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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

lumped-parameter model.   A model in which spatial variations in model 
parameters are ignored .
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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 DR3M-QUAL) can be linked with the Distributed 
Routing Rainfall-Runoff Model (DR3M) documented by Alley and Smith 
(1982). Major features of DR3M-QUAL include:

1. 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



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 DR^M-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.

ACKNOWLEDGMENTS

The authors are grateful to Andy Ward of the University of Kentucky for 
several fruitful discussions on detention storage and use of the DEPOSITS 
model as a prototype for the detention storage part of DR3M-QUAL.

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,_!/ or that the natural 
biological and chemical decay of constituents may limit buildup.

Constituent accumulation on impervious surfaces can be modeled as:

   = K   KOL 
dt 2

where L is the amount of the constituent on the effective impervious area, 
in pounds; K is a constant rate of constituent deposition, in pounds per day; 
K2 is a rate constant for constituent removal, in day ; and t is time, in 
days. The parameter K2 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 - Kjjl - exp(-K2T)] (2)

where K^ = K/K2 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 + te (3)

where t is the time since last period of street sweeping or storm runoff, and 
t e is 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 te is computed as:

t e = - i- In (1 - i«) <*>

where Le 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 Le for L 
and solving for T = te . 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:

II
Definitions of selected terms including effective and noneffective impervious 

area are included in the glossary.



C
O < LL
J 

C
C

C
O o > O
C

 
LJ

J 
Q

_

LJ
J 

O o

K
= 

K,
 (

l-
e
-K

2T
)

0 
te

TI
M

E 
SI

NC
E 

LA
ST

 C
LE

AN
IN

G
, 

EI
TH

ER
 M

EC
HA

NI
CA

L 
OR

 B
Y 

ST
O

RM
 R

UN
O

FF

F
i
g
u
r
e
 
1
.
 
C
o
n
s
t
i
t
u
e
n
t
 
a
c
c
u
m
u
l
a
t
i
o
n
 
on
 
e
f
f
e
c
t
i
v
e
 
i
m
p
e
r
v
i
o
u
s
 
ar

ea
s



W - L0 [l - exp(-K3RAt)] (5)

where W is the amount of constituent removed from effective impervious 
surfaces during a time step, in pounds; Lo is the amount of constituent on 
effective impervious surfaces at the beginning of the time step, in pounds; 
Kg is the washoff coefficient in inches ; R is the runoff rate, in inches per 
hour;J2/ 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^gR). Because washoff by the exponential 
washoff equation (equation 5) is a function of the product of runoff intensity 
(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 is 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 is 
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.

I/
Inches of runoff refers to the volume of runoff in inches distributed

over the effective impervious area.
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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 [l-exp(-K3VF )]
F-               (7) 

[l-exp(-K3VT )]

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

Assuming V-p = 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 is 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. In 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 = £4* (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. Its 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,
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Figure 3. Predicted load characteristic curves for various 
values of K (V = 1.0 ijich) .



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 - L[1 - exp (K* R2At)] (9)

Use of equation 9 as an alternative to equation 5 is included as an option 
in the model. However, note that K3* is a negative number. This is to 
signify to the model that equation 9 rather than equation 5 is used for 
washoff. The units of K^* 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 
DR3M-QUAL. The parameters KI and K2 could be determined from data obtained 
in a street-surface sampling program (Sarter and Boyd, 1972; Pitt, 1979). 
However, the values of K^ and K2 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 K^ 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 (Ls ) 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 
KI and K2« For this reason, Alley (1981) presented an optimization scheme 
for determining the best-fit value 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. Increasing 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 K3 .

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 KI and K2 can be determined using a technique presented by Alley and Smith 
(1981). This technique solves the following unconstrained optimization 
problem:

N
min Z = I [K 1 [l-exp(-K9T(i))] - L_(i)] 2 (10) 

1-1

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

AL 
L (i) =             -        .        (10a)

exp(-K3Va )[l-exp(-K3 (Vb-Va)J]

where AL is the measured runoff load occurring between the first and last 
sample in pounds, Va is the cumulative storm runoff at the time of the first 
sample in inches over effective impervious area, and Vb is the cumulative storm 
runoff at the time of the last sample in inches over the effective impervious 
area. From the above definition, Ls (i) can be interpreted as the amount 
of constituent on effective impervious areas at the start of the i fc^ 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 K2 « DRgM-QUAL should then be run using these 
estimates of K^ and K2 to obtain estimates of T(i), i = 1, . . . , N. 
Usually, this step will be performed as part of the estimation of K$» The 
user can then plot the values of Ls (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 KI is the asymptote of the curve. The parameter K2 can be estimated 
using

K2 = 2.303/T90 (11)

where TQQ 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 KI and K2 to gener­ 
ate new estimates for equivalent accumulation times [T(i), 1=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. If a plot af Ls (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 K^ and K2 . 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

Ls (i) = t'T(i) (12)
A 

where 3 is the regression coefficient. The value of K2 should then be set at
a very small number, say 0.001 and K^ = 3/K2 . Alley and Smith (1981) 
present the details of this type of analysis.

Finally, if the plot of Ls (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



EQUIVALENT ACCUMULATION TIMfc, T(i)

Figure 4. Accumulation relationships displayed by plots of L (i) 
versus T(i) including A exponential accumulation, 8 
B linear accumulation, and (^ no apparent relationship 
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the model by assigning a value for K^ 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 is necessary. It should be 
noted, however, that if an availability factor is used it may change significant­ 
ly the optimum values for KI, K£, 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 
DR3M-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 Kj_, 
K2> and BOj.

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

(4) Estimate K^ and K2 using values of Ls (i) and T(i), i = 1, . . . , N 
output by model.

(5) Run model with new estimates of K^ and K£ and obtain new estimates of 
T(i), i = 1, . . . , N.

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

(7) If necessary adjust initial simulated concentrations during storms 
using K^. This may require readjustment of the values estimated for Kj - {£3.

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 K^ and K£ and the load characteristic 
curves can still be used to fit K3*. However, the present version of the 
model does not output values of Ls (i) and T(i), which could be used to estimate 
KI 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 K3* will likely be much different from lOj.

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.

DR3M-QUAL simulates removal of constituents by street sweeping as:
r

La - E(La-Lr ); if La > Lr
Lb (13)

La ; if La < Lr

where L^ is the amount of a constituent remaining after street sweeping, 
La is the amount of a constituent before street sweeping, Lr is the base 
residual load which cannot be removed by street sweepers, and E is the 
efficiency (ranging from 0 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 = LK *(SSAREA) -I- L a (1.0 - SSAREA) (14)
CD cl

where LC 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 to 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 "non-erosion" contribution, b



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:

PFAP? 
TMASS = PFACl(VRQpr rAU^ (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 /Sj 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 PFAC1 as a function of 
parameters in the Universal Soil 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) 
£ VOL(I) 2 
1=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) a(jj 
in equation lOa where

(AL) adj = AL - 0.277PA(Va-Vb ) (20)

where (AL) a(jj is 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 is a 
conversion factor to convert to pounds. Values of Ls (i) computed by the 
model are based on equation 20, if a precipitation quality term is included 
in the model.

CONSTITUENT TRANSPORT

For applications of DR3M-QUAL as a distributed-parameter model, 
DRjM-QUAL uses segment flow data generated by DR^M 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 DR3M. 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 DR3M-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^ -

18



asm 
Outlet

EXPLANATION

 *~ Direction of Flow
0F02 Overland-flow Sesment 2
CH06 Channel Segment 6
- ^- Overland-Flow Segment 

Boundary
*   ^ Channel Segment

(a) PLAN VIEW OF DRAINAGE BASIN

{ 0F02 
CH04 ^

0F05

CH06 

I 0F06

0F04 {

CH05" 

0F03

0F01

I \
CH03 CH02 
   I  *

Inflow to CH01 
Equals Sum of 
Outflows from 
CH04, CH05, 
and CH02

CH01 BASIN
OUTFLOW
HYDROGRAPH

(b) SCHEMATIC REPRESENTATIONS OF MODEL SEGMENTS

Segment

0F01
0F02
0F03
0F04
0F05
CH01
CH02
CH03
CH04
CH05
THOA

Inflow to Segment

Lateral Inflow

Rainfall Excess
// //
// //
// //
// //
  

0F01
0F01
0F02
0F03,0F04
^Spn< rXFHA

Upstream Inflow
  
  
  
  
  

CH02, CH04, CH05
CH03

  
  

CH06

(c) SEGMENT INTERRELATIONSHIPS
Figure 6. Segmentation of an urban watershed into channel and overland 

flow segments. 19



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, PFAC1 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 is 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. In 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 is 
designed to solve the simplest transport problem, the plug flow (dispersion- 
less) transport of a conservative 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) - I (Area(J) + AREA(J-l)) (STAGE(J) - STAGE(J-l))/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) is defined by a relationship adapted from the work of Ward 
and others (1979):

N
I DEPO(J) 2   (AREA(J) - AREA(J-l)) 

J~2 ________________________ (22)
AVDPTH (N) = 5

I DEPO(J)   (AREA(J) - AREA(J-l))

where

DEPO(J) = STAGE (N) - (STAGE (J) + STAGE (J-l))/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) is 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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Figure 8. Plug routing (after Ward and others, 1979)
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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 is 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:

Vg = KD2 (24)
where

K = 5.15 x IQ"3 ' ' (25)

where Vs 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 
"V is the kinematic viscosity in cm^/s. Kinematic viscosity and specific 
gravity are assumed to be constant by the model. The factor 5.15 x 10"-* 
is 0.8 times the acceleration due to gravity (32.2 ft/s^) 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 if 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 (Vs ) of the particle and the horizontal displacement velocity 
of the surrounding fluid (Vj). All particles with a settling velocity Vs _> Vo 
are removed, Vo being the velocity of that particle that falls through the full 
depth (H0 ) of the settling zone (Lo ) in the detention time (TQ ). The parameter 
V0 can be defined as:

Vo - £ (26)
o

For the case of plug flow through a non-rectangular basin, as in this model, 
V0 is defined as:

v = DEPTH (27) 
0 DETTME
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H,

Figure 9. Paths taken by discrete particles through a rectangular
tank of length L and height H (after Fair and others, ]968) 

o o
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where DEPTH and DETTME have been previously determined in the plug routing 
component.

If N0 (out of Nt ) particles having a settling velocity Vs <_ Vo compose a 
particle-size fraction, the proportion X of the particles to be removed is:

No = Vs (28)

The composition of a particular suspension can be expressed by a curve 
showing the cumulative frequency distribution of settling velocities (see 
fig. 10). Defining Fo as the fraction of particles having settling velocities 
Vg <^ V0 , then (1-FO ) of the particles have settling velocities Vg >L 
V0 and are totally removed. The fraction of the particles with settling 
velocities Vg < VQ that are removed is:

rF°
J(Vs /V0 )dF (29) 

Total removal (r) is then:

1 / 
  f
vo o

(l-Fn ) + - f VsdF (30)

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

R - 1 - r

1 F/> 
= F0 -   TvsdF (31)

o 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 11.

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

R = FQ - -. CVt (m) + f VsdF] (32) 
Vo F^

where m is the number of particle-size values read into the program that are 
less than Do (3 in the example shown in figure 11) and
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Figure 10. Cumulative frequency distribution of settling velocity,
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Vt (m) -
m

, if m = 1

.dF] , if m > 1

(33)

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

dF = dD (34)

and changing the limits of integration:

Ji ?i 9 (Fi-Fi-l
fV0 dF = f KD Z     
/ I/ <Di-Di-l-1 °i-l 1 1 L

dD

i (35)

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

(36)

m

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. Vt (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. V0 is computed based on equation 27 and a corresponding D0 is 
computed  

4. The value of m is determined based on DQ and the value of FQ 
is determined by linear interpolation of the cumulative 
frequency distribution of particle sizes between Dm and Dm+i .

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

DR-jM-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. DR3M-QUAL could be used to estimate constituent concentrations 
during the unsampled portion of the runoff. In this manner, annual runoff 
loads or other characteristics of interest could be estimated for the study 
period.

DR-jM-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 DR-jM-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.

DR3M-QUAL can conceptually account for the effects of the management 
practices of street sweeping and detention storage. The detention storage 
subroutine of DR3M-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 
DR3M. 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 runs.

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 DR3M-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, DR^M-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. DR3M-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 is 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 is 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 0 to contrast with the number zero  
written 0.

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.
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Input item
Program 
variable Format

Card 
columns

Card Group 1 

Model options (1 card) 

0PTI0NOption to list data. 
If 0PTI0N=LIST, all 
input discharge and daily 
rainfall data are listed 
in output from program.

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

Option to list data used in N0PT 
computing measured storm- 
runoff loads. Code a 1 if 
this option is desired. 
Otherwise, leave blank.

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

card group 4)
2 = Storm-by-storm adjust­ 

ment (see card group 14)

Street sweeping option: ISS 
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: IM0DE
1 = Lumped-parameter
2 = Distributed (no transport)
3 = Distributed transport

Option to list impervious-area IL0AD 
runoff loads simulated during 
daily accounting. Code a 1 if 
this option is desired. 
Otherwise, leave blank.

A4 1-4

12

II

5-6

II

12 9-10

II 11

II 12
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Program Card 
Input item variable Format columns

If ISS=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 1=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 (1 milligrams 1=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.
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Input item
Program 
variable Format

Card 
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 1.)

IPA(J) A6Alphanumeric label
for water-quality con­ 
stituent J

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

January
February
March
April
May
June
July
August
September
October
November
December

in

WFALL(J,1)
WFALL(J,2)
WFALL(J,3)
WFALL(J,4)
WFALL(J,5)
WFALL(J,6)
WFALL(J,7)
WFALL(J,8)
WFALL(J,9)
WFALL(J,10)
WFALL(J,11)
WFALL(J,12)

Card Group 5

Street sweeping days (1

F5.2
F5.2
F5.2
F5.2
F5.2
F5.2
F5.2
F5.2
F5.2
F5.2
F5.2
F5.2

card)

1-6

(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(1,I), NSSDAY(2,I),
and NSSDAY(3,I), 1=1, ISS

10(13,12,12)

7-11
12-16
17-21
22-26
27-31
32-36
37-41
42-46
47-51
52-56
57-61
62-66

1-7
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 IM0 13 24-26
day of record IDY 13 27-29

Ending year, EYR 13 33-35
month, and EM0 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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Input item
Program 
variable Format

Card 
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 15 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 DR3M-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 
(same as on card group 6)

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

year
month 
day

STAD 18 1-8

YR 
M0 
DY

12
12
12

9-10 
11-12 
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 lla. If PTIME is greater than or equal to 5.0 minutes, use format lib.

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 M0 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 UD 12F5.0 20-79 
per second (12 data items 
per card)

Data type (C0DE=2 in column 80) C0DE II 80

Format lib

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

Date on which discharge occurred:
year YR 12 9-10 
month M0 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 (C0DE=2 in column 80) C0DE II 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 C0DE of 9 
punched in column 80. If 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
M0 12 11-12

Card sequence number (1 or 2) CN II 13

Daily rainfall in inches (up DP 16F4.2 14-77 
to and including 16 items 
per card)

Data type (C0DE=3 in column 80) C0DE II 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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Input item
Program 
variable Format

Card 
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 C0DE 
of 9 punched in column 80.

Card Group 13 

Storm-sequencing card(s)

Number of storms

Number of storms in the 
continuous sequence of 
storm days containing 
a given storm.

NF(K) 
K=l, I

12

3912

1-2

3-4 
5-6 

etc.

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

Storm 
Number

1
2
3
4
5
6
7
8

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

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: 822133322

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 14 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 0 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 = [60'HR + MIN + 1440*(NDSD-1)]
PTIME

where HR is the hour of the day (from 0 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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Storm-identification card (for second storm)

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

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

s£ Constituent identification card (for second constituent)

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

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

Constituent identification card (for first constituent)

Storm-identification card (for first storm)

]J Card group number

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

Card 
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

Storm
Number

1
2
3
4
5
6
7
8

Data

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

Starting
time

(24-hour)

0700
1305
1205
0010
2310
0810
1015
1055 ;

Ending
time

(24-hour)

1115
1610
1425
0555
0105
0955
1235
1400

PTIME = PTIME =
1.0 minutes 5.0 minutes

KS

420
785
725
10

1390
1930
615

2095

KE

675
970
865
355

1505
2035
755

2280

KS

84
157
145

2
278
386
123
419

KE

135
194
173
71

301
407
151
456

Card Group 15 

Constituent identification

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

Alphanumeric identification IPA(J) 
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) 
measurements for storm I 
and constituent J. (A 
maximum of 24)

A6 1-6

12 7-8
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Input item
Program 
variable

Card 
columns

Card Group 16 

Constituent data for storm

Measured constituent 
concentrations for 
storm I and constituent 
J. Units should be in 
milligrams per liter or 
micrograms per liter, 
depending on the specifica­ 
tion on card group 3.

C0(I,J,N), 
N=1,NWQM(I,J)

10F8.2 1-8
9-16

etc.

Time when water-quality 
samples were collected, 
in minutes since start 
of storm

Card Group 17 

Sampling times for storm

TIME(I,J,N), 
N=1,NWQM(I,J)

10F8.2 1-8
9-16
etc.

Care should be exercised to assure that the time valuer 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 N0PT=1 on card group 1.

0 = no listing of simulated 
concentrations for storm

1 = simulated concentrations 
are listed for storm

Card Group 18 

Output card

K0UT(I) 
I=1,N0FE

4012 1-2 
3-4 

etc.

0 = no plotting of water- 
quality data for storm

1 = instantaneous concentra­ 
tions are plotted for storm

Card Group 19 

Plotting card

IPL(I) 
I=1,N0FE

4012 1-2 
3-4 

etc.
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Input item
Program 
variable Format

Card 
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.

Effective impervious area 
of watershed, in acres

Maximum impervious reten­ 
tion, in inches

Fraction of effective
impervious area of water­ 
shed that is swept by 
street sweepers. (Only 
code a value for SSAREA, 
for a lumped-parameter 
simulation)

Card Group 20 

Catchment-data card

DAE F5.2

AIMP F5.2 

SSAREA F5.2

1-5

6-10

11-15

Number of land-use types in 
watershed (a maximum of 
4). NLU must equal 1 for 
a lumped-parameter run.

Alphanumeric designation 
for land-use type 1

Card Group 21 

Land-use card 

NLU 15 1-5

LUSE(l) 3A3 6-14
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Input item
Program 
variable Format

Card 
columns

Alphanumeric designation 
for land-use type 2 
(if NLU greater than 1)

Alphanumeric designation 
for land-use type 3 
(if NLU greater than 2)

Alphanumeric designation 
for land-use type 4 
(if NLU=4)

LUSE(2)

LUSE(3)

LUSE(4)

3A3

3A3

3A3

15-23

24-32

33-41

Card Group 22 

Street sweeping effectiveness (1 card)

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

Fraction of initial 
land-surface load in 
excess of base residual 
removed by street sweep­ 
ing (data are listed for 
each constituent in same 
order as card group 2).

SSEFF(J), 
J=1,NWQ

4F5.2 1-5
6-10

11-15
16-20

Base residual land- 
surface load which 
cannot be removed 
by street sweeping, 
in pounds per acre 
of effective imper­ 
vious area (data 
are listed for each 
constituent in same 
order as on card 
group 2).

Card Group 23 

Street sweeping data (1 card)

SSMIN(J), 4F5.2 
J=1,NWQ

1-5
6-10
11-15
16-20
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Program Card 
Input item variable Format columns

Card Group 24 

Segment-control card

If this is a lumped-parameter run (IM0DE=1 on card group 1), skip to card 
group 33).

Total number of segments NSEG 15 1-5 
in DR3M run

Values of a and b for each AKA(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:

1. 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 IM0DE=2 
on card group 1.
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Input item
Program 
variable Format

Card 
columns

Alphanumeric identification ISEG(I) A4 1-4 
for segment (Required for 
all segments; any alpha­ 
numeric identification 
can be used.)

Alphanumeric identification IUP(I,J) 3A4 5-8 
for up to 3 segments which J=l,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=l,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

1 = channel segment
2 = overland-flow segment
3 = reservoir segment
4 = nodal segment

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 IM0DE=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=l,4 49-53

54-58 
59-63

Segment Type Parameter Definitions

1 PARAM(I,1) = kinematic wave parameter (a)
PARAM(I,2) = kinematic wave parameter (m)
PARAM(I,3) = PFAC1 in equation 16
PARAM(I,4) = PFAC2 in equation 16

2 PARAM(I,1) = fraction of effective impervious area that
is swept by street sweepers (0.0 to 1.0). 
Leave blank, if street sweeping is not 
simulated.

PARAM(I,2) = 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.

PARAM(I,3) = leave blank 
PARAM(I,4) - leave blank

3 leave blank

4 PARAM(I,1) = concentration in input flow of 1st constituent
on card group 2 

PARAM(I,2) = concentration in input flow of 2nd constituent
on card group 2 

PARAM(I,3) = concentration in input flow of 3rd constituent
on card group 2 

PARAM(I,4) = concentration in input flow of 4th constituent
on card group 2

Alphanumeric designation for IP1 A9 64-72 
land use of lateral inflow 
segments. Leave blank, if 
ITYPE(I) is not equal to 1. 
A land-use type should be 
designated for all type 1 
(channel) segments, even
if there are no adjacent 
lateral inflow segments.
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Input item
Program 
variable Format

Card 
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- 
size distribution (a maximum 
of 10.)

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

Viscosity of the flow in 
cm^/s. (Default 
= 0.0114 cm2 /s).

NS

SG

VISC0S

15

F5.0

1-5

6-10

F5.0 11-15

Particle sizes, in 
microns, corres­ 
ponding to values 
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.

Card Group 27 

Particle sizes (1 card)

SIZE(I), 10F8.0 
1=1,NS

1-8
9-16

etc.
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Input item
Program 
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, 
set NLAY equal to 1.

Set of JFL0W - 1.

Always

Number of coordinates on stage- 
area and stage-discharge curve. 
(A maximum of 10.)

Dead storage, in acre-ft. Dead 
storage should not exceed 
permanent pool capacity.

NLAY

JFL0W

N

DEAD

15

15

15

F5.0

1-5

6-10

11-15

16-20

Card Group 29

Cumulative frequency curve 
(1 card for each water-quality constituent)

Percent finer values on 
cumulative frequency 
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.

PERCNT(I), 
1=1,NS

10F8.0 1-8
9-16
etc.
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Input item
Program 
variable Format

Card 
columns

Card Group 30 

Stage data (1 card)

Stage values, in ft, at 
the basin outlet used to 
determine the stage-area 
and stage-discharge curves. 
Values of STAGE should be 
listed in ascending order 
of magnitude. The first 
value should be 0.0.

STAGE(I), 
1=1,N

10F8.0 1-8
9-16
etc.

Surface areas, in acres, 
corresponding to stage 
values on card group 30.

Card Group 31 

Surface-area data (1 card)

AREA(I), 
1=1,N

1-8
9-16

etc.

Discharges, in ft^/s, 
corresponding to stage 
values on card group 30. 
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 ft 3 /s.

Card Group 32 

Discharge data (1 card)

DISCH(I), 10F8.0 
1=1,N

1-8
9-16
etc.
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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/washof f parameters:

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

K2 , in days' 1 BK(2,J,I) F8.3 24-31

K3 , in inches" 1 if equa- BK(3,J,I) F8.3 32-39 
tion 5 is used for wash- 
off or Kg*, in hr/inch2" 
if equation 9 is used. If 
Kg* is 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 K^ blank.

K3 for daily accounting BK(5,J,I) F8.3 48-55 
in inches"1

If a value of K^ is input to the model or equation 9 is used for washoff, 
then a value of Kg for daily accounting should be input. This value of Kg 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 Kg 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 0PTI0N = LIST on card group 1 during program debugging. 
If measured concentrations are input to the program, then N0PT 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 DR3M. This information contains a number of 
descriptors of the DR3M run including the segments used in DR^M (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 11), 
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 DR^M-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 DR3M-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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ATTACHMENT C 

COMPUTER REQUIREMENTS

The computer program was written in F0RTRAN 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 Amdahl^/computer, use the JCL 
cards shown as follows:

Job Card

// EXEC PGM=Q347,REGION=340K
//STEPLIB DD DSN=AG4254J.URBAN.LMOD,DISP=SHR
//FT06F001 DD SYSOUT=A,DCB=(RECFM=FBA,LRECL=133,BLKSIZE=3458)
//FT25F001 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,(?????,10),RLSE)
//FT05F001 DD *

Data Cards 

/*

$$$

I/
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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where

FT05F001 is a card reader,
FT06F001 is a printer,
FT25F001 is a semipermanent work file where the segment discharge data

are located,
FT26F001 is a temporary work file for unit discharge data, and 
FT27F001 is 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 DR^M run.

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

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

aaaaaaaa is the 1 to 8 character name used to designate the name of 
the data set during the DR^M 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:

DEFINE FILE 27(?????,480,L,IRECD)

where ????? 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 ????? 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 DR^M-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.

I/
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 DR^M-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 (1 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(I), 10F8.0 1-8
in cubic feet per I«1,ICT 9-16
second ' etc.

