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GLOSSARY

distributed-parameter model. =- A model in which parameter values may vary
spatially.

impervious areas, effective. =- Impervious areas from which runoff drains
directly to channels without flowing over pervious surfaces.

impervious areas, noneffective. —-- Impervious areas that drain to pervious areas,
such as roofs that drain onto lawns.

inches of runoff. -- A volume of runoff expressed as a depth of water in
inches over the area of the watershed. Unless otherwise noted, the area of
the watershed used in computing the inches of runoff is the effective impervious
area.

land-use type. —— A designation for an area on the watershed land surface
that is identified with a unique set of impervious—-area runoff-quality
parameters (Kl‘KA)‘

lumped-parameter model. -- A model in which spatial variations in model
parameters are ignored.




Multiply inch-pound unit

inch

inch per hour

foot (ft)

foot per hour (ft/hr)
acre

square mile
acre-foot (acre-ft)
cubic foot per second (ft3/s)
pound (avoirdupois)
pound per acre

pound per day

ton (short, 2000 pounds)

CONVERSION FACTORS
_By
25.4
25.4

0.3048
0.3048
0.4047
2.590
0.001233
0.02832
0.4536
1.121
0.4536

0.9072

VI

To obtain SI unit

millimeter
millimeter per hour
meter

meter per hour
hectare

square kilometer
cubic hectometer
cubic meter per second
kilogram

kilogram per hectare
kilogram per day

metric ton



MULTI-EVENT URBAN RUNOFF QUALITY MODEL

by William M. Alley and Peter E. Smith

ABSTRACT

A computer model is presented for simulating the quality of surface runoff
from urban watersheds. The model can simulate impervious area, pervious area,
and precipitation contributions to runoff quality as well as the effects of
street sweeping and (or) detention storage. Within-storm variations of runoff
quality are simulated for user-specified storm-runoff periods. Between these
storms, a daily accounting of the accumulation and washoff of water-quality consti-
tuents on effective impervious areas is maintained. The time step of the within-
storm simulations can range from 1 to 60 minutes.

The model can be operated as a lumped-parameter model or as a distributed-
parameter model. As a lumped-parameter model, no spatial variations in model
parameters are accounted for, and input to the model requires flow hydrographs
only at the outlet of the watershed. The outlet hydrographs can be either
observed or simulated. As a distributed-parameter model, the model requires
flow hydrographs at many points in the watershed, as defined by basin segmen-
tation. These hydrographs will normally be simulated by the Distributed Routing
Rainfall=-Runoff Model.

This report includes a presentation of the theory and limitations of the
model, as well as a program listing, instructions for running the program, and
example simulations. ,

INTRODUCTION

The effects of urban runoff on water quality are a concern in many
metropolitan areas of the United States. Many studies have recently high-
lighted a need for improved means of assessing urban nonpoint sources of
pollution. As a tool to assist in meeting this need, a computer model has
been developed to simulate the quality of rainfall runoff from urban areas.
This model (referred to as DRgM-QUAL) can be linked with the Distributed
Routing Rainfall-Runoff Model (DR3M) documented by Alley and Smith
(1982). Major features of DR3M-QUAL include:

l. Simulation of impervious area, pervious area, and precipitation
contributions to runoff quality.

2. Detailed simulation of the water quality of user-specified storm-
runoff periods and daily accounting of the accumulation and washoff of
water-quality constituents on effective impervious surfaces between
storms. The time step of detailed simulations can range from 1 to 60
minutes.

3. The model can be operated as a lumped-parameter model or as a
distributed-parameter model. As a lumped-parameter model, no spatial
variations in model parameters are accounted for and input to the model
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requires flow hydrographs only at the outlet of the watershed. The

outlet hydrographs can be either observed or simulated. As a distributed-
parameter model, the model requires flow hydrographs at many points in

the watershed as defined by basin segmentation. These hydrographs will
normally be simulated by using DR3M.

4. The model can be used to simulate the effects of street sweeping
and (or) detention storage on runoff quality.

5. Measured runoff and runoff-quality data can be input to the model for
calibration purposes. Model calibration is facilitated by graphical output.

The main part of this report will describe the theory behind DR3M-QUAL as
well as some of its limitations and potential applications. A program listing,
instructions for using the program, and example simulations are included in the
attachments. .
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SOURCES OF WATER-QUALITY CONSTITUENTS

DR3M-QUAL operates on two time intervals. The model provides detailed
simulation of the quality of storm-runoff events during days for which
short-time interval data are input to the program. These days are referred
to as "unit days." Between unit days, the model uses daily precipitation
data to provide a continuous accounting of impervious-area land-surface
loads on a daily basis.

DR3M~-QUAL considers three sources of water—quality constituents:
Impervious-area runoff, pervious—area runoff, and precipitation.

Impervious—-Area Runoff Quality

The accounting of water-quality constituents on the impervious-—areas
includes constituent accumulation and washoff.

Constituent Accumulation

Several studies have suggested that the rate of accumulation of water-
quality constituents on urban impervious surfaces is nonlinear and that there
is a limit to the amount of constituents that can accumulate between storms,
regardless of the length of dry period. Data collected by Sartor and Boyd
(1972) and Pitt (1979) suggest that the accumulation rate is largest for several
days after a period of street cleaning or rainfall, and then the rate decreases
and approaches zero. Two possible explanations for this are that wind, either
natural or due to vehicular traffic, may resuspend constituents and deposit



them on pervious and noneffective impervious areas,l/ or that the natural
biological and chemical decay of constituents may limit buildup.

Constituent accumulation on impervious surfaces can be modeled as:

dL = g - K,L (1)
dt

where L is the amount of the constituent on the effective impervious area,

in pounds; K is a constant rate of constituent depositjon, in pounds per day;
K, is a rate constant for constituent removal, in day ~; and t is time, in
days. The parameter Ky can theoretically be assumed to account for losses
due to wind and also the biological and chemical decay of some constituents.
Integration of equation (1) yields:

L = K1 [l - exp(-KyT)] (2)

where K = K/Ky is the maximum amount of the constituent which can accumulate
on the effective impervious area, in pounds; and T is accumulation time, in
days.

Traditionally, equation 2 has been derived with the assumption that
effective impervious surfaces were completely clean at the end of the previous
period of street sweeping or storm runoff. In order to eliminate this assump-
tion, T is redefined as equivalent accumulation time and set equal to:

T=t+ tg (3)

where t is the time since last period of street sweeping or storm runoff, and
te 1s the time required for a constituent load on effective impervious surfaces
to accumulate equal to that at the end of the last period of street sweeping

or storm runoff, assuming initially clean urban impervious surfaces. The
variable t, is computed as:

(4)

L
te =-1-1n (1 --9
2 S|

where L, is the amount of the constituent on the effective impervious sur-
faces in pounds at the end of the last period of street sweeping or storm
runoff. Equation 4 is derived from equation 2 by substituting L, for L
and solving for T = t,. Figure 1 illustrates the exponential constituent
accumulation equations. The upper curve accounts for a residual amount of
constituent remaining on effective impervious surfaces at the end of the
last period of street sweeping or storm runoff, whereas the lower curve
assumes no residual.

Constituent Washoff

Constituent washoff from effective impervious areas can be simulated
using an exponential washoff equation:

1/

" Definitions of selected terms including effective and noneffective impervious
area are included in the glossary.
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W=1Lgll - exp(-K3RAt)] (5)

where W is the amount of constituent removed from effective impervious
surfaces during a time step, in pounds; L, is the amount of constituent on
effective impervious surfaces at the beg{nning of the time step, in pounds;

K, is the washoff coefficient in inches™ " ; R is the runoff rate, in inches per
hour;g/ and At is the time step, in hours. Constituent concentrations

are determined by dividing W by ARAt where A is the effective impervious

area.

Equation 5 is the same equation used to simulate constituent washoff
in several well-known urban runoff models such as SWMM (Metcalf and
Eddy, Inc., and others, 1971) and STORM (U.S. Army Corps of Engineers,
1976). The exponential washoff is derived by assuming that the rate of
constituent washoff on effective impervious surfaces is proportional to
the amount remaining. That is,

dl = _cL (6)
dt

where C is the rate constant and is assumed to vary in direct proportion

to the rate of runoff (that is, C=K3R). Because washoff by the exponential
washoff equation (equation 5) is a function of the product of runoff intemsity
(R) and duration (At), the amount of constituents washed off during a storm

is a direct function of the total volume of storm runoff. The equation does
not account for the biological and chemical decay of constituents, all constit-
uents are assumed conservative. Since the response time of most small water-
sheds is short, this assumption should not limit the applicability of the model.
During simulation on a daily basis, the washoff of constituents is estimated
with equation 5 using a At of 1 day and impervious-area runoff equal to

daily precipitation minus impervious retention.

It will be seen in the next section on parameter estimation that it is
very helpful in model calibration to present the results of equation 5 in
the form of curves of cumulative dimensionless load for a storm versus
cumulative dimensionless runoff volume. These curves are called "load
characteristic curves" because they identify the "character" of the load
distribution for a storm. Figure 2 shows four types of load characteristic
curves representing four different concentration distributions over a
storm hydrograph. A load characteristic curve 1s intimately related to a
plot of storm concentration versus time. The slope of a load characteristic
curve is dL/dV, which represents mass per unit volume of runoff or concen-
tration. Thus, if the slope of a load characteristic curve is decreasing,
so also are constituent concentrations, and conversely, if the slope 1is
increasing constituent concentrations are increasing. For the special case
of a simultaneous load characteristic curve, concentrations through the
storm will be constant because the slope of the curve is constant.

2/

Inches of runoff refers to the volume of runoff in inches distributed
over the effective impervious area.



FRACTION OF TOTAL CONSTITUENT LOAD FOR GIVEN STORM
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FRACTION OF TOTAL RUNOFF VOLUME FOR GIVEN STORM

Figure 2.--Load characteristic curves for typical advanced, simultaneous, .
lagging, and mixed types of concentration distributions.



Load characteristic curves can be useful in determining storm-water
management strategies. For example, collection of the first 20 percent of
runoff volume from a storm would result in a 40 percent capture of the
constituent load for the advanced-type characteristic curve shown in figure
2 but less than 10 percent capture of the constituent load for the lagging-type
characteristic curve of figure 2. Ellis and Sutherland (1979) demonstrated
that application of the exponential washoff equation on a lumped-parameter
basis resulted in the following equation for load characteristic curves:

Y (1-exp(-K3Vp)]
F= ‘ (7)
[1-exp (-K3VT)]

where Yp is the fraction of the total constituent load for a given storm
(Y-axis in figure 2), Vg is the cumulative runoff volume (in inches) for the
point on the load characteristic curve of interest, and Vp is the total storm-
runoff volume (in inches).

Assuming Vpr = 1.0 inch and substituting various K3 values into equation 7
results in the family of curves shown in figure 3. Note that all curves in
figure 3 are advanced-type curves with the slope always decreasing through
the storm. Because the washoff equation 1s exponential, curves of this shape
will be predicted. As a result the equation will always predict decreasing
concentrations with increasing time through a storm. If the washoff equation
is applied on a distributed basis, this same shape of curve will be observed
from each overland flow plane, but the routing of constituents through a
channel network may result in curves of any of the types shown in figure 2.

It should be further noted from figure 3 that the curvature of each
load characteristic curve increases as the value of K3 increases. Conversely,
as the value of K3 approaches zero, the load characteristic curve approaches
a straight line. 1In a similar manner it can be shown that for a given value
of K3 the curvature of load characteristic curves increases as the total storm-
runoff volume increases (Alley, 1981).

One important limitation of the washoff equation is that it does not
account for the effects of runoff intensity on the amount of constituents
available for transport from effective impervious surfaces. Experience
has shown that at low runoff intensities it may be necessary to limit the
amount available for transport of certain constituents, such as sediments
and constituents associated with sediments. For this purpose the model
contains an optional availability factor defined as:

AVAIL = K R (8)

where R is runoff intensity in inches/hour and K, is an empirical coefficient
which in general must be calibrated for a given constituent and land-use

type using measured runoff-quality data. Constituent washoff is then
simulated by multiplying equation 5 by the lesser of AVAIL or 1.0. Equation 8
is analogous to a similar set of equations contained in SWMM and STORM. The
advantage of equation 8 lies in its simplicity. 1Its limitations include the
fact that constituent availability relationships would be expected to change
from storm to storm and within storms due to changes in particle-size distri-
butions of constituents. The availability factor can prove useful in modeling,

7
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Figure 3.--Predicted load characteristic curves for various
values of K3 (VT = 1.0 ipch).
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because when it is used to adjust equation 5 it becomes possible to predict.
mixed load characteristic curves.

Alternatively, the effects of runoff intensity on constituent washoff
could be accounted for without using the availability factor by assuming
the rate constant, C, in equation 6 is proportional to the square of runoff
intensity. In this case the exponential washoff equation becomes

W=1,[l - exp (K35 R%AL)] (9)

Use of equation 9 as an alternative to equation 5 is included as an option
in the model. However, note that K3x is a negative number. This is to
signify to the model that equation 9 rather than equ3tion 5 1s used for
washoff. The units of K34 in equation 9 are hr/inch®.

Parameter Estimation
for Lumped-Parameter Simulations

Estimates of K; to K3 (and optionally, K;) are required in order to apply
DRqM~-QUAL. The parameters K; and K3 could be determined from data obtained
in a street-surface sampling program (Sarter and Boyd, 1972; Pitt, 1979).
However, the values of K; and K, determined in this manner would not account
for constituent loads on other effective impervious surfaces such as roofs
and driveways, and the sampled material removed by sweeping, vacuuming, or
flushing techniques may not be related to the amount of constituent available
for transport by storm runoff. An alternate approach is to estimate these
parameters using runoff-quality data collected at the watershed outlet.

The following discussion pertains to estimating values of K to K4 for
lumped-parameter simulations using measured runoff-quality data, Care
should be exercised in using this approach because the outlet data represent
the combined effects of accumulation, washoff, routing, and contributions
from not only effective impervious areas but pervious areas and rainfall as
well. In addition, effective impervious areas may include different land-use
types with different accumulation rates. The procedures described herein
are therefore intended only for application to small watersheds of uniform
land use and for storm events with little pervious-area runoff. When these
assumptions are not met, best-fit parameter values may differ substantially
from "true'" values. Note that in the following discussion it is assumed
that equation 5 rather than equation 9 is used for washoff.

Inspection of equation 7 reveals that simulated load characteristic
curves (for the assumption of exponential washoff and lumped-parameter simu-
lations) are independent of the amount of a constituent (Lg) on the effective
impervious areas at the start of the storm. Thus, simulated load character-
istic curves are not affected by assumed values of the accumulation parameters
Ky and Kp. For this reason, Alley (1981) presented an optimization scheme
for determining the best-fit wvalue of K3, the washoff coefficient, for a
given constituent and set of storm events. This optimization scheme was
based on fitting measured and simulated load characteristic curves. One can
use this scheme to determine best-fit values of K3 or a value for K3 can
be estimated from visual inspection of simulated and measured load charac-
teristic curves. These curves can be obtained as part of the output from



DR3M-QUAL. 1Increasing the value of K3 will increase the curvature of
simulated load characteristic curves and decreasing the value of K3 will
decrease their curvature. A value of 4.6 inches™! is a reasonable initial
estimate of Kj.

A characteristic of storm-water quality sampling programs is that field
or automatic sampling logistics result in the first sample of storm runoff
being collected sometime after the start of the runoff and the last sample
collected before the end of the runoff period. Often a considerable part of
the total storm runoff may not be included in runoff occurring between the
first and last sample. Thus, measured runoff loads often should be based
only on the runoff occurring between the first and last sample. If measured
concentrations are input to DR3M-QUAL, then measured and simulated load
characteristic curves are based on the sampled interval of the runoff.

Having selected a value of K3 for a particular constituent, and assuming
for the moment that the availability factor (equation 8) is not used, values
for K; and Ky can be determined using a technique presented by Alley and Smith
(1981). This technique solves the following unconstrained optimization
problem:

min Z = [Kl[l—exp(~K2T(i))] - Ls(i)]2 (10)

i

I ~2

1

where N is the number of storms included in the objective function, T(1i) is
the simulated equivalent accumulation time for the 1th storm in days, and
Lg(i) is the ampunt of constituent on effective impervious areas at the
start of the it storm, in pounds. The value of Ls(i) for each storm can be
computed (Alley and Smith, 1981) as:

AL

(10a)
exp(-K3V,) [1-exp (K3 (Vy=V,) )]

Lg (1) =

where AL is the measured runoff load occurring between the first and last
sample in pounds, V,; is the cumulative storm runoff at the time of the first
sample in inches over effective impervious area, and Vy is the cumulative storm
runoff at the time of the last sample in inches over the effective impervious
area. From the above definition, Lg(i) can be interpreted as the amount

of constituent on effective impervious areas at the start of the ith storm
that will yield a simulated washoff load equal to the measured load, when

the given K3 is used in the exponential washoff equation (equation 5).

Values for Lg(i) and T(i) are computed by DR3M-QUAL and included as part

of the model output for lumped-parameter simulations, if equation 5 is used
without the availability factor.

Solving equation 10 is analogous to the problem of finding ultimate BOD
(biochemical oxygen demand) and the first-order rate coefficient for the BOD
reaction. In this analogy K; is equivalent to the ultimate BOD, K, is
equivalent to the first-order rate coefficient, and Lg(i) is equivalent to

10



the amount of oxygen consumed after the equivalent of T(i) days. Thus, a number
of programs are available for solving equation 10. These include a user’s
manual documented by Jennings and Bauer (1976) and a program described by
Barnwell (1980).

In order to solve equation 10, it is first necessary to make an initial
estimate of the values of K; and Ky. DR3JM-QUAL should then be run using these
estimates of K; and K9 to obtain estimates of T(i), i =1, . . . , N.

Usually, this step will be performed as part of the estimation of K3. The
user can then plot the values of Lg(i) versus T(i), i =1, « . . , N, and

" either "eyeball" an exponential accumulation curve through the points or use
one of the programs previously cited. If the "eyeball" approach is used
then K; is the asymptote of the curve. The parameter K, can be estimated
using

Ky = 2o303/T90 (11)

where Tgp is the equivalent accumulation time, in days, at which the land-
surface load equals 90 percent of K; and is read from the eyeballed curve.

DR3M-QUAL can then be run using the new estimates for K; and K7 to gener-
ate new estimates for equivalent accumulation times [T(i), i =1, « « « , N].
. This procedure can be repeated until the changes in equivalent accumulation
times from model run to model run have negligible effect on the simulation
results. Experience thus far with the model indicates that usually no more
than two iterations with the above procedure are required.

Three different situations can arise in performing the preceding analysis.
~ Examples of these situations are shown in figure 4. 1If a plot of Lg(i) versus
T(i), i =1, « « « , N appears to follow an exponential accumulation curve as
in Figure 4A, then the above procedure can be used to estimate Kj and K. If
they appear to follow a linear accumulation curve as in figure 4B, then simple

linear regression analysis can be used to fit a relationship of the form

A
Lg(1) = B°T(1) (12)
where g is the regression coefficient. Ihe value of Ky should then be set at
a very small number, say 0.001 and K; = B/Ky. Alley and Smith (1981)
present the details of this type of analysis.

Finally, if the plot of Lg(i) versus T(i) appears as in figure 4C,

© then DR3M-QUAL will not work satisfactorily on a lumped-parameter basis
using equation 5 and the model should be applied on a distributed basis or
. an alternative model selected.

The availability factor (equation 8) has been left out of the above
analysis and should be used with caution. However, it has been found that the
exponential washoff equation can seriously overestimate constituent concentrations
during the initial parts of storm-runoff periods when runoff intensities are
very low. This situation can be remedied to a certain extent by judicious
application of the availability factor. An availability factor is defined in

11



AMOUNT OF CONSTITUENT ON EFFECTIVE IMPERVIOUS

AREAS ‘AT THE START OF THE STORM, Ls(i)

—‘ g —

>
: 90
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b :
o c
® o
o ° o
- >

EQUIVALENT ACCUMULATION TIME, T(i)——»

Figure 4.--Accumulation relationships displayed by plots of L (1)
versus T(i) including A--exponential accumulation,
B--linear accumulation, and C--no apparent relationship.
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the model by assigning a value for K4 in the input. An estimate for K, can

be made by dividing 1.0 by RMAX, where RMAX is the estimated runoff intensity
above which no adjustment to exponential washoff 1is necessary. It should be
noted, however, that if an availability factor is used it may change significant-
ly the optimum values for Kj, K2, and K3, and these values may have to be
re-adjusted if they have been determined without including the availability
factor.

In summary, the following procedure can often be used for calibrating
DR4gM-QUAL as a lumped-parameter model:

(1) Answer the question: Do water-quality constituent concentrations
tend to decrease with time within a given storm?

(2) If the answer to question 1 is yes, estimate initial values of Ki,
K9, and Kg3.

(3) Run model and fit parameter K3 using measured and simulated load
characteristic curves.

(4) Estimate K; and K; using values of Lg(i) and T(1), 1 =1, « . . , N
output by model.

(5) Run model with new estimates of K; and K7 and obtain new estimates of
T(4), i =1, « « «+ , Nu

(6) Repeat steps 4 and 5 until changes in T(i{), i =1, . . « , N have
negligible impact on the simulation results.

(7) 1If necessary adjust initial simulated concentrations during storms
using K4. This may require readjustment of the values estimated for K; - Kj.

The above procedure pertains to use of equation 5 as the washoff equation.
If equation 9 is used instead, then the simulated load characteristic curves
are still independent of the values of Kj and K7 and the load characteristic
curves can still be used to fit K3x. However, the present version of the
model does not output values of Lg(i) and T(i), which could be used to estimate
K1 and K2. Runs of the model using equation 5 and the above procedure may
provide some guidance for estimating K; and K, using equation 9 for washoff.
Values of Kj3x will likely be much different from Ky

Street Sweeping

A schematic illustrating DR3M-QUAL’s conceptualization of constituent
accumulation on, and removal from, effective impervious areas is shown on
figure 5. Removal of constituents can be by rainfall runoff or by street
sweepers.

Street sweeping can be simulated according to a fixed schedule or actual
days during which street sweeping occurred can be input to the model. The
model assumes that street sweeping operations are suspended on unit days or on
daily accounting days when rainfall exceeds impervious retention. If street
sweeping is suspended because of rainfall, the model assumes that the streets
are not swept until the next day on which street sweeping was scheduled.
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This assumption conforms to common street sweeping practices of public works
departments.

DR4M-QUAL simulates removal of constituents by street sweeping as:

. Ly - E(Lg-Ly); 1f Ly > Ly 1%
b=
L, 3 1f Ly < Ly

where L 1is the amount of a constituent remaining after street sweeping,
L, is the amount of a constituent before street sweeping, L, is the base
residual load which cannot be removed by street sweepers, and E is the
efficiency (ranging from O to 1.0) of street sweepers at removing the load
of a constituent in excess of the base residual load.

Only part of the effective impervious area of a watershed (lumped-
parameter simulation) or overland-flow segment (distributed simulation) may
be swept by street sweepers. This is accounted for in the model as:

L, = L (SSAREA) + L (1.0 - SSAREA) (14)

where L. is the adjusted amount of the constituent remaining on effective
impervious surfaces after street sweeping and SSAREA is the fraction of
the effective impervious area that is swept.

Pervious—-Area Runoff Quality

Little information is available on the contributions of pervious areas
to urban runoff quality. A study by Barkdoll, Overton, and Betson (1977)
suggests that "semipervious and pervious areas are highly significant in
their contribution to urban water pollution." Theoretical studies by the
originators of SWMM (Metcalf and Eddy, Inc., and others, 1971) indicated
that very large rates of runoff would be required tc remove dust and dirt
from grass plots, and that unless erosion takes place from ungrassed areas,
the contribution of pervious surfaces to suspended solids content is minor.
However, they noted that runoff from pervious surfaces may contain significant
amounts of dissolved solids.

Several indicators of the relative contributions of pervious and imper-
vious areas to runoff loads can be used. These include the percentage of
runoff that is from pervious areas, empirical knowledge of sources, results of
regression analyses, distributions of constituent concentrations and loads
over storm hydrographs, results of street-surface sampling, and the effectiveness
of management strategies such as street sweeping.

Empirical knowledge of sources can provide an indication of the relative
contributions of pervious and impervious areas to runoff loads for certain
constituents. For example, one might expect pesticides to originate primarily
from pervious areas and lead which is associated with automobile exhaust
to originate primarily from impervious areas. Other constituents such as
nitrogen species which are associated with organic pollution, fertilizers,
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and automobile sources may originate primarily from either pervious or
impervious areas.

Regression analyses of storm-runoff loads with parameters such as
average daily traffic or pavement condition may provide an indication of
sources by identifying significant variables.

The distribution of constituent concentrations and loads over storm
hydrographs may provide some indication of the relative contributions of
pervious and impervious areas to runoff loads. In addition, the relative
proportions of pervious- and impervious-area  contributions to runoff, as
determined from a rainfall-runoff model, might be compared to trends in
constituent concentrations and loads.

Sampling of street-surface solids in conjunction with runoff-quality
studies may provide an indication of the potential street-surface contri-
butions to storm-runoff loads. These can be compared to storm-runoff loads.
However, samples collected from street surfaces may not be typical of land-
surface loads on other types of effective impervious areas. Also, the
material removed by the sampling method may not be representative of the
amount of constituent available for storm-water washoff.

Finally, the effectiveness of management strategies such as street
sweeping may provide an indication of the relative importance of pervious and
impervious areas as sources of storm-runoff loads. For example, effective-
ness of street sweeping as measured by removal of constituents from streets
could be compared to its effectiveness in reducing constituent loads in
storm runoff.

Due to rapid response times of most urban watersheds, usually only
the surface runoff and quick-return flow (i.e., interflow with shallow
penetration of the soil) are of primary interest. Chemical constituents
added to solution would normally be those characteristic of surficial
soils. Techniques for predicting the interactions between these soils and
the runoff are not far advanced and are often based on equilibrium chemistry.
Unfortunately, the chemical extraction processes at the soil-runoff interface
during the brief time of a runoff event are not likely to reach equilibrium
(Bruce and others, 1975). Also, the amount and distribution of a constituent
in the soils of a watershed cannot be determined precisely without intensive
sampling and analysis.

Given the state-of-the-art, simple equations for predicting pervious-
area contributions to runoff quality are included in the model. Conceptually,
constituents in pervious-—area runoff are classified according to two sources:
(1) that part dissolved or desorbed from the soil matrix into the flowing
water without soil erosion, and (2) that part associated with soil erosion.
Mathematically,

CP(J) = a + b°SED(J) (15)
where CP(J) is the concentration of a constituent in pervious-area runoff at

time step J, a is a constant representing the 'mon-erosion" contribution, b
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is a constant representing the ratio of the constituent concentration to the
sediment concentration, and SED(J) is the concentration of sediment in the
pervious-area runoff at time step J.

Williams (1975) has determined that the total sediment yield resulting
from a period of storm runoff can be estimated by:

TMASS = PFACL(VgQp) T AC2 (16)

where TMASS is the total sediment yield in tons, VR is the volume of runoff in
acre~ft, Qp is the peak flow rate in ft~°/s; and PFAC1 and PFAC2 are constants.

Based on studies on 18 watersheds in Nebraska and Texas, Williams
(1975) found that PFAC2 could be estimated as 0.56 and PFACl as a function of
parameters in the Universal Soill Loss Equation (Wischmeier and Smith, 1965):

PFAC1 = 95°*K°LS°C°P (17)

where K is the soil erodibility factor, LS is the length-slope gradient
ratio, C is the cropping management factor, and P is the erosion-control
practice factor. Use of equation 17 and setting PFAC2=0.56 explained about
92 percent of the variation in sediment yield from the 16 Nebraska and 2
Texas watersheds (Williams, 1975). The transferability of the above
relationships for PFAC1 and PFAC2 is undocumented and use of locally
collected data is recommended for estimating these parameter values.

Instantaneous sediment concentrations (i.e., SED(J)) can be estimated
from TMASS, using the assumption that sediment concentrations are propor-
tional to flow rate. Based on studies by Rendon-Herrero (1974).,, Kuo (1975),
and Williams (1978), this appears to be a reasonable assumption. The
equation used by the model is:

SED(J) = VOL(J) *TERM (18)
where

TERM = 735.48 TMASS
ICT (19)
y VOL(I)2
=1

and VOL (J) is the incremental flow at time step J, in acre-ft, ICT is the
number of time steps, and 735.48 is used to convert concentration in tons/
acre-ft to a concentration in mg/L.

Precipitation Quality

Urban runoff can be viewed as chemically modified rainwater. Accounting
for the original chemical composition of this rainwater may be important in
terms of both model reliability and evaluation of management practices. For
example, precipitation contributions to runoff loads should be largely un-
affected by street sweeping practices.
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DR3M-QUAL accounts for precipitation contributions to runoff quality
by adding a concentration representing precipitation quality to the concen-—
trations predicted from constituent washoff. This adjustment can be a
constant for all storms, can vary monthly, or can vary on a storm-by-storm
basis. Although it is well known that the chemistry of precipitation
can vary during a storm, few data exist to quantify this variation. Thus,
assigning a constant concentration to precipitation on a storm basis is the
maximum level of detail currently included in the model.

If a term is included in the model to account for precipitation quality,
then the magnitude of this term will affect the best-fit values of the accumulation
and washoff parameters. However, even for the parameter estimation techniques
described for lumped-parameter runs, this does not present a large problem.

The procedure for fitting K3 using the plots of simulated and measured.load
characteristic curves is unchanged. However, in fitting the accumulation
parameters the runoff load contributed by the precipitation should be accounted
for. Because substances in precipitation are assumed to be conservative,

and precipitation quality is assumed constant throughout a given storm,
precipitation quality can be accounted for by replacing AL by (AL)adj

in equation 10a where

(BL)aqj = AL - 0.277PA(V,4-Vp) (20)

where (AL)a4j 1s the measured runoff load between the first and last sample
minus the assumed precipitation load, in pounds, P is the precipitation
quality in mg/L, A is the effective impervious area in acres, and 0.277 1is a
conversion factor to convert to pounds. Values of Lg(1) computed by the
model are based on equation 20, if a precipitation quality term 1s included
in the model.

CONSTITUENT TRANSPORT

For applications of DR4M-QUAL as a distributed-parameter model,
DR3M-QUAL uses segment flow data genetated by DRgM and stored on disk files.
A drainage basin is represented as a set of segments which jointly describe
the drainage features of the basin. The same types and designations of
segments apply for DR3M-QUAL as for DRgM. These include:

1. overland-flow segments
2. channel segments

3. reservoir segments

4. nodal segments

Channel and Overland-Flow Segments

Figure 6 illustrates the relationships between channel and overland-
flow segments in DR3M. It is important to understand the manner in which
spatial variations in impervious-area and pervious-area runoff-quality
parameters are taken into account in distributed runs of the DR4M-QUAL.
For impervious-area runoff-quality parameters DR3M-QUAL provides for as
many as four different "land-use types." The model user can assign a different
set of values for the impervious—area runoff-quality parameters (K - K;)
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to each of the land-use types. However, rather than assigning land-use

types to overland-flow segments, land-use type is referenced to the channel
network. Thus, the same overland-flow segment can be used several times, as
documented in the DR3M user’s manual (Alley and Smith, 1982), but with a
different land-use type associated with its different locations in the watershed.
All overland-flow segments draining to a particular channel are assumed to

have the same land use.

