETURN TO CALLING MODULE
RETURN
END

C
CETLLRBELT5LTES PS5 RL 20 MONTH SR ERL L0 LS00 5532 L$ 4%
C

SUBROUTINE MONTH(IUNITS,IUNIT,MTH)

C B - 35
C-SUBROUT INE MONTH WILL DETERMINE THE CURRENT MONTH(MTH)

00169800
00169900
40170000
00170100
00170200
00170300
00170400
00170500
00170600
00170700
00170800
00170900
00171000
060171100
00171200
0017130¢C
00171400
00171500
00171600
00171700
00171800
00171900
00172000
00172100
00172200
00172300
00172400
00172500
00172600
00172700
00172800
00172900
00173000
00173100
00173200
00173300
00173400
00173500
00173600
00173760
00173800
00173500
00174000
00174100
00174200
00174300
00174400
00174500
001764600
001764700
00174800
00174900
00175000
00175100
00175200
00175300
00175400
00175500
00175600
00175700
00175800



-GIVEN THE NUMBER OF TIME UNITS

PER YEAR(IUNITS=

-36(%26/1DT) s AND THE CURRENT TIME UNIT (IUNIT)

INPUT VARIABLES:

IUNIT CURRENT TIME PERIOD

OUTPUT VARIABLES:

MTH CURRENT MONTH

IMTH NG OF TIME PERIUDS PER MONTH

IMTH=TUNITS/12

C
¢
C
¢
C
C
C
C
€
C IUNITS NC.OF TIME PERIODS/YEAR,EACH OF DUKATION 1DT
C
C
C
C
C
C
C
C

IF(IUNIT LEL(CIZIMTH))IGO TO 10

IF(IUNITLE.(02%IMTH))GOTO
IF(IUNIT.LE.(C3%IMTH))GOTO
IFCIUNIT.LE.(O4XIFTH)IGOTO
IFCIUNITLLE.(O5%IMTH))GOTO
IFCIUNIT.LE.(O6%IMTH))IGOTO
IFCIUNIT.LEL(CTHIMTH)Y)IGOTO
IF(IUNIT.LE.(CESIMTH]}GOTO
IF(IUNIT.LE«(O92IMTH))GOTO
IFCIUNIT..LE.(ICXIMTH))GETO
IF(IUNIT.LE.(11*IMTH)IGOTO
IFCIUNTTLLEL(12%IMTH})GCTO
GO 7O 1%¢C
10 MTH=1
G070 150
Zu MTH=2
GOTU 150
3¢ MTH=3
GOTC 150
40 MTH=4
G070 150
£ MTH=5
G010 124
60 MTH=6
GO0 159
15 MTIH=7
G070 150
Ec MIH=8
GOTO 150
90 MTH=9
cO0T0 1%0
100 MTH=1C
¢O0T0 150
114 MTH=11
6O0TO 159
120 MTH=12
150 CONTINUE
RETURN
END

20
30
40
50
60
70
80
90
100
110
120

C
CRr2euLt XL etwxd NWTRAF F5F oSSR oo e %
C

B - 36

00175900
00176 €00
00176100
00176200
00176300
00176400
00176500
00176600
00176700
00176800
00176900
00177000
00177100
00177200
00177300
00177400
00177500
00177600
00177700
00177800
00177900
00178000
00178100
00178200
00178300
00178400
00178500
00178600
00178700
00178800
00178900
00179000
00179100
00179200
00179300
00179400
00179500
00179600
00179700
00179800
00179900
00180000
60180100
00180200
00180300
00180400
00180500
00180600
00180700
00180800
00180900
00181000
00181100
00181200
00181300
00181400
00181500
00181600
00181700
00181800
00181900



SUBROUTINE NWTRAF(TA1,CT1,X1,J)
COMMON /IO/IINLIRIV,10UT
C1=4.45E-7
C2=4.,69E-11
REAL#8 FDF,T10L,F,.DF
C
€ THIS MODULE SOLVES THE LEAD EQN FOR H+
€ USING NEWTON-RAPHSEON METHOD

C
1000 FORMAT(T2,*MAX EXCEEDED IN NWTRAF X=",E9.2,* F=%,EG.2,
1 * OF="4E9.2," FDF=",E9.2)

DATA MAX,TOL/15,1.0E-11/
NCT=0

1 NCT=NCT+1

2 F=FN(TA1,CT1,C1,C2,X1)
DF=DFN(TA1,CT1+C1,C24X1)

4 FDF=F/DF
X1=X1-FDF

4 IF{DABS(FDF) .LT.TOL)RETURN

IF(NCT.LT.MAX])GOTC 1
WRITE(IOUT,1000) X1 ,F,DF,FDF
RETURN
END
C
CLEL LS L ottt eIb et DAF T Sd S0 o odfddbdfltxd
C
FUNCTIGON DAF(XLO oXE1 o XL 29 XL3 s XL G o XL5 9 XL O« XL T4 XLBoXL G0+ XL X 1A)
C
C INFILTRATION EGN FI1TTED FOR BALTIMORE 4MD
C SEE SWMM,USERS MANUAL,VERS 2,P.139
C
Ti1=2.%
T2=T1+11.3%XLO
T3=T2+411.6%XL1
T4=T3+5.5%XL2
T5=T4+6.4%XL3
T6=T544.8%XL¢4
TT1=T643.6%XL5
T8=T7+1.0%XL6
T9=T8+41.5%XL7
T10=T9+1.6%XLE
T11=T10+]1.8%XL9
T12=TI1%DXL*XIA
OAF=7T12%0.002228
RETUKN
END
C
CHFEE % LeFFF 32 L4eL PBRW S5 5RSERS SR XIS LSS Sue Tk
C
SUBROUTINE PBRW (CCSUsQSW.QSF,QDW,PBCSO,PBSW,PBSF,PBDW,SPBW(,
1 FPEBI FPBD +J1,PBHC,UPBHO,CPBM,IDT)
COMMON /PB1/TA{(4)sTH(4)},PH(4)
DIMENSION FPEI(2C)FPBD(Z2C)
C
€ CONSTANTS
C
REALZ8 XK,PKSPsAPEMD
REAL KSP,K1,.,K2
KSP=1.5E-13
PKSP=12,.,824%
Kl1=4 .45E-7

B - 37

00182000
00182100
00182200
00182300
00182400
00182500
00182600
00182700
00182800
00182900
00183000
00183100
00183200
00183300
00183400
00183500
€0183600
0183700
00183800
00183900
00184000
00184100
00184200
00184 300
00184400
00184500
00184600
001864700
00184800
00184900
00185000
©01851C0
00185200
00185300
c0185400
00185500
00185600
00185700
00185800
00185900
00186000
001861C0
00186200
€0186300
€01864C0O
00186500
00186600
60186700
G0186800
00186900
00187000
00187160
00187200
00187300
00187400
00187500
00187600
¢0187700
00187800
00187900
00188000



[aEaNaNalel

[aN ol

[aEaK ol

[aEaN aNalaNe ol o)

My &

PK1=6.35

K2=4,69E~11
PK2=10.33
STEP 1

CALC MIXES FOR ALKALINITY,HARDNESSsLEAD

TACSO=TA(1)
TASW=TA(2)
TASF=TA(3)
TADW=TA(4)
TAM=XMIX(TACSO,QCSO+TASNQSWoTASF,CQSF,TADN ,00NW)
THCSO=TH(1)
THSH=TH(2)
THSF=TH(3)
THDW=TH(4)
THM=XMIX{THC SC,QCSUOsTHSW ,0SW s THSF, QSF ,THDW . QDW )
FBM DISSOLVED LEAD IN WATER COLUMN
COGNVERT PB TG PE PE= PB %2.0719E+45
SPCSO=PBCSO/(2.0719E+5)
SFSW=PBESK/(2.C7T19E+5}
SPSF=PBESF/(2.071SE45)
SPOW=PEDW/(2.0719E+5)
BPEM=XMIX{SPCSC,QCSO+SPSK,QSK, SPSF 4QSF,SPOW,QDK]}

STEP 2

CALC CTS
PHCSG=PH(1)
PHSW=PH(2)
PHSF=PH(3)
PHOW=PH (4}
BTACSG=TACSD*1.0t-5
BTASW=TASK*1.CE~H
BTASF=TASF*]l.(E-5
BTACW=TADKH%¥1.CE~S
C1CS0=CCT(PHCSO,ETACSO)
CTSK=CCT(PHSW,BTASN]
CISF=CCT(PHSF ,BTASF)
CTOW=CCT(FHOW,BTADK)

STEP 3

CLMPUTE CTMIX
CTM=XMIX(CTCSO+QCSO,CTSH,QSHsCTSF4QSF,CTDW,QDW)

STEP 2 B
SOLVE FOR H+ MIXtD
USE NEWTON-RAPHSON ME THOD

STARTING VALUE FOR H+4  HPM
HPM=1,0E-9
ETAM=TAMZ1,0E-5
CALL NKTRAF(BTAMSCTMoHPM,J1)
CONVERT H+ MIXED TO PH MIXED
PHM=ALOG1C(1.C/HFM)
CONTINUE B - 38
PRECIPITATION CETERMINATION

00188100
00188200
00188300
00188400
00188500
00188600
00188700
00188800
00188900
00189000
00189100
00189200
00189300
00189400
00189500
00189600
00189700
00189800
00189900
00190000
00190100
00190200
00190300
00190400
00150560
00190600
00190700
00190800
00150900
00191000
00191100
00191200
00191300
00191400
00191500
00191600
00191700
00191800
00191900
00192000
00192100
00192200
00192300
00192400
00192500
00192600
00192700
€0192800
00192900
00193000
00193100
00193200
00193300
00193400
00193500
00193600
00193700
00193800
060193900
00194000
00194100



XIM=(4.02THM-TAM) *1.0E-5
SXIM=SCRT(XIM)
D1=C(SXIM/(1.C+SXIM)})~0.2%XIM)
D=2%*D1
6=1.0/(10%%D)
PPK1=PK1-0.5%D1
PK1=1.0/(10%%PPK1)
PPK2=PK2-2,0%01
PK2=1.0/(10%%PPK2)
PALFZ1=((HPMZHPM )}/ (PK12PK2) }+1.0+(HPM/PK2])
PALFZ=1.0/PALF21
XK=G*BPBM*CTMIPALF 2
FPKSP=PKSP-4%D1
PKSP=1.0/{1C%¥PPKSP)
€ NO PRECIPITATION THEN DISSOLVED PB = PBM
PEBM=BPEM%2.0719E +5
IF(XKLLTPKERIGOTE 20
C PRECIPITATION
APBMD=FKSP/(CTMZPALF2)
03=2.,0719E+5
PBMD=(APEMD/G)=03
C ACTUAL DISSULVED LEAD IN THE MIXED FLOKWS
CPBM=PBMD
C SEDIMENY LEAD AMOUNTY
SPBM=PEM-CPRM
GOTC 49
20 CPBM=PEM
SPBM=0.0
40 CONTINUE
cPBM=CPBM
SPBM=S5PBM
SSPBM=SPBM
41 CONTINUE
C CALCULATE THE AMOUNT OF SEDIMENT =INFLOW-DISSOLVED
C FREQUENCY DISTRIBUTIONS OF DISSOLVED LEAD
CALL CFPB(CPBM,FFBD)
C FREQUENCY DISTRIBUTICON OF INFLOWING LEAC
CALL CFPB(PBM,FPEI)
C CALC TOTAL FLOW
QT=QCSD+QSH+QSF+ODNW
C CALC WASHOFF OF LEAD IN POUNDS PER YEAR
SPBHO=AWP(QT,1DT,SPBM)
PBRO=AWKP{QT, IDT,CPBM)
UPBWO=AWP (QSF,IDT,PBSF)
RETURN
END

C
CEF LT LRt PER I T LS LFFRLLLRERR38%
C

FUNCTICN PER(R)

COMMON /GLOBAL/IDTSNYR,LOC(10),IRN1,INSD
PER={(R%*1DT#100.0)/86%0

RETURN

END

C
CEETLILLPFLL TS PUTDOS 2 EILLLL 24P ET SIS LL
C

SUBROUTINE PUTDOS(DISTZ2,CDO,1DT)
COMMON /10/11INyIRIV,IOUT
DIMENSION CDO(T) B - 39
1000  FORMAT(///,T2,'TIME AVERAGED PERCENT OF STREAM REACH T0 ',Fé.2,

00194200
€0194300
00194400
00194500
00194¢00
60194700
00194800
00194900
00195000
00195100
00195200
00195300
00195400
00195500
00195600
00195700
00195800
00195900
00196000
00196160
00196200
00196300
00196400
00196500
00196600
00196700
00196800
00196900
00197000
00197100
00197200
€0197300
00197400
C0197500
00197600
00197700
00197800
00197900
00198000
00198100
00198200
00198300
00198400
00198500
00198600
00198700
00198800
00198900
00199000
00199100
00199200
00199300
00199400
00199500
00199600
00199700
00199800
00199900
€0200000
006200100
00200200



I * MILES COWNSTREAM AT OR BELOW GIVEN DO CONCENTRATIONR.®,//
1 12,°00",7120,*PERCENT OF*/

1 T2y *CONCENTRATION® 4T20,*STREAM REACH®/
1 T24'340% T20,F7467

1 T2 LESS THAN 1.0%,T20,F7.4/

1 T24 LESS THAN 2.0°%,T20,F7.4/

1 T2,°LESS THAN 3.C°%,T20,F7.64/

1 T25*LESS THAN_ 4 .C"4T20,F7.4/

1 TZ"LESS THAN 5.0%,T20,F7.64/

1 T24%LESS THAN 6.0%,T20,F7.4/

1)

CUMPUTE AVERAGE PERCENT OF AFFECTED STREAM REACH

[N el el

NCOMP=643200C/1DT

DG 130 I=1,7

CoB(1)=CoO(I)*10C.0/NCOMP
iv CUNTINUE

WRITE(IOUT,L1CC0)LTISTZ,CDO

RE TURN

END

<%

&

113
<
1]

C
CEETTLTCRBLLITLLLILLLE PUT FDO SIS LEERI LI L 0B 202
C

SUBRGUTINE PUTFDO (FDOLDIST,IND}
COMMON /10/1IN,IRIV,I0UT
CIMENSION AL(2)

DATA AL/'*TO',*AT Y/

DIMENSION FDO(16)

¢0200300
00200400
00200500
00200600
00200700
00200800
00200900
00201000
00201100
00201200
00201300
00201400
00201500
00201600
00201700
00201800
00201900
00202000
00202100
€0202200
00202300
00202400
00202500
00202600
00202700
00202800
00202900
00203000
00203100

1000 FORMAT(*1*,T2€," CONTINUDUS STORMWATER POLLUTION SIMULATION SYSTEM00203200

1%4/» .
1 T30,'FFERUARY,1G79%,/

00203210
00203300

¢ T2+"CUMULATIVE FREQUENCY-MINIMUM DISSOLVED OXYGEN's3XsA2+3X+FB.2,00203400

23X, *MILES DOWNSTREAM®//

3 77,'00 MIN®,122,"NUMBER OF %, T36, *PERCENT OF*,

3750, "CUMULATIVE®, /

4 T2, CONCENTRATION®,T21,°CCCURRENCES® 3739, TIME®,

4750, "PERCENT*)
1001 FORMAT(IX+"1.0 OR LESS®3T264,F5.0,T38,F6.2,T50,F5.2)
1002 FORMAT(1X %140 TO 2.0° 3726 9F5.00T38,F642,T150,F642)
1003  FORMATCIX2%2.0 TO 3.0°%9T26oF5.09T38,F6.2+T505F642)
1004 FORMAT(IX+%3.0 TO 400° 3726 ,F5.05T38,F6.25T50,F642)
1005  FORMAT(1X,%6.C TC 5.0° 3726 3F5.00T38,F642,T50,F6.2)
1006 FORMAT(IX+"540 TO 600% 2724 3F5.0sT38,F6.2,T50,F642)
1007 FORMAT(1X0%640 TO 740%3T26sF5.0,T38,F642,T50,F642)
1008  FORMAT(IX+'7C TD 8.0%sT243F5.0,T38,F6.2,T50sF642)
1009  FORMAT(1X,%8.C TC 940" +T2643F5.0sT38,F6.2,T50,F6.2)
1010 FORMAT(1X,%9.0C TO 10.0%3T263F5.0,T38,F6.2,T50,F6.2)
1611 FORMAT(1X,%10.0 TO 11.0%3T24 sF5.0,T38,F6.2,T50,F6.2)
1012  FORMAT(1X+"11.0 TO 12.0% ¢T264 oF5.0,T38,F6.2,T50,F6.2)
1013 FORMAT(1X°12.0 TO 13.0° 4T264 sF5.0,T385F6.25T50,F642)
1016  FORMAT(1X.%13.0 TO 16.0° 726 yF5.0,T38,F6.2,T50,F6.2)
1015  FORMAT(1X3%16.0 TO 15.0%9T26 4F5.05T38,F6.2,T50,F6.2)
1016  FORMAT(1X,'GREATER THAN 15.0%97264 ,F5.0,T38,F6.2,T50,F6.2)
1017  FGRMAT(/T10,°TOTAL=Y,T24 ,F5.0)

WRITE(I0UT,100C)ALCIND),DIST
C INITIALIZE TOTAL DO OCCURRENCES

10€C=0.0
C INITIALIZE CUMULATIVE PERCENTAGE
CPT=0.0 B - 40
TGCC=TOCC+FDO(1)

00203500
00203600
00203700
00203800
00203900
00204000
00206100
00206200
00204300
00206400
00204500
00204600
00204 700
00204800
00204900
00205000
00205100
00205200
00205300
00205400
00205500
00205600
00205700
00205800
00205900
00206000
00206100
00206200



PT=PER(FDO(1))
CPT=CPT+PT
WRITE(IOUT,1001) FDO(1),PT,CPT

TOCC=TOCC+FDO(2)
PT=PER(FDO(2))

CPT=CPT+PT

WRITE(IOUT,1002) FDO(2),PT,CPT

TOCC=TOCCH+FDO(3)
PT=PEE(FDO(3))

CPT=CPT+PT

WRITE(ICOUT,10C3) FOO(3)4PT,.CPT

TGCC=TOCC+FDO(4)
PT=PER(FDO(4]))

CPT=CPT+PT

WRITE(IOUT,10064) FDO(4)4PT,LCPT

TOCC=TOCC4FBO(5)
PT=PER(FDG({5))

CPT=CPT+PT

WRITE(IOUT,1005) FDO(5),PT,,CPT

TAGCC=TACC+F0O(6)
PT=PER(FDO(6)})

CPT=CPT+PT

WRITE(IQUT,10C6) FDO(6),PT,LCPT

TOCC=TOCC+FDO(7)
PT=PER(FDO(7))

CPT=CPT+PT

WRITE(IQUT,1C07) FOO(7),PT,CPT

TOCC=TCCC+FDO(8)
PT=PER(FDO(E&))

CPT=CPT+PT

WRITE(IOUT,1008) FDO(8),PT,CPT

TOCC=TUCC+FDO(9)
PT=PER(FDO(S))

CPT=CPT+PT

WRITE(ICUT,1C09) FDO(9),PT,CPY

TOCC=YOCC+FDO(10)
PT=PER(FDG(10})

CPT=CPT+PT

WRITE(ICUT,1010) FDO(10),PT,CPT

TOCC=TOCC+FDO(11)
PT=PER(FDO(11))

CPT=CPT+PT

WRITE(IOUT,1011) FDO(11)4PT4CPT

TOCC=TCOCC+FDB (12}
PT=PER(FDO(12))

CPT=CPT+PT
WRITE(IOUT,1G12) FDO(12),PT,CPT

T0CC=TOCC+FDQ(13) B - 41

PT=PER(FDO(13))

©0206300
00206400
00206500
00206600
00206700
00206800
00206900
00207000
00207100
00207200
00207300
00207400
00207500
00207600
€0207700
00207800
60207900
00208000
00208100
(0208200
00208300
60208400
00208500
00208600
00208700
€0208800
00208900
00209000
00209100
00209200
00209300
00209400
00209500
¢0209600
002069700
0209800
00209900
00210000
00210100
00210200
00210300
00210400
00210500
00210600
00210700
00210800
00210900
00211000
00211100
00211200
00211300
00211400
060211500
00211600
00211700
00211800
00211900
€0212000
00212100
40212200
00212200



CPT=CPT+PT
WRITE(10UT,1013) FDO(13),PT,CPT

TOCC=TOCC+FDO(14)
PT=PER(FDO(164))
CPT=CPT+PT

WRITE(IOUT,1014) FDO(14)4PT,CPT

TOCC=TOCC+FOO(15)

PT=PER(FDO(15))

CPT=CPT+PT
WRITE(IOUT,101%) FDOU(15),PT,CPT

TOCC=TOCC+FDO(16)

PT=PER(FDO(16))

CPT=CPT+PT

WRITE(IOUT,1C16) FDO(16),PT,CPT

WRITE(IOUT,1017) 7TOCC
RETURN
END

C
CHAELLLELLLELLIXITE PUTFPE FEETX5 055303 00 S35 200 52
C

1600

10601
1002
1003
1004
1005
1606
1007
1008
1009
1010
1011
1012
1013
1014
1615
1016
1017
1018
1019
1020
1021
1622

1

WO N -

SUBROUTINE PUTFPB (FPB,IND,DIST)
COMMON /IO/IINGIRIV,I0UT
DIMENSION AL(3,2])

DATA AL/'TOTA",*L Tyt *s*'DISS*y "OLVE",*D 4

DIMENSIUN FPB(20)

00212400
00212500
00212600
00212700
00212800
00212900
00213000
00213100
00213200
00213300
00213400
00213500
00213600
00213700
00213800
00213900
00214000
00214100
00214200
00214300
00214400
00214500
00214600
00214700
00214800
00214900
00215000
00215100

