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ABSTRACT

The present study deals with the development of two short-time-
interval simuiation models: the first is a continuous simulation of
the storm water runoff quantity, the second is a single event runoff
quality simulation. Both models are extensions of the IT1inois Yrban
Drainage Area Simulator, ILLUDAS, developed by the I1linois State
Water Survey. Both models were verified on the Upper Ross-Ade Watershed
in West Lafayette, Indiana.

A study of the sensitivity of the response of ILLUDAS to changes
in the input parameters showed that the antécedent moisture condition
is about equally as sensitive as the proper selection of the soil group.
It was c0ﬂc]uded'that a time increment equal to the average inlet time
of 5 minutes was the Targest one giving acceptable hydrograph results
for the watershed under study.

The ILLUDAS model, originally developed for the estimation of the
runoff due to single rainfall events, was extended to allow for a con-
tinuous simulation of the urban runoff. This was done by addfng the
subroutine DRYAMC which calculates the total rainfall during the five
days preceding the storm to determine the antecedent moisture condition
at the beginning of each storm.

The single event rainfall-runoff model ILLUBAS was coupled with a
modified version of the runoff quality modei included in the program

STORM, (Storage, Treatment, Overflow Runoff Model) developed by the
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Hydrologic Engineering Center of the U.S. Corps of Engingers. ip this
fashion an integrated runoff quantity and equality model DRAINQUAL is
obtained with the capability of simuiating the pollutograph at a

5 minute time interval. The subroutine DIRT of the model STORM was
modified to accommodate the b-minute time step. Comparison with field
measurements show that the model predicts the BOD and suspended solids
pollutographs fairly well. AL present the model DRAINQUAL is for
single storm water quality simulation. It could be modified for con~
tinuous simulation by combining the quality subroutine with the contin-
uous version of ILLUDAS and adding a subroutine simulating the pollutant

accumulation on the watershed between rainfall events.
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CHAPTER 1
INTRODUCTION. AND OBJECTIVES

1.1 Introduction

The design of urban storm drainage systems has been basad largely
on experience and on empirical relations such as the Rational FormuTé.
This empirical approach is gradually being replaced by simulation models
many of which make use of the computer. Tholin and Keifer (1960) de-
veloped the Chicago hydrograph method. It describes the overland flow,
gutter routing, and lateral and main sewer routing to the basin outlet.
It is a well validated method and takes into account the detailed phy-
sical phenomena of the entire urban rungff process. A version of this
‘method which uses a time offset routing procedure was programmed for
computer usage by Keifer et al (1970). Among the many other "desk top"
methods we shall ﬁent?on those developed by Fagleson {1962) and by
Kaltenbach (1963). The Kaltenbach method is based on the total peak
flow at the &ownstream point which is obtained by summing the routed in-
let hydrograph ordinates. Fagleson proposed a unit hydrograph method.
The characteristics of the hydrograph being correlated to the properties
of the sewer system and drainage basin, it is possible to construct a
synthetic unit hydrograph for ungaged basins. Both methods have been
summarized by Jens and McPherson (1964}. The instantaneous unit hydro-

- graph model developed at Purdue University (Rao, et al, 1972) makes use

of the single Tinear reservoir or the cascade of equal linear reservoirs,
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the parameters of which are correlated to the watershed characteristics
(area and imperviousness) and to storm characteristics {volume of rain-
fall excess and duration). Extensive reviews of the progress in urban
hydrologic modeling in the United States have been prepared by
McPherson (1975, 1979%a) and by Delleur and Dendrou (1979). Worldwide
summaries of recent development in urban catchment research were pre-
pared by McPherson and Zuidema {1977), and by McPherson (1979b).

Many of the recently developed methods require field data for
calibration. Among these is the British Road Research Laboratory (RRL)
model (Watkins, 1962), which estimates the urban.runaff by considering
only the impervious éreas of the watershed directly connected to the
storm drainage system {Terstriep and Stall, 1969). The I1linois Urban
Drainage Area Simulators (ILLUDAS) developed by ihe ITlinois State
Water Survey {Terstriep and Stall, 1974) presents a design procedure
for the hydrologic design of storm drainage system in urban areas which
is an extension of the RRL method which includes the consideration of
the pervious areas.

The ILLUDAS model is continuously being improved. In December
1978 the flow routing algorithms were expanded. This new version gives
the user the choice of three routing options: a time shift of the
entire hydrograph or a storage routing using an ekp}icit oy an implicit
solution of the continuity equation. The water quality algorithms of
SHMM are currently being adapted in a version known as QUAL-ILLUDAS
{Terstriep et al., 1978; Terstriep 1979).

Various modifications of the ILLUDAS model have been repo%ted in
several countries. For example, an interactive mini-computer version

of ILLUDAS has been developed by Patry et al. {1979) and has been

tested in Canada.
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Beyond these there is a group of computer'based simuiation models
which are morercomp1ex. Among these are the University of Cincinnati
Urban Runoff Model (UCUR); the Storage, Treatment, Overflow, Runoff Model
(STORM) of the Hydrologic Engineering Center of the Corps of Engineers;
the Storm Water Management Model (SWMM) of EPA; the Hydrocomp Simulation
Program Model (HYDROCOMP) ; the SOGREAH Model; the DORSCH Model; the
Battell-Northwest Model; the Massachausette Institute of Technology Model
(MIT); and others. Some of these include water quality parameters and/or
continuous simulation. Tables 1.1 and 1.2 (Lager, 1977) show a compari-

son of the models capabilities and performances.

1.2 Objectives

The present study is a part of a broad multi-disciplinary project
.on the development of methodologies and techniques in the comprehensive
planning of the urban water resources of medium size communities (Delleur
et al, 1976, 1979). The hydrology phase of this project includes the
testing and improvement of urban drainage models. Sautier and Delleyr
(1978).reported on the sensitivity analysis of the runoff estimation of
the model STORM. Padmanabhan and Detleur (1978) did an extensive statis-
tical analysis of synthetic time series of runoff, suspended solids and
BGD generated by the program STORM using 21 years of nourly rainfall data.
The present report is concerned with the sensitivity analysis of the pro-
gram ILLUDAS and with an extension of this program as a continuous simu-

lation model adding also the capability of obtaining a short time interval

simulation of the runoff quality.