Of the pervious-area runoff-quality parameters, the parameters, PFACl and
PFAC2 (see equation 16) are also referenced to channel segments and can vary
between overland-flow segments draining to different channels but cannot vary
between overland-flow segments draining to the same channel. On the other
hand, the parameters a and b (see equation 15) are assumed to be constant
for a given constituent throughout the watershed.

Constituent loads from overland-flow segments are determined using
the discharge from these segments and the algorithms for impervious-area,
pervious—area and precipitation quality previously described. These loads
are contributed laterally to channel segments. Runoff from an overland-flow
segment 1s assumed to correspond to impervious—-area runoff unless an
overland-flow plane is represented as two segments; one representing
pervious-area runoff and the other impervious-area runoff. 1In this case,
the pervious—area runoff-quality algorithms are used with the flows from the
overland-flow segment representing pervious-area runoff.

The transport of constituents through channels is performed using a
Lagrangian method that is precise and conceptually simple. The method 1is
designed to solve the simplest transport problem, the plug flow (dispersion-
less) transport of a comservative substance. The basic Lagrangian method
has been modified to account for constituents that enter channel flows by

lateral inflow.

In a Lagrangian method, one conceptually follows an individual fluid
parcel while keeping track of all factors which tend to change its concentra-
tion. If dispersion (mixing between parcels) is assumed negligible,
and the pollutant being modeled is considered conservative, then the only
factor that will tend to change the concentration of a parcel as it moves
downstream is the addition of lateral flow of a different concentration.

The Lagrangian method in DR3M-QUAL operates on one channel segment
at a time starting at the upstream end of the basin and proceeding in the
downstream direction. Computations for all time steps are computed for
one channel segment, before proceeding to the next channel segment. Knowing
the time-varying concentrations of the upstream and lateral flows entering
a segment, the method is used to determine the time-varying concentrations
of the flow leaving the segment. The method is no more than a bookkeeping
that keeps track of the volume of water and the constituent concentrations
in all fluid parcels that are in a segment during a time step.

Considering a channel segment, the method operates on a time-step basis.

During each time step, a parcel enters the segment and is assigned the volume
and constituent concentrations of the flow entering from the upstream end.
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At the beginning of a time step there are anywhere from one to many parcels
in the segment, and the number of parcels increases by one when the new parcel
enters. The lateral inflow that enters the segment during a time step is
distributed among all parcels in proportion to parcel volumes. Volume and
constituent concentrations in each parcel are adjusted to account for the
addition of the lateral inflow. At the downstream end of the segment, part
of one or more parcels leaves the segment depending on the volume of flow
that leaves the segment during the time step. At the end of a time step the
constituent concentrations in the parcel at the downstream end of the segment
are saved in an array and the number of parcels is updated. After completing
all time steps, this array of concentrations is used as input to the next
downstream segment.

Reservoir Segments

DR3M-QUAL transports water—quality constituents through reservoir
segments (detention basins) using plug-flow concepts. Plug flow assumes no
mixing between plugs and routes the flow on a first in, first out basis.
The model assumes that a detention basin has one outlet and that all inflow
occurs from channel(s) located at the most upstream end of the basin.

Particulate material entering a reservoir is assumed to settle according
to Stokes’ Law, and particles are considered trapped as soon as they reach the
reservoir bed. Resuspension or movement along the bed of particles is not
accounted for. Because of the short detention times that generally occur in
most urban detention basins, chemical reactions are not considered by the
model. The detention storage component consists of two main parts: plug
routing and constituent settling.

Plug Routing

Stokes’ Law has generally been applied to problems involving estim-
ation of the removal of discrete particles in settling tanks for water
treatment facilities (Fair and others, 1968). However, urban detention
basins, unlike water treatment facilities, are generally not well-defined
hydraulic structures. Rather, these basins are often irregular in shape.

Basin geometry in the model is determined by the input of a stage-
area curve. This curve is input as a set of points defining the surface
area of the basin at selected stages. Stage is defined in the model as
the depth of water above the lowest bed elevation. The capacity or volume
of the basin below any given stage point (N) is computed by the trapezoidal
method:

N
CAPAC(N) = z (Area(J) + AREA(J-1))*(STAGE(J) - STAGE(J-1))/2 (21)
J=2

where CAPAC(N) is the reservoir capacity in acre-ft at stage point (N),

AREA (J) is the surface area in acres at stage point (J), and STAGE (J) is
the stage in ft at stage point (J). An example is shown in figure 7.
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Figure 7.--Detention basin geometry.
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The average depth of water is a volume-weighted average of the
water depth throughout the basin. The average depth AVDPTH (N) for each
stage point (N) 1s defined by a relationship adapted from the work of Ward
and others (1979):

N

Y DEPO(J)2 * (AREA(J) - AREA(J-1))

J=2 (22)
AVDPTH(N) = N

Y DEPO(J) * (AREA(J) - AREA(J-1))
J=2 :

where
DEPO(J) = STAGE (N) - (STAGE (J) + STAGE (J-1))/2.0 (23)

The inflow of water to a detention basin is defined by the sum of the
upstream flows to the basin at each time step. Constituent concentrations
at the upstream end of a detention basin are determined as a volume-weighted
average of inflow concentrations at each time step.

The water volume in the detention basin is subdivided into separate
plugs each one containing all the outflow during one time increment. The
time increment used is the unit time interval specified in the model (PTIME).
If the time interval for flow routing (DT) is less than the unit time interval,
then the effluent constituent concentrations at the DT increments are determined
by linear interpolation of the effluent concentrations at the unit time
intervals.

DR3M-QUAL retrieves the inflow and outflow hydrographs for a reservoir
from the segment flow files created by DR3M. From this information the
model can determine the volume of each plug. Figure 8 shows the location
of plug number 7 on typical inflow and outflow hydrographs for a unit-time
interval (PTIME) of 1 hour. The starting point location of the plug on
the inflow hydrograph is determined by first finding the point at which
the accumulated inflow (point A on inflow hydrograph) 1is equal to the accumulated
outflow (point C on outflow hydrograph). The ending point location of the
plug on the inflow hydrograph (point B) is determined in a similar manner but
based on point D. The detention time (DETTME) of the plug is then assumed
equal to the time between the centroids of the inflow and outflow plugs as
shown on figure 8. The constituent mass of the inflow plug is determined by
linear interpolation at the plug starting and ending times (A and B) of a
curve relating accumulated constituent mass of the inflow and time since start
of storm.

Finally, the average depth of a plug (DEPTH), while in a detention basin,
is determined by first computing the area under the average depth versus time
curve contained between the centroid of the plug on the inflow hydrograph and
the centroid of the plug on the outflow hydrograph. This area is then divided
by the detention time of the plug (DETTME). This computation is also illus-
trated in figure 8. The average depth versus time curve is obtained by linear
interpolation of the stage-average depth curves defined by equation 22.
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Constituent Settling

The rate at which water—-quality constituents settle in a detention basin
depends to a large extent on the particle-size distribution of the constituent.
For this reason, the input to the model includes a particle-size distribution
curve for influent concentrations of each water-quality constituent to each
detention basin. Although, particle-size distributions of the influent should
vary throughout a storm event, no data presently exist to accurately quantify
this effect. Therefore, for a given constituent and detention basin, the
particle-size distribution of the influent 1s assumed to remain constant.

The model assumes that constituents are evenly distributed throughout a
plug at its entrance to the detention basin. Constituents then gradually
settle out as the plug moves through the basin. Settling of discrete non-
flocculating particles that settle without hindrance from other particles
can be described by Stokes’ Law. If the settling velocity of a particle is
assumed to be sufficiently low, such that fluid flowing past the particle
is within the laminar range, and if the particle is assumed spherical,
Stokes’ Law can be written as:

V_ = kD2 (24)

s
5G-1)

where 5(
5.15 107
x v

K (25)

where Vg is the settling velocity of the particle in ft/hr, SG is the specific
gravity of the particle, D is the diameter of the particle in microns, and

¥ is the kinematic viscosity in cm 2/s. Kinematic viscosity and specific
gravity are assumed to be constant by the model. The factor 5.15 x 107

is 0.8 times the acceleration due to gravity (32.2 ft/s2) times a conversion
factor to account for the different units used in the equation. The factor
0.8 is used to correct for the non-spherical nature of clay and colloidal
particles (Ward and others, 1979). The assumption is made that 1f some of

the fine particles satisfying Stokes’ Law are trapped, then the coarser
particles will be trapped also.

The paths traced by discrete particles that are settling in a rectangular
basin are shown in figure 9. They are determined by the vector sums of the
settling velocity (Vg) of the particle and the horizontal displacement velocity
of the surrounding fluid (V4). All particles with a settling velocity Vg > V,
are removed, V, being the velocity of that particle that falls through the full
depth (H,) of the settling zone (L,) in the detention time (T,). The parameter
Vo can be defined as:

H
vy = 22 (26)

For the case of plug flow through a non-rectangular basin, as in this model,
Vo 1s defined as:

v = DEPTH 27
O  DETTME
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Figure 9.--Paths taken by discrete particles through a rectangular
tank of length Loand height H0 (after Fair and others, ]968).
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where DEPTH and DETTME have been previously determined in the plug routing
component.

If N, (out of N¢) particles having a settling velocity Vg < V, compose a
particle-size fraction, the proportion X of the particles to be removed is:

Ve (28)
VO

The composition of a particular suspension can be expressed by a curve
showing the cumulative frequency distribution of settling velocities (see
fig. 10). Defining F, as the fraction of particles having settling velocities
Vg £ Vg, then (1-F,) of the particles have settling velocities Vg >
Vo, and are totally removed. The fraction of the particles with settling
velocities Vg < V, that are removed 1is:

FO
rp = [V /vo)aE (29)
(o]

Total removal (r) is then:
1 o
r = (1-F,) + = VgdF (30)
Vo

The fraction of particles remaining in suspension (R) is:

R=1-r

1 F
Fo - = fovde (31)
VO o

A cumulative distribution of particle diameters, D, is input to the
model by specifying as many as 10 particle sizes and their respective respective
cumulative frequencies. The model uses these data to construct a piecewise-
linear cumulative frequency distribution curve. An example for 5 particle
sizes (including D; = 0) is shown in figure 1l.

For a piecewise-linear cumulative frequency curve equation 31 can
be rewritten as:

R=F, - T LV, (m) +F£ v dF] (32)

where m is the number of particle-size values read into the program that are
less than Dy (3 in the example shown in figure 11) and
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0 s, ifm=1

Ve (m) 4 (33)

n 1
g: [ fvgdFl  , 1f m > 1
=2 Fy

The integral in equation 33 can be evaluated by substituting equation 24,
letting

(Fi-Fi-1) ,
(Dy-Dy_1)

and changing the limits of integration:
Dy

Fy
[VSdF = Df KDZ ?5—3——7 dD
Fid 1-1 1741

R 3-p3 ) (35)
i 3 Pitia

Likewise, the last integral in equation 32 can be evaluated as

Fq (Fo-Fp)
FIVSdF o (3) [D5-Dp] ‘ (36)

For a given reservoir and constituent the cumulative frequency distri-
bution of particle sizes is assumed constant. Therefore, the numerical method
for evaluating equation 32 is as follows:

1. Vie(m) for all m is computed once at the start of the program and
is stored for later use.

2. The model routes the plug through the reservoir and determines
the values of the parameters DEPTH and DETTME.

3. V, is computed based on equation 27 and a corresponding D, is
computed.
4. The value of m is determined based on D, and the value of F,

is determined by linear interpolation of the cumulative
frequency distribution of particle sizes between Dy and Dp4j-

5. Equation 32 is solved by substituting equation 36 into it,
as well as the previously determined values of F,, V5, and Vi(m).

30



Non-Ideal Basins

Typically, water is not released from a detention reservoir uniformly from
all depths. For example, basins with a large permanent pool and a drop inlet
riser will normally exhibit complete withdrawal from near the surface of the
reservoir storage provided the head of flow above the riser crest is much
smaller than the total depth of flow. Risers with the crest near the bed
of the basin or trickle dewatering tubes, will exhibit withdrawal from
the bed layer. Perforated risers tend to exhibit withdrawal characteristics
between these extremes (Ward and others, 1979). This model does not contain
a method for approximating selective withdrawal at the reservoir outlet.

Some plug flow models such as the DEPOSITS model (Ward and others, 1979)
do contain such features. However, they tend to be very crude approximations
due to the basic incompatibility of plug flow and selective withdrawal.

Under idealized conditions, plug flow will occur and the flow will pass
through the pond on a first in, first out basis. However, flow in all
detention basins is characterized by mixing, turbulence, short-circuiting,
and resuspension. A well-designed detention pond will minimize these
factors. A pond which is likely to exhibit a high degree of short-circuiting,
mixing, and turbulence will probably have a low trap efficiency and will not
be suitable for evaluation with the detention storage algorithms included in
this model.

Many detention basins will retain some water even during dry weather.
This volume of water is referred to as the permanent pool capacity and the
reservoir can be assumed to be at its permanent pool capacity at the start
of the storm. The model treats this permanent pool capacity in one of two
ways, depending on the value of the parameter DEAD (for dead storage). If
DEAD is set equal to the permanent pool capacity, then this volume of water
is bypassed during plug routing. If DEAD is set equal to zero, then the
permanent pool capacity is not bypassed and initial effluent concentrations
will be low. In reality, the detention basin will respond somewhere in
between these two extremes, particularly if part of the permanent pool
becomes filled with sediment.

Nodal Segments

Nodal segments are used when more than three segments contribute inflow
to the upstream end of a segment or as an input hydrograph or input discharge
point. The user of DR3M-QUAL can assign a constant concentration for each
water-quality constituent to each input hydrograph and input discharge.

Nodal segments used as input hydrographs or input discharge points should
not have any upstream segments.

MODEL APPLICATIONS

DR3M-QUAL can be used for a wide variety of applications. The model
is continuous in time; and therefore, an accounting of impervious-area constit-
uent accumulation is made between storm events. Rather than operating on a fixed
time step, the model provides short-time interval simulation of those storm
events specified by the user and a daily accounting of constituent accumulation
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and washoff between these storm events. Therefore, many of the advantages
of continuous simulation are combined with those of a single event model.

One possible use of a calibrated model for a watershed is to extend
records of storm-runoff loads for the watershed. One application of record
extension might be to synthesize runoff loads for comparison with concurrent
flow rates and quality characteristics of receiving waters. In addition,
one might have a complete or nearly complete record of rainfall and (or)
runoff at the site, but water-quality data for only a small portion of the
runoff. DR4M-QUAL could be used to estimate constituent concentrations
during the unsampled portion of the runoff. 1In this manner, annual runoff
loads or other characteristics of interest could be estimated for the study
period.

DR4M-QUAL could potentially be used to transform long-term precipitation
records into long-term records of storm-runoff loads from which frequency
distributions of loads could be estimated. One problem in using DR3M-QUAL for
this purpose lies in the dearth of long-term records of precipitation. Long-
term precipitation records at hourly intervals can be obtained for many
cities from the National Weather Service. However, shorter time interval data
are less available. Although long-term records of precipitation data at 5-minute
intervals can be obtained from the National Weather Service for many cities
in the U.S., the data are only for anywhere from 3 to over 10 "major" storms per
year for a period of record often exceeding 50 years. These storms are
those which would most likely produce the largest peak flows from a watershed.
However, for determination of characteristics such as annual loads, all significant
runoff-load producing storms are required.

DR4M-QUAL can conceptually account for the effects of the management
practices of street sweeping and detention storage. The detention storage
subroutine of DR4M-QUAL can be removed and used as a separate program (see
attachment D).

DR3M-QUAL has been designed for ease of calibration. A user has the
option of reading in measured runoff-quality data for graphical and numerical
comparisons. Output from the model can include graphs of measured versus
simulated constituent concentrations and/or measured versus simulated load
characteristic curves for each storm event. Scatter plots of measured
versus simulated runoff loads are also output.

The model can be run on one of three spatial modes:

1. Lumped-parameter
2. Distributed (no transport)
3. Distributed transport

As a lumped-parameter model, DR3M-QUAL uses runoff data from the watershed

outlet. These data can be measured values or can be simulated values from

DRqM. Runoff loads are assumed to originate predominately from the effective
impervious areas of the watershed. An approach has been presented for estimating
best-fit parameter values for lumped-parameter runs. Lumped-parameter simulations
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can be used as an end in themselves or to inexpensively estimate impervious-area
model parameters for later, more detailed distributed runms.

When an application involves determining the effects of runoff quality
on the quality of local receiving waters, the time interval of interest may
be days or even weeks or months, while DRgM~QUAL simulation intervals are on
the order of minutes. Thus, the magnitude of storm-runoff loads may be much
more important than within-storm variations. For this reason, DR3M-QUAL
contains an option for distributed simulations without constituent transport.
Model simulations in this mode are equivalent to a distributed-parameter run
with instantaneous transport instead of Lagrangian transport. Considerable
savings in computer costs can be made by using this mode. Unlike lumped-
parameter simulations, pervious—area contributions to runoff loads can be
accounted for as well as spatial variations in runoff-quality parameters.
Like lumped-parameter simulations, distributed (no transport) runs can be
used for initial calibration of model parameters prior to final calibration
as a distributed transport model. Output from distributed (no transport)
runs includes storm~-runoff loads but no information about within-storm varia-
tion is given. Distributed (no transport) runs cannot account for the effects
of reservoir segments, input hydrograph points or input discharge points.

Typically, distributed watershed models such as DR3M-QUAL are calibrated
and verified using data on the total watershed response at outfalls. These
data represent the combined effects of many complicated processes including
impervious—area accumulation and washoff, routing, sedimentation, biological
and chemical reactions, and atmospheric deposition. DRgM-QUAL has been
developed such that there are a minimum of parameters to calibrate. Advan-
tages of the parsimonious nature of this model include that:

1. Calibration procedures are facilitated.

2. Computer costs are reduced, thus enhancing the utility of the model
for record extension and other applications of continuous simulation.

3. Model calibration is less likely to degenerate into a curve fitting
process, whereby a multitude of parameters are randomly varied until
a good fit is achieved.

However, considerable caution should be used in applying the model to assure
that it properly represents the system being simulated. The model has been
designed for urban applications and it 1is recommended for use only when
impervious—area runoff is considered to be the principal source of runoff
loads. Because the constituent transport algorithm in the model for channel
segments assumes plug flow and conservative constituents, the model should only
be used on small urban watersheds. The model should be most useful on water-
sheds having drainage areas on the order of several square miles or less. It
is particularly important that model parameters estimated for a watershed not
be transferred to a watershed having a much larger or smaller drainage area.

In general, attempts should be made to minimize the number of segments
used in distributed runs. Often the number of segments can be dictated by
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the number required to characterize the assumed variations in accumulation
and washoff parameters and to differentiate pervious and impervious-area
runoff. Use of just a few segments i1s commensurate with the underlying
simplicity of the model. Subdividing the watershed into two segments, one
pervious and the other impervious, may be a valid approach under some
circumstances.
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ATTACHMENT A
DATA INPUT SPECIFICATIONS

Data input specifications for this program are listed below. All listing
of numeric data is right justified. All listing of alphanumeric data is left
justified. The letter "Oh" is written P to contrast with the number zero--
written O.

Experience with the program has indicated that great care must be
exercised in preparing the input card deck. Definitions of most of the
input variables are provide in Attachment E. Computer requirements are dis-
cussed in Attachment C. Model users are referred to the section on program
debugging and interpretation (Attachment B) and the sample runs shown in
Attachment G for additional assistance.

37



Program
Input item variable Format

Card
columns

Card Group 1

Model options (1 card)

Option to list data. PPTIGN Ab
If GPTIPN=LIST, all .
input discharge and daily
rainfall data are listed
in output from program.

Number of water-quality con- NWQ 12
stituents simulated (1 to 4)

Option to list data used in N@PT 11
computing measured storm=
runoff loads. Code a 1 if
this option is desired.
Otherwise, leave blank.

Type of adjustment for precipi- NWF I1
tation quality:
0 = No adjustment
1 = Monthly adjustment (see

card group 4)

Storm-by-storm adjust-

ment (see card group 14)

2

Street sweeping option: ISS 12
0 = No street sweeping
1 Street sweeping according
to fixed schedule (see
card columns 13-15)
2-40 = Street sweeping on
ISS user specified
days (see card group 5)

Spatial mode: IM@DE 11
1 = Lumped-parameter
2 = Distributed (no transport)
3 Distributed transport

Option to list impervious-area ILPAD I1
runoff loads simulated during
daily accounting. Code a 1 if
this option is desired.
Otherwise, leave blank.
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Program Card
Input item variable Format columns

If 1SS=1 in card columns 9-10, ISSFRQ 13 13-15
then code the street sweeping
frequency, in days.

Number of records on direct JRECDS 16 16-21
access file required for storage ‘
of segment discharge data
(maximum=10,000). If segment
discharge data from DR3M are
not used, set JRECDS=0. Other-
wise, this parameter is con-
tained in output from DR3M run
under label, "Number of records
used for direct-access file."

Card Group 2

Water—quality labels (1 card)

Alphanumeric labels for water- IPA(I), 4A6 1-6
quality constituents I=1,NWQ 7-12
13-18
19-24

These labels are used to identify the water—quality constituents both in
the program output and on subsequent input cards. Alphanumeric labels used on
subsequent input cards must be identical to those coded on this card.

Card Group 3

Water—quality units (1 card)

Units for water—quality con- NQU(I), 412 1-2
stituents (l--milligrams I=1,NWQ 3-4
per liter, 2--micrograms 5-6
per liter). Input in same 7-8

order as constituents are
listed on card group 2.



Program Card
Input item variable Format columns

Card Group 4

Monthly adjustments for precipitation

(1 card for each water—quality constituent)
(Skip this card group, if NWF not equal to 1 on card group 1l.)

Alphanumeric label IPA(J) A6 1-6
for water—quality con- ‘
stituent J ‘

Precipitation concentration, in
milligrams per liter, if
NQU(J)=1; in micrograms
per liter, if NQU(J)=2.

January WFALL(J,1) F5.2 7-11
February WFALL(J,2) F5.2 12-16
March WFALL(J,3) F5.2 17-21
April WFALL(J,4) F5.2 22-26
May WFALL(J,5) F5.2 27-31
June WFALL(J,6) F5.2 32-36
July WFALL(J,7) F5.2 37-41
August WFALL(J,8) F5.2 42-46
September WFALL(J,9) F5.2 47-51
October WFALL(J,10) F5.2 ‘ 52-56
November WFALL(J,11) F5.2 57-61
December WFALL(J,12) F5.2 62-66
Card Group 5
Street sweeping days (1 card)
(If ISS is less than 2 on card group 1, then skip to card group 6.)
Dates on which streets were
swept, coded as:
month, day, and year NSSDAY(1l,I), NSSDAY(2,I), 10(13,12,12) 1-7
and NSSDAY(3,I), I=1, ISS 8-14
9-21
etc.

These dates must be in chronological order (10 dates per card up to a
maximum of 40 dates). Use 2 digits for month, 2 for day and 2 for year.
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Program Card
Input item variable Format columns

Card Group 6

Discharge station (1 card)

Discharge station number STAD 18 1-8
Name of discharge station TITLD 50A1 9-58
Drainage area of basin DA F6.2 59-64

(square miles)

Card Group 7

Daily rainfall station (1 card)

Daily rainfall station number STAP 18 1-8

Name of daily rainfall station TITLP 50A1 9-58

Card Group 8

Period of record (1 card)

Beginning year, IYR 13 21-23
month, and M¢ 13 24-26
day of record IDY 13 27-29
Ending year, EYR 13 33-35
month, and EMP 13 36-38
day of record EDY 13 39-41

Impervious—area land-surface loads are set equal to zero at the start of
simulation. Therefore, the beginning day of record should be one to two
months prior to the first unit day. The ending day of record should be at
least 1 day after the last unit day. Use 2 digits for year, 2 for month and
2 for day.

Card Group 9

Time interval (1 card)

Time interval of output, PTIME F5.0 1-5
in minutes
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Program Card
Input item variable Format columns

Code a 1 if unit discharge IUDATA 15 6—-10
data are input to the pro-
gram using card group 11
or are read from file JPUN,
Otherwise, leave blank.

File number where card group 11 JPUN I5 11-15
is stored. Leave blank if
card group 11 is read from
cards or IUDATA=0., JPUN will
then be automatically set
to 5.

PTIME is restricted to one of the following values (in minutes): 1, 2, 3,
4, 5, 10, 15, 30, 45, or 60. If unit discharge data are input to the model
using card group 11; then, PTIME should be the same as the time interval of the
unit discharge data. If DR9M-QUAL is linked with DR3M, then PTIME should be
the same for both models,

If unit discharge data are input to the model, they can either be included
directly in the input deck or read from file JPUN. The latter case may occur if
a previous run of DR3M was used to simulate the unit discharge data. See card
group 1 of DR3M manual and discussion of JPUN in Attachment C for additional
guidance.

Card Group 10

Storm-runoff dates

(If IUDATA=1 on card group 9, skip to card group 11.)

Discharge station number STAD I8 1-8
(same as on card group 6)

Dates on which storm—runoff
loads are to be simulated:

year YR 12 9-10
month M@ 12 11-12
day DY 12 13-14

Card group 10 is used to specify dates on which storm—runoff loads are
simulated. A card for each unit day should be included. For example,
suppose a period of storm runoff that occurred between May 1, 1978, and May 2,
1978, is to be simulated. Then, two cards are necessary, one for May 1, 1978,
and one for May 2, 1978. All cards should be arranged in chronologic order.

At the end of card group 10, insert a card with a 9 punched in column 80.
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Program Card
Input item variable Format columns

Card Group 11

Cards for unit discharge data

(If IUDATA=0 on card group 9, skip to card group 12.)

One of two different formats are used in coding data, depending on the
value of PTIME on card group 9. If PTIME is less than 5.0 minutes, use
format 1la. If PTIME is greater than or equal to 5.0 minutes, use format 11lb.

Format lla

Discharge station number STAD 18 1-8
(same as on card group 6)

Date on which discharge occurred:

year YR 12 9-10
month M@ 12 11-12
day DY 12 13-14
Time interval, in minutes CT 12 15-16
(must equal PTIME on card
group 9).
Card sequence number CN 13 17-19
Discharge, in cubic feet [8))] 12F5.0 20-79
per second (12 data items
per card)
Data type (C@DE=2 in column 80) C@DE I1 80

Format 11b

Discharge station number STAD 18 1-8
(same as on card group 6)

Date on which discharge occurred:

year YR I2 9-10

month M@ 12 11-12

day DY 12 13-14
Time interval, in minutes CT 12 15-16

(must equal PTIME on card

group 9).
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Program Card

Input item variable Format columns
Card sequence number CN 12 17-18
Discharge, in cubic feet per

second (12 data items per card) UD 12F5.0 19-78
Data type (C@DE=2 in column 80) C@DE Il 80

Card group 11 is used to enter the unit discharge (UD) data to the model.
The card format for listing UD provides 12 fields for these data. Each set of
12 units of data is numbered in chronologic sequence by variable CN. The UD
array is initialized to zero. If all 12 units of data for UD are zero, the
card may be omitted from the input card deck. However, its card sequence number
for this day must be taken into account in listing CN on subsequent cards. At
least one card should be included for each unit day specified on card group 12.
The sample runs in Attachment G can be referred to for guidance in coding this
card group.

At the end of unit discharge data, insert a card with a CPDE of 9

punched in column 80. 1If card group 11 is read from file JPUN (specified on
card group 9), then this final card should also be included in file JPUN.

Card Group 12

Cards for daily rainfall data

Daily rainfall station number STAP 18 1-8
(same as card group 7)
Year and month for data YR 12 9-10
M@ 12 11-12
Card sequence number (1 or 2) CN I1 13
Daily rainfall in inches (up DP 16F4.2 14-77
to and -including 16 items
per card)
Data type (CPDE=3 in column 80) CPDE 11 80

Two cards are required for listing a complete month of daily precipita-
tion data. Use as many cards as necessary to list data for all months. The
card format for listing these daily data provides 16 fields: the first
16 days of data are listed on the first card, identified by the card sequence
number CN=1, and the remaining days of data in the month on the second card
(CN=2)., For a unit day, insert a negative number as the daily rainfall.

A negative number for daily rainfall signals the model to perform detailed
storm simulation for that day.
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Program Card
Input item variable Format columns

It may be desirable to skip a large gap in time rather than continue with
daily accounting (for example, no winter records). In such cases, a 9999
should be punched as the daily rainfall for the first and last day of the
gap in record. No daily rainfall cards are required for intervening days.
Land-surface loads of impervious areas are set equal to zero immediately
following a gap in the daily precipitation record. Therefore, the model
should be run for 1 to 2 months on a daily accounting basis between the end
of a gap in record and the first subsequent unit day.

At the end of the daily precipitation data, insert a card with a C@DE
of 9 punched in column 80.

Card Group 13

Storm-sequencing card(s)

Number of storms I 12 1-2
Number of storms in the NF(K) 3912 3-4
continuous sequence of K=1, I 5-6
storm days containing etc.

a given storm.

The following example should assist in explaining card gfoup 13: Suppose
eight storms are to be simulated by the model. These storms occur on the
following days:

Storm
Number Date

March 1, 1976
March 1, 1976
May 20, 1976
June 1, 1976
June 1-2, 1976
June 2, 1976
April 1, 1977
April 2, 1977

NN~ W N

Then, the following numbers would be punched on the card representing
card group 13:

Card Column: 2 4 6 8 10 12 14 16 18
Number: 8 2 2 1 3 3 3 2 2

Notice that the number of storms in a set of storm days is entered as
many times as there are storms in the set.
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Program Card
Input item variable Format columns

Card Group 14

Storm—identification

A set of cards representing card groups 14-17 are input to the model
for each storm to be simulated. An example of the program deck setup for
card groups 14-17 is shown in figure 12, Card groups 15-17 are skipped,
if no measured water—quality data are input to the model.

Starting time increment KS 14 1-4
for storm

Ending time increment KE I4 5-8
for storm

Number of water—-quality NWQP 12 9-10

constituents for which
measured concentrations
are input to the program.
NWQP can range from O to

4 and can be different for
different storms.

Precipitation concentrations WFALL(J,I1), 4F5.,2 | 11-15
for storm. These should be J=1,NWQ 16-20
in same order as constituent 21-25
labels are read in card 26-30

group 2 and should be in
units specified in card
group 3. Precipitation con-
centrations should only be
coded on this card group,

if NWF=2 on card group 1.

There should be one storm—separation card for each of the I storms shown
on the storm—sequencing card. Starting and ending time increments are specified
as the number of the time interval in the sequence of days containing the storm.
The value of KS or KE can be calculated using the following formula:

KS or KE = L60°HR + MIN + 1440°(NDSD-1)]
PTIME

where HR is the hour of the day (from O to 24), MIN is the minutes past the
hour, and NDSD is the number of the storm day in the sequence of storm days.
For example, if the time interval is 15 minutes and the starting time of a
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1/[S’cor‘m-identifica\tion card (for second storm)

% Sampling-time cards (for second constituent and first storm)

//6/ Constituent data cards (for second constituent and first storm)

/{ Constituent identification card (for second constituent)

//{ Sampling-time cards (for first constituent and first storm)

%6 Constituent data cards (for first constituent and first storm)

/{ Constituent identification card (for first constituent)

/_]_/ Storm-identification card (for first storm)
14

/1_/ Card group number

Figure 12.--Example program deck setup for card groups 14-17.
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Program Card
Input item variable Format columns

storm is 0700 on the first day of a sequence of storm days, KS should be
specified as 28, Likewise, if the starting time was 0700 on the second day
of a sequence of storm days, KS should be specified as 124, Other examples
are shown in table 1.