FORMAT(®1°%,T726,*CONTINUOUS STORMWATER POLLUTION SIMULATION SYSTEM00215200

e/

T30, *FEBRUARY ,,1979%,//

T24*CUMULATIVE FREQUENCY- ', 3A64,°% LEAD®+3X4°TO*,FB8.2,3X,
'HMILES DOWNSTREAM®,//,

T7,*PB*,T22,*"NUMBER OF*3 7364 "PERCENT OF ' +T50 *CUMULATIVE®*/
T2y *CONCENTRATION® 3 T21 " OCCURRENCES® 4,739, * TIME*» TS50, *PERCENT"/)

FORMAT(1X+'0.005 OR LESS*,T24sF5.0,T384F6.2+sT50,F6.2)
FORMATC(1X+%0.0G05 TO 0,010°5T264,F5.0,T38,F6.2,T50,F6.2)
FORMAT{(1IXs%0.010 TO 04015"3T244F5.0,T384F6.2+T150,F6.2)
FORMAT(1X5'0.015 TO 0.020°9T7244F5.0,T38,F6.2,T50+F6.2)
FORMAT(1Xs"0.020 TO Ce025" sT24sF5.0,T38,F6.2,T50,F6.2)
FORMAT(1X 4%0.025 TO 0.030"3T264F5.0,T389F6.2,T50,F6.2)
FORMATC1X'0.030 TO 0e035°,T244F5.03T384F6.22T50,F6.2)
FORMAT(1X,°0.035 TO 0.040°%,T724,F5.0,T38,F6.25T50,F6.2)
FORMAT(1X %0040 TO 0,045,726 ,F5.0+T383F6.2,T50,F6.2)
FORMAT(1X¢%0.045 TO 0.05°,T242F5.0:T38,F6.2¢T50,F6.2)
FORMAT(1IX 50405 TO 0.06°,T24¢+sF5.04T384F6.2,T750,F6.2)
FORMAT(1X4®Coa06 TO 0.07%4T263F5.0,T38,F6.2,T50,F6.2)
FORMAT(1X,'0.07 TO 0.08",724,F5.0,138,F6.2,150,F6.2)
FORMAT(1IX4*Ce08 TC 0,09"4T24sF5.0,T383F6¢2:T50,F6.2)
FOKMAT(1X %009 TO 0.1%4T244F5.05T38,F6.2,T504F6.2)
FORMAT(1X4*0e1 TO 042°'sT2643F5.04T385F6:2+T504F6.2)
FORMAT(1IX'Ce2 TO 043%3T726,F5.00T38,F6.24T50,F6.2)
FORMAT(1X %03 TU 0464 9T249F5.CyT38,F6.24T50,F6.2)
FORMAT(IXs%Cet TO 0.5%,T7264F5,04T38,F6.2,T50,F6.2)
FORMATCLX s *GREATER THAN Ce5'972644F5.0+T38,F6.2,T504F6.2)
FORMAT(1X+*GREATER THAN 045" 4T244F5.0,T38,F6.2,T150+F6.2)
FORMAT(/,T10,°'TOTAL=",T24,F5.0]
WRITE(IOUT,1000) (AL(J2IND}yJ=1,3) ,DIST

C INITIALIZE TOTAL PE GCCURRENCES

10CC=0.0 B - 42

C INITIALIZE CUMULATIVE PERCENTAGE

00215210
00215300
00215400
00215500
00215600
00215700
00215800
00215900
00216000
00216100
00216200
00216300
00216400
00216500
00216600
00216700
00216800
00216900
00217000
00217100
00217200
00217300
00217400
00217500
00217600
00217700
00217800
00217900
00218000
00218100
00218200
00218300



CPT=0.0

TOCC=TOCC+FPB(1)
PT=PER(FPE(1))

CPT=CPT+PT

WRITE(IOUT,1CC1) FPB(1)},PT,CPT

TOCC=TOCC+FPE(2)
PT=PER(FPE(2))

CPT=CPT+PT

WRITE(IOUT,10G02) FPB(2)4PT,CPT

TGCC=TOCC+FPBI(3)
PT=PER(FPB(3))

CPT=CPT+PT

WRITECIDUT,1C03) FPB(3),PT,CPT

TOCC=TOCC+FPB (4]
PT=PER(FPB(4})

CPT=CPT+PT

WRITE(IOUT,1C04) FPB(4)+PTHoCPT

TOCC=TOCC+FFPE(5)
PT=PER(FPB(5))

CPT=CPT+PT

WKITE(IOUT,1005) FPB(5),PT.CPT

TOCC=TOCC+FPE(6)’
PT=PER(FPB(6))

CPT=CPT+PT

WRITE(IOUT,10G6) FPB(6),PT,CPT

TOCC=TOCC+FPB(7)
PT=PER(FPB(7]))

CPT=CPT+PTY

WRITE(IOUT,1007) FPB(7),PT,CPT

TOCC=TOCC+FPB(8)
PT=PER(FPB(8))

CPT=CPT+PT

WRITECIQUT,1CC08) FPB(8) 4 PTLCPY

TOCC=TOCC+FPE(S)
PT=PER(FPE(9))

CPT=CPT+PT

WRITE(IOUT,1009) FPB(9)},PT,CPT

TOCC=TOCC+FPE(10)
PT=PER(FPB(10))

CPT=CPT+PT

WRITE(IOUT,1010) FPB(10)4PT,,CPT

TOCC=TOCC+FPB(11)
PT=PER(FPB(11)})

CPT=CPT+PT

WRITE(IOUT,1011) FPB(11),FT,CPY

TOCC=TOCC+FPBL12)
PT=PER(FPB(12))

CPT=CPT4PT

WRITE(10OUT,1012) FPB(lZ)oPT-CPE

43

00218400
00218500
00218600
00218700
00218800
00218900
00219000
00219100
00219200
00219300
00219400
00219500
00219600
00219700
00219800
00219900
00220000
00220100
00220200
00220300
00220400
00220500
00220600
00220700
00220800
00220900
00221000
00221100
00221200
00221300
00221400
00221500
00221600
002211700
00221800
00221900
00222000
00222100
00222200
00222300
00222400
00222500
00222600
00222700
002228600
00222900
00223000
00223100
00223200
00223300
00223400
00223500
00223600
00223700
00223800
00223900
00224000
00224100
00224200
00224300
00224400



TOCC=TOCC+FPB(13)
PT=PER(FPB(13))

CPT=CPT+PT

WRITE(IOUT 1013} FFE(13),PT,CPT

TOCC=TOCC+FPB(1¢4)
PT=PER(FPB(14))

CPT=CPT+PT

WRITE(IOUT,1014) FPB(14),PT,CPT

TOCC=TDCC+FPB( 15}
PT=PER(FPB(15))

CPT=CPT+PT
WRITE(IOUT,,1015) FPB(15),PT,CPT

TOCC=TOCC+FPB(16)
PT=PER(FPB(161})

CPT=CPT+PT

WRITELICUT,,101¢) FPE(16),PT,CPT

TOCC=TOCC+FPB(17)
PT=PER(FPB(17))

CPT=CPTsPT

WRITE(IOUT,.1017) FPB(17),PT,CPT

TOCC=TOCC+FPB (18}
PT=PER(FPB(1E})

CPT=CPT4PT

WRITE(I0UT,1018) FPB(18),PT,CPT

TOCC=TOCC+FPB(19)
PT=PER(FPB(19))

CPT=CPT+PT

WRITE(IOUT,1G19) FPB(19),PT,CPT

TOCC=TOCC+FPR(2C)
PT=PER(FPE(2C))

CPT=CPT+PT

WRITECIOUT,1C20) FPB(20),PT,CPT
WRITE(IOUT,1022) TCCC

RETURN

END

C
CELE LTS Le bt L5td: PUT FSS 5L 35BS L5t 5t:d
C

1000

1001
1002
1003
1004
1005
1006

1

SUBROUTINE PUTFSS (FSS,DIST)
COMMON /IO/IINL,IRIV.IO0UT
DIMENSION FSS(21)

00224500
00224600
002264700
00224800
00224900
00225000
00225100
00225200
00225300
00225400
00225500
00225600
00225700
00225800
00225900
00226000
00226100
00226200
00226300
00226400
00226%00
00226600
00226700
00226800
00226900
00227000
00227100
00227200
00227300
00227400
00227500
00227600
00227700
00227800
00227900
00228000
00228100
00228200
00228300
00228400
00228500
00228600
00228700
00228800
00228900
00229000
00229100
00229200

FORMAT(*1°%,T26,*CONTINUOUS STORMWATER POLLUTION SIMULATION SYSTEMO0229300

9/

T30, *FEBRUARY 1979 "%,/

T2 *CUMULATIVE FREQUENCY--SUSPENDED SOLIDS"+3Xe*TO"sFBe2+3X
*MILES DOWNSTREAM®,//,

T7,955%,T22, *NUMEER OF 'y 736, *PERCENT OF"T50,*CUMULATIVE®*/

T2+ *CONCENTRATION® 4721 4*OCCURRENCES® 4 T39,*TIME®, 750, *PERCENT'/)

FORMAT(1X+"25 OR LESS"4T264F5.04T384F6.2+T50,F6.2}
FORMAT({1X+%25 TO 50%sT264+sF5.05T384F6.2,T50,F6.2)
FORMAT(1IXs'50 TO 75"37264F5.05,T384F6.2,T50,F6.2)
FOGRMAT(1X+'75 TO 100%,T7264F5.0,T38+sF€6.2,T150,F6.2)
FORMAT(IX,"1CC TO 125°,T26,F5.CsT38,F6.2,T150,F6.2)
FORMAT(1X,%*125 TC 150'|T26.F5EO.T1%.F6.2-T50’F6.2)

00229310
00229400
00229500
00229600
00229700
00229800
00229900
00230000
00230100
00230200
00230300
00230400



FORMAT(1X s "GREATER THAN 500°% 724 +F5.0,T38,F6.2:T50,F6.2)

1759 s T24 9F 5.0 T384F6.2:T50,F6.2])
20031264 4F5.05T38,F6.2,T50,F6.2)
225 43 T26 sFS5 .02 T38B4F€.2,T50,F6.2)
250" 4T 26 oF5,0eT383F6.2,T50,F6.2)
275 4 T2 9F5 .00 T38,F6.2,T50,F6.2)
300%sT269F5.CoT384sF6e2+T504F6.2)
325" s T2649F5.0sT384F6.2,T50,F6.2}
350 3 T249F5.09sT383F6e2+sT50,F6.21)
375 s T2649FS 0o T3BsFE o2, TECLF6.2)
400 3T244F5.04T3E4F6a2,:T50,F6.2)
425°% 4 T2649F5.,04T38sF642,4T505F6.2)
450y T249F5.CsT3E4F6.24T50,F6.2)
475°% 4 T24sFS .0 T389F6.24T50,F6.2)
500" 3724 ,F5.04T38,F6.24TE0,F6.2)

1007 FORMAT(1X,*150 TC
1008 FORMAT(1X,*17% TO
1009 FORMAT(1X,*200 TG
1010 FORMAT(1X,%'225 TC
1011 FORMAT(1X,'250 TC
1012 FORMAT(1X,%27% TO
1013 FORMAT(1X,%*300 TC
1014 FORMAT(1X,'32% TO
1015 FORMAT(1X,'350 TO
1016 FORMAT(1X,'375 10
1017 FORMAT(1X,'400 TO
1018 FORMAT(1X,'6425 TO
1019 FORMAT(1X,'45C TG
1020 FORMAT(IX,'475 TU
1021

1022 FORMAT{/+sT10,*TOTAL=",T24,F5.0)

WRITE(IOUT,1000}DIST
C INITIALIZE TOTAL SS OCCURRENCES

T0CC=0.0

C INITIALIZE CUMULATIVE PERCENTAGF

CPT=0.0

TOCC=TOCC+FSS(1)
PT=PER(FSS(11})

CPT=CPT+PT

TOCC=TOCC+FSS(2)

PT=PER(FSS(2))
CPTI=CPT+PT

WRITE(IDUT,1002)

TOCC=TGCC+FSS{3)

PT=PER(FSS(321])
CPT=CPT+PT

WRITE{IOUT,1C03)

TOCC=TOCC+FSSt4)

PT=PER(FSS(4))
CPT=CPT+PT

WRKITECIGUT,10C4)

TOCC=TGCCHFSS(S)

PT=PER(FSS(5))
CPT=CPT+PT

WRITE(IQUT,1005)

TOCC=TUCC+FSS{6)

PT=PER(FSS(6))
CPT=CPT+PT

WRITE(IOUT,1006}

TOCC=TUCC+FSS(7)

PT=PER(FSS(7))
CPT1=CPT+PT

WRITE(IOUT,1GC7)

TOCC=TOCC+FSS(8)

PT=PER(FSS(E))
CPT=CPT+PT

WRITE(ICUT,1008)

WFITE(IOUT,1001) FSS(1),PT,CPT

FSS{2)4PT,LCPT

FSS(3),PT,.CPT

FSS(4)+PT,LCPT

FSS(5)4PT,CPT

FSS(6),PT,,CPY

FSS(7},PT4CPT

FSS(8),PT,CPL _ .

00230500
00230600
00230700
00230800
¢0230900
00231000
00231100
00231200
00231300
00231400
00231500
00231600
00231700
00231800
002319060
00232C00
00232100
00232200
00232300
00232400
00232500
00232600
00232700
©0232800
00232900
00233000
00233100
00233260
00233300
00233400
00233500
00233600
00233700
00233800
00233900
00234000
00236100
00234200
00236300
00234400
00234500
00234600
00234700
00234800
00234900
00235000
00235100
00235200
002353G0
00235400
00235500
00235600
00235700
00235800
00235900
00236000
60236100
(0236200
£0236300
¢0236400
00236500



TOCC=T0CC+FSS(9)
PT=PER(FSS(9))

CPT=CPT+PT

WRITE(IOUT,1009) FSS(9)4PT,CPT

TOCC=TOCC+FSS(10)
PT=PER(FS5S{10})

CPT=CPT+PT

WRITE(ICUT+1010)} FSS(10),PT,CPT

TOCC=TOCC+FSS{11)
PT=PtR(FSS(11})

CPT=CPT+PT

WRITE(IDUT+1011) FSS(11).PT,CPT

TOCC=TOCC+FSS(12)
PT=PER(FSS(12))

CPT=CPT+PT

WRITE(IOUT.1012) FSS(12),PT,CPT

TOCC=TOCC+FSS(13)
PT=PER(FSS(13))

CPT=CPT+PT
WRITE(IOUT+1013) FSS(I3}4PT,CPT

TOCC=TOCC+FSS(14)
PT=PER{(FSS(14})

CPT=CPT+PT

WRITE(IOUT,1014) FSS(164),PT,CPT

TOCC=TOCC+FSS(15)
PT=PER(FSS(15))

CPT=CPT+PT

WRITE(ICBUT»1015) FSS(15),PT,CPT

TOCC=TOCC+FSS(16)
PT=PER(FSS(16))

CPT=CPT+PY
WRITE(IDUT,1016) FSS(161},PT,CPT

TOCC=TOCC+FSS(17)
PT=PER(FSS(17)}]}

CPT=CPT+PT

WRITL(IOUT+1017) FSS(17),PT,CPT

TOCC=TOCC+FSS(18)
PT=PER(FSS(1E)})

CPT=CPT+PT
WRITE(IOUT1018) FSS{18)4PT,CPTY

TOCC=TOCC4+FSS{19)
PT=PER(FSS(19))

CPT=CPT+PT

WRITE(IOUT+2019) FSS(19),PT,CPT

TUGCC=TOCC+FSS(20)
PT=PER(FSS5(20C))
CPT1=CPT+PT
WRITE(IOUT»1020) FSS(20)+PT.CPT
B - 46
TUCC=TOCC+FSS(21)

00236600
00236700
€0236800
00236900
00237000
00237100
00237200
00237300
00237400
00237500
00237600
00237700
00237800
00237900
00238000
00238100
00238200
00238300
00238400
00238500
00238600
00238700
00238800
00238900
00239000
00239100
00239200
00239300
00239400
00239500
00239600
00239700
00239800
00239900
00240000
00240100
002640200
00240300
002640400
00240500
00240600
00240700
00240800
00240900
00241000
00241100
00241200
00241300
00241400
00241500
00241600
00241700
00241800
002641900
00242000
002642100
00242200
00242300
002642400
00242500
00242600
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P¥=PER(FSS(21))

CPT=CPT+PT
WRITE(TIOUTS1C21) FSS(21)4PT,CPT
WKITE(IOUT,1022) 10CC

FETURN

SUBKOUTINE RAINFL(NYEAR)

COMMON /ZI1C/LINGIRIV,LIOUT

DIMENSION IEVNT(2),TRAIN(2),NDFDS(2)

COMMON /GLOBAL/ZIUT NYRLLOC(10)41RN1,INSD
CUMMON /RAIN/ZISEAS1(12),1SEAS2(12),TBSA(2)+DSA(2)+RDA(2).RDSA(2)
sCCA(2) KDY (21€60)

THE RAINFALL SIMULATOR WILL GENERATE RANDOM OBSERVATIONS OF
RAINFALL, GIVEN RAINFALL STATISTICS DERTVED FROM OBSERVED DATA.
INPUT DATA WILL BE SELECTED RAINFALL STATISTICS AND NDT LARGE
QUANTITIES OF DBSERVED RECORDS.

THE SPECIFIC RANDCM VARJAELES TO BE GEMERATED ARE:
1. TIME EETWEEN STORMS,
£+« DURATION OF STORM.
3« MAGNITULE CF STORM.
AUTHOR = STAN CARPENTER
DATE - NOVEMBER, 1977
CONTINUE
INPUT VARIABLE NAMES--cemcvcmccccccrcrcrer e s mmeccmcem s e
NAME DESCRIPTION/DIMENSION
ISEASI MONTHS IN SEASON 1 - (12)
ISEAS2 MONTHS IN SEASON 2 - (12)
TBSA MEAN TIME BETWEEN STORMS (HOURS) SEASON 1 AND 2-(2)
DSA MEAN DURATION OF STORMS (HOURS) SEASON 1 AND 2-(2)
RDA MEAN RAINFALL DEPTH (IN} 1 TIME UNIT SEAS-1 AND 2-(7)
RDSA SIGMA RAINFALL DEPTH (IN} SEASON 1 AND 2-(2)
cCa LAG ONE CORR.COEFF1 TIME UNIT RAINFALL DEPTHS 1 AND 2(2)
NYRS NO.OF YEARS IN THE SIMULATION
107 LENGTH OF 1 TIME UNIT (HOURS)
CONTINUE
OUTPUT VARIABLES--===cccrmccccccrccenmeu e ettt L Lk b Dl et
NAME DESCRIPT ION/DIMENSION
IUNITS NO.OF TIME INCREMENTYS (IDT) PER YEAR
MTH CURRENT MONTH (01 TO 12)
NYE AR CURRENT YEAR
ISEAS CURRENT SEASON (01 DR ©2)
RDY RAINFALL DEPTH ARRAY (UNITS/YEAR)
TBS GENERATED TIME BETWEEN STORMS(HOURS)
1785 GENERATED TIME UNITS BETWEEN STORMS

DS GENERATED DURATION OF STORM
B - 47

00242700
00242800
00242900
00243000
00243100
00243200
002433C0
00243400
002643500
00243600
00243700
C024¢3800
002439C0
00244G00
00244100
002442C0
00244300
00244400
00244500
00244600
00244700
00244800
002644900
00245000
00245100
00245200
€0245300
00245400
00245500
00245600
00245700
00245800
00245900
00246000
00246100
00246200
002646300
00246400
00246500
00246600
00266 700
00246800
G02646900
00247000
00247100
00247200
00247300
00247400
00247500
00247600
00247700
00247800
£02479C0O
00248000
00248100
00248200
30248300
002484C0
00248500
00248600
00248700



C 10S GENERATEL TIME UNITS CURATION OF STORM 00248€00
C 1TME TIME COUNTER (HOURS) 00248900
C RD GENEKATED RAINFALL DEPTH CURRENT TIME UNIT (IN) 00249000
C TRAIN  YEARLY TGTAL RAINFALL BY SEASON (2) 00249100
C NOPDS  NO.OF TIME PERIODS WITH RAIN EY SEASON (2)-YEARLY 00249200
C TROMAX ~ MAXIMUM RAIN FALL EVENT TOTAL DEPTH -YEARLY 00249300
C ICSMAX ~ MAXIMUM KAIN FALL EVENT DURATION -YEARLY 00249400
C SROMAX ~ MAXIMUM KAIN FALL DEPTH IN A SINGLE TIME PERIOD ~-YEARLY 00249500
c TRD TCTAL RAINFALL DEPTH CURRENT RAINFALL EVENT 00249600
C TUNTT CURKENT TIME UNIT 00249700
c IEVNT  NOJOF KAINFALL EVENTS BY SEASON(2) 00249800
C 00249900
c 00250000
15C  FORMAT(//,'1 KAINFALL STATISTICS FOR YEAR NO.%s13,//) 00250100
11¢  FORMAT(10X,"TCTAL RAINFALL SEASON NO.",12,* = ",F6.2,' INCHES',/) 00250200
122 FURMAT(10X,'NO.OF PERIODS WITH KAIN SEASON NO.'s12s* = "314,/, 00250300
1 10X, "NO.OF RAINFALL EVENTS  SEASON NO.*,12," = *,14,/) 00250400

13C  FORMATU1CX,"MAXIMUM RAINFALL EVENT TOTAL DEPTH =',F6.2,* INCHES®, 00250500
1 /510Xy *MAXIMUM RAINFALL EVENT DURATION = *,15,' HOURS*s/, 00250600

1 10X, *MAXIMUM DEPTH IN ONE®*,13,' HR.PERIOD=',F5.2,' INCHES?')00250700

¢ 00250800
C-STAKT A NEW YEAR=- INITIALIZE YEARLY VARIABLES -(STEP 2) 00250900
c 00251000
JUNITS=360%24/1CT 00251100

15 DO 12 1=1,IUNITS 00251200
12 RDY(1)=0.0 00251300
DC 14 1=1,2 00251400
TRAIN(I}=0.C 00251500
IEVNT(1)=0 00251600

14  NOPDS(1)=0 00251700
TROMAX=0.0 00251800
IDSMLX=C 00251900
SROMAX=C .0 00252000
ITME=1DT 00252100
IUNIT=1 00252200

¢ 00252300
C-DETERMINE TIME TG NEXT STORM-(STEP 1) 00252400
c 00252500
20 CALL MONTH(IUNITS,TUNIT,MTH) 00252600
CALL SEASON(MTH,ISEAS1,ISEAS2,ISEAS) 00252700