Card Group 11 

Cards for effluent discharges

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

Card Group 12 

Cards for influent concentrations

Concentrations in QWUP(I), 10F8.0 1-8 
inflow to reser- 1=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)
C0   Array of measured concentrations. (R)
C0DE ~ Identifier of data type. (I)
C0N   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)
EM0   Ending month of record. (I)
EYR   Ending year of record (last two digits). (I)
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
IM0DE   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. (I)
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)
K0UT   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. (I)
NLU   Number of land-use types. (I)
N0FE   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   Time interval of output, in minutes. (R)
QWLAT   Array of constituent concentrations in lateral inflow to a segment. (R) 
QWUP   Array of constituent concentrations at upstream end of segment. 
SSAREA  Fraction of effective impervious area of watershed that is swept by

street sweepers. (R) 
TIME   Array of times when water-quality samples were collected, in minutes

since start of storm. (R)
UD   Array containing unit discharge data. (R)
WFALL   Array of concentrations of constituents in precipitation. (R) 
YR   Year (last two digits). (I)
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ATTACHMENT F 

PROGRAM LISTING
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3347  DISTRIBUTED ROUTING RUNOFF QUALITY MODEL

/C2/ 
/C3/

/F2/ 
/F3/ 
/F5/ 
/F4/

REAL 1SEG
COMMON /Cl/
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON 

142)
COMMON 
.COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
INTEGER

NSEG,ISEG(99),JU3(99t3)<»JLAT(99f4),lTYPE(99) ,EFF(51) 
IPR(99),FLGTH(99),PA*AM(99,4)»LAND(99),NCAT»NRES 
SSEFF(4),SSMIN(4),SSA*EA(51),A<A(4),AKB(4) 
ICT»Q(1442),R(1442)»9MX»II,DELTAT,DELPL6,NRV(10) 
IYR»IM3,IDY,MDYS»ICK(60) JCONC,JLOAD,JRECQ* 
IFILEtlFlLED,IFILEQ»JWECDS,I9ECO,IPECQ,NSTRMStIMODE 
HEAD1»-«EAD2»HEAD3 
FUP(1442)tFLAT(1442)fQWU9(4*1442)*3MLAT(4*1442).FLW(14

/II/ NLU«LUSE(3*4)«BK(5«4«4)tISSFRQ,NPASE 
/Q*»D/ CO (60*4*24) t TIME (60,4,24) ,NWQ<4(60«4) ,RVLC(60t4) 
/ST1/ FPK(60)tFVOL(60)* FLO(60,4),CMX(60,4),WFALL(4,60)«NWF 
/ST?/ NOFE,MF(60),NQU(4)»TESTMO,KNN,CF1(4),IND(4) 
/ST3/ IPL(190),<1(60),K2(60)f<OUT(180),IPA(4),IPB(4),NOPT 
/TIME/ NOELS,NOUD(180),INDP(20),NDATE(60,3) 
/UNIT/ NUDO,MlrfQ,UO(2881),OP(7310),ROOYSfOA,ISS,PTIME,JPR 
/W01/ AT,AT3(4f51),XO(4f5l),C3N(4,l442),NSSOAY(3,40),ISWEEP 
/M02/ EAT(60,4),XOS(60,4),SFL3(60,4),BFL(60),RVB(60,4) 
/Zl/ IUDfIL3ADfI2CFSP,Q«WfAmP,DAE,DTfDTS»NDTS 
R03Y5,TE5TMO(180),HEAD1(120),HEAD2(60*2)fHEA03(60)

WRITE (6,14)

SET SEQUENTIAL FILE WMBEH 
IFILED*26

SET ARRAY LIMITS

NDTS=1442 
IUO=2881

CALL PROGRAM SUBROUTINES 
CALL INPUT1 
IF
IF

(IFILED.GT.O) REWIND IFILED 
(JRECOS.GT.O) CALL FILES

IF (JRECOS.GT.O) CALL HEAOR
CALL IWPUT2
IF (JREC3W.GT.O) CALL FILE27
CALL CTCH1T
OELPLG=PTIME/60.
OELTAT=OT/60.
IF (MRES.GT.O) CAL. RESVR(?,1)
CALL IMPUT3
CALL SIMO

PLOT MEAS. AND SM. LOADS 
00 12 J=ltNWQ 
YMAXsO.O

10
20
30
40
50
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
390
400
410
420
430
440
450
460
470
480
490
500
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^=0 . 510
DO 11 I=1»MOFE 520
IF (SFLO(I»J).LE.O.O.OR.PLD(I,J).LE.O.O) 63 TO 11 530
N=N*1 540
Q(N)=FLD(I»J) ' 550
R(N)=S pLO(I,J) 560
IF (O(M).GT.YHAX) YMAX-Q(N) 570
IF (R(N).GT.YMAX) YMAX=R(N) 580

11 CONTINUE 590
IF (M.EQ.O) GO TO 12 600
CALL PLT(Q»R.N»1»Y*AX,I1,J,4) 610
CALL PLT(U«R,N,3«Y*AX»II,J,4) 620
MRITE (6«13) 630

12 CONTINUE 640
STOP 650

	660
13 FORMAT (16X,11HMEA5. LOADS) 670
14 FORMAT <lHl,37X, cil<1H»)/38X,1H»»1*X,22HU.S. GEOLOGICAL SURVEY»13X, 680 

11H*/38X,51H»OISTRI3UTED ROUTING RAINFALL-RUNOFF-QUALITY HODEL»»/,3 690 
28X,1H*,16HVFRSION 8/11/82*17X»1H»«/»38X»5l(1H»)) 700
END 710-
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SU3ROUTIMF.

*EAL ISFG
INTE3ER RODYS,TESTMO(130)*M
COMMON /Cl/ MSE(i»ISEG(99)*JU*(99,3)*JLAT(99,4)* I TYPE(99),EFF(51) 

/C2/ IPR(99),FL3T*(99),PARAM(99«4)*LAND(99)»NCAT*NRES 
/Fl/ ICT*Q(1442).=m442)»3MX,Il,DELTAT,DELPL6,NRV(10) 
/F2/ IYR*IM3*lUY*NDYS*ICK(f>0) ; JCONC, JLOAO, JRLCOM 
/F3/ IFILE,IFILED,IFILEQ»J«EC3S,IRECO*IRECQ,NSTRMS»IMODE 
/F4/ FUP(1442) FLAT(1442)*QWU=»(4,1442),3WLAT(4,1442),FLW(14

COMMON 
COMMON 
COMMON 
COMMON 
COMMON 

142) 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 
DATA

/II/ NLU*LUSE(3,4),9K(5,4,4),ISSFRQ,NPASE 
/QMO/ CO(60*4*24)* TIME(60*4*24)*NtfQM(60*4)*RVLC(60*4) 
/ST1/ FPK(60)*FVOL(60)*FLO(60,4),CMX(60*4),«FALL(4,60)»NWF 
/ST2/ NOFE,MF(60),NQU(4),TESTMO*KNN*CF1(4),INO(4) 
/ST3/ IPL(190)*K1(60),K2(60),<OUT(180),IPA(4),IPB(4),NOPT 
/TIME/ NOELS*NOUO(180),INOP(20)*NOATE(60,3) 
/UNIT/ NUDO»MHQ,UD(2881),OP(7310),RODYS,OA,ISS*PTIME»JPR 
/WQ1/ AT *AT3(4,51)*XO(4,51),C3N(4*1442),NSSDAY(3*40),ISWEEP 
/«Q2/ EAT(60,4),X3S(60,4),SFL3(60*4),BFL(60) 
/Zl/ IUD,IL3AD,I2CFSO,airfI^T*AIMP f OAE,DT,DTS,NDTS 

FLAG/1/
INITIALI7E VARIABLES

NSTRMSsO
ISWEEP=0
NPAGEsl
NSS=1
IF (JRECOS.GT.O) IDEL=(PTIME*0.001)/DT
IF (IMOOE.EQ.l) IOEL=1

N2-NMQ
00 1 J=1»NWQ
00 1 NC=1»NCAT
ATO(J*^C)=0.0
XO(J*NC)sO«0
CONTINUE
00 2 IS!*NOFF
DO 2 Jsl*NrfQ~
SFLO(I*J)=0.0
CONTINUE
AT=0.5
11 = 1
KP=1
NSD=0

NF01=0

9E3IN SIMULATION 
DO 21 Ito=l»ROOYS

IF GO TO 21

10 
20 
30 
40 
50 
60 
70 
RO 
90 
100

a no
9 120
8 130 
B 140 
B 150 
B 160
9 170 
B 180 
9 190 
B 200 
B 210 
B 220 
9 230 
9 240 
B 250
8 260
9 270
9 280
8 290 
B 300
9 310 
d 320 
B 330 
B 340 
B 350 
B 360 
B 370 
9 380 
B 390 
B 400 
B 410 
B 420 
B 430 
B 440 
B 450 
B 460 
B 470 
B 480 
B 490 
9 500
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SUBROUTINE

FOR SAP IN PECORD. INITIALIZE ACCUMULATION TO ZERO 9 510
IF (rf.NE.INDD(KP)) SO TO S 9 520
JW=* 9 530
LJ=Ko*l 9 540
*=INOP(LJ)+1   ' 9 550

	9 560 
	B 570

DO 3 I=1»N*Q ' 9 580
DO 3 NC=1,NCAT 9 590
XO(I,NC)=0.0 9 600
ATO(I»NC)=0.0 9 610

3 CONTINUE 9 620
DO 4 1=1,LV 9 630
CALL DATE 9 640
IF (ISS.LT.2) GO TO 4 9 650
IF (NSS.GT.ISS) GO TO 4 9 660
IF (JW.EQ.NSSDAY(1«NSS)) NSS=NSS*1 9 670
JW=JW+1 9 680

4 CONTINUE 9 690
5 IF (rt.GT.l) CALL OftTE 9 700

IF (OP(W>.LT.0.0) 30 TO 17 9 710
C IF FLAG=0. 00 STO*M COMPJTATIONS 9 720
C IF FLAG=1, DO DAILY ACCOUNTING 9 730

IF (FLAG.ME.0) GO TO 16 9 740
NF01=0 9 750
NFD=NFD+1 9 760
AIK = K1 (II) ,9 770
AT = AT-0.5*AI«</NDELS 9 780

C START OF STORM LOOP FOR SEQUENCE OF DAYS B 790
6 IF (Il.GT.NOFE) GO TO 14 9 800

C DETERMINE DUTPUT MODE B 810
JOUTPT=2 8 820
IF (KOUT(Il).EQ.O) JOUTPT=1 9 830
IF (JOUTPT.EQ.l.AND.IPL(Il) .EQ.O) JOJT«»T = 0 8 840
IF UOUTPT.E3.1.AND.IPLU1) .EQ.3) JOJTPT = 0 8 850
LJ=Kl(II) 3 860
LK=K2(I1) 9 970
IF (JOUTPT.EO.?) WRITE <6«22) 9 880

C COMPUTE LANO-SUHFACE LOADS AT START OF STORM B 890
00 7 J=Nl.N2 B 900
DO 7 NC=1.NCAT B 910
LU=LAND(NC) 9 920
CAT=AT+ATO(J,NC) 9 930
XO(J.NC)=BK(l,J.LU)»U.O-EXP(-9l«2,J.LJ)»CAT) ) 9 940
EAT(I1»J)=CAT 9 950
XOS(I1»J)=XO(J»1) 9 960

7 CONTINUE 9 970
NWET=NDATE(I1,1) 9 9*0
IF (NWF.EQ.2) NWETMl B 990

C *» COMPUTE CONCENTRATIONS FOR STORM II »» 61000
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SUBROUTINE SIMQ

10
11

12

13

14

DISCHARGE 
RAINFALL-RUNOFF MDOEL

IF URECDS.GT.O) GD TO 9
** WASHOFF BASED ON IJO'S 

LV=LK-LJ+1 
JJJ=0
00 6 I=LJ.LK 
JJJ=JJJ+1 
FLW(JJJ)=UO(I)
CALL WASH(LV,Nl,N2,l,l,QrflNT»DAE»0) 
CALL CONC(LV,N1»N2.NWET) 
SO TO 11

*« WASHOFF BASED ON 
DISTRIBUTED R3UTING 

CALL TRNSPT(NlfN2f MWET)
OUTPUT HYDROGKAPH FR3M RAINFALL-RUNOFF MODEL
IS TO BE USED IN LOAD COMPUTATIONS 

IF (IDEL.EQ.l) GO TO 11 
JJ=0 
JJJ=0
DO 10 I=LJ»LK 
JJJ=JJJ*1 
JJ=JJ*IDEL 
FLW(JJJ)=FLW(JJ) 
CONTINUE 
AT=0.0
DO 13 J=N1.N2
IF (J.ST.Nl.AND.KOJT(Il).NE.O) WRITE (5,22) 
DO 12 NC=1»NCAT 
LU=LAND(NC)
ATO(JtNC)=(-1.0/RK(29J«LU))*ALOG(l«0-XO(JtNC)/BK(ltJ«LU) 
CONTINUE

OUTPUT DETAILED SIMULATED DATA 
CALL OUTPT(ICNT,IOEL»J»JOUTPT)

COMPUTE LOADS AND PERFORM DESIRED ^LOTTING 
CALL QrfLOAD(J) 
CONTINUE

NFD1=NFD1*1
IF HAVE ANALYZED ALL EVENTS 

IF (NF(NFO) .EQ.NFD1) GO TO 14 
AIK=LK*1 
BIK=<1 (II)
IF (AK.EQ.BIK) KINIT=1 
AT=AT* (BlK-AIK)/rJD£LS 
SO TO 6
NFO=NFD*NF31-1
IF (MOOCLK, NOELS). EQ.O) 30 T3 15 
ALK=LK
LKT=LK/NDELS 
AKT=(L<T*1.0)*NDELS 
AT=AT*0.5*(AKT-ALK)/NDELS

OF SET OF EVENTSt GO TO 1680

B1010 
31020 
81030 
B1040 
B1050 
B1060 
81070 
31080 
B1090 
31100 
31110 
31120 
81130 
81140 
81150 
31160 
81170 
BUBO 
B1190 
B1200 
31210 
31220 
81230 
31240 
31250 
31260 
81270 
31280 
B1290 
B1300 
B1310 
31320 
81330 
B1340 
B1350 
31360 
B1370 
B1380 
31390 
B1400 
B1410 
31420 
B1430 
B1440 
31450 
31460 
B1470 
31480 
B1490 
31500
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SUBROUTINE SIMO

15 IF (rt.ST.HOOYS) GO TO 21
FLAG=1 , . 
NFD1=0

»» DAILY ACCOUNTING »»
16 CONTINUE ' 

DPP=DP(W)
CALL DACC(DPDfNl.N2,*.NSS> 

FINISHED WITH DAY 
30 TO 21

9E3IN UNIT-TIME SIMULATION
17 FLAG=0

CHEC* FOP STREET SWEEPIN3 
NPA6E=1
IF (ISS.Nt.l) 60 TD 18 
NSS=NSS+1
IF (NSS.GE.ISSFRQ) NSS=0 
GO TO 19

18 IF (ISS.LT.2) GO TD 19 
IF (NSS.GT.ISS) GO TO 19 
IF (W.NE.NSSOAYUf YSS) ) 30 T3 19 
NSS=NSS+1

19 CONTINUE
NFDlsNFDl+1
IF (IFILED.EO.O) GD TO 21

IF 1ST DAY OF SEQUENCE OF STORM DAYS THENf READ DISCHARGE 
DATA FROM IFI.ED 

IF (NFD1.GT.1) GO TO 21 
NSD=NSO+1 
READ (IFILED) K4D« (UD ( I ) f 1=1 ,K4D)

DO 20 I=K4DP,IUO
20 UD(I)=0.0

CALL STORM (It)
21 CONTINUE

END OF SIMULATION PERIOD 
IF (IFILED. GT.O) REWIND IFILED

SUMHARI7E ALL STORM DATA 
IF (IFILED. GT.O) CALL RITE1 
CALL RITE2<N1«N2) 
RETURN

22 FORMAT (1H1) 
END

B1510 
81520 
81530 
81540 
81550 
81560 
B1570 
91580 
81590 
81600 
81610 
81620 
81630 
81640 
91650 
91560 
81670 
81680 
91690 
91700 
81710 
81720 
81730 
81740 
81750 
81760 
81770 
81780 
91790 
81800 
31810 
81820 
81830 
81840 
81850 
81860 
81970 
31880 
81890 
81900 
31910 
81920 
81930
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ME :>ACC(DPP.Ml»M2«irf.NSS)

SUBWOUTIME OACC(OP 3 »Nl«N?,rf,\JSS) C 10
THIS SUHROJTINE IS FOR DAILY ACCOUNTING C 20

DIMENSION DLYrtSH(4) C 30
INTEGER RODYStrf C 40
REAL I2CFS°.TSEG ' C 50 
COMMON /Cl/ NSEG,ISES(99),JU 3 (99,3)»JLAT(99,4),ITYPE(99),EFF{51) C 60 
COMMON /C/?/ IPR(99),FLSTH<99),PARAM(99,4)»LAND(99)»NCAT»NRES C 70
COMMON /C3/ SSEFF(4),SSMIN(4)»SSAREA(51)»A<A(4)»AKB(4) C 80
COMMON /F3/ IYR»IMD,IDY»NDYS»IC«60) ,JCONC,JLOAD»JRECQ* C 90
COMMON /II/ NLU«LUSE(3,4).8K(5»4,4),ISSFRQ.NPA3E C 100 
COMMON /ST3/ IPH130) »<1 (60) »K2(60) »<OUT (180) »IPA(4) ,IPB(4) ,NOPT C 110 
COMMON /UNIT/ NUOO»N«Q»UO(2891)»DP(7310)»ROOYS»DA,ISS»PTIME,JPR C 120 
COMMON /WQ1/ AT,ATO(4»51)»XO(4»51)«CON(4«144?),NSSDAY(3»40),IS«EEP C 130
COMMON /Zl/ IUD»ILDAO»I2CFSP»QKIMT»AIMO,OAE»OT»OTS»NOTS C 140
DPP=OPP-AIMP C 150

CHECK FOR STREET S*EE 3 IN& C 160
IF HSS.LT.l) GO TO 2 C 170
IF (ISS.NE.l) GO TO 1 C 180
MSS=NSS+1 C 190
IF (MSS.LT.ISSFRQ) GO TO 2 C 200
ISWEEP=1 C 210
NSS=0 C 220
GO TO 2 C 230
IF (NSS.6T.ISS) GO TO 2 C 240
IF (tf.NE.NSSOAYU.NSS)) GO TO 2 C 250
MSS=NSS+1 C 260
IS»<EEP=1 . C 270
CONTINUE C 280
IF (OP°.LE.O.O) GO TO 6 C 290

ADJ. LOADS FOR DAILY PPT. C 300
IS*EEP=0 C 310
DO 3 J=N1»N2 C 320
DLYWSH(J)=0.0 C 330
DO 3 NC=1.MCAT C 340
LU=LANO(NC) C 350
AKD=9K(5,J,LU) C 360
CAT=AT*ATO(J,NC) C 370
XOTMPs8K(l»J,LU)*(1.0-EXO(-9<(2»J»LU)*CAT)) C 380
DELTAP=XOTHP*(1.0-EXP(-AKO*D :>P) ) C 390
XO(J,NC)=XOTMP-DELTAP C 400
DLYWSH(J)=DLYWSH(J)+DELTAP»EPT<NC) C 410
CONTINUE C 420
IF (ILOAD.ME.l) GO TO 9 C 430

OUTPUT OAI.Y LOADS. IF DESIRED C 440
IF (MPAGE.EO.O) GO TO 4 C 450
WRITE (6»12) C 460
NPAG =0 C 470
CONTINUE C 480
00 S NW=N1,N? C 490 
IF (Mrt.E3.Ml) WHIT=: (6.11) I*O,IDY.IYR»IPA(NM),IP8(N«),DLYwSH(Nw) C 500
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SJ9ROUTINE DACC<DPP,M1,M2,W.NSS)

IF (YW.GT.M1) WRITE (6*13) I»A<NW)«I»9(NW),OLYWSH(NW) C 510
5 CONTINUE C 520

GO TO 9 C 530
6 AT=AT+1.0 C 540

IF (IS*EEP.EQ.Q) RETURN! C 550
ADJUST LAND-SURFACE LOADS ^OR STREET SWEEPING C 560

AT=AT-1.0 C 570
ISWEEP=0 C 580
IF (ILOAO.EO.l) WRITE (6,10) IMO,IDY,IYR C 590
DO 7 J=N1«M2 C 600
DO 7 NC=1«MCAT C 610
LU=LAND(MC) C 620
CAT=AT*ATO(J,NC) C 630
XO(J«NC)=B«l,J»LU)»<1.0-EXP(-BK<2f J,LLJ)»CAT) ) C 640
IF (XO(J»NC) .LE.SS»<IM(J)) 60 TO 7 C 650
XOTM»=XO(JfNC) C 660
XOTMP=XOTHP-(XOTMP-SSMIN(J))»SSEFF(J) C 670
XO(J»NC)=(1.-SSAPEA(MC))»XO(JfNC)*XOT^P»SSAREA(NC) C 680

7 CONTINUE C 690
8 DO 9 JsNl«M2 - C 700

DO 9 NC=1«MCAT C 710
LU*LAND(MC) C 720 
ATO(J,NC)=(-1.0/BK(2fJfLU))»ALOG(1.0-XO(J»MC)/9K(l,J,LU)) C 730

9 CONTINUE C 740
AT=1.0 C 750
RETURN C 760

	C 770
10 FORMAT (!HO,?HON.I3,lH/f I2»H/f I2f 19H STREETS WERE SWEPT) C 780
11 FORMAT UHO,2HON«I3f 1H/* I2» H/» I2t4H SIMULATED IMPERVIOUS AREA WA C 790

1SHOFF OF : «2A3«4H WAS»Fg.2f7H »OUN3S) C 800
12 FORMAT (1H1) C 810
13 FORMAT (IN ,52X»?A3,4H WAS.F9.2t7H POUNDS) C 920

END C 830
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SUBROUTINE DATE

SUBROUTINE DATE 0 10
DIMENSION IDAYSC12) 0 20
COMMON /F2/ TYR»IM3,IDY,MDYS,ICK<60).JCONC,JLOAD,JRECQ* 0 30
DATA IDAYS/31,28,31,30.31,30,31.31,30.31*30.31/ D 40
IDY=IDY+1 0 50
IF UDAYS(IMO).GE.IDY) RETURN 0 60
IF (IMO.NE.2) 60 TD 1 0 70
IF <MOD<IY*«4).NE.O) 60 TO 1 D 80
IF (IDY.LE.29) RETJRN D 90
IMO=IMO+1 D 100
IDY=1 0 110
IF (IMO.LE.l?) RETJQN 0 120
IMO=1 D 130
IYR=IYR+1 0 140
RETURN 0 150
END D 160
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SIJRROUTIMF WAS-MLV,N1»N2«NC»LU»DTIME«DAET»LBS)

SUBROUTINE WASH ( LV» Nl » N2« MC» LU» QTIME* DAET» LBS) E 10
IMPERVIOUS AREA WASHDFF ROUTIVIE E 20

INTEGER TESTVSO(1«0) E 30
COMMON /F4/ ruP(}4'4?) ,Fl AT (1*42) »QWU 3 <4,1442) »3HLAT(4,1442) «FLW<14 E 40

142) E 50
COMMON /II/ NLU«LUSE<3»4) ,BK(5,4,-4) .ISSFRQ.NPA3E E 60 
COMMON /ST1/ FPK(60)»FVOL(60)»FLD(60,4),CMX<60,4),WFALL<4.60)»NWF E 70
COMMON /ST2/ NOFE«SF(60)«NQU(4)*TEST^OtKNN,CF1(4)*IND(4) E 80 
COMMON /*Q1/ AT«AT3(4,51)»XO(4,51),CDN<4«1442),NSSDAY(3»40),ISWEEP E 90

COWr CONVERTS CUBIC FT TO IMCHES DVER CONTRIB. AREA E 100
l2»640/5?80»»2=2.754921£-4 E 110

COMVF=2.754R?lE-4/DAET E 120
CONVF2=3600./DTIME E 130
DO 4 JJ=1«LV E 140
IF (JJ.EQ.l) UDI=FL«(1) E 150
IF (JJ.GT.l) UOI=F.W(JJ-1) E 160
RVCF=0.5»(FLW(JJ)*JOI)»DTIME E 170
RVIN=RVCF»COMVF E 180
RRATE=RVIN»CONVF? E 190
00 3 J=N1,*2 E 200
IF (RVCF.GT.0.00001) 60 TO 1 E 210
CON(J,JJ)=0.0 E 220
GO TO 3 E 230

1 CONTINUE E 240 
IF (9K(3»J»LU).GT.0.0) WSHOFF=XO(J»NC)»(1 0-EXP(-BK(3.J»LU)*RVIN)) E 250 
IF (9K(3»J»LU).LT.0.0) WSnOFP=XO(J,NC)»(1 0-EX»(8K<3,J,LU)*RVIN»RR E 260