The model assumes that the storm started PTIME minutes prior to KS., Runoff
and constituent concentrations at that time are assumed equal to zero, If dis-
charge data from DR3M are used by the model, then the values of KS and KE should
be the same as in the DR3M run.

Table 1.--Example for specifying KS and KE

PTIME = PTIME =
1.0 minutes 5.0 minutes
Starting Ending
Storm time time
Number Data (24-hour) (24-hour) KS KE KS KE
1 March 1, 1976 0700 1115 420 675 84 135
2 March 1, 1976 1305 1610 785 970 157 194
3 May 20, 1976 1205 1425 725 865 145 173
4 June 1, 1976 0010 0555 10 355 2 71
5 June 1-2, 1976 2310 0105 1390 1505 278 301
6 June 2, 1976 0810 0955 1930 2035 386 407
7 April 1, 1977 1015 4 1235 615 755 123 151
8 April 2, 1977 1055 | 1400 2095 2280 419 456

Card Group 15

Constituent identification

(If no measured concentrations are input to model, then card groups
15-17 are not needed.)

Alphanumefic identification IPA(J) A6 1-6
label for water—-quality

constituent (J) with measured
data input to program. This

label must correspond to one
of the labels specified in
card group 2.

Number of water—quality NWQM(I,J) 12 7-8
measurements for storm I
and constituent J. (A
maximum of 24)
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Program Card
Input item variable columns

Card Group 16

Constituent data for storm

Measured constituent CcP(1,J,N), 10F8.2 1-8
concentrations for N=1,NWQM(I,J) 9-16
storm I and constituent etc.

J. Units should be in
milligrams per liter or
micrograms per liter,
depending on the specifica-
tion on card group 3.

Card Group 17

Sampling times for storm

Time when water-quality TIME(I,J,N), 10F8.2 1-8
samples were collected, N=1,NWQM(I,J) 9-16
in minutes since start etc.
of storm

Care should be exercised to assure that the time values for KS on card
group 14 and the sampling times on card group 17 are synchronized. Remember
that the model assumes a storm started PTIME minutes prior to KS. A check
of the data input to the program on card groups 16 and 17 can be obtained by
setting NPPT=1 on card group 1.

Card Group 18

Output card

0 = no listing of simulated K@UT(I) 4012 1-2
concentrations for storm I=1,N@FE 3-4
1 = simulated concentrations etc.

are listed for storm

Card Group 19

Plotting card

0 = no plotting of water- IPL(I) 4012 1-2
quality data for storm I1=1,N@FE 3-4
1 = instantaneous concentra- etc.

tions are plotted for storm
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Program Card
Input item variable Format columns

2 = both instantaneous
concentrations and load
characteristic curves
are plotted for storm

3 = load characteristic
curves are plotted
for storm

All plots include measured water—-quality data when they are input to

program. If measured concentrations are input to program, then load character-
istic curves are for the portion of runoff between the first and last sample.

Card Group 20

Catchment—-data card

Effective impervious area DAE F5.2 1-5
of watershed, in acres

Maximum impervious reten- AIMP F5.2 6-10
tion, in inches

Fraction of effective SSAREA F5.2 | 11-15
impervious area of water-
shed that is swept by
street sweepers. (Only
code a value for SSAREA,
for a lumped-parameter

simulation)
Card Group 21
Land-use card
Number of land-use types in NLU 15 1-5

watershed (a maximum of
4), NLU must equal 1 for
a lumped-parameter run.

Alphanumeric designation LUSE(1) 3A3 6-14
for land-use type 1

50



Program Card
Input item variable Format columns

Alphanumeric designation LUSE(2) 3A3 15-23
for land-use type 2

(if NLU greater than 1)

Alphanumeric designation LUSE(3) 3A3 24-32
for land-use type 3 '
(if NLU greater than 2)

Alphanumeric designation LUSE(4) 3A3 33-41

for land-use type 4
(if NLU=4) '

Card Group 22

Street sweeping effectiveness (1 card)

(Skip to card group 24, if ISS=0 on card group 1)

Fraction of initial SSEFF(J), 4F5.2 1-5
land-surface load in J=1,NWQ 6-10
excess of base residual 11-15
removed by street sweep- 16-20

ing (data are listed for
each constituent in same
order as card group 2).

Card Group 23

Street sweeping data (1 card)

Base residual land- SSMIN(J), 4F5.2 1-5
surface load which J=1,NWQ 6-10
cannot be removed 11-15
by street sweeping, 16-20

in pounds per acre
of effective imper-
vious area (data
are listed for each
constituent in same
order as on card
group 2).

51



Program Card
Input item variable Format columns

Card Group 24

Segment-control card

If this is a lumped-parameter run (IMPDE=1 on card group 1), skip to card
group 33). :

Total number of segments NSEG I5 1-5
in DR3M run

Values of a and b for each ARA(J), 4(2F5.0) 6-10
water—-quality constituent AKB(J), and 11-15
(see equation 15) for J=1,NWQ
pervious—area runoff. The 16-20
values of a and b should and 21-25
be listed for the first con-
stituent on card group 2 26-30
followed by the values of a and 31-35
and b for the second con-
stituent, etc. If no pervious 36-40
segments are used, then no and 41-45
values for a and b should be
coded.

Card Group 25

Segment characteristics

There is one card for each segment. Cards must be arranged in the same
order as the computational sequence shown on the output from DR3M.

With the following restrictions, DR3M-QUAL will handle any segmentation
allowed by DR3M:

l. Input hydrograph and input discharge points should have no upstream
segments.

2. DR3M-QUAL handles a maximum of 5 reservoir segments.

3. The same channel segment cannot be used more than once, if IM@DE=2
on card group 1.
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Program Card
Input item variable Format columns

Alphanumeric identification ISEG(I) Ab 1-4
for segment (Required for
all segments; any alpha-~
numeric identification
can be used.)

Alphanumeric identification IUP(1,J) 3A4 5-8
for up to 3 segments which J=1,3 9-12
contribute inflow to the 13-16

upstream end of this segment
(leave blank where upstream
segments are not present.)

Alphanumeric identification ILAT(I,J) 4A4 17-20
for up to 4 segments which J=1,4 21-24
contribute uniform lateral 25-28
inflow into this segment 29-32

(leave blank where lateral
inflow segments are not
present.)

Type of segment ITYPE(I) 12 33-34

channel segment
overland—-flow segment
reservoir segment
nodal segment

SN
non

Outflow print indicator IPR(I) 12 35-36

1 if the outflow concen-
trations for this segment
are to be printed in output

0 if the outflow concen-
trations for this segment
are not to be printed in
output

The value of IPR(I) is ignored by the model in three instances. First,
outflow concentrations from overland-flow segments cannot be listed. Second,
the decision to list outflow concentrations from the most downstream segment
is made on a storm event basis depending on the values input to the model for
the KOUT array on card group 18. Third, if IM@DE=2 simulated concentrations
will not be listed.
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Program Card
Input item variable Format columns
Length of segment (feet). Leave FLGTH(I) F7.0 37-43
blank for segment types 3 or 4
A set of parameters which PARAM(I,J), 4F5.0 44-48
depend on type of segment J=1,4 49-53
54-58
59-63

Segment Type

Parameter Definitions

1 PARAM(I,1)
PARAM(I,2)
PARAM(I,3)
PARAM(I,4)

2 PARAM(I,1)

PARAM(I,2)

PARAM(I,3)
PARAM(I,4)

3 leave blank

4 PARAM(I,1)

PARAM(I,2)

PARAM(I,3)

PARAM(T,4)

Alphanumeric designation for
land use of lateral inflow
segments. Leave blank, if
ITYPE(I) is not equal to L.
A land-use type should be
designated for all type !
(channel) segments, even

{f there are no adjacent
ateral inflow segments.

kinematic wave parameter (a)
kinematic wave parameter (m)
PFAC1 in equation 16
PFAC2 in equation 16

fraction of effective impervious area that
is swept by street sweepers (0.0 to 1.0).
Leave blank, if street sweeping is not
simulated.

effective imperviousness (0.0 to 1.0).
If an overland—-flow plane has been split
into a pervious and impervious segment,
then PARAM(I,2) should be the effective
imperviousness of the flow plane for the
impervious segment and PARAM(I,2) should
be 0.0 for the pervious segment.

leave blank
leave blank

concentration in
on card group 2
concentration in
on card group 2
concentration in
on card group 2
concentration in
on card group 2
64-72

IP1 A9
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Program Card
Input item variable Format columns

Card Group 26

Sediment and water characteristics (1 card)

(If no reservoir segments are simulated, skip to card group 33.)

Number of sizes in particle- NS 15 1-5
size distribution (a maximum
of 10.)

Specific gravity of sediment. SG F5.0 6-10

If no value is entered, a
default value of 2.65 is
assigned.

Viscgosity of the flow in VISC@S F5.0 11-15

cem?/s. (Default
= 0.0114 cm2/s).

Card Group 27

Particle sizes (1 card)

Particle sizes, in SIZE(1), 10r8.0 1-8
microns, corres-— I=1,NS 9-16
ponding to wvalues etc.

of PERCNT on card
group 29. Note that
the same particle
sizes are used for

all reservoir segments
and all constituents.
Particle sizes should
be listed in ascending
order of magnitude.
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Program

Input item variable Format

Card

columns

Card Group 28

Reservoir data (1 card)

Card groups 28 to 32 are input to the model for the first reservoir
segment read-in using card group 26. A second set of these card groups is
then input for the second reservoir (if applicable) read-in card group 26.

This process is repeated for all reservoir segments.

Number of plug layers. Always NLAY I5
set NLAY equal to 1.

Set of JFL@W = 1. JFLHW 15

Number of coordinates on stage- N 15

area and stage—discharge curve.
(A maximum of 10.)

Dead storage, in acre-ft. Dead DEAD F5.0

storage should not exceed
permanent pool capacity.

Card Group 29

Cumulative frequency curve

(1 card for each water—quality constituent)

Percent finer values on PERCNT(I), 10F8,0

cumulative frequency I=1,NS
curve corresponding to

values of SIZE on card

group 27, Percent values

should be listed in

ascending order of mag-

nitude. The first value

should be 0.0 and the

last value 100.
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Program Card
Input item variable Format columns

Card Group 30

Stage data (1 card)

Stage values, in ft, at STAGE(1), 10F8.0 1-8
the basin outlet used to I=1,N 9-16
determine the stage—area etc.

and stage-discharge curves.
Values of STAGE should be
listed in ascending order
of magnitude. The first
value should be 0.0.

Card Group 31

Surface-area data (1 card)

Surface areas, in acres, AREA(I), 1-8
corresponding to stage I=1,N 9-16
values on card group 30. etc.

Card Group 32

Discharge data (1 card)

Discharges, in ft3/s, DISCH(I), 10F8.0 1-8
corresponding to stage I=]1,N 9-16
values on card group 30. etc,

The first value for
DISCH should be 0.0.
Values of DISCH should
be input in increasing
order. No two values
should be the same. If
the reservoir has a per-
manent pool, then the
second STAGE value
should be the stage of
the permanent pool and
the second DISCH value
should be a number
greater than 0.0 but
less than 0.005 ft3/s.
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Program Card
Input item variable Format columns

Card Group 33

Impervious area accumulation/washoff parameters

One card is required for each combination of land use and water-quality
parameter (i.e., NWQ x NLU cards are required).

Alphanumeric designation IP1 A9 1-9
for land use

Alphanumeric designation for IPA(J) A6 10-15
water—-quality parameter

Impervious area accumula-
tion/washoff parameters:

K;, in pounds per acre BK(1,J,I) F8.3 16-23
of effective imper-
vious area

K,, in days~! BK(2,J,I) F8.3 24-31

Ky, in inches™' if equa- BK(3,J,1) F8.3 32-39
tion 5 is used for wash-
off or K3x, in hr/inch2
if equation 9 is used. If
Kqx 1s input, then it should
be a negative number.

K4, in hour per inch. If the BK(4,J,I) F8.3 40-47
availability factor (equa-
tion 8) is not used, then
leave K4 blank.

K3 for daily accounting BK(5,J,I) F8.3 48-55
in inches~l

If a value of K, is input to the model or equation 9 is used for washoff,
then a value of K3 for daily accounting should be input. This value of K3 may
differ from that used during unit days, since only equation 5 without the avail-
ability factor is used for daily accounting. If the value of K3 is to be the
same for both unit and daily days, then card columns 48-55 can be left blank.
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ATTACHMENT B
PROGRAM DEBUGGING AND INTERPRETATION

Experience with the program has indicated that great care must be
exercised in preparing the input card deck. The time and effort used to
carefully prepare and check an input data deck may save considerable
frustration later when using the model.

Even with painstaking effort, some errors may occur. Many diagnostic
messages are contained within the program in the event of errors. Most of
the input data are output by the program soon after being read. Hence, if
a failure occurs, where the program is located in outputting data will often
give a clue as to the location of the error in the input data. This is
particularly true of the unit discharge data. For this reason, it is highly
recommended that @PTIPN = LIST on card group 1 during program debugging.
1f measured concentrations are input to the program, then N@PT on card
group 1 should be set equal to 1 during program debugging. This will result
in a list of the data used in computing measured storm~runoff loads and will
serve as a check on the data input on card groups 16 and 17.

If erroneous data are input to the program, errors may occur in the
program output even though the program appeared to run correctly. For
example, the impervious retention might be mistakenly read into the program
as 0.5 rather than the intended value of 0.05. These types of errors can be
identified by carefully checking much of the output against the data that
are assumed to be input to the program. Particularly important items to
check include the "Header Records from the Runoff File," the segment
characteristics, and the "Summary of Measured Data." .

Data entitled "Header Records from the Runoff File" is output by DR3M-
QUAL if a link is made with DRgM. This information contains a number of
descriptors of the DR3M run including the segments used in DRgM (listed in
computational order). Also included on the second page of this output is
a listing of the storms for which the segment flow data are available.
These storms should correspond to those simulated by the DR3M-QUAL run.

For distributed DR3M-QUAL runs the segment data (card group 26) are
included in the model output. The order of listing of these segments should
be compared to the segment order listed under "Header Records from the Runoff
File" to assure that the segments are ordered the same on both lists.

If measured unit discharge data are input to the model (card group 1l1),
then the measured runoff volume and peak discharge are output for each storm.
If measured concentration data are also input to the program, then measured
loads are also output. Characteristics describing the extent of sampling of
each storm-runoff period are also output, as described below.

Field or automatic sampling logistics result in the first sample of
storm runoff being collected sometime after the start of the runoff and the
last sample collected before the end of the runoff period. Often a con-
siderable portion of the total storm runoff may not be included in runoff
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occurring between the first and last sample. Therefore, if measured con-
centrations are input to DR4M-QUAL, storm-runoff loads are based on the
runoff occurring between the first and last samples collected for the runoff
period.

The method of computation of measured storm-runoff loads is to estimate
a constituent concentration corresponding to each discharge measurement.
This is done by linear interpolation between measured concentrations. Each
discharge measurement is then multiplied by its corresponding constituent
concentration and an appropriate conversion factor to compute instantaneous
loads. These are then integrated to determine storm-runoff loads. An
example of this method of computing loads is illustrated in figure 13. Note
that because the first sampling time in figure 13 did not have a measured dis-
charge value, the first discharge value prior to this time is included in the
load computation along with the assumption that the constituent was equal
to the first measured concentration. A similar approach is taken at the end
of the sampling period. The runoff volume used in load computations and
total storm-runoff volumes are reported in the program output.

If measured concentrations are input to DRgM-QUAL, then simulated loads
reported by the model are also based on the runoff occurring between the time
the first sample was collected and the time the last sample was collected.
This enables a valid comparison between simulated and measured loads.
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CONCENTRATION, IN MILLIGRAMS
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Figure 13.-~Computation of measured storm-runoff loads.
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ATTACHMENT C
COMPUTER REQUIREMENTS

The computer program was written in FPRTRAN IV programming language. The
program, as dimensioned, will handle 60 storms comprising at most 180 unit days
and 7,310 days (20 years) of record. As many as four water-quality constituents
can be run simultaneously by the model. Several of the program’s limits can be
changed easily by redimensioning the program. Three examples are presented below.

Period of record: The maximum period of record simulated by the program
can be changed by setting NDYS to the desired maximum period of record in days
(see line A 320 in Attachment F), and by changing the array size of DP to the
value of NDYS.

Number of unit time intervals: If PTIME on card group 9 is always 5 minutes
or greater, then the UD array can be reduced from 2881 to 1441 and IUD (see line
A 340 in Attachment F) should be set to 1441.

Number of water-quality constituents: Extending the program’s capability
to handle more than four constituents would require many changes to the source
code. However, if less than four constituents are to be run simultaneously
then the core storage requirements of the program can be reduced by changing
the QWUP(4,1442) and QWLAT (4,1442) arrays to QWUP(NWQ,1442) and QWLAT (NWQ,1442)
where NWQ is the number of water-quality constituents.

JCL Information for Geological Survey Computer

The load module for DR3M has been stored in the partitioned data set
AG4254J .URBAN.LMOD under member name Q347. It resides on WRD system disk
CCD810. To execute the program on the USGS Amdahlé/computer, use the JCL
cards shown as follows:

Job Card

// EXEC PGM=Q347,REGION=340K

//STEPLIB DD DSN=AG4254J.URBAN.LMOD,DISP=SHR

//FTO6F001l DD SYSOUT=A,DCB=(RECFM=FBA,LRECL=133,BLKSIZE=3458)
//FT25F00L DD DSN=Azzzzzz.aaaaaaaa,DISP=SHR

//FT26F001 DD UNIT=SYSDK,DISP=(,PASS),

// SPACE=(11520,(60,10),RLSE)

//FT27F001 DD UNIT=SYSDK,DISP=(,PASS),DCB=DSORG=DA,

// SPACE=(480,(?7???,10),RLSE)

//FTO5F00Ll DD *

Data Cards

/%
/1
$$$

3/

The use of brand names in this report is for identification purposes only
and does not imply endorsement by the U.S. Geological Survey.

62



where

FTO5F001 1is a card reader,

FTO06F001 is a printer,

FT25F001 1is a semipermanent work file where the segment discharge data
are located,

FT26F001 1is a temporary work file for unit discharge data, and

FT27F001 1is a temporary work file for the segment concentration data.

File 26 is a sequential file on magnetic disk and is used for temporary
storage during program execution. The space defined for this file is sufficient
to provide storage for any possible run, with the program’s present dimension.
Files 25 and 27 are direct-access files which require special attention when

setting up JCL for a DR3M rum.

The FT25 and FT27 cards are required for distributed runs of DR3M-QUAL
only. For lumped-parameter simulations they can be dropped from the JCL. For
distributed (no transport) runs, only the FT25 card is required in the JCL.

FT25 Card
The FT25 card is simply coded as
//FT25F001 DD DSN=Azzzzzz.aaaaaaaa,DISP=SHR
where

222227 are the six characters of the account name where the
segment flow files have been stored

aaaaaaaa 1s the 1 to 8 character name used to designate the name of
the data set during the DR3M run.

FT27 Card

During distributed transport runs, simulated concentrations from each
model segment and for each constituent must be temporarily stored. Storage
is by means of a direct access file. The direct access--rather than
sequential-~organization is necessary because file records are accessed in
a nonconsecutive sequence that is defined by the ordering and re-using of
segments.

The direct access data set is defined by a DEFINE FILE statement in the
program and by the FT27 card in the JCL string. The DEFINE FILE statement and
the FT27 card each indicate the amount of space that is required to store the
data set. The form of the DEFINE FILE statement is as follows:

where 7?7?7?7? is the number of records in the data set and 480 is the number of
bytes (characters) per record. Parameters L and IRECD are standard descriptors
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and do not vary. The 27 establishes the connection between the program and the
FT27 card in the JCL.

The program (subroutine FILE27) contains many DEFINE FILE statements of the
form given above with ????? defined between 50 and 5,000. This range of record
numbers is provided to accomodate users that might have very different storage
requirements. The model selects the appropriate DEFINE FILE statement for each
run. However, the user is responsible to specify the value of ?7??? on the
FT27 card in JCL. For a particular model run, ????? on the FT27 card, hereafter
referred to as JRECQW, defines the number of records available for storing
segment concentration data. In order that JRECQW be compatible with the DEFINE
FILE statements in subroutine FILE27, it should be greater than or equal to the
number of records specified in the DEFINE FILE statement.

JRECQW can be computed by first observing the DR3M run used to create the
segment flow files. Letting NRECDS be the maximum value (for the routed storms),
output by DR3M under the heading "Records required for routing," QRECDS is then
NWQ*NRECDS, where NWQ is the number of water-quality constituents that are
simulated. JRECQW is then simply determined by rounding up QRECDS to the
nearest 100 if less than 500 or to the nearest 500 if greater than 500.

JPUN on Card Group 9

JPUN on card group 9 should normally be left blank. However, it may be
desired to use the outlet hydrographs simulated by DR3M as the discharge data
for a lumped-parameter DR4M-QUAL run. This can be achieved by setting JPUN
to the file where the outlet hydrographs are stored and to include a card in
the JCL to define the sequential file where the values are stored. The unit
discharge data will then be read from this file.

Considerations for Other Computer Systems

With the exception of the plotting routine and the direct access files,
the program will run on most computers with sufficient core storage. The 3/
plotting routing included in the program listing (Attachment F) is IBM-System
dependent. This plotting routine can be eliminated by removing all lines
from subroutine PLT except AG 10, AG 70, AG 370 and AG 420 and removing sub-
routine PRPLOT (lines AH 10 through AH 2000).

Subroutines FILES and FILE27 contain DEFINE FILE statements for the direct
access files. Since the direct access file organization is always unique to a
particular computer system, subroutine FILES and FILE27 may require reprogramming
if the program is used at a computer system other than the USGS. On an IBM
system the program will only compile without revision using the FORTRAN G level
compiler because of the use of multiple DEFINE FILE statements. .

To the authors’ knowledge the only extensions beyond the ANSI standard, in
subroutines other than the three given, is the use of mixed-mode expressions
and the T format code.

3/
The use of brand names in this report is for identification purposes only
and does not imply endorsement by the U.S. Geological Survey.
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ATTACHMENT D
DETENTION STORAGE PROGRAM

Subroutine RESVR which simulates the effects of detention storage can
be removed from DR4M-QUAL and used separately in conjunction with a simple
main program consisting of the following 4 lines:

CALL RESVR(1,1)
CALL RESVR(3,1)
STOP
END

This may facilitate calibration of a detention reservoir segment, if measured
data are available on the quality and quantity of inflow and outflow from a
given reservoir.

When used separately the program is limited to 1 reservoir, 1 water-quality
constituent and 1 storm-runoff period for a given run. Influent discharges
and concentrations and effluent discharges are part of the input requirement
of the model. A program documented by Jennings (1977) can be used to determine
effluent discharges, if only influent discharges are available.

Input requirements for this program are as follows:

Program Card
Input item variable Format columns

Card Group 1

Time parameters (1l card)

Number of time ICT 15 1-5
intervals (maxi-
mum of 1442)

Time interval, DELTAT F5.0 6-10
in hours
Time interval for DELPLG F5.0 11-15

routing and out-
put of results,
in hours

DELPLG should be a multiple of DELTAT and ICT should be divisible by
the ratio DELPLG/DELTAT an integer number of times.
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Program Card
Input item variable Format columns

Card Group 2

Alphanumeric designations (1 card)

Alphanumeric label for ISEG A4 1-4
detention pond

Alphanumeric label IPA, 2A3 5-10
for water-quality IPB
constituent

Card Groups 3-9

Input specifications are the same as card groups 26 to 32 as described
in Attachment A.

Card Group 10

Cards for influent discharges

Inflow to reservoir FUP(IL), 10F8.0 1-8
in cubic feet per I=1,ICT 9-16
second . etce.

Card Group 11

Cards for effluent discharges

Outflow from reservoir FLW(IL), 10F8.0 1-8
in cubic feet per I=1,ICT 9-16
second etc.

Card Group 12

Cards for influent concentrations

Concentrations in QWUP (1), 10F8.0 1-8
inflow to reser- I=1,ICT 9-16
voir, in milli- etc.

grams per liter

When used as a separate program, the output includes an estimate of basin
trap efficiency. The user should note that this trap efficiency is based on
the simulated effluent load. Thus, the basin should be simulated over a suffi-
cient period of time for the majority of effluent to be discharged in order to

obtain a precise estimate of basin trap efficiency.
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ATTACHMENT E
DEFINITIONS OF SELECTED VARIABLES

(A) Alphanumeric, (I) Integer, (R) Real

AIMP - Impervious retention storage capacity. (R)

BK —— Array of impervious—area accumulation and washoff parameters. (R)
CN —— Card sequence number for various data types. (I)

co —- Array of measured concentrations. (R)

CADE -- Identifier of data type. (I)
CAN -- Array of constituent concentrations at downstream end of segment. (R)

DA —- Watershed drainage area, in square miles. (R)

DAE ~- Effective impervious area of watershed, in acres. (R)
DP ~— Array containing daily rainfall data. (R)

EDY -- Ending day of record. (I)

EM@ —-- Ending month of record. (I)

EYR -- Ending year of record (last two digits). (1)
FLGTH -- Array of segment flow lengths. (R)

FLW -- Array of flows at downstream end of segment. (R)

FUP -- Array of flows at upstream end of segment. (R)

IDY -~ Beginning day of record. (I)

ILAT -- Array of segments contributing lateral inflow to indexed

IMPDE —- Indicator of model spatial structure. (I)

IPA -— Label for water quality constituent. (A)

IPL —— Array of indicators of outflow hydrograph printing for
segments. (I)

ISEG -- Segment label. (A)

ISS -- Street sweeping option. (I)

ISSFRQ-- Street sweeping frequency, in days. (1)

ITYPE —- Array of segment types. (I) .

IUP -- Array of segments contributing upstream inflow to indexed segment. (A)

IYR -— Beginning year of record (last two digits). (I)

JPUN -—- File number where outflow hydrographs from DR3M are stored. (I)

KE —— Ending unit time interval for storm. (I)

KPUT —-- Array specifying storms for which simulated concentrations are
listed. (I)

KS —— Starting unit time interval for storm. (I)

LUSE -- Array of land-use types. (A)

N =~ (a) Number of coordinates on stage-area-discharge curve.
(b) Counter. (I)

NF — Number of storms in sequence of days containing a given storm. (1)

NLU —— Number of land-use types. (I)
N@AFE -- Number of runoff periods simulated. (I)

NQU —~ Concentration units for water-quality constituents. (I)

NS —— Number of sizes in particle-size distribution. (I)

NSEG =~~ Number of segments for distributed run. (I)

NSSDAY--~ Array of dates on which streets were swept. (I)

NWF —- Type of adjustment for precipitation quality. (I)

NWQ —= Number of water-quality constituents simulated. (I)

NWQM -- Number of water—quality measurements for a given storm and

constituent. (I)
NWQP -- Number of water-quality constituents for which measured concentrations
are input to program for a storm. (I)
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PTIME —-

QWLAT —-
QWUP -—-
SSAREA--
TIME --
uD _—
WFALL —-
YR -

Time interval of output, in minutes. (R)

Array of constituent concentrations in lateral inflow to a segment. (R)
Array of constituent concentrations at upstream end of segment.
Fraction of effective impervious area of watershed that is swept by
street sweepers. (R)

Array of times when water-quality samples were collected, in minutes
since start of storm. (R)

Array containing unit discharge data. (R)

Array of concentrations of constituents in precipitation. (R)

Year (last two digits). (I)
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ATTACHMENT F

PROGRAM LISTING
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(@)

(222 X2 22221222 X222 X2 22l Rl a2l i sy yy Y]

(22222222222 2L XA S22 222X 2R X222 22 2222 Y X YY)

* L J
] 2347=-=DISTRISUTED ROUTING RUNOFF QUALITY MODEL .
- . ’ *
QQQQ!.QQ...QQ‘&QQQ*Q“Q.&.Qll.id'!"’l’&ll'..i..llbl.b’!ll.
REAL ISEG

COMMON /C1/ NSEG+ISEG(99)sJU2 (994314 JLAT(9994) 4 ITYPE(99) EFF(51)

COMMON /C27 TPR(99) 4FLGTH(99) +sPAIAM(I944) s LAND(99) yNCATsNRES

COMMON /C37/ SSEFF(4)+sSSMIN(4) +SSAREA(S]1)sAKA(4) AKB(4)

COMMON /F1/ ICT+Q(14462)eR(1642)9IMX911+sDELTATSDELPLGJNRV(10)

COMMON /F2/ TYRsIMDI,IDYeNDYS»ICK(60)+JCONC,JLOAD,JRECOW .

COMMON /F3/ TFILESIFILEDSIFILEQs JRECDISHIRECD, IRECQsNSTRMS, IMODE

COMMON /F5/ ‘HEAD1+4€EAD2+HEAD3

COMMON /F&4/ FUP(1442)sFLAT(1642)+QWUD(4+51462) AWLAT(491442)FLW(14

142)

COMMON /117 NLUWLUSE(394) ¢BX(Se4+4) s ISSFRQ,NPASE

.COMMON /QwD/ CO(60+4+26) sTIMZ(6094¢26) s NWQAY(60+4)9yRVLC(60+6)

COMMON /STl/ FPK(H0)sFVOL(60) +FLD(60+4) sCMX(60+4) sWFALL(4+60) o NWF

COMMON /ST2/ NOFENF (60) ¢+ NQU (&) ¢+ TESTNOsKNNsCF1(4) 9 IND(S)

COMMON /ST3/ IPL(180)+K1(60)+K2(60)+s<0UT(180)sIPA(4),1IPB(&)4NOPT

COMMON /TIME/ NDELSNOUD(180)+INDP(20) sNDATE(60+3)

COMMON /UNIT/ NUDDNWQIUN(2881)+DP(7310) «RIDYSeDASISSIPTIME, JPR

COMMON /WQ1l/ AT9ATI(4951)9X0(445]1)9CIN(441642) 4NSSDAY(3+40),ISWEEP

COMMON /WQR2/ EAT(6044) 9 XOS(6094) +SFLD(60+4) 9yBFL(60)+VB(60+4)

COMMON /Z1/ TUDsILIDADsI2CFSPQWINTAIMP,DAE,DT+DTSeNDTS

INTEGER RODYSSTESTNO(1B0)+HEAD](120) +HEAD2(609+2) +HEAD3(60)

WRITE (6+14) ,

NSEG=0 .
SET SEQUENTIAL FILE NUMBER

IFILED=26 -
SET ARRAY LIMITS

NDYS=7310

NDTS=1442

1UD=288]
CALL PROGRAM SUBRNOUTINES

CALL INPUTI]

IF (IFILED.GT.0) REWIND IFILED

IF (URECDS.GT.0) CALL FILES

IF (JRECDS.GT.0) CALL HEADR

CALL INPUTZ

IF (JRECIW.GT.0) CALL FILER27

CALL CTCHM4TY

DELPLG=PTIVE/60.

DELTAT=DT/60.

IF (NRES,5T.0) CAL. RESVR(2+s1)

CALL INPUT3

CALL SIMOQ
PLOY MEAS. AND ST4, L0ADS

DO 12 J=lsNWQR

YMAX=0.0
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11

12

13 FORMAT (16X+11HMEAS,
14 FORMAT (1r1e37Xs51(1H#*)/38Xs1H®914Xs22HU.S,

0.libli.?.QQDQ.#DQQQQD#9QQD’QDQQGQ.*.Q&“““0&.”’&#”.6&".