CALL EXXPON(TBSA(ISEAS),TBS) 00252800
TES=TBS/IDT 00252900
TBS=T3540.5 00253000
178S=TpS 00253100
ITME=1TME+1TBSIDT 00253200
IUNIT=ITME/IDT 00253300

Y 00253400
C-CENERATE DUKATION OF STCRM=(STEP 4+5 AND €) 00253500
c 00253600
CALL MCNTH(IUNITS »IUNIT,MTH) 00253700

CALL SEASUN(MTH,1SEAS1,1SEAS2,1SEAS) 00253800

CALL EXXPON(DSA(ISEAS),DS) 00253900
DS=DS/IDT 00254000
£S=DS40.5 00254100
105=65 00254200
IF(IDS.EQ.0)ILS=1 00254300

4 00254400
C-TEST FOR END OF YEAR-(SIEP 3) 00254500
¢ B - 48 00254600

IF(ITME .GT.(360%24))G0 1O 640 00254700
IEVNT(ISEAS)=TEVNT(ISEAS)+]1 00254800



IFC(IDS%IDT).GT.ICSMAX)ICSMAX=10S*+1IDT
C
C-GENERATE RAINFALL DEPTH FOR FIRST TIME UNIT-({STEP 7 AND E)
C
CALL LOGNOR(RDA(ISFAS),RDSA(1SEAS),RD)
RDY(IUNIT)}=RD
NOPDS{ISEAS)=NOPDS{ISEAS)+1
IF(RD.GT.SRDMAX ) SRDMAX=RD
TRO=RD
RLAST=RD
IF(IDS.EQ.1}GO TC 3¢
C
C~-GENERATE RAINFALL DEPTHS FOR THE REST OF THE RAINFALL EVENT
C
00 30 I=2,10S
ITME=ITME+]IDTY
IUNIT=1THME/IDT
IF(ITME.GT.(360%24))6G0 1D 32
RATIO=1.0
XML1=RDAC(ISEAS)
XM=RODA(ISEAS)
CALL MARKOV(XM,RDSA (ISEAS)sRATIOJRLASTXML1 sROCCA(ISEAS))
RDY(IUNIT)=RD
RLAST=RD
NOPDS{ISEAS)=NCFDS{ISEAS])+]
IF(RD«GT .SROMAX)SRKDMAX=RD

TRD=TRD4RD
3¢ CONTINUE
32 IF(TRD.GT.TROMAX )} TRDMAX=TRD

TRAIN{ISEAS)=TRAIN(ISEAS)+TRD
IFCITME .GT.(360%24))G0 TO 640
C
C-UPDATE TIME COUNTER AND GD 1O STEP- 1(STEP 9 AND 10}
C
ITME=1TME+ID1T
IUNIT=ITME/IDT
IFCITME .GT.(360%24))60
60 10 20

T80 490

C
C-DUTPUT RESULTS OF RAINFALL SIMULATION FOR CURRENT YEAR-(STEP 11}
C
4y WRITE(IOUTs1CCINYEAR
DO 42 1=1,2
42 WRITECIOUT,11C)I,TRAINCI)
Do 44 I=1,2
WRITE(IDUT 4122)1,NGPOS(TI)sI,IEVNT(])
44 CONTINUE
WRITE(IDUTs130)TROMAX
RETURN

s IDSMAX s 1DT 4 SKDMAX

SUBROUTINE RAINRD
COMMON /10/1INs1KIV,10UT
COMMON /GLORAL/IDT,NYR,LGC(10) »IRN1INSD
COMMON /RAIN/ISEAS1(12),1SEAS2012) 4 TBSA(2),DSA(2) sRDA(2) +RDS AL2)
1 4CCA(2),RDY(2160)
¢ _ 4
C-SUBKOUTINE FAINRD WILL READ THE INPUT O'£ra FoR THE
C-RAINFALL SIMULATCR ANC LIST THE INPUT DATA ENTERED.

00254900
00255C0¢C
00255100
00255200
00255300
00255400
00255500
¢0255600
00255700
00255800
00255900
00256 0GC
€0256100
00256200
06256300
002564C0
00256500
£0256600
00256700
0C256800
00256900
00257000
00257100
00257200
00257300
00257400
00257500
00257600
00257700
00257800
00257900
00258000
00258160
00258200
¢0258300
00258400
00258500
00258600
00258700
00258€00
00258900
00259000
002591C0
¢02592GC
¢0259300
00259400
00259500
0025960C
0025870¢
€0259800
C02599C0
¢0260000
0C260160
£0260200
€0260300
002604060
00260500
20260600
(0260700
C0260C8CO
00260900



C
C
C-INPUT FORMAT STATEMENTS
C
1
1

1930] FORMAT(1212)
1c FORMAT(2F1IC.2)
12¢ FORMAT(3F10.4)

00261000
00261100
00261200
00261300
00261400
00261500
60261600

£00 FORMAT('1%,16X4*CUNTINUOUS STORMWATER POLLUTION SIMULATION SYSTEM®00261700

1s/s

125X o *FEPRUARY 41979%,//

291X "RAINFALL SIMULATOR INPUT DATA',20(*-*)},//
1 /y1X,* MONTHS IN SEASCON NO. 1:3*)

5Cé FORMAT(24X,12)

£15 FORMAT(/,1X,* MONTHS IN SEASON NO, 2:°)

£1¢4 FORMAT (24X ,12)

3 8] FORMAT(//+36X4*SEASON NO. 1"910Xs "SEASON NO, 2°,

1 /ylXy "MEAN TIME EETWEEN STORMS®',11X,F12.2
1,* HOURS *,F12.2," HOURS®,
1 /41X, "MEAN DURATION OF STORMSY,12X
1,F12.2," HOURS V,F12.2," HOURSY,//
1 T16,* INPUT RAINFALL DEPTH STATISTICS=*,/
1 T2s"SEASGN *3T15,"MEAN®3T31,'SeDs"5T46, *CORR CODEFF )
1503 FURMAT(/TG4124T15sF10.45T314F1C.4,T46,F10.4)
C
C-KEAD THE INPUT DATA FUR THE RAINFALL SIMULATOR
C
WRITECICUY 450C)
READ(IIN,1GO) (ISEASI(I),I=1,12)
D0 Su4 121,12
IFLISEASI(I)LEC.T)GO TO 508
£9¢  WRITE(ICUT,506)1SEASI(I)
50F CONTINUE
WRITE(IGUT ,51C)
READ(IINSZI1CGO) (1SEAS2(1)41=1,12)
DD 512 1=1,12
IF(ISEAS2(1).ECQ.J)}G0 10 516
£1z WRITE(IDUT4514)1ISEAS2(I])
£16 CONTINUL
READ(IIN,110)Y(TBSA(I)1=1,2)
WRITE(IGCUT,518)TESA,DSA
DO 30 I=1,2
READ (11N4120)XMyXSDeXP
WRITE(IOUT,1003) 14XMeXSDoXP
CALL TRANS(XM¢XSD+XP,RDACI)RDSA(I},CCA(L))

16 CONTINUE
11 CONTINUE
C

{-WRITE THE TITLE AND LIST THL INPUTY DATA TO THE RAINFALL SIMULATOR

SUEKOUTINEL RANDOH (RN)
COMMOK /GLOBAL/TUT G NYRLLUC(13) 9IRNY, IKSD

'
€ GONERATE A UNIFORMLY DISTRIPUTED 3.1 RANDOM VARIATE
C B ~ 50

M=2167643647

00261710
00261800
00261900
00262000
00262100
00262200
00262300
00262400
00262500
002626C0
00262700
00262800
00262900
00263000
©0263100
00263200
00263300
00263400
00263500
00263600
00263700
00263800
00263900
00264000
00264100
00264200
00266300
00264400
00264500
00264600
00264700
00264800
00264900
00265000
00265100
00265200
00265300
00265400
00265%00
00265600
00265700
00265800
00265900
00266000
00266100
00266200
00266 30¢C
00266400
00266500
00266600
00266700
00266800
00266900



10 CONTINUE 00267000
IRN1=1KNIZ131075 00267100
R1=IRN1 00267200

29 DENOM=M 00267300
RN=ABS(R1/DENGM) 00267400
R2 =RN 00267500
IF (RN.EQ.0.0) RA=0.00001 00267600

3¢ RE TURN 00267700
END 00267800

c C0267900

CHITFPLLRLXLTIL2LTETL8E RECWAT % FEILEELEIFHLXETL 00268¢00

C 00268100
SUBROUTINE RECWAT (NYEAR ,OPT,NYS) 00268200

C 002686300

€ RECEIVING WATER SIMULATCR 00268400

C 00268500
COMMGN /10/1IN,IFIV,10UT 30268660
COMMON /CLOBAL/ZIDT sNYR,LCC(10),IRN1, IKSD 00268 700
COMMON /GLOBL 1/ALF1,ALF2,BETAY ,BETA2,BETA3,SBA,K2ADJ,DISTE, 0268800

1 DIST2+b+T(12),DUS(12)4CC(12) ,00OW(642) 4BODDW 5 SSDW, TKNDW,PEDW 00268500
2 BODUSF(12),TKNUSF(12),SSUSF(12),PPUSF(12),K2SPEC 00N, L0269000
3 K1W1eK1W2 4K1USF4k1DRF 6026910C
COMMON /RUNGF /RUN (2 ,216C) 60269200
COMMON /RUNGL/ZEDD (252160) 3 TKN(243216C)55S(2,2160),PB(2,2160) 00269300
COMMON /STR2/QDUS(360,5) 4GMUS(12+5), GMSF(12), SOMSF(12) ,CCMSF(12) C0269400
COMMON /PB1/TA(4 )4 TH(4),PH(4) 00269500
REAL K2ADJ 60269600
INTEGER GPT 00269700
DIMENSION DOMEM(1€) (0269800
DIMENSION FSS(21),FDO(16),FDOX1(16) ,CDO(T) 00269900
DIMENSION FIPB(2C)FOPB(Z20) ,PBMEM(24} 00270600
DIMENSION TOOMN(2160) 00270100
1000 FORMAT{(///T15,"RECEIVING WATER LOADS FOR YEAR 60270200
1 T2,'NBOD "5F12.0,% #/YK'/ 00270300
1 T25"CBED *+F12.0," #/YR'/ 00270400
1 T2, 'SUSPENDED SOLIDS *,F16.0," #/YK'/ 00270500
1 T2,"DISSOLVED LEAD *,F12.0,* #/YR*/ 06270600
1 T2,'SECIMENT LEAD *3F12.Cs" #/YR'/ 0270700
1 T2,"NOTE: *,TE,*NBOD=ULTIMATE NITROGENOUS DXYGEN DEMAND (4.57%TKNOO270800
1)v/7 00270900
1 T6,'CBOD=ULTIMATE CARBONACOUS OXYGEN DEMAND'} 00271000
1001 FORMAT(//T5,"UPSTREAM FLOW WATER QUALITY SUMMARY FOR YEAR 00271100
1 12/ 60271200
1 T2+*BOD =*4F12.0," #/YR'/ 00271300
1 T24°NBOD= "4F12.Cs* #/YR'/ 00271400
1 T2,%SS = Y,F164.0,% #/YRY/ 00271500
1 T2,'PB = *,F12.0,° #/YR'/ 60271600
1 T2,°NCTE: %, T8,YEOD = S5 DAY BOD '/ C0271700
1 18,'NBOC=ULTIMATE NITROGENOUS OXYGEN DEMAND (4.57 © TKNJ 00271800
1002  FORMAT(//T2,*MAXIMUM 96 HOUR DISSOLVED LEAD 00271900
1 T25"MEAN DISSOLVED LEAD = ¥4F7.6,° MG/L") 00272000

1003 FORMAT(//T2,*MINIMUM 3 DAY DISSOLVED OXYGEN 00272100

C 00272200

C EE LS LI 23324 00272300

c = = 00272400

¢ % sTep 1 = 00272500

c % % 00272600

C SffbdfdfhdfsEd 0027270¢C

C 00272800

C INITIALIZE CUMULATIVE FREQ DIST 00272900

C INITIALIZE PBR MEMORY B - 51 00273000
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0O 2 I=1424
PBMEM(1)}=C.C
CONTINUL

INITIALIZE TIME AVERACED DO SUMMARY

DG 4 I=147
CLo(I)=0.0
CUNT INUE

GO % I=1,20
FIPE(T1)=0.0
FEPBE(1)=0.0
CONTINUE

DG 10 1=1,16
FOGX1(1)=0.C
FRO(1)=C.0

00 11 J=1,21
FSS(J)=C.0

L ©10 I=1,16
DOMEM(1)}=C.0
CONTINUE

B R T P T LT
FRR S XFTS NS

(33
¢
a8

D b 4p 4p 46 2

INITIZLIZE

LA I ]

*
'
I3
»
33
%
L1
T 3
L33
-t 3

Z 2%

&

MONTHLY TI1
MII=1
PREVIOUS MONTH
MO=1
TGTAL SEDIMENT LEAD
TSPE=0.0
TOPE=0.C
TUPE=0.u
TUSS=G.0
TULCC=0.0
TULON=C.C
TOTAL SUSPENDED SCGLIDS
T188=5.0
JOTAL &QD
INBUD=C,O
T1CBLD=C.0
PEGE6=0.0
FEGEMX=(.C
SUMFB=U.0
CO3MN=10.0

e A T

= i
m

3
< ¥

E

CALCULATE NUMBER OF TIME PERICGDS

NSTLEPS=8640/1D7
NT1S96=96/1D7
NTP=264/71DT
NOWP=NTP=7

NUMEEK OF TIME STEPS IN 3 DAYS
NTS3=T72/710T7
NTS3L1=NTS3-1

Dl e Ak el
AV T AT EXI S

B - 52

00273100
(0273200
00273300
00273400
00273500
00273600
00273700
00273800
00273900
00274000
00274100
00274200
00274300
00274400
00274500
002764600
00274700
00274800
00274900
00275000
00275100
00275200
00275300
00275400
00275500
00275600
00275700
00275800
00275900
00276000
00276100
00276200
00276300
00276400
00276500
00276600
00276700
00276800
00276900
00277000
00277100
00277200
00277300
00277400
00277500
00277600
00277700
00277800
00277900
00278C00
00278100
00278200
00278300
00278400
00278500
00278600
00278700
00278800
00278900
00279000
00279100
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DU RECEIVING WATER ANALYSIS FOR EACH TIME PERIOD

00 20 I=14NSTEPS
DETERMINE VALUE GF DRY WEATHER FLOW TO BE USED
10K=MOD(1,NDWP)
IFCICW.EQ.CYIDW=NCWP
VOR=QDW( 10OW)
DETERMINE VALUE OF MONTHLY STREAMFLOW TO BE USED
CALL MONTH{NSTEPS,I,1MO)
IYR=MOD(NYEAR,5)
IF(IYR.EQ.O}IYR=5
VSF=QMUS(IMO,1YR)
SVSF=VSF
WAS STREAMFLOW SIMULATOR USED
IF(VSF _NE.D.Q0} GO TO 200
DETERMINE VALUE OF DAILY STREAMFLOW USED
J=1-1
IDAY=J/NTP
ICAY=1IDAY+1

GET YEAR OF STREAMFLOW BASED ON NUMBER OF YEARS READ IN

IF(NYS.EQ.O) STOP 155
JYR=MCOD(NYEAR,NYS)
IF(JYR.EQ.O)YJYR=NYS
VSF=QDUS(IDAY,JYR)

200 CONTINUE

[aNeNeNal ol

VSH=RKUN(Z,1)

VCSO=RUN(1,1)
IF(OPT.EQ.80)GO TO 202
IFCOPT.EQ.81)G0T0 201

R e e R A e e A
R R R

LEAD ANALYSIS

4% 4% 3 4b O

b RETE TR

Ao sl A A A e A AR
v?*v*?vv*vvvﬂr

PCSO=PB (1,41
PSW=PB(2,1)
PSF=PBUSF (IMO)

haliii d
L)
i
4+
48

CALL PBRW(VCSO,VSW,VSF,¥DW,PCSO,PSH,PSF,PBDKR,SP3 ,FIPB,FDPB, I,

1 CPBWO,UPBWO,CPB,IDT)
TSPB=TSPB+5PB
TUPE=TUPB+UPBKO
TDPB=TDPB+CPBRWOD
SUMPB=SUMPB+(CPB
PBMEM(1)=CPB
IF(1 LT.NTSS6-1)GOTO 2311
PBS6=0,0
D0 232G IT=1,NT596
PBO6=PEIOG+PEMEM(1T)

2320 CONTINUE

APBESE=PRG6/NTSI6
IF(APBY6.GTPBI6MXIPBIOMX=APBIE

2311 CONTINUE

C LAG THE MEMORY OF LEAD CONCENTRATIONS FOR THE NEXT TIME STEP

LINTS=NTSG6-1
DO 2322 1T=1,LINTS B - 33
1T1=17-1

00279200
00279300
00279400
00279500
40279¢00
00279700
00279800
00279500
30280000
00280100
¢0280200
00280300
00280400
00280500
¢0280600
00280700
€0280800
00280900
00281000
00281100
00281200
00281300
00281400
002815G0
00281600
00281700
00281800
002819C0
00282000
00282100
00282200
00282300
00282400
00282500
00282600
002827C0
00282800
00282900
¢02830G0¢C
00283100
00283200
00283300
00283400
G02835%00
00283600
00283700
00283800
0283900
00284000
00284100
00284200
00284300
00284400
00284500
00284600
00284700
00284800
00264900
00285000
00285150
00285200



PBMEM(NTSS6-1T1)=PBMEM(NTS96-1T) 00285300

2322 CONTINUE 00285400
201 CONTINUE 00285500
C e e T I R e Pt R 00285600
C % * 00285700
C x DISSCLVED OXYGEN ANALYSIS % 00285800
C % 4 00285900
C SRAELERTHE IS LIS LLE LIS LS SLESSSL Ly 00286000
EODSH=b0D(2,1) 00286100
BODCSO=BO0D(1,1) 00286200
TST=TKN{(2,41) 00286300
TCS=TKN(1,1) 00286400

19 CALL BODKW (VSW,EODSW,VCSO,BODCSO4VSF VDWW, IMO, 00286500
1 FOOLFODOUX1oTSToTCSsBODTCsBODTN, I4MTI, MO, ULDC,ULON,CDD,D0OMIN) 00286600
TNBCO=TNBOD+ECDTN 00286700
TCBOD=TCEBQC+RCDTC 00286800
TULOC=TULOC+ULOC 00286900
TULON=TULON+ULCGN 00287060
IF{(OOMINCLT«C.0)LOMIN=C.0 00287100
DUMEM(1)=DOMIN 00287200
TDOMN(1)=DOMIN 00287300
DOS3=0.0 00287400
IFClLT.NTS3L1)GCTC 112C ‘00287500

DO 1116 11=1,4NTSZ2 00287600
00S3=D0S3+4DCMEMLTT) 00287700

111¢ CONTINUE 00287800
ADU3=DUS3/NTS3 00287900
IF(ADO3.GT.DO3MN)ICOTO 1120 00288000
DO3MN=AL003 00288100

1124 CONT INUE 00288200
00 113¢ I2=1,NTS3L1 €0288300
14=12-1 00288400
DOMEM(NTS3-14)=00OMEM(NTS3-12) 00288500

1137 CONTINUE 00288600
232 CONTINUE 00288700
C EES T E R R S R Tt T A b T 2 2, P 00288800
C ] 3 00288900
C % SUSPENDED SGLIDS ANALYSIS % 00289000
¢ = z 00289100
C LELHLLELE ARSI ALLIT LSO LS SR LSRR SN 00289200
SSSHW=SS5(2,1) 00289300
$SCS0=5S(1,1) 00289400
SSF=SSUSF (IMO) 00289500

CALL SSPW (VSWeSSSW4VCSO4SSCSO +VSFsSSFeVONW 4 SSOWe SST oFSS,I,USSKO} 00289600
TSS=TSS5+S557 00289700
TUSS=TUSS+USSWC 00289800

r{G CUNT INUE 00289900
C ERE LR RS LD 00290000
C % % 00290100
C * STEP ¢4 = 00290200
C b % 00290300
C PR R AP E L 00290400
C PUT REPUKT ON UPSTFEAV WATER QUALITY 00290500
WhITE(IOUT L1001 JNYEAR, TULOC, TULCN 2 TUSS,TUPB 002906060

C FRINT CFUD 00290700
IND=1 00290800
IF(OFT.NE EQ)CALL FUTFDG(FDO,01ST24IND) 00290900
IF(OPT NELRU)IWRITE(CIOUT,,1003)003MN 00291000

IF (CPT.NE.S8C)CALL PUTDOS(DIST2,CD0,IDT) 00291100

{ PRINT FDUX1 B - 54 00291200

IND=2 00291300



IF(DIST1.GT.0.0)CALL PUTFDO(FDOX1,DIST1,IND]}
IND=1
IF(OPT.EQ.B2)CALL PUTFPR(FIPB,IND,DIST2)
IND=2
IF(OPT.EQ.B2)CALL PUTFPB(FDPB,IND,DIST2)
C CALC MEAN LEAD CONC
PBMEAN=SUMPB/NSTEPS
IF(OPTL.EQ.B2IWRITE(IDUT,1002)FEG6MX,PEMEAN
C PKINT CFSS
CALL PUTFSS(FSS,D1ST2)
WRITE(IOUT,10C0INYEAR, TNBOD, 7CBOD,TSS,TDPB,TSPB