1ATE)) ' E 270
IF (8K(4»J.L'J) .LE. 0.001) GO TO 2 E 280
AVAIL=3K(4.J,LU)»RRATE E 290
IF (AVAIL.LT.1.0) dSHOFF = WSH3FF«A*/Al . E 300

? XO(J.NC)=XO( J^NO-rfSHO^F E 310
CON(J,JJ)=«*SHOFF»DAET E 320
IF (L8S.3T.O) GO TD 3 E 330

LdS/CUBIC C T » 16018.V = MG/L E 340
CON(J,JJ)=COM(J.JJ)/RVCF»16018.9 E 350
IF (CF1(J).LT.l.OE-fc) CON(J,JJ)=CON(J,JJ)»1000. E 360

3 CONTINJE E 370
4 CONTINUE E 380

RETURN E 390
END E 400-
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SUBROUTINE CONC<LV,N1»M2,NWET)

SUBROUTINE CONC(LV,Nl*N2»N*ET) F 10
THIS SUB^OJTINE CONVERTS AVERAGE CONCS. * 20
OVER TIME INTERVALS TO POI^T CONCS. F 30

COMMON /F^/ FUPU442) * PLAT(1442) «QWU3(4,14^2) f 3*LAT(4,1442) tFLW(14 F 40
142) F 50
COMMON /ST1/ FPK(60)«FVOL(60),FLO«SO»4),CMX<60»4),«FALL(4»60)fNWF F 60
COMMON /*Q1/ AT»AT3(4,51) »XO(4»bl) »CONU»1442) »NSSDAY(3»40) .ISWEEP F 70
00 3 JsNltM? F 80
WET=*FALL(J,MWET) F 90
DO 2 JJ=1,LV F 100
IF (JJ.EO.LV) GO TO 2 F 110
IF <FL*(JJ).GT.0.0) 30 TO 1 F 120
CON(J,JJ)=0.0 F 130
GO TO 2 F 140
CONCEN=O.S»(CON(J»JJ)+COM(J«JJ+1)) F 150

ADD WETFALL CONTRIBUTION F lf.0
CON(J.JJ)=CONCEN+WET F 170

! CONTINUE F IRQ
CON(J»LV)=0.0 F 190
IF <FL*(LV).LE.0.0) GO TO 3 F 200

SET LAST POINT CONC. = LAST INTERVAL CONC. + WETFALL F 210
CON(J,LV)=CON(J»LV)+rfET   F 220

I CONTINUE F 230
RETURN F 240
END F 250-
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PER\/(I»tKtNl,N2.DTIME,NWET)

SUBROUTINE PERV(I«_K»N1»N2«DTIME.N*ET) 
PERVIOUS AREA WASHOF P ROUTINE 

INTEGER TESTNO(IKO)
COMMON /C2/ IPR(99) ,FLGTH(99) ,PAR4M09,4) ,LANO(99) ,NCAT.N«ES 
COMMON /C3/ SSEFF(4),SSMIN(4),SSAREA<51),A<A(4)»AKB(4) 
COMMON /Fl/ ICT,Q(1442)»R(1442)»3MX«I1,DELTAT»DELPLG,NRV(10) 
COMMON /F4/ PUP (1442) t FLAT (1442) ,QWU=> ( 4, 1442) t Q*LAT ( 4, 1442) ,FLW<14

142)
COMMON /ST1/ FPK(60),FVOL(60),FLD(60,4),CMx(60»4)tWFALL(4,60)»NWF 
COMMON /ST2/ NOFE » VF (60 ) ,NO'J (4) » TESTMO, <NN, CFl (4) t IND (4) 
COMMON /*Q1/ AT,ATD(4t51)»XO(4»51),CDN(4,l442)»NSSOAY(3t40)tISWEEP 
CONV=DTIME/43560./2.0 
Q(l)=FLWd)*CONV

TOTVOL=Q(1

DO

IF (Q(IV).LE.0.0) 30 TO 1
5UMVOL=SUMVOL+Q(IV)»Q(IV)
TOTVOL=TOTVOL*Q(IV)
IF (FLrf(lV).GT.OPK) QPK
CONTINUE
TMAS5 = PARAM(T»3)»(TOTVOL»QP'<)»»PARAM(I,4)
TERM=TMASS»735.48/SUMVOL
DO 3 IV=1,LK
SED=0(IV)»TEPM
DO 3 UUU=N1,N2
IF (SED.GT.0.0) GO TO 2
CON(UJU,I\/)=0.0
GO TO 3
CONC=A<A(JUJ)*AKB(UUU)»SED
IF (CFl(UUU).LT.l.OE-6) CONC=CONC»1000.
CON(UUU.IV)=CONC+W r ALL(JUJ»NrfET)
CONTINUE
RETURN
END

10 
20 
30 
40 
50 
60 
70 
BO 
90 

G 100 
G 110 
G 120 
3 130 
G 140 
G 150 
G 160 
G 170 
G 180 
G 190 
G 200 
G 210 
G 220 
G 230 
G 240 
G 250 
G 260 
3 270 
G 280 
G 290 
G 300 
G 310 
G 320 
G 330 
G 340 
G 350 
G 360 
3 370-
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SUBROUTIME T^NSPT (>U «N2»NWF.T)
SET UP FLOrf AND CONC. ARRAYS FOR CONSTITUENT ROUTING 

INTEGER R09YS,HEAD1(120),HEAD2(60»2),HEAD3(60) 
REAL JSEG,I2CFSP
COMMON 
COMMON 
COMMON 
COMMON 
COMMON 

142) 
COMMON 
COMMON 
COMMON 
COMMON 
COMMON
COMMON

/Cl/ 
/C?/ 
/Fl/ 
/F3/ 
/F4/

MSE6«ISEG(99) ,J'J3(99»3) « JLAT(99,4) , I TYPE (99) ,EFF(51) 
IPR(9Q) ,FL3TH(99) ,PARAM (99, 4) »LAND(99) ,NCAT»NRES 
ICT, 0(1442) ,*(1442) ,9MX, II »DELTAT» OELPLG,NRV < 10) 
IFILE»IFILED»IFILEQ«JREC:)S,IRECD.IRECQ.NSTRMS»IMODE 
FUP(144?)   FLAT (1442) tQWU^ (4, 1442)   OMLAT (4< 1442) «FLW(14

IPB (4) ,NOPT
/F5/ HEA01 »HEAD2»-«EA03
/ST3/ IPLU30) *K1(60) ,K2(60)«OUT ( 130 ) , IPA (4)
/T ME/ NOEL 5 * NOUD ( 1 80 ) , I NDP ( 2 0 ) » NDATE ( 60 , 3 )
/UNIT/ NUOO»N«Q»U3(2d91)tDP(7310) ,ROOYS,OA» ISS» PTIMEt JPR
/«tfQl/ AT«ATD(4t51)*XO(4*51) »C3>J (4« 1442) t NSSOAY ( 3*40 ) , I SWEEP
/Zl/ IUD»ILDAD»I2CFSP«QWlMT»AIMP»DAE»DT.DTStNOTS

INTVALs(PTlME*0.001)/DT
LJ=1

GO TO 34

LKsLV«INTVAL

IF (LK.NE.HEA02(NSTRMS»2» 
NSTHCD*HEA02(NSTRMS,1)

IRS=0
DO 33 Isl*MSEG
IF (ITYPE(I).EQ.?) SO TO 33

IMITIALIZE ARRAYS TO ZERO 
JPER»/=0 
00 3 L«1»L< 
FLAT(L)*0.0

IF (NC.GT.O.AND.IMDDE.EQ.2) 30 TO 1
FUP(L)=0.0 

1 DO 2 J*N1,N2
a«LAT(J»L>=0.0
CON(J«L)=0.0
IF (NC.GT.O.AND.IMDOE.E0.2) 3O TD 2
QWUP(J,L)=0.0 

? CONTINUE 
3 CONTINUE

IF (ITYPE(I).GT.2) GO TO IS
NC=NC*1

DAETsEFF(NC)
COMPUTE IMPERVIOUS A^EA LATERAL INFLOrf 

00 b J=l»4 
IF (JLAT(I«J)) 6,6,4

10 
20 
30 
40 
50 
ISO 
70 
HO 
90 

100 
H 110 
H 120 
H 130 
H 140 
H 150 
H 160 
H 170 
H 180 
H 190 
H 200 
H 210 
H 220 
H 230 
H 240 
H 250 
H 260 
H 270 
H 280 
H 290 
H 300 
H 310 
H 320 
H 330 
H 340 
H 350 
rt 360 
H 370 
H 380 
H 390 
H 400 
H 410 
H 420 
H 430 
H 440 
H 450 
H 460 
H 470 
H 480 
H 490 
H 500
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^ T*NS»T(N1,N2,NWET)

JJ*JLAT(I,J)
IF (OARAM( JJ,2) .LE.0.001)
IF <PARAM( JJ,2) .LE.0.001) GO TO 6
IREC3=MSTRCO+NRPSE3» ( JJ-1 )
READ (IFILE'IRECO) < Q ( I V)   I V = l tLO

CONVERT CFS/FT TO CFS 
00 5 IV=1,LK

5
f> CONTINUE

IF (DAET.LE.0.0) 60 TO 7 
C COMPUTE AVEPASE INTERVAL CONCS. OF CONSTITUENTS
c IN IMPERVIOUS AREA LATERAL INFLOW

CALL *ASH(LKtNltN2,NC»LU»DTStDAET«0) 
C . CONVERT TO POINT CONCS. 

CALL CONC<LK,NltN2tN*ET)
7 DO 8 IV=1,LK
FLAT(IV)=FLW(IV) 
00 8 JJJ=N1,N2 
QWLAT(JJJtIV)=CON(JJJ.IV)

8 CONTINUE
C COMPUTE PERVIOUS LATERAL INFLOW 

IF (JPERV.EO.O) GO TO 15 
00 9 L=1»L<

9 FLW(L)=0.0 
00 12 J=1.4 
IF (JLAT(I.J)) 12»12«10

10 JJ*JLAT(ItJ)
IF (PARAH(JJ,2).GT.0.001) 30 TO 12
IRECDsNSTRCD+NRPSE3*(JJ-l)
READ (IFILE'IRECD) (Q(IV),IV=1,L<)
DO 11 IV=1»L<

11 FHrfUV)sFL«mV)+Q<IV)*FLGTH(I)
12 CONTINUE 

C COMPUTE CONCS. IN PERVIOUS AREA LATERAL INFLOW
CALL PERV(I,LKtNl«N2«DTStNirfET) 

C ADD OERV. * I^«>. FLOrf ANO CONCS.
DO 14 IV=1,L<
QSUMsFLAT(IV)+FLW(IV)
DO 13 JJJ=N1,N2

13 QtfLAT( JJJ»IV) = (OWLAT(JJJtIV)»FLAT(IV)+CON(JJJtIV)«FL«mV) 
FLAT(IV)=QSUM

14 CONTINUE
15 CONTINUE

IF (IMOOE.NE.2) 60 TO 16 
C DISTRIBUTED (NO ROUTING RUN)

IF (ITVPE(I).GT.l) GO TO 33
CALL NOROUT(T»LK,N1.N2)
30 TO 33 

C COUNT NUMBER OF J£>STR£AM SEGMENTS
16 NUP=0

/QSUM

H 510 
H 520 
H 530 
H 540 
H 550 
H 560 
H 570 
H 580 
H 590 
H 600 
H 610 
H 620 
H 630 
H 640 
H 650 
H 660 
H 670 
H 680 
H 690 
H 700 
H 710 
H 720 
H 730 
H 740 
H 750 
H 760 
H 770 
H 780 
H 790 
H 800 
H BIO 
H 820 
H B30 
H 840 
H 850 
H 860 
H 870 
H 880 
H 890 
H 900 
H 910 
H 920 
H 930 
H 940 
H 950 
H 960 
H 970 
H 980 
H 990 
H1000
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SUBROUTINE TrtNSPT<NltN2tNWET)

17

1R

19

DO 17 Jsl»3
IF <JUP<I»J).GT.ft) NUPsN'JP+1
IF (NUP.EM.O) SO TD 26

COMPETE UPSTREAM FLO* AND CONCENTRATIONS 
00 24 J=l»3
IF <JUP<I«J)) 24,24,18 
JJsJUP(ItJ)
IREC9sNSTRCD+NRPSE3*<JJ-l) 
READ (IFILE'IRECD) <FLW< IV) t I V*l ,L<) 
00 19 IV»1,L< 
FUP<IV)*FUP<|V)+FLrf(IV) 
00 23 JJJ*N1,N2
IRECQ-1* < JJJ-1 ) *NR»SEG»NSE6+ ( JJ-1 ) »N*PSE8 

(IFILEO»IRFCQ) (0 ( IV) t IV»1
IF (NUP.LT.2) 60 TD 21
DO 20 Lsl tt*

20 QwUP(JJJ«L)*QWUP<JJjtL
SO TO 23

21 CONTINUE
00 22 L=1*LK

22 QWUP(JJJ,L)sQ<L)
23 CONTINUE
24 CONTINUE

IF (NUP.LT.2) 60 TD 26
DO 25 IV*1,L<
00 25 JJJ=N1.N2
IF (FUP(IV) .LE.0.0) BO
OWUP ( J J J 1 1 V ) sQWUP ( J J J f

25 CONTINUE
26 CONTINUE

)+9<L)»FLW<

TO 25
IV)/FU3 (IV)

IF (ITVPE(I) .NE.4) 63 TO ?8
HASS BALANCE AT NODAL SEGMENT 

00 27 IV=1*L« 
00 27 JJJ=*1.N2
CON(JJJ«IV)sQWUP(JJJtIV)^PARAH(ItJJJ) 
CONTINUE 
60 TO 31

READ DOWNSTREAM FLOW 
IRECD»NSTRCD+NRPSE3»<I-1) 
READ (IFILE'IRECO) fFL*< I V) 1 1 V*l tLK)

00 RESERVOIR ROUTING 
IF (ITVPE(I).NE.3) 60 TO 30

27

28

IF (VUP.GT.O) GO TD 29
WRITE (6,37)
STOP

29 CALL RESVR(4,IRS)
GO TO 31 

C PERFORM LA3RAN6IA^ TRANSPORT
30 CALL LNGRN<I,LK,N1,N2)

H1010 
H1020 
H1030 
H1040 
H1050 
H1060 
H1070 
H1080 
H1090 
HUGO 
H1110 
H1120 
H1130 
H1UO 
H1150 
H1160 
H1170 
H1180 
H1190 
H1200 
H1210 
H1220 
H1230 
H1240 
H1250 
H1260 
H1270 
H1280 
H1290 
H1300 
41310 
H1320 
H1330 
H1340 
H1350 
H1360 
H1370 
H1380 
H1390 
HUGO 
H1410 
H1420 
H1430 
H1440 
H1450 
H1460 
H1470 
H14SO 
H1490 
H1500
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SUBROUTINE TRNSPT(N1,N2,NWET)

31 DO
OUTFLOW CONC. ARRAY 

JJJ=Nl.N2

WRITE (IFILEQ»IREC3) (CON(UJJ,I V),IV = l,L<)
LIST SEGMENT CONCENTRATIONS IF DESIRED 

IF «OUT(I1) .EQ.O) GO TO 32 
IF (IPRU) .EQ.O) GD TO 32 
JSEG=I
CALL OUTPTUSEG, INTvAL,JJJ.3) 
IF (JJJ.EQ.N?) WRITr (6,36) 

3? CONTINJE
33 CONTINUE 

RETURN
34 WRITF. (6,35) II 

STOP

35 FORMAT (1H1.35HNUM3ER OF TIME INCREMENTS FOR STORM,13,42H DOES NOT 
1 MATCH BETWEEN DR3* AND DR3M-QUAL)

36 FORMAT (1H1)
37 FORMAT (1H1,39HRESERVOIR ^UST HAVE AN UPSTREAM SEGMENT) 

END

H1510 
H1520 
H1530 
H1540 
H15SO 
H1560 
HI 570 
H1580 
H1590 
H1600 
H1610 
H1620 
H1630 
H1640 
H1650 
H1660 
H1670 
H1680 
H1690 
H1700 
H1710-
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SUBROUTINE NOROUT ( I *N?)

ROUTING) RUN
SUBROUTINE NOROUT(I,LK»N1»N2)

C DETERMINE CONCS. FOR OIST.
C FUPaSUM OF FLOWS
C QWUPsSUM 0* FLOW»CONC.

/Cl/ MSE6«ISE6(99)fJU*(99»3) JLAT(99 f 4),ITYPE(99),EFF(51) 
/F4/ FUPO442) «FLAT(1*42) »QWU»(4f1442) tOWLAT (4» 1442) ,FLW(14

ATfATD(4*51)*XO(4*5l),C3N(4«l442)*NSSDAY(3f40)*ISWEEP

COMMON
COMMON 

142)
COMMON
REAL ISE6
00 2 L*lfL<
FUP(L)»FUP(L)+FLAT(L)
00 1 JJJ*N1»N2
Q«UP(JJJ»L)«Q«UP(JJJ»L)+FLAT(L)»QWLAT<JJJ»L)
IF (I.LT.NSE6) 60 TO 1
IF (FUP(L).LF.O.O) 60 TO 1
CON(JJJ,L)«OWUP(JJJ»L)/FJP(L) 

1 CONTINUE
FLW(L)«FUP(L) 

? CONTINUE
RETURN
END
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70 
80 
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100 
110 

I 120 
I 130 
I 140 
I 150 
I 1*0 
I 170 
I 160 
I 190 
I 200 
I 210-
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I«LK»N1,N2)

SUHROUTINE LNGRN(I,L<»N1«N2) J 10
C ' J 20
C SUBROUTINE LNGRN 15 THE DRIVE SUBROUTINE FOR THE LAGRANGIAN J 30
C CHANNEL TRANSPORT. A CALL TO LNGRN ROUTES JP TO FOUR CONSTITUENTS J 40
C THROUGH A SEGMENT. J 50
C   J 60

REAL ISE3,M,CLAT(4),CA(4),CB(4),CC(4),CD(4) J 70
COMMON /Cl/ NSEG»I5EG(99) f JU*(99,3),JLAT<99«4),ITYPE(99),EFF(51) J 80
COMMON /C2/ IPRC99),FLGTH(99)»PARAM(99,4)fLAND(99),NCATfNRES J 90
COMMON /F4/ FUP(1442)»FL*T(1442),UWU»(4,1442)«QWLAT(4,1442),FLW(14 J 100

142) J 110
COMMON /*Q1/ AT.ATD<4,51)«XO(4,51)»C3N(4,1442),NSSDAY(3»40)fISWEEP J 120
COMMON /Zl/ TUD»ILDAD.I2CFSP,QUINT,AIMP.DAE,DT«DTS,NOTS J 130
COMMON /LGN1/ XL»DTS1fJSEG,ALPHA,M,QLAT,CLAT»CC«J»N1T,M2T J 140
DATA CA«CS/0.,0.,0.,0.«0.«0.«0.*0./ J ISO

: J 160
C ..... SET UP COMMOM VARIABLES IN LGN1 ..... J 170

XL=FLGTH(I) J 180
DTSlxDTS J 190
ALPHAsPARAM(I,l) J 200
M=PARAM(I,2) J 210
JSEGsI J 2?0
N1T=N1 J 230
N2T=N2 J 240

C J 250
C ..... DEFINE INITIAL CONDITIONS FOR SEGMENT ..... . J 260

CALL LAGRNl(0.0*0.0,CA,CB) J 270
C J 280
C ..... START TIME LDQP ..... J 290

00 3 J=1.LK J 300
QLATxFLAT(J)/XL J 310
00 1 II=N1»N? J 320
CLAT(II)=a*LAT(II»J) J 330

1 CC(II)=OWU°(IIfJ) J 340
C J 350
c ..... OERFORM TRANSPORT COMPJTATIONS FOR ONE TIME STEP »f»f, j 360

CALL LAGRN(F'IP(J) f'L^tJ) »CO) J 370
DO 2 II=N1»N? J 3BO

2 CON(II,J)=CD(II) J 390
3 CONTINUE J 400

C J 410
RETURN J 420
END J 430-
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SUBROUTINE LAGRNH 3A,Q9, CA,CB)

SUBROUTINE LAGRNlOAtQStCA,C9) . K 10
	K 20

SUBROUTINE LAGRNl MUST *F CALLED ONCE PRECEDING TRANSPORT K 30
COMPUTATIONS TO OE'INE INITIAL CONDITIONS FQR A SEGMENT K 40
(THIS SUBROUTINE ACCEPTS A SEGMENT HAVING AN INITIAL FLOW EVEN K 50
THOUGH WITH THE MODELS PRESENT STRUCTJ3E THIS COULD NOT OCCUR) K 60

	< 70
DIMENSION »V(100>» OC(4*100)« CLAT(4), CAU)t C8(4) f CC(4) < BO
REAL M K 90
COMMON /LGN/ PV.PC»NpRCLS K 100
COMMON /LGN1/ XLfDTS*ISEG*AL 3HAtM,QLAT,CLAT*CC.J»Nl«N2 K HO
COMMON /LGN2/ QlfO?,Q3t^4 < 120

	K 130
..... DEFINE INITIAL CONDITIONS FOR TRANSPORT ..... K 140
NPRCLS=? K 150
IF OA.EO.O.) GO TO 1 K 160
AA=(OA/ALPHA)»»(1*/M) K 170
GO TO 2 K 180

1 AA=0.0 K 190
2 IF (Q8.EQ.O.O) GO TO 3 K 200
A8=OB/ALPHA)»»(1./M) K 210
GO TO 4 K 220

3 AB=0.0 K 230
4 PV(1)=.25»(AA+A8)*XL K 240
PV(2)=PVU) K 250
00 5 1=1tN2 K 260
PCdf 1)=CA(I) K 270
PC(I.2)=C8(I) K 280

5 CONTINUE K 290
01=QA < 300
Q2sQ9 K 310
RETURN K 320
END K 330-
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QCf3D»CD)

SUBROUTINE LftGRN<Q:*30.CD) L 10
	L ?0

C SUB LAGRN - OLUG F.OW LAS^AMSIAN TRANSPORT WITH LATERAL INFLOW L 30
C L 40
C ..... DEFINITION 0- VARIABLES ..... L 50
C PV(K) - VOLUME OF PARCEL < (CUBIC FEET) L SO
C PC(I»K)- CONCENTRATION OF COMST1TJENT I IN PAPpEL K (M3/L) L 70
C XL - LENfiTH OF SEGMENT (-EET) L 80
C OTS - TIME STEP SIZE (SECONDS) L 90
C CA - COMC AT U/S END OF SEGMENT AT OLD TIME STEP (M6/L) L 100
C CC CONC AT U/S END OF SEGMENT AT N£m» TIME STEH (MG/L) L 110
C CO CONC AT D/S ENP OF 5Etf*tNT AT NEW TIME STEH (MG/L) L 120
C Q1»Q? - FLO* AT U/S AMD 0/S E-MOS OF SEGMENT AT OLD TIME STEP(CFS) L 130
C Q3.Q4 - FLO* AT U/S AMO 0/S ENDS OF SEGMENT AT NEW TIME STEP(CFS) L 140
C U2-U4 - VEL'S AT 3/5 END OF SEGMENT AT OLD AND NEW TIME STEP(FPS) L 150
C NPRCLS - NJMRER OF PARCELS IM THE SE3MENT DURING A GIVEN TIME STEP L 160
C UAVG - AVERAGE VELOCITY IN SEGMENT (JSIN3 ALL 4 CORNERS) (FPS) L 170
C OX DISTANCE IMAGINARY 3ARCEL BOUNDARY MOVES (KT) L 180
: L 190

DIMENSION PV(IOO)* PCU-IQO). CLAT(4)» CA(4), CC(4), CD(4), PCN(4) L 200
REAL M L 210
COMMON /LGN/ PV»*C,NPRCLS L 220
COMMON /LtiNl/ XLtDTStlSEGtAL^HAtMtOLATtCLATfCCfJtNlfMS L 230
COMMON /LGM2/ 01*02.33*04 L 240
Q3«QC L 250
94sUO. L 260
IF (J.1E.1) f50 TO 4 L 270
IF (31.NE.O.) 60 TD 2 t L 2BO
00 1 I«1»M2 L 290

I CA(I)=CC(I) L 300
GO TO 4 L 310

? CONTINUE L 320
DO 3 IsltN2 L 330

3 CA(I)s»C<I*l) L 340
4 IF (31.EO.O.) CALL 7ERDS(CO*&6«&17*&23) L 350

C L 360
C  ...« ADD A NEW PARCEL TO THE SESMENT ANO ASSIGN IT THE VOLUME AND L 370
C CONCENTRATION OF FLO* ENTERING FROM J/S END ..... L 3*0

PVNs.5»(01*01)*OTS L 390
DO 5 IsNl«N? L 400

5 PCN(I)*.5»(CAU)+CC(I)) L 410
VOLX*0.0 L 420
GO TO 10 L 430

C SPECIAL CASE OF ZERO U/S **OUMOA*Y COMOITIOM (01*03=0) L 440
6 IF (QLAT.EQ.n.) GO TO 17 L 450

UAVGa.25»(JX(0?)*UX(Q4)) L 460
OXsUAV3»OTS L 470
IF nx.GT.XL) GO TD 7 L 480
PVN=.5»OX»9LAT*DT«; L 490
SO Tfl H L 500
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7 PVN=.5»XL»UAT*<*L/UAVS)+XL*')LAT»(OT5-(XL/JAVr,) ) L 510
M VOt.X=PVN L 520

DO * I=N1,N? L 530
« MCN(I)sCLAT(T) * . ' L 540

10 NPRCLS=NPHCLS+1 L 550
NP = fSPRCLS-l , L 560
00 12 L=1.NP L 570
 <=<N°RCLS+1)-L L 580
PV(K)=PV<*-1) L 590
DO 11 I=N1«N? L 600

11 PC(I«K)= p C(I«K-l) L 610
12 CONTINJE L 620

PV(1)=PVN L 630
DO 13 I=N1.N? L 6*0

13 PC(I«1)=PCN(T) L 650
	L 660

..... COMPUTF SUMMATION DF PARCEL VOLUMES ..... L 670
SUMV=0.0 L 680
L=l L 690
IF (VOLX.GT.0.0) L = 2 L 700
00 14 <=L*NPRCLS L 710

14 SUMV=SJMV+ 3V(K) L 7?0
	L 730

..... COMPUTF VOLUHE 0^ LATERAL INFLOW ..... L 740
VLAT=QLAT*XL*OTS-(Vr)LX) L 750

	L 760
..... DIST^I^UTE LATERAL INFLOW AMONS PARCELS IN PHO°ORTION TO L 770

PARCEL VOLUME*; AND AOJJST CONCENTRATIONS ..... . L 780
L=1 L 790
IF (VOLX.4T.O.O) L=? L 800
DO 16 <=L»NPRCLS L 810
ZVOL=VLAT*(PV(K)/SJMV) L 820
PVN=PV(K)+ZVOL L 830
DO 15 I=N1«N? L 840

15 PC(I»K)r (pC{I,K)*PV«)*/v/OL*CLAT(I) )/OVN L 850
PV(K)=PVN L 860

16 CONTINUE L 370
	L 8RO 

..... COMPUTE VOLUME LEAVING SESMtNT ..... L 890
17 CONTINUE L 900

VOUT=.5*(G?+34)*OTS L 910
	L 920

..... DETERMINE WHICH DA3CFLS LEAVE SESMENT ..... L 930
DO 20 I=1»NPRCLS L 940
<=<*PRCLS+1)-I L 950
VOUT=VOUT-OV(K) L 960
IF (VOJT) 1*,19,?0 L 970

Ifl PV(K)=A6S(VO'JT) L 9«0
SO TO ?1 L 990

19 K=K-1 L1000
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LAGRN<0C»3DtCD)

60 TO 21
20 CONTINUE 

C 
C .....UPDATE VUMBF.R OF OA^CEXS AND ASSISN CONC ftT 0/S END .