N=0 .
DO 11 I=1.NOFE

IF (SFLD(I+J)eLEs0,0.0R.FLD(IsJ)LE.0.0) GD TO 11

N=N+1
QIN)=FLD(I+J)
R(N)=SFLD(I,0)

IF (Q(N).GT,.YMAX)
IF (R(N) «GT,YMAX)
CONTINUE

IF (NJEQ.0) GO TD 12

CALL PLT(QsReNolosYHAX9I1ls.ls4&)
CALL PLT(UeRyNs3eYVAXN9IlsJs &)
WRITE (6+13)

CONTINUE

STOP

YMAX=Q (N)
YMAX=R (N)

LOADS)

.

GEOLOGICAL SURVEYs13Xs

11H#/38X¢51A#DISTRISUTED ROUTING RAINFALL=-RUNOFF-QUALITY MODEL#*s/,3
28Xy 1H®s 16HVFRSION B8/11/82+1T7TXe1H%*5/+438X+51 (1H#))

END
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SUIROUTINE SIMQ

SURROUTINE SIMQ
REAL ISFG
INTEGER RODYS,TESTNO(180) o WeFLAG

COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
142)
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON

/C1/ NSEG9ISEG(99) ¢ JUP(9943)9JLAT(9994) s ITYPE(99)+EFF(51)
/C2/ IPR(99) 4FLGTH(99)sPARAM(3944) s LAND(99) sNCAT+NRES

/F1/7 ICTeQ(1662)4R(1662)sQMXeT14DELTATSDELPLGINRV(10)

/F2/7 TIYReIMO,TOYsNDYSeICK(60)3JCONCsJLOADsJRECQW

/F3/ IFILE+IFILEDsIFILEQeJRECDSsIRECDs IRECQ4NSTRMSs IMODE
JF&/ FUP(1462)+FLAT(1642)QWUD(6+1442)+QWLAT(451462)FLW(14

7117 NLUWLUSE(344) 93K (Sebe4) ¢ ISSFRQ4NPAGE

Z7AWD/ CO(60+4426) ¢ TIMZ (6004926) ¢ NWQU(604+6) ¢+RVLC(6094)

/ST1/ FPK(60)sFVOL(60)+sFLD(60+4)+CMX(604+4) s WFALL (4+60) ¢« NWF
/ST2/ NOFE«NF (60) sNQU(6) s TESTNOsKNNL,CF1 (4) 9+ IND(S)

/ST3/7 IPL(180)sX1(60)¢K2(50)¢<0UT(180)+IPA(G)+IPB(4),NOPT
/TIME/ NDELS«NOUD(180) ¢ INDP(20)sNDATE(60+3)

ZUNITZ NUDODsNWQeUD(2881)¢DP(7310) ¢sRODYSsDAsISSsPTIME ¢ JPR
/WQR1/ AT ¢ATD(4451)9X0(4¢51)sCON(491662) ¢NSSDAY(3940) ¢ ISWEEP
/WQ2/ EAT(6044) XIS (50e4) ¢SFLD(60+4)+BFL(60)9VB(6044)

/7217 IUDILOADI2CFSPyAWINTIAIMP,DAEIDTDTSINDTS

DATA FLAG/1l/

NSTRMS=
ISWEEP=

NPAGE=]
NSS=1

INITIALIZE VARIASLES
0
0

IF (JRECDS«GT.0) IJDEL=(PTIME+(0.001)/0T
IF (IMODE.EQ,1) IDEL=1

N1=1
N2=NWQ

00 1 J=

1sNWQ

DO 1 NC=19NCAT
ATO(JsNC)=0,0
XO(JsNC)=0.0
CONTINUE

00 2 I=
DO 2 u=

1«NOFE
19NdQ

SFLO(I+J)=0,0
CONTINUE

AT=0,.5
Ii=1
KP=1'
NSD=0
NFD=0
NFD1=0
w=0

BESIN SIMU_ATION

DO 21 Iw=]lsRNDYS

W=w+l

IF (We5TekODYS) GO TO 21
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SURROUTINE SIMQ

FOR GAP IN RECORDs INITIALIZZ ACCUMULATION TO ZERO B 510

IF (WeNESINDP(KP)) GO TO S 8 520
JW=w 8 530
LJU=K9+] 8 540
wW=INDP(LJ) +] 8 550
LV=w=INNDP (<P) B 560
KP=KP+?2 8 S70
DO 3 I=1enWQ 8 580
DO 3 NC=14NCAT 8 590
XO(IeNCT)=040 8 600
ATO(IsNC)=0.0 B8 610
CONTINUE 3 620
DO 4 I=1l.LV B 630
CALL DATE 8 640
IF (ISS.LT.2) GO T2 ¢ B 650
IF (NSS.GT.ISS) GO 7O 4 3 660
IF (UWSEQeNSSDAY (1eNSS)) NSS=nNSSe+] 8 670
Jw=Uwel B 680
CONTINUE B 690
IF (WeGTe.l) CALL DATE 9 700
IF (DP(w).LT.0.0) 39 7O 17 B 710
IF FLAG=0es DO STIRM COMPUTATIONS B 720

IF FLAG=1s DO DAILY ACCOUNTING 8 730

IF (FLAG.NE.,0) GO TO 16 B 740
NFD1=0 B 750
NFD=NFDe+] 8 760
AIK=K1(11) , 3 770
AT=AT-0.5+ATK/NDELS 8 780
START OF STORM LOOP FOR SEQUENCE OF DAYS 8 790

IF (I]1.GT.NOFE) GO TO 14 8 800
DETERMINE JUTPUT ™40D% 3 810
JOUTPT=?2 B 820
IF (KOUT(I1).EN.0) JOUTPT=] 8 830
IF (JOUTPTLEN1AND,IPL(I1).EQ.0) JOJTOT=0 B B840
Ly=K1(I1) B 8hAO
LK=K2(I1) 8 870
IF (UOUTPT.ER.2) WRITE (%.22) 8 880
COMPUTE LAND-SURFACE LOADS AT START OF STORM B 890

DO 7 J=N14N2 8 900
DO 7 NC=1.NCAT B8 910
LU=LAND (NC) ' 3 920
CAT=AT+ATO(J«NC) B 930
XO(JeNC)=BK(1eJeLUIB (1, 0=-EXP (~BK(2eJ,LJ)#CAT)) B8 940
EAT(I1sJ)=CAT 3 950
XO0S(I1leJ)=X0(Jel) 3 960
CONTINUE 8 970
NWET=NDATE(Il.1) 8 940
IF (NWF.,EQe2) NWET=T] B 990
#8 COMPUTE CONCENTRATIONS FOR STORM 1] &+ 81000
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11

12

13

14

SU3ROUTINE SIMQ

IF tJRECDS.GT.0) GI TO 9
*# WASHNFF BASED ON 1JD*S
Lv=LKeiJ+l]
JJJd=0
DO 8 I=LJelK
Jud=dudel ,
FLW(JUJ)=UuD(]) “
CALL WASH(LVeN1eN29191eQWINTeDAEQ)
CALL CONC(LVeN1sN2oNWET)
50 70 11
#% JASHNFF BASED ON DISCHARGE FR0v
DISTRIBUTED RIOUTING RAINFALL-RUNOFF MIDEL
CALL TRNSPT(N19N2sNWET)
OUTPUT HYDROGRAPH FRIM RAINFALL~-RUNOFF MODEL
IS TO BE USED IN LOAD COMPUTATIONS
IF (IDEL.EQ.1) GO TO 11
JJ=0
JJJd=0
DO 10 I=LusLX
JJII=JJJ+1
JJ=JJ+ IDEL
FLYW (JJJ)SFLW (JJ)
CONTINUE
AT=0.0
DO 13 JU=N1sN2
DO 12 NC=1eNCAT
LU=LAND (NC)
ATO(JeNC)=(=1,0/RK(29JelLU))I#ALOG(]140~-XO(JeNC)/BK(1lsJelLU))
CONTINUE
QUTPYT DETAILED SIMULATED DATA
CALL OUTPT(ICNT.IDEL+JsJOUTPT)
COMPUTE LOADS AND PERFORM DESIRED PLOTTING
CALL QwLOAD(J)
CONTINUE
I11=11+1
NFD1=NFD1+1
IF HAVE ANALYZED ALL EVENTS OF SET OF EVENTSs GO TO 1680
IF (NF (NFD) .EQeNFD]1) GO TO 14
AIK=K+]
BIK=K1(I1)
IF (AIK.EQ.BIK) KINIT=]
AT=AT+ (BIK~AIK)/NDZLS
50 T0 6
NFO=NFDeNFJ1-1]
IF (MOD(LKoNDELS)«EQ.0) 30 TI 15
ALK=LK
LKT=LK/NDELS
AKT=(L<XT+1.0)*NDELS
AT=AT+0.5+ (AKT~-ALK) /NDELS
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SUIROUTINE SIMAQ

“©)

22

IF (WeGT.RODYS) GO TO 21 . 81510
FLAG=1 i X 81520
NFD1=0 , : 81530
#e DAILY ACCOUNTING ## 81540
CONTINUE . 81550
DPP=DP (W) 81560
CALL DACC(DPO4N1+N2,WsNSS) 81570
FINIGHED WITH DAY 31580
50 TO 21 81590
3EGIN UNIT-TIME SIMULATION B1600
FLAG=0 : 81610
CHECX FOR STREET SWEEPING 81620
NPAGE=1 81630
IF (ISS.NE.1) GO TD 18 B1640
NSS=NSS+1 31650
IF (NSS.GE.ISSFRA) NSS=0 31660
GO TO 19 81670
IF (ISS.LT.2) 60 T) 19 81680
IF (NSS.6T.ISS) GO TO 19 81690
IF (W.NE.NSSDAY(14NSS)) 30 TI 19 31700
NSS=NSS+1 81710
CONT INUE B1720
NFD1=NFD1+1 81730
IF (IFILED.EQ.0) G) TO 21 B1740
IF 1ST DAY OF SEQUENCE OF STORM DAYS THEN, READ DJSCHARGE 81750
DATA FROM IFI_ED 81760
IF (NFD1.6T.1) GO TO 21 81770
NSD=NSD+1 81780
READ (IFILED) K&Ds (UD(T) 1=14K4D) 31790
K4OP=K4D+1 81800
DO 20 I=K4DP,IUD 81810
UD(1)=0.0 81820
CALL STORM(I1) 81830
CONTINUE 81840
END OF SIMULATION PERIOD 81850
IF (IFILED.GT.0) REWIND IFILED 81860
SUMMARIZE ALL STOIM DATA 81870
IF (IFILED.GT.0) CALL RITEl 31880
CALL RITE2(N1+N2) 81890
RETURN 81900
81910
FORMAT (1H1) 31920
END B1930~
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SUBROUTINE DACC(DP2,
THIS SUBROJT
DIMENSION DLYWSH(4)
INTEGER RODYSew
REAL IR2CFSP.TSEG
COMMON /Cl1/ NSEG,ISE
COMMON /C2/ IPR(99),
COMMON /C3/ SSEFF (%)
COMMON /F2/ 1YR,IM),
COMMON /I1/ NLUJLUSE

COMMON /ST3/ IPL(180)+X1(60)+X2(50)+<DUT(1B0)+TPA(4)IPB(4)NOPT

COMMON /UNTIT/ NUDD.N

COMMON /WQ@1/ AT4ATD(4451)9X0(4451)eCIN(401642) ¢NSSDAY (3+40), ISWEEP

COMMON /Z1/ TUD.ILDA
DPP=0PP~AIMP

CHECK FOR STR
IF (ISS.LT.1) GO 71D
IF (ISS.NE.1) GO TD
NSS=NSS+1
IF (NSS.LT<ISSFRQ) 6
ISWEEP=1
NSS=0
60 TD 2
IF (NSS.GT.ISS) GO T
IF (W.NE.NSSDAY(1eNS
NSS=NS§S+1
ISWEEP=]
CONTINUE
IF (DPP,LE.0.0) GO T

ADJ. LOADS F

ISWEEP=0
DO 3 J=NleN2
DLYWSH(J)=0,0
DO 3 NC=1eNCAT
LU=LAND (NC)
AKD=8K (S5eJsL L)
CAT=AT+ATO(JJNC)
XOTMP=BK(leJsLU)*(],
DELTAP=XOTMP®(1.0-5X
X0 (JoNC)=X0TUP=-DELTA
DLYWSH(J)=DLYWSH(J) +
CONTINUE

ROUTINE JACC(DPPeN1sN2sWeNSS)

N1eN?29WoNSS)
INE IS FOR DAILY ACCOUNTING

G(99)eJUP(9993) e JLAT(9944) ¢ITYPE(99),EFF{51)
FLGTH(99) ¢+ PARAM(3944) s LAND(99) ¢ NCAT4NRES
+SSMIN(6) ¢+ SSAREA(5]1) 9sAXKA (&) sAKB (4)
IDYoNDYS2ICK(A0) 3 JCONCoJLOADSJRECQW
(3+4)9BK(5¢494) ¢ ISSFRQINPASE

WQ.UD(2881)+IP(7310) ¢+RODYSeDA9ISSePTIME,s PR
Do I2CFSP+QWINT,AIMPyDAEIDTsDTSeNDTS

EET SWEEXING

2

1

0 70 2

02
S)) 60 T3 2

06
OR DAILY PPT.

0-EXP (=B (25 JsL1)) #CAT) )
P(~AKD®DOP) )

P

DELTAP#EFF (NC)

IF (ILDOAD.NE.1) GO TO 8

JUTPUT DAI.Y
IF (NPAGE.EQ.0) GO T
WRITE (6+12)
NPAGE=0
CONTINJE
DO 5 NW=N]1,N?
IF (NW.EQ.N1) WRITZ

LOADSs IF DESIRZD
0 4

{6911) IMOWIDYoIYRsIPA(NW) ¢ IPBINW) +DLYWSH(NW)
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SJBROUTINE JACC(DPPsN1sN2eWeNSS)

IF (NWeGTeN1) WRITE (6413) IPA(NW) ¢ I>B(NW)sDLYWSH(NW) C 510

S CONTINUE C 520

GO T2 8 C 530

6 AT=AT+1.0 , C 540

IF (ISWEEP.EN.0) RETURN C 550

. ADJUST LAND-SURFACE L0OADS FOR STREET SWEEPING C 560

AT=AT-1.0 C 570

ISWEEP=0 C 580

IF (ILOAD.EQ.1) WRITE (6+410) IMO,IODY,IYR C 590

DO 7 J=N1eN2 C 500

DO 7 NC=1l.NCAT C 510

LU=LAND (NC) C 520

CAT=AT+ATO(J.NC) C 630

XO(JeNC)=B8K(19JsLU)#(1.0-EXP(-BXK(29JeLU)*#CAT)) C 640

IF (XO(JsNC) LE.SSHIN(J)) GO TO 7 C 650

XO0TMP=X0(JeNC) C 660

XOTMP=X0TMP = (XOTMP=SSMIN(J) ) #SSEFF () C 670

XO(JoNC)=(1,~-SSAREA (NC))#XO(JyNC) +XOTUP#SSAREA (NC) C 680

7 CONTINUE C 690

8 DO 9 JU=N1l.N2 , C 700

DO 9 NC=1eNCAT c 7110

LU=LAND (NC) C 720

ATO(JINC)I=(=1,0/BK(29JsLU))I*ALOG(1.0=-X0(JsNC)/BK(1sJsLU)) C 730

9 CONTINUE C 740

AT=1.0 C 750

RETURN C 760

c 770

10 FORMAT (1HO,2HONeI3,1H/9I2e14/+12+9194 STREETS WERE SWEPT) C 780

11 FORMAT (1HO2HONeI391H/e12e14/9129414 SIMULATED IMPERVIOUS AREA wA C 790

1SHOFF OF ¢ «2A3+44 WASsFB.2,TH P0UNDS) C 800

12 FORMAT (1HI) C 810

13 FORMAT (IH +52X928344H WASF3.2+7H PIUNDS) C 820
END C 830-
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SUSROUTINE DATE

.SUBROUTINE DATE
DIMENSION IDAYS(12)

COMMON /F2/ TYReIMDIoIDYsNDYS,ICK(60)+JCONCsJLOADsJRECQW

DATA IDAYS/3192B8+¢31930+31+430931931+30431430+31/
IDY=IDY+]

IF (IDAYS(IMO)«GE.IDY) RETURN
IF (IMO.NE.2) GO TD 1

IF (MOD(IYRe4).NE.O) GO TO 1
IF (IDY.LE«29) RETJRN
IMO=IMO+1

1DY=1

IF (IMO0.LE.12) RETJRN

IM0=1

IYR=1IYR+]

RETURN

END
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SUBROUTINF WASH(LVeNI9aN2sNCsLUDTIME«DAET+LBS)

SUBRIOUTINE WASH(LVeN1oN2sNCoLUsDTIMESDAETHLBS)
IMPERVIO!S AREA WASHIFF ROUTINE
INTEGER TESTNO(1IRO0)
COMMON /F4/ FUP(1442)sFLAT(1442) sQWUI(4491442) +IWLAT(441442) FLW(]164
142)

COMMON /117 NLUSLUSE(394) ¢BX(59444) ¢« ISSFRQ«NPASE

COMMON /ST1/ FPK (60)sFVOL(60)sFLD(60+6)4CMX(60+4) s WFALL(4960) s NWF

COMMON /ST2/ NOFEWNF(60) «NQU(4) s TESTNOsKNNSCF1(4)9sIND(&)

COMMON /WQR1/ AT+ATD(4951)9X0(4951)eCIN(4416442) yNSSDAY(3940) 4 ISWEEP
CONVF CONVEIRTS CURBIC FT TO INCHES JOVER CONTRIB. AREA
12#640/5280882=2,754821E~-4

CONVF=2,754R21E=6/)AET

CONVF2=3600,/DTIME

DO 4 JJ=leLV

IF (JJ.EQe]1) UDI=F_Lw(1)}

IF (JJeGTel) UDI=F_Ww(JJ-1)

RVCF=0.5%(FLW(JJ)+JDI)SDTIME

RVIN=RVCF#CONVF

RRATE=RVIN#CONVF?

DO 3 J=N1lsN2

IF (RVCF.GT.0,00001y GO TO 1

CON(JeJJ)=0,0

GO 170 3

CONTINUE -

IF (BK(39JoLU)eGTo0,0) WSHOFF=XO(JINC)®(1a0-EXP(=BK(39JeLU)#*#RVIN))

IF (8K(3sJslLU)elLTH0,0) NSH0F==X0(J9NC)*(loO-EXD(QK(19J0LU)“RVIN’RR

1ATE))

IF (B8K(4sJelL!)).LE.D,001) GO TO 2

AVAIL=8K(4eJol1}) *RIATE

IF (AVAIL«LT.,1.0) ASHOFF=WSHOFF#AVATI:L

XO(JeNC)=XO(JeNC)~=WSHOFF

CON(JosJJ)=WNSHOFF#DAET

IF (LBS.GT.0) GO T2 3
LBS/CUBIC FT # 16018.9 = MG/L

CON(JsJJ)=CON(JeJJ) /RVCF#16018.9

IF (CFl(J) el Tele0E~6) CON(JUeJJ)=CON(JsJJ)*1000.

CONTINJE

CONTINUE

RETURN

END
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SUBROUTINE CONC(LVeN1sN2oNWET)

SUBROUTINE CNONC(LVeN1oN2sNWET)
THIS SURROJTINE CONVEIRTS AVERAGE CONCS.,
OVER TIME INTERVALS TO PJINT CONCS.

COMMON /F4/ FUP(1462) +FLAT(1442) eQWU(6491442) +IWLAT(641442)FLW(14
142)

COMMON /ST1/ FPK(60)eFVOL(60)9sFLD(R0+4) ¢CMX(6094) s WFALL(4960) 9 NWF
COMMON /wWQ1/ ATsATI(4451)9X0(4951)9CIN(4+1462) +NSSDAY (34940) 4 ISWEEP
D0 3 J=N1l.N?

WET=WFALL (JoNWET)

DO 2 JJ=1sLV

IF (JJ.EQ.LVY GO TI 2

IF (FLW(JJ)GTa0.0) 50 TO 1

CON(JyJJ)=0.0

GO 7O 2

CONCEN=05% (CON(JeJJ)+CON(JeJJ+]))

ADD WETFALL CONTRIBUTION

CON(JeJJ)=CONCEN+WET

CONTINUE

CON(JsLV)=0.0

IF (FLW(LV).LE.0.,0) GO TO 3

SET LAST POINT CONC. = LAST INTERVAL CONC. + WETFALL

CON(JsLV)I=CON(JsLV) +WET .

CONTINUE

RETURN

END
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SUHRIUTINE PERV(IsLKsN1sN2+OTIME ¢ NWET)

SUBROUTINE PERVI(Ie_KeN1eN2eDTIMEINWET)

PERVIOUS AIEA WASHOFFE ROUTINE

INTEGER TESTNO(1R0)

COMMON
COMMON
COMMON
COMMON
142)
COMMON
COMMON
COMMON

/C27 IPR(99) ¢FLGTH(99) ¢PARAM(I944) ¢ LAND(99) ¢NCATINRES

/C3/ SSEFF (4)sSSMIN(4) +SSAREA(S5]) +AKA(4) sAKB(6)

/F1/7 ICTeR(1462)9eR(14462) 9 IMXsI1+DELTATIDELPLGINRV(10)

/FG/ TUP(1462) sFLAT(1442)+QWUD(441442) +sQWLAT(441442)4FLW(14

/ST1/ FPK(60)+FVOL(60) ¢FLD(H6044) s CMX(6004) sWFALL(4960) o NWF
/ST2/ NOFESNF(60)9NQU(4) s TESTNDsXNN+CF1(4) o IND(4)
/WQ1/ ATsATD(4951)eX0(4951) ¢ CON(4e1442) +NSSDAY(3940) 4 ISWEEP

CONV=DTIME/43560472.0
Q(l)=FL_W(]1)*#CONV

SUMVOL =
TOTVOL=

Q(l)en(l)
()

APK=FLwW (1)

DO 1 Iv=2.LK
QCIVI=(FLW(IV)+FLW(IV=1))#CONV
IF (Q(IV).LE,0.0) 50 TO 1

SUMVOL =
TOTVOL=

SUMVOL +Q(IV)#Q(IV)
TOTVOL+Q(TV)

IF (FLW(IV).GT.QPK) QPK=FLW(IV)

CONTINJE
TMASS=PARAM(T«3)#(TOTVOL®APK) ##PARAM (1 ,4)
TERM=TMASS®#735,48/5UMV0L

D0 3 Iv=l.LK

SED=Q(IV)#TERM

DO 3 JJJ=N1.N?

IF (SEJ.GT.0,0) GO TO 2

CON(JUJJeIV)I=0,0

GO 70 3

CONC=AKA(JJJ) +AKB (JJJ) #SED

IF (CF1(JJJ).LTels0E=6) CONC=CONCH#1000,
CON(JJJeIV)=CONC+WEALL (JUJoNWET)
CONTINUE

RETURN
END
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SUBROJTINT TRNSPT (N1 9NZ2oNWET)

SUSROUTINE TRNSPT(N1eN2yNWET)

SET

UP FLOW AND CONCe ARRAYS FOR CONSTITUENT ROUTING

INTEGER RODYS4HEAD] (120) yHEAD2(60+2) yHEAD3(60)
REAL ISEGsI2CFSP '

COMMON
COMMON
COMMON
COMMON
COMMON
142)
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON

/Cl/
/C2/
/Fl/
/F3/
/F&4y/

/FS/

NSEG+ISEG(99) e JUA(9993) 9 JLAT(99+4)+ITYPE(99) 4EFF (51)
IPR(99) FL5TH(99) yPARAM(I9,4) s LAND(99) yNCAT,NRES
TCT90(1662)9R(1642) 9AMXsT1,DELTATHDELPLGINRV(10)
IFILESIFILEDyIFILEQeJRECIS,IRECDIRECQeNSTRMS,y IMODE
FUP(1462) 9FLAT (1442) QWU (4,1442) yOWLAT(4+1642),FLW(]14

HEAD1+4EAD2y4EAD3

/ST3/7 TPL(130)sK1(60)K2(60)¢XOUT(180)+IPA(4)IPHB(4&)NOPT
/TIME/ NDELSWNOUU(180)+INDP(20) +NDATE(6043)

ZUNIT/ NUDDJNWQsUD(2381) 9P (7310) +yRIDYSsDAYISSsPTIME,JUPR
/WQR1/7 AT 9ATI(4951) 9X0(4951)9CIN(491442) ¢NSSDAY(3960) 4 ISWEEP

/21/

JUDWILJDADyIZ2CFSPeQAWINTAIMPYyDAEIDToDTSeNDTS

INTVAL=(PTIME+0.001) /DT

Lu=1

LV=(X2(I1)=K1(Il)+])

LK=LV®*INTVAL

ICT=LK

NSTRMSZNSTRMS+ ]

IF (LKoNEJHEAD2 (NSTRAMS+2)) GI TO 34
NSTRCD=HEAD2 (NSTRMS,1)
NRPSEG=LK/120+1=(1-MINO(1+M0I(LKs»120)))

NC=0
IRS=0

DO 33 I=1.NSEG
IF (ITYPE(I).EQ.?) 50 TO 33
INITIALIZE ARRAYS TO ZERO

JPERY=0
DO 3 L=

1sL <

FLAT(L)=0.0

FLW(L)=

0.0

IF (NCeGTe0,AND.IMIDE.EQ.2) 350 TI 1

FUP(L) =
D0 2 J=Nl,N2

0.0

QWLAT (JsL)=0,0

CON(JeL)=0,.0

IF (NCeGTo0,ANDIMINDELEQ.2) 30 TO 2
QWUR (JelL)=0,0

CONTINUE
CONT INUE
IF (ITYPE(I).GT.2) GO TO 15

NC=NC+]

LU=LAND (NC)

DAET=EFF (NC)

COMPUTE IMPERVIOUS AREA LATERAL INFLOW

DO 6 J=

lea

IF (JLAT(1eJ)) 696946
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SUHROJTINT TRNSPT (N1 «NZ2.NWET)

JUzJLAT(I.))
IF (PARAM(JJe2) oLELN4001) JPSRV=]
IF (PARAM(JJs2) 4LELN.001) GO TO 6
IRECD=NSTRCD+NRPSES# (JJ=-1) .
READ {(IFILE*IRECND) (Q(IV)eIV=1slLK)
CONVERT CFS/FT TO CFS
DO 5 Iv=1l.LK ‘
FLWIV)ZFLA(TV)+D(IV)#FLGTH(T)
CONTINUE
IF (DAETW.LE.0.0) G2 7O 7
COMPUTE AVERPAGE INTERVAL CONCS. OF CONSTITUENTS
IN IMPERVIOUS AREA LATERAL INFLOW
CALL WASH{LKsN1sN2sNCeLULeDTSeDAET40)
~ CONVERT TO POINT CONZSe.
CALL CONCI(LKJN1sN2+NWET)
DO 8 Iv=1l.LK
FLAT(IV)=SFLW(IV)
D0 8 JJJU=N1.N2
QAWLAT(JUJJTV)=CON(JJJe1V)
CONTINUE
COMPUTE PEVIOUS LATERAL INFLOW
IF (JPERV.EQ,.0) GO 1O 15
DO 9 L=1sLK
FLW(L)=0.0
DO 12 J=le4
IF (JLAT(IeJ)}) 12912410
JUSJULAT (L)
IF (PARAM(JJ42)«e6GTo0.001) 30 TO 12
IRECD=NSTRCD+NRPSEG* (JJU-1) ,
READ (IFILE'IRECD) (G(IV)eIV=1,sLK)
DO 11 Iv=l.Lk
FLW(IVI=FLA(IV)+Q(Iv)#FLGTH(I)
CONTINUE
COMPUTE CONCSe. IN PERVIOUS AIEA LATERAL INFLOW
CALL PERV(IoLKeN19N2eDTSINWET)
ADD PERV. + I“P, FLOW AND CONCS.
DO 14 Iv=l.LK
QSUM=FLAT(IV)+FLW(IV)
DO 13 JJJ=N1.N2
AWLAT (JJJe IV) = (QWLAT (JJJe IV) #FLAT (IV) +CON(JJJoIVI#FLW(IV)) /QSUM
FLAT(IV)=QSuv
CONTINUE
CONTINUE
IF (IMODE.NE.2) 6O T 16
DISTRIBUTED (ND WUTING RWN)
IF (ITYPE(I).GT.1) 50 TO 33
CALL NOROUT(TsLKsN1.N2)
50 TD 33
COUNT NUMBZQ OF JUPSTIEAM SEGMENTS
NUP=0
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SURROUTINE TRNSPT (N14N2/NWET)

DO 17 J=1,3
IF (JUP(I1+4J)4GTeN) NUP=NUP+]
IF (NUP.EQ.N) GO TJ 26

COMPITE UPSTREAM FLOW AND COVCENTRATIONS

D0 24 J=1,3

IF (JUP(1+J)) 24+264,.18

JUsJUP (T eJ)
TRECN=NSTRCO+NRPSES#(JJ~-1) .

READ (IFILE*IRECD) (FLW(IV)sIV=1,sLK)
DO 19 1v=l,.LK '
FUP(IV)aFUP(JV)+FLA(IV)

DO 23 JJJ=N1,N2

IRECQ=1+ (JJU=]1) *NROSEGH#*NSEG+ (JUJ=1) *NIPSES

READ (IFILEQ'IRECQ) (Q(IV)e.Iv=]l.LK)
IF (NUP,LT.2) GO TJ 21
DO 20 L=1l,LK
QWUP (JJJeL) =AWUP (JJJeL ) +D (L) #FLW(L)
GO TO 23
CONTINUE
DO 22 L=1l.LK
QWUP (JJJsL) = (L)
CONTINUE
CONTINUE
IF (NUP.LT.2) GO TDJ 26
DO 25 1IvV=lsLK
D0 25 JJJ=N1.N2
IF (FUP(IV).LE.0.0) SO TO 25
QWUP (JJJe IV) =QWUP (JUJe IV) /FU2(TIV)
CONTINUJUE
CONTINUE
IF (ITYPE(I).NE.4) GO TO 28
MASS BALANCE AT NODAL SEGMENT
DO 27 IV=lelLK
DO 27 JJJ=N]1.N2
CON(JUJJIV)=QWUP (JJJeIV) +PARAM(T s JUD)
CONTINUE
GO TO 31
READ DOWNSTREAM FLOW
IRECO=NSTRCD+NRPSES*(]-1)
READ (IFILE?IRECD) (FLd(IV)yIV=10LK)
DO RESERVOIR RJOUTING
IF (ITYPE(I).NE.3) GO TO 30
IRS=1IRS+]
IF (NUP.GT.0) GO TI 29
WRITE (6437)

STOP
CALL RESVR(4.IRS)
GO T0 31

PERFOIRM {_ASRANGIAN TRANSPORT
CALL LNGRN{I.LKoN1oN2)
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SUBROUTINE TRNSPT (N1,N2yNWET)

SAVE OUTFLOW CONC. ARRAY H1510

31 DO 37 JJJ=N1.N2 : H1520
IRECQ=1+(JJJ-1)*NRISEGHNSEG+ (I~-1) #NRISEG H1530
WRITE (TIFILER'IRECI) (CON(JJJsIVIsIV=14LK) H1540
LIST SEGMENT CONCENTRATIONS IF DESIRED H1550

IF (<OUT(I1).EQ.0) GO TO 32 H1560

IF (IPR(1).EQ.0) 6D TO 32 H1570
JSEG=! H1580
CALL OUTPT(JSEGsINTVALsJJJe3) . H1590

IF (JJJeEQaN?) WRITE (6436) A1600

32 CONTINJE 41610
33 CONTINUE H1620
RETURN H1630

34 WRITE (6435) 11 H1640
STOP H1650
H1660

35 FORMAT (1rle35HNUM3ER OF TIMZ INCREMENTS FOR STORMs13,42H DOES NOT H1670

1 MATCH BETWEEN DR3¥ AND DR3IM=~QUAL) H1680
36 FORMAT (1H1) H1690
37 FORMAT (1H1,39HRESSRVOIR MUST HAVE AN UPSTREAM SEGMENT) H1700

END H1710-
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SUBROUTINE NOROUT(IeLKeN1eN2)

SUSROUTINE NOROUT(I.LKeN1sN2)
DETERMINE CONCSe FOR DIST. (NO ROUTING) RUN
FuP=SUM OF FLOWS
QwUP=SUM 0F FLOW®CONC.