C
€ LR ERELLLE
cC 2 %
C * STEP 5 *
c 2 %
(T o I R
C
C RETURN TO CALLING MODWULE
C CaLt ARRAY(1,TDONMN)
C
RE TURN
END
C
CELELATLLTLRTATLILLILEIXLVES LT RUNOFF SHOETLHE S50 2L S2LSSL LB 0%
C
SUBROUTINE RUNDFF(NYEAR)
COMMON /10/IINsIRIV,10UT
DIMENSIGON CRI(2160),CRUN(2160)s TRUN{Z2),TDUR(2Z) ,RUNMAX(2)
DIMENSION XRUN(Z21€0)
COMMON /GLOBAL/IDT,NYR,LOC(10},IRNL, INSD
COMMON /RAIN/ZISEASI(12)}+1SEAS2(12),TBSA(2),DSA(2) sRDA(2),RDSA(2)
1 +CCA(2}.,RDY(2160)
COMMON /RUNOF/KUN(2,2160)
COMMON /IRO/IOORM(12), IGROK(12)+CN1(2),CN2(2),CN3(2),0A(2),TC(2)
DIMENSION SEA(4)
CATA SEA/'DORM® s "ANT*,"GROW®,* ING"/
v SUBROUTINE RUNOFF WILL TRANSFORM THE ANNUAL RAINFALL ARRAY
C INTO AN ANNUAL RUNOFF ARRAY. THE METHOD USED IS 3ASED ON
C A RAINFALL RUNOFF RELATIUGNSHIP DEVELOPED BY THE SCS. RUNOFF
C PRODUCED BY ANY GIVEN RAINSTORM WILL BE A FUNCTION OF THE
C TOTAL RAINFALL AMUOUNT AND THE ANTECEDENT MOISTURE CONDITION.
C THE AMC IS A FUNCTION OF THE TOTAL DEPTH OF RAINFALL OCCURRING
C IN THE 5-DAY PERICD IMMEDIATELY PRECEDING THE STORM.
C
C ONCE THE RUNGFF AKRAY IS GENERATEDs A SIMPLE HYDROLOGIC ROUT ING
C (TIME-AREA) WILL EE APPLIED TQ ACCOUNT FOR WATERSHED STORAGE
C {LAG OR K FACTOR).
C
C AUTHOR - STAN CARPENTER
C
C CATE - DECEMBER 1977
C
CONTINUE
C
C
C
¢
c INPUT VARIABLE NAMES-==--=ccmecmcecane il
C B - 55
¢ NAME DESCRIPTION

00291400
00291500
00291600
00291700
00291800
00291900
00292000
006292100
€0292200
€0292300
00252400
00292500
00292600
00292700
0092800
00292900
00293000
00293100
00293200
00293300
00293400
60293500
00293600
00293700
00293800
00293900
00294000
00294100
00294200
002964 300
002964400
00294500
€0294600
00294700
00294800
00294900
00295000
00295100
00295200
00295300
00295400
00295500
00295600
00295700
00295800
00295900
00296 C0C
00296100
00296200
€0296 300
00296400
00296500
00296600
00296700
00296800
€0296900
00297000
00297100
00297200
00297300
00297400
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RAINFALL DEPTH AFRR

4

C

¢ IOCKM  MCONTHS IN THE OORMANT SEASCN (12)

c IGROW  MONTHS IN THE GROWING SEASON (12)

¢ CN1 CN VALUE 1

¢ CN2 CN VALUE 2

C CN3 CN VALUE 3

¢ DA DRAINAGE AREA

¢ TC TIME OF CONCENTRATION

C 1T TIME UNIT LENGTH (HOURS)

C
CONTINUE

C

C OUTPUT VARITABLE NAMES=o=c-=m oo oo oo oo oo e e e e o

C

c NAME DESCRIPTION

(| |  memmeen e er e r e s cn s n s rm e s e e R S R C AT T S - - - .- —— - -

L SUMRL TOTAL RAINFALL DEPTH PER STORM

C IFIRST  TIME UNIT AT START OF STORM

C ILAST TIME UNIT AT END OF STORM

C IUNIT  TIME UNIT COUNTER

C ARF SUMMATION OF RAINFALL DEPTHS IN THE PRECEDING 5 DAYS

¢ XLI INITIAL LOSS AMOUNT

¢ CRI CUMULATIVE RAINFALL SUMMATION ARRAY (2160)

¢ CRUN CUMULATIVE RUNDFF ARRAY (2160)

C RUN OUTPUT RUNOFF ARRAY

C S MAXIMUM SCIL STDRAGE

c XLF LAG FACTCR

C ILF LAG FACTOR RODUNDED AND TRUNCATED

C

C

6.C  FORMAT(//,'1 KUNOFF STATISTICS FOR YEAR NO. *,13,5X
1,"WATERSHED NO. *,13,//)

€04  FORMAT(10Xs*TCTAL RUNDFF *,244," SEASON =*,F6.,2,° INCHES®s/)

6(8 FORMAT(10X,'TOTAL DURATION OF RUNOFF *,2A4," SEASON =°,
1F6.Cy* HOURS®,/)

€14  FDRMAT(10X,'MAXIMUM *,12,' HOUR RUNOFF RATE, *;2A4,* SEASON °
1' = *,F8.2+°% CFS */)

C

B3 90C IWS=1,1IKSD
C-INITIALIZE YEARLY VARIABLES
C
5 ISTOP=36(%24/1DT7

DO 10 I=1,ISTOP
RUN(IKS,1)=0.0
XRUN(I)=0.0

TRUN{1)=0.0
TOUR(1)=0C.0
RUNMAX(1)=C.0

AY (2160)

C~-SEARCH THE RAINFALL ARRAY FOR A DEPTH GREATER THAN ZERGQO

15 CONTINUE
TUNIT=D

C

C

20 JUNIT=TUNIT+]

IF(IUNIT.GT.ISTOP)GO TO 1060
IF(ROY(IUNIT).EQ.C.0)GO TO
IFIRST=IUNIT

20 g - 56

- - . R = S P S R S e e WP R R AR R W R R e R e G G S GRS R G N mm e W e

00297500
00297660
00297700
00297800
00297900
00298000
00298100
00298200
00298300
00298400
002985C0
00298600
00298700
€0298800
00298900
00299000
00299100
00299200
¢0299300
€0299400
60299500
00299600
00299700
00299800
00299900
00300000
00300100
00300200
00300300
00300400
00300500
00300600
00300700
00300800
00300900
00301000
00301100
00301200
00301300
00301400
00301500
©0301600
00301700
00301800
00301900
00302000
00302100
00302200
00302300
00302400
00302500
00302600
00302700
00302800
00302900
00303000
00303100
00303200
00303300
00303400
00303500
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40
C

SUMRD=RDY(IUNIT}
THE RAINFALL DEPTHS FOR THIS STORM

JTUNIT=IUNIT+1
IFCIUNIT.GT.ISTOP)IGO 1O 32
SUMRD=SUMRE4RDY(IUNIT)
IF(RDY(IUNIT) .NE.O.0)GO TO 30
TUNIT=IUNIT+1
IFCIUNIT.GT.ISTOP)GO 1O 32
SUMRD=SUMRD+RDY(IUNIT)
IF(RDY(IUNIT) NE.C.0)GO TO 30
ILAST=1IUNIT-2

GC 10 35

ILAST=15T0P

THE RAINFALL DEFIH IN THE PRECEDING 5-DAY TIME PERIOD

IFCIFIRST.GEL.(12CG/1DT+1)) IFST=IFIRST-(120/1DT)
IFCIFIRST.LT.(120/10T+1))1FST=1

IL=1FIRST-1

IF(IL.EG.C)IL =1

ARF=0.0

00 40 I1=IFST,.IL

ARF=ARF+KDY(I1)

C~ASSIGN A CN VALUE

C

C
C
C

45
<c

C
C

48
C

CALL MONTH(ISTOP,IFIRSTMTH}

CALL SEASON(MTH, IDORM, IGRUW,ISEAS)
IF(ISEAS.EQ.2)00 TO 45

IF(ARF ,EQ.0.,0)CN=CN1(INWS)

IF(ARF 4GE 0O ANDARF LT+ O8)CN=CNL(INS;
IF{ARFeGTe0s0eANDoARFLTo0e3)CN=CNZ(INWS)
IF(ARF GE « s OB e ANDeARFLE.C.B)CN=CN2(IWS)
IF(ARF .GE«O«3)}CN=CN3(INKS]

IF (ARF.GT.0+8)CN=CN3(INWS)

GO TO 48

IFCARF.LT.0.,02)CN=CNLLINWS)
IFCARF.GE«OcOJANDARF.LT..08)CN=CN1(INWS)}
IFCARF aGT 4 o024 ANDJARF LT 0eB) CN=CN2(INWS)
IF{ARF.GE . .OB-AND-ARF-LE’.O.B)CNchZ‘IHS’
IF(ARF .GE Q.8 )CN=CN3(INS)

IF(ARF «GTo0BICN=CN3(INS)

CONTINUE

C-DETERMINE IF THE RAINFALL EVENT PRODUCES RUNDFF

C

C

$=1000./CN-10.
XLI=Ca2%S
IF(XL1.GE.SUMRD)GU TO 2¢

C-DEVELOP CUMULATIVE RAINFALL SUMMATIONS

C

CRI(IFIRST)=ROY(IFIRST)
IFCIFIRSTLEQ.ILAST)IGD TO 55
I11=1FIRST+1

DO S0 12=11,1LAST

13=12-1

CR1(12)=RDY(I2)+CKI(13) B - 57
CONTINUE

00303600
00303700
00303800
00303900
00304000
00304100
00304200
00304 300
00304400
00304500
00304600
00304 700
00304800
00304900
00305000
00305100
00305200
00305300
00305400
00305500
00305600
00305700
00305800
00305900
00306000
00306100
€0306200
00306300
00306400
00306500
00306600
00306700
00306800
00306500
00307000
00307100
00307200
00307300
00307400
00307500
00307600
00307700
00307800
00307900
00308000
00308100
¢0308200
00308300
003084C0O
00308500
00308600
00308700
00308800
00308900
00309000
00309100
¢0309200
00369300
00309400
60309%00
€0309600



C

C-COMPUTE THE CUMULATIVE RUNOFF BY TIME PERIOD

C
55

5
C

D80 75 I1=IFIRST,ILASY
IF(CRI(I1).LE.XLI)GO TO 75
XNUM=(CRICI1}-XL1)2%2.0
XDEN=CRI(I1)+4.0%XL1
CRUN(I1)=XNUM/XDEN
CONTINUE

C-COMFUTE THE RUNOFF OEPTH FOR EACH TIME PERIOD

C

95

C

XRUN{IF IRST)=CRUN(IFIRST)
IFCIFIRST.EQ.ILAST)GO TO 20
I1=1IFIRST+1

DG 95 12=11,1LAST

I13=12-1
XRUN{I12)=CRUN(12)}-CRUN(I3)
CONTINUE

GG TO 20

(-ROUTE THE RUNOFF BY THE TIME AREA METHOD

C
100

C

XLF=TC(IWS)/1DT+0.5
ILF=XLF

C-DETERMINE IF ROUTING IS REQUIRED

C

C
c-
C
1e

n

11¢

C

IF(ILF.GE.2)GD TO 200

CONVERT THE RUNOFF DEPTHS TO RATE IN CFS IF NO ROUTING

DO 110 1=1,1STCP

IF(XRUN(I).EQ.0.00)G0 TO 110

CALL MONTH(ISTOP,1,MTH)

CALL SEASON(MTH,IDCRMs IGROW,ISEAS)
TRUNCISEAS)=TRUN(ISEAS)+XRUN(I)
RUN(IWS,1)=1.00833%DA(INSIEXRUN(I}/ZIDT
TOUR(ISEAS)=TDUR(ISEAS)+IDY

IF(ISEAS.EQel e ANDRUN(IKWS»I)GT.RUNMAX(1))IRUNMAX(1I)=RUNCINS, 1}
IFCISEAS.EQe2 ¢ ANDRUN(IWSsI) o GT.RUNMAX(2))IRUNMAXL2}=RUN(INS, 1)
CONTINUE

GO T0 400

C-FOUTE AND CONVERT THE RUNOFF RATE TO CFS

C
200

255

CONTINUE

DO 300 J=1,IS10P

K=Jd-1LF+1}

L=J

IF{K.LE.O)K=1

SUMRT=0,.0

DO 2855 JJ=K,L
SUMRT=SUMRT+XRUN(JJ)

CONTINUE

QT=SUMRT/ILF

IF(QT.EQC.0.00)CD TG 300

CALL MONTH(ISTOP 3JysMTH)

CALL SEASON(MTH, IDORM, IGROW, ISEAS)
TRUN(CISEAS)=TRUN(ISEAS)+QT B -
KUN(IWS:J)=1.00833%DA(INS)*QT/IDT

00309700
00309800
00309900
00310000
00310100
00310200
00310300
00310400
00310500
00310600
00310700
00310800
00310900
00311000
00311100
00311200
00311300
00311400
00311500
00311600
00311700
00311800
00311900
00312000
00312100
003122060
00312300
00312400
00312500
00312600
00312700
00312800
00312900
00313000
00313100
00313200
00313300
00313400
00313500
00313600
00313700
00313800
00313900
003164000
00314100
00316200
00314300
00314400
00314500
00314600
00314700
00314800
00314900
00315000
00315100
00315200
00315300
00315400
00315500
00315600
00315700



TOUR(ISEAS)=TDUR(ISEAS)+IDT
IF(ISEAS«EQel «ANDCRUNCINS»J) «GT.RUNMAX(1)IRUNMAX(1)=RUN(INS, J)
IFCISEASEQ.2AND.RUN(INS4J) sGT.RUNMAX(2))IRUNMAX(2)=RUN{IWS, J)
300 CONTINUE
C
C-0UTPUT THE RUNOFF STATISTICS FOR THE CURRENT YEAR
c
400 WRITE(IOUT ,60C)INYEAR,INS
DG 652 I=1,2
I1=1-1
12=2%11+1
602 WRITE(IOUY »604)SEA(I2),SEA(T241),TRUN(I)
DO 606 I=1,2
I1=1-1
12=2%11+1
606 WRITE{IOQUT 4608)SEA(IZ)SEA(I2+1),TODUR(I)
DO 612 1I=1,2
I11=1-1
12=2%11+1
612 WRITE(IOUY ,614)}IDT,SEA(I2),SEA(I2+41),RUNMAXC(])
500 CONTINUE
RETURN
END

C
C*ETL L RRESLLR42EL RUNQLR 5303308 20 0b S L 2 S22 S2 e Lfb s
C

SUBROUTINE RUNQLR

COMMON /1O0/11IN,IKIV,10UT

COMMON /GLOBAL/IDT,NYR,LOC(10),IRN1,IWSD

CCMMON /RUNQR/ZYBOC(2),RBDOD(2)}4YTKN(2) yRTKN(2),YSS{2]) 4RSS(2)
1,YPB(2)+RPB(2)

C

C- SUBROUTINE RUNQLR WILL READ THE INPUT DATA FOR THE RUNOFF
C- QUALITY MODULE AND LIST THE INPUT DATA ENTERED.

C

C-INPUT FORMAT STATEMENTS

C

100 FORMAT(2F10.4)

00315800
00315900
00316000
00316100
00316200
00316300
00316400
00316500
00316600
00316700
00316800
00316900
00317000
00317010
00317020
00317100
00317200
00317210
00317220
00317300
00317400
00317500
00317600
00317700
00317800
00317900
00318000
00318100
00318200
00318300
00318400
00318500
00318600
00318700
00318800
00318900
00319000
00319100

600 FORMAT(*1%,16X,*CONTINUOUS STORMHWATER POLLUTION SIMULATION SYSTEM®00319200

1.7
1425X s *FEBRUARY 41979, //
291Xy *RUNCFF QUALITY INPUT DATA'$20('-%),//)
610 FORMAT(1X,%INPUT DATA FOR WATERSHED NOD.',13,/,
1 46Xy 'B0OD ACC. RATE =%,F1C.4," #/AC/DAY"®
155X, %B0OD REMOVAL RATE =',F10.4,° FRACT/DAY',/,
1 4Xs*TKN ACC. RATE =',F10.4," #/AC/DAY®
195Xy TKN REMOVAL RATE =",F10.45" FRACT/DAY',/,
1 4Xs*SS ACC. RATE = %,F10.4," #/AC/DAY®,
15X *SS REMOVAL RATE = *,F10.4,* FRACT/DAY®,/,
1 4Xs 'PB ACC. RATE = %,F10.4,' #/AC/DAY?
1,5X,*PB REMOVAL RATE = ",F10.4,"' FRACT/DAY®*,/)
C
C~READ THE INPUT DATA FCR THE RUNDFF SIMULATOR
C
DO 200 I=1,IWSD
READ(IINS100)YBOD(I),RBOD(I)
READCIINs100) YTKN(I)RTKN(I)
READ(TIN,100)YSS(I),RSS(I)
READ(1IN,100)YPB(1),RPB(1)
200 CONTINUE B - 59

00319210
00319300
00319400
00319500
00319600
00319700
¢0319800
00319900
00320000
00320100
00320200
00320300
00320400
00320500
00320600
00320700
00320800
00320900
00321000
00321100
00321200
00321300



C-LIST THE INPUT DATA TO THE RUNDFF QUALITY SIMULATOR

C
WRITE(ICOUT ,600)
DG 800 I=1,IWSD
WRITE(IOUT+610}1,YBOO(T),RBOD(I)»YTKN(I)4RTKN(T};3YSS(1},RSS(I),
1 YPB(I) RPE(])

€00 CONTINUE
RETURN

C
CHe e R3S Me 343 RUNQL T e $ii b £Sb 5055t S8 34554S
C

SUBROUTINE RUNQLTINYEAR)

COMMON /IG/IIN,IRIV,I0UT

COMMON /GLOBAL/IDTWNYRSLOC(10),IRN1, IWSD

COMMON /RUNQL/BOD (2+2160)3TKN(2,2160)455(2,2160),PB(2,2160)
COMMON /RUNQOF /RUN(2,2160)
COMMON /RUNQR/YBOUD(2),RBOD(2)»YTKN{2) 4RTKN(2),YSS(2},RSS(2)
1,YPB(2]),RPE(2)

COMMON /IRO/IDORM(12),1GROW(12),CNI(2),CN2(2),CN3(2),DA(2),TC(2),

1 CHO(2)

COMMON /SAVEL/S1(2),B0DSI(2)4SSSE(2),TKNSI(2),PBSI(2),SXBOD(2),

1 SXSS(2),SXTKN(2),SXPB(2)

C AWP(RsIOTCP)=R*¥62.4%3600%10T%CP/1000000.
X(Y1,1D7)=Y1%IDT/264.0
ZI(Z1,IDT)=7.5%21%26.0/1DT

C XL2(XL14RsYsXRUN)=(XL1%E(1-R}+Y)-(XL1I%(1-EXP (-4 .6%XRUNZC1)}})
C XM2 (XL1 o XRUNY=(XL1%(1-EXP{-4.6%XRUN%C1}})%C2/XRUN
C
C SUBROUTINE RUNCLT WILL DETERMINE THE BOD ,TKN, SS AND PB
¢ QUAILTY ARRAYS BY WATERSHED FROM THE INPUY RUNOFF ARRAYS BY
C WATERSHED AND FRONM THE ACCUMULATION AND RUNOFF RATES BY
C WATERSHED AND BY POLLUTANT. OUTPUT WILL INCLUDE MAXIMUM
C POLLUTANTY CONCENTKATIONS, MEAN POLLUTANT CONCENTRATICNS,
C TOTAL ANNUAL POLLUTANT WASHOFF, AND THE QUALITY ARRAYS FOR
C EACH WATERSHED AND EACH POLLUTANT.
C
c- INPUT VARIABLES:
CONTINUE
NAME DESCRIPTICN
YBOD ACCUMULATION RATE FOR BOD FOR THE CURRENT WATERSHED
RBOD WASHOFF hd * goo0 ¥ bl - -
YTKN ACCUMULATION » TKN ¥ " - -
RTIKN WASHOFF » * TKN ¥ d - b
YSS ACCUMULATION . w SS - o b d
RSS WASHOFF . w SS d b " bt
YPB ACCUMULATICN d * PB hd ol - -
WASHOFF . v PB . " - -
IWS NO. OF WATERSHEDS
RUN RUNOFF ARRAY FOR THE CURRENT WATERSHED

DALINRS) DRAINAGE AREA FOR THE CURRENT WATERSHED
OUTPUT VARIABLES:
CONTINUE

80D BOD QUALITY ARRAY (2,2160)
TKN TKN v . -

SS SS v -
PB PB - -

[N aNaNalal 2N aRaNaNeNale il oNaloNalaleNalle)
)
o
oo}

*B - 60
"

00321400
00321500
00321600
00321700
00321800
00321900
00322000
00322100
00322200
00322300
00322400
00322500
00322600
00322700
00322800
00322900
00323000
00323100
00323200
00323300
00323400
00323500
00323600
00323700
00323800
00323900
00324 000
00324100
00324200
00324300
00326400
00324500
00324600
00324700
00324800
00324900
00325000
00325100
00325200
00325300
00325400
00325500
00325600
00325700
00325800
00325900
00326000
00326100
00326200
00326300
00326400
00326500
00326600
00326700
00326800
00326900
00327000
00327100
00327200
00327300
00327400
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00

C1

c2
XB0D
XTKN
XTKN
XSS
XPB
CONTINUE
BOD SUM
TKN SUM
SSSUM
PBSUM
RUNSUM
BODMPC
TKNMPC
SSMPC
PBMPC
AWB Q0
AWTKN
ANWSS
AWPB
BODMAX
TKNMAX
SSMAX
P8

FORMAT(//,"%1

CONSTANT NG. 1
CONSTANT NB. 2
WASHOFF OF BOD BY TIME PERICD

- L TKN ) L] L
L J L J YKN L 4 [ w
L] - SS - L -
- - pB - w -

TOTAL BOD CONCENTRATION
-

w TKN
» SS w
- PB -

TOTAL RUNOFF
MEAN BOD CONCENTRATION (MG/L)

- TKN -
- SS -
" PB -
TOTAL ANNUAL WASHOFF 80OC (LBS)
- » - TKN
] - - $S
w - " PR
MAXIMUM CONCENTRATION BOD (MG/L)
d - TKN
w w SS
" - PR

113,5Xs "HATERSHED NO. "513,/,

[Re Ry -

TG2+°BOD* s T53,*TKN ', T64,*SS*,TT75,PB Y/,
1Xy SMAXIMUM CONCENTRATIONS(MG/L)®*3T3244(1X,F11.2),/
1Xs *"MEAN COUNCENTRATIONS(MG/L)" 732,64 (1X,F11.2),/
1Xs "TOTAL ANNUAL WASHOFF(LBS)® 3T32,4(1X,F11.0),/)

0o 900

INS=141INWSD

C=INITIALIZE ARRAYS = VARIABLES AND CONSTANTS

C
C

1¢

C IF KO WASHCFF COEFF ENTERED THEN DEFAULT IS 4.6

IsTopP=36
Ci=1b7/¢(

0%24/1D07
1.0083#DA(1IKS))

C2=DA{INWNS)%4,4516/107

b0 16 J=

BOD(IKS,
TKN(INWS,

1,1570P
J1=0,0
J1=0.0

SSC(IWSsJ}=0.0

PBUIWSsJ
CONTINUE

IF(CWO(

)=Q-0

INS).EQ.O.C)CHWO(INS)=6 .6

BODMAX=0.0
TKNMAX=C .0

SSMAX=0.
PEMAX=C.
BGDSUM=0
TKNSUM=0
SSSUM=0.
PBSUM=0.
RUNSUM=C
CyBGD=X{(
CRBOD=X(
CYTKN=X(
CRTKN=X(

0
C

1)

.0

0

0

)

YBOD(IWS),IDT)
RBOD(IWS),IDT)
YTKN(INS),I0T) B - 61
RTKNCIWS) ,1DT)

RUNOFF QUALITY - STATISTICS FOR YEAR NO.'»