21 NPRCLS=K
00 22 I=M1«N?

22 CD(I

...... SET VE4 TIME STE° TO 0^0 TIME STEP .....
23 31=Q3 

02=Q4 
00 24 I=N1.N?

24 CA(I)=CC(I) 
RETURN 
END

L1010 
L1020 
L1030 
L1040 
L1050 
LlOftO 
L1070 
L1090 
L1090 
LllOO 
L1110 
L1120 
L1130 
L1140 
LH50-
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SUBHOUTINt ZFWOSICD, »,» ») * M 10
	M 20

SUB ZEROS TAKES CA9E OF SITUATIONS INJHE CHANNEL TRANSPORT M 30
COMPUTATIONS WHE&E THESE A-*E ZE-O FL3*S * 40

	M SO
DIMENSION =>V(100)t PC<4«100). CLAT(4), CCU). C0(4) M 60
REAL M ' M 70
COMMON /LGN/ PVtPCtNJPKCLS M 80
COMHON /LGNIX XL.OTS»I5E3»AL DHA»*ltOLATfCLAT»CC,J»Nl,N2 M 90
COMMON /LGN2/ 01.0?,Q3 v ti4 M 100

	M 110
IF ( (04.E-J.O..) .AMD. (Q3.E3.0.) .AN3. (Q?.EO.O.) ) RO TO 1 M 120
IF. ((Q3.EO.O.).A»fD.O2.Ea.O.)) &0 TO 3 M 130
IF (Q3.EO.O.) GO TD 5 M 140
IF (Q2.EQ.O.) GO TD 6 M 150

	M 160
1 CONTINUE M 170

00 2 I=N1,N2 M 180
2 CO(I)=0.0 M 190

RETURN 1 M 200
3 CONTINUE M 210
PVU)=.5»3LAT*XL«DTS M 220
PV(2)*PV(1) »4 230
00 4 I=N1»N? M 240
PC(I«1)=CLAT(I) M 250
PC(I»2)=PC(I.l) M 260

4 CO(I)=CLAT(I) . M 270
RETURN 2 M 2«0

5 RETURN 1 M 290
6 VLAT=QLAT*XL*OTS M 300
UAVG=.25*<UX(Q3)+U«a4) ) M 310
OX=UAVG«DTS M 320
IF (OX.GT.XL) GO TO 7 M 330
ZVOL=.5«DX»QLAT«DTS M 340
GO TO 9 M 350

7 ZVOL = .5«XL»OLAT»(X./UAVG)*XL» fJLAT»(OT«;-(XL/UAVG) ) M 360
8 PVN=0.5«Q3»OTS M 370

PV(2)=VLAT-ZVOL M 390
IF (DV(2).LF.O.O) 3V(2)=l.e-10 M 400
DO 9 I=N1,N2 M *10 
PC(Itl)=(CC(I)*PWN*7VOL»CLAT(I) )/PV(l) M 420
PC(I*2)=CLAT(I) M 430
RETURN ? M 440
ENO M 450-
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FUMCTIDN uxo>

FUNCTION! UX(Q) N 10
M ?0

FUNCTION UX COMPUTE VEL FO* CHANNEL TRANSPORT 13IVEN Q, ALPHA* & M N 30
M 40

REAL M»CLAT(4) .CCU) N 50
COMMON /L6V»1/ XL*f>T«;.ISK3«AL DHA,M,'5LAT»CLAT.CC,J.Nl»NJ2 N bO

N 70
N AO
M ^0
M 100
N 110
N 120
M 130
N 140

IF (Q.EQ.O.) 60 TO 1

GO TO ?
1 'JX*0.
2 RETURN

END
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RESVH(ISTEP.IRS)

COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON
COMMON

1)
COMMON
COMMON
COMMON
COMMON

/HI /
/R2/
/R3/
/R4/
/R5/
yR6/
/R7/
/Cl/
/C?/
/Fl/
/F4/

/ST2
/ST3
/UN!
/ Ifll '.1 1

RFSV/H(I5TEP«19S>
AREA(S,10) ,DISCH(5«10) »CAPAC(5»10) «STAGE(5»10) 
AVOPTH(5»10) .PERCNT ( 5»4» 1 0 ) » SI ZE ( 10 ) »DCU3E ( 10 ) 
FALL<*) ,SG»STOKE5»VlSCOS,VEirOC(6)«DlAMT(S)»PERCT(8) 
TMEIN(?l»OUTFL(5»B) » M,LR« MRtOETKl « OETK2 
V/TSUM(5,4»10)»RE*N(8)«RF.m9)»FIX<5)»RlSER(5) 
NLAYER(5) t JFL04(5) «DEAO(5) tNDX(5) tNNS (5) »CAPOOL(5) 
TMASSU) ,UWT1 (4) «QWT2(4)»QrfNDl(4) «Q«ND2(4) «Q*OUT<4) 
NSEG,ISF3(99) ,JlP(99*3) «JLAT(99»4) » I TYPE (99) ,EFF(51) 
TPR(99) ,FL6TH(99) «PA^AM(99«4) «LAND(99) «NCAT«NRES 
TCT.ST3AR(1442) »STP(1442) » 3MXt I 1 , DELTATtOELPLGtNRV ( 10) 

(144?) «T1 (1442) »a«UP(4»1442) t OWTOT ( 4» 1442) «FL*U442

NOFF«MF(60) » ^QU (4) » TESTMO«KMN f CFl (4) »INO(4)
I PL (130) »<1 (60) ,K2(60) t<OUT(180)»IPA(4) ,IP8(4) ,NOPT
NUOD«M*y«U9(2SRl) , OP (7310) .RODYSfOAt ISS»PTIME» JPR 

AT«ATO(4«51)«XO(4«51) «CON ( 4« 1442) tNSSDAY (3* 40) « ISWEEP 
REAL ISEG
INTEGER TF.STMOU30) 
GO TO (1»3,2?»2?)» ISTFR 
CONTINUE

START HEPF. IF SEPARATE

READ (5*76) ICT»OElTAT»DELPL3
MsICT
READ (5,73) ISEG(1),(I^A(J3W)tIP3(JOrf)
IF (ICT.GT.1442) STOP
00 2

3 CONTINUE
START HERE FOR 0-nM-SuAL 

READ (5*76) NS.SG.VISCOS 
IF (SG.LE.1.0) SG=?.65 
IF (VISCOS.LF,.0.003) VISCOSsQ.Ol14

OETK1=OELTAT».08264/2.0
DETK?=2000.«SG
READ (5*74) (SIZF(NL)»NL=1»NS)
SIZE(1)=0.0
00 4 I=2»MS
IF <SI?F(I).LE.SIZ£(I-1)) GO TO 72

4 CONTINUE
LOOP THROU3H KESFKVOI9S AND READ IVPUT DATA 

00 21 I*ESM.NRtS 
READ (5.76) NLAY.JrL«N f OEAQ(IRES)«RlSER<IRES)

10 
20 
30 
40 
50 
60 
70 
90 
90 

100 
0 110 
0 120 
0 130 
0 140 
0 150 
0 160 
0 170 
0 180 
0 190 
0 200 
0 210 
0 220 
0 230 
0 240 
0 250 
0 260 
0 270 
0 2*0 
0 290 
0 300 
0 310 
0 320 
0 330 
0 340 
0 350 
0 360 
0 370 
0 390 
0 390 
0 400 
0 410 
0 420 
0 430 
0 440 
0 450 
0 460 
0 470 
0 480 
0 490 
0 500
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IF '(JFL.EQ.l) NLAYsi 0 510
MLAYERd*ES)=NLAY 0 520
JFLOrfdRES)=JFL 0 530
MDXd*ES)=M -   0 540
SNSdRES)=MS 0 550
FIXdR£S)=1.0 0 560
ANLAY=NLAY ' 0 570
NV=NRV(IRES) 0 580 
WrtlTE (6,90) ISEGC4V) »MLAYER(I*ES) ,J-LOwd3ES) ,DEADdRES) ,N,NS 0590
WRITE <*,91) SG,Vfl5COS 0 600
IF (JFL.E-U4) W«IT£ (6.9?) RISE*(IRE>) a 610
DO 6 J9w=l,NWp 0 620
READ (5,74) (PE»CNT(IRES,JQ*UNL) ,NL = 1«>JS) 0 630
IF (»ERCNT(I9E5«JQ*,1)«NE.O.Q) ^ERCNT (IRES, JQW, 1) =0,0 3 640 
IF (»ERCNT(IRES,JQW,NS).ME.100.) PERCMT(IRES,JQW,NS)=100. 0 650
DO 5 I=?,*S 0 660
IF (PE*CNT(I9ES.JQd,n.Gr.o^'C^T(IRES*JiW»1-1)) QO TO 5 0 670
WRITE (*>,79) 0 680
STOP 0 690

5 CONTINUE 0 700
6 CONTINUE 0 710

READ (5,74) (STAGE(IRES,I) !*!,M) 0 7?0
REAL) (5,74) (AREA(!9ES,n ,I = 1,N) 0 730
READ (5,74) (DISCH(IRES,I)«I«1,N) 0 740
00 7 1=2,N 0 750
IF (STAGE(IRES»I) .LE.STAGEd^ESf 1-1) ) 30 TO 72 0 760
IF (AREAd^EStl) .L£.AHEA(I=?ES,I-1) ) 30 TO 72 0 770
IF (OISCHdRFSt !).. . OISCH(MES,I«l» 30 TO 72 0 780

7 CONTINUE . 0 790
COMPUTE RES. CAPACITY AT EACH »T. ON S-0 CURVE 0 900

AVOPTH(IRES,1)=0.0 0 810
CAPAC(IRES»1)=0.0 0 820
DO 8 Js2,N 0 830
CAPAC(IRES»J)=(AREA(IRES,J)*AREA(IRES»J-1))*(STAGE(I9ES,J)-STAGE(I 0 840

lRES,J-l))/2.0*CAaAC(IRES,J-l) 0 850
8 CONTINUE 0 860

DO 9 J=1,N 0 870
IF (DISCH(IRFS,J)..E..005) CAPOO(_( IRES) =CA»AC ( TRESt J) 0 880

9 CONTINUE 0 390
WRITE (6,95) CAPOO'.(IRES) 0 900
IF OEADdRESULE.CAPOOLdRES)) 30 Tl 10 0 910
WRITE (*»77) 0 920
STOP 0 930

COMPUTE AVERAGE DE°T1S F r)'-e taCH STAGF 0 940
10 00 1? 1=2,M 0 950

SUM1=0.0 0 960
SU*2=0.0 0 970
00 11 J=2,I f) 980
OEPO=STAGt:dReS.I)-<STAGEd9£S.J)*STA3EdRES,J-l) )/2.0 0 990

	01000
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*ESVR(TSTFP,IRS)

,J-1))
11 CO'MTINJE

AVDPTH(IRES,I)=SUM1/SUM2
12 CONTIMUF

WRITE (6,89) 
WRITE (6,80) 
WRITE (6,Hi)
00 13 IL=1,N
WRITE (6,8?) STAGE (TOES, ID .AHEA (lRF^,lL>«AVDPTH(lREStIL) »DISCH(IR 

1ES,ID ,CAPAC(IRE C-»IL)
13 COMTINUF

WRITF (6,83)
WRITE (6,84) («;I7F(I) ,1 = 1 ,>JS)
00 14 JQW=1,M*Q
WRITE (6,d5) IPA ( J3iV) » IP3 ( JQrf) , (»ERCMT ( IRES, JQW, I) »I = 1,NS)

14 CONTINUE
COMP'JTF INTEGRATED SETTLING y/ELOCITIES 

00 15 JQd = l,NJWQ 
00 15 1=1,MS 
VTSUM(IRES,JQW,I)=0.0 
IF (I.EO.l) ^0 TO 1=>
SLOPE=(PERCNT(IRFS,J3W,I)-PERCNT(IRES,JQW,1-1))/(SIZE(I)-SIZE(1-1) 

1)
D2CU9E=SIZE(I)»SIZE(I)»SIZE(I) 
OCU6E(I-1)=SIZE(I-1)»SIZE(I-1)»SIZE(I-1) 
VTINC=(SLOPE»STOKES/3.)*(D2CJBE-DCURE(1-1)) 
VTSUM(IRES,JOW,I)=V/TSUM(IRES,JOWf I-D+VTINC

15 CONTINJE
SET UP OUT-LOW DISTRIBUTION 

00 16 >4L=1,NLAY
16 OUTFL(IRES,ND=0.0

GO TO (17,19,20,?!), JFL
17 00 13 NL=1,NLAY
18 OUTFL(IRES,ND=100./ANLAY 

GO TO 21
19 OUTFL(IRES,1)=100. 

GO TO 21
20 OUTFL(IRES,NLAY)=100.
21 CONTINJE

IF (ISTEP.EQ.?) RETURN
IN ADDITIONAL OATA IF SEPARATE PROGRAM 
(FU^(I).I=1,M) 
(FLW(I),1=1,M) 
(UWUP(l.I),I=1,M)

22

READ (5,74) 
READ <5,74) 
READ (b,74) 
RETURN 
CO'MTINJF

RODY OF

/OF.TAT

*»

01010 
01020 
01030 
01040 
01050 
01060 
01070 
01080 
01090 
01100 
01110 
01120 
01130 
01140 
01150 
01160 
01170 
01130 
01190 
01200 
01210 
01220 
01230 
01240 
01250 
01260 
01270 
01230 
01290 
01300 
01310 
01320 
01330 
01340 
01350 
01360 
01370 
013RO 
01390 
01400 
01410 
01420 
01430 
01440 
01450 
01460 
01470 
01480 
01490 
01500
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*ES\/«<ISTFP,IRS)

NS=NNSURES)
NLAYsNLArER(TRES)
ANLAYsNLAY

DETERMINE CHAR. OF IMFLO* QW AND FLOW AT EACH TIME STEP 
00 27 JQwfsl,^wQ 
IF (CF1 <JQ*> .GT.l.OF-6) 30 TO 24

CORRFCT FO? UG/L 
00 23 1 = 1. * 
0WUP<J3W*I>=3WU*»<J3W»I) /1000. ' -

23 CONTINUE
24 VOLUMEsFUP(l)«DETKl

STP ( 1 ) sVOL JME+CAPODL ( I RES )

25

26
27

28
29

30

31

00 2(S 1*2. M
VOLUME^ (FUR (I-1)*FJP( I) )»OET<1
IF <JQ*.GT.l) GO TD 25
STP ( I ) «STP( 1-1 )  tfO.uMe
ANULT=(QWUP(JOW.I)*OKUP(JOirf.I-l) )*VOi.UME
TMASS(JQW)sTMASS(J3«)*0.001359»AMULT/?.0
OKTOT ( jortt j > COWTOT uow» i-i > *AMULT/OET<?
CONTINUE 
CONTINUE 
AVSTG1=0.0

COMPUTE CUMULATIVE STAGE AFTER EACH INCREMENT OF INFLOW 
00 JO Jsl.M 
Tl (J)«J»OELTAT 
00 29 <=2,N
IF <FL«(J).LT. DISC -MIRES, KM GO TO ?3   
CONTINUE
AMULT=<FL|MJ)-DISC^IRFS,K-1))/<9ISCH(IRES,K)-DISCH<IRES,K-1)) 
AVSTG2*AVO!»TH(IkESt<-l)*AMULT»(AV05'T-«(IRES,K)-AVOPTH(IRES»K-l) ) 
IF (J.EO.l) STGAR1=0.0 
IF (J.GT.l) STGAR1=ST6AW(J-1)
STGAR(J)=A3S( ( AVST3?+AVSTG1 ) » (OELTAT/?.0) ) +STGAR1 
AVSTS1=AVSTG?
CONTINUE

INITIALIZE FOK ROUTING PLUGS 
PLGVOL=O.O 
PLGTME=O.O
STRMOT=0.0
DO 31 JQM=1«N*0
QWT1 (JOW)sO.O
3*N01UQW)=0.0
CONTINUE
VOLIM='3EAO(IRES)
TMEIM(1)=0.0
IF (ISTEP.E0.4) GO TO 3?

01510
01520
01530
01540
01550
01560
01570
01590
01590
01600
01610
01620
01630
01640
01650
01660
01670
01680
01690
01700
01710
01720
01730
01740
01750
01760
01770
01790
01790 
01%00
01810
01920
01830
01840
01850
01960
01970
01880
01990
01900
01910 
oi9?o
01930
01940
01950
01960
01970
01980
01990
02000
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WRITE (6.86)
*RIT? (6»87) , .

»* LOOP FO* ROUTING ^LUGS »» 
32 JCT=0

NN=0 '
00 66 MNN=1*M
JCT=JCT+1
IF (WNM.EU.l) PLGV3L=FL*U)*">ET<1
IF (MNM.GT.l) PLSV3L=PL3VOL+(FLrt(^MN-l)*FLW(NNM) )»DETK1
IF UCT.LT.LR) GO TO 66
JCT*0 '
NN=NN+1
DETTME=0.0
DEPTHsO.O

PLGCEN*PLSTME-DELP.G/2.0

VOLIN1=VOLIN

IF (VOLIN.EQ.0.0) 30 TO 53
FIMD TMEIN ^pon VOLIN 

00 33 W>«ltM 
IF (VOLIN.LT.STP(N3» 'iQ TO 14

33 CONTINUE
VOLIN*STP(M)

34 OIFFsSTP(NP)
IF (MP.GT.l) OIFF=DTFF-STP(N3«1) 
IF (OIFF.GT. 0.0001) SO TO 35 
AMULT=1.0 
30 TO 36

35 IF (MP.GT.l) AMULT=(VOLIN-ST3(NP-1))/DIFF 
IF (MP.EO.l) AWULT*VOLIN/OIFs-

36 TMEIM(?)=AMULT»OELTAT
IF (NP.GT.l) TMEIN(?)sTMElN(?)+fl(NP-l)

FIMD DETENTION TI*E rO 
VOLT«E=(TMEIMC2)+T*rlN<l))/2.0 
TMEINU)=TMETN(2)

IF (DETTMt.LT.O.O) r»ETTMr=o.O
PIMO INITIAL Orf COMTENT 3F P'.US 

00 37 JQrf=l,SJrtO . 
IF (MP.EO.l) QWT2(JQ*)=<AMULT»'JrfTaT(J3*,l)
IF (MP.GT.l) QWT?(JQinsa4TOT(JQrft'>fP-l)+AMULT*(9tfTOT(JQrt«MP)-QWTOT( 

1JQM«MP-1))
QWOUT ( JQrt) = (f)KT2(Ja«<)-3dTl (J^W) ) /Q*T3T < J3* , M) 
IF (OW3UT(JOW).LT.O.O) OMOUT ( JQ«) >0.0

37 CONTINUE
FIMD AVfcHASE DEPTH 0" PLUG

02010 
02020 
02030 
02040 
02050 
02060 
02070 
02080 
02090 
02100 
02110 
021?0 
02130 
02140
02150
02160 
02170 
02190 
02190 
02200 
02210 
02220 
02230 
02240 
02250 
02260 
02270 
022BO 
02290 
02300 
02310 
02320 
02330 
02340 
02350 
02360 
02370 
02380
02390
02400 
D2410 
02420 
02430 
02440 
02450 
02460 
02470 
02490 
02490 
32500
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00 39 11=1,M     02510
IF (VOLTMP.LT.T1 (ID) 30 TO 39 02520

38 CONTINUE 02530
39 IF (II.GT.l) GO TO ^0 ' 02540

STGIMsSTSA*m*(V/0.,T*E/DE:LTAT) 02550
30 TO 41 02560

40 AMULT»CVOLTME-T1<II-1))/^ELTAT 02570 
STGIN»STGA3<TI-l)+MULT»<STGAR<n)-ST6AR<II-l)) 02580

41 IF (MN.GT.l) GO TO 42 02590
STGOUT«STGAR(INCR)/?.0 02600
GO TO 43 02610

42 ST<jOUTs(ST34R<INCR)+STSA*(INC«M) )/?.0 02620
43 IF (OETTME.EQ.0.0) GO TO 53 02630

DCPTH*<STGOUT-STGIY)/DETTM£ 02640
IF (OE«»TH.LE.0.0) D£PTH=0.0 02650

IF(JFLOW*4| FIMD OUTFLOW DIST. 02660
IF (JFLOW(IPES).NE.4) 80 TO 53 02670
DO 44 <P*«?tN 02680
IF (FHMINCR).LT.DISCH<IRES*<P)> GO TO 45 02690

44 CONTINUE 02700
45 AMULT*(FHrf(IMCR)-DlSCH(IRESf<P-l))/(DISCH(IRES»KP)-OISCH(IRES»KP-l 02710
1» 02720 
STGaSTAGE(IRES»KP-l)+AMULT»<STAGE(IRES»KP)-STASE<IRES«KP-1» 02730
STGH«STG/ANLAY 02740
JF«1 02750 
IF (RISER!IRFS).GT.STGR) 30 TO 46 02760
JF*3 02770
GO TO 47 02780

46 STGR«STG-STG9 ' 02790
IF (*ISER(IRES).GE.STGR> JF=? 02800

47 DO 48 NL*ltNLAY 02810
48 OUTF|_<IRES,NL)*0.0 02820

GO TO (49,51,52)* JF 02830
49 00 50 NL«1,N|_AY 02840
50 OUTFL(IRES«NL)*100«/ANLAY 02850

GO TO 53 02860
51 OUTFL(IPES,1)=100. 02870

GO TO 53 02880
5? OUTFL(IRES,NLAY)=100. 02890 

CONSTITUENT SETTLING COH'ONEMT 02900
53 DO 65 JO«»=1.MWO 02910

IF (»LGVOL*LT.1.0E-12) GO TO 63 02920
IF OETTHE.E9.0.0) GO TO 61 02930
IF OEPTH.LE.O.O) 30 TO f>3 02940

** LOOP TH*U LAYERS »» 02950
DO b? ML=1,NLAY 02960
ANL-NL 02970 
FALL<NL)=<ANL/ANLAY)»DEPTH«FIX(IRES) 02980
VELOC(>IL)=pALL(NL)/OETTME 02990
OIAHT(ML)=5Q9TCVFLOCCNL)/STO<ES) 03000
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IPS)