COMMON /C17/ NSEGsISEG(99) sJU?(99¢3) e JLAT(9944) 3 ITYPE(99) +EFF(51)

COMMON /F4/ FUP(1462) oFLAT(1442) QWU (441442),0WLAT(4014642),FLW(16

142)

COMMON /WWUl/ AT9ATI(4+51)9X0(4951)9CON(401442)9NSSDAY(3+440),ISWEEP

REAL ISEG

DO 2 L=1WlK

FUP(L)=FUP (L) +FLAT(L)

DO 1 JuJdzaN1eN2

QWUP (JJJe L) =QWUP (JJJsL) +FLAT (L) *QWLAT (JJJs L)

IF (I.LT.NSEG) GO TO 1
IF (FUP(L)<LF.0.0) GO TO 1

CON(JUJJs L) =QWUP (JJJeL) 7FUP (L)

1 CONTINUE

FLW(L)=FUP (L)

2 CONTINUE
RETURN
END
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SUHROUTINE LNSRN(T L KsN1yN2)
SUBROUYINE LNGRN(IoLKsN1+N2)

SUBROUTINE LNGRN IS THE JRIVE SUSROUTINE FOR THE LAGRANGIAN
CHANNEL TRANSPORT. A CALL TO LNGRN ROUTES JUP TO FOUR CONSTITUENTS
THROUGH 4 SEGMENT.

REAL ISEGeMsCLAT(4)4CA(4)eCB(4)sCC(4)sCDI(4)

COMMON /C1/ NSEGISEG(99)9JU(9993) 9 JLAT(9944) 4 ITYPE(99),EFF(51)
COMMON /C2/ IPR(99) FLGTH(99) sPARAM(3944) 4 LAND(99) yNCATsNRES
COMMON /F4/ FUP(1462)sFLAT(16442) QWU (6,1462) sAWLAT(6,144642),FLW(]4
142)

COMMON /W4Q1/ AT eATI(6+5]1)eX0(4951)9CON(G91662) 4NSSDAY(3+40) 4 ISWEEP
COMMON /217 TUD«ILIOADSI2CFSPoQWINTAIVPsDAEL,DToDTSINOTS

COMMON /LGN1/ XLsDTS19JSEGIALPHAM QLAToCLATICCoJoN1IT,N2T

DATA CAeCB5/0690e90,0060¢0000000e90,/

eeoee SET UP COMMON VARIABLES IN LGN]l eeees
XL=FLGTH(I)

DTS1=DTS

ALPHA=PARAM(TI,1)

M=PARAM(]+2)

JSEG=1

N1T=N1

N2T=N2

eoeee DEFINE INITIAL CONDITIINS FOR SEGMENT ,ece ,
CALL LAGRN1(0e0+0.0,CA,CR)

L N N N gTART TI"E Laop o0 000
DO 3 JU=l.LK

QLAT=FLAT(J) /XL

DO 1 II=Nl,N?
CLAT(I1)=QwLAT(IIs )y
CC(IT)=0WUR(TIsJ)

essse PERFORM TRANSPORT COMPUTATIONS FOR ONE TIME STEP ey9y,
CALL LAGRN(FYP(J) s7LW(J)+COD)

DO 2 II=N1sN?

CON(TII,J)=CD(II)

CONTINUE

RETURN
END
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SUSROUTINE LAGRIN1(324+Q3¢CA+CB)
SURROUTINE LAGRN] (34+QB¢sCA.C3)

SUBROUTINE LAGRN1 MUST RE CALLED ONCZ PRECEDING TRANSPORT
COMPUTATIONS TO DEFINE INITIAL CONDITIONS FDR A& SEGMENT

(THIS SU3ROUTINE ACCEPTS A SEGYENT HAVING AN INITIAL FLOW EVEN
THOUGH WITH THE MODJELS PRESENT STRUCTJRE THIS COULD NOT OCCUR)

DIMENSION Py (100)s PC(44100)s CLAT(4)s CAlG4)s CB(4)s CCl4)
REAL M

COMMON /LGN/ PVePCoNPRCLS

COMMON /LGN1/ XL eDTSeISEGeALPHAMeALATICLATICCoUusN1oN2
COMMON /LGN2/ Q1402,33404

eeeee DEFINE INITIAL CONDITIOANS FOR TRANSPORT cecee
NPRCLS=2

IF (QA.EQ.0,) GO TD 1
AA= (QA/ALPHA)Y## (] 4/M)
GO TO 2

AA=0,0

IF (3B.EQ.0,0) GN TN 3
AB=(3B/ALPHA) ®& (] /M)
GO 19 4

AB=0.0

PV(1)=.,25% (AA+AB) ®#X|
PV(2)=PV(])

DO S I=1sN2
PC(ls1)=CAL(I)
PC(l.2)=CBI(I)

CONTINUE

01=Q0A

Q2=483

RETURN

END
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CYIRDUTTINE LAoRN(C,3DLCD)
SUBRIUTINE LLAGRN{(QC+30.CI)
SUB LAGRN = DLUG F_NW LA3SRANSIAN TRANSPORT WITH LATERAL INFLOW

seeoe DEFIVITIO}\ 0. VAaRTABLES oeseee

PVI(K) - = VOLUME OF PARCEL « (CUBIC FZET)

PC(I4K)= CONCENTRATION OF CONSTITUENT I IN PARCEL K (MG/L)

XL - LENGBTH OF SEGMENT (7EET)

DTS - TIME STEP SIZE (SECONDS)

CA = COMC AT U/S END OF SEGMENT AT OLD TIME STEP (MG/L)

cc - CONC AT U/S END IF SEGMENT AT NEW TIME STEP (MG/L)

cb = CONC AT D/S END OF SEGWINT AT NEw TIME STEP (4G/L)

Qle@2 =~ FiLOW AT U/S AND D/S ENDS OF SZGMENT AT OLD TIME. STEP(CFS)
Q3+.24 <~ FLOW AT U/S AND D/S ENDS OF SEGMENT AT NEW TIME STEPI(CFS)
U2+U4 " = VEL'S AT DI/S END 0OF SEGMENT AT OLD AND NEW TIME STEP(FPS)
NPRCLS = NUMIER OF DARCELS IN THE SESMENT DJURING A GIVEN TIME STEP
UAVG - AVEQAGE VILOCITY IN SEGMENT (JSIN3 ALL 4 COINERS) (FPS)
oXx = DISTANCE IYAGINARY 2ARCEL BOUNDARY MOVES (FT)

DIMENSTION PV(100)s PC(4¢100)e CLAT(4)e CA(4)y CC(4)s CD(4)y PCN(4)

"REAL M

COMMON /LGN/ PV4PCNPRCLS

COMMON /LGN1/ XLoDTSeISEGeALHA«M9QLATeCLATSCCorJeN1oN2
COMMON /LGN2/ 01.02,230ub6

Q3=QC

A4=4D

IF (J.NEel) GO TO &

IF (Q1.NEe0D,Y GO TD 2 '
N0 1 I=1lex2

CA(I)=CC(I)

GO TO #

? CONTINUE

DO 3 I=1sN2
CA(I)=2C(]I,1)
IF (Q1.,EQ.0,) CALL 7ERJIS(CO486+817,423)

essee ADD A NEW PARICEL TO THE SESMENT AND ASSIGN IT THE VOLUME AND
CONCENTRATION OF FLUW ENTERING FROM J/S END eesee

PUN=.5#(Q1+Q3) #NTS

D0 S5 I=NleN2

PCN(I)=.5%(CA(TI)+CC(I))

voLX=0,.0

GO TO 10

SPECIAL CASE OF ZE0 U/S S30UNDARY CONDITION (Q1=03=0)

IF (QLAT.EQ.N.) GO TO 17

UAVG=,25% (UX (Q2) +1UX (24))

DX=UAVG#*DTS '

IF (DX.6TeXL) GO T 7

PVN= ,S#0X*Q AT#DTS

G0 TH K
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SUSKIUTINE LAGRN(IC«QDCO)

PUNZ S#XL#ALATSH (XL /YAVS) +XL#ILAT#(DTS=(XL/JAVG))
VOL X=PVN

DO 9 I=N1,V?
PCN(IY=CLAT(T)
NPRCLS=NPRCLS+1
NP=NDRCLS-1

DO 12 L=14NP

K= (NPRCLS+1) ~L

PV (K)=PV(Xx=1)

DO 11 I=N1eN?
PC(I+K)=PC(Iek=1)
CONTINYE

PV (1) =PyN

D0 13 -I=N1sN>
PC(I+1)=PCN(T)

seess COMPUTF SUMMATION OF PAKRCEL VOLUMES sesss
SUMY=0,.0

L=1

IF (VOLXeGT.N.0) L=2

DO 14 X=L+NPRCLS

SUMV=SUMV+2IV (K)

sssee COMPUTF VUOLUME OF LATEQAL INFLIW eeeee
VLAT=QLAT*XL*DT§-(VOLX)

esvee DISTRIIUTE LATERAL INFLOW AMON3 PARCELS IN PROPORTION TO
PARCEL VOLIMZIS AND ANJIST CONCENTRATIONS secee

L=1

IF (VOLXe5T.0,0) L=2

DO 156 X=L+NPRCLS

ZVOL=VLAT#* (PV(K)/SJMV)

PVYN=PV (K) +ZVOL

D0 15 I=N1+N?

PCUI4K)=(PC(TK)HPV(K)+2ZVOLEZLAT (1)) /PyYN

PV (K)=PVN

CONTINUE

sesse COMPUTE VOLUME LEAVING SESMENT sseee
CONTINUE
VOUT=z,5%(02+94) #DTS

sesee DETESMINE WHICH PAICELS LEAVE SESMENT ..s00
DO 20 I=14NPRCLS

K= (WPRCLS+1) -1

VOUT=VIOUT=-PV(K) .

IF (VOUT) 1R419+20

PV(X)=aRS(VNT)

50 19 2]

K=K=-]

90

rcrCcrorrCcrCCrCcrrrrrcCcrCCrrCKCrCrecCCNrCcrrcCrrrCcrCcrrCcCcrCcrrrror

510
520
530
540
550
560
570
580
590
600
510
620
630
640
650
660
670
680
590
700
710
720
730
740
750
760
770
780
790
800
810
820
830
840
850
860
870
8RO
890
900
910
920
930
940
950

‘960

970
980
990

1000



oo

IS Re)

20

21
22

23

24

GO 71O 21

CONTINUE

eoeeosUPDATE NUMBFR NF PARCELS AND ASSISN CONC AT 0/S END eeeee

NPRCLS =K
DO 22 I=N1eN?
CO(I)=PC(IINPRCLS)

o000 SET “E‘ TIME STED T") OLD TIME STEP LW XN ]

21=Q@3

Q2=124

DO 24 I=N]1eN?
CA(I)=CC(])
RETURN

END

SUSKDUTINE LAGRN(QC,02D,CD)
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SU3IRDIJTINE ZEROS(CDoeotyw)
SUBROUTINE ZFEROSTCIetgtryi)

SUR ZEROS TAKES CARE OF SITUATIONS IN THE CHANNEL TRANSPORT
COMPUTATIONS WHEWE THERE ARE ZERD FLOWS

DIMENSION Py (10Nn)s PC(4s100)s CLAT(4)s CC(4)s CDI(4)
REAL M !

COMMON /LGN/ PVPC.NPRCLS

COMMON /LGN1/ XL «DTSeISES¢AL 2HA+MeQLAT9CLATWCCoaJoN1sN2
COMMON /LGN2/ Q1¢02.33¢04

IF ((Q4sEudeNe) e ANMD, (D3,E3404)0.AND, (Q2.EQ.0,)) RO TO 1
IF. ((@3,EWeN,)edMD.(Q2.EQe04)) GO TO 3

IF (Q3.,EQ.,0,) GO T2 5

IF (2.EQ.0,) GO TJ 6

CONTINUE

DO 2 T=N1.N2

CD(I)=0,0

RETURN 13

CONTINUE

PV(1)=,5%QLAT#XL*DTS
PV(2) =PV (1)

DO & I=N1,N2

PC(I+1)=CLAT(I)
PC(I+2)=PC(1.1)

CO(II=CLAT(T)

RETURN 2

RETURN 1

VLAT=OLAT#XL*DTS
UAVG=,25% (UX (@3) +UX (34))
DX=UAVG#DTS

IF (DX.6T.XL) GO TO 7
ZVOL=,5%DX*QLAT#DTS

60 TD 8
ZVOL=.5#XL*QLAT# (X_/UAVG) +XLSGULAT# (DTS~ (XL/UAVS))
PVN=0,5%Q3#DTS

PV (1)=9VN+ZVIL

PV(2)=VLAT-ZVOL

IF (PV(2).LF,0.0) 2V(2)=1.5-10
N0 9 T=N1,N2
PC(I+1)=(CC(T)#PYN+ZVOL#CLAT(I)) /PV (1)
PC(1+2)=CLAT(I)

RETUR’N 2

END
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10

30
40

60
70
80
90
100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
320
330
340
350
360
370
380
350
400
410
420
430
440
450~
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FUNCTION UX ()

FUNCTION UX(N) . N 10
N 20
FUNCTION UX COMPUTZIS VEL FOR CHANNEL TRANSPORT GIVEN Qs ALPHAs &8 M N 30
N 40
REAL M4CLAT(4)+CC(4s) N 50
COMMON /LGN17 XL eDTS e ISES«ALPHAWMeILATsCLAT«CCoeJeN]1oN2 N 60
N 70
IF (QeEQe0e) GO TO 1 N 80
YM=],/M¥ N 90
UX=(Q#& (] ,=YW) )& (A _PHAREYM) N 100
GO 10 2 N 110
UX=0, N 120
RETURN N 130
END N 140~
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SU3IRDUTINE RESVR(ISTEPLIRS)

SUARDUTINE RFSVR(ISTEPWIRS) 0 10
COMMON /R1/ AREA(S5¢10)sDISCH(5+10) ¢CAPAC(S910)¢STAGE(S5,10) 0 20
COMMON /R2/ AVDPTH(5¢10) ePERCNT(5¢4910)+SIZE(10).DCUBE(10) 0 30
COMMON /R3/ FALL(R) 4SGeSTOKESsVISCOSsVELOC(B) +DIAMT (8) 9PERCT (8) 0 40
COMMON /R4/ TMEiN(?\oOUTFL(SsB)oﬂoLRowQ'DEtKIoDETKZ 0 50
COMMON /RS5/ VTSUM(3¢4910)eREVMN(B) ¢REU(8)sFIX(5)RISER(S) 0 60
COMMON /R6/ NLAYER(S) « JFLOW(3) +DEAD(3) ¢NDX(5) 9NNS(5) +CAPOOL (S) 0 70
COMMON /R7/ TMASS(4) +0WT]1 (4)esQWT2(4) sQWNDL(4) +QWND2(4) +QWOUT (4) 0 80
COMMON /C1/ NSEG«ISFG(99)9JU>(9943) 4 JLAT(99+4) oITYPE(99)+EFF(51) 0 90
COMMON /C?/ TPR(99) +FLGTH(99) ¢yPAIAM(I944) +LAND(99) +NCATINRES 0 100
COMMON /F1/ TCTeST3AR(1442)¢STP(1442)qMXeI1DELTATIDELPLGINRV(1O0) O 110
COMMON /F4/ FUP(14642)4T1(1442)+0WUP(40]16462)QWTOT(691442)FLW (1442 D 120
1) . : 2 130
COMMON /ST2/. NOFF+NF (60) o NAU(4) s TESTNOWKNN9CF1 (4) o IND(4) 0 140
COMMON /ST3/ IPL(180)+K1(60)¢X2(60)9<2UT(180)+IPA(4)IPB(4&) 4NOPT 0 150
COMMON /UNTT/ NUNDD'NWQRQsUD(28R]1)«DP(T7310) «RODYS+DAISS+PTIME,JPR 0 160
COMAON /WQA1/ ATATI(495)1)eX0(495]1) eCIN(491642) yNSSDAY(3+40)+ISWEEP O 170
REAL ISEG 0 180
INTEGER TESTNO(1830) 0 190
GO TO (193+22+22)9 ISTEP D 200
CONT INUE D 210
STARY HERFE IF SEPARATE PROGRAW 0 220

NRES=1 0 230
IPR(]1)=1 0 240
NRV (1) =1 0 250
11=1 . 0 260
KOUT(11)=1 0 270
NAQ=1 0 280
READ (3¢76) ICTIDE_TATDELPLS 0 230
M=ICT 0 300
READ (S5473) ISEG(1),(IPA(JIW) 9IPB(UQW) + JAW=]¢NWQ) 0 310
IF (ICT.GT.1442) STnP 0 320
D0 2 JAW=]NWQ 0 330
CFl(Jo#)=10, 0 340
CONTINUE 0 350
START HERE FOR DI3M-QuUAL 0 360

READ (S5¢76) MNSeSG6evISCIS 0 370
IF (SG.LE.1l.0) S6=2,65 0 380
IF (VISCOS.LF.0.003) VISCIS=0,0114 0 390
STNKES=5,]15E~-5%(S6G=-1,) /VISCOS 0 400
DETK1=DELTAT®#,08264/2.0 0 410
DETK?2=2000.,%S6 0 420
READ (5¢76) (SIZF(NL) ¢NL=1eNS) 0 630
SIZE(1)=0,0 0 440
DO & I=2+NS 0 450
IF (SI7F (1) LE.SIZZ(I-1)) GO TO 72 0 460
CONTINUE "0 670
LNOP THROUSH RESERVNIRIS AND IEAD INPUT DATA 0 480

N0 21 IRES=1.MRES . 0 490
READ (3¢75) NLAYJSLNDEAD(IRES) sRISER(IRES) 0 500
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SUIKDUTINE RESVR(ISTEP,IRS)

IF (JUFL.EN.1) NLAY=]
NLAYER(TIRES) =NLAY
JFLOW(IRES) = JFL
NDX(IRES) =N - .
NNS (IRZS) =NS ’
FIX(IRES)=1.Nn
ANLAY=NLAY
NV=NRV (IRES)
WRITE (6¢90) ISEG(NV) o NLAYER(INES) ¢JTLOW(IRES) «DEAD(IRES) ¢+NoNS
WRITE (£¢91) SGeVISCOS
IF (JFL.ERe4) WRITZ (6+4972) RISER(IRES)
DO 6 JAW=]1.NWQ
READ (3476) (PERCNT(IRES«JQAWeNL) oNL=10eNS)
IF (PERCNT(IQES+JQ¥el) eNEo0.0) PERCNT(IRES,UQWs1)=040
IF (PERCNT(IRES+JANINS) eNEe1lND,) PERCNT(IRZS,JQWINS) =100,
DO S I=2¢NS
IF (PERCNT(IRESeJQW ) JGFPEICNT(IRESeJuWeI-1)) 6O TI 5
WRITE (/He79)
STOP
S CONTINUE
6 CONTINUE
READ (5474) (STAGE(IRESsI)eI=14N)
READ (574) (AREA(IQESeI)eI=14sN)
READ (S5¢76) (DISCH(UIRES+I)s1=14N)
D0 7 1I=2sN
IF (STAGE(IRES+I) e .E«STAGE(IRES,I~1)) 50 TO 72
IF (AREA(IZESsI)LZ AREA(IRES,I-1)) 30 TO 72
IF (DISCH(IRESy]I) e FeDISCH(IRRESHI~1)) 50 TO 72
7 CONTINYUE ,
COMPUTE RES, CAPACITY AT EACH PT., ON S-~0 CURVE
AVOPTH(IRESe1)=0.0
CAPAC(IRES+1)=0.0
DO 8 J=2+N

CAPAC(IRES+J)=(AREA(IRES+J) +AREA(IRES«J~1) ) # (STAGE(IRESeJ)-STAGE(]

1RES+sJ=1))/2.N+CAPAZ(IRES ¢ J~-1)
8 CONTINUE
DO 9 J=1sN
IF (DISCH(IRES+J) e Eeoe003) CAPOOL(IRES)=CAPAC(TIRES )
9 CONTINUE
WRITE (6+95) CAPNO._ (IRES)
IF (DEAD(IRES) LESCAPOIL (IRES)) 50 1D 10
WRITE (fe7T7)
STOP
COvMPHYTE AVIQAGE NEOTHS FOX EACH STAGF
10 DO 12 I=2.N ‘
SUM1=0.0
SUM2=0,.0
DO 11 J=2.1 -
DEPO=STAGE (IRESI)«(STAGE(IQAZSeJ)+STAGZ (JIRESJ=1))/2.0
SUM]L =DEPD#DIEIO* (ARZA(IIESJ) ~A~NEA(IRESsJ=1) ) ¢SUM]
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510
520
530
540
550
560
570
580
530
600
610
620
630
640
650
660
570
680
690
700
710
720
730
740
750
760
770
780
790
800
810
820
830
840
850
860
870
880
890
900
310
320
930
940
350
360
970
940
9990

1000



)

(@]

(@]

SUARIITINE RESVR(TSTERLIRS)

SUMZ=DEPO# (AREA(IRIGeJ) ~AREA(IRESyJ=-1)) +SUV?
11 CONTINJE
AVDPYH(IRES.I)=S1M] /SUM2 b
12 COMTINUF
WRITZ (Aed9)
WRITE (4430)
WRITE (4e41)
DO 13 IL=1N
WRITE (Ae82) STAGE(TRES«TL) s ANREA(IRESIL) sAVDPTH(IRESYIL) oDISCHI(IR
1ESeIL) «CAPAC(IRESSTIL)
13 CONMTINUFE
WRITE (6eR3)
WRITE (6+84) (SIZ7F(1)el=141NS)
DO 14 JOW=1,NwQ
WRITE (64d5) IPA(JIW) 9 TP3(JAW) ¢ (PERCNT(IRES,JQWeI) s I=1eNS)
14 CONTINUE
: COMPYTE INTEGRATEYD) SETTLING VELOCITIES
D0 15 JQOA=]1.3WQ
DO 15 I=1.NS
VTISUM(IRES+JWsI1)=0,0
IF (I.ZQ.1) 50 TN 15
SLOPE=(PERCNT(IRESs JAWs 1) -PERCNT(IRES+JAWsI=1))/(SIZE(1)=SIZE(I=1)
1)
D2CURBE=SIZE(T1)#SIZZ(I)#SIZE(I])
DCUBE(I=1)=SIZE(I-1)#STIZE(I-1)#SIZFE(1-1)
VTINC=(SLOPE#STOKES/3,.)# (D2CJBE=JCURBRZ (I-1))
VISUM(IRES s JNMWe 1) =VTSUM(IRES s JQWeI~1)+VTINC
15 CONTINUE
SET U JUT=LOW DISTRIKUTION
DO 15 NL=1.MLAY
15 OUTFL(IRESeNL)=0.0
GO TO (17+19420421)4 JFL
17 DO 18 NL=leNLAY
18 OUTFL(IRESeNL)=100,/ANLAY
60 TH 21
19 SUTFL(IRES.1)=10N.
GO TO0 21
20 ODUTFL(IRESeNLAY)=100n,
21 CONTINJE
IF (ISTEP.EQ.?2) RETURN
READ IN ADDITIONAL DATA IF SZPARATE PROGRAM
READ (3476) (FUP(I)al=1eM)
READ {Se76) (FLW(I)sI=1eW)
READ (5474) (QWUP(1eI)el=1ew)
RETURN
22 CONTINJFE
#% M8IN R0DY OF SHRXIUTINE ##
IRES=12S
vy=]ICT
LR=(JDELPLO*+.N]1) /NFE_TAT
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01010
01020
01030
01040
01050
01060
01070
01080
01050
01100
J1110
01120
01130
01140
01150
01150
01170
01180
01190
01200
01210
01220
01230
01240
01250
01260
ol1270
01280
01290
01300
01310
01320
01330
01340
01350
01360
01370
01380
01390
016400
0le10
01420
01430
01440
01450

. 01460

01470
01480
21490
01500



oy

23
264

25

26
27

28

29

30

31

SURRIUTINE RESVR(ISTEPWIRS)

MR=M/LR+,01
N=NOX (IRES) .
NS=NNS (IRES)
NLAY=NLAYER(TRES)
ANLAY=NLAY g
DETEQMINE CHAR,., OF INFLOW QW AND FLOW AT EACH TIME STEP
DO 27 JQW=]1e.Nw0
IF (CFl(JQANW) . GTeleDE=6) 30 TD 26
COARECY FOI UG/L
00 23 I=1.v ‘
AWUPR (JIws 1) =3WUP {JAWs1) 71000,
CONTINUE
VOLUME=FUP (1) #DETK]
STP(1)=VOLUME+CAPOIL (IRES)
TMASS(JQW) =.N01359%QWUP (JAW 1) #VOLUMT /2,0
QWTOT (JOW 1) =QWUP (JQW. 1) 8YDLIUME/DETK?
DO 26 1I=2.%
VOLUME= (FUP(T=-1)+FUP (1)) #DETK]
IF (JOW.GT.1) GO T 25
STP(I)=STP(I=]1)+VO_UME
AMULT=(QWUP (JQWT) +QWUP { JOWs I=~1) ) #VO_UME
TMASS (JQW) STMASS (JIW) +0,0013590AMULT /2,0
OWTOT (JAW 1) =QWTOT(UOWI=1) +AMULT/DETK?2
CONTINUE
CONTINUE
AVSTG1=0,0
COMPYUTE CUMULATIVE STAGE AFTEQ EACH INCREMENT OF INFLOW
DO 30 J=lem
T1(J)=J*DELTAT
DO 28 K=2.N
IF (FLW(J)eLTDISCH(IRESK)) GO TO 23
CONTINUE
AMULT=(FLW(J)=DISCHA(IRESyK=1))/(DISCA(IRES«K)=DISCH(IRES+K=1}))
AVSTG2ZAVOPTH(IRES 94 ~1) +AMULT® (AVDPTH(IRES,K)=AVOPTH(IRESyK=1))
IF (J.EQ.1) STGAR1=0,.0
IF (J.6Tel) STGARI=STGAR(J~1)
STGAR(J)=ABS ((AVST32¢AVSTG1)I®(DELTAT/2.0)) +STGAR]
AVST31=AVSTG2
CONTINUE g
INITIALIZE FOR RIUTING PLUGS
PLGVOL=0.,0
PLGTME=0.0
STRMOT=0.,0
DO 31 JQw=1l.yw0
QWT1 (Jaw)=0,0
QWND1 (JQW) =0,0
CONTINUE
VOLIN=DEAD (IRES)
TMEIN(1)=0,0
IF (ISTEP.EN.4) GO TO 32
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01540
01550
01550
01570
01580
01590
01600
01610
01620
01630
01640
01650
01660
01670
01680
01690
01700
01710
a1720
01730
01740
01750
01760
01770
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01790
01800
01810
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01830
01840
01850
0180
01870
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01320
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01370
01980
11990
N2000
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SURRNUTINE RESVR(ISTEP,IRS)

WRITE (6486)
WRITZ (6487)
#e LNOP FO3 ROUTING SLUGS ##
32 JCT=0
NN=0
DO 66 NNN=14M
JCT=JCT+1
IF (NNN.EWel) PLGVIL=FLW(1)#IETK] ,
IF (NNVeGTel) PLGVIL=PLGVOL+ (FLW(NNN=1)+FLW{NNN))#DETK]
IF (JCT.LTeLR) GO T 66
JCT=0 '
NN=NN+1
DETTME=0.0
DEPT4=0,0
PLGTME=PLGTME +DELPLG
PLGCEN=PLGTME=DELP_G/240
INCR=LR#\N
INCRM=INCR~-LR
VOLIN1=VOLIN
VOLIN=VOLIN1+PLGVO_,
IF (VOLIN.EQ.0.0) 30 TD 53
~ FIND TMEIN SROM VOLIN
DO 33 NP=]l.M
IF (VOLIN.LT.STP(N?)) 50 Tn 34
33 CONTINUE
VOLIN=STP (4)
3¢ DIFF=STP(NP)
IF (NP.GT.1) DIFF=)TFF=STP(N2-1)
IF (DIFF.GT.0.0001) 50 T 35
AMULT=1.0
GO TD 36
35 IF (VP.G6T.1) AMULT=(VOLIN-ST?(NP=1))/DIFF
IF (NP.EQ.1) AMULT=VOLIN/DIF®
36 TMEIN(2)=AMULT*DELTAT
IF (NP.GT.1) TMEIN(2)=TMEIN(2)+T1(NP-])
FIND DETENTION TIWE “OR 2LUu6
VOLTME= (TMEIN(2) +TUEIN(1)) /2.0
TMEIN(1)=THEIN(2)
DETTME=PLGCEN=-VOLTYF -
IF (DETTYE.LT.0.0) NETTME=0.0
FIND INITI&L QW CONTENT OF PLUS
DO 37 JQwW=1,vwQ :
IF (NP.EQel) OWT2(JQW) =AMULT#9aTOT(JAWs1)
IF (NP.GT.1) QWT2(JOW) =QdTOT (JQWsNP=1) +AMULT#* (OWTOT ( JQWsNP) -QWTOT (
1JawsNP=1))
QWOUT (JQW) = (IWT2 (JAW) =QWT1 (JI4) ) /QWTIT (JAW M)
IF (QWOUT(JO4) oL Te0.0) QWOUT (JQw) =040
QWT L (JAW) =0WT2 (JIW)
37 CONTINUE
FIND AVERASE DEPTH O PLUS

98

02010
02020
02030
02040
02050
02060
02070
02080
02090
02100
02110
02120
02130
02160
02150

02160 -

02170
02180
02190
02200
02210
02220
02230
02240
02250
02260
02270
02280
02290
02300
02310
02320
02330
02340
02350
02360
02370
02380
02390
02400
32410
02420
02430
02440
02450
02460
02470
02480
02490
22500
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38
39

40

4]

42
43

44

45 AMULT=(FLW(INCR)=DISCH(IRESs+<P=1))/(DISCH{IRES+KP)=DISCH(IRES+KP-1
1)
STG=STAGE (IRES¢KP=1) ¢+AMULT* (STAGE(IRES+KP) =STASE (IRES.KP=1))

46

47
48

49
S0

51
52
53

SUIRIUTINE RESVR(ISTEP,IRS)

DO 38 II=1eM . ' .
IF (VOLTMELT.TI(II)) 30 1O 39
CONTINUE
IF (I1T1.6GTel) GO TO 40
STGIN=STGAR(1)# (VD _TME/DELTAT)
GO TO 41
AMULT=(VOLTME-TI(II=1))/DELTAT
STGIN=STGAR(TI-1)+AMULT# (STGAR(IJI)=-STGAR(II=1))
IF (NN.GTe1) GO TO 42
STGOUT=STGAR(INCR) 72.0
GO TO 43
STGOUT=(ST3AR(INCR) +ST3AQ(INCRM)) /2,0
IF (DETTME.EN.O0.N) GO TO 53
DEPTH=(STGOUT=-STGIN) /DETTME
IF (DEPTHeLE.0+0) DEPTH=0,0