00327500
00327600
00327700
00327800
00327900
00328000
00328100
00328200
00328300
00328400
00328500
00328600
00328700
00328800
00328900
00329000
00329100
00329200
00329300
00329400
00329500
00329600
00329700
00329800
00329900
00330000
00330100
00330200
00330300
00330400
00330500
00330600
00330700
00330800
00330900
00331000
00331100
00331200
60331300
00331400
00331500
00331600
00331700
00331800
00331900
00332000
00332100
00332200
00332300
00332400
00332500
00332600
00332700
00332800
00332900
00333000
00333100
00333200
00333300
00333400
00333500



C

CYSS=X{YSS(IWS),IDT)
CRSS=X{RSS(IWS},IDT)
CYPEB=X(YPB(IWS}sIDT)
CRPB=X{RPB(IWS),ICT)
IF (NYEARNE.1)GO TO 15

C-INITIALIZE WATERSHED POLLUTANY LOADS

C

15
C

XBOD=Z(CYBOD,ID0T)
XTKN=Z(CYTKN, IDT)
XSS=Z{(CYSS,IDT)
XPB=Z(CYPB,IDT)
GO0 10 2¢

CONTINUE

C INITIALIZE WATERSHED FOLLUTANT LOADS FOR YEARS 2 TO N

C

C

XB0OD=SXBOD(IWS)
XTKN=SXTKN(INWS)
XSS=SXSS(INWS)
XPB=SXPB(1KS)

C-LOOP FOR RUNOFF QUALITY COMPUTATIONS

C
29

C

DG 100 I=1,ISTOP
JIF(RUN(IWS,1}.EQ.C.0)}60 TO 90

C-CALCULATE THE CONCENTRATIONS IN MG/L

C

¢

BODCINS4I)=XM2(XBUD+RUN(IWNSs1)sC1+C2,CWO(IKS))
TEKNCIWS 1) =XM2 (X TKN RUNCINWS 1) ,C1,C2,CHOCINS])
SS{INS,I1)=XM2(XSS,RUN(INS,1)sC1,C2,CHOCINS))
PBUINS»I}=XM2(XPB,RUN(IWSs1)9sC14+C2,CHO(INS))

C-CALCULATE SUMMATIONS FOR MEAN DA(IWS)TA

C

C

BODSUM=BUDSUM+RUN(IWS,I)%BOD(IWNS, 1)
TKNSUM=TKNSUM+RUN(IWS, T)TKN(IWS, 1)
SSSUM=SSSUM+RUNIINS s 1} #SS(INHS,I)
PBSUM=PBSUM+RUNCIWS»T)#PB(INWS,1)
RUNSUM=RUNSUM+RUN (1KWS, 1)

C-SAVE MAXIMUM CONCENTRATIONS

C

~
~

N NNl

0

1CC
C

c

IF(BOD(IWS 1) GT.BODMAX )BODMAX=BOD (IWS,1)
IFCTKNCINS 1) oGTo TKNMAX)ITKNMAX=TKN(1INS,s1)
IF(SS(IWSy I} eGToSSMAX)SSMAX=SS(INS,I)
IF(PBL{INS,T).GTPEMAX)PBMAX=PB(1WS,1)
CONTINUE

-CALCULATE LUADINGS FOR THE CURRENT TIME INTERVAL

XBOD=XL2(XBOD ¢ CRBCD sCYBODsRUN(IWSs1)5C1,CHO(INS))
XTKN=XL2 (X TKN 4CRTKN,CYTKNsRUN(IWS,1)sC1,CHGC(IWS]})
XSS=XL2({XSSsCRSSsCYSSsRUNCIWS 4 T},C1,CHO(INS]))
XPB=XL2(XPBsCKPBsCYPBoRUN(INS,1},C1,CHO(INSY))
CONTINUE

C SAVE ENDOF YEAR QUALITY FOR NEXT Y%AR

SXBOD(IWS)}=XEUD

00333600
00333700
00333800
00333900
00334000
00334100
00334200
00334300
00334400
00334500
003364600
00334 700
00334800
00334900
00335000
00335100
00335200
00335300
00335400
00335500
00335600
00335700
00335800
00335900
00336000
00336100
00336200
00336300
00336400
00336500
00336600
00336700
00336800
00336900
00337000
00337100
00337200
00337300
00337400
00337500
00337600
00337700
00337800
00337900
00338000
00338100
00338200
00338300
003386400
00338500
00338600
00338700
00338800
00338900
00339000
00339100
00339200
00339300
00339400
00339500
00339600



SXSS{IWS)=XSS
SXTKN(IWS)=XTKN
SXPB{INS)=XPB
C
C-CALCULATE THE MEAN POLLUTANT CONCENTRATIDNS & AWP
C
BUOMPC=BOD SUM/RUNSUM
TKNMPC=TKNSUM/RUNSUM
SSMPC=SSSUM/RUNSUM
PEMPC=PBSUM/RUNSUNM
AWBGD=AWP(RUNSUM, IDT,BRODMPC)
AWTKN=AWP (RUNSUM, ID T, TKNMPC)
AWSS=AWP(RUNSUM, ILT 4 SSMPC)
AWPB=AWP {RUNSUM,IDT ,PBMPC)
C
C-QUTPUT THE RESULTS OF THE RUNDFF QUALITY MODULE
C

WRITE(IOUTs2COINYEAR,INS ,BODMAX, TKNMAX,SSMAX,PBMAX,BDDMPC,

1 TKNMPC,SSMPC,FBMPC ,AWBOD JAWTKN sAWSS,AWPB
930 CONTINUE

RETUKN

END

C
CHAEILETELLLBILS LS LR LT L2308 RUNRD #3220 202 ST L 22 SLLEL 392
C

SUBROUTINE RUNRD
COMMON /IC0/1INsIRIV,.IDUT
COMMON /GLOBAL/IDT 4NYR,LGC(10),IRN1,INSD

COMMON /IRC/IDCRM(12),IGRON(12),CNI(2),CN2(2},CN3(2),DA(2),TC(2),

1 CWB(2)
C

C-SUBROUTINE RUNRD WILL READ THE INPUT DATA FOR THE RUNOFF SIMULATCR

C-AND LIST THE INPUT DATA ENTERED.
C

C

C-INPUT FORMAT STATEMENTS

C

100 FORMAT(1212)

110 FORMAT(3F10.2}

00335700
00339800
00339900
00340000
00340100
00340200
00340300
00340400
00340500
00340¢€00
00340700
00340800
00340900
$0341000
0036411C0
00341200
00341300
00341400
00341500
00341600
00341700
00341800
00341900
00342000
00342100
00342200
003642300
00342400
00342500
00342600
€0342700C
00342800
00342900
C0343C00
00343100
003643200
00343300
00343400
00343500

600 FORMAT(*1°%,16X,*CCNTINUQGUS STORMWATER POLLUTION SIMULATION SYSTEM'00343600

15/
1s25Xs *FEBRUARY ,1979%,/7
291Xy "RUNDOFF SIMULATOR INPUT DATA®,20(*-*)},//,
1 /s1X,*MONTHS IN DORMANT SEASDON:?)
606 FORMAT(24X,12)
608 FORMAT(/41Xs*MONTHS IN GROWING SEASCN:')
614 FORMAT(/+1X'WATERSHED NO. '412,% DATA:*,

1 /35Xs " CN1 = %,F8.242Xs" CN2 = "5FB.2,2X,* CN3
l,FS.?’

1 /+5Xs *ODRAINAGE AREA = *,F10.2,' ACRES',

1 /95X, *TIME OF CONCENTRATION = *,F10.2,* HOURS?®,

1 /5T10s "WASHOFF COEFFICIENT = *,F10.2)
C
C-READ THE INPUT DATA FCOR THE RUNDFF SIMULATOR
c
READ(TIN,100) (IDORM{1),1=1512)
READ(IIN,2GO) (TGROW(T)+1=1,12)
DO 550 I=1,1WSD
READ({TIN,110)CNI(1),CN2(I),CN3(1)
READ(IIN,110)DACT)oTC(I)4CHO(T)
IF (CWO(1) .EQ.0.0)CWD(I)=4.6 B — 63

00343610
00343700
00343800
00343900
00344000
00344100
00344200
00346300
00344400
00344500
00344600
00344700
00344800
003644900
00345000
00345100
00345200
00345300
00345400
00345500
00345600



55¢ CONTINUE
C
C-LIST THE INPUT DATA TO THE RUNOFF SIMULATOF
C
WRITE(IOUT ,600)
0BG 604 1I=1,12
1IFCIDORM(I).EC.CICD TO 607
€04 WKITE (10UT,6C6)TDURM(T)
607 CONTINUE
WRITE(IGUT ,€08)
DO 610 1=1,12
IFCIGROW(I)CEQ.Q0)GO TO €12
610 WKITE(IOUT ,606)11GR0ONW(T)
€12 CONTINUE
DO 65U I=1,1KS5SD
WRITE(IOUT 461431 ,CNTICT),CN2(T),CN3(1),DA(T}TC(I},CHNO(I)
65¢ CONTINUE
KETURN
END

CHILLIHTRFLLLLTEINLLILLILLRLELE SEASON H2HLIL L2 L ELLILSLL 4 4%

SUBROUTINE SEASON(MTH,ISEAS]1,ISEAS2,]SEAS)

C-SUBROUTINE SEASON WILL DETERMINE THE CURRENT SEASON (ISEAS)
C-GIVEN THE CURRENT MONTH (MTH)s AND TWO ARRAYS, ISEASI= THE
C~MONTHS IN SEASON 1, AND ISEAS2= THE MONTHS IN SEASON 2.
C
DIMENSION ISEAS1(12),1SEAS2(12)
0C 10 I=1,12
IFEMTH.EQ. ISEASTI(I))ISEAS=01
IF{MTH.EQ.ISEAS2(T)}ISEAS=02
10 CONTINUE
RETURN
END

CEXHLIFLTHLHTHBELIT % SORW FEThEb =y L pHPeIueephfdd

SUBROUTINE SSRW (QSWsSSSWeQCSOsSSCSO»QUSSSSUSQDH4SSON
1 SST1,FSS,1.,SSWOU)

COMMON /GLOBAL/IDTWNYR,LOC(1C),IRNI,INSD

DIMENSION FSS(21)

C
C THIS MODULE ANALYZES SUSPENDED SOLIDS IN THE RECEIVING WATER
C
€ 3R LEIAY
¢C % %
¢ * STEP 1 #
C % £
€ HERdskdsdivss
C
C COMFUTE TOTAL FLOW (IN CFS)
C
CT=0SK+QCSO+QUS+CDHW
IF(CT.NE.O.CICOTL 20
SSMAX=0.0
SST1=0.9
GOT10 30
€ T EEIARLT
c % & B‘64
C % STep 2 *

00345700
00345800
00345900
00346000
00346100
00346200
00346300
00346400
00346500
00346600
00346700
00346800
C0346900
00347000
00347100
00347200
€0347300
00347400
€034 7500
00347600
00347700
00347800
00347900
00348000
00348100
003648200
00348300
00348400
00348500
00348¢€00
00348700
00348800
00348900
00349000
00349100
00349200
00349300
003649400
00349500
00349600
00349700
00349800
00349900
00350000
00350100
00350200
00350300
00350400
00350500
00350600
00350700
00350800
€0350900
00351000
00351100
00351200
00351300
00351400
00351500
00351600
00351700



C
C
C

%

P22 222 2 2R 2 1

%
%

C COMPUTE MAXIMUM SS CONC (MG/L)

cC
20

0

lakalaNaE el aNoeNa R N o Na NN aNal o el
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gtk db b 2 4

45 2% 2k 4F &5

[}

CUMULATIYE CISTR

1 dF Ay db &S

&
He
i
123
&
pri
i
Y
(13
o
3
*

1]
L3

&
<%
4
L3
33
3]
[+
L1
114
114
133

CONTINUE
SS1=QSk*SSSH

§52=QCS0*SSCSO

$53=QUS*SSUS
SS4=QDWESSDKW

SSMAX=(SS14552+SS3+SS¢4}/Q7

SHEHEER TS

i ¢ 4F 4

C COMPUTE TOTAL SS (#/07)

SST1=ANP(QT,IDT,SSMAX)
SSWOU=AWP (QUS,IDT,SSUS)

e R A

CALL CFSS(SSMAX,FSS)

LHFEEEHXLP L

L )

RETURN TO CALLING MODULE

SUBROUTINE STOR (NYEAR)

C
€ STUOKRAGE /7 TREATMENT SIMULATOR

C

W W N A et

OF SUSPENDEC SOLIDS

STOR &L LEBe RS2 L5006

COMMON /GLOBAL/IDTSNYR,LGC(10),IRN1,IWSD

COMMON /RUNDF/ RUN(2,2160)

COMMON /RUNQL/BCD(2+,2260)9TKN(2+2160},55(2,2160),PE(2+2160)
COMMON /STOR1/ETBOD(2)4ETSS(2),ETTKN(2),ETPB(2) ySMAX(2),TMAX(2)
COMMON /SAVE1/ST(2),BODSI(2)+SSSIt2),TKNSIt2),PBSI(2),SXBOC(2),

SXSS(2)SXTKN(2),SXPB(2)
COMMON /ZI0/1INSIKIV,10UT

REAL LIEOD.LISS.LITKN,LIPB,LSBOD,LSSS,LSTKN,LSPB

COMMON /IRO/IGORM(12}, IGROW(12),CN1(2),CN2¢2),CN3(2)+DA(2),TC(2)

FORMAT(//T20,*RESULTS FOR STORAGE TREATMENT *,
T50, "YEAR"sT564+12,T65, "WATERSHED 2°,T764,12/,
/T2, *NUMBER DOF HOURS STYORAGE IS EMPTY:*®,740,1J4,
T50,"PERCENT OF TOTAL TVIME:',T72,F6.2,

/T2, '"NUMBER OF HCUKRS WWIP OPERATING

2*,T40,14,

150, "PERCENT OF TOTAL TIME:',T72,F6.2,

/T2,*NUMBER OF

OVERFLOW HOURS

2, T40, 14,
B - 65

00351800
00351900
00352000
00352100
00352200
00352300
00352400
00352500
00352600
00352700
00352800
00352900
00353000
00353100
00353200
00353300
00353400
00353500
00353¢€00
00353700
00353800
€0353900
00354000
00356100
00354 200
00354300
00354400
00354500
003564€00
00354700
00354800
00354900
00355000
00355100
00355200
00355300
00355400
003558500
00355600
00355700
00355800
00355500
00356000
00356100
00356200
00356300
00356400
00356500
00356600
00356700
00356600
00356900
00357000
00357100
€0357200
€0357300
00357400
00357500
00357600
00357700
00357800
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/T2 "ANNUAL OVERFLOW VOLUME IN INCHES :',T739,F6.2,

/12, *NUMBER OF OVERFLOW EVENTS :2°,T40,164,

/T2 +*NUMBER OF DAYS WITH OVERFLOW'®,T40,14)

cl FORMAT(®1*,*S/T AND DVERFLOW SUMMARY FOR YEAR NO. *,12,3X,
"WATERSHED NQO. *212//,762+°B00", 153, "TKN®»T64,°SS*,T75,
‘PBY//

1Xy *MAXIMUM CONCENTRATIONSIMG/LY*3T32,4(1X4F11.2)4/,
1Xs "MEAN CONCENTRATIONS(MG/L ) T32,4(1X,F11.2),/,

1X, "RESIDUAL ANNUAL WASHOFF(LBS)",T732+4(1X,F11.,0),/)
CONTINUE

DT3600=1D0T%360C0

NSTEPS=8640/10T

IDUNIT=24/1DT7

Lo B e )

et ot By et

RUN STORAGE-TREATMENT FOR ALL WATERSHEDS FOR ONE YEAR

DO 21 I=1,1WSD
INITIALIZE CONDITIONS FOR ~-THIS YEAR --THIS WATERSHED

INITIALIZE NUMBER HOUKS STORAGE IS ZEROD
NHSO=0

INITIALIZE NUMEER HOUKS TREATMENT NOY ZERO
NHTND=0

INITIALIZE NUMBER CF HOURS OF OVERFLOMW
NOH=0

OVEKFLOKW VULUME -AAMNUAL
OFLV=C.0

INITIALIZE PREVIOUS PERIOD OVERFLOHW
POVKFL=0.0

INITIALIZE NUMBER OF OVERFLOW EVENTS
NOE=C

INITIALIZE MAXIMUM CONCENTRATIONS
BUDMAX=0.0
TKNMAX=0.0
SSMAX=0.0
PBMAX=0.0

INITIALIZE SUMS
SBOC=0.0
STKN=CW0
§55=0.0
SPB=0.0
RUNSUM=0.0C

INITIALIZE DAY COUNT
10CT=C

INITIALIZE NO. OF DAYS WITH OVERFLOMW
NDO=0

INITIALIZE COUNTER FOR DAILY OVERFLOW EVENTS
INDO=C

DG ANNUAL ANALYSIS FGR A WATERSHED
DO 20 J=14NSTEPS

FLOW INTO SYSTEM B - 66
AINF=RUN(1,J)%DTV3600

00357900
00358000
00358100
00358200
00358300
00358400
00358500
00358600
00358700
00358800
00358900
00359000
00359100
00359200
00359300
00359400
00359%00
00359600
00359700
00359800
00359900
00360000
00360100
00360200
00360300
00360400
00360500
00360600
00360700
00360800
00360900
00361000
00361100
00361200
00361300
00361400
00361500
00361600
00361700
00361800
00361900
00362000
00362100
00362200
00362300
00362400
00362¢£00
60362600
00362700
00362800
00362900
00363000
00363100
00363200
00363300
00363400
00363500
00363600
00363700
00363800
00363900



€ SUM STORAGE PLUS INFLOW
STOR=SI(I}+ALINF

C CUTFL - FLOW RATE CUT COF STORAGE & INTG TREATMENT FOR TIME PERICC

C (FT323/SEC)

200 OUTFL=STOF/DT360u(

C IS QUTFLOW KATE GREATER THAN MAX OUTFLOW RATE ?
IF(OUTFL.GT«TMAX(I JJOUTFL=TMAX(I)

C CALCULATE AMT IN STORAGE
STOR=STUR-(OUTFLZ0T360C)

C MIN VALUE FUR STORAGE
SMIN=,0001¥SMAX (1)
IF(STOR.LESMIN)STOR=0.C

2001 CONT INUE

C
¢ CHECK FOR UVLRFLOW
C
€ OVERFL - AMT OF RUNOFF IN EXCESS OF STORAGE VOLUME (FT2%3/SEC)
C TH1S 1¥S UNTREATED BYPASS
SAVE=STOR

IF(STOR.GT.SMAX(I))STOR=SMAX(])
IF(STOR.EC.SMAX(1))OVERFL=SAVE-SMAX(])
IF(STORLT.SMAX(I)})DBVERFL=0.0
C KEEP TRACK OF GVERFLOW VOLUME FOR ANNUAL STATISTICS
OFLV=0F LV+0OVERFL
OVERFL=0OVERFL/DT36C0
C KEEP TRACK OF NUMBER HOURS OF CVERFLOW
IF(OVERFLWNE.U.GINOH=NOH+1DT
2002 CONTINUE
C OVERFLO QUALITY
QOBUD=BOD(1,J)}
€0SS=55(1,J)}
COTKN=TKN(I,J)
COPE=PE(],J)
2009 CONTINUE
C
C XINF - INFLOW TO STORAGE FOR THIS TIME PERIOD
XINF=RUN(I,J)}~GVERFL
C INPUT QUALITY FOR MIXING
LIBAD=XINF2BOD(I,J)%DT3600
LESS=XINF%SS(I,J)3DT36C0
LITKN=XINF*TKN(I,J)=DT3600
LIPB=XINF2PB(1,4)%DT3600
2010 CONTINUE
C
C STORAGE QUALITY BEFORE MIXING
LSBOD=SI(1}*BODSI (1)
LSTKN=STCI)*TKNS1(])
LSSS=ST(I)#SSSI(1])
LSPE=SI(I)*PBSI(I)

C

C OGS QUALITY OF STORAGE AFTER MIXING

2003 CONTINUE

C CALCULATE VOLUMF OF STOKAGE AFTER MIXING
XINFSI=XINF*DT3600+SI(1)
IF(XINFSI.GT.SMIN) GO TO 15
QSBOD=0.0
GSTKN=0,0
QSPB=C.0
Q$S5=C.0
80DSI(1)
SSSi1(I)