54

55
56

3ERCENT OF PARTICLES HAVING DIAMETERS
LESS THAN rALL DIAMETERS FROM EACH LAYER 

IF (DIAMT(ML).LT.SI7ECMS)) GD TO 54 
PERCT(ML)=100. 
VTOF=VTSUM(IRES«JQ*«MS) 
GO TO 58 
00 55 LP=2«N<>
IF (OIAMTtML).LT.SI7E(LP)) GD TO 56 
CONTINJE
PERCT(ML)=PERCNT(IRES»JUW,LP-l)+<(01AMT(ML)-SI7E(LP-1))/(SI7E(LP) 
lSIZE(L*-l>))»(P£RC*T(IRES,JQrf,LP)-PERCMT(lRES«JQWfLP-l) ) 
IF (»ERCT(ML).LT.0.0) 3ERCT(ML)=0.0 
IF <»ERCT<NL).GT.100.) PERCT(NL)=100. 
&IV=DIAMT<ML)-SI7E(L°-1) 
IF (3IV.GT.0.0001) GO TO 57 
VTDF=VTSJM(IRFSt.JQrf.LP-l) 
GO TO 58
D2CU8E=DIAMT(NL)»DlAMT(NL)*DIA*TfNL) 
SLOPE*(PERCT(NL)-PERCNT(IRES*JQrf«LP-l))/OIV
VTOF=VTSUH(IRES*JOirf.LP-l)*(SLOPE»STO<ES/l.)»(0?CjBE-3CLJBE(LP-l)) 
REMN(NL)*PERCT(NL)-VTOF/VELOC(ML) 
IF (ML.EQ.l) REM(N.)=REMM(NL)
IF (ML.GT.l) WEM(NL)=NL*REMN(NL)-(NL-1)*RFM IM(NL-1> 
CONTINJE

SUM FOR ALL LAYERS

*OJTFL ( TRES. ML)

( JOW)

57

58

59

60 CONTINJE
QWPLGsQWPLS/100 
IF (QWPLS.8 
IF (OWPL3.LF.O.O) 
30 TO 62

61 QWPL3slOO.O«OUOUT(J3tf) 
6? CONTINJE

QWND2 ( JQ«) =OWND1

DO 60 ML=1»NLAY

CON (JQ«*INC9)=(OWPLG/PL'WOL)»TMASS(J9W)»7. 3548
IF (CF1 (JQW).LT.1.0F-6) CON ( JQ*   INC») *CON( JOW, INCR) »1000.
GO TO 64

63 CON(JQw«INCR)sO.O
64 CONTINJE

IF (ISTEP.E0.4) GO TO 65
WRITE (6.B8) PLOTM£ t FU°(INCK) ,FLW(INCR) . OETTME. DEPTH, QrfUP (JOW* INCR 

1) «COM(JQMUINCK)
65 CONTINJE

STRMOT=ST«MOT*PLGVDL 
PLGVOL=O.O

66 CONTINJE
** EMD OF .OOP FO* -ilUTlMG PL.JSS *»

03010 
03020 
03030 
03040 
03050 
03060 
03070 
03080 
030QO 
03100 
03110 
03120 
03130 
03140 
03150 
03160 
03170 
03180 
03190 
03200 
03210 
03220 
03230 
03240 
03250 
03260 
03270 
03280 
03290 
03300 
03310 
03320 
03330 
03340 
03350 
03360 
03370 
03380 
03390 
03400 
03410 
03420 
03430 
03440 
03450 
03460 
03470 
03480 
03490 
03500
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SU^fOUTTME HESVRHSTF.P.IRS)

IRESMRS

IF <IP3<NV).LT.1.0?.«OJT(Il>.LT.l). G3 TO 69
PCT=STRMOT/(STP<M) -CAPOOL ( IRES) )»100.
IF (PCT.GT.lftO.) PCT*100.
WRITE «S«93) PCT«ISEG(NV)
00 67 JQW=1,NWQ
TWAP=(100.0-3WND2< J3W) )
WRITE (6«94) IPACJ3W) tIP=MJQW)«TRAP

67 CONTINUE
68 IF (LR.E3.1) RETURN 

LRR=LR 
LRM«LR-l 
ALR*LR

INTERPOLATE FOR CONCS. AT DT INTERVALS 
00 71 JQWsl.NWQ 
OLDCONsO.O
DO TO ISLRR«M«LR
00 69 II=1»L^M
IV«I-LR*II
AII*II
CON ( JQ4 , I V ) sILDCON* A 1 1 /AL** ( CON ( JQW» I ) -OLDCON)

69 CONTINUE
OLDC9NsCON(J9»tI) '

70 CONTINUE
71 CONTINUE 

RETURN
72 WRIT? <6»78) 

STOP

73 FOWMAT (A4 f 8A3)
74 FORMAT (10^8.0)
75 FORMAT <3I5,3F5.0)
76 FORMAT (I5«2e"5.0)
77 FORMAT (1HO,46HDF.AD SHDULO NOT EXCEE") PERMANENT »OOL CAPACITY)
78 FORMAT ( 1HO«MHSIZE.STAGE* ArtEAt AND OISCH SHOULD BE IXPUT IN INCREA 

1SING ORDER)
79 FORMAT (1HO,46HPERCNT DATA SHOULD BE INPUT IN ASCENDING ORDER)
80 FORMAT (// 1SX«5HSTA5E«10X*4HAREA«7X«13HAVERAGE DEPTH, 5X , 9HDI SCHAR

03510
03520
03530
03540
03550
03560
03570
03540
03590
03600
03610
03630
03630
03640
03650
03660
03670
oasso
03690
03700
03710
03720
03730
03740
03750
03760
03770
03780
03790
03800
03910
03920
03830
03940
03850
03860
03870
03880
03890
03900
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81 FORMAT (/.l6X.4H(FT)»9x.7H(ACRES),inXf4H(FT),10X»5H(CFS),9x,9H(ACR 03910
1E-FTM 03920

82 FORMAT (/ 10XfF10.4,5XtF10.5t5XfF10.?«5X,F10.2,5XfF11.5»5X) 03930
83 FORMAT <///,«5X»4«H»»»*» PARTICLE SIZE DISTRIBUTION OF IMFLOW  »»** 03940

l) . 03950
84 FORMAT (//*15X,1SHSIZE (MICRONS) «10F8.1) 03960
85 FORMAT </»15Xf9rt* r !ME^(»2A3»1H)»10F9.1) 03970
86 FORMAT UHl,-*Xf4HTIME»8X»6HIMFLOrf»7X,9HDISCNAR3Et5Xf 14HDET£^TION T 03990

HME*BX»5HOEPTHf8Xf9HlNFLJENTt7Xf9HEF?LUENT) 03990
87 FORMAT (1H »1X,5H(H»S)»8X,5H(CFS>»9X,5H(CFS),11X»5H(HRS)»14X,4H(FT 04000
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SU1HOUTIVE RESVRUSTEP.IRS)

	04010
88 FORMAT <F8.?,bX»F7.?,8XtF7.2,8X*F7.2,13X.F7.2t*X,F8.1t8X,F7.1) 04020
89 FORMAT <//,4?X»2ftH»»»»» 3ASIM GEOMETRY   *» ) 04030
90 FORMAT ( 1H1   lOHRESERVOI*  A4/1HO«9X«9»WLAY£R =, I2/10X, 7HJFLOW »*I2 04040

l/10Kt6SOEAD s.F7.2»9H ACRE-^T/IOX. 3HM s. I3/IOX,4HNS =,13) 04050
91 FORMAT (1H «9X»4HS3 =*P5.2/10X» 8HVISCOS *,c-7.4) 04060
92 FORMAT ( 10X,7HRI*E* «»F6.2»5-< FEET) 04070
93 FORMAT (///140,F6.?.38H »E»CENT OF IMFLOW TO DETENTION BASIN «A4,2 04090

10H HAS BEEN DISCHARGED) 04090
94 FORMAT (IN «?6HBASIN TRA«> EFFICIENCY FOR *?A3.?H «,F6.2»2H %) 04100
95 FORMAT ( 10X,?5HPFRMAMENT POOL CAPACITY »»F7.2»9H ACRE-FT) 04110

ENO 04120*
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E 'JW.OALHJ)

SUBROUTINE OWLOAD(J) P 10
C THIS SUBROUTINE COMPJTES SIM. LQAD5 P 20
C 30TH INSTAMTANEOUS A>JD CUMULATIVE P 30
C A:\ID LOAD CHARACTERISTIC CURVES P 40

INTEGER TEST>K)(180) ,ROOYS - P 50
REAL I?CFS» P 60
COMMON /FIX ICT,0(1442),3(1442),QMX,II,OELTAT,OELPL6,NRV(10) P 70
COMMON /F2/ IYR»IMD,IDY,MOYS«ICK(hO),JCOMC,JLOAD«JRECQrf P 80 
COMMON /F3/ IFILE,IFILED,IFILEQ«J*ECDS,IRECD,IRECQ,NST*MS»IMODE P 90 
COMMON /F<>/ FUP(144?) ,FLAT(1442.) ,QrfU3(4,1442) ,Q«LAT(4,1442) ,FLW(14 P 100

142) P 110
COMMON /QWD/ C0<60«4,24),TIME(60,4,24),N*GH(60,4),RVLC(60,4) P 120 
COMMON /ST1/ FPK(60)»FVOL(60),FLD(60,4),CMX(60,4),WFALL<4,60)tNWF * 130
COMMON /ST2/ NOFE,MF(60),NQU(4),TESTYO,KNN.CF1(4),INO(4) * 140 
COMMON /ST3/ IPL(190)t<1(60),K2(60),<OUT(ISO),IPA(4),IPB(4),NOPT P 150
COMMON /TIME/ NOELS,NOUD(180),INOP(20),NDATE(60,3) P 160 
COMMON /UNIT/ NUDD«S*QtUO<2831),DP(7310),ROOYS,OA,ISS,PTIME,JPR » 170
COMMON /WQ2/ EAT(60,4),XOS(60,4),SFL3(60,4),8FL(60),RV3(60,4) P 180
COMMON /Zl/ IUD,ILDAO,I2CFSP,Q«INT,AIMP,OAE,OT,DTS,NDTS P 190
IV=NWOM(I1,J) P 200
YMAX*CMX(I1,J) P 210
LKsKKIl) P 220
LJ=K2(I1) P 230
LV=LJrLK*l 3 240
IF (IPL(Il).LT.l) 30 TO 4 P 250
IF (IPL(I1).GT.2) 30 TO 4 9 260

C PLOT SIMULATED CONCENTRATION 04TA P 270
00 1 JJJ=1»LV P 280

1 IF (R(JJJ).GT.YMAX) YMAX=R(JJJ) P 290
CALL PLT(Q,R,LV.1*YMAX,I1,J,2) P 300
IF (IV.EQ.O) GO TO 3 ' P 310

C PLOT MEASURED CONCENTRATION DATA P 320
00 2 K«1*IV P 330
AJ=TIME(I1«J,K) P 340
JJsAJ P 350
JAJ=JJ-LK+1 » 360
TME«9(JAJ) P 370
F2=CO(I1*J*K) P 380
CALL PLT(TME,F2*lt2.YMAX,Il,J,2> P 390

2 CONTINUE P 400
3 CONTINUE P 410

CALL PLT(Q«R«JJJ»3,YMAX,I1,J»2) P 420
4 CONTINUE P 430

C »» INSTANTANEOUS LOADS »* P 440
C COMPUTE SIMULATED INSTANTANEOUS LOADS P- 450

00 5 JJJ=1«LV P 460
R(JJJ)=R(JJJ)»FL*(JJJ)*CP1(J) P 470

5 CONTINUE P 480
C »» CUMULATIVE LOAOS »* P 490

YMAX=FLO(I1,U) ° 500
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SJBROJTINE GWLOADCJ)

LB=K](II) P 510
LC=K2<I1> , . P 520
IF (JLOAD.EQ.l) GO TO 6 P 530
IF (IV.EGI.O) GO TO 6 P 540
LB=TIME(I1»J,1) ' . P 550
LC=TIME(I1»J,IV) P 560

6 JJJ=0 P 570
COMPUTE SIM. CJMJLATIVE LOAD P 580

JJ=L9-LK P 590
00 «* K»L3»LC ' P 600
JJ=JJ+1 P 610
JJJ=JJJ+1 P 620
R2sR(JJ) P 630
IF (K.LE.L-)) GO TO 7 P 640
R(JJJ)sR(JjJ-l) + (R2 + Rl)*PTIM?:*30. P 650
GO TO 9 P 660

7 R(JJJ)sO.O P 670
B R1=R2 P 680

IF (K.EQ.LC) SFLO(I1»J)=R(JJJ) P 690
9 COMTINUE P 700

IF (IPL(I1).LT.2) RETURN P 710
SIMULATED .OAD CHARACTERISTIC CURVE P 720

TLDsSFLD(IltJ) P 730
RUNVOL=0.0 P 740
JJJaO P 750
Q(l)=0.0 o 760
R<1)*0.0 P 770
JJ«L9-LK P 780
DO 10 <«L8»LC P 790
JJ=JJ+1   P 800
Jjjsjjj+l p 810
IF (K.EQ.LS) GO TO 10 P 920
R(JJJ)*R(JJJ)/TLO P 830
RUNVOL*FLW(JJ)*RUNVOL P 840
Q(JJJ)=RUNVOl

10 CONTINUE
DO 11 K=1,JJJ

11 Q(K)sQ(K)/RUMVOL 
YMAX=0.91

850
860
870
880
890

CALL PLT(U«R*JJJ*l*Y*Ay*U«J«3) P 900
IF (IFILED.F.9.0) 63 TO 15 P 910
IF (JL3AQ.EQ.1) GO TO 15 P 920
IF (IV.E3.0) 60 TO 15 P 930
IF (IFILEO.EQ.O) GD TO 15 P 940 

MEASURED _OAD CHARACTERISTIC CURVE P 950
TLD=PL3<I1«J> P 960
JJJ=0 P 970
DO 14 <=LB.LC P 980
JJJ=JJJ+1 P 990
AK=K P1000
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SJ8WOJTINE Q*LOAD(J)

CALL QrfTAB(Il.J»AK,F2tJK,IV) P1010
IF U.EQ.LR) GO TO 12 P1020
R2=F2*JO(K) »1030 
R(JJJ)sROLDV(R2*Rl)»°TIME»30.»CFl<J) P1040
Rl=*2 P1050
30 TO 13 P1060

12 R1=F2»JO<K) P1070
R(JJJ)=0.0 P1080

13 ROLOsR(JJJ) P1090
R(JJJ)=R(JJJ)/TLO P1100

U CONTINUE P1110
CALL PLT(QtR»JJJ»2tYMAX«IltJ.3) P1120

15 CONTINUE »1130
CALL PLT(QtR«JJJt3»YMAXtIltJ,3) P1UO
RETURN P1150
END P1160
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SU930UTINE IM»UT1

SU8KOUTISE INPUT1 . 0 10
C THIS SUBROJTINE READS UNIT AND DAILY DATA Q 20

INTEGER PCCNtDCCN»*ODYStDPDt9ATERFfDATERL»3TIMEfDATE Q 30
INTEGER STAtSTAD.STADltSTAUPtSTAJPlfSTAPtSTAPl Q 40
INTEGER YRtMOfDYtErRtEMOtEDYtCNfCTtCDDEtOPTIONfOPT Q 50
INTEGER YN(99)»UPDfUDDtTESTMD(180) 0 60 
DIMENSION TITLD(50), TITLUP(50)» TIT;_P(50)f IO'JT(2)t X2(16)t HN(13 Q 70

1) Q BO
COMMON /F2/ IYRtIMD,IDYfMDYStICM60) tJCONCt JLOADtJRECQ* 0 90 
COMMON /F3/ IFlLEtiFlLEDtIFILEOtJRECDStIRECD*IRECQtNSTRMStIMODE Q 100 
COMMON /ST1/ FPK(60)tFVOL(60),FL!)(60t4) ,CMX(60t4) tWFALL<4,60)tN*F 0 110
COMMON /ST2/ NOFEtNF(60)tNQU(4),TEST^O,KMN,CF1(4)tIND(4) Q 120 
COMMON /ST3/ IPL(190)tKl(60)tK2(60)t<OUT(ISO)tIPA(4),IPB(4)tNOPT Q 130
COMMON /TIME/ NOELS,NOUD(180)fINOP(20)tNDATE(60f3) Q 140 
COMMON /UNIT/ NUOOtNMQtUO(2691)fOP(7310)tROOYStOAtISStPTlMEtJPR Q 150 
COMMON /WU1/ ATtATD(4t51)tXO(4t5l)tCaN(4tl442)tNSSDAY(3f40)tISWEEP 9 160
COMMON /Zl/ lUDtlLDADt I2CFSPfQWlNTfAmP.DAEfDTtDTStNDTS 9 170
DATA IOUT/4HLISTt4HNONO/tPCCM/0/tDCCV/0/tUPD/0/fUDD/0/ 0 180
DATA MX/0,31,59,90,120,151,191,212,243,273,304,334,365/ 9 190

C JULIAN DATE FOR JAN. 1 OF EACH YEAR 0 200
C STARTING FROM JAM. It 1901 9 210

YN(1)*0 9 220
DO 1.I»2t99 9 230
YNU)«YN<I-l)+365 9 240
IF (MOD(I-lt4)«EO.O) YS(I)=YY(I)+1 9 250

1 CONTINUE 9 260
c INITIALIZE TO ZERO 9 270

00 2 I*ltIUQ 9 280
2 UD(I)«0.0 , 9 290

DO 3 I*l»73in 9 300
OP(I)sO.O 9 310

3 CONTINUE 9 320
DO 4 1=1,4 9 330
DO 4 J*l,60 9 340
*FALL(I»J>»0.0 9 350

4 CONTINUE 9 360
NSS*1 9 370

C OPTION*IOUT(1) LISTS INPJT DATA. 9 380 
READ (5,51) OPTION,N*Q,NOPT,WF,lSS,IMOD£tILOAD,ISSFRQ,JRECDS 9 390
IF (JRECDS«GT«O.AND.IMODE«E9«1) SO TD 50 9 400
IF (MW9.EQ«0) GO TD 8 9 410
READ (5*53) (IPA(I),IP8(I),I=1,NWQ) 9420
READ (5*52) (NQU(I),1*1,MHO) 9 430
DO 5 1=1,N*Q 9 440
IF (N9J(I)«EO«1) C rl(I)=6.243E-5 9 450

5 IF (N9U(I)«E0.2> C^l(I)=6.243E-8 9 460
IF (WF.NE.l) GO T3 8 9 470
DO 7 I=l,NrfO 9 480
REAL) (5,54) TP1,IP2, (X2 ( J) , J=l , 12) 9490
CALL ID(IP1,IP2,NW3,L) 9 500
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SUBROUTINE IMPUT1

DO 6 J»l,12 , . Q 510
6 WFALLiL,J)=X?(J) Q 520
7 CONTINUE Q 530
8 IF (ISS.LT.2) 60 TD 9 ' g 540

READ-IN DATES ON WHICH STREETS WERE SWEPT Q 550
READ (5,55) (NSSDAY(1,J),NSSDAY<2,J),NSSDAy(3,J),J«1,ISS) Q560

READ-IN STA.NOS. AND NAMES,DA,UNIT TIME, BEGIN AND END Q 570
DATES. STATION NUM3ERS READ 2A4 FOR IBM WORD SIZE. Q 580

9 READ (5,59) STAD1,STAD,TITLD,DA Q 590
READ (5,59) STAP1,STAP,TITLP ' Q 600
READ (5,61) IYR,IMD,IDY»EYR,EMO,EDY Q 610

INITIALI7E VARIABLES Q 620
DO 10 1=1,180 Q 630
NOUD(I)=0 Q 640

10 CONTINUE Q 650
UPD*0 Q 660
PCCNsfl Q 670
NUDDsO Q 680
READ (5,60) PTIME»IUDATA,JPUV Q 690
JLOAD«0 Q 700
IF (JPUN.LE.O) JPUXftS Q 710
IF (IUDATA.LT.1) I^ILED«0 Q 720

DETERMINE JULIAN DATE FOR BE3IN AND END OF RECORD. Q 730
DATEsl FOR JAN. 1, 1901 Q 740

IF (MOD(IYR,4).NE.O) 60 TO 11 Q 750
IF (IMO-2) 11,11,12 Q 760

11 LEAP*0 Q 770
SO TO 13 Q 7so

12 LEAP«1 Q 790
13 DATERFsYN(IYR)+MN(lMO)+IDY+LEAP . 3 800

IF (MOD(EYR,4).NE.O) 60 TO 14 Q 910
IF (EMO-2) 14,14,15 Q 820

14 LEAPsO Q 830
60 TD 16 Q 840

15 LEAPsl Q 850
16 DATERL«YN(EYR)+MN(EMO)+EOY+LEAP Q 860

CALCULATE XUMBER OF DAYS OF RECORD Q 870
RODYS«DATERL-DATERP»1 Q 880
IF (RODYS.LE.NDYS) 60 TO 17 3 890
WRITE (6,75) NDYS Q 9QO
STOP Q 910

17 WRITE (6f62) STAD1,STAD,TITLD,STAP1,STAP,TITLP,DA,PTIME,IMO,IDY,IY 3 920
IR,DATERF,EMO,EDY,EYR,DATERL Q 930
WRITE (6,63) JRECDS,IUOATA,I^ODE,JPUV Q 940

WRITE QW AND STREET SWEEPIM6 I^FO . Q 950
DO 18 Isl,NW) 3 960
JsNQj(I)^2 Q 970
IF (I.EO.l) WRITE (6t64) IPA(I),IPS(I),IND(J) Q 980
IF (I.3T.1) WRITE (6»65) IPA(I),IPB(I),IND(J) Q 990

18 CONTINUE Q1000

108



IMPUT1

IF (NWr.NE.l) GO TO 20 01010
DO 1? I«1«VWO ' ' 01020
J«NQU(I)«? 01030 
WRITE (6*66) IPA(I),IP9(I),IMD(J),<WFALL<I,K),K«1,12) 01040

19 CONTINUE 01050
20 CONTINUE 01060

IF- (ISS.EQ.l) WRITE (6*57) ISSFRO . 01070
IF (ISS.LT.2) 60 T3 21 01080
WRITE (6*56) 01090 
WRITE (6*58) (NSSDAY(1*J)*NSSDAY(2»J)»*SSDAY(3»J)*J«1*ISS) 01100

21 CONTINUE OHIO
C COMPUTE TIME PARAMETERS 01120

PDEL«PTIME/1440.0 01130
NDELS«1440/PTIME 01140
NOUT«IUD/N3ELS 01150
NUPD*0 01160
BTIME«PTIME 01170
OTsPTIME 01180
QWINT*PTIME»60. 01190
DPD«DATERF-1 01200

C READ IN DATA FRO* A CARD 01210
c PERFORM EDIT CHECK ON STATION NO.* UNIT TIME* AND 01220
C CHRONOLOGICAL SEQUENCE OF CA3D 01230
C ENTER DATA INTO ARRAYS ACCORDING TO CODIN6 01240
C CHECK LAST FOUR CHARACTERS OF STATION SOS. ONLY 01250

IF (OPTION.EO.IOUT(l)) WRITE (6.76) 01260
KP*0 , 01270
NU=1 01280
NSO*1 01290

22 CONTINUE 01300 
IF (OTIME.6T.4.9) *EAD (JPUN*67) STA1»STA»YR*MO»DY*CT»CN,(X2(I) I« 01310

11,12),CODE 01320 
IF (PTIME.LT.4.9) *EAO (JPUN.66) STA1*STA»YR»MO»DY,CT*CN,(X2(I)»I« 01330

11,12),CODE 01340
IF (COOE.LE.O) COD£*2 01350
IF (CN.LE.O) CN«1 01360
IF (CODE.NE.9) 60 TO 23 01370 
IF (IFILE0.6T.O) W^ITE (IFILED) <4DAY*(UD(I).I«l*K4DAY) 01380
ICK(NSD)*NU 01390
60 TO 35 01400

23 IF (M03(YR*4).NE.O) 60 TO 24 01410
IF (MO-2) 24.24«?5 01420

24 LEAPsO 01430
60 TO 26 01440

25 LEAP=1 01450
26 DATE*YN(YR)*MN(MO)*DY*LEAP 01460

C DATA ENTRIES FOR CODE 2 01470
IF (STA.NE.STAO) 63 TO 43 01490
IF (CT.NE.3TIME.AN3.CT.6T.O) 60 TO 43 01490
IF (DATE-UDD) 43*30,27 01500
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SUBROUTINE

27 NUDO=NJDD*1 
IPL(MUDD)=HO 
KOUT(NUOD)»DY 
TESTNO(NUOO)=YR 
NOUD(N'JDD)=DATE 
UDD=DATE 
DCCN=CN
IF (VUOD.E9.1) GO TO 31 
ITES=NOUD(NUOD)-NOJD(NUDD-1) 
IF (ITES.EQ.l) 60 TO 29 
ICK(NSD)=NU