IF(UFLOW=43 FIND OUTFLOW DIST.
IF (JFLOW(IRES) NE.4) B8O TO 33
DO 44 XP=24N
IF (FLWOINCR) (LT.DISCH(IRES+<P)) GO TO 45
CONTINUE

STGR=STG/ANLAY
JF=]
IFK (RISER(IRFS)«GT.STGR) GO TO 46
JF=3
GO T 47
STGR=STG~-STGQ
IF (RISER(IRES) .GE,STGR) JF=2
DO 48 NL=1oNLAY '
OUTFL(IRESINL)=0.0
GO TO (49+51¢52)s JF
D00 S0 NL=1eNLAY
OUTFL (IRES+NL) =100, /ANLAY
GO TI S3
OUTFL(IRES+1)=100.
GO 70 53
OUTFL (IRESWNLAY)=100.
CONSTITUENT SETTLING COMPONENT
DO 65 JQvW=1.NWQ
IF (9LGVOLLT,1.0E-12) GO TD 63
IF (NETTME<.EN.0.0) GO TO 51
IF (DEPTH.LE.0.,0) 30 TO &3
8 1_.00P THY LAYERS ##%
DO S3 NL=1eNLAY
ANL=NL
FALL(NL)=(ANL/ANLAY)#DEPTA*FIX(IRES)
VELOC(NL)=FALL (NL) /NDETTME
DIAMT(NL)=SART(VFLIC(NL)} /STOLES)
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02610
02620
02630
02640
D2650
02660
02670
02680
02690
02700
02710
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02730
02740
02750
02760
02770
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03000
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SURRIITINE RESVR(ISTEP,IRS)

DETERMINFE 2ERCENT OF PARTICLZS HAVING DIAMETERS
LESS THAN FaLL DIAMETERS FROV EACH LAYER
IF (DIAMT(NL).LT.SIZE(NS)) GO TO 54
PERCT(NL) =100,
VIOF=VTSUM(TIRES «.JAW . NS)
GO TO 58
54 DO 55 LP=2+NS
IF (DTAMT(NL) «LT.SIZE(LP)) GBI .TO 56
55 CONTINUE
56 PERCT(NL)=PERCNT(IRESsJNeLP=1)+((DTAMT(NL)-SIZE(LP=1))/(SIZE(LP)~
1SIZE(LP=1)) ) #(PERCNT(IRES+JQA+LP)=PERCNT(IRESJQAWsLP=-1))
IF (SERCT(NL) +LT«0,0) PERCT(NL)=0,0 .
IF (PERCT(NL).GT,100.) PERCT(NL)=100,
DIV=DIAMT (NL)=-SIZE (LP~1)
IF (DIV.GT.0.0001) GO TO 57
VIDF=VTISUM(IRFS.JQN.LP=-1)
60 TD 58
S7 D2CUBE=DIAMT (NL)®#DIAMT (NL)#DTAMT (NL)
SLOPE=(PERCT(NL) ~PERCNT(IRES+JQAWsLP=-1))/DIV
VIDF=VTSUM(IRES+JQW.LP~1) + (SLOPE#STOXES/3.)# (D?2CUBE=-DCUBE (LP~1))
58 REMN(NL)=PERCTI(NL)=VTOF/VELOC(NL)
IF (NL.EQ.1) REM(N_)=REMNI(NL)
IF (NLeGTel) REM(NL)=NL#REMN(NL) =(NL=1)#REMN(NL-])
59 CONTINJE
SuUM FOR ALL LAYERS
QWPL5=0,0
DO 60 NL=1eNLAY
QAWPLG=JWPL3+REM(NL) #QuWOUT (JUQ M) FOITFL (TRESeNL)
60 CONTINUIE
QWPLG=2WPL3/100,
IF (QWPLG.GT.QWOUT (JQAW)#100,) QwWALG=100,.%040UT (JQAW)
IF (QWPLGeLF.0.0) WPL53=0,.0
60 T) 62
61 QWPL3=100.02NwOUT (JQW)
62 CONTINUE
QWND2 (JQW) =QWND1 (J3IW) +IWPLEG
QAWNU1 (JOW) =QWND2 (J W)
CON(JQAWINCR) = (QWP_G/PLHVIL) #*TMASS (JIAIW) #7,3548
IF (CF1(JAW) LTel.0F=6) CON(JQWs INCR)=CON(JQW,INCR)*]1000,
GO TD 64
63 CON(JQws INCRI=N,D
64 CONTINUE
IF (ISTEP.EN.4) 50 TO 65
WRITE (6488) PLGTMZ ,FUP(INCR) sFLW(INCR) .DETTME.DEPTH,QWUP (JQW s INCR
1) e CON(JQW o INCR)
65 CONTINJE
STRMIT=STRMOT+PLGVIL
PLGVIL=0,.0
66 CONTINJE
#8 END OF _0OP FOW RIUTING PLUSGS ##
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03020
03030
03040
03050
03060
03070
03080
03090
03100
03110
03120
03130 _
03140
03150
03160
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03180
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03200
03210
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03280
03290
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67
68

69

70
7

72

73
Ts
75
76
17
78

79
80

SURRJUTTINE RESVR(ISTEP.IRS)

IRES=]IRS
NV=NRV(IRES)
IF (IPINV) L TeleO.60UT(I1)4LTsl) GI TO 68
PCT=STIMOT/(STP (M) -CAPDOL(IRES))*100,
IF (PCT.GT«100.) PCT=100.
WRITE (6493) PCT+ISEG(NVY)
DO AT JAW=] NNWQ
TRAP=(100,0-2wWND2(JW))
WRITE (6+94) IPA(JUIWN)sIPRIJQW) « TRAP
CONTINUE
IF (LR.EQ.1) RETURN
LRR=LR
LRM=_LR=-1
ALR=LR
INTERPOLATZ FOR CONCS. AT DT INTERVALS
DO 71 JAw=1.NwlQ
OLOCON=0.0
DO 70 I=LRR«MyLR
D0 69 II=1+LAM
IVsl=LR+I1
AII=11
CON{JOWsIV)=ILDCON+AII/ALR® (CON(JAW.T1)-0LDCON)
CONTINUE
OLDCON=CON(UQws 1)
CONTINUE
CONTINUE
RETURN
WRITE (6+78)
STOP

FORMAT (A4y8RA3)

FORMAT (10F8,0)

FORMAT (315,3F5.0!

FORYAT (15.2F5,0)

FORMAT (1HO0«46HDFEAD SHOULD NOT EXCEED PEIMANENT P00L CAPACITY)
FORMAT (1HO0aK1HSIZZoSTAGE+AREASAND DISCH SHOULD RE INPUT IN INCREA

1SING ORMNER)

FORMAT (1HO.,46HPERZNT DATA S-40ULD BE INPUT IN ASCENDING ORDER)
FORMAT (//¢15Xe54STASE+10Xe44AREA+7X <1 IHAVERAGE DEPTHy5X+9HDISCHAR

1GE+7x98HCARPACITY)
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03510
03520
03530
03540
03550
03560
03570
03580
03590
03600
03610
03620
03630
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D3%50
03660
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81 FORMAT

1E=FT))
82 FORMAT
83 FORMAT

v
84 FORMAT
85 FORMAT
86 FORMAT

(/016X e4H(FT)eIXeTH(ACRES) ¢ 10X o 4H(FT) «10XeSHICFS) +9Xe9H(ACR

(7010XoF10s445XeF1065¢5XK9F106295XeF10s2¢5X9F116595K)
(7/7745Xs4AHMnune DARTICLE SIZE DISTRIBUTION OF INFLOW #swue

(7/7915X+15HSTZE (MICRINS) +10F8,1)
(/7915Xe8r% TINER(e2A3+1H)910F8,.1)
(IHL e IX 9 4HTIME o BXeOHINFLOWI TX 9 IHDISCHARGE ¢ SX o 14HDETENTION T

1IMEsAX e SHOEPTHeBX o SHINFLUENT « TX o JHEFFLUENT)

87 FORMAT

(IH s 3IXSH(H4RS) +8XsSH(CFS) e IX9SH(CFS) s 11XeSH(4ARS) 9 14X 9 4H(FT
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SUARJUTINE RESVR(ISTEPIRS)

1) 99X96H(MG/L) 09X 964 (4G/L))

B8 FORMAT (FBe2ebXsFTe298XoFT,20BXsFTe2913X0FTe296X9FBalyB8XgFTal)

89 FORMAT (//942Xo26Honsas JASIN GEOMETIY #wesw)

90 FORMAT (1N1+10HRESZRVOIR +84/1H0+9XeSHNLAYER =912/10Xs THIFLOW =912
1710X964DEAD =oeFTe2+94 ACRE=FT/10Ks34N =+13/10Xs4HNS =,13)

91 FORMAT (1H +9Xs4HS3 =9F5,2/10X9B4VISSOS =9E7,4)

92 FORMAT (10X, 7HRISER =9F6,245+4 FEET)

93 FORMAT (///140sF 624384 PERCENT OF INFLOW TO DETENTION BASIN sA6,2
10H HAS BEEN DISCHARGED)

94 FORMAT (1H +26HBASIN TRAP EFFICIENCY FOR +2A342H Z,F6,242H %)

95 FORMAT (10X,2SHPERMANENT POOL CAPACITY =4F7,248H ACRE-FT)
END
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SJSROJTINE IW_0AD(J)

SUBROUTINE QWLOAD())

THIS SUBROJTINE COMPJTES SIM, LQADS
30TH INSTANTANEOUS AND CUMULATIVE
AND LOAD CHARACTERISTIC CURVES

INTEGER TESTNO(180),R0DYS
REAL I2CFsP

COMMON
COMMON
COMMON
COMMON
142)
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON

/F1/7 ICTeQR(1442)eR(1462)9QMXsT1+sDELTATNELPLGYNRV(10)

/F2/7 TYReIMDLIDYeNDYSICK(A0)+JCONCyJLOADWJRECQW

/F3/ TFILESIFILEDYIFILEQeJRECISYIRECD IRECQyNSTIMS, IMODE
/F&4/ FUP(1442)9FLAT(1442)9QdU(64+1442)+QWLAT(6,1442),FLW(]4

/3WD/ CO(F0e49264) ¢ TIME(6094426) sNWAM(H60+4) sRVLC(6044)
/ST1/ FPK(60) +FVOL (60) oFLD(60+4) 9yCMX(6044) s WFALL (4960) yNWF
/ST2/ NOFENF (60) ¢yNQU(4) s TESTNO9sKNNoCF1 (4) 9 IND(4)

/ST3/ IPL(130)9K1(60)9K2(50)+<0UT(180)+IPA(4),IPB(4)4NOPT
/TIME/ NDELSNOUD(180)yINDP(20) +NDATE (K0 3)

ZUNIT/ NUDD+NWQsUD(2881)+DP(7310)+RODYSeDAYISSyPTIMEsJPR
/WA2/ EAT(A0+4) o XOS(650¢4) 9SFLO(60e4) sBFL(60) 9+VB(6044)
/7217 TUDCILOADsI2CFSPyQWINT AIMP4DAEsDT«DTSINITS

IV=NWQM(T1.)
YMAX=CMX(TI1lsJ)
LK=K1(I1)
LJ=K2(I1)
Lv=LJ=LK+1
IF (IPL(I1).LT.1) 30 TO 4
IF (IPL(I1).GT.2) 30 TO 4
PLOT SIMULATED CONCENTRATION DATA
00 1 JuJ=lsLV
IF (R(JJJ) «GT,YMAX) YMAX=R(JJIJ)
CALL PLT(QsReLVeloYMAXy11e4y2)
IF (IV.FQ.0) GO TO 3
PLOT MEASURED CONCENTRATION DATA
DO 2 K=1.1V
AJ=TIME(I]edsK)

JJ=AJ

JAJ=JJ-LK+1

TME=Q(JAJ)

F2=CO0(I1eJeK)

CALL PLT(TMEF2e192:YMAXsI104 Js2)
CONTINUE

CONTINUE

CALL PLT(QeRaJJJ93I s YMAXsT1sJs2)
CONTINUE

#% INSTANTANEQUS LOADS #*#
COMPYTE SIMULATED INSYANTANEJUS LOADS

DO 5 JJJ=1sLV
R(JJJ) =R (JIJ) #FLW (JJJ) #CF] (J)
CONTINJE

#% CUMULATIVE LOADS @+

YMAX=FLO(Il. )
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SJUBROJTINE QWLOAD ()

510
520
530
540

LB=x1(11)

LC=K2(I1) .

IF (JULDAD.EQ,1) GO TO 6
IF (IV.EQ.0) GO TO ¢

LB=TIME(IleJdsl) 550
LC=TIME(ILsdeIV) 560
JJJ=0 570

COMPUTE SI¥, CUMJLATIVE LOAD 580
JU=L3=LK 530
DO 9 K=LBsLC 600
NNENRTS | 610
NNNENRNIS! 620
R2=R (JJ) 630

IF (KeLEsL3) GO TO 7 640

R(JJI)=R(UJJ=1)+(R2+R]1) #PTIHES30, 650
GO 10 8 660
R(JJJ)=0e0 670
Rl=Re 580
IF (K.EQeLC) SFLO(I1leJ)=R(JJJ) 690
CONTINUE 700
IF (IPL(I1)eLTe2) IETURN 710
SIMULATED _0AD CHARACTERISTIC CURVE 720
TLD=SFLD(I1.,J) T30
RUNVOL=0.0 T40
JJJd=0 750
Q(1)=0.0 760
R(1)=0.0 170
JJ=L3=LK 780
DO 10 K=LB+LC 790
NNENNLS! 800
JUJ=JdJdJe+1 810
IF (X.,EQ.L3) GO TO ]0 820
R(JJJ) 2R (JJJ) /TLD 830
RUNVOL=FLW(JJ) +RUNVOL 840
Q(JJJ) =RUNVOL 850
CONTINUE 860
DO 11 K=1eJJJ 870
Q(K) =0 (K) /RUNVOL 880
YMAX=0.9] ’ 890

300
910
920
330
940
950
960

CALL PLT(WoReJJJe1oYMAXT10Je3)
IF (IFILED.EQ.,0) GD TO 15
IF (JULDAD.EQ.1) 6O TO 15
IF (IV.EQ.0) GO TO 15
IF (IFILED.ER.0) 6D TO 15
MEASURED _OAD CHARACTERISTIC CURVE
TLD=FLD(I1eU)

vovnvv’ovv'o‘uvvovovvovvnvvo_vvvvvvuuv‘vvvvvvvvuvvvvvvv

JJJ=0 970
DO 1¢ «=L8.LC 980
JJd=JJd+1 990
AK=K 1000

105



12
13
14

15

SJBROJTINE QWwLOAD (D)

CALL QATAB(I1eJeAKF29JKeIV)

IF (K.EQeLR8) GO TO 12
R2=F2#JD (K)

R(JJJ)=ROLD+ (R2+R1)#PTIME#30,#CFL1(J)
R1=R2

G50 10 13

R1=F2+#JD(K)

R(JJJ)=0.0

ROLD=R (JJJ)

R(JIJI=R(JIJ)/TLD

CONTINUE

CALL PLT(QoReJJIJe29YMAXeI1l0Je3)
CONTINUE

CALL PLT(QsReJJJ9s39YMAXsI10Us3)
RETURN

END
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SUSROUTINE INPUTI

SUBKROUTINE INPUTI .
THIS SUBROJTINE READS UNIT AND DAILY DATA
INTEGER PCCN¢DCCN9ODYSeDPDsDATERF ¢DATERLBTIMEDATE
INTEGER STA+STAD«STAD1 +STAUPISTAUP1+STAPsSTAP]
INTEGER YReMO¢DY+EYRIEMOsEDY9CNeCTsCIDEsOPTION,OPT
INTEGER YN(99) ¢sUPDsUDDs TESTNDI(180)
DIMENSION TITLD(S50) s TITLUP(50)s TIT_P(50)e IOUT(2)e X2(16)y MN(13
1)
COMMON /F2/ TIYRGIMDGIDYeNDYSsICK(60)+JCONC,JLOAD,JRECQW
COMMON /F3/ TFILEJIFILEDsIFILEQeJRECISIIRECDIIRECQINSTRMSyIMODE
COMMON /ST1/ FPKI(60)sFVOL(60) sFLD(60+4) 4CMX(6044) sWFALL(&960) o NWF
COMMON /ST2/ NOFEJNF (60) +NQU(6) s TESTNO9KNNsCF1(4) oIND(4)
COMMON /ST3/ IPL(180)+K1(60)+K2(50)+X0UT(180)¢IPA(4)IPB(4)4NOPT
COMMON /TIME/ NDELS«NOUD(180)+INDP{20) +NDATE(60+3)
COMMON /UNIT/ NUDDJNWQsUD(2881)9DP{7310) +RODYS+DAsISS.PTIME, JPR"
COMMON /WW@1/ AT+ATI(6451)eX0(4951)9sCON{491442) 4NSSDAY(3+40), ISWEEP
COMMON /Z1/ TUD+ILOADI2CFSP+QWINT o AIMP+DAEDT+DTSeNDTS
DATA I0UT/&4HLIST+&4<4ANONOQ/+PCCN/0O/+DCCN/0/+UPD/O/4UDD/O/
DATA MN/0¢31¢59¢904120¢15191814212+243427343049334,365/
JULIAN DATE FOR JUAN. 1 OF EACH YEAR
STARTING F0OM JUAN. 1y 1901
YN(1)s=0
DO 1.1=22499
YN(I)=YN(I~=1)+365
IF (MOD(I=1¢4).EQal) YN(I)=YN(I)*]
CONTINUE
INITIALIZE Y0 ZERO
DO 2 I=1.1IUD
UD(1I)s0.0
DO 3 I=1,7310
DP(I)=0,0
CONTINUE
DO & I=1y4
DO & JU=1+60
WFALL(I»J)=0,0
CONTINUE
NSSs1
OPTION=I0UT (1) LISTS INPJT DATA,
READ (35+51) DPTIONNWQsNOPToNWF 9 ISSeIMODESILOADs ISSFRQsJRECDS
IF (JRECDS.GT.0.AND.IMODE.EQ.1) 530 TJ 50
IF (NWQR.EQ.0) GO T 8
READ (5+453) (IPA(I)LIPB(I)eI=1,NWQ)
READ (5452) (NQU(I)oI=10NwWQ)
DO S I=1.NWQ
IF (NQU(I)«EQ.1) CF1(I)=6e243E~5
IF (NQU(TI).EQ.2) CF1(I)=6.243E-8
IF (NWF,NE.1) GO TD 8
DO 7 I=1eNvWQ
READ (5+54) TP14IP2,(X2(J)eJ=1912)
CALL IND(IPloIP2sNWI,L)
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SUYIOUTINE INPUTI

DO 6 JU=ls12
WFALL L J) =X2 (D)
CONTINUE
IF (ISS.LT+2) GO T2 9 :
READ=IN DATES ON WwHICH STREETS WERE SWEPT
READ (5455) (NSSDAY().J)vMSS)AY(Z;J)oNSSDAY(3oJ)oJ?IOISS)
READ=-IN STA,NOS. AND NAMES,DAWUNIT TIME. BEGIN AND END
.DATES. STATION NUM3ERS READ 2A¢ FOR IBM WORD SIZE,
9 READ (5+59) STAD1+«STADSTITLDeDA
READ (5+¢59) STAP1+STAPTITLP
READ (S5+461) TYRsIMI4IDYSEYRYZMOWEDY
INITIALIZE VARIABLES
DO 10 I=1.180
NOUD(I)=0
10 CONTINUE
uPD=0
PCCN=0
NUDD=0
READ (5+60) PTIMEsIUDATA.JPUN
JLOAD=0
IF (JPUN.LE.N) JPUN=S
IF (IUDATA.LT.1) IFILED=0
DETERMINE JULIAN DATE FOR BEGSIN AND END OF RECORD.
DATE=1 FOR JAN, 1y 1901
IF (MOD(IYR.4)NE.O) GO TO 11
IF (IMO=2) 11s11,12
11 LEAP=0
GO 7O 13
12 LEAP=]
13 DATERF=YN(IYR)+MN(IMO)¢IDY+LEAP
IF (MOD(EYRy4)NE.O) GO TO 14
IF (EMD~2) 14,14,415
14 LEAP=0
60 O 16
15 LEAP=]
16 DATERL=YN(EYR) *MN(EMD) +EDY*LEAP
CALCULATE NUMBER OF DAYS OF RECORD
RODYS=DATERL-DATERF»]
IF (RODYS.LE.NDYS) GO TO 17
WRITE (6+75) NOYS
STOP
17 WRITE (6962) STAD1+STADeTITLD¢STAPLoSTAPTITLP+DAYPTIME,IMO.IDY,1Y
I1R'DATERFIEMOGEDY+EYRIDATERL
WRITE (6¢63) JURECDS,IUDATAyIMODE.JPUN
WRITE QW AND STREET SWEZEPING INFO
DO 18 I=14NWD
JENQJ(T) +2
IF (T.EQel) WRITE (6064) IPA(I)IPB(I)IND(Y)
IF (I1e5Tel) WRITE (6+65) IPA(I)GIPB(I)oIND(S)
18 CONTINUE

D ~NI

108

DBbDDDDDUDDDQDDQDODOQOODDDDQDQOOQQQQODDDDDODDQDDDO

510
520
530
540
550
560
570
580
590
600
610
620
630
640
550
660
670
680
690
700
710
720
730
740
750
760
770
780
790
800
810
820
830
840
850
860
870
880
890
900
910
920
930
940
950
960
970
980
990

1000



OO000

19
20

21

a2

23
24

25
26

SURRQUTINE INPUT]

IF (NWF.NE.1) GO T) 20
DO 19 I=levwo
JENQU(I) +2 ‘
WRITE (6+66) IPA(T)¢IPI(I)oIND(J) s (WEALL(I,K)9K=1s12)
CONTINJE
CONTINUE -
IE (ISSeEQ.1) WRITE (6,57) ISSFRQ .
IF (ISS.LT.2) GO TD 21
WRITE (6456)
WRITE (6+58) .(NSSDAY(1sJ) yNSSDAY (2+J) sNSSDAY (39J) sJ=1,1SS)
CONTINUE
COMPUTE TIME PARAMETERS
PDEL=PTIME/1440,.0
NDELS=1440/PTIME
NOUT=IUD/NDELS
NUPD=0
BTIME=PTIME
DT=PTIME
QWINT=PTIME#60,
DPD=DATERF=-1
READ IN DATA FROM A CARD
PERFORM EDIT CHECK ON  STATION NOes UNIT TIMEs AND
CHRONOLOGICAL SEQUENCE OF CA3D
ENTER DATA INTO ARRAYS ACCORDING TO CODING
CHECK LAST FOUR CHARACTERS OF STATION NOS. ONLY
IF (OPTIONJEQ.IOUT(1)) WRITE (6,76)
KP=0
NU=1
NSO=]
CONTINUE

IF (PTIME.GT.4¢9) EAD (JPUNs6ST7) STAl9STAsYReMO9DY9CT9CNy (X2(I)s]=

11,12)+CODE

IF (PTIMEeLToe4e9) IEAD (JPUNy6B) STAL+STA9sYRoMO9DYoCToCNy (X2(1)y]=

11,12)4CODE

IF (CODE.LE.N) CODZIm2

IF (CN.LE.O) CN=1

IF (CODE.NE.9) 60 TO 23

IF (IFILEO«GT.0) WRITE (IFILED) X4DAY, (UD(I)eI=]1,KaDAY)
ICK(NSD) =NU

GO TD0 35

IF (MOD(YRs4)NE.O) GO TO 24

IF (M0=2) 24+26.75

LEAP=0

GO TO 26

LEAP=1

DATE=YN(YR) +MN(MD) ¢DY<¢LEAP

DATA ENTRIES FOR CODE 2

IF (STA.NE.STAD) G) TO 43

IF (CToNESTIMELAND . CT,GT.0) GO TO 43
IF (DATE-UDD) 43430,27
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SUBRIOUTINE INPUT]

NUDD=NJDD+1
IPL (NUDD) =MO
KOUT (NUDD) =DY
TESTNO(NUDD) =YR
NOUD (NUDD) =DATE
UDD=DATE
DCCN=CN
IF (NUDD.EQ.1) GO TO 31
ITES=NOUD (NUND) =NOJD (NUDD=-1)
IF (ITES.EQ.1). GN TO 29
ICK (NSD) =NU
NU=1 -
NSD=NSD+] .
IF. (IUDATA.EQ.0) GD TO 33
WRITE (IFILED) K&DAYs(UD(I)eI=1+K4DAY)
DO 28 I=1sXK4DAY
un(l)=0.0
GO 10 31
NU=NU+ ]
IF (NU.LE.NOUT) GO 70O 31
WRITE (6+78) NOUT
STNP
IF (CN.LE.DCCN) GO TO 43
DCCN=CN
K&4DAY=NDELS* (NU=1) ¢]12#CN
IF (IUDATA.EQ.0) 6D TO 33
ENTER DATA INTO ARRAYS ACCORDING 7D CODE TYPE
KK=K4DAY-11
I=0
DO 32 K=KK.K&4DAY
Is]el
UD(K)=X2(I)
IF (OPTIONCNE.IOUT(1)) GO TO 22
IF (IFILED.GT.0) GJ 7O 34
WRITE (6+69) STAD1+sSTA9YReMO,DY
60 TO0 22
WRITE (6+69) STAD1sSTAsYReMOsDYsCToCNe(X2(1)91=1412),CODE
GO 70 22 .
DATES FOR CODES 3+4
READ (5470) STAD1sSTAsYRsMOeCNy (X2(I)oeI=1916)9+CODE
IF (CODE.EQ.9) GO TO 44
IF (OPTION.NE.IOUT(1)) GO TO 36
WRITE (6.71) STAD19STAsYReMO9CNy (X2(I)sI=1416)4+CODE
CONTINJE .
LEAP=0 .,
IF (MOD(YRe+4).EQ.0) LEAP=]
IF (CN.LT.2) GO TO 38
DATE=YN(YR) +UN(MO) 17
IF (M0.LE.2) GO TO 37
DATE=DATE+LEAP
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47

SURROUTINE INPUTI

II=YN(YR) +UN(MO+]1) =DATE+]
IF (MO,LE.1) GO TO 40
I1=11+LEAP
GO TO 40
DATE=YN(YR) + N (MO) +]
IF (M0.LE.2) GO TO 39
DATE=DATE+LEAP
11=16
CONTINUE .
DATA ENTRIZS FOR CODE 3
IF (STALNE.STAP) GD TO 43
IF (DATECLE.NPD) GI TO 43
OPD=DATE .
11=11+DPD-DATER
KK=DPD=DATERF+1
IF (IS5.LT.2) GO TD 41
IF (NSS.GT.ISS) GO TO 41
CALL SSDAY (YR4MO+CNoKKsNSS)
1=0
DO 42 X=XKoI1
I=1+1 .
~ CHECx FOR 3AP IN DAILY RECOR)
IF (X2(1)4NE.99.990) GO TO 42

IF THERE IS A GAP SET UP INDICATORS FOR THIS

KP=KP+1
INOP (K2) =K
X2(1)=0.,0
DP(K)=X2(1)
60 T 3% '
PRINT CARD WITH INCONSISTENTY DATA
WRITE (6¢72) MO4YReCNyCODE
STOP
CONTINUE
INDP (KPe+]l)=T]e]
1=0
J=1

CHECKX FOR INPUT DATA ERRORS
IDATE=TESTNO(NUDD) #10000+IPL (NUDD)#100+K0UT (NUDD)
JOATE=EYR®10000+EMOI*100+EDY
IF (JDATE.GTLIDATE) 50 T9D 45
WRITE (6+79)
STOP
IF (NSS.GE.ISS) GO TO 46
WRITE (6+73)
STOP
L=NOUD (1)
K=0
GO TO 48
WRITE (6+74) Kol
SToP
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SU30UTINE INDUTIL

48 DO 49 X=DATERQF.DATZIAL
I=1+]
IF (DP(I)e.GE,0.0) 30 TO 49
IF (K.NF.L) GO TO 47
J=J+l
L=NOUD (J)
49 CONTINJUE
RETURN.
50 WRITE (6.77)
SToP

51 FORMAT (A4912¢211012+211013416)

62 FORMAT (4012)

53 FORMAT (20A3)

54 FORMAT (2A3,412F5.2)

55 FORMAT (10(I3+12+12))

56 FORMAT (//1HO0+40HSTREETS ARE SWEPT OV THE FOLLOWING DAYS:)

S7 FORMAT (//1HN424HSTREETS ARE SWEPT EVERY +I3+.54 DAYS)

58 FORMAT (10(T4s12412))

59 FORMAT (2A4«50A)+F5,2)

60 FORMAT (F5.0431I5)

61 FORMAT (20X93I343Xe3I3)

62 FORMAT (1+0,22HDISCHARGE STATION 12A%950A1/1H +22HDAILY PRECIP
le STATION ¢2A4950A1/1H +14HDRAINAGE AREA=eF6,2¢8BH SQe MI./1H 916HU
2NIT DATA ARE IN+F9.3+183H MINUTE INCREMENTS/IH +29HTHE PERIOD OF RE
3CORD IS FROM 41291 4=9l2s1H=9I2¢64 (DAYZ9I7945H) TO 9I12¢1H=91291H=y]
42,6H (DAY=e1TolH))

63 FORMAT (1HOBHJURECDS =+16/1H +8HIUDATA =9eI2/1H S THIMODE =+12/1H 46
1IHJPUN =,13)

64 FORMAT (1HO+S6HTHE FOLLOWING WATER-QUALITY CONSTITUENTS ARE SIMULA
1TED: 92A3+6H IN MIZA3911HGRAMS/LITER)

65 FORMAT (1H +56X92A3,6H IN MIsA3911HGRAMS/LITER)

66 FORMAT (/1H40+2A3+284 WETFALL CONTRIBJUTIONS IN MI,A3¢15HGRAMS/LITER
1 ARE/1H ¢2Xe4HJIAN, 92X o 4HFES .91 X9SHMARICHe 1 X9 SHAPRIL ¢3X 9 3HMAY 92X 9 &6HJ
CUNE 92X e 4HUULY 02X 084 4AUG e s 1 X9 SHSEPT ¢ 92X 0 4HOCT o 92X 9 4HNOV . 92X e 4HDEC. /1]
3H 212(1%9F5,2))

67 FORMAT (2A4,512+,1254001%911)

68 FORMAT (2A49412+13+12F5.0411)

69 FORMAT (1H +2444513,12F8.2:13)

T0 FORMAT (2A&¢212¢11915F4,2¢2Xe11)

Tl FORMAT (1H «2A40213012016(1XsF&.2)913)

72 FORMAT (1HO0.29HERRIAR ON A UNIT OR DAILY CARD/1H +35HDATE.CNy AND C
100€ OF THIS CARD ARE: 95X eI4s1H/0I29s5Xe3HCN=9I445X9SHCODE=y1I2)

73 FORMAT (1HO,44HERRDR IN CARD ASSIGNING STREET SWEEPING DAYS)

Té FORMAT (20X+216/1H0,27THUNIT DAYS SPECIFIED ON UNIT928HAND DAILY CA
1RDS ‘00 NOT MATCH)

T5 FORMAT (140430HPERIOD OF RECORD CANNOT EXCEEDsIS5«5H DAYS)

756 FORMAT (1H1)

T7 FORMAT (1H0,33HURECZDS CANNOT EXCEED 0 IF IvODE=1)

78 FORMAT (14 ¢«37HPRO3RAM IS DIVENSIONED) FOR A MAX. OF ¢412¢23H CONSEC
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1UTIVE STORM DAYS)

79 FORMAT (1HO0.S6HEND OF RECORD MUST BE AT LEAST 1 DAY AFTER LAST UNI

1T DAY)
END

SUBIOUTINE INPUT]

113
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SUBROUT

SUBROUTINE INPUT2

INE INPUTZ2 .