=00 B - 67
o.C

It

00364000
€03641Q00
003664200
0364300
00364400
00364500
00364600
00364700
00364800
00364500
00365000
00365100
00365200
00365300
00365400
003655020
00365600
00365700
00365800
00365900
00366000
00366100
00366200
00366300
00366400
00366500
00366600
00366700
00366800
00366900
003670600
00367100
€0367200
00367300
00367400
00367500
60367600
00367700
00367800
00367500
00368600
00368100
00368200
00368300
00368400
00368500
00368600
00368700
00368800
003685C0
00369000
00369100
00369200
00369300
00369400
00369500
00369600
¢0369700
00369800
0369900
00370000



TKNSI(I}=0.0
PBSI(1)=0.0

C INCREMENTY NUMBER HOURS STCRAGE IS ZERO

15

212
C

NHSC=NHSO+1DT

GG 10 16

CONTINUE
QSHOD=(LIEQD4LSBOD }/XINFSI
ECDSI(1)=@SEBL
CSSS=(LISS4LSSS)/(XINFSI)
SSSI(I)=QsSS
CSTKN=(LITKN+LSTKN}/(XINFSI)
TKNSI(1)=QSTKN
GSPB=(LIPB+LSPB)/{(XINFS])
PBSI(I)=QSPB

CONTINUE

C TREATMENT OCCURS HERE

16
C KEEP

2013
<

CONTINUE

TRACK NUMEER COF KHOURS TREATMENT NOT EQUAL ZERD
IF(GUTFLNE.CoOINHTNO=NHTNO+IDT
QOTEOD=QSBOD*(1-ETROD(1)}
QUTSS=QSSS%(1-ET1SS(I))
QOTTKN=QSTKNZ(I-ETTKN(I]))
COTPB=GSPBx(1-ETPB (1))

CONTINUE

€ QUALITY SEND TO RECEIVING WATER

17

19

COVERCT=0VERFL+0OUTFL

IF(OVEROT.GT.0.0)G0 TO 17

EOD(1,J)=0.0

TKN{1,J}=0.0

SS(I,J) =0 D

PB(1,J)=3.0

G0 10 19

CONTINUE
BOD(I+J)=(QUECDULVERFL+QUTBOD*QUTFL)/OVERDT
SS(I,J)=(QOSS*OVERFL+QOTSS*OUTFL)/0OVERDT
TKN{I+J)=(QOTKNSCVERFL+QOUTTKNSOUTFL) /GVERDT
PB(1,J)=(COPR*0OVERFL+QOTPB*0UTFL }/CVERDT
CONTINUE

PEUD=B0D(1,J)

FSS=SS{I.d)

PTKN=TKN(1,4)

FPPB=PE(1,J)

C CHECK FOR NUMBER OF OVERFLOW EVENTS

IF(CVERFLWNE.CeO.AND.POVRFL.EQ.C.OINDE=NCE+]

C INITIALIZE LAG OVERFLOW FOR NEXT YIME PERIOCD

¢ s1 -

C SAVE

POVKFL=0OVERFL

VOLUME IN STORAGE AT END OF TIME PERIOD (FT#33)
SI(I}=STOR

MAXIMUM CONCENTREATIONS
1F(PBGD.GT.B00MAX )BODMAX=PBOD
IF(PTKN.GT. TKNMAX JTKKMAX=PTKN
IF(PFPB.GT.PEMAX )JPBMAX=PPB
IF(PSS.GT.SSMAX)SSMAX=PSS

C CALCULATE SUMMATICN FCGR MEAN CONCENTRATIONS AND RUNOFF

SE0D=SBOD+PBOD 2OVEROT
STKN=STKN+PTKN $CVEROT
$$5=5554PSS 20OVEROT B - 68
SPB=SPE+PPB ZOVERCT

¢0370100
C0370200
00370300
00370400
00370500
00370600
00370700
00370800
00370900
00371000
00371100
00371200
00371300
00371400
00371500
00371600
00371700
00371800
00371900
00372000
00372100
00372200
00372300
00372400
00372500
00372600
00372700
00372800
00372900
00373000
00373100
60373200
00373300
00373400
00373500
00373600
00373700
00373800
00373900
00374000
00374100
00374200
00374300
00374400
00374500
00374600
00374700
00374800
00374900
00375000
00375100
00375200
00375300
00375400
00375500
00375600
00375700
00375800
00375900
00376000
00376100



€ QUANTITY OF

RUNOFF TO RECEIVING WATER
RUN(1,4)=0VERCT
RUNSUM=RUNSUM+OVEROT

C INCREMENT DAY

IDCT=IDCT+1
IF(IDCTL.GE.IDUNITIGO TO 1CO
60 Y0 120

€ 1IF ANY OVERFLOW PERIODS THEN ACCUM ANDTHER DAY WITH OVERFLOW

100

C REINITIALIZE DAY COUNT AND NO.

110

C IF THIS TIME PERIOD HAD OVERFLOW KEEP COUNT NO.

120
20

C CONVERT ANNUAL OVERFLUW

CONTINUE

IF (OVERFLGT.0.0 HINDO=INDO+1

IF(INDO.GT.OINDO=NDD+1

OF OVERFLOW PERIODS IN DAY
CONTINUE

IDCT=C

INDG=0

GO 1O 2¢

OF
1F (UVERFL.GT.0.0)INDO=INDO+1

CONTINUE

TO INCHES
OFLV=0FLV/(43560%DA(1))

OFLV=0FLV#*12.0

€ PERCENT HOURS STORAGE EMPTY

PHSU=NHS0%100.0/€640.0

€ PERCENT TIME WWTP CPERATING

PHINO=NHTNO*100.0/8640.0

C WRITE REPORT FOR THIS WATERSHED FCOR THIS YEAR

C CarLc

€ CALC

21

WRITE(IOUT,1000}NYEAR s I4NHSOsPHSO 4 NHTNOs PHTNO 4NOH,0OF LV ,NOE , NGO
MEAN CUNCENTRATIONS

ABOD=SBOD/RUNSUM

ATKN=STKN/RUNSUM

ASS=SSS/RUNSUM

APB=SPB/RUNSUM

ANNUAL WASHOFF

AWOBOD=AWP(RUNSUM, IDT,ABCD)

AWOTKN=AWP (RUNSUM, IDT s ATKN)

AHOPB=AWP (RUNSUM,ICT,APB)
AWOSS=AWP(RUNSUM,1DT,ASS)

WRITE(IOUT ¢10C1)INYEAR 1 ,BOOMAX s TKNMAX 4SSMAX4PBMA X,
ABOD »A TKN4ASS+APB s AWOBOD y AWDTK N, AWCSSsAWDPE
CONTINUE

RE TURN

C
CH3 LI HLELETELILLLLLLE STORRD L5 SLSHEHLLXIITL LA LLLETLLLL 2L
C

C THI1S

1060
1001
1602

SUBROUTINE STORRD
COMMON /IO/IIN,IKIV,I0UT

MODULE READS INPUT FOR STORAGE TREATMENT

COMMON /GLOBAL/1DTsNYR,LUC(1C) 4IRN1, IWSD
COMMON /STORI/ZETEOD(2)+ETSS(2),ETPE(2)sETTKN(2),SMAX(2),TMAX(2)

COMMGN /SAVEL/SI(2)4BGDSI(2)4SSSI(2),TKNSI(2),PBSI(2),SXBOC(2),

SXSS{ZYSXTKN(2) +SXPB(2)

FORMAT(2F10.0,64F€.4)
FORMAT(5F10C.2)

FORMAT(//,

T60, "WATERSHED =2',T172,12/7,
T7,*MAXIMUM STORAGE VOLUME 2'4T7640,F15.2," FT%23%/,

B - 69

OVERFLOWS THI S DAY

00376200
00376300
00376400
00376500
00376600
00376700
00376800
¢0376900
00377000
Q03771090
00377200
00377300
00377400
00377500
00377¢00
00377700
00377800
0037790¢C
€0378000
003278100
00378200
00372300
00378400
¢0378%500
00378600
00378700
00378800
00378900
00379000
00379100
00379200
€0379300
00379400
00379500
60379600
00379700
¢0379800
00379900
30380000
¢0380100
00380200
00380300
00380400
00380500
00380600
00380700
00380800
00380900
00381000
00381100
©0381200
00381300
00381400
00381500
00381600
00381700
00381800
00381900
co382c¢0C
00382100
00382200



¢ T7,*MAXIMUM TREATMENT RATE 2%,T40,F10.2,* CFS'/,
3 T25,"TREATMENT PLANT EFFICIENCIES :*,/,
9 T264*BCD ', T404F9,.4/,
S T13,'SUSPENDED SCLIDS :°,T60,F%.4/,
6 T264°TKN 2%, T404,FG.64/,
T T25,'LEAD :%,T40,F9.4)
1403 FORMAT (/7 725, INITIAL CONDITIONS FOR STORAGE :=*,
T6Os "WATERSHED 2%,T172,12/,
T23,"VOLUME :',T640,F10.2,°% FT%%3%/,
T21+*BOD CONC 2*,T40,F10.2," MG/L'/,
T224°SS CONC '3 T640,F10,2,% MG/L*/,
T21s"TKN CONC 2*,T4C4F1042,* MC/L*/,
T20» *LEAD CONC 3"4T40,F10.2,*% MG/L")

N R e e

00382300
00382400
00382500
00382600
00382700
00382800
00382900
00383000
00383100
60383200
00383300
00383400
60383500

1304 FORMAT(*1',T26,"CONTINUOUS STORMWATER POLLUTION SIMULATION SYSTEMO0383600

1"
174130, *FEBRUARY1679%,///,
1 T264."INPUT FOR STORAGE/TREATMENT®*,,20(*-"),//)
€ KEAD INPUT
C TMAX -MAX TREATMENT RATE (CFS)
C SMAX -MAX STORAGE VOLUME (FT3%3)
¢ sl -STORAGE VOLUME AT T=0 (FTE%3) (INITIAL)}
C BGDSI -GUALITY CF INITIAL RUNOFF IN STORGE (MG/L)
¢ 5SS1
¢ TKNSI
¢ FBSI
C ETBOD ~TREATMENT PLANT EFFICIENCIES
€ ETSS
€ ETTKN
( ETPE
C
WRITE(IOUT,10C4)
GU ¢ T=1,1IWSD
REAG(IINGSIOOC)ISMAX(I) ,TMAX( T} ETBOD(L)sETSS(I}LETTKN(I)ETPE(])}
WRITECIOUTZ1CU2) 14 SMAXCT) TMAX(T) JETEOD(I) ,ETSSC(I)LETTKN(I),
1 ETPB(T)
RCADCTINGZIDOL1)SI(1)BODSE(I)SSST(I)4TKNSI(1},PBSI(])
WRITE(IOUT,1003)1,SI(T1),BODSI(I),SSS1(1)sTKNSI(I),PBSI(1]]
£ CONTINLE
v RE TURN

SUEROUTINE TRANS (XM4XSDeXR4TM,TSC,HTIR)

€ TH1S MODULt TRANSFGRMS DATA 10 LOG FORM
E TRAGNSFURM FQUATIONS

2 TV=LOGC(XV/(XMIXM))+]1)

g TM=LUG(XM)-(TV/2.C)

E TR=LOC(XKZFEXPF(TVI-XR+ 1) /TV

C
C CONVERT SD TO VARIANCE
XV=XSCEXST
12¢ T1=AMEXM
20 Te=Xv/T1
2y 13=T241.0 B - 70
40 TV =ALCG(T3)

00383610
00383700
00383800
00383900
00384000
00384100
00384200
00384300
€0384400
00384500
00384600
00384700
00384800
00384900
¢0385000
00385100
00385200
00385300
00385400
00385500
00385600
00385700
00385800
00385900
00386000
00386100
00386200
00386300
00386400
00386500
00386600
60386700
00386800
00386900
00387000
00387100
00387200
00387300
00387400
00387500
00387600
00387700
00387800
00387900
00388000
00388100
00388200



50
60

&9
14

100
11v

T4 =ALOG (XM)
15=TV/2.0
TM=T4-T5
T6=EXP(TV)
T7T=XR%*T6
T8=T7-XK+1.0
T9=ALOG(T8)
TR=T9/TV¥
TSO=SCRT(TV)
RE TURN

FUNCTION XL2(XL14RsY,XRUN,C1,WOC)
T1=XL1%(1.0-R)+Y

T2=~WOCEXRUNSCL

T3=EXP(T2)

Te=XL1%(1.0-13)
IF(XRUNJEC.0.0)T64=0,0

XL2=T1-T4

FUNCTION XMIX(A1,01:A2,Q025,A3,Q3,A4,Q4)
Ti=4A1%Q1

T2=A2%Q2

T3=A3%GQ3

T4=A4%C4

T5=C1+Q2+Q34Q4

XMIX=(T1+72473+474) /75

RETURN

END

CHEIXIILTHLHLETLLELE XME S LTINS TL TRk

FUNCTION XMZ2(XL1,XRUN,C1,C2,W0C)
T1=-WOCZXRUNZ*C1

T2=EXP(T1)

T3=XL1%(1.0-T2)

T4=T32C2/XRUN

XM2=T4

RETURN

END

B - 71

00388300
00388400
00388500
00288600
00388700
00388800
0388900
C0389000
00389100
00389200
00389300
00389400
00389500
00389600
00389700
00389800
00389900
0039G000
00390100
60390200
00390300
00390400
60390500
00390600
€0390700
00390800
00390900
00391000
0039110¢C
00391200
00391300
00391400
00391500
C0391600
00391700
00391800
00391900
00392C00
00392100
00392200
00392300
00392400
00392500
00392600
00392700
00392800



Appendix C
EXAMPLE PROBLEMS



Two example problems are presented in this appendix to demonstrate
the use of the program. The results presented are computer-
generated and include a listing of all input variables. Input

data are generally taken from the Philadelphia, Pennsylvania,

site study. However, the purpose of these examples is to illustrate
the use of the simulation and not necessarily to represent actual
urban area/receiving water conditions at Philadelphia.

The first example problem is a l-year simulation utilizing all
modules except the storage/treatment module. This problem
illustrates the use of the simulation in establishing existing or
baseline water quality conditions.

The second example problem is identical to the first except for

the addition of the storage/treatment module. A storage capacity
of 0.5 inch and treatment rate of 0.005 inches per hour are
simulated for both the combined sewer watershed and the urban
stormwater runoff watershed. The receiving water impact of these
facilities may be determined by comparison of the quality frequency
curves developed in problem 1 to the quality frequency curves
developed in problem 2.



INPUT DATA PROBLEM 1

FHILAUELPHIA, PENNSYLVANIA (PRCGB 1)
(124 21234567

15203060607082

1 2 9101112

364 56178
€2.178343981.2405405
42.415094339.5217391
0.295881590.406493680.0
Ce320573860.4851€7310.14559

1 2 3 4101112

56789
89.30 96.00 99.06
5000000 5042 4.6
~ 78.00 90.00 96.C0
63000.00 12.53 1.9

2.0260 0.C0667
(2309 Ve (667
1.7700 C.00
G«00320 C.00
1.4940 0.0667
0.4030 C.0667

1.3890 C.00
v0.0032 G.00
1 40.00 16€0.0C 578.1% 1.50 C. 16
¢
1025.33 30.00 30.00 12.17 0.04
€.C00C0702 1.00
0.00 €.00 20.65
1.50 1.00 13.00C 41.00 6.00
2.60 C.70 20.00 1.80 108.00 0.79 0.C
3.30 0.60 16.00 240 22.00 0.56 0.0.
6.00 0.60 16.00 1.90 45.00 Cet2 0 .0C
10.60 C.80 13.00 2.30 26.00 0.44 € .01
18.20 1.4C 11.00 2.50 23.00 C.76 0.01.
23.80 3.40 16.00 2.80 28.00 1.19 0.01:
27.10 3.60 15.00 2.60 38.00 0.63 0.013
26 .00 3.80 15.00 2.50 32.00 0.57 0.015
21.90 2.70 22.00 1.80 10.00 0.52 0.016
16.80 2.60 16.00 1.80 18.00 0.45% 0.012
10.40 1.80 20.00 2.10 21.00 0.51 0020
5.00 1.00 17.00 2.10 32.00 0.56 0.019
10.00 10.G0 37.00 100.00
10.00 10.00 116.00 10.00
7.00 6.30 7.00 7.00



Card (% Card ¢%524.

1 10%27. 62 %6%0.
10098, ¢BEB1.
£902. 6u57.
921715 . £585.
9BUS . 5674 o
4160, 6193,
©615, 6731,
8615. €219.
T440. 1816C.
7750 . 1431¢C.
7455, 11673,
T267. 10327,
9340, 168u8,
16020. 49300,
13300, 60480,
11655. 48725,
1086%., 65235,
11210. 40615,
11210 41640,
11200. ©4555.
11280, 48620,
11(%C. 4198%.
| SVR VL2 34935,
G332. 30015.
9466 . 26250,
9524. 23%95.
€953, 21765,
976% . 20535,
13260, 20670,
17uU55. 196273,
18955. 17990.
35180, 16975,
30345, 16620,
26870, 15C40.
2616C. 13660,
227%0. 13490,
2009%. 12838,
18565. 12153.
16405. 11418,
1439C. 10688,
12135, 9791.
11100, 9137.
10638. 8626 .
11108. €518.
10530. e197.
s833, 7769 .
£478. 7391.
61CGl. €95,
83139, 6583,
7911, €457,
71337. 7226 .
8003, 22%55.
7581 . 664165,
€762 38u40.
624% . 29755,
6549. 2641E%,
7206, 21315.
1626, 19260.
1274 . 18290.
1559 . 17170,

Upstream Flow Array

card 1560%.

123

14%90.
14915,
136475,
12262,
11318,
1019¢C.
10690,
16015,
23445,
20225,
17945,
17400,
1583C.
14700,
14620,
1548G.
1723C.
1569C%.
16075,
18210,
1797¢C.
15400.
15450,
44270,
$198%,
€1335%5.
€0835.
54230,
46125,
38995,
32540,
27400,
23405,
€325,
1122C,
15970,
322%0.
36435,
23995,
2138%.
1996C.
1977%.
20785,
19825.
23800
19710.
17125,
156430,
13301,
161375,
14365,
17(6%,
2193%.
3003%.
30670,
25117%.
21100,
18305,
16155,
14360,

Card
184

11920.
10455,
$211.
79¢017.
t363.
1047,
764%7.
C17.
€943,
7C36.
€893,
¢613.
t892.
7529.
1506 .
7501«
6230,
£810.
6943,
71%3.
€2%0.
5157,
4778,
4968 .
4689 .
4522,
£25%6.
705G,
7000.
6389.
£€950.
£5¢80.
€652,
€54,
€173.
€711,
€694 .
56492,
4682,
64643,
€297.
4662 .
4het o
48¢3.
4859,
4768 o
£357.
T8
€460,
69C4 .
€LB6 .
48179,
4574 .
6&.173.
3962.
4225,
4157,
413C.
6324,
4721.
4870,

Card 4g22,
€276,
7531,
€639,
¢ )60,
£8C3,
1398
17355
12723
9030,
6900,
5956,
£334,
©387.
052,
491t .
4845,
4864,
6603,
£176.
£4C4
£197.
211,
3747,
4414,
“665,
5010,
4€977.
«73b.
£728.
€282,
€359,
61C7.
6791,
€076,
£780,
€176,
4549,
€3%6.
4357,
4244
4989,
5674 o
€651,
825,
“434,
4099,
£648 .
£049.
7871.
7313.
7259.
£672.
5555,
5064 .
€870,
5017.
€727,
€977.
5043,
5388,

card
306

994 .

62%9.

1851 .

11180,
12502,
11135,
15029,
S67u.

10253,
14725,
26305,
38%25.
2321C.
24170,
19440,
16495,
164640,
12130.
13285.
12337,
11128,
126C17.
12607,
13065.
13065.
17027,
25960.
24635,
21490.
176470,
15305.
12926.
11652,
€663,

95406 «

10476,
18290.
15635.
1497C.
13%45.
13435,
12841,
12281.
12141,
14195.
12091.
9331.

13710,
1312¢C.
11289.
12637.
11819.
13655,
8725.

£822.

933 .



CONTINUDUS STORMWATER POLLUTION SIMULATION SYSTEM
FEBRUARY 41979

GENERAL SIMULATION CONTROL DATA----=ewcecccccecccccas

LOCATION: PHILADELPHIA, PENNSYLVANIA (PROB 1)
NUMBER CF YEARS TO SIMULATE: 1
TIKE INTERVAL IN HOURS: 24
NUMEER OF WATERSHEDS: 2
SEED FCR RANDOM GENERATOR: 123456700

OPTIONS SELECTED :

10 RAINFALL SIMULATOR

20 RUNOFF EY SCS EQUATION

30 POLLUTANT WASHOFF

%0 EXCESS INFILTRATION

60 DRY KEATHER FLOW

70 DAILY STREAMFLOW

82 SUSPENCED SOLIDS,DISSOLVED OXYGEN, AND LEAD RESPONSE



CONTINUOUS STORMWATER POLLUTION SIMULATION SYSTEM
FEBRUARY 1979

RAINFALL SIFULATOR INPUT DATA=-=ccomccocmmcceaooo

MONTHS IN SEASCON NO. 13

1
2
9
10
11
12
MONTHS IN SEASON NO. 22
3
4
5
6
7
8
SEASON NO. 1 SEASON NO. 2
MEAN TIME PETWEEN STORNMS 92.18 HDURS 81.34 HOURS
MEAN DURATION OF STORMS 42 .42 HOURS 39.52 HOURS
INPUT RAINFALL DEPTH STATISTICS:
SEASON MEAN S.De. CORR COEFF
1 0.29%9 0.4065 0.0
2 0.3206 0.4852 0.146456



CONTINUOUS STORMWATER POLLUTION SIMULATION SYSTEM

FEBRUARY,1979

RUNOFF  STPULATOR INPUT DATA===--c-mcmccmmcmoaon

MONTHS IN DCORMANT SEASON:

1
2
3
4
10
11
12
MONTHS IN GROWING SEASON:
5
6
7
8
9
WATERSHED NO. 1 DATA:
CN1 = 85.00 (N2 = 56 .00 CN3 = 99.00
ORAINACE AREA = 50000.0C ACRES
TIME COF CONCENTRATICN = 5.42 HOURS
WA SHOFF COEFFICIENT = 4.60
WATERSHEL NC. 2 DATA:
CN]l = 78.00 CN2 = 90.00 CN3 = 96.00
DRAINACE AREA = 60000.00 ACRES
TIME CF CONCENTRATION = 12.53 HOURS
WASHOFF COEFFICIENT = 1.90



CONTINUOUS STORMWATER PDLLUTION SIMULATION
FEBRUARY 1979

RUNOFF QUALITY INPUT DATA~~~-

INPUT DATA FOR MWATERSHED NO.