NSD'NSD*!
IF; (IU3ATA.EO.O) 63 TO 33
WRITE (IFItED) K40AY»(UD(I)tIslt<4DAY)
DO 28 I=1»«40AY

28 UD(I)sO.O 
60 TO 31

29 NU«NU*1
IF (NU.LE.NOUT) 60 TO 31
WRITE (6.78) NOUT
STOP

30 IF (CN.LE.DCCN) 60 TO 43 
DCCNaCS

31 K4DAYsNDELS»(NU-l)*l2»CN 
IF (IUDATA.EO.O) 63 TO 33

ENTE* DATA INTO ARRAYS ACCORDIS6 TO CODE TYPE 
KKSK4DAY-11

DO 32 <*KKtK4DAY

32 UD(K)aX2(I)
33 IF (OPTION.NE.IOUTUM 60 TO 22 

IF (IFILED.6T.O) 63 TO 34 
WRITE (6»69) STAOlfSTAtYRfMOtDY 
60 TO 22

34 WRITE (6t69) STAD1 STA«YR.MO»DYtCTtCMt(X2(I) 1*1.12)tCODE 
60 TO 22

DATES FOR CODES 3*4
35 REAL) (5*70) STADl«STAt YRtMO.CN, (X2( I) . I«l 116) tCODE 

IF (CODE.E0.9) 60 TO 44 
IF (OPTION.NE.IOUT(1)) 63 TO 36 
WRITE (6t71) STADl»STAtY*«MO»CN»(X?(I)t1=1«16)«CODE

36 CONTINJE 
LEAP*0
IF (MOD(YRt4).EQ.O) LEAP=1 
IF (CN.LT.2) 60 TO 3B

IF (MO.LE.2) 60 TO 37 
DATE=DATE*LEAP

Q1510 
Q1520 
Q1530 
Q1540 
Q1550 
Q1560 
Q1570 
Q1580 
Q1590 
Q1600 
Q1610 
Q1620 
Q1630 
Q1640 
Q1650 
01660 
Q1670 
Q1680 
Q1690 
Q1700 
Q1710 
Q1720 
31730 
Q1740 
Q1750 
Q1760 
Q1770 
Q1780 
Q1790 
Q1900 
91810 
Q1820 
01830 
01840 
Q1850 
01860 
01870 
01880 
01890 
01900 
01910 
01920 
01930 
01940 
91950 
01960 
01970 
01990 
01990 
02000
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SUBROUTINE INPUT1

37 II=YN<YR)+*N(MO>1)-OATE+1 ' 02010
IF (MO.LE.l) GO TO 40 02020
II*II+LEAP 02030 
GO TO 40 ' 02040

38 DATEsYN(YR)+*N<MO)+l 02050
IF (MO.LE.2) GO TO 39 02060
DATE*DATE+LEAP 02070

39 11*16 ' 02080
40 CONTINUE 02090

C DATA ENTRIES FOR CODE 3 02100
IF (STA.NE.STAP) 63 TO 43 02110
IF (DATE.LE.W)) GD TO 43 02120
PPD*9ATE 02130
II*II+DPD-OATERF 02140
KK*DPD-DATERF+1 02150
IF (ISS.LT.2) GO T3 41 02160
IF (NSS.GT.ISS) GO TO 41 02170
CALL SSDAY<YR*MO»CM,KK«NSS) 02180

41 1*0 02190
DO 42 <*KK«II 02200
1*1+1 02210

C CHEC< F0» SAP IN DAILY RECORD 02220
IF <X2(I).NE.99.990) GO TO 42 02230

C IF THERE IS A GAP SET UP INDICATORS FOR THIS 02240
KP*KP+1 02250
INOP(K»)*K 02260
X2(I)*0.0 02270

42 DP(K)*X2(I) * Q22BO
GO TO 35 02290

C PRINT CARD WITH INCONSISTENT DATA 02300
43 WRITE (6*72) M0»*R»CNtCODE 02310

STOP 02320
44 CONTINUE 02330

INDP(KP*1)*II*1 02340
1*0 02350
J=l 02360 

C CHECK FOR INPUT DATA ERRORS 02370 
IDATE*TESTMO(NUDD)»10000+IPL(NUDD)»100*KOUT(NUDD) 02380
JDATE*EYR*10000*EM3*100+EDY 02390
IF (JDATE.8T.IDATE) SO T9 45 02400
WRITE (6f79) 02410
STOP 02420

45 IF (VSS.GE.ISS) GO TO 46 02430 
WRITE (6*73) , 02440
STOP 02450

46 L*NOUD(1) 02460
K*0 03470
GO TO 46 Q24RO

47 WRITE (6*74) K.L 02490
STOP 02500
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SU330UTINF. INPUT1

48 DO 49 XsDATE9F,DATiRL 
1*1*1 
IF (OP(I).GE.O.O) 30 TO 49

49

50

51
52
53
54
55
56
57
58
59
60
61
62

IF «.^F.L) GO TO 47
U=U*1
L=NOJD(J)
CONTINUE
RETURN*
WRITE (6,77)
STOP

FORMAT (A4, I?, 211, 12, 211
FORMAT (4012)
FORMAT (20A3)
FORMAT <2A3,12F5.2)
FORMAT (10(13,12,12))
FORMAT (//1HO,40HSTREETS
FORMAT (//1HO,24HSTREETS
FORMAT (10(14,12,12))
FORMAT (2A4,50A1,FS.2)
FORMAT (F5. 0,315)
FORMAT (20X,3I3,3X,3I3)
FORMAT (1HO,22HDISCHARGF_

,13,16)

ARE SWEPT
ARE SWE»T

STATION

OM THE FOLLOWING DAYS:) 
EVERY »I3«5H DAYS)

,2A4,50A1/1H ,22HOAILY PRECIP 
1. STATION ,2A4,50A1/1H , 14HD3AINAGE AREA=,F6.2,8H SQ. Ml./lH , 16HU 
2NIT DATA ARE IN,F9.3,19H MINUTE INCREMENTS/IH ,29HTHE PERIOD OF RE 
3CORO IS FROM , 12, H-, 12, 1H-, I2»6H (DAY*,I7,5H) TO ,12, 1H-, I2» 1H-, I 
42, 6H (DAYs, 17, 1H))

63 FORMAT (1HO,8HJRECDS «,I6/1H ,8HIUDATA *,I2/1H ,7HIMODE =,I2/lH ,6 
1HJPUN «,I3)

64 FORMAT (1HO,56HTHE FOLLOWING WATER-QUALITY CONSTITUENTS ARE SIMULA 
1TED: *2A3,6H IN MI,A3,11HGRAHS/LITER)

65 FORMAT (1H ,56Xt2A3,6H IS MI , A3, 1 1HG9AMS/LITER)
66 FORMAT (/110,2A3,28H WETFALL CONTRIBUTIONS IN m , A3, 15HGRAMS/LITER 

1 ARE/1 H ,2X,4HJAN«,2X,4HFE9«,1X,5HMA^CH,1X,5HAPRIL,3X,3HMAY,2X,4HJ 
2UNE,2X,4HUULY,2X,4HAUG«,lX,5HSEPT*,2x,4HOCT«,2Xf4HNOV«,2X,4HDEC«/l 
3H »12UX,F5.?))

67 FORMAT (2A4, 512, 12-5.0, IX, II )
68 FORMAT (2A4,4I2, 13, 12F5.0, II )
69 FORMAT (1H ,2A4,5I3, 12F8.2, 13)
70 FORMAT (2A4,?I2, II , 16F4.2,2X, I 1 )
71 FORMAT (IN ,2A4,2I3, 12, 16 ( 1X,F4.2) , 13)
72 FORMAT ( 1HO, ?9HERPDR ON A UNIT OR DAILY CARD/1H ,35HDATE,CN, AND C 

100E OF THIS CARD A3E: ,5X, 14, 1H/, 12, 5x, 3HCN=, I4,5X,5HCODE=, 12)
73 FORMAT (1HO,44HERRDR IN CARD ASSIGNING STREET SWEEPING DAYS)
74 FORMAT (20X,2I6/1HO, 27HUNIT DAYS SPECIFIED ON UNIT,2BHAND DAILY CA 

1RDS DO NOT MATCH)
75 FORMAT ( 1HO , 30HPF.RIOD DF RECDMD CANNDT EXCEED, 15, 5H DAYS)
76 FORMAT (1H1)
77 FORMAT ( 1HO, 33HURECOS CANNOT EXCEED 0 IF IMODE=1)
78 FOUMftT (1H ,37HPR03PAM IS DIMENSIONED FOR A MAX. OF ,I2,23H CONSEC

32510 
Q2520 
Q2530 
Q2540 
32550 
02560 
Q2570 
Q2580 
Q2590 
02600 
02610 
02620 
02630 
02640 
02650 
02660 
02670 
02680 
02690 
02700 
02710 
02720 
02730 
02740 
02750 
02760 
02770 
02780 
02790 
02800 
02810 
02820 
02830 
02840 
02850 
02860 
02870 
02880 
02890 
02900 
02910 
02920 
02930 
02940 
02950 
02960 
02970 
02980 
02990 
03000
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SUBROUTINE IN»UT1
rf

1UTIVE STORM DAYS) 03010 
79 FORMAT (1H0.56HENO OF RECORD MUST BE AT LEAST 1 DAY AFTER LAST UNl 03020 

IT DAY) 03030 
END 03040'
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SUBROUTINE IM»UT2

SUBROUTINE INPUTS . R 10
INTEGE* ROOYS.TESTNOU30)tOl R 20
REAL I2CFSP.ISEG R 30
COMMON /Cl/ NSEGtISEG<99)tJU»<99,3)»JLAT<99,4),ITYPE<99)»EFF(51) R 40
COMMON /F2/ IYR.IMD,IDYtNDYS.ICK(60).JCONC,JLOAD.JRECQ* R 50
COMMON /F3/ IFILE»IFILED,IFILEQ»J*ECDS.IRECD.IRECQ,NSTRMS»IMODE R 60
COMMON /QUO/ C0(60,4t24)»TIM£(60t4,24)»NWQM(60.4)»RVLC(60»4) R 70
COMMON /ST1/ FPK(60),FVOL(60),FLD(60,4),CMX(60,4),WFALL(4,60)»NWF R 80
COMMON /ST2/ NOFE.NF(60) .NQU(4).»TEST^O,KNNtCFl (4) ,IND(4) R 90
COMMON /ST3/ IPL(190) <!(60),K2(60),<OUT(180).IPA(4),IPB(4),NOPT R 100
COMMON /TIME/ NDELS.NOUD(180)tINOP(20J«NDATE(60»3) R 110
COMMON /UNIT/ NUOD.NWQ»UD(2891)tDP(7310)»R90YS<DA»ISS»PTIME,JPR R 120 
COMMON /WQ1/ AT.ATD{4»51).XO(4t51)tCDN(4t1442).NSSDAY(3»40),ISWEEP R 130
COMMON /WQ2/ EAT(60,4) ,XOS (60,4) t SFLD(60»4) ,BFL (60) .-»VB(60,4) R 140
COMMON /Zl/ IUD,ILDAOtI2CFSPfOl*lNT,AIMP,DAEfOT,OTS.NOTS R 150

C 5280»»2/12»60*60»24=26.888: CONVERTS INCHES TO CFS R 160
INTVAL»(PTIME*0.001)/DT R 170
I2CF5P*26.8888889*DA*NOELS R 190
NOFE*1 R 190
Il«l R 200
NSOO*0 R 210
JREC9W*0 R 220
JCONC*0 R 230

C INITIALIZE VARIABLES R 240
00 1 I=l»60 R 250
FPK(I)*0.0 R 260
FVOL(I)*0.0 R 270
00 1 J=1.4 R 280
FLD(I,J>*0.0 R 290
CMX(I,J)=0.0 ' R 300
NWOM(I,J)>0 R 310
RVLC(I<J)*0.0 R 320
RV8(I,J)=0.0 R 330
DO 1 K«l»24 R 340
CO(I,J,K)xO.O R 350
TlMEUtJ.K)«0.0 R 360

1 CONTINUE R 370
C FOR EACH SET OF EVENTS. THE NO. OF EVENTS IN THE SET R 380
C IS ENTERED FOR AS MANY TIMES AS THERE ARE EVENTS IN THE R 390
C SET. A SET OF EVENTS CONSISTS OF A FRACTION OF A DAY OR R 400
C A SERIES 0- CONTINUOUS DAYS. R 410

READ (5.19) It(NF«)tK*l«I) R 420
WRITE (6«20) It(NF(K)»K*1.I) R 430

C 3EGIN ANALYSIS OF A SET OF EVENTS R 440
2 00 3 I»Ilt*UDD ' R 450

IF (NO'JD(I + 1).NE.MOUD(I)*1) ) GO TO 4 R 460
3 CONTINUE R 470
4 *FI1=NF(NOFF.) R 4BO

14=11 R 490
11=1*1 R 500
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NSDD=NSDD+1 -   R 510
BESIN ANALYSIS OP A STORM R 520

5 IF (WF.EQ.2) READ (5tl8) KS tKE t MwUP, (WFALL < Jt NOFE ) , J=l , NWQ) R 530
IF (NWF.NE.2) READ (5,18) KStKEtMWQP ' R 540
WRITE (6.22) NOFE.<S.KE R 550
JRCS=(KE-KS+l)»INTv/AL R 560
IF (JRCS.LT.MDTS) 30 TO S R 570
WRITE (6«23) NOFE,MOTS . R 580
STOP R 590

6 ITES=NDELS»ICK(NSDD) R 600
IF (KE.LE.ITES) 60 TO 7 R 610
WRITE (6t29) NOFE.ITES R 620
STOP R 630

7 JRCS=JRCS/120+1-(1-MINOU,MOD(JRCS,1?0) ) > R 640
JRCS=JRCS»MSE6»NWQ R 650
IF (JREC3w,LT.JRCS) JRECQW=J*CS R 660
IF (MWF.NE.?) GO TD 9 R 670
DO 6 I=1«NWQ R 680
IF (CF1 (I) .GT.1.0F.-6) J=3 R 690
IF (CFl(I),LT.UOE-6) J = 4 R 700
WRITE (6t21) IPA(I).IPB(I)»W rALL(I.NDFE).I^D{J) R 710

8 CONTINUE R 720
9 Kl(NOFE)=KS R 730

K2(NOFE)=KE R 740
LJ=KS R 750
LM=KE R 760
NFI1=NFI1-1 R 770
IF (NWQP.Ea.O) GO TO 14 R 780

READ WATER-QUALITY DATA FOR A STORM ' R 790
JCONC=1 R 800
DO 13 <sl»MWQP R 810
READ (5,23) IPltIP2,NNN R 820
IF <MNN.LH:.24) GO TO 10 R 830
WRITE (6.27) NOFE R 840
STOP R 850

10 CONTINUE R 860
CALL ICMIP1 »IP2»NWJ,L> R 370
NWQM(NOFEtL)=NNN R 880
IV=NWQ*(MO PE.L) R 890
READ (5,24) (CO(NO-F,L»J),J=l,IV) R 900
READ (5,24) (TIME<MOFEtL.J),J=l.IV) R 910
ALJ=LJ R 920
IVM=IV-1 R 930
DO 11 JsltlVM R 940
IF (CO(NOFE.L»J).GT.CMX(VOFE.L)) CMX(NOFE»L)=CO(NOFE,L»J) R 950

11 TIME(NOFEtl_. J)=ALJ*TIME<>JOFF,L«J)/0TTME ^ 960
ADD = TIME(NOFC-,L»IV)/PTIME * R 970
IF (AM3DU3D.1.) .E3.0.0) GO TO 1? R 9RO
IADD=ADD R 990
ADO=IADD+1.0 R1000
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SUBROUTINE IN?UT2

12 TIME'NOFEtl,IV)=ALJ+ADD 
KTIME*TIME<NOFE',L»IV) 
IF <KTIME.LE.K2<NO-F-) ) GO TO 13 
WRITE (6,17) IPltI»?,NOFF 
STOP

13 CONTINUE
NDATE IS USED FOR PRINTING OJT THE DATE OF STORM

14 I3=I4+LJ/NDELS
NDATE(NOFE,1)=IPL<I3) 
NDATE<WFE,2)«KOUT<I3) 
NDATE(MOFE»3)=TESTXO(I3) 
NOFEsNOFE+1

CHECK FOR *ORE STORMS IN SET OF EVENTS 
IF <NFI1.GT.O) GO TO 5

CHECK TO SEE IF ALL EVENTS HAVE BEEN ANALYZED 
IF (NUOO.GE.il) GO TO 2 
NOFEsNOFE-1 
READ (5,19) 
WRITE (6,25) 
KNN=0
READ (5.19) <IPL<I),I=1,NOFE) 
WRITE (6,26) <IPL(I),I=1,NOF?) 
DO 15. I=1,NOFE 
TESTNOU)*! 
KNN*KNN+1

15 CONTINUE
IF (IMODE.EQ.3) WRITE (6*30) JRECOW
IF <IMOOE.LT.3) JRECQW*0
IF (IMOOE.NE.2) RETURN
DO 16 I=1,NOFE
KOUT(I)«0
IPL<I)«0
DO 16 J*ltNWQ

16 MWQM(I,J)=0.0 
JCONCsO 
RETURN

(KOUT(I),I=1»NOFE) 
(KOUT(I),I=1,NO'E)

17 FORMAT (1H ,18HSAM»LlNS TIME FOR »2A3»10H POR STORM»U,29H IS AFTE 
IK KE ON CARD GROUP 14)

18 FORMAT <2I4,I2»4F5.?)
19 FORMAT (4012)
20 FORMAT <lHlt9HTHFRE ARE»I4,3?H STORM EVENTS GROUPED AS FOLLOWS, 101 

16/5(46X*10I6/M
21 FORMAT (1H ,2A3t27H KETFALL CONCENTRATIONS ARE,F7.3»3H MI,A3 f llHGR

22 FORMAT (1HO,9HSTORM NO.»I3»22H START5 AT TIME 3ERIOD» 15, 12H AND EN 
IDS AT, 15)

23 FORMAT <2A3,i2)
24 FORMAT (10^8.2)
25 FORMAT <1HO,?7HDFTAILEO OUTPJT FOR STORMS ,3013)

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 
R1330 
R1340 
R1350 
R1360 
R1370 
R13BO 
R1390 
R1400 
R1410 
R1420 
R1430 
R1440 
R1450 
R1460 
R1470 
R1480 
R1490 
R1500
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26 FORMAT (1HO,29HTHE STORM EVENTS ^LOTTED ARE t30I3) R1510
27 FORMAT (1H ,27HNO. OF Qw SAMPLES FOR STORM,I3»11H EXCEEDS 24) R1520
28 FORMAT (1HO,25HNUM3ER OF OT'S FOR STORM ,I2,8H EXCEEDStlS) R1530
29 FORMAT (1HO,12HKE FOR STORM«I3»18H SHOULD MOT EXCEED»I5) R1540
30 FORMAT (1H0.50HNO. OF RECORDS REQUIRED FOR DIRECT ACCESS FILE 27»t R1550
H7) R1560
END R1570-
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SU930UTINE INPUT3

SUBROUTINE INPUTS S 10
COMMON /II/ NLU»LUSE(3»4)»9K(5,4t4),ISSFRQ,NPASE S 20 
COMMON /ST3/ IPL(190)»K1(60)»K2(60)»<OUT(180)»IPA(4),IPB(4),NOPT S 30 
COMMON /UNIT/ NUDD»NWQ»UO(2891)«DP(7310)»R3DYS,DA,ISS»PTIME*JPR S 40
DIMENSION Z(5) S 50
NWQNLU*NWQ»NLU S 60
.IF (NW3NLU.GT.1) WRITE (6«11) S 70
00 5 K*1»NWQNLU S 80
READ (5*6) IP1,IP?,IP3.IP4,I=>5, (Z(I) ,1 = 1,5) S 90
00 2 L-1*NLU S 100
IF (LUSE(1»L),NE.I=>1) SO TO 1 S 110
IF (LUSE(2»L).NE,I=>2) GO TO 1 S 120
IF (LUSE(3fL).NE.I»3) SO TO 1 S 130
LU=L S 140
GO TD 3 S 150

1 IF (L.LT.NLU) SO TD 2 S 160
WRITE (6tlO) IPlfI»?«IP3 S 170
STOP S 180

2 CONTINUE S 190
3 CONTINUE S 200

CALL ID(IP4«IP5»NWa,IW3) S 210
IF (Z(5).LE.0.001) Z(5)*Z(3) S 220
00 4 1=1t5 S 230

4 9K(I«ItfQtLU)*Z(I) S 240 
WRITE (6*7) IPA(IW3)tIPB(IWQ),<LUSE(LV»HJ)tlV=l,3),(Z(I),1*1,3) S250
WRITE (6t6) ?(5) S 260
IF (Z(4).GT.0.0001) WHITE (6t9) Z(4) S 270

5 CONTINUE S 280
RETURN S 290

	S 300
6 FORMAT (3A3,?A3,6F9.3) S 310
7 FORMAT (//1H0.21HMDOEL PARAMETERS FOR *2A3,22H ON AREAS OF LAND US S 320 
IE t3A3*9H : Kl=,r8.3/SSX,3HK2=,F8.3/65X,3HK3=,F8.3) S 330

B FORMAT (59Xt9HDAiLr K3=,F«.3) s 340
9 FORMAT (65Xt3HK4*f-«».3) S 350

10 FORMAT (1HOO9HERRDR IN SPECIFICATION OF LAND-JSE TYPE«2X»3A3) S 360
11 FORMAT (1H1) S 370

END S 390-
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SUBROUTINE CTCH*T

SUBR3UTIME CTCHMT T 10
HIS SU3ROUTIME IS USED TO READ IN-CATCHMENT DATA T 20

REAL ISEG«IUP.ILAT T 30 
COMMON /Cl/ NSEG»I5EG<99),JU3 (99,3)»JLAT<99»4),ITYPE(99),EFF<51) T 40
COMMON /C2/ IPR<99),FLGTH<99)»PARAM<?9,4)«LAND<99)»NCAT»NRES T 50
COMMON /O3/ SSEFFU) ,SSMIN(4),SSAREA(51).A'<A<4) .AKBU) T 60
COMMON /Fl/ TCT.QU442) »*<1442) »3MX»I1,DELTAT,DELPLG,NRV(10) T 70 
COMMON /F3/ IFILE»IFILED,IFILEQ,JRECDS»IRECD.IRECQ»NSTRMS»IMODE T 80
COMMON /II/ NLU»LU5E<3»4),9K(5»4,4).ISSFRQ»NPASE T 90 
COMMON /ST3/ IPL (1 30) »K1 (60) «K2 (60 ) , OUT (180) , IPA (4) » IP8 (4) ,NOPT T 100 
COMMON /UNIT/ NUOD»NWQ«UD(2831)»OP<7310)»RODYS*DA»ISS»PTIME,JPR T 110 
COMMON /WQ1/ AT»AT3(4,51),XO(4»5l),CON<4»1442),NSSDAY(3»40),ISWEEP T 120
COMMON /Zl/ IUD»ILOAD,I2CFSP»UWINT,AIMP,OAE»OT»DTS,NDTS T 130
DIMENSION ILATC99.4), IUP<99,3) T 140
MCAT*1 T 150
LANDU)=1 T 160
NRES*0 T 170
READ (5,lfl) OAE«AIHP«SSAREA(1) T 190
WRITE (6*19) DAE.AIMP T 190
EFF(1)«OAE T 200
READ (5,17) NLU, (LJSEdfX) »L JSE (2» I) »LUSE ( 3» I) « 1 = 1 »NLU) T 210
WRITE (6*20) NLUt(LUSE(1»I).LUSE(2,I)»LUSE(3,I)»I«l»NLU) T 220
IF (ISS.EO.O) 60 TO 3 T 230
READ (5«18) (SSEFF(J),J=1,N*3) T240
READ (5,18) (SSMIN(J)*J=1«NW3) T 250
WRITE (6,31) T 260
00 2 J*1«NWQ T 270
IF (SSEFF(J).LE.l.O) 60 TO 1 ' T 280
WRITE (6,34) SSEFF(J) T 290
STOP T 300

1 WRITE (6*32) IPA(J),IP9(J),5SEFF(J),SSMIM(J) T 310
2 CONTINUE T 320

IF (IMODE.EQ.l) WRITE (6,33) SSAREA(l) T 330
3 IF (JRECDS.E3.0) RETURN T 340

READ (5,21) NSE61t<AKA(J)»AK3(J),J*l,NWG)) T 350
IF (MSEG1.EQ.NSEG) 60 TO 4 T 360
WRITE (6,30) T 370
STOP T 380

4 NCATsO T 390
WRITE (6»22) NSEGOT T 400
IF (IMODE.EQ.l) RETURN T 410
IF (AKA(1).EQ.O.O.ANO.AK3(1).EQ.O.O) GO TO 6 T 420
WRITE (6*23) T 430
00 5 J=1,N*Q T 440
WRITE (6,24) IPA(J),IP^(J),A<A(J),AK9(J) T 450

5 CONTINUE T 460
6 WRITE (6,36) T 470

00 10 1=1,^SEG T 480
READ (5«27) TSEG(I),(IUP(I,J),J=1,1),(IL*T(I,J),J=l,4),ITYPE(I)»IP T490

1R(I) .FLGTH(I) ,(PARAM(I,J) ,J=1,4) ,IPl,I02»Ii>3 T 500
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IF <*00<I,50) .EQ.O) rtRITP <6»26) T 510
WHITE (6,28) ISEG(I) ,(IUO(I, J) ,J=1»3) , (I'LAT(I,J),J=1,4) ,ITYPEU),I T 520