INTEGER RODYS,TESTNO(180) 01
REAL I2CFSP,ISEG

COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON.
COMMON
COMMON
COMMON
COMMON

/C1/ NSEG.ISEG(99)+JUP{9993) s JLAT(99,4),ITYPE(99),EFF (51)
/F2/ IYReIMD4IDYsNDYS,ICKI60) 4 JCONC,JLOADsJRECQW

/F3/7 IFILESIFILEDSIFILEQeJJRECIS+IRECD,IRECQyNSTRMSy IMODE
/QWD/ CO(60+49264) s TIME(6094926) sNWQUM(60+4) sRVLLC(60+4)
/ST1/ FPK(60) +FVOL(60)sFLD(60+4) CMX(60+4) +WFALL(4+60) 9NWF
/ST2/ NOFEINF(60) +NQU(4) s TESTNOWKNN9CF1(4)9sIND(4)

/7S5T3/7 TPL(180)+K1(60)+K2(60)+<0UT(180)+IPA(4),IPB(4),NOPT
/TIME/ NDELS+NOUD(180)+INDP(20) +NDATE (60v3)

ZUNIT/ NUDDNWQsUD(2881)490P(7310)9sRODYS+DA9ISS,PTIME,JPR
/WQ1/ AToATI(4951)eX0(4951)9CIN(491442) yNSSDAY (3+40) 9 ISWEEP
/WQ2/ EAT(60¢4) 9X0S(60+4) 9SFLI(6094)+BFL(60)9+VB(60+4)
/Z17 TUDSILIAD9I2CFSPIQWINT,AIUP4DAESDT,DTSINDTS
5280482/12460°60#24=26,8883 CONVERTS INCHES TO CFS

INTVAL=(PTIME+0.001) /DT
12CFSP=26.8888889#)4#NDELS

NOFE=]
I1l=]
NSDD=0
JRECOQWS
JCONC=0

DO 1 I=
FPK(I)=

0

INITIALIZE VARIABLES
1960
0.0

FVOL(I)=0.0

D0 1 u=

1¢4

FLD(T1,J)=0.0

CMX(IeJ

)=0.0

NWOM(I.J) =0
RVLC(IsJ)=0.0

RVB(I,J
DO 1 K=

)=0.0
1024

CO(IsJsK)=0,0
TIME(I¢JsK)=0,0
CONTINUE

FOR EACH SET OF EVENTSs THE NO. OF EVENTS IN THE SET

IS ENTERED FOR AS MANY TIMES AS THERE ARE EVENTS IN THE
SET. A SET OF EVENTS CONSISTS OF A FRACTION OF A DAY OR
A SERIES OF CONTINUOJS DAYS.

READ (5+19) T4(NF(<)9K=141)

WRITE (

6920) I+ (NF(K)sK=1s1])
3EGIN ANALYSIS OF A SEY OF EVENTS

DO 3 I=11eNUDD !
IF (NOUD(I+1)<NE.(NOUD(I)+1)) GO TO &
CONTINUE

NF 11=NF (NOFE)

I4=11
11=1+]
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SUSRQUTINE TNOUT?

NSDD=NSDD+1
BEGIN ANALYSIS OF A STORM

IF (NWF.EQe2) READ (5¢18) KSoKEoNWAP o (WFALL(J9NOFE) ¢ J=1¢NWQ)
IF (NWFeNE«2) READ (S5918) KS¢KEsNWQAP ~
WRITE (6+422) NOFE ¢ <SsKE
JRCS=(XKE=-KS+1)#INTval
IF (JRCS.LT.NDTS) 30 TO 5
WRITE (6+28) NOFELNDTS .
STOP '
ITES=NIJELS*ICK (NSD))
IF (KEJLE.ITES) GO 10 7
WRITE (6429) NOFELITES
STOP
JRCS=JRCS/120+1=(1=MINO(1+4MOD(JRCSs120)))
JRCS=JRCSHNSEGH#NWN
IF (JRECQAW.LT.JRCS) JRECAW=UXCS
IF (NWF,NE.?) GO TDO 9
DO 8 I=1e.NWQ
IF (CF1(I).GT.1.0FE=6) J=3
WRITE (6621) IPA(I)IPB(I)yWFALL(IWNIFE) «IND(U)
CONTINUE
K1 (NOFE)=KS
K2 (NOFE) =sKE
LJ=KS
LM=KE
NFIl=NFIl=l
IF (NWQP.EQ.0) GO T9 14

READ WATER=-QUALITY DATA FOR A STORM
JCONC=1
DO 13 <=1,NWQP
READ (35423) IP1+IP2,NNN
IF (NNN.LE.24) GO TO 10
WRITE (6427) NOFE
STOP
CONTINUE
CALL ID(IPlsIP2sNWIALL)
NwQOM (NOFEsL) =NNN
IV=NWQY (NOFE L)
READ (5424) (CO(NO FoeLodJ)ed=1lalvV)
READ (5424) (TIME(NOFEsLeJ)eJ=10e1V)
ALJd=LJ
IvM=1v-1
DO 11 JU=1l,1Vv
IF (CO(NOFEeLoJ) «eGT ,CMX(NOFESZL)) CMX(NOFESL)=CO(NOFEsLsJ)
TIME(NOFE oL J)SALJ*TIME (NOFFE 4L oJ) /PTTME
ADDSTIME (NOFFoLoIV) /PTIME :
IF (AMOD(ADDsls) sEQ,0.0) GO TO 12
I1ADD=ADD
ADD=1a0D+1.0
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SUBROUTINE INPUTZ

12 TIME/NOFE.LosIV)=ALJ+AD)

KTIME=TIME (NOFEsL1IV)

IF (KTIME.LE.,K2(NOZE)) GO TO 13

WRITE (6417) IP1.1P24NOFE

sToP
13 CONTINUJE :
NDATE IS USED FOR PRINTING OJT THE DATE OF STORM
14 I3=16+LJ/NDELS

NDATE (NOFE1)=IPL(13)

NDATE (NOFE»2)=KOUT(I3)

NDATE (NOFE»3)=TESTNO(I3)

NOFE=NOFE+1

CHECx FOR MORE STORMS IN SET OF EVENTS
IF (NFI1.GT.0) GO TO 5
CHECK TO SZE IF ALL EVENTS HAVE BEEN ANALYZED

IF (NUDD.GEL.Il) GO TO 2

NOFE=NOFE-1

READ (5+19) (KOUT(I)e I=14NOFE)

WRITE (6+25) (KOUT(I)sI=19NOE)

KNN=0

READ (5519) (IPL(I),I=1,NOFE)

WRITE (6+426) (IPL(I)sI=14NOFZ)

DO 15 I=1.NOFE

TESTNO(I) =]

KNN=KNN+ 1
15 CONTINUE

IF (IMODE.EQ.3) WRITE (6.30) JRECQW

IF (IMODE.LT,3) JRECQW=0

IF (IMODE.NE.2) RETURN

DO 16 I=1,NOFE

KOUT (1) =0

IPL(I)=0

00 16 J=1.NwQ
16 NWQM(I+J)=0,0

JCONC=0

RETURN

17 FORMAT (lH +1BHSAMOLING TIME FOR +2A3,104 FOR STORMsI4+29H IS AFTE
1R KE ON CARD GROUP 14)

18 FORMAT (214,12,4F5,2)

19 FORMAT (4012)

20 FORMAT (1H149HTHFERE AREsI64+32H STORM EVENTS GROUPED AS FOLLOWS,10I
16/5(46X,1016/))

21 FORMAT (1H 52A3,27+4 WETFALL CONCENTRATIONS ARE,F7.3,3H MI,A3,11HGR
1AMS/LITER)

22 FORMAT (1HO0s9HSTORM NO.sI13522H STARTS AT TIME 2ERIOD,I5,12H AND EN
10S AT,I5)

23 FORMAT (243,12)

24 FORMAT (10F8,2)

25 FORMAT (1H0.2THDETATLED OUTPJT FOR STOIMS ,3013)

116

R1010
R1020
R1030
R1040
R1050
R1060
R1070
R1080
R1090
R1100
R1110
R1120
R1130
R1140
R1150
R1160
R1170
R1180
R1190
R1200
R1210
R1220
R1230
R1240
R1250
R1260
R1270
R1280
R1290
R1300
R1310
R1320
1330
R1340
R1350
R1360
R1370
R1380
R1390
R1400
Rl410
R1420
R1430
R1440
R1450
R1460

- R1470

R1480
R1490
R1500



FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
117)
END

SUBROUTINE INPUTZ2

(1H0 9 29HTHE STORM EVENTS PLOTTED ARE ,3013)

(1H +27HNO.

OF QW SAMILES FOR STORMesI3s11H EXCEEDS 24)

(1HO 4 25HNUM3ER OF DT'S FOR STORM +12+8H EXCEEDS+I5)
(1H0 4 12HKE "NR STORM«I3,18H S40ULD NOT EXCEED.IS)

(1H0 ¢ SOHNO.

OF RECORDS REQUIRED FOR DIRECT ACCESS FILE 27=,
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SUBIOUTINE INPUT3

SUBROUTINE INPUTA S 10
COMMON /I1/ NLUSLUSE(3+4) 98K (Sebe4) s ISSFRQINPAGE S 20
COMMON' /ST3/- IPL(190)+K1(60)9sK2(60)+<DUT(180)+sIPA(4)IPB(4&)4NOPT S 30
COMMON /UNIT/ NUDDINWQsUD(2881)¢IP(T7310)+sRIDYSsDAyISS,PTIME, PR S 40
DIMENSION Z(5) S 50
NWANLUZNWQ*NLU S 60
JF (NWANLU«GT.1) WRITE (6+11) S 70
DO 5 K=]1.NWONLU S 80
READ (S5+6) IP1¢IP2sIP39IP49135,(Z(1)eI=]1,5) S 90
DO 2 L=1sNLU S 100
IF (LUSE(lsL)NE.I?]1) GO TO 1 S 110
IF (LUSE(2+sL)NE.IP2) GO TO 1 S 120
IF (LUSE(3sL)eNE.I23) G50 TO 1 S 130
Lu=L S 140
GO 19 3 S 150
1 IF (Le.LTeNLU) GO TI 2 S 160
WRITE (6+10) IP1+I32.1P3 s 170
STOP S 180
2 CONTINUE S 190
3 CONTINUE S 200
CALL ID(IP&oIPS59sNW2,IWI) S 210
IF (Z(5)eLEeN.D01) Z(S)=Z(3) S 220
DO 4 I=1.5 S 230
4 BK(IsIWQsLUY=Z(]) S 240
WRITE (6¢7) TPA(INQA) 9IPB(IWQ) o (LUSE(LNILUI oLV=143)4(Z(I)0sI=143) S 250
WRITE (6+8) 7(5) ' S 260
IF (Z(4)eGT40.,0001) WRITE (6+9) Z(4) S 270
5 CONTINUE S 280
RETURN S 290
S 300
6 FORMAT (3A3,42A3,6F8,3) S 310
7 FORMAT (//1H0,21HMOIDEL PARAMETERS FOR +243422H ON AREAS OF LAND US S 320
1E +343.9H4 ! K1=9FBo3/65Xe3HK2=+F8,3/65X93HK3I=4F8,.3) S 330
8 FORMAT (S9Xs9HDAILY K3=,FBR,.3) S 340
9 FORMAT (65X¢3HKG=478,3) S 3590
0 FORMAT (1HO0+39HERRIR IN SPECIFICATION OF LAND-JSE TYPE+2Xs3A3) S 360
1 FORMAT (1H1) S 370
END +S 380~

118
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SUBRQUTINE CTCHMT

SUBRIUTINE CTCHMT
T+4IS SUSROUTINE IS USED TO READ IN.CATCHMENT DATA
REAL ISEGsIuPsILAT -
COMMON /C1/ NSEGISEG(99) ¢ JU(99s3) 9 JLAT(99+4) +ITYPE(99)EFF(5])
COMMON /C2/7 IPR(99) FLGTH(99) sPARAM(IF¢4) o LAND(99) ¢yNCATHINRES
COMMON /C3/ SSEFF(6)9SSMIN(4)sSSAREA(S]) +AKA(4) «AKB(4)
COMMON /F1/ TCT+Q(14642)9R(1462)+3MXsT1)1sDELTAT,DELPLGsNRV(10)
COMMON /F3/ IFILESIFILEDSIFI_EQeJRECISyIRECDIRECQyNSTRMS, IMODE
COMMON /117 NLUSLUSE(354) ¢BK(59494) « ISSFRQyNPAGE
COMMON /ST3/ IPL(180)9K1(60)+K2(60)sXDUT(180)+IPA(4),IPB(4),NOPT
COMMON ZUNIT/ NUDDINWQsUD(2881)+DP(T7310)sRODYSeDAsISSyPTIME, JUPR
COMMON /WQ1/ AT»ATD(4951)9eX0(495))9CIN(491442) yNSSDAY (3940) o ISWEEP
COMMON 7217 TUDILIJAD,I2CFSPIQWINT,AIMP,DAE,DToDTSHNDTS
DIMENSION ILAT(99¢6)s IUP(9943) '
NCAT=])
LAND(1) =1
NRES=0
READ (5418) DAEsAIVPySSAREA(])
WRITE (6513) DAE+AIVP
EFF (1) =DAE
READ (S+17) NLUs(LJUSE(19I)sLJISE(2sI)sLUSE(39I)sI=19NLU)
WRITE (6¢20) NLUe (LUSE(1oI) o LUSE(25I)sLUSE(3+4I)sI=1oNLU)
IF (ISS.EQ.0) GO T2 3
READ (5418) (SSEFF(J)sJ=1eNw)
READ (5518) (SSMIN(J)sJ=14NWI)
WRITE (6+31)
D0 2 J=1sNWQ
IF (SSEFF(J).LEs100) GO TO 1}
WRITE (6+364) SSEFF(J)

STOP
WRITE (6932) IPA(J)»IPB(J)sSSEFF(J)+SSHMIN(J)
CONTINUE

IF (IMODE.EQ.1) WRITE (6+433) SSAREA(1])

IF (JRECDS.EQ.0) RZTURN

READ (5,21) NSEGls (AKA(J) 9AKI(J) 9U=]1sNWQ)

IF (NSEGl1.EQ.NSEG) GO TO 4

WRITE (6+30)

STOP

NCAT=0 :

WRITE (6+22) NSEGsDT

IF (IMODE.EQ.1) RETURN

IF (AKA(]) eENe0eDeANDAKB3(]1).EQe0.0) GO TO 6
WRITE (64+23)

DO 5 J=19sNw@

WRITE (6924) IPA(J)JIPI(J)sAKA(J)AKI())
CONTINJE

WRITE (6+26)

DO 10 I=1.NSEG

READ (5+27) TSEG(I) 4 (IUP(I9J)sJ=193)a(ILAT(IeJ)9J=)94)sITYPE(I)VIP
IR(I) oFLGTH(I) o (PARAM(I9J) o J=194)4IP1,1IP2,1IP3
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SU30UTINE CTCHMT

IF (MOD(1+50).EQ.0) WRITE (6.26) T 510
WRITE (6¢28) ISEG(I) e (IUP(TaJ)od=193) 0 (ILAT(I9J)9J=194)sITYPE(TI),I T 520
1PR(I) oFLGTH(I) o (PARAM(TI o J)oJ=194)sIP1sIP2+IP3 T 530
IF (ITYPE(I).EQ.3) NRES=NRES+1] T 560
IF (ITYPE(I).,EQ.3) NRV(NRES)=I T 550
IF (ITYPE(I).NE.1) GO TO 9 T 560
DO 8 LU=1sNLY T 570
IF (IP1.NE.LUSE(l1e_U)) GO TO 7 T 580
IF (IP2.NE.LUSE(2+s.U)) GO TO 7. T 590
IF (IP3.NEL.LUSF(3s.U)) GO TO 7 T 600
NCAT=NCAT+] T 610
LAND (NCAT) =LV T 620
80 T0 9 T 630
IF (LU.LTeNLU) GO TO 8 T 640
WRITE (6+25) IPlyI22,IP3 T 650 °

STOP T 660
CONTINUE T 670
CONTINUE T 680
CONTINUE T 690
IPR(NSEG) =0 T 700
IF (NCAT.LT.52) 60 1O 11 T 710
WRITE (6929) T 720
STOP T 730
DTS=DT#60, T 740
NUMBER CONTRIBUTING SEGMENTS (IUPSILAT) USING SUBROUTINE T 750

ITIAN WHICH GIVES THE CONTRISUTING SEGMENTS THE SAME T 760

NUMBER AS THE ORDER OF THE SEGMENTS (I.Ees I) T 770

DO 13 I=1,NSEG T 780
DO 12 J=1,3 T 790
X=IUP(IeJ) T 800
JUP(TsJ)=ITRAN(X) T Bl0
CONTINUE T 820
DO 13 JU=1l,4 T 830
X=ILAT(Ied) T 840
JLAT(I+J)=ITRAN(X) T 850
CONTINUE T B60
COMPUTE EFF, IMPERVIOUS AREA CONTRIBUTING TO EACH CHANNEL T 870
DAEC=0.0 T 880
NC=0 T 890
DO 16 I=1.NSEG T 900
IF (ITYPE(I).NE.I1) GO TO 156 T 910
NC=NC+1 T 920
EFF(NC)=0.0 T 930
SSAREA(NC)=0,0 T 940
TOP=0,0 T 950
DO 15 JU=leé T 960
IF (JLAT(I+d)) 15415614 T 970
JJ=JLAT(I+J) T 380
IF (PARAM(JJe2)LE.N.0) 3N TI 15 T 990
TERM=PARAM(,J J«2)#F _GTH(JUJ) #FLGTH(I) /763560, T1000

120



SURIOUTINE CTCHMT

EFF (NC)=EFF (NC) +TE3IM
TOP=TOP+PARAM(JJs1) #TERM
SSAREA (NC) =TOP/EFF (NC)
15 CONTINUJE '
DAEC=DAEC+EFF (NC)
16 CONTINJUE
WRITE (6+35) DAEC
RE TURN

17 FORMAY (I5,+12A3)

18 FORMAT (5F5,2)

19 FORMAT (///20X+34HTOTAL EFFECTIVE IMPERVIOUS AREA = ,F7.2,6H ACRES
1720X+23HIMPERVIOUS RETENTION = +F4,29yTH INCHES)

20 FORMAT (20X,9HTHERZ, ARE»I2,19H LAND-JSE TYPES: ,3A3/3(49X,3A3/))

21 FORMAT (15,8F5.0)

22 FORMAT (1H0,19X4264TOTAL NUMBER OF SEGMENTS =,I3/20X4S54H0T = 4F7.3,
18H MINUTES)

23 FORMAY (//1H0+24HPERVIOUS AREA PARAMETERS/1MO+11HCONSTITUENT 95X ¢ 3H
1AKA+5X 4 3HAKB)

24 FORMAT (1H 42X92A3,F11.29F8,.2)

25 FORMAT (1H0,39HERROR IN SPECIFICATION OF LAND-JSE TYPE.2X93A3)

26 FORMAT (1H]19+55Xs6HLENGTH/1H s THSEGMENT,1Xe17THUPSTREAM SEGMENTS+3Xy
118HADJACENT SEGMENTS s4HTYPEs4H IPRy1X96HI(FEET) 98Xs16HQTHER PARAME
2TERS+8X+3H LAND USE)

27 FORMAT (BA4¢2I2+FTe0+4F5,09343)

28 FORMAT (2XsA493Xe3(1Xeh4)93Xs4(1XoAG)sI39169FB.1+4FB8B.3,3A3)

29 FORMAT (1HO.21HNCAT CANNOT EXCEED S51)

30 FORMAT (1H0,46HNSES DOES NOT MATCH BETWEEN DR3M AND DR3IM-QUAL)

31 FORMAT (1HO+20HSTREET SWEEPING DATA/140+254CONSTITUENT SSEFF SSM
1IN)

32 FORMAT (1H +2Xe283¢5X9F5,2¢F7.2)

33 FORMAT (1HO048HSSARZA =¢F5.2)

34 FORMAT (1HO+64)1HSWEEPING EFFICIENCY SHOULD NOT EXCEED 140+F1543)

35 FORMAT (/1r10.50HEF-ECTIVE IYPERVIOUS AREA BSASED ON SEGMENT DATA IS
1eFBe2e5H ACRES)

END
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SJRROUTINE SSDAY(YRgMO9CNyKK9NSS)

SUBROUTINE SSDAY(YRyMOsCNeXKeNSS) u 10
INTEGER YRsCNosRODYS U 20
THIS SUBROUTINE IDENTIFIES STREET SWEEPING DAYS U 30
COMMON /UNIT/ NUDDsNWQsUD(2881)¢DP(7310)sRIDYSeDASISSsPTIME.JPR J 40
COMMON /WQ1/ AToATD(4451)9X0(4951)9sCIN(4e1442)9NSSDAY(3940),ISWEEP U 50
IF (MOJNEJNSSDAY (14NSS)) RETURN U 60
IF (YRJNEJNSSDAY(34NSS)) RETJRN u T0
IF (CN.EQ.1.AND NSSDAY(2.NSS).LE.18) GO TO 2 U 8o
IF (CN.EQ.2.AND.NSSDAY (2+NSS).GE.17) GO TO 3 u 90
RETURN U 100
NSSDAY (1 oNSS)=KK+NSSDAY(2eNSS) -1 ul1o0
GO TO 4 U 120
NSSDAY (1 ¢NSS)=KK+NSSDAY (24NSS) =17 U 130
NSS=NSS+1 U 140
IF (NSS.GT.ISS) RETURN u 150
GO 70 1 U 160
END . U l70-
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SURINUTINE OUTPT(ICNTLIDELsJJsJIOUTPT)

SUBROUTINE OQUTPT.(ICNTSIDEL»JJeJOITPT; .
THIS SUBROJTINE OUTPJTS SIMULATED CONCENTRATION DATA
AND SETS U2 ARRAYS FIR QWLOAD
REAL ISEG ’
COMMON /C1l/ NSEGsISFEG(99) e JUP(99¢3) s JLAT(9944) s ITYPE(99),,EFF (51)
INTEGER RONDYS,TESTNN(180) .
COMMON /F1/ ICT+Q(14462)9sR(1442)+QMX+s 1)1 +DELTATDELPLGyNRV(10)
COMMON /ST2/ NOFE«NF (60) sNQU(4) o TESTNIKNN,CF1(4) s IND(4)
COMMON /ST3/ IPL(180)+K1(60),K2(60)x0UT(1B0)IPA(4),IPB(4),NOPT
COMMON /TIME/ NDELS,NOUD(180)+INDP(20) ¢NDATE(60¢3)
COMMON /UNIT/ NUDDsNWQsUD(2881)9DP(7310) +sRODYSsDAsISSsPTIME,JPR
COMMON /WQ1/ ATsATD(49e51)9X0(4951) ¢CIN(4+1662) ¢sNSSDAY(3¢40) 4 ISWEEP
DIMENSION RT(S)s I4R(S)s TMN(S)s TOUT(S5)s MOUT(5)
. JOuTeT=2 IF SIMULATED CONCS. ARE LISTED
=) JF SIM. CONCS. ARE OLOTTED BUT NOT LISTED
=) IF SIM, CONCS. ARE NEITHER LISTED NOR PLOTTED
23 IF SIM. CONCS. ARE NOT AT WATERSHED OUTLET
IF (JOUTPT.LT.2) G) TO 1
WRITE (6210) Il (NJDATE(ILloIII)I11I=1,3)
IF (JOUTPT.EQ.3) WRITE (6+11) ISEG(ICNT)
IF (JOUTPT.NEL3) WRAITE (6+12)
WRITE (6¢6) IPA(JI) LIPB(UN)
IF (CF1{(JJ) eGTele0E=6) WRITE (6+7)
IF (CF1(JJ) oL Telea0E=h) WRITE (6+8)
Lu=K1(Il)
LK=K2(I1)
QMx=0,0
15=0
ICT=0
ICNT=0
DO S I=LJsLK
ICT=ICT«IDEL
I5=]5+1
RT(I5)=CON(JJULICT)
IF (RT(I5)«GT.QMX) QUX=RT(IS)
IF (JOUTPT.EN.0) G) TO 2
MOUT(IS)=I/NDELS
IRVEMOUT (I5) #NDELS
TOUT(1I5)=((1=IRV)®*2TIME) 760,
IHR(IS)=INT(TOUT(1I5))
TMN(IS)=AMOD (TOUT(1I5)+s1.)*60.
IF (IS«LTe5.AND.I.LTeLK) GO TO 5
IF (JOUTPT.LT.2) G) TO 3
WRITE (6¢9) (IHR(IV)eTUN(IV)sRT(IV)eIV=1s15)
DO & U=1.:15 /
ICNT=ICNT+1
RCICNT)=RT (J)
IF (JOUTPT.EN.0) GO TO 4
IF (JOUTPT.EQ.3) GJ TO 4
QEICNT)I=TOUT (J) +MOUT (J) #24,
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SURIQUTINE OUTPT(ICNTIDELeJJeJOUTPT)

4 CONTINUE v 510
1520 VvV 520
5 CONTINUE v 530
RETURN V 540
v 550
6 FORMAT (1H +52Xs9HIATA FOR 42A3/) v 560
7 FORMAT (5(7Xe4HTIMEs5XsSHCONCe91X) /S (TXyS5H(HRS) ¢ 4Xs6H4 (MG/L) ) ) v 570
8 FORMAT (5(7Xe4HTIME,5Xe5SHCONCes1X) /5 (TX95H(HRS) 9 4Xs6H(UG/L))) v 580
9 FORMAT (5(6XsI2s1H:4F3,0,F1043)) vV 590
10 FORMAT (1HO.26HSTOIM=RUNOFF EVENT NUMBER sI3s74 DATEDsI3s1H/s12,1 V 600
1H/912) vV 610
11 FORMAT (1H »52XsRHSEGMENT +A4) v 520
12 FORMAT (1H +52X+194AT WATERSHED OUTLET) vV 630
END V 640-
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SUARIOUTINE RITE]L

SUBROUTINE RITE]
THIS SUBROJTINE JUTPUTS A SUMMARY OF THE MEASURED DATA
INTEGER RODYSSTESTNO(180),01
COMMON /QWD/ CO(60+4924) s TIME(60,4526) yNWQU(6044) sRVLC(60+6)
COMMON /ST1/ FPK(60) 9FVOL(60) 9sFLD(60e¢4) sCMX(6094) s WFALL (6+60) s NWF
COMMON /ST2/ NOFEsNF(60) «NQU(4) s TESTVO9KNNo,CF1(6) 9 IND(4)
COMMON /ST3/ IPL(190)+K1(60)+sK2(80),<0UT(180)9IPA(4)IPB(4)9NOPT
COMMON /TIME/ NDELS,NOUD(180),INDP(20) +NDATE(60+3)
COMMON /UNIT/ NUDD+NWQsUD(2881)9DP(7310)+RODYSsDA9ISSsPTIME,JPR
COMMON /WQ2/7 EAT(60+4) 9XOS(6094) oSFLI(6094)9BFL(60)9VB(60+4)
01=0 -
WRITE (6+4) .
DO 3 I=1+NOFE
WRITE (695) To(NDATE(I+1I1)9111=]1,3)
WRITE (696) FVOLI(I)
WRITE (6+7) FPK(I)
IF (NWQ.EQe0) GO TI 3
DO 2 J=1sNWQ
IF (NWQM(IeJ) .EQ.0) GO TO 2
IF (21.G6T.0) GO TO 1
WRITE (6+8)
WRITE (6+9)
WRITE (6+910)
Ol=]
1 PER=RVLC(Ieu)/FVOL(T)®]00.
WRITE (6+11) IPA(J)GIPB(U) sRVB(19J)oIVLC(I4J) +PERINWAM(ILJ)+FLDI(I,
10 ,
2 CONTINUE
01=0
3 CONTINUE
RETURN

& FORMAT (1H1965X¢24HSUMMARY OF: MEASURZD DATA/L1H +25Xs60H*RUNOFF VOL
1UMES IN INCHES ARE BASED ON TOTAL WATERSHED AREA®)

S FORMAT (1HO/1H +264STORM=RUNOFF EVENT NUMBER +13,7H DATED,I391H/»
112+1H/512) ’

6 FORMAT (1lH +24HMEASURED DIRECT RUNOFF =4F9,3,7H INCHES)

T FORMAT (1H +2SHMEASURED PEAX DISCHARSZE =¢F9,2+,4H CFS)

8 FORMAT (32X913HRUNIFF VOLUMEs2X913HRINOFF VOLUME+2X9 10HPERCENTAGE,
15X+ 3HND o ¢S X+ 8HMEAS JRED)

9 FORMAT (17Xs13HWATZR=QUALITY+2Xe13HBEFORE FIRST +2X912MUSED IN LOA
1De3XeBHOF TOTALs7TXe2HOF ¢6Xe 74LOAD . IN)

10 FORMAT (19X,OMHPARAVETER»TX964SAMPLE 95X e 12HCOMPUTATIONS 93X 911 HRUNOF
1F VOLo92Xs THSAMPLES .4 X s 64POUNDS)

11 FORMAT (20X92A39AX9sFBe39TX9FB39BXsF5,10I11s6X9F843)
END
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SUBROUTINE RITE2(N1sN2)

SUBROUTINE RITE2(N1,N2)
THIS SUBROUTINE PRINTS OUT A SUMMARY OF
SIMULATED AND MEASURED LOADS
INTEGER TESTNO(180) ,RODYS
COMMON /F2/ TYRsIMDoIDYoNDYSsICK(60) % JCONCsJLOAD JRECQW
COMMON /F3/ TFILEsIFILED,»IFILEQsJRECIS, IRECDs IRECQsNSTRMS, IMODE
COMMON /I1/ NLUsLUSE(3+4)sBK(S5s694) 9 ISSFRQ,NPAGE
COMMON /QuD/ CO(6014924) s TIME(60+4+24) yNWQM(60,4) sRVLC(60+4)
COMMON /ST1/ FPK(60) sFVOL(60) sFLD(60+6) yCMX(6054) s WFALL (6960) s NWF
COMMON /ST2/ NOFEsNF (60) ¢NQU(4) s TESTNOsKNNsCF1(4) s IND(4)
COMMON /ST3/ ‘IPL(130)9K1(60)+K2(60) ¢ <OUT(180) + TPA(4) »IPB(4) 4NOPT
COMMON /UNIT/ NUDDsNW@sUD(2881)3DP(7310) sRODYSDA»ISSsPTIME, JPR
COMMON /TIME/ NDELS.NOUD(180) « INDP(20) yNDATE (60+3)
COMMON /WQ2/ EAT(60¢4) sX0S (6054) sSFLI(60+4) sBFL (60) sRVB(6094)
COMMON /Z1/ TUD+ILOADsI2CFSP+QWINTAIMPsDAESDT»DTSINDTS
WRITE (6+8)
IF (JCONC.EQ.1.AND.JLOAD.EQ.0) WRITE (6+9)
DO 3 J=N1,N2
WRITE (6+6) IPA(J)SIPB(J)
WRITE (6510)
D0 2 I=1sNOFE
IF (FLO(IsJ) .EQ.0.0) GO TO 1
IF (SFLD(IsJ).EQ.0.0) GO TO 1}
VR=ALOG (FLD(T+J) /SELD(IsJ) ) #e2
WRITE (697) I+ (NDATE(IsITI)sIII=193)4SFLD(IsJ)eFLD(IsJ)sVR
G0 TO 2
WRITE (6+7) To(NDATE(ISIII)oTII=143)¢SFLD(Tsd)
CONTINUE
CONTINUE
IF (IMODE.6T.1) RETURN
WRITE (6+8)
OUTPUT EAT AND ALS
DAR= (DA#640,) /DAE
DO S5 J=N1.N2
IF (3K(3sJe1).LE.0.0) 60 TO 5
IF (3K(44J91).6T.1.E-5) 30 T2 5
AK3=BK (3sJs1)
WRITE (6+6) IPA(J)+IPB(J)
WRITE (6911) :
DO S5 I=1eNOFE
IF (FLD(IsJ).LE.0.0) 6D TO &
RVI=RVLC(I+J)*DAR
RV2=RVB (1, J) #DAR
DIV=1.-EXP(-AK3#RV1)
NWET=NDATE (To1)
IF (NWF.EQe2) NWET=T
PLOAD=0,277#WFALL ( JoNWET) #DAE®RV]
IF (NQU(J)<EQ.2) P_OAD=PL0OAD/1000.
RLOAD=FLD(I,.))=-PLOAD
ALS=3LIAD/ (EXP (~AK3#RV2) #DIV)
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SUBROUTINE RITVEZ2(N1.N2)