80D ACC. RATE = 2.0260
TKN ACC. RATE = 0.2309
SS ACC. RATE = 1.7700
PB ACC. RATE = 0.0032
INPUT DATA FOR WATERSHED NO.
BOD ACC. RATE = 1.4940
TKN ACC. RATE = 0.4030
SS ACC. RATE = 1.3800
PB ACC. RATE = 0.0032

}
#/7AC/0AY
#/AC/0AY
#/AC/DAY
#/AC/DAY

2
#/AC/DAY
#/7AC/DAY
#/AC/DAY
#/AC/DAY

BOD REMOVAL RATE
TKN REMOVAL RATE
SS REMOVAL RATE
PB REMDVAL RATE

BOD REMOVAL RATE
TKN REMOVAL RATE
SS REMOVAL RATE
PB REMOVAL RATE

"o

Hon

SYSTEM

0.0667
0.0667
0.0
0.0

0.0667
0.0667
0.0
0.0

FRACT/DAY
FRACT/DAY
FRACT/UDAY
FRACT/DAY

FRACT/0DAY
FRACT/CAY
FRACT/DAY
FRACT/DAY



CONTINUOUS STCRMWATER POLLUTION SYMULATION SYSTEM
FEBRUARY 41979

EXCESS INFILTRATION INPUT DATA-==-cw-=cecmocccoce-

WATERSHED: 1 CODE: 1

AVERAGE PIPE DIAMETER: 60.00 INCHES
TOTAL SYSTEM LENGTH: 1600.00 MILES

DRY WEATHER FLOW: 578.15 CFS

DRY WEATHER FLOW RATIO: 1.50
IRFILTRATICN ADJUSTMENT FACTOR: 0.16

WATERSHED: 2 CCDE: O

AVERAGE PIPE UDIAMETER: 0.0 INCHES
TOTAL SYSTEFM LENGTH: 0.0 HMILES

DRY WEATHER FLONW:? 0.0 CFS

DRY WKEATHER FLOW RATIOS® 0.0
INFILTRATIUON ADJUSTMENT FACTOR: 1.60



CONTINUOUS STCRMWATER POLLUTION SIMULATION SYSTEM

FEBRUARY 1979
INPUT 70 CRY WEATHER SUBMODEL<--=====- b
QDW = 1025.33 CFS
BUODDNW = 30.00 MG/L
SSDWR = 30.00 MG/L
TKNDW = 12.17 MG/L
PBOW = 0.06 MG/L
DDW = 0.0 MG/L

c - 10



CONTINUDUS STORMWATER POLLUTION SIMULATION SYSTEM
FEBRUARY , 1979

INPUT FCR FATLY STREAMFLOW-—-==-=c-emmmocemao-

NUMBER CF YFARS OF STREAMFLOW READ 1

THE FIRST TEN VALUES ARE =

1€C%217. CFS
10Cs8. CFS
£€02. CFS
9275. CFS
GECS. CFS
9160. CFS
G€15. CFS
g€15. CFS
7460. CFS
771¢0. CFS

c-11



CONTINUDUS STORMWATER POLLUTION SIMULATION SYSTEM

INPUT TC DC BUDGET MODEL-===-=-mcmemceemca-

ALFHA VALUES
PETA VALUES

SPECIF1ED K2

SBA

KZADJ

DIST1

CIST2
£l

K1 WATERSHED
K1 WATERSHED
K1 STREAMFLOW
K1 CRY WEATHE

UPSTREAM QUELITY ARKRA
MONTH TEMP
CEF
CEGREES C
1 Z2.60
2 3.30
3 €.C0
4 10.60
5 1t.20
6 23280
1 271G
8 2€.C0
9 21,90
10 1€ .80
11 1€ .40
12 5 «CO

INPUT DATA FOR LEAD S

ALKALINITY (MG/L)
HARDNESS (MG/L)

PH

FEBRUAKY 41979
H 0.000060702 1.60000CC0
: 0.0 0.0 2€.64999390
: 0.0 1/0DAY
1.50 GH 0D2/M%%2/0AY
1.00

10,00 MILES
41.00 MILES

"y % % g

: 6.00 MILES=22/DAY
1 G.4C 1/0AY
2 0.16 1/DAY

0.16 1/DAY
R FLOW 0.723 1/DAY

Yecomrocccoeweonanane
D0 CHLORIDE BOD SUSPENDED TKN
ICIT CONC CONC SOLIOS CONC
--------------- MG/l ~==mmmmccceccna

0.70 20.00 1.80 108.00 0.79
0.60 16.00 2440 22.00 0.56
0.60 16.00 1.90 45,00 0.62
0.80 13.00 2.30 26.00 0.46
1.40 11.00 2450 23.00 0.76
3.40 14 .00 2.80 28.00 1.19
3.60 15.00 2.60 38.00 0.63
3.80 15.00 250 32.00 0.57
2.170 22.00 1.80 10.00 0.52
2.6C 16.00 1.80 18.00 0.45
1.80 £0,.,0C 2.10 21.00 0.51
1.00 17.00 2.10 32.00 0.56
UBMODEL~==~=reremcccccneceee

cso SHR USF

10.00 10.00 37.CC

10.00 10.00 116.C0

7.00 6.30 7.00

c - 12

LEAD
CONC

0.0150
0.01%0
0.C0Ss0
0.0110
0.0120
0.0130
0.C130
0.C1%0
0.0160
0.0120
0.02C0
C.0190

KWTP
100.00
10.00

7.00



RAINFALL STATISTICS FOR YEAR NO. 1

22.11 INCHES

TOTAL RAINFALL SEASON NO. 1

18.13 INCHES

TCTAL RAINFALL SEASCON NO. 2

KC.OF PERIODS WITH RAIN SEASON NO. 1 = 62
NC.OF RAINFALL EVENTS SEASON NO. 1 = 31
NC.OF PERIODS WITH RAIN SEASON NO. 2 = 61
hO.OF RAINFALL EVENTS SEASON NO. 2 = 30

MAXIMUM RAINFALL EVENT TOTAL DEPTH 6.38 INCHLES
MAXIMUM RAINFALL EVENT DURATION = 168 HOURS
MAXIMUM DEPTH IN ONE 24 HR.PERIOD= 6.G7 INCHES

c - 13



RUNCGFF STATISTICS FOR YEAR NO. 1 WATERSHED NC. 1

TCTAL RUNOFF DORMANT SEASON 21 .89 INCHES

5.00 INCHES

]

TCTAL RUNOFF GROWING SEASON

TCTAL CURATION OF RUNOFF DORMANT SEASON 1728. HOURS

TOTAL DURATION OF RUNOFF GROWING SEASON 768. HOURS

11760.48 CFS

MAXIMUM 24 HOUR RUNOFF RATE, DURMANT SEASON

MAXINMUM 264 HOUR RUNOFF RATE, GROMWING SEASON 1296.79 CFS

RUNCFF STATISTICS FOR YEAR NC. 1 WATERSHED NG. 2

17.13 INCHES

TOTAL RUNCFF DORMANT SEASON

TCTAL RUNOFF GROWING SEASON

"

2.85 INCHES
TOTAL DURATION OF RUNOFF DORMANT SEASON = 144C. HOURS

TOTAL OURATION OF RUNOFF GRONWING SEASON = 552. HOURS

MAXIMUM 24 HOUR RUNOFF RATE, DORMANT SEASON 12390.71 CFS

MAXIMUM 24 HOUR RUNOFF RATE, GROWING SEASON 1229.30 CFS

c - 14



RUNCFF QUALITY - STATISTICS FOR YEAR NO. 1 WATERSHED NO.

1

800 TKN SS FB
MAXIMUM CONCENTRATIONS(MG/L) 528.77 60.26 1343.81 2443
MEAN CONCENTRATIGNS(MG/L) 66.72 T7.38 106.31 0.19
TOTAL ANNUAL WASHOFF(LBS) 19714400, 2246834, 32382000. 58544 .
RUNOFF QUALITY - STATISTICS FOR YEAR NO. 1 WATERSHED NO. 2
BOD TKN sS Fe
MAXIMUM CONCENTRATIONSIMG/L) 182.93 49.34 703.55 1.63
NEAN CONCEMTRATIONS(MG/L) §5.07 12.16 111.38 0.26
TOTAL ANNUAL WASHOFF(LBS) 12237439, 3301025. 30264624, 7C133.
EXCESS INFILTRATION RESULTS FOR WATERSHED 1
TOTAL ODURATION EXCESS INFILTRATION 1272 HOURS
TOTAL AMOUNT OF EXCESS INFILTRATION 3.95 INCHES
MAXIPMUM EXCESS INFILTRATION RATE 1412.76 CFS
EXCESS INFILTRATION PLUS RUNOFF QUALITY-STATISTICS FOR MATERSHEL NO.
800 TKN $S F8
MAXIMUM CCNCENTRATIONS(MG/L) 528.77 60.26 1343.81 2.43
MEAN CONCENTRATIONS(MG/L) 67.82 8.71 104.07 0.17
TOTAL ANMNUAL WASHOFF(LBS) 23692640, 3042490. 36360240, 59339,

UPSTREAM FLOW WATER QUALITY SUMMARY FOR YEAR 1
80D = £91788256. #/YR
NBOD = 82601856. #/YR
§S = 8£2851072. #/YR
PB = 358386. #/YR
NOTE: BOD = 5 DAY BOD
NBOD=ULTIMATE NITROGENCOUS OXYGEN DEMAND (4.57 # TKN)

c - 15

1



CONTINUOUS STORMWATER POLLUTION SIMULATION SYSTEM

FEBRUARY 1919
- CUMULATIVE FREQUENCY-MINIMUM DISSOLVED OXYGEN T0 41.00 MILES DOWNSTREAM
D0 MIN NUMBER OF PERCENT COF CUMULATIVE
CONCENTRATICN OCCURRENCES TIME PERCENT
1.0 OR LESS 139. 38.61 38.61
1.0 10 2.0 10. 2.78 41.39
2.0 10 3.0 22. 6,11 47.50
3.0 10 4.0 33. 9.17 56.67
4.0 10 5.0 19. 5.28 61.94
5.0 10 6.0 &4 . 12.22 1%.17
6.0 10 7.0 §8. 13.33 87.50
7.0 TO 8.0 30. 8.33 95,83
8.0 10 9.0 13. 3.61 99.44
9.0 10 10.C 2. 0.56 100.00
16.0 10 11.0 0. 0.0 100.00
11.0 10 12.0 0. 0.0 100.00
12.0 10 13.0 O« 0.0 100,00
13.0 70 14.0 0. 0.0 100.00
14.0 10 15.0 0. 0.0 100.00
GREATER THAN 15.0 0. 0.0 100.00
JCIAL= 360.
MINIMUM 3 CAY DISSOLVED OXYGEN = 0.0 MG/L

TIME AVERAGED PERCENT OF STREAM REACH YO 41.00 MILES DCWNSTREAM AT OR BELOW GIVEN

0] PERCENTY OF CO CONCENTRATION.
CONCENTRAT ION STREAM REACH

0.0 13.0889

LESS THAN 1.0 21.3611

LESS THAN 2.0 27.6718

LESS THAN 3.0 34.5611

LESS THAN 4.0 €3.8167

LESS THAM £.0 51.1500

LESS THAN ¢.0 59.9944

C - 16



CONTINUOUS STORMWATER POLLUTION SIMULATION SYSTEM

FEBRUARY 1979
CUMULATIVE FREQUENCY~-MINIMUM DI SSOLVED OXYGEN AT 10.00 MILES DOWMNSTREAM
00 MIN NUMBER OF PERCENT OF CUMULATIVE

CONCENTRATION OCCURRENCES TIME PERCENT
1.0 DR LESS 115. 31.9% 31.9%

1.0 70 2.0 23. 6.39 38.33

2.0 10 3.0 21. 5.83 €4.17

3.0 10 4.C 18. 5.00 49.17

4.0 10 5.0 26. 1.22 56.39

5.0 TO 6.0 Z21. 5 .83 62.22

6.0 TO 7.0 47. 13.06 15.28

7.0 10 8-0 - 45. lZ 050 87078

8.0 10 9.0 16. & .46 G2.22

9.0 10 1C.0 13. 3.61 95.83
10.0 YO 11.C 11. 3.06 98 .89
11.0 10 12.C 4. 1.11 100.00
12.0 70 13.C 0. 0.0 100,00
13.0 10 14.0 0. 0.0 100.00
14.0 10 15,0 O. 0.0 100.00
GREATER THAN 15.0 0. 0.0 100.00

TOTAL= 360.

c - 17



CONTINUDUS STORMWATER POLLUTION SIMULATION SYSTEM

FEBRUARY 1979
CUMULATIVE FREQUENCY- TOTAL LEAD 10 41.00 MILES DOUWNSTREAM
P8 NUMBER OF PERCENT OF CUMULATIVE

CONCENTRATION DCCURRENCES TIME PERCENTY
0.005 OR LESS Q. 0.0 0.0
0.005 10O 0.01C 5. 1.39 1.39
0.010 70 0.015 96. 26.67 28.06
0.015 T0 €.020 137. 38.06 66.11
0.020 10 0.025 1. 19.72 85.83
0.025 70 €.03C 13. 3.61 89.44
0.030 10 0.035 6. 1.67 91.11
0.035 T0 C.040 6. 1.67 92.78
0.040 TO 0.C45 5. 1.39 96,17
0,045 10O 0.05 6. 1.67 95.83
0.05 10 0.Cé6 4. 1.11 56.94
0.06 YO 0.07 4. 1.11 98,06
0.07 1O C.08 1. 0.28 68.33
0.08 10 C.C9 0. 0.0 98.33
0.09 70 C.1 3. 0.83 99.17
0.1 10 Q.2 3. 0.83 100.00
0.2 10 0.2 0. 0.0 100.00
0.3 T0 O.4 0. 0.0 100.00
0.4 10 0.5 0. 0.0 100.00
GREATER THAN C.5 O. 0.0 100,00

TCTAL= 360.

c - 18



CONTINUOUS STORMWATER POLLUTION SIMULATION SYSTEM
FEBRUARY 1979

COMULATIVE FREQUENCY~- DISSOLVED LEAD T0 41.00 MILES DOWNSTREAM

P8 NUMBER OF PERCENT OF CUMULATIVE
CONCENTRATICN OCCURRENCES TIME PERCENY
0.005 OR LFSS O. 0.0 0.0
0.005 TC 0.010 5. 1.39 1.39
0.010 10 ©.C01% 96. 26 .67 28.06
0.01%5 10 0.C2¢C 137. 38.06 66.11
0.02C¢ 10 €.025% 1. 19.72 85.83
C.025 TO €.C30 13. 3.61 89,44
0.030 10 €.035 6. 1.67 91.11
0.035 TC C.C40 6. 1.67 92.78
0.060 10 C.045 5. 1.39 94.17
0.04% TO 0.05 6. 1.67 95.83
0.05 10 0.06 4. 1.11 56.94
.06 10 0.C7 4. 1.11 58.06
0.07 TO C.CE 1. 0.28 98.33
0.08 10 0.09 0. 0.0 98.33
0.09 10 0.1 3. 0.83 99.17
0.1 10 C.2 3. 0.83 100.00
0.2 T0 C.3 0. 0.0 100,00
0.3 10 0.4 0. 0.0 160.00
0.4 1O 0.5 0. 0.0 100.00
GREATER THAN 0.5 0. 0.0 100.00

TOTAL= 3¢0.

MAXIMUM 96 HOUR DISSOLVED LEAD = 0.1173 MG/L
MEAN DISSCOLVED LEAC = (0.0217 MG/L

c -19



CONTINUGUS STORMWATER POLLUTION SIMULATION SYSTEM
FEBRUARY 41979
CUMULATIVE FREQUENCY--SLSPENDED SOL1IDS TC 41.00 MILES DOWNSTREAM

SS NUMBER OF PERCENT COF CUMULATIVE
CONCENTRATION OCCURRENCES TIME PERCENTY
25 OR LESS 135. 37.50 31.50
Z5 10 50 181. 50.28 87.78
50 10 15 11. 3.06 50.83
™ 10 100 9. 2.50 93.33
100 10 125% 26. 6.67 100.00
125 10 150 0. 0.0 100.00
150 10 175 0. 0.0 100.60
175 10 200 0. 0.0 100.00
200 1O 225 O 0.0 100.00
225 10 250 O. 0.0 100.00
250 10 2715 0. 0.0 100.00
275 10 3C0 O. 0.0 100.00
30C 10 32¢% 0. 0.0 100.00
325 10 350 0. 0.0 100.00
350 10 3715 O. 0.0 100.C0
375 10 4CO 0. 0.0 160.60
400 10 425 0. 0.0 100.00
425 10 45C 0. 0.0 100.00
450 10 41715 0. 0.0 100.00
475 10 500 0. 0.0 100.00
GREATER THAN 500 O. 0.0 100,00

T0TAL= 360.

RECEIVING WATER LOADS FOR YEAR 1
NBOD 221S70112. #/YR
CBOD 155256784. #/YR
SUSPENDED SOLIDS 1008990464. #/YR
DISSOLVED LEAD 567242. #/YR
SEDIMENT LEAD 0. #/YR
NOTE: NBCDO=ULTIMATE NITROGENOUS OXYGEM DEMAND (4.57%TKN)

CBOD=ULTIMATE CARBUNACOUS OXYGEN DEMAND

C - 20



INPUT DATA PROBLEM 2

PHILADELFHIAs FENNSYLUVANIA (FROE 2)
0124 21234547

1020304050607082

1 2 92101112

345 678
92.178243981,3405405
42,415094339,5217391
0.295881590,406493880,0
0.320573860.4851467310,14559

1 2 3 4101112

S678¢9
89.00 96,00 99.00
50000,00 5.42 4,6
78.00 90,00 96,00
60000.00 12.53 1.9

2.0260 0.0667
0.2309 0.0667
1.7700 0.00
0.00320 0.00
1.4940 0.0667
0.4030 0.0667

1.,3800 0.00
00.0032 0,00
1 40,00 1600.00 578.15 1,390 0.16
0
090730000, 252.0 0.96 0,99 0,81 0,99

108900000.0 302.4 0,96 0,99 0.81 0.99

1025,33 30,00 30,00 12.17 0.04
0.,00000702 1,00

0,00 0,00 20,65

1.50 1,00 10,00 41,00 6.00

2.60 0.70 20.00 1.80 108.00 0.79 0,015
3.30 0,60 16.00 2,40 22,00 0.56 0.015
6,00 0.60 16,00 1,90 45,00 0.62 0.009
10.60 0.80 13,00 2.30 26,00 0.44 0.011
18,20 1,40 11.00 2.50 23,00 0.76 0.012
23.80 3.40 14.00 2.80 28,00 1,19 0.013
27.10 3.60 15.00 2.60 38,00 0.63 0,013
26,00 3.80 15.00 2,50 32.00 0.57 0.015
21,90 2.70 22.00 1.80 10,00 0.352 0.0164
16,80 2,60 16,00 1,80 18.00 0.45 0.012
10.40 1.80 20,00 2,10 21,00 0,51 0.020
5.00 1.00 17.00 2.10 32,00 0,38 0.019
10,00 10.00 37.00 100.00

10,00 10,00 116.00 10.00

7,00 6430 7.00 7.00



CONTINUCGUS STORMWATER PCLLUTION SIMULATICN SYSTLW
FEEKUARY,1979

CENLKAL SIMULATION CONTHOL DATA==memmmmommmcce e oo

LGCATION: FHILACELPHIA, FENNSYLVANTA (FROE 2)
NUMEER UF YEARS TG SIMLLATE: i
TIME INTERVAL IN FOURS: 24
MNUFBEER CF WATERSHEDS: 7
SEEU FGh RANDOM GENERATOR: 123456760

CPTICGNS SELECTED =

10 KAINFALL SIMULATCA

20 RUNCFF BY SCS ECUATICA

20 PCLLUTANT WASHCUFF

40 EXCESS INFILTIRATICN

50 STURACE TREATMENT

€0 DRY WLATHER FLCW

70 LDAILY STREAMFLOh

€2 SUSPENDED SOLIDS,CISSOLVED COXYGEN, AND LEAD RESPGNSE

C - 22



COMTINULUS STORMWATER POLLUTION SIMULATIEN SYSTEM
FEERULKRY,1979

FAINFALL SIMULAICR JPPUT CATA~--ee-cmccmoncccoceae

MCKRTES 1h SLASCKN KO 1t

1
2
G
1c
11
12
MCNTFS IN SCASCN MNC. 20
3
4
&
¢
7
&
SCASON NO. 1 SEASCN NO . 2
MEAN TIML LETHREEN STULRMS 92.18 HCURS €1.24 HCURS
MEAN CURATICN OF STOFMS 42.42 HOURS 39 .£2 HOURS
INFUT RAINFALL LEPTH STATISTICS:
SEASTR MEAN S.0e CORK COEFF
1 0.0559 0.406% 0.C
l 0.220¢ 0.4852 0.14%¢

cC - 23



CONTINULUSL

STORMWATER POLLUTION SIMULATICN SYSTEM

FLBRUARY 1979

FUNCFEF CIMULATER IMPLT CATA----c-rrcrr e cc e e
FONTHS P LUREANT SLLSGH:
1
Z
3
4
10
11
12
FONTES 1IN CROWING SLASOM:
5
'
7
9
PATERSHELD KO, 1 DATY:
(N1 = £9.00 Ch2 S6 .00 CN3 = 99.0¢C
LEAINACE LKEA = tC000 .00 ACKES
TIME CF CORNCENTFATICN 5.42 HOURS
WACHEFF COEFFICIENT = 4.60
WATLRSHELD KO. 2 DATA:
(N1 = 7% .0C Cr2 $0.00 CN3 = 9¢.00