1PR(I) »FLSH(I) , <PA3AM(I, J) »J=1»4) ,IP1»IP2,IP3 T 530
IF (ITYPE(I).EQ.3) NRES=MRES+1 . T 540
IF <ITYPE<I).EQ.3) NRV(NRES)=I T 550
IF (ITYPE(I).NE.l) 60 TO 9 T 560
00 8 LU=1»>*LU T 570
IF <tPl.NE.LUSEU»-U) ) 63 TO 7 T 580
IF (IP2.NE.LUSE(2».U)J GO TO 7. T 590
IF (IP3.ME.LUSF(3».U)J GO TO 7 T 600
NCAT=NCAT+1 T 610
LAND<NCAT)*LU T 620
GO TO 9 T 630

7 IF (LU.LT.MLU) GO TO 8 T 640
WRITE (6*25) IP1,I=>2»IP3 T 650
STOP T 660

8 CONTINUE T 670
9 CONTINUE T 680

10 CONTINUE T 690
IPR(NSE6)=0 T 700
IF (NCAT.LT.52) GO TO 11 T 710
WRITE (6.29) T 720
STOP T 730

11 DTSsDt»60. T 740
C NUMBER CONTRIBUTING SEGMENTS (IUP »ILAT) USINS SUBROUTINE T 750
C IT*AN WHIC-I SIVES THE CONTRIBUTING SEGMENTS THE SAME T 760
C NUMBER AS THE ORDER DF THE SEGMENTS (I.E.* I) T 770

DO 13 I«1»MSEG T 780
DO 12 J*l,3 . T 790
XsIUP(I.J) T 800
JUPdt J)=ITRAN(X) T 810

12 CONTINUE T 820
DO 13 J«l,4 T 830
X^ILATdtJ) T 840
JLAT(I»J)slTRAN(X) T 850

13 CONTINUE T 860
c COMPUTE EF r.. IMPERVIDUS AREA CONTRIBUTING TO EACH CHANNEL T 870

DAEC=O.O T 380
NC«0 T 890
DO 16 I=1«^SEG T 900
IF (ITVPE(I).NE.I) GO TO 16 T 910
MCaNC+l T 920
EFF(NC)=0.0 T 930
SSAREA(NC)=0.0 T 940
TOP=0.0 T 950
DO 15 J=1.4 T 960
IF (JLAT(I»J)J IS,IS,14 T 970

14 JJ=JLAT(I,J) T 980
IF (°A*AM(JJ,2).LE.0.0) 30 T3 15 T 990
TERMsPARAM(JJ.2)*F_GTH(JJ)»FLGTH(I)/4356n. T1000
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SSAREA(NC)sTOP/EFF(NC)
15 CONTINUE

DAEC=DAEC+EFF(NC)
16 CONTINUE

WRITE <6»35) DAEC 
RETURN

17 FORMAT (I5»1?A3)
18 FORMAT (5F5.2)
19 FORMAT (///20X»34HTOTAL EFFECTIVE IM»ERVIOJS AREA * f F7.2,6H ACRES 

1/20X.23HIMPERVIOUS RETENTION = tF4.2t7H INCHES)
20 FORMAT (20X,9HTHER-. ARE»I2»19H LAND-JSE TYPES: »3A3/3(49X»3A3/))
21 FORMAT (I5»8P5.0)
22 FORMAT (1HO 19X.26HTOTAL NUM9ER OF SEGMENTS =»I3/20X,5HOT * tF7.3t 

18H MINUTES)
23 FORMAT <//lHOt24HP£RVIOUS AREA PARAMETERS/1HOt11HCONSTITUENT»5Xt3H 

1AKA»5X*3HAKB)
24 FORMAT (1H ,?X»2A3,Fl1.2.F8.2)
25 FORMAT (1H0.39HERRDR IN SPECIFICATION OF LAND-JSE TY»Et2Xt3A3)
26 FORMAT (1H1,55X.6HLENGTH/1H ,7HSEGMEMT,IXt17HUPSTREAM SEGMENTSt3Xt 

118HADJACENT SEGMENTS t4HTYPEt4H IPRt!Xt6H(FEET)»8X,16HQTHER PARAME 
2TERS,8X«9H LAND USE)

27 FORMAT (8A4,?I2»F7.0*4F5.0»3A3)
28 FORMAT (2X»A4t3X«3(IXtA4)t3X»4(1XtA4) I3t!4tF8.1,4F8.3»3A3)
29 FORMAT (1HO,21HNCAT CAMNOT EXCEED 51)
30 FORMAT C1HO,46HNSE3 DOES NOT MATCH BETWEEN DR3M AND DR3M-QUAL)
31 FORMAT (1HO,20HSTREET SWEEPING DATA/1H0.25HCONSTITUENT SSEFF SSM 
UN)

32 FORMAT (IN ,?X«2A3.5XtF5.2tF7.2)
33 FORMAT (1HO.BHSSAR-A «tF5.2)
34 FORMAT (1HO,41HSH»EEPING EFFICIENCY SHOULD NOT EXCEED 1.0 f F15.3)
35 FORMAT </1HO,50HEF-ECTIVE IMPERVIOUS AREA 9ASED ON SEGMENT DATA IS 

ltF8.2«6H ACRF.S) 
END

T1010 
T1020 
T1030 
T1040 
T1050 
T1060 
T1070 
T1090 
T1090 
T1100 
T1110 
T1120 
T1130 
T1140 
T1150 
T1160 
T1170 
T1180 
T1190 
T1200 
T1210 
T1220 
T1230 
T1240 
T1250 
T1260 
T1270 
T1230 
T1290 
T1300 
T1310 
T1320 
T1330 
T1340 
T1350 
T1360
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SJRROUTINE SSDAY(YR,MO,CN»KK,NSS)

SUBROUTINE SSDAY(Y*,MO,CM»KK»NSS) 
INTEGER YR.CNURODYS

THIS SUBROUTINE IDENTIFIES STREET SWEEPING DAYS
COMMON /UNIT/ NUDD»N«Q»UO(2891)»OP(7310)»RDDYS»DA»ISS»PTIME»JPR 
COMMON /«Q1/ AT»ATD(4»51)»XO(4»51)»CDN(4«U42)»NSSDAY(3t40),ISWEEP 
IF (MO.NE.MSSOAY(l»NSSn RETJRN 
IF (YR.NE.NSSDAY(3»NSS)) RETJRN 
IF (CN.EQ.1.AND.NSSDAY(2,NSS).LE.16) GO TO 2 
IF (CN.EQ.2.AND.NSSDAY(2.NSS).GE.17) GO TO 3 
RETURN
NSSDAY(1»NSS)=KK*NSSDAY(?«NSS)-1 
GO TO 4
NSSDAY(1fNSS)»KK*NSSDAY(2 NSS)-17 
NSS*NSS*1
IF (NSS.GT.ISS) RETURN 
GO TO 1 
END .
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U 100 
U 110 
U 120 
U 130 
U 140 
U 150 
U 160 
U 170
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SUBROUTINE OUTPT(ICNT,IDEL*JJ*JOUTPT)

SUBROUTINE OUTPT,(I:NT*IDEL*JJ*JOJTPT>
C THIS SUBROJTINE OUTPJTS SIMULATED COMCENTRATION DATA 
C AND SETS U=» ARRAYS FDR QWLOAD

REAL ISEG
COMMON /Cl/ NSEG*ISPG(99) , JU=» (99*3)   JLAT (99,4) 11 TYPE (99) tEFF (51)
INTEGER RODYS.TESTMOU90)
COMMON /Fl/ ICT.Q(1442)*R(1442)*3MX*I1*DELTAT*C>ELPLG*NRV(10)
COMMON /ST2/ NOFE*MF(60)*NQU(4)»TESTMO*KNN.CF1(4)*IND(4)

/ST3/ IPL(130)*K1(60)tK2(60),<OUT(180)tIPA(4)tIPB(4)tNOPT 
/TIME/ NDELS.NOUD(180)*INDP(20)*NDATE(60*3) 
/UNIT/ NUDD*NWQ»UD(2831)*DP(7310)*RODYS*DA.ISS.PTIME*JPR 
/WQ1/ AT.ATD(4,51)*XO(4*51)«CDN(4*1442) NSSDAY(3*40) 

DIMEMSION RT(5)» HR(5). TMN(5)* TOUT(5)» *OUT(5) 
C JOUTPT«2 I p SIMULATED CONCS. ARE LISTED 
C *l IP SIM. CONCS. ARE ^LOTTED BUT NOT LISTED 
C »0 IP SIM. CONCS. ARE NEITHER LISTED NOR PLOTTED 
C «3 IP SIM. CONCS. ARE MOT AT WATERSHED OUTLET 

IF (JOUTPT.LT.2) GD TO 1 
WRITE (6*10) II, (NDATEdl,III) ,111*1,3) 
IF (JOUTPT.E0.3) W*ITE (6-11) ISEG(ICNT) 
IF (JOUTPT.NE.3) W^ITE (6.12)

COMMON 
COMMON 
COMMON 
COMMON

WRITE (6*6) IPA(JJ) ,IP3(JJ)
IF (CFUJJ).GT.1.0E-6) WRITE (6*7)
IF (CF1(JJ).LT.1.0E*6) WRITE (6*9)
LJ*K1U1)
LK»K2(I1)

15=0
ICT«0
ICNT»0
DO 5 I»LJ*LK

RT(I5) 
2

RT(I5)«CON(JJ,ICT)
IF (RT(IS).GT.QMX) QMX
IF (JOUTPT.EQ.O) GD TO
MOUT( 15) «I /NOELS
IRV*MOUT(I5)»NDELS
TOUT(I5)»( (I-IRV)«»TIHE)/60.
IHR(I5)»INT(TOUT(I5))
TMN(I5)*AMOD(TOUT(I5) , l.)»60.
IF (I5.LT.5.AND.I.LT.LK) GO TO 5
IF (JOUTPT.LT.2) GD TO 3
WRITE (6*9) (IHR(IV) ,TMN(IV) ,RT(IV) ,IV=1,I5)
DO 4 J=1,I5
ICNT«ICNT*1

IF (JOUTPT.EO.O) GD TO 4 
IF (JOUTPT.E0.3) GD TO 4 
Q(ICST)=TOJT<J)+MOJT<J)»?4.
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V 100 
V 110 
V 120 
V 130 
V 140 
V 150 
V 160 
V 170 
V 180 
V 190 
V 200 
V 210 
V 220 
V 230 
V 240 
V 250 
V 260 
V 270 
V 280 
V 290 
V 300 
V 310 
V 320 
V 330 
V 340 
V 350 
V 360 
V 370 
V 380 
y 390
y 400 
y 410
V 420 
y 430 
y 440
y 450
y 460 
y 470 
y 480 
y 490
y 500
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SUBROUTINE OUTPT<ICNT,IDEL*JJ»JOUTPT)

4 CONTINJE V 510
15*0 V 520

5 CONTINJE V 530
RETURN V 540

	V 550
6 FORMAT (IN »52X,9H3ATA FOR ,?A3/> V 560
7 FORMAT <5<7X,4HTIMt,5X,5HCONC.»lX)/5(7X»5H(HRS)t4Xt6H(MG/L))) V 570
8 FORMAT <5<7X,4HTIME,5X,5HCONC.,lX)/5(7Xt5H<HRS)t4X,6H<UG/L))) V 590
9 FORMAT <5(6X,I2.1H:,F3.0tF10.3M V 590

10 FORMAT (1H0.26HST03M-RUNOFF EVENT NUMBER t!3«7H OATEDtI3«IH/tI2«1 V 600
IH/tl?) V 610

11 FORMAT (1H «52X«8H9ESMENT «A4) V 620
12 FORMAT (IN ,52X,19HAT WATERSHED OUTLET) V 630

END V 640-
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SUBROUTINE RITE1

SUBROUTINE RITE1 W 10
THIS SUBROJTINE OUTPUTS A SUMMARY OF THE MEASURED DATA W 20

INTEGER ROOYSfTESTMO(lSO)tOl M 30
COMMON /QWD/ C0(60t4f24)tTIME(60t4,24)tNWQ»M60f4)tRVLC<60»4) W 40
COMMON /ST1/ FPK(60) tFVOL<60) tFLD<60»4) tCMX<60t4) tWFALLUt60)fNWF W 50
COMMON /ST2/ NOFEtYF<60).NQU<4) tTESTWtKNNtCFl (4) tINDU) W 60
COMMON /ST3/ IPL ( 190)tKl(60)fK2(60),<OUT(ISO)tIPA(4)tIPB<4)tNOPT M 70
COMMON /TIME/ NDELStNOUDC180)tINDP<20)tNDATE<60t3) * 80
COMMON /UNIT/ NUDDfNWOtUD<2831)tDP<7310)tRODYSfDAtISStPTIMEtJPR M 90
COMMON /WQ2/ EAT<60t4)tXOS<60t4)tSFL3<60t4),BFL<60)»RVB(60t4) M 100
01=0 W 110
WRITE (6,4) W 120
DO 3 I«ltNOFE W 130
WRITE (6,5) I,(NDATF(I,III),III«1,3) M 140
WRITE (6,6) FVOL(I) W 150
WRITE (6,7) FPK(I) W 160
IF (NWQ.EQ.O) 60 TD 3 W 170
DO 2 JsltNWQ W 190
IF (MWQM(ItJ).EO.O) 60 TO 2 W 190
IF (Ol.GT.O) 60 TO 1 W 200
WRITE (6,8) W 210
WRITE (6t9) W 220
WRITE (6,10) W 230
01*1 W 240

1 PeR*RVLCU.J)/FVOLCI)*100. W 250
WRITE (6,11) IPA<J),IP3<J)tRVB<It J)t*VLC<ItJ)fPERtNWQMUtJ)tFLDCIt W 260

U) , W 270
2 CONTINUE W 280

01*0 W 290
3 CONTINUE W 300

RETURN W 310
	W 320

4 FORMAT (lHlt45Xt24HSUMMA3Y Op MEASURED DATA/IN ,25X,60H*RUNOFF VOL W 330
1UMES IN INCHES ARE BASED ON TOTAL WATERSHED AREA*) W 340

5 FORMAT (1HO/1H t26-«STORM-RUN9FF EVENT NUMBER ,I3,7H DATFDtI3tIH/t W 350
1I2»1H/,I2) W 360

6 FORMAT UH f24HMEASURED DIRECT RUNOF^ «tF9.3t7H INCHES) W 370
7 FORMAT (1H f25HMEASURED PEAK DISCHAR3E *tF9*2t4H CFS) W 380
8 FORMAT <32Xtl3HRUNDFF VOLUMEt2Xt13HRJNOFF VOLUMEt2Xt10HPERCENTA6Et W 390
15Xt3HNO.*5Xt<»HMEASJREO) W 400

9 FORMAT (17Xfl3HWAT£R-QUALlTYt2Xtl3HBEFORE FIRST t2Xt!2HUSED IN LOA W 410
1D,3X,8HOF TOTAL*7Xt2HOF 9 6Xt7-4LOAD IN) W 420

10 FORMAT (19X,9HPARA^ETER,7X,6-«SAHt>LF.»SX,l2HCOMPUTATIONS,3X,llHRUNOF W 430
IF VOL**2Xf7HSAMPLES<4Xt6HPOUVOS) W 440

11 FORMAT (20X,?A3,6X,F8.3,7X,FS.3t8X,F5.1tIH,6X,F8.3) W 450
ENO W 460-
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SUBROUTINE

SUBROUTINE RITE2(N1,M2)
THIS SUBROUTINE PRINTS OUT A SJMM4RY OF

SIMULATED AND MEASURED LOADS 
INTEGER TESTNO(lflO) ,RODYS
COMMON /F2/ IYR*IM3, IDY»NDYS« 1C* (60) ', JCONC, JLOAD. JRECQM 
COMMON /F3/ IFILE*lFlLEDtIFlLEQ*JRECDSt IRECO*IRECQ*NSTRMS*IMODE 
COMMON /II/ NLU*LUSE(3*4),BK(5t4,4),ISSFRQ f NPASE 
COMMON /0«0/ CO(60f4»24)*TIM£(60f4f24),NMQM(60t4)*RVLC(60*4) 
COMMON /ST1/ FPK(60) »FVOL(60) *FLD(60*4) ,CMX (60t 4) t MFALL(4t60) *NMF 
COMMON /ST2/ NOFE«W (60) ,NQU(4) *TEST*Ot KNN*CF1 (4) , IND(4) 
COMMON /ST3/ IPLU10) »<1 (60) ,K2 (60 ) , <OUT ( 1 90) t IPA (4) , IPB (4) ,NOPT 
COMMON /UNIT/ NUDD»NMQtU9(28«U) t 9P(7310) ,RODYSt DA, iSSt &TIME, JPR 
COMMON /TIME/ NOELS. NOUD( 1*0) «INDP (20) *NOATE(60*3) 
COMMON /*Q2/ EAT(60,4) ,XOS(60,4) ,SFL3(60,4) ,BFL(60) ,RVB(60t4) 
COMMON /Zl/ IUO»IL3AD,I2CFSP,Q«I><T,AIMP,C)AE,DT,DTS,NDTS 
MRITE (6*8)
IF (JCONC.EQ.l.AND.JLOAD.EQ.O) MRITE (6*9) 
DO 3 J=N1,M2
MRITE (6,6) IPA(J) ,IP8(J) 
MRITE (6,10) 
00 2 IMtNDFF
IF (FLD(ItJ).EQ.O.O) GO TO 1 
IF (SFLD(I,J) .EO.0.0) 30 TO 1 
VRsALOS(FLD(I»J)/S FLD(I*J))»»2
MRITE (6*7) It (NDATE(I,III) ,III = lt3) ,SFLO(I,J),FLD(ItJ),\/R 
60 TO 2
MRITE (6*7) It (NDATEUf III)* I 
CONTINUE 
CONTINUE
IF (IMODE.GT.l) RETURN 
MRITE (6*8)

OUTPUT EAT AND ALS 
DAR=(DA»640.)/DAE 
DO 5 JsNl«N2
IF (9K(3tJtl)*LE.O.O) 60 TO 5 
IF <*KUtJ*l) .6T.1.E-5) SO T3 § 
AK3«BK(3*J*1) 
MRITE (6*6) IPA(J),IP9(J) 
MRITE (6*11) 
DO 5 I*1«NOFF
IF (FLO(ItJ).LE.O.O) 60 TO 4 
RVls9VLC(I*J)*OAR 
RV2sRV9(I*J)»OAR 
DIV=1.-EXP(-AK3«RV1) 
NMETsN3ATE(I«l) 
IF (NMF.EQ.2) NMFT»1 
PLOADs0.277»MFALL(J.NMET)»DAE*RVl 
IF (NiOJ(J) .E0.2) P_OAD=PLOAD/1000. 
RLOADsFLD ( I   J) -PLOAD 
ALS=^L3A3/(EXP(-AK3»»V2)»DIV)

1»3) ,SFLD(I,J)
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100 
X 110 
X 120 
X 130 
X 140 
X 150 
X 160 
X 170 
X 180 
X 190 
X 200 
X 210 
X 220 
X 230 
X 240 
X 250 
X 260 
X 270 
X 280 
X 290 
X 300 
X 310 
X 320 
X 330 
X 340 
X 350 
X 360 
X 370 
X 380 
X 390 
X 400 
X 410 
X 420 
X 430 
X 440 
X 450 
X 460 
X 470 
X 480 
X 490 
X 500
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SUBROUTINE RITE2(NlfM2)

ALS=ALS/DAE X 510
WRITE (6.12) ItEATCIfJ)tALS X 520
GO TO 5 X 530

4 WRITE <6»12) IfEAT(IfJ) X 540
5 CONTINUE X 550

RETURN X 560
	X 570

6 FORMAT <//lHO,9HDATA FOP .2A3/) X 580
7 FORMAT (1H tI5»5X»13.IH/t12.IH/t12.Fl2.3.2F16.3) X 590
8 FORMAT (1H1) X 600
9 FORMAT (1H .78HMEASURED AND SIMULATED LOADS ARE BASED ON RUNOFF BE X 610
1TWEEN FIRST AND LAST SAMPLE) X 620

10 FORMAT (IN »22X»9HSIMULATEDf7X*84MEASUREDf7X.12HCONTRI9UTION/1H .6 X 630
1H STORMflSXfHHRUNDFF LOAD. 5X. 11HRUN3FF LOAD. 5X. 12HTO, OBJECTIVE/IH X 640
2 t7H NUMBER.6Xt4HDATEt6Xt8H(»OUNDS)»8X,8H(POUNDS)t8X.8H FCT. 1 ) X 650

11 FORMAT (1H fflXtlOHEQUlVALENTf4Xf8HEX3ECTED/lH *7Xt12HACCUMULATION. X 660
13Xf7HINITIAL/lH f7Xtl3HTIME AT START.2X,12HIMP. SURFACE/IN *5HSTOR X 670
2Mf4Xt8HOF STORMt 5X 9 ] 2HLOAO (LB/AO) X 680

12 FORMAT (IN  I4f5Xf?9.2ff4X«FlG.4*3XfF10.4) X 690
END X 700-
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SJ^«OJTIME

SUBROUTINE STORw'dl) Y 10
» STOrf* ANALYSIS » Y 20
 PEAKS9VO^UMES9RUNOPF LOADS Y 30

INTEGER RODYS9TESTNOU90) 901 Y 40
REAL I2CFS? Y 50 
COMMON /QWD/ C0(6094924)9TIME(60*4,24)9N*QM<6094)9RVLC(6094) Y 60 
COMMON /ST1/ FPK(60)*FVOL(60)9FlD(6094) f CMX(60,4)9«FALL(4960)*NWF Y 70
COMMOM /ST2/ NOFE9 V* (60)9NQU(4)*TESTNO*KNN»CF1(4)9INO(4) Y BO 
COMMON /ST3/ IPL(130)9K1(60) f K2(SO)9<OUT(1 BO)9IPA(4),I^B(4)9NOPT Y 90
COMMON /TIME/ NOELS,NOUDU80) »INDP(20) 9NOATE(6093) Y 100 
COMMON /UNIT/ NUDD9NWQ9UD (2831) 9 DP (7310 ) 9RODYS90A9 IS$9 "TIME9 JPR Y 110 
COMMON /Mft)2/ EAT(60 f *)9X05(6094)9SFL3(6094)9&FL(60)9RVB(6fl94) Y 120
COMMON /Zl/ IU09lLaAD»I2CFSP9Q«INT9AIMO f DAE90T9DTS»NDTS Y 130
NOFT=NOFE Y 140
14=11 Y 150
NOFE=I1 Y 160

BEGIN ANALYSIS OF A SET OF EVENTS Y 170
00 1 I = 11 9NUOD Y 180
IF (NOUD(I+1).NE.(NOUD(I)+1)) 60 TO 2 Y 190

1 CONTINUE Y 200
2 NFI1=NF(NOFE) Y 210

11=1*1 Y 220
BEGIN ANALYSIS OF A STOR1 Y 230
FIND PEAK DISCHARGE Y 240

3 QRsO.O Y 250
QMXsO.O Y 260
SRV=0.0   Y 270
LJ«K1(MOF£) Y 2«0
LM»K?(NOFE) Y 290
NFI1*NFI1-1 Y 300
00 4 K=LJ»LM Y 310
33=UO(K) Y 320
IF (Q3.LE.OMX) 60 TO 4 Y 330
OMX=Q3 Y 340

4 CONTINUE Y 350
FIND RUNOF^ VOLUME Y 360

DO 5 L«LJ«LM Y 370
SRV=SRV*JO(L) Y 3SO

5 CONTINUE Y 390
FVOL(NOFE)=SRV/I?C rSP Y 400
FPK(MOFE)=QMX Y 410
IF (NOPT.EO.l) W^ITE (6912) NOFEt(NDATE(NOFE9III)9II1=1»3) Y 420

COMPUTE STORM-RUNOFF LOADS Y 430
00 11 L=19NWO Y 440
IF (NWQM(NOFF:9L).F3.0) 60 TO 11 Y 450
IV=NrfQ1(NOPF..L) Y 460
LB=TIME<NOP"F.9L9l> Y 470
LE=TIME(NOrE.L9lV) Y 480
IF (N0 3T.NE.l) 60 TO 6 Y 490
URITE (6913) IPA(L)9lPB<L) V 500
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E STDRMCIl)

IF (CFKD.6T.1.0E-7) WRITE <6tl4) IMO<3) Y 510
IF (CF1 (L) .LT.l.OE-7) ««ITE <6tl4) I>JD<4) Y 520

6 J=l Y 530
00 9 K=L3tLE Y 540
IF «.EG.L3) 60 TO 7 , Y 550
RVLC(NOFEtL)=RVLC(>JOFEtL)+UD(K) Y 560

7 AK=K Y 570
CALL QrfTAB(NOFEtLtAKtF2tJtIV) Y 580
F2N=F2*UO«)*CFKL) Y 590
IF K.EQ.L3) GO TO fl Y 600
FL6(NOFEtL)sFLD(NO-E.L)+(F2N*F20)»PTI*E*30. Y 610