ALS=ALS/DAE X 3510

WRITE (6+12) ISJEAT(TeJ)eALS X 520

60 TO 5 X 530

4 WRITE (6912) T4EAT(IsJ) X 540

5 CONTINUJUE X 550

RETURN X 560

X S70

6 FORMAT (//1HN0,9HDATA FOR +2A3/) X 580

7 FORMAT (1H 915¢5Xe1391H/91291H/9124F1243+42F1643) X 590

8 FORMAT (1H1) X 600

O FORMAT (1H +78HMEASURED AND SIMULATED LOADS ARE SBASED ON RUNOFF BE X 610

1TWEEN FIRST AND LAST SAMPLE) X 620

10 FORMAT (1H ¢22Xes9HSIMULATED s 7TXeBHMEASURED s 7X s 12HCONTRIBUTION/1IH +6 X 630

1H STORMs 15X 11HRUNIFF LOADsSX911HRUNIFF LOADsSXs12HTO OBJUECTIVE/ZIHN X 640

2 oTH NUMBER6HX+s4HDATE 96X 9 BH(POUNDS) +8X ¢ BH(POUNDS) v8Xe84 FCTe 1 ) X 650

11 FORMAT (1H +8Xel10HEQUIVALENT 96X sBHEXSECTED/IN +7X9s12HACCUMULATIONs, X 660

13Xe THINITIAL/IH o TXo13HTIME AT START2Xs12+HIMP, SURFACE/1H ¢SHSTOR Xx 670

2Me 4 X o BHOF STORMsSXe 12HLOAD (LB/AC)) X 680

12 FORMAT (1H oJ445X99,294XeF]Gabe3XsF10.4) X 690
END X 700~
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SJ3ROJTINE STIRv(T1)

SUBROUTINE STORM(I1) -
# STORM ANALYSIS #
==PEAKS»VO_UMES+RUNOFF LOADS
INTEGER RODYS+TESTNO(180),01
REAL I2CFsP
COMMON /QWD/ CO(6094+26) s TIME(60026+24) sNWQM(60+4) sRVLC(60+4)
COMMON /ST1/ FPK(60) ¢FVOL(60) sFLD(60+4) sCMX(60+6) sWFALL(4960) s NWF
COMMON /ST2/ NOFEsNF(60)sNAU(4) s TESTNOsKNNoCF] (&) 9 IND(4)
COMMON /ST3/ IPL(180)+K1(60)+K2(50)+<0UT(180)sJPA{4)sIPB(4)sNOPT
COMMON /TIME/ NDELS.NOUD(180)+INDP(20)+NDATE(60+3)
COMMON "/UNIT/ NUDDsNWQsUD(2881)+DP(7310)sRODYSsDAsISSsPTIME, JPR
COMMON /WW@2/ EAT(60+4) s XOS(60+4)+sSFLDI(60+4)+BFL(60)9sRVB(60+4)
COMMON /Z1/ TUDsILJAD+I2CFSPsQWINTsAIURP,DAEL,DT4sDTSyNITS
NOF T=NOFE
I&4=]1
NOFE=11
BEGIN ANALYSIS OF A SET OF EVENTS
DO 1 I=I1sNUDD
IF (NOUD(I+1)<NE.{(NOUDI(I)+1)) GO TD 2
CONTINUE

' NF 11=NF (NOFE)

Il=1+1
BEGIN ANALYSIS OF A STORM
FIND PEAK DISCHARGE
AR=0.0
QMX=0,0
SRV=0,0 .
LJ=K1 (NOFE)
LM=K? (NOFE)
NFI1=NFIl=]
DO & K=LJolLM
A3=UD(X)
IF (Q3.LE.QMX) GO Tn 4
AMX=Q3
CONTINUE
FIND RUNOF® VOLUME
DO 5 L=lLJeLM :
SRV=SRvV+UD (L)
CONT INUE
FVOL (NOFE) =SRV/]2CFsSP
FPK (NOFE)=QMX
IF (NOPTED.1) WRITE (6912) NOFEo (NDATZ(NOFESIII)sIII=143)
COMPUTE STORM=-RUNOFF LDOADS
00 11 L=1+NW"
IF (NWQM(NOFE,LL).F3.0) GO TO 11
IV=NAQY(NOFE L)
LB=TIME(NOFELL 1)
LE=TIME (NOFE.Ls1V)
IF (NO2Te.NEL,1) GN TO 6
WRITE (6413) TPAL(L).IPB(L)
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11

SURBRO JTINE STIRM(II)

IF (CF1(L)eGTo1eNE=7) WRITE (6414) INDI(3)
IF (CF1(L)eLTeleNE~T7) WRITE (64164) IND(4)
J=1
DO 9 K=L3sLE
IF (KX.ZWeL3) GO TO 7
RVLC (NOFE+L) =RVLEC (NOFESL) +UD(K)
AK=K
CALL OWTAB(NOFEJLsAKsF2eJe1IV)
F2N=F2#UD (<) #CF1 (L)
IF (K<EQ.L3) GO TO A
FLO(NOFE L) =FLDINDTELL) +(F2N+F20)#PTIVE#30,
CONTINUE
F20=F2N
IF (NOPT.NE.,1) GO TO 9
MOUT=K/NDELS
MOUT=MOUT#NDELS
TOUT=( (K=MOUT)#PTIVF) /60,
IHR=TOUT
TMN=AMOD (TOUTe1.) #50,
ARITE 16915) IHR«TMNSUDIK) oF25INI(J)
J=2
CONTINUE
DO 10 K=LJsL3
RVB (NOFEsL)=RVB(NOTE,L) +UD(K)
RVB (NOFEsL)=RVB (NOZEsL) /I12CFSP
RVLC (NOFEsL) =RVLC (NOFEsL)/I2CFSP
CONTINUE
NOFE=NOFE+1
CHECKX FOR VORE STORMS IN SET OF EVENTS
IF (NFI1.GV.n) GN TO 3
NOFE=NOFT
I1=14
RETURN .

12 FORMAT (1H1/1H +26+4STORM=-RUNIFF EVENT NUMBER +I3+s7H DATEDsI341H/,

112914/412/14X446HTHE FOLLOWING DATA ARE USED IN COMPYTING LOADS/1S
2X 9464 (MEASURED CONCENTRATIONS ARE MARKED WITH AN *))

13 FORMAT (1HO9TX92A3¢5Xs4HTIME»IX 9 IHOISCHARGE 94X+ 13HCONCENTRATION)
14 FORMAT (1IH o19Xs4H(H4R) 911X +SH(CFS) +5X93H(MIs A3, 12HGRAMS/LITER))
15 FORMAT (lbXeJ291H29F3.092(8XsFBs2)0A1)

END
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SJBROUTINE JWTAS(KsLsFleF2+sJsIV)

SUBROUTINE QWTAB(KsLoF1leF2sJs1IV) Z 10

THIS SURBROUTINE PERFORMS LINEAR INTERPOLATION Z 20

COMMON /QWD/ CO(60+4924) +TIME(60+4924) yNWQAUM(604+4) sRVLC(6Ny4) Z 30

IF (FleLTeTIME(KeLs1)) GO TO 3 Z &0

IF (F1leGESTIME(KsLoIV)) 30 TD 4 Z 50

DO 1 I=2+24 Z 60

IF (Fl1eGT«TIME(KsLsI)) 60 TO 1 zZ 70

IF (FleEQeTIME(KsLsT)) U=l Z 90

GO 70 2 Z 90

1 CONTINUE Z 100

I1=24 Z 110

2 F2=CO(KsLoI=1)4(CO(KsLoI)=CO(KyLoI=1))/(TIME(K LyI)=TIME(K,L,]=1)) Z 120

1#(F1=-TIME(XsLoI~1)) Z 130

RETURN Z 140

3 F2=COo(<sLo1) 7 150

J=2 Z 160

RETURN Z 170

& F2=CO(<sLoIV) Z 180

RETURN Z 190
END Z 200~
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FUNCTION ITRaN(X)

THIS FUNCTION NUMSERS LATERAL AND UPSTREAM INFLOW
SEGMENTS TO CORRESPOND TO THEZ ISEG'S

REAL ISEG

COMMON /C1l/ NSEGeISEG(99)9JU2(99¢3) ¢ JLAT(99+4) s ITYPE(99),,EFF(51)

I=1

IF (X=ISEG(I)) 3423

ITRAN=I
RETURN
I=1+1

IF (I-NSEG)
ITRAN=0
RETURN

END

leloé

FUNCTION ITIAN(X)
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SUBROUTINE ID(IP1+IP2+NWQsJ)

SUBROUTINE ID(IP1eIP2+sNWQsJ)

COMMON /ST3/ IPL(180)+K1(50)¢K2(50)<oUT(180),IPA(4)+]IPB(4)4NOPT

DO 2 L=1.NWQ

IF (IPA(L)eNE.IP1) G0 TO 1
IF (IP3(L)«NE.IP2) GO TO 1

J=L
60 70 3

1 IF (L.LT.NWQ)
WRITE (6+4) 1
sToP

2 CONTINUE

3 CONTINUE
RETURN

4 FORMAT (1H +26HERRIR IN S®ECIFICATION OF «4BHALPHANUMERIC LABEL FO

IR WATER-QUALT
END

60 T3 2
PleIP2

TY CONSTITUENTs2X.2A%)
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" SUBROUTINE +EADR

SUBROUTINE HEADR
REAL ISEG
INTEGER HEAD1(120) ¢HEAN2(H042) ¢HEADI(HK0)eBI(3),ED(3I)
COMMON /C1/- NSEGeISES(99) 9 JUP(9943) 9 JLAT(9994) s ITYPE(99) 4EFF (S1)
COMMON /F3/ IFILESIFILEDSIFILEQesJRECDHSVIRECDYIRECQINSTRMS,y IMODE
COMMON /FS5/ HEAD1s+4EAD2,+EAD3 _
COMMON /Z17 TUDsILOADsI2CFSPeQWINTJAIMPoDAESDT«DTSINDTS
READ (IFILE*1) HEAD1+HEAD2,HZAD3
BD(3)=+4EAD1(20) /10000
BD(1)=(HEAD1(20)/100)=(BND(3)#])00)
3D(2)=<4EAD1 (20)~-(B81(3)510000)-(8D(1)#100)
ED(3)=4EAD1(21)/10000
EB(1)=(HEAD1(21)/100)-(ED(3)*100)
ED(2)=+4EAD]1 (21)~(ED(3)#10000)-(ED(1)#100)
K=HEAD] (18)
KK=HEAD1(17)
WRITE (694) (HEADLI(I)eI=1919)4(BD(I)eI=103)4(ED(I)eI=143)
N=K+21
WRITE (645) (HEAD] (J)sJ=22sN)
WRITE (6+6)
DO 1 I=1.KK
B8D(3)=+4EAD3(1)/10000
BD(1)=(HEAD3(1)/100)=(BD(3)*100)
BD(2)=4EAD3(1)-(BD(3)#10000)~-(8D(1)*100)

1 WRITE (697) 1+48BDvHZAD2(191)+4EAD2(]+2) ,
NSEG=HEAD1 (18)
DTS=HEAD1 (19)
DT=DTS/60
IF (HEAD1(16).GT.JIELCDS) GO T0 2
RETURN

2 WRITE (6+3) 4EAD1(16)
STOP

3 FORMAT (1HO0.294JRECDS SHIULD EQUAL 03 EXCEED.I6)

4 FORMAT (1Hle44H wonan 4EADER RECORNDS FROM RUNOFF FILE #%#»u#/1H0,27
IHSTREAMFLOW STATION NUMBER =92A69/917r STATION NAME =~ 913A4¢/7927H
2 NO, OF RECORDS IN FILE = +169/926H NOe OF STORM EVENTS = 4134/
323H NUM3ER OF SEGMENTS = 913979184 OT IN SECONDS = sI14¢/934H BE
4GINNING DATE OF SIVULATION = +I2s1H/e1291H/9129/79304 ENDING DATE
5 OF SIMULATION = 9sI201H4/e1291H/012¢//7+134 SEGMENT 1D )

S FORMAT (5XeAs)

6 FORMAT (1Mle//9T2H STORM NUMBER DATE " STARTING RECORD NuM
1BER NUMBER OF VALUES )

T FORMAT (/oTXeI2eRXsI291H/012¢1H/912¢11X0I5016Xe17)

END
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BLOCK DATA

3L0CK DATA

INTEGER TESTNO(1R0)

COMMON /ST2/ NOFEsNF (60) eNQU(4) s TESTNOsKNNoCF1(4) 92 IND(4)

DATA IND/14#,1H
END

«34LLI+3ACRO/
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SUH0UTINE FILES

SURRIJUTINE FILES , '
CREATES S2aCE ON THZ DIRECT ACCESS FILE FOR THE
NUMIER OF RECORDS RZQUESTED (JRECHS).
COMMON /F3/ IFILEIFILED,IFI_EQs JRECISs TRECD) IRECQsNSTRMS, IMODE
IFILE=25 ‘
IF (JRECDS.LF.50) 30 TO 2
IF (JRECDS.LE.100) 50 TO 3
IF (JRECOS~500) 1+7,8 .
160=JRECDS/100+1=(1-MINO (1+MID(JIECDS+100)))
GO TO (314+5¢6+7)y 130

CONTINJE

DEFINE FILE 25(S50+480sL+IRECI)
GO TD 28 :

CONTINUE

DEFINE FILE 25(100+480.LIRECD)
GO TO 28

CONTINUE

DEFINE FILE 25(200+4804.L+IRECD)
GO TO 28

CONTINUE

DEFINE FILE 25(300+4804L+IREZD)
GO TJ 28’

CONTINUE

DEFINE FILE 25(400+480+L+IRECD)
GO T2 28

CONTINJE

DEFINE FILE 25(50044804L,IRECD)
60 TO 28
160=URECDS/500-(1=9INO(1+MOD(JRECDS+500)))
IF (URECDS+.6T.10000) 60 TO 23

GO TO (9910611901201 3014915:15917918019920921:22923924925026+27) 1
160

CONTINUE
DEFINE FILE 25(1000.48040L+IRECD)
GO TO 28
CONTINUE
DEFINE FILE 25(1500,480+L+IRECD)
GO TO 28
CONTINUE
DEFINE FILE 25(2000.4804+L+IRECD)
GO TO 28
CONTINUE
DEFINE FILE 25(2500,4804+L ¢ IRECD)
GO TD 28
CONTINUE
DEFINE FILE 25(3000.480+L+IRECD)
G0 TH9 2R
CONTINUE
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15

16

17

18

19

2n

21

22

23

24

25

26

27
28

29

30

DEFINE FILE
50 TO 28
CONTINUE
DEFINE FILE
50 TD 28
CONTINUE
DEFINE FILE
GO Tn 28
CONTINUE
DEFINE FILE
50 TO 28 -
CONTINUE
DEFINE FILE
GO T9 2R
COMT INUE
DEFINE FILE
60 TD 2R
CONTINUE
DEFINE FILE
GO TO 28
CONTINUE
DEFINE FILE
GO TO 28
CONTINUE
DEFINE FILE
GO TO 28
CONTINUE
DEFINE FILE
50 10 28
CONTINUE
DEFINE FILE
60 TO 28
CONTINJE
DEFINE FILE
50 TH 28
CONTINUE
DEFINE FILE
G0 TO 28
CONTINUE
DEFINE FILE
CONT INUE
RETURN

WRITE (6+30)

STOP

FORMAT (140.45H###88ERR0VI-=JIECDS IS SIEATER THAN 10000%esae)

END

SUSWUTINE

5(3500%480+L IRECD)
P5(46000,680,L 0 I2ZCD)
25 (45004480, L IRECD)
25(50004480¢Le«IZCD)
25(550044809L + IRECD)
26 (60006B0eL ¢ IRECD)
25(65004 4809 L IRECD)
25(7000,480,L+ IRECD)
25(7500,4800L+ IRECD)
25(800044804L .+ IRECD)
25(8500,4809L» IRECD)
25(900044804L+ TRZCOD)
25(950044804L ¢ IRECD)

25(10000+4800L+IECI)
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SU3ROUTINE FILE?27

SURBROUTINE FILE27
CREATES S2ACE ON THE DIRECT ACCESS FILE FOR THE
NUMRER 0OF DPECIORDS REZQUESTED (JRECQW).
COMMON /F2/ TIYReIMILIDYsNDYSsICK(60) 4 JCONC,JLOAD,JRECQOW
COMMON /F3/ TFILESIFILEDWIFILEQsJRECISHIIRECDIIRECQINSTRMS, IMODE
IFILER=27
IF (JURECQW.LF,50) 30 T2 2
IF (JRECQwW.LF.100) G50 TN 3
IF (JRECQW=500) 1+7,8
IGO=URECAW/100+1~(1=- MIVO(I-MDD(J?ECQdoIOO)))
GO TD (3+49454,697)s 130

CONTINUE

DEFINE FILE ?7(50'480,L91QECD)
GO T 18

CONTINJUE

DEFINE FILE 27(1004480sL¢IREZD)
GO TO 1R

CONTINUE

DEFINE FILE 27(20044804L+IRECD)
G0 TH 18

CONTINUE:

DEFINE FILE 27(30044B0+L+IRECD)
GO 1O 18

CONTINUE

DEFINE FILE 27(40056480,L+IRECD)
GO TO 18

CONTINUE

DEFINE FILE 27(500+4804L4IREZD)
GO TO 1&
IGO=JRECQAW/500~=(1=vINO(1l+MOD(JRECQWS300)))
IF (JRECQW.GT.5000) 50 T2 19
GO TO (9¢10411412913914415415417)¢ I30

CONTINUE

DEFINE FILE 27(1000. 680.LoIR co)
GO 7O 18

CONTINUE

DEFINE FILE 27(1500+480+LsIRECD)
GO 7O 18

CONTINUE

DEFINE FILE 27(2000,480+L +IRECD)
GO 7O 18

CONTINUE

DEFINE FILE 27(2500,480+L4IRECD)
GO 1D 18

CONTINUJE

DEFINE FILE 27(3000.4804L¢IRZCD)
50 TJ 18 .

CONTINJE
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SU3ROUTINE FILE?27

DEFINE FILE 27(35004480L+IRECD) .

GU 70 18

CONTINUE

DEFINE FILE 27(400044800L9IRECD)
GO 10 18

CONTINUE

DEFINE FILE 27(4500,4804L9IRECD)
GO 1O 18-

CONTINJE

DEFINE FILE 27(5000,480+L9IRZCD)
CUNTINUE

RETURN

WRITE (6+20)

STOP

FORMAT (1HO.45H*###uFRROR-=-JIECAW IS GREATER THAN 5000%#cs#u)

END
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QUQROUTIVE_PLT(Q,QvICNTO‘EVDOYQAXOIlOJOJ‘)

SUBROUTINE PLT(QeReICNTsTENDs YMAX s T14JeJK)
THIS SURBROJTINE SETS UP FOR LINE PRINTER PLOTTING
INTEGER TESTNO(180)
COMMON /ST2/ NOFESNF(60) eNA(4) s TESTNDISKNNsCF1(4) ¢ IND(4)
COMMON /ST3/ TIPL(130)¢X1(A0)+K2(H0)+<0UT(180)+TIPA(4),TIPB(4) NOPT
LOGICAL #*]IMAGE(5200)
DIMENSION QJ(TCNT)s RCICNT)
GO TO (1¢3+4), IEND
IX=Q¢(1) .
1Y=Q(ICNT) .
XMIN=TX
XMAX=1Y+]
IF (UKL,EQ2,3) !HAX:].O
DIv=10,
IF (YMAX.LT.10.,) PIv=0.1
IF (YMAX,LT,.Nn,1) DIv=0,.01
IF ‘Y”‘XOLTQGQOI) )IV=0.001
AJ=YMAX/D]V
TAJU=AY
YMAX=(JAJ+1,)%DIV
IF (JKoanﬁ) XMIN=0.0
IF (UK,EQ.4) XMAX=YMuAX
WRITE (KeT)
IF (UK .EQ.4) GO TO 7
WRITE (6+5) 11
IF (J.GTe0) WRITE (6e6) IPA(J)e]IB()
CALL PLOT2(IMAGE e XMAXsXMINyYUAX90,0+5)
CALL PLOT3(1HC+QeR+ICNT)
RETURN
CALL PLOT3(140+QeReICNT)
RETUAN
CONTINUE
IF (UK.EQe&) CALL PLOT&4(11+11HSIM, LJADS )
IF (UKoEQe2.8ND.CF1(J)oGTele0E~6) CALL PLOT4#(12+12HCON, IN MG/L)
IF (UK EQ.2,ANDCF1(J)LT,1,0E=6) CALL PLOT4(12+12HCON. IN UG/L)
IF (UK.,EQ.3) CALL 2L0T4(11+11HCHAR, CURVE)
RETURN

FORMBT (33Xe12HSTOIM NUMBER.I3
FORMAT (14 +32Xe2A3) '
FORMAT (1H1)

END
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SUXROUTINE 23307

SURRIOUTINE PRPLOT . : Al 10
IMPLICIT LOGICAL#1 (W) LOGICAL#*]1 (<) AH 20
DIMENSION NSCALE(S), A3NDS(25)s X(1)e YI(1) A4 30
LOGICAL #INOS(10)/000¢9] 160204030, 040,050,160,070,080,190/ AH 40
LOGICAL #]1IMAGE(1)+CHeLAREL(1)sER]1+ZRRIVEIRS A% 50
LOGICAL #1VCeHCoFNIII(19)«FOR2(135)¢FIII(19) yNCo3LsHFHF1 AH 60
REAL #8FO0X1(3)4FDOX2(2)FIX3(3) ‘ A4 70
INTEGER #2VCR A 830

EQUIVALENCE (FORL1(1)+FOX1(1))s (FOR2(1)4FOX2(1))s (FIR3(1),FOX3(1) AH 90

1)e (VCoevCH) A+ 100
INTEGER FILFE AH 110
DATA HC/'=0/NC/0+0/48BL/Y V/eHF/VFV/oHF 1/ ,0/ AH 120
DATA FOX1/7'(1XAleF30,9,2¢ 121%4%A1) v/ AH 130
DATA FOX2/'(1XAls Jts9X]121A1) V/ . AH 1640
DATA FOX3/'(1MOF 4t9* » F Vo0, ) 'y A4 150
DATA VCR/Z4FOO0/ AH 160
DATA KPLOT1/,FALSE«/+KPLOT2/.,FALSE./ A4 170
DATA KABSCsKNRD¢XBITGL /3% .,FA_SE./ Ad 180

AH 190
ENTRY PLOT1(NSCALE oNHL ¢+ NSBH s NVL 2 NSRV) AH 200
IFL=FILE AH 210
ERR1=,FALSE. A4 220
ERR3=,FALSE. AHd 230
ERRS=,FALSE. AH 240
KPLOT1=,TRUE. AH 250
NH=TABS (NHL) AH 270
NSH=TJA3S (NSBH) AN 2R0
NV=IABS (NVL) AH 290
NSv=IA3S(NSBV) . A+ 300
NSCL=NSCALE (1) Ad 310
IF (NHENSHENVENSV,NEL0) 50 TO 1 AH 320
KPLUT=,FALSE, ) A4 330
ERR1=,TRUE. A4 340
RETURN AH4 350
IF (NVl.LE.25) GO TJ 2 AH 370
KPLOT=.,FALSE, ' AR 380
ERR3=,TRUE., AH 390
RETURN AH 400
CONTINUE ad 410
NVM=NV =] AH 420
NVP=NV+1 AH 430
NOH=NH#NSH AH 440
NDHP=NOH+1 " AH 450
NDV=NVENSY AH 460
NDVP=NIV+] AH 470
NIMG= (NDHP#NDVP) " AH 480
IF (NDV.LEL120) 60 TO 3 AH 490

KPLOT=.FALSF, AH 500
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SURROUTINE OR9 0T

ERRS=,TRUE.

RETUAN

CONTINUJE

IF (NSCL.EJe0) BN T9 4
FSY=10#*NSCALE (?)
FSX=10,##4SCALE (4)
IY=MINO(TAZS(NSCALZI(3)) 7)1
IX=MINO (TIA3S(NSCALE(5))e3) el
GO T2 5

FSY=1.

FSX=1,

1Y=4 ’

Ix=4
FORL(10)=NOS (1Y)
NA=MINO (IXoeNSV) =]
NS=NA=«MINO(NAs120=NDV)
NB=11=~NS+NA

I11=NBR/10

12=N3=-11%10
FOR3(6)=NOS(T1+1)
FOR3I(T)=NOS(T12+1)
FORJI(9)=NOS(NA+])

IF (NV..GT.0) GO TO 7
DO 6 J=11.18
FOR3(J)=8BL

GO 70 8

I11=NV/10

I12=Nv=11%10
FOR3(11)=N)0S(11+1)
FOR3(12)=N0S(12+1)
FOR3(13) =HF
I11=NSv/100
I3=NSv=I1%100
12=13/10

13=13=-12#%10
FOR3(14)=2NJS(I1+1)
FOR3(15)=NJ3S(12+1)
FOR3(15)3NJS(13+1)
FOR3(17)=HF]"
FOR3(18)=FIR3(9)

IF (<PLOT1) RETURN
KPLOT1=,TRUF,

ENTRY PLOT2(IMAGF o+ XMAX e XMINeYMAXeYMINIFILE)
IFL=FILE

KPLOT2=,TRUE,

IF (<PLOT1) 50 T0 3

NSCL =0

NH="

NSH=10
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Nv=10

NSv=10

30 T0 1

CONTINJE

IF (<PLOT) GO TO 190

IF (ERR1) WwRITE (I%L+30)
IF (ERJ) wRITE (TI7L31)
IF (ERRIS) WRITE (IZL32)
RETURN '
YMX=YMAX

DH= (YMAX<YMVIN) /FLOAT (NDH)
DV=(XMAX=XMIN) /FLLOAT (NDV)
D0 11 I=l.Nve

SUHQUTINE 2333107

ABNOS(I) = (XMIN+FLOAT((I~1)#NSV) #JV) #ESY

DO 12 I=1.NIMG
IMAGE (1)=9L

DO 15 I=1leNDN~P
12=1#NDVP

I1=12=-NDV

KNHOR=MOD (I=1+NSH) e NELO
IF (KNHOR) GO YO 14%
NO 13 Usll.1?
IMAGE (J) =HC
CONTINUE

DO 16 J=11,172,NSV
IF (<NHOR) GO 70 15
IMAGE (J) =NC

GO 1D 16

IMAGE (J)=VvC
CONTINJE
XMIN1=XMIN=DV/2,.
YMIN1=YMIN=-D4/2.
RETURN

ENTRY PLOT3(CHeXeYeN3)
IF (xPLOTZ2) 50 TO 18
WRITE (IFL+33)
CONTINUE

IF (JNOTK2LOT) RETUIN
IF (N3.GT.0) GO TO 19
KPL()T=.FAL§F .

WRITE (IFL+34)

RETURN

DO 26 I=1.N3

IF (DV) 21.20.21

DuUMl =0

650 1) 2?22

CONTINJE
DUMLI=(X(T)=xXMIN]1)/Dv
IF (JH) 24423424
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SURROUTINE 21207

Dume=n

60 Tn 25

CONTINJE

AUMZ=(Y(I)-YMIN1) /DK

CONTINUE

IF (DUMI LT e0,e0RIUM2.LTLNWY GO TO 25
IF (DUV]1.GE.NDVP.0,DUM2,.3E,NDHP) 530 TO 26
NX=1+INT(DUMY)

NY2]1 ¢ INT(DUM?)

J= (NDHP<NY) #NDVP+NX

IMAGE (J) =CH

CONTINUJE

RETUR’N

ENTRY PLOT4 (NL+LABZL)

ENTRY FPLOT4 (NLsLAS3FL)

IF (JNOT,x2L9T) RETUYRN

IF (JNOT.X2L0T2) GI TO 17

DO 28 I=1.NDAP

IF (1.,EQ.NDHP,AND.<ROTS3L) 50 TO 28
WL=3L

IF (I.LE.NL) WL=LA3FL(I)

I2=1#NDVP

Il1=12-NDV

IF (MOD(I=14NSH).EQ,0.AND.NIT.KORD) 6D TO 27

WRITE (IFLsFOR2) WLWw (IMAGE(J) +J=I1412)
G0 T0 28

CONTINUE

ORONOD= (YMX=FLOAT (I-1)#DH) #FSY

IF (T.EQeNIHP) JRDNO=YVIN

WRITE (IFLsFOR1) W_oORDNOs (IMAGE(J) s J=I1+12)

CONTINUE

IF (<A3SC) 6N T0O 23

WRITE (IFLsFNR3) (ABNOS(J) e JU=1NVP)
RETURN

ENTRY OMIT(LSwW)
KORD=MOD (LSW+4) .GF,2
KBOTSL=LSW.GE,.4
RETURN

FORMAT (TSetQOME P_QT]1 ARG. ILLESALLY 0v)
FORMAT (T5e'NO, DF VERTICAL LINES >25%)
FORMAT (TSe'WINTH IF GRAPH >121)

FORMAT (TS5 '2L0T2 MYST 3% CA_LEDY)

FORMAT (T5H5«'2L0T3e ARG2 ) 07)

END
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ATTACHMENT G
SAMPLE RUNS

Two example computer runs of DR3M-QUAL are shown on the following pages.
For each of these runs the input data deck is listed followed by the output
from the program. The first run is a lumped-parameter simulation of suspended
80lids in runoff from a drainage basin in Denver, Colorado. Measured water-
quality and runoff data are included in the input data. Four periods of
storm runoff are simulated. Concentration-versus-time and load characteristic
plots are output for the first storm.

The second run is a distributed parameter run and has segments that
represent pervious-area runoff and detention storage. The model reads segment
flow files previously stored on disk by DR3M. The computer run of DR3M used to
create these flow files is shown in the sample runs section of the DRgM manual
(Alley and Smith, 1982).
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