LRAINACE AKEA =
TIME CF COUNCENTRZTIULN

WASHU'FF COEFFICIENT

€C000.0C ACRES

. 12.53 HCLRYS
= 1.90

C - 24



CONTINUCUS STURMWATLR POLLUTICN SIMULATIOMN

FEBRULRY 1979

KUNGFF LUALITY IMPUT LATR==mmmemdmmmae

INPLT DATA FUK WATERSHEL NOL. 1
BUL ACC. FATE 2.0260 #/LC/DAY
TN ACC. FATE €.2309 s /AC/DAY
$SS ACC. KETH 1.770C #/AC/DRY
PE ACC. RATE C.0032 #/AC/DAY

o

it n

INFUT DATA FEF WKETEPSHREL NOL 2
LEE ACC. FRTE = 1.4940 #/LC/CAY
TKr 2CC. KRETE = C.aC30 #/LC/0AY
S ACC. RATE 1.2800 #/LC/DAY
bi ACC. +ATE (.0032 #/AC/DAY

o

- o -

BOC REMUVAL RATE
TN REMOVAL RATL
SS REMGVAL FATL
PB REMOVAL FATL

BOC REMLCVAL RATE
TKN REMUVAL KATE
SS REMUOVAL FATE
PE KEMOVIL FRATE

cC - 25

SYSTEM

nou

[ LI i}

C.Cee7
C.C6e7
. ¢
G.(C

C.C67
C.(667
C.c
GoC

FRACT/CAY
FRACT /LAY
FRACT/DAY
FRACT/CAY

FRACT/LAY
FRACT/LAY
FFACT/CAY
FRACT/CAY



CONTINUDOUS STORMWATER PCLLUTION SIMULATION SYSTEM
FEERUARY,s 1979

EXCESS INFILTRATION INPUT DATA--~--cccmccccc e cen e

BATERSHED: 1 CCDE: 1

AVERACE PIPL UIAMETER: 40.00 INCHES
JOTAL SYSTEM LENCTH: 1600.00 MILES

ORY WEATHER FLOWS 5768.15 (FS

UORY KLATHEK FLCW RATI1D: 1.50
INFILTRATICN ADJUSTMENT FACTCK: 0.16
WATERSHED: 2 CCDE: ¢

AVERALE FIPE LIAMETEFR: 0.0 INCHES
TOTAL SYSTEM LENGTH: 0.0 MILES

CRY WEATHEK FLCW: 0.0 CFS

ERY WEATHER FLOW RATIO: 6.0
INFILTRATION ADJUSTMENT FACTUR: 1.0¢C

Cc - 26



CONTINUQUS STOEMWATER POLLUTION STMULATICON SYSTEM
FEEFUARY,1979

INPUT FOR STCRAGE/TREATMEM To-omcmccmmcccccccnae

WATERSHEL = 1
FAXIMUM STCRACE VOLUML 90750000.0C FT1#%3
MAXIMUM TRLATHENT RATE 282.00 CFS
TREATMENT PLARTY EFFICIENCIES @

LI 1]

BUD = C.9600
SUIPENCED SCLIDS @ €.9900
TKN 2 C.8100
LEAD = 0.9900
INITIAL CONDITICNS FCR STORAGE ¢ RATERSHEL = 1
VOLUML @ C.0 FT%%3
EeC CONC @ 0.0 VMG/L
<SS CONC : 0.0 MG/L
T¥KN (ONC 3 0.0 MC/L
LEAD CONC = .0 MC/L
WATERSHEL ¢ 2
FAXIMUM STCKACE VOLUPME @ 108900C0C .00 FT#%3
MAXIMLM TKEATMINT FATE @ 302.40 CFS
TREATMENT PUANT EFFICIENCIES ¢
BOD : C.9600
SUSFENGED SCLIDS : 0.9900
TKN 3 C.8100
LEAD = 0.9900
INITIAL CONDITICNS FOR STOFAGE @ RATERSKET = 2
VOLUME = 0.0 FT%%3
PLD CONC 3 .0 MG/L
S CONC = 0.0 NMC/L
TKN CONC = 0.0 MCG/L
LEAD CGKRC = .0 NMG/L

Cc - 27



COMTINUCUS STURMWATER POLLUTION STMULATICN SYSTEM
FEFPUARY 1979

INPUT TO LRY WEATPEFR SLRMODEL-===m=-==m-emmeomeee

CDk = 1025.33 CFS
tOCBh = 30.0C" MG /L
SSDW = 30.00 MG/L
TKNDW = 12.17 MG/L
PEOK = 0.04 MG/L
[Dk = ¢.0 MG/L

C - 28



CONTIMUCUS STORMKWATER PCLLUTION SIMULATICN SYSTEM
FLERUARY L1979

INPUT FUF [LATLY STREAMFLOW=====-====—mm—memm e
PUMELK COF YLZRS [F STRLAMFLOW KEAD 1

THL FIKST TLh VALUL S AWL @

1C527e CES
1¢¢s8. CFS
§602. CFS
G, 1%+ CFS
GLof . CFS
9160, CFS
Y1, CFES
£¢185. CFS
744C. CFS
715C .« CFS

Cc - 29



CONTINIDUS STORMWATER POLLUTION STMULATION SYSTiM
FLEKUAKY, 1979

INPUT T0 LU FURCTT MllEl=mmmrmcem oo e
FLESia VALUES (.00000702 1.o0cocoocc
POTA VALURS ¢ r.0 C.0
SHECIFIED Ky o5 0.0 1/DAY
SiE ¢ 1.50 GV D2/M%%2/CAY
Keald = 1.60
C1s11 ¢ 16.¢0 MILES
0D1S12 41 .00 MILES
£1: 6.00 MILES**2/0LY
FI vt TERSKHID C.40 1/DAY
kK1 WATERSHEYL £ C.16 1/DAY
Bl OTREAMELLE 0.16 1/702Y
1 LY KEATHER FLOW 0.2 1/0AY
LPLTetb At LU L ITY ARR/Y memmmm e e e m e mmwe e e
FORTH AARNY e CHLOFIOE eEce SUSFENCED
GEFICIT cenge cONnC SGLINS
CECFEES € smsmmemmmerocaes MG/l-=mmmmm e e
1 Lot U C.7¢ 20400 1.EQ 1¢8.(0
< Ta A C.t0 1¢.00 2.4C «2.00
3 L L0 C.(0 1¢.00 1.90 45.00
4 et C.t0 12,00 2.30 £6.C0
4 et 1.46 11.20 2.5¢C <3.00
¢ Clet il 240 14,00 l8C 28.C0
i <010 2460 1£.00 2.€¢0 28.60
& Je e Z.t0 1£.00 2.50 22.00
9 cl.00 <. 70 22.00 1.£0 10.€0
1¢ Tt d.(C 1¢.00 1.8¢C 18.(0
11 1t.40 1.10 £C.00 Z.10 <1.00
1. ©a 00 1.00 17.00 .10 32.00
INFUT DAaTA POF LEAL LUIMODEL=wmmmmm e smmr e men o
cLe SkF USF
ALKALINITY (mC/L0) 1¢.C0 10. 00 37.¢0
FARLAESE (rG/L) 10.60 10.c¢C 11€.00
FH 7.C0 6.20 7.00
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2C 649963950

TKN
Ceng

C.79
C.5¢
(.62
Ceb4
C.76
1.1¢
.63
C.57
c.52
G465
C.51
C.5¢

LEAD
cCorc

0.C150
0.(150
t.C00C
c.(110
0.C120
t.0130
0.€130
0.G150
G.0160
0.C120
0.6200
0.C19¢C

WWTP
100.C0
10.CC

7. 00



FAINFALL STATISTICS FOR YEAR NO. 1

i

TOTAL RAINFALL SEASON NC. 1 22.11 INCHES

TGTAL RATNFALL SEASON NO. 2 1€.13 INCHES

1t

NULOF PLRITDS WITH RAIN SEASON NCo 1 = 62
NC.OF RAINFALL EVENTS SEASON NO. 1 = 31
NC.UF PERICES WITH RAIN SEASON NO. 2 = €1
NOLOF KAINFALL EVENTS SEASON NC. 2 = 20

L]

MAXIMUM RAIMFALL EVENT TOTAL DEFPTH €.36 INCHES
MAXTIMUM FATMFALL EVENT DURATION = 168 bCUKS
HAXIVMUM CEFTH IN ONE 24 HR.PERICD= €.07 IMNCHES
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FUNOCFF STATISTICS FOR YEAR NO. 1 WATERSHFED NO. 1

21.89 INCHES

U]

TCTAL FUNCFF CCRMANT SEASON

5.0C INCHES

TCTAL RUNCFF GFOWING SEASON

TOTAL DURATICN OF RUNCFF DORMANT SEASCN

1728. KCOURS

TOTAL CURATICN OF RUNCFF GKCWING SEASON 768. HCURS
MAXIMUM 24 KOUK RUNOFF RATE, DORMANT SEASON = 11760.48 C(FS

MAXIMUM 24 HOUF RUNCFF RATEs GROWING SEASON = 1296.79 (FS

RUNCFF STATISTICS FOR YEAK NO, 1 WATERSHED NO. 2

TCTAL RUNCFF DUGRMANT  SEASCN 17.13 INCHES

TUTAL RUNCFF GROWING SEASON

2.85 INCHES

"

TUTAL CUKATICN OF RUNCHFF ODORMANT SEASON 1440. KCOUKS

TLTAL CURATICN OF RUNOFF GROWING SEASON

£52. HCUKS

MAXIMUM 24 HCLF RUNOFF RATE, DORMANT  SE 2SON 12390.71 (FS

MaxIMUM 24 FCUR RUNOFF RATE, GRCWING SEASON 1229.30 (FS

Cc - 32



RUNCFF CUALITY ~ STATISTICS FOR YEAR NO. 1 WATERSHED ANO. 1

eoD TKN SS P8
FAXIMUM CCNCEMKATICMS(MG/L) 528.717 €C.2¢ 1343.81 2.42
MEAN CONCENTRPATICNS(MG/L) 64.72 T.38 - 106,31 0.19
TOTAL ANNUAL WASHGFF(LBS) 19714400, 224 €834, 32382000. 58544 .

KUNCFF CUALITY - STATISTICS FOR YEAR NO. 1 WATERSHEC NO. 2

80D TKN SS PB
FAXIMUM CCMCEMRTRATICANS(MG/L) 182.93 49.34 703.55 1.63
FEAN CONCENTRATICNS(MG/L) 45.07 12.16 111.38 0.26
TOTAL ANNUAL WASHCFF(LBS) 12237439. 3301¢62¢. 30244¢€24. T0133.

INFILTRATION FESULTS FOR WATERSHED 1
1272 HCURS
3.95 INCHES
1412.76 CFS

EXCESS
TOTAL OURATICN EXCESS IMFILTKATION
JOTAL AMOUNT CF EXCESS INFILTRATION
MAXIMULM EXCESS INFILTRATICN RATE

EXCLSS INFILTRATICN FLUS RUNCFF CUALITY=-STATISTICS FOR WATERSHEL NO. 1

gcd TN SS ad -
KAXYIMUM CLNCENTRATICMS(MG/L) S28.77 €C.2¢€ 1243.¢1 2.43
FEAN CGNCEMTRZTICNE(H+C/L) ¢7.EL E.71 1C4.07 0.17
TOTAL ANNUAL WASKOFF (LES) 23692640, 3042490, 3€360z4cC. $9336.

KLSULTS FOR STORAGE TREATMENT YEAR 1 WATEFSHEL 1

NUMELK OF HOURS STORKAGE IS EMPTY: 4704 PERCENT CF TOTAL TIME: 54.44
NUVMEER CF FOURS WhTF CPERATING ¢ 39¢6C PEFCENT OF TGTAL T 1IME: 45,83
MUMBLE OF OVEFFLCW HCURS 768
ANKUAL CVEFFLCW VOLUME IN INCHES = 14.74
NUMBER OF OVERFLOW EVENTS @ ’ 17
NUMEBER OF CAYS WITH CVEFFLOW 32
S/T AND CVERFLUW SUMMARY FOR YEAR NO. 1 WATERSHED NO. 1

8co TKN Ss P8
MAXIMLM CONCENTRATIOMS(PG/L) 11.61 £.55 167.8¢C 0.4¢
FEAN CONCENTRATICNS(MG/L) 16 .47 2.09 18.82 0.05
RESICUAL ANNUAL WASHCFF (LBS) 5661962. 719€12. 6469031. 1e222.
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RESULTS FOR STORAGE TREATMENT YEAR 1 WATERSHEL 2

NUMDLKR CF KOURS STORAGE 1S EMPTY: 5616 PERCENT OF TOTAL TIME: €5.00
NUMEEF OF bOURS WhTF CPERATING @ 3024 PEFCENT COF TOTAL TIME: 25.00
NUMBEK OF OVLFFLCW HCLKS @ 36¢C
ANNUAL CVERFLOKR VOLUML IN INCHES ¢ 8.12
MUMBER CF OVEFFLCKW EVERTS @ 10
MUMBER CF DAYS b1TH CVEKFLOW 15

S/T AND CVERFLCW SUMMEARY FOR YEAR NO. 1 WATERSHED N3. 2

BCD TKA SS PB
MAXIMUM CONCEMTR2TICKAS(MG/L) 45.21 12.12 144 .39 C.37
MEAN CONCENTRATIONS(MC/L) 10.C4 2.41 19,21 0.08
KRESILLAL ANNLAL WASHCFF(LBS) 2657197. €3¢73€. 5111924. 22393.

UPSTREAM FLOW WATEF CUALITY SUMMARY FOR YEAR 1

gEacC = 5976€825€. $/YK
NBCD= ECOGCL1856. #/YR
s = ELZ2BE10T7Z2. #/YK
F8 = 351 286. £/YR

NOTL: 2C0 = & DAY EUL
NECT=ULTIMATE LITFCCENOUS OXYGEN DEMAND (4.E7 * TKN)
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CONTINUCUS STCRMWATER POLLUTICN SIMULATION SYSTEM

FEERUARY, 1979
CUMULATIVE FFEJUENCY-MIMIMUM DISSOLVED OXYGEN 10 41.00 MILES DCWNSTREAM
0O MIA MNUMLEF OF PERCENT OF CUMULATIVE
CONCENTRATION CCCUFRENCES TIME PERCENT
1.C CF LESS 119. 33.0¢ 33.06
1.C 10 2.6 13. 3.61 3¢.€67
2.C 1C 3.0 24. 6.67 43.33
3.0 1C 4.C 29. 8.0¢ 51.39
4.0 10 5.¢ 12. 3.33 54,72
$.C T0 ¢,0 46. 12.78 €7.50
€.0 TC 7.0 58. 16.11 £3.61
7.C 1C 8.0 42. 11.67 95,28
€.0 TC S.0 13. 3.61 S8.89
9.C 1C 1¢c.0 4. 1.11 1¢0.00
10.0 70 11.0 0. 0.0 1¢6.00
11.0 10 12.0 0. 0.0 1¢0.C0
12.0 10 13.¢C 0. 0.0 1¢0.00
13.C 10 14.0 0. 0.0 1¢0.00
14.C 10 1f.0 0. 0.0 1c0.00
GREATER THAN 15.C 0. 0.0 1cc.cC
10TAL= 3260.
HINIMUM 2 CAY OISSCLVED OXYGEN = 0.0 MG/L

TIM AVEFRACEL PEFCEMY OF STREAM REACH TO 41.00 MILES DOKNZTREAM A1 OR EELOW GlVEN
DO CONCENTRATION.

ro FERCENT OF
CONCENTRAT UGN STHEAM REACH
c.0 T.01e7

LESS THAM 1.0 1€.4722

LESS THAN 2.0 23.0944

LESS THAN 3.¢C 3¢.3823

LESS THAN 4.C 39.11¢7

LESS THAN E.C 45,6889

LESS THAN 6.0 54.0778
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CONTIMUGUS STORMWATER POLLUTION SIMULATION SYSTEM

FEBRUARY,1979
CUMULATIVE FREGUENCY-MIMIMUM DISSOLVED OXYGEN AT 10.00 MILES DOWNSTRFAM
o MIn ANUMEER OF PERCENT OF CUMULATIVE
CONCENTRATION CCCURRENCES TIME PERCENT
l1.C CF LLSS 95. 26.39 26 .39
1.0 1¢ 2.0 2¢€. 7.22 33.61
<.C 10 3.0 27. 7.50 41.11
3.0 10 4.0 12. 3.33 44 .44
4.0 16 5.C 26. 1.22 51.67
£eC TL 6.0 20. 5.56 57.22
¢.C 1C 7.0 43. 11.94 €9.17
7.0 1C #.C 55. 15.28 84,44
t.C 10 9.0 26 7.22 91.67
9.t 10 1C¢.C 14. 3.89 9t .56
1¢.0 16 11.0 10. 2.78 se.23
11 .¢c 16 12.0 6. 1.61 10C.C0
12.0 10 12,0 O. 0.0 1cC.CO
13.C 10 14.0 C. C.0 1¢0.00
14.0 7100 1%.0 0. 0.0 100.00
CREATLR THAN 1t.C 0. 0.0 1CC.CO
TLTAL= 260.
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CONTINUDUS STORMWATER POLLUTION SIMULATION SYSTEM

FEBRUARY,1979
CUMULATIVE FREGUENCY- TCTAL LEAD 10 41.¢€0 MILES DOWNSIREAM
FB NUMEER OF PERCENT OF CUMULAT IVE
CONCENTRATION CCCUKRENCE! TIME PEKCENT
€C.005 DR LESS 0. 0.0 c.0
(.005 10 0.010 . 2.22 .22
¢.C10 70 0.015 94. 26.11 28.33
€¢.C015 TO 0.020 153, 42.50 70.83
€.020 T0 0.025 93. 25.83 S6.67
€.02% 10 0.030 6. 1.67 98.33
€¢.030 70 0.035 2o 0.56 98.69
€.035 70 0.040 3. 0.83 69.72
0.040 TO C.045 0. 0.0 99.72
€C.045 10 0.0F 0. 0.0 99.72
C.05 10 0.06 1. 0.28 100.C0
€.C6 10 0.07 O. 0.0 100.00
C.07 10 0.08 0. 0.0 1¢C.CO
C.0¢-T0 0.09 O. C.0 1¢0.00
€.09 10 ¢.1 O- 0.0 100.00
6.1 1C G.2 C. 0.0 10€.00
0.2 TC 0.3 0. 0.0 1¢0.00
‘03 ]C Cat 0. 0.0 100.00
C.4 16 0.5 0. 0.0 100.00
GREATER THAN 0.5 0. 0.0 100.G0
T10TAL= 260.
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CONTINUCUS STORMWATER POLLUTION SIMULATION SYSTEM
FLBFUARY,1979

CUMULATIVE FRECUENCY- DI1SSOLVED LEAD 10 41.00 MILES DCWNS IREAM

FD MUMEER OF PERCENT OF CUMULATIVE
CONCENTRATION CCCUKRENCES TIME PERCENT
0.005% OK LI SS 0. 0.0 0.0
€.005 10 0.01¢C 8. 2.22 2.22
€.010 TO 0.015 9. 26.11 28,33
¢.01% T0 0.020 153. 42.50 70.83
¢.C20 10 0.02% 93, 25.83 96.67
€.C25 10 0.030 6. 1.67 9€.33
€.030 10 0.035 2. 0.56 98 .89
€.03% 10 0.040 3. 0.83 99,72
0.040 T0 0.045 0. 0.0 99,72
C.C45 TO €.05 0. 0.0 99.72
C.05 10 0.06 1. 0.2b 1C0.00
.06 10 0.07 O. 0.0 100.00
0.07 10 0.08 O. 0.0 1€0.00
€C.08 10 0.09 0. 0.0 100.00
0.09 10 0.1 0. 0.0 100.00
C.1 10 0.2 0. 0.0 1¢C.00
.2 16 0.3 O. 0.0 100.00
C.3 10 0.4 0. 0.0 1¢0.00
C.4 1C 0.5 C. 0.0 100.00
GREATER THAN C.5 0. 0.0 100.00

TCOTAL= 360.

MAXIMUM 96 HOUR DISSCLVED LEAD = (.0308 MG/L
MEAN DISSCGLVED LEAD = C.0179 MG/L
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CONTINUCUS STORMWATER POLLUTION SIMULATION SYSTEM
FEBRUARY, 1979
CUMULATIVE FRECUENCY--SUSPENDED SOLIDS T0 41.00 MILES DOWNSTREAM

sS MNUMEER OF PERCENT OF CUMUL AT IVE
CONCENTRATION CCCURRENCES TIME PERCENT
2% OR LESS 152. 42.22 42,22
25 1€ 50 178. 49 .44 91.67
$0 10 75 C. 0.0 91.67
10C TG 125 16. 4 44 100.00
128 1€ 150 0. 0.0 100.00
150 10 175 0. 0.0 100.00
175 10 200 0. 0.0 100.00
200 T0 225 O. 0.0 160.00
225 1C 2%5C 0. 0.0 100.00
25C 10 275 C. 0.0 160.00
275 10 300 O. 0.0 1c0.00
300 Y0 325 O. 0.0 100.00
32% 1C 350 0. 0.0 100.00
as5¢ 10 375 0. 0.0 100.00
375 10 400 O. 0.0 100.00
400 10 425 O. 0.0 100.00
42% 1L 450 0. 0.0 100.00
45C 10 475 O. 0.0 100.00
475 10 500 0. 0.0 100.00
GREATER THAMN 500 O. 0.0 1¢0.00
TCTAL= 360.

RECEIVING WATER LCADS FOR YEAR 1
NBCD 199179¢64. #/YR
8ot 127645712. #/YR

SUSPENDED SOLIDS 953967360. #/YR
CISSCOLVED LEAD 478385. #/YR
SECIMENT LEAD 0. #/YR

NOTE: NBOD=ULTIMATE NITROGENOUS OXYGEN DEMAND (4.57*TKkN)

CBOD=ULTIMATE CAREONACOUS OXYGEN DEMAND
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