9 CONTINUE Y 620
F20=F2N Y 630
IF (NOPT.^E.l) 60 TO 9 Y 640
MOUT*K/NOELS Y 650
MOUT=MDUT»NOELS Y 660
TOUT*< <K-M3UT)»PTmr)/60. Y 670
IHR=TOUT Y 680
TMN*AMOO(TOUT«1.)*SO. Y 690
rfRITE (6tl5) IHR.mNfUO«)fF2fINKJ) Y 700
J=2 Y 710

9 CONTINUE Y 720
00 10 K*LJtL9 Y 730

10 RV8(MOFEfL)=RV8(MO-EtL)*'JO(K) Y 740
RV6(MOFEfL)sRVB(NO-EfL)/I2CF5P Y 750
3VLC(NOFEtL)=KVLC(MOFEtL)/I2CFSP   Y 760

11 CONTINUE Y 770
MOFE*NOFE*1 Y 780

CHECK FOR *ORE STORES IN SET OF EVENTS Y 790
IF (NFI1.GT.O) 60 TO 3 Y 800
SOFE*NOFT Y 810
11=14 Y 820
RETURN . Y 830

	Y 340
12 FORMAT (1H1/1H t ?6-«STO*M-RUNDFF EVENT NUMBER »l3f7N DATEDt I3» 1H/, Y 850
H2tlH/tI2/l4Xt46HTME FOLLOWIM6 04TA ARE USED IN COMPUTING LOADS/15 Y 860
2Xt46H< MEASURED CONCENTRATIONS ARE MARKED WITH AN *» Y 370

13 FORMAT (lHO«7Xt2A3t*X**HTIMEt9X«9HOlSCHARGE«4Xtl3HCOW:ENTRATION) Y 880
14 FORMAT (IN t 19Xt4H (HR) t 1 1 X t5M (CFS) t5X t 3H(MIt A3» 12HGRAMS/LITER) ) Y 890
15 FORMAT UbX,I2«lH:tF3.0t2(8XtF8.2)tAl) Y 900

ENO Y 910-
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SJ9ROUTINE 3*TA9(KfL» F'lfF2f Jf IV)

SUBROUTINE QWTAB<KfL«Fl.F2fJ»IV) Z 10
THIS SURROUTIME PERFORMS LINEAR IMTERPOLATION Z 20 

COMMON /Q*D/ C0(60t4»24).TIME(60t4,24)»N*QM<60,4)tRVLC(6n,4) Z 30
IF (Fl.LT,TIME(K,Lfl)) GO TO 3 Z 40
IF (Fl.GE.TIME(K,LtlV)) 30 T3 4 Z 50
DO 1 I=2»24 Z f>0
IF (Fl,GT.TIME(K«Lf I» «0 TO 1 Z 70
IF (Fl.EQ.TIME(K.LfT)) J=l Z BO
GO TD ? Z 90

1 CONTINUE Z 100
1=2* Z 110

2 F2=CD«fLtI-l)*(CO(K,L,I)-CO(K,L,I-l) )/(TIME <K,L»I)-TIME <K,L, I-l)) Z 120
l»CFl-TIME«fLf I-l) ) Z 130
RETURN Z 140

3 F2=CO«,Ltl) Z 150
J=2 Z 160
RETURN ' Z 170

4 F2=CO«tL»IV) Z 180
RETURN Z 190
END Z 200

130



FUNCTION IT*AN(X)

FUNCTION ITRAN(X) AA 10
THIS FUNCTION NUMBERS LATERAL AMD JPSTREAM INFLOW AA 20
SEGMENTS TD CORRESPOND TO THE ISEG'S AA 30

REAL ISE6 AA 40
COMMON /Cl/ NSEfi«ISES(99),JU 3 (99*3).JLAT(99f4)fITYPE(99),EFF<51) AA 50
1=1 AA 60

1 IF (X-ISEG(D) 3.2.3 AA 70
2 ITRANsI AA 80

RETURN AA 90
3 1=1*1 AA 100

IF (I-NSEG) 1.1»* AA 110
4 ITRANsO AA 120

RETURN AA 130
END AA 140
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SUBROUTINE ID(JP1,I?2»N*Q,J)

SUBROUTINE IO(IP1»I02»NWQ»J) AB 10
COMMON /ST3/ IPL(130),<1(60),K2(SO)»<OUT(180),IPA(4),IPB(4),NOPT AB 20
DO 2 L=1»N«Q AB 30
IF (IPA(L).NE.IPl) GO TO 1 AB 40
IF (IP:ML).NE.IP2) GO TO 1 A3 50
J=L AB 60
GO TO 3 AB 70

1 IF (L.LT.NWO) 60 TD 2 AB BO
URITE (6*4) IP1»IP2 AB 90
STOP AB 100

2 CONTINUE AB 110
3 CONTINUE AB 120

RETURN A3 130
A3 140

4 FORMAT (1H ,26HERR3R IN SPECIFICATION OF *4BHALPHANUMERIC LABEL FO AB 150
1R rfATER-QUALITY CONSTITUENT,2Xt2A4) AB 160

END AB 170-
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SUBROUTINE HEAD*

SUBROUTINE HEAD* ' AC 10
REAL ISEG AC 20
INTESE3 HEAni(120)fHEA02(60t?)fHFAC>3(60).B:)<3)fEO<3) AC 30
COMMON /Cl/ MSEG«ISE3<99),JU a <99f3)fJLAT<99t4),ITYP£<99) f EFF<51) AC 40
COMMON /F3/ IFlLEtlFlLEDflFIlEQfJUECDStlRECDfl^ECOtNSTRMSflMODE AC 50
COMMON /F5/ HEADl«-IEAD2f-ltAD3 AC 60
COMMON /Zl/ IUDtILDADtI2CFSP«QWmtAIMPtOAEtDT«DTStNi)TS AC 70
READ (IFILEM) HEA31 fHEA02fHEAD3 AC 80
8D(3)=-»EA01 (?0)/10000 AC 90
BD(1)=(HEAD1(20)/100)-(BO(3)*100) AC 100
3D(2)=-IEAD1 (?0)-(BD(3)»10000)-OD(1)»100) AC 110
EO(3)=HEA01(21)/10000 AC 120
EB(l)=(HEADl(21)/100)-(ED(3)»100) AC 130
EO(2)=-»EAD1(?1)-(ED(3)»10000)-(E3(1)»100) AC 140
KsHEAOKIS) AC 150
KK=HEAD1(17) AC 160
WRITE (6ft) (nEAOl(I),1=1,19),(90(1),1=1,3),<ED(I),1=1,3) AC 170
N=K+21 AC 180
WRITE (6,5) (HEA01(J),J=22,N) AC 190
WRITE (6,6) AC 200
00 1 1*1.KK AC 210
8D(3)=-IEA03(I)/10000 AC 220
BD(1)=(HEAD3(I)/100)-(30(3)*100) AC 230
8D(2)sHEAD3<I)-(BD(3)*10000)-<SD<l)*100) AC 240

1 WRITE (6,7) I,BDfH£AD2(Ifl)fHEAD2(I.2> , AC 250
NSEG=HEAD1<18) AC 260
DTS=r»EA01 (19) AC 270
OT«OTS/60 AC 2«0
IF MEAD1(16).GT.J^ECOS) GO TO 2 AC 290
RETURN AC 300

2 WRITE (6,3) HEAOK16) AC 310
STOP AC 320

	AC 330
3 FORMAT (1H0.29HJRECOS SHOULD EQUAL 0* EXCEED.16) AC 340
4 FORMAT <iHi,44H »*»»  HEADER RECORDS FROM RUNOFF FILE *»»»*/iHo»27 AC 350
1HSTKEAMFLOW STATION NUMBER -«2A4t/tl7H STATION NAME - tl3A4t/*27H AC 360
2 NO. OF RECORDS IM FILE = t!6t/.24H MO. OF STORM EVENTS * »I3t/» AC 370
323H NUMBER OF SEGMENTS * ,I3,/,18H DT IN SECONDS = t!4,/,34H BE AC 380
4GINNIN6 DATE OF SIMULATION =  !?«1H/.I2tIH/tI2«/f30H ENDING DATE AC 390
5 OF SIMULATION « .I?»lH/«12,1H/*I2f//t13H SEGMENT ID ) AC 400

5 FORMAT (5X.A4) AC 410
6 FORMAT (!Hl,//f72H STOKM NUMBER DATE STARTING RECORD NUM AC 420
1BER NUM9EP OF VALUES ) AC 430

7 FORMAT (/,7X,I2«QX,l2f!H/,I2*lH/fI2*llXfI5 f 16Xf17) AC 440
END AC 450-
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3LOC< DATA

3LOC< DATA AD 10
INTEGER. TESTMOU«0) AD 20
COMMON /ST2/ NDFE»MF(60),NQU(4)iTESTVOfKNNfCFl<4)«IND<4) AD 30
DATA IND/H»,1H «3-lLLI »3dCRO/ AD 40
END AD SO
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SUH90UTINE P ILES

SURR3UTIME FILES -
C CREATES S 3 ACE ON THE DIRECT ACCESS FILE FOR THE 
C NUMBER OF RECORDS REQUESTED (JRECDS).

COMMON /F3/ IFILE^FILED.IFI^EQ* JREC}S,I>ECD,IREC0,NSTRMS,IMODE
IFILE=?5
IF (JRECOS.LF.50) 30 TO 2
IF URECDS.LE.100) 30 TO 3
IF (J9ECDS-500) 1»7,8 

1 IGOsJRECDS/100«-l-U-1INO<l,M3D<URECOS,100)))
SO TO (3,4,5,6*7), ISO 

C . 
? CONTINUE

DEFINE FILE ?5 (50, 480»Lt IRECD)
80 TO 28

3 CONTINUE
DEFINE FILE 25(100, 480, LtlRECD) 
GO TO 28

4 CONTINUE
DEFINE FILE 25 (200, 480, L, IRECD) 
30 TO 28

5 CONTINUE
DIFINE FILE 25 (300, 480, L» IRECD) 
GO TO 28

6 CONTINUE
DIFINE FILE 25 (400, 480, Lt IRECD) 
GO TO 28

7 CONTINUE
DEFINE FILE ?5<500, 480, L, IRECD)
80 TO 28 '

8 IGOaJ*eCDS/500-(l-mNOU«MOD(JRECDS»500))) 
IF (JRECDS.GT. 10000) 60 TO 29
GO TO (9, 10, 11, 12, 13, 14, 15, IS, 17, 18, 19, 20, 21, 22, 23, <?*, 25, 26, 27), 
160 

C
9 CONTINUE

DEFINE FILE ?5 < 1 000 .480, L. IRECD) 
60 TO ?8

10 CONTINUE
DEFINE FILE ?5 < 1500 , 480, L« IRECD) 
60 TO 28

11 CONTINUE
DEFINE FILE 25 (2000. 480, L« IRECD) 
GO TO 28

12 CONTINUE
DEFINE FILE ?5 (2500, 480, Lt IRECD) 
GO TO ?B

13 CONTINUE
DEFINE FILE 25 (3000. 480, L« IRECD) 
30 TO 28

14 CONTINUE

AE
AE
AE
AE
AE
AE
AE
AE
AE
AE
AE
AE
AE
AE
AE
AE
AE
AE
AE
AE
AE
AE
AE
AE
AE
AE
AE
AE
AE
AE
AE

I A 
AE
AE
AE
AE
AE
AE
AE
AE
AE
AE
AE
AE
AE
AE
AE
AE
AE
AE

10
20
30
40
50
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
390
400
410
420
430
440
450
460
470
480
490
500
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SU^OUTINE r lLES

DEFINE FILE ?5 <3500',480,L» I9ECD) 
30 TO ?R

15 CONTIMUE
DEFINE FILE ?5(4ftOO,480,L*mCi)) 
30 fO ?8

16 CONTIMUE
DEFINE FIL.E ?S (4500 , 480 , L« I 3ECD) 
GO TO ?S

17 CONTINUE
DEFINE FILE ?5(5000,480,L«I*ECD) 
30 TO ?8

18 CONTIMUE
DfFI.ME FILE ?5 (5500, 480, L» IRECD) 
GO TO ?R

19 CONTINUE
DEFINE FILE ?5(6000,480,L»IRECO) 
GO TO ?«

20 CONTINUE
DEFINE FILE ?5(6500,480,L»IRECO) 
GO TO 28

21 CONTINUE
DEFINE FILE ?5(7000,480,L»I^ECD) 
GO TO ?8

22 CONTINUE
DEFINE FILE ?5(7500,480»L»IRECD) 
GO TO 28

23 CONTINUE
DEFINE FILE ?b(8000,480,LtIRECD)
GO TO 2ft 

2* CONTINUE
DEFINE FILE 25<8*00,480tL»IRECO)
GO TO 28

25 CONTINUE
DEFINE FILE ?5(9000»480»L»IRECD) 
GO TO ?*

26 CONTINUE
DEFINE FILE ?b(9500,480»L«IRECD) 
GO TO 28

27 CONTINUE
DEFINE FILE ?5(10000«490,L*I^ECD)

28 CONTINUE 
RETURN

29 rtRITE (6,30) 
STOP

30 FORMAT (1HO,45H***»*ERROR U3ECDS IS GREATER THAN 10000»»»»») 
END

AE 510 
AE 520 
AE 530 
AE 540 
AE 550 
AE 560 
AE 570 
AE 580 
AE 5QO 
AE 600 
AE 610 
AE 620 
AE 630 
AE 640 
AE 650 
AE 6(SO 
AE 670 
AE 680 
AE 690 
AE 700 
AE 710 
AE 720 
AE 730 
AE 740 
AE 750 
AE 760 
AE 770 
AE 780 
AE 790 
AE BOO 
AE 810 
AE 820 
AE 830 
AE 940 
AE 850 
AE 860 
AE 370 
AE 880 
AE 890 
AE 900 
AE 910 
AE 920 
AE 930 
AE 940 
AE 950 
AE 960 
AE 970«
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SU-130UTINE tr ILE?7

SUBROUTINE FILEP7
CREATES S^ACE ON THE DIRECT ACCESS FILE FOR THE
NUMBER OF OECORDS REQUESTED (JRECQ*).

COMMON /F2/ IYR»IM3,IDY»NIOY5»ICl«60) , UCONC,ULOAD»URECQ* 
COMMON /F3/ IFlLE«lFlLEDtIFlLEQ»UREC:)S,IRECD,IRECQ,NSTRMS,IMODE 
IFILEQ=27
IF (JRECQw.LE.50) 30 TO * 
IF (JRECQW.LF.100) SO TO 3 
IF (URECQ4-500) 1«7,8

1 IGO=URECQW/100+1-(1-MINO(1,MOD(URECQW,100) ) ) 
GO TO <3»4,5,6»7), ISO

2 CONTINUE
DEFINE FILE ?7(50»4RO»L»I*ECD) 
30 TO 18

3 CONTINUE
DEFINE FILE ?7 (100, 480»Lt HECD) 
GO TO 1«

4 CONTINUE
DEFINE FILE 77(200,480,L,IRECD) 
30 TO 18

5 CONTINUE
DEFINE FILE 27(300,480»LtIRECD) 
GO TO 18

6 CONTINUE
DEFINE FILE 27(400,430,LfI*ECD) 
SO TO 1*

7 CONTINUE
DEFINE FILE ?7(500,480,L.IRECD)
GO TO Ifc 

S I60=JRECQ^/500-(1-^INO(1»MOD(JRECQW«500)))
IF (JRECQW.6T.5000) 30 TO 19
GO TO (9tlO f ll*l2»13»l4tl5«15»17). ISO

9 CONTINUE
DEFINE FILE ?7(1000.480tL«IRECO> 
GO TO 18

10 CONTINUE
DEFINE FILE ?7(1500,480fL»IRECD) 
GO TO 18

11 CONTINUE
DEFINE FILE ?7(2000,480fL.I«ECD) 
GO TO 18

12 CONTINUE
DEFINE FILE ?7(2500,480,LtIPECO) 
GO TO 18

13 CONTINUE
DEFINE FILE ?7(3000.480,L*IRECD) 
30 TD 1ft

14 CONTINUE

10
20
30
40
50
60
70
80

AF 
AF 
AF 
AF 
AF 
AF 
AF 
AF 
AF 90 
AF 100 
AF 110 
AF 120 
AF 130 
AF 140 
AF 150 
AF 160 
AF 170 
AF 180 
AF 190 
AF 200 
AF 210 
AF 220 
AF 230 
AF 240 
AF 250 
AF 260 
AF 270 
AF 280 
AF 290 
AF 300 
AF 310 
AF 320 
AF 330 
AF 340 
AF 350 
AF 360 
AF 370 
AF 390 
AF 390 
AF 400 
AF 410 
AF 420 
AF 430 
AF 440 
AF 450 
AF 460 
AF 470 
AF 480 
AF 490 
AF 500
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	 B'ILE?7

OCFIME FILE ?7(3500,480,L«I*ECD). AF 510
30 T3 18 AF 5?0

15 CONTINUE AF 530
DEFINE FILE ?7(4000,480»L»IRECD) AF 540
GO TO 18 AF 550

16 CONTINUE AF 560
DfFI^E FILE ?7<4500,480,L»IRECD) AF 570
SO T3 18 AF 590

17 CONTINUE AF 590
DEFIME FILE 27(5000,480,L»I^ECO) AF 600

18 CONTINUE AF 610
RETURN AF 630

19 WRITE (6*30) AF 630
STOP AF 640

	AF 650
20 FORMAT (1HO,45H***»»ERRO» URECQ* IS GREATER THAN 5000*»**») AF 660

END AF 670
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PLT<Q,R»ICNT»IEND»YIAX,II,J,J<)

SUBROUTINE PLT(Q«R»ICNT»IEND,YMAX,I1,J,J<) A3 10
THIS SUBROUTINE SETS UP ^OR Ll>*E PRINTER PLOTTING A3 20

INTEGER TEST^O(IBO) A3 30
COMMON /ST2/ NOFE»MF(60)   N'JUU) » TESTMO, K WtCFl (4) »IND(4) AS 40
COMMON /ST3/ IPLU30) »*1 (*0) »K2(60) ,<OUT(190) ,IPA<4) ,IPB(4) ,NOPT AG 50
LOGICAL *1IMAGE(S?00) AG 60
DIMENSION 3(!CNT)« RUCNT) AG 70
GO TO (1»3«4), IEN} . A3 10

1 IX=Q(1) . A3 90
IY=Q(ICNT) * AG 100
XMINslX AG 110
XMAX=IY*1 AG 120
IF (JK.E3.3) XMAX=1.0 AG 130
Dlv/=10. AG 140
IF (YMAX.LT.IO.) DlV=0.1 AG 150
IF (YMAX.LT.0.1) DlV=0.6l AG 160
IF (YMAX.LT.0.01) Dl\/s0.001 AG 170
AJ=YMAX/OIV AG 1«0
IAJ=AJ AG 190
YMAX=(IAJ*1.)*OIV A3 200
IF (JK.E3.4) XMIM^O.O AG 210
IF (JK.EQ.4) XMAX&YMAX AG 220
WRITE (6»7) AG 230
IF (JK.E^.4) GO TO ? AG 240
WRITE (6.S) II AG 250

2 IF (J.3T.O) WRITE (6«6) I«»A ( J) , I=>9 (J) AG 260
CALL PLOT2(IMAGE«X*AX,XMIN»Y^AX»0.0«S) AG 270
CALL PLOT3(1HC«Q«R»ICNT) AG 2RO
RETURN ' AG 290

3 CALL PLOT3(1HO*Q«R«ICNT) AG 300
RETURN AG 310

4 CONTINJE AG 320
IF (JK.EQ.4) CALL =»LOT4Ul,llHSm. LDADS ) AG 330
IF UK.EQ.2.ANO.CFKJ).GT.1.OE-6) CALL PLOT4(12t12HCON. IN MG/L) AG 340
IF (JK.EQ.2.ANO.CFl(J).LT.1.0E-6) CALL PLOT4(12.12HCON. IN UG/L) AG 350
IF (JK.E3.3) CALL =>LOT4 (11   11HCHAR. CU^VE) AG 360
RETURN AG 370

	AG 390
5 FO«M*T (33X,12HSTO^M NUW9ERtI3) AS 390
* FORMAT (H »32X,2A3) A3 400
7 FORMAT <1H1) AG 410

END AG 420-
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SUBROUTINE PRPLOT - AH 10 
IMPLICIT LOGICAL*!<W)»LOSICAL*1«> AH 20

LOGICAL *lNOS(10)/»nt, !» '?'«'3»»»4t,i5r,ifci,171,i«i,i9i/ AH 40
LOGICAL MIMAGEd ) «CH,LA3EL(1) »E3*1.£RR3»E3R5 AH 50
LOGICAL »1\/C«HC«P'0^1 (19) ,PO»?( 15) «F0^3( 19) ,NC«BL«HF«HF1 AH 60
REAL »SFOX1(3)«FOX?(2)fFOX3(3) AH 70
INTEGER »2VC3 AH BO 
EQUIVALENCE (FOR1(1)tFOX1(1))t (FQR2(1),FOX2(1))« (FDR3(1),FOX3(1) AH 90
)« (VCfVCrt)   AH 100
INTEGER FILE AH 110
DATA HC/»-«/,.>JC/» + '/«8L/'  /.HF/»F»/.HF]/  .   / AH 120
DATA F3X1X*(lXAl«F9tt*.2« 121««»A1) «/ AH 130
DATA FOX2/«(1XA1« 9»*«X1?1A1) «/ AH 140
DATA FOX3/M1HOF .««  » F «««. )  / AH 150
DATA VCR/Z4FOO/ AH 160
DATA KPLOT1X.FALSE./«K»LOT?X.FALSE./ AH 170
DATA KABSCfKOHD«KBDT8L/3».FA-SE.X AH 1BO

	AH 190
ENTRY PLOT1(NSCALE»NHL«NS8H«MVL«NS9V) AH 200
IFL=FILE AH 210
ERR1=.PALSE. AH 220
ERR3=.FALSE. AH 230
ERR5=.FALSE. AH 240 
KPLOT1*.TRUE. AH 250

AH 260 
AH 270 
AH 2*0 
AH 290 
AH 300

NSCL=NSCALE(1) AH 310 
IF (NH»NSH»NV»NSV.NE.O) 30 TD 1 AH 320 
KPLOTs.FALSE. AH 330 
ERRls.TRUE. AH 340
RETURN AH 350 

i <PLOT=.TRUE. AH 36o
IF (NV.LE.25) GO TD 2 AH 370 
KPLOT=.FALSE. AH 3«0 
ERR3=.TPUE. AH 390 
RETURN AH 400 

? CONTINUE AH 410 
tyVM=NV-l AH 420 
NVP=NV*1 AH 430 
NOH=NH*NSH AH 440 
NOHPsN3H+l ' AH 450

AH 460 
AH 470 
AH 480 

IF (MDV.Lt.l?0) GO TO 3 AH 490
<PLOT=.FALSF. AH 500
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GO TO
23

24

25 CONTINUE
IF (DUMl.LT.n..OR.3uM2.LT.O.) GO TO ?<> 
IF IOU*1 .SE.NDVP.O^.DU^.GE. ̂ DHP) 30 TO

26 CONTINUE 
RETURM

ENTRY *LOT<MNL«LAB-U 
ENTRY P-PLOT4(NL»LA3FL)
IF <.NOT.K=>|_OT) PFTtjRN
IF (.MOT.K3LOT2) GD TO 17
00 29 I=1«MDHP
IF (I.EQ.NDHP.ANO.<BOT3L) SO TO 28

IF (I.LE.NL) WLsLA3rL(I)

I1«I2-MDV
IF <M03(I-1»NSH).E3.0.ANO..NDT.KORO) GO TO 27 
URITP <IFL»FDR2) W:j, < IMAGE (J) »J=I1 » 12) 
GO TO 28 

27 CONTINUE
ORONOs(YMX-FLOAT(I-l)»OH)*FSY

*RITE (IFLfFORl) W.,ORDNO»(HAGE(J)»J=I1»12) 
29 CONTINUE

IF «A3SC) GO TO 2-i
rfRITE (IFL»FOR3) (ABNOS(J)»J=l 

29 RETURN

ENTRY OMIT(LSrt)

.GF.?

RETURN

30 FORMAT (T5»»«;oMe PLOTI ARG. ILLEGALLY OM
31 FORMAT (Tb.'MO. OF VERTICAL LINES >25M 
3? FORMAT (T5»«*IDTH DF GRA^H >121M
33 FORMAT (Tbf'^LOT? »1JST 8£ CA.LED 1 )
34 FORMAT <Tb« 

EN")

AH1510 
AH1520 
AH1530 
AH1540 
AH1550 
AH1560 
AH1570 
AH1580

AH1600 
AH1610 
AH1620 
AH1630 
AH1640 
AH1650 
AH1660 
AH1670 
AH1680 
AH1690 
AH1700 
AH1710 
AH1720 
AH1730 
AH1740 
AH1750 
AH1760 
AH1770 
AH1780 
AH1790 
AH1800 
AH1810 
AH1320 
AH1930 
AH1340 
AH1850 
AH1960 
AH1870 
AH1880 
AH1990 
AH1900 
AH1910 
AH1920 
AH1930 
AH1940 
AH1950 
AH1960 
AH1970 
AH1980 
AH1990 
AH2000-
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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 
solids 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 DR^M manual 
(Alley and Smith, 1982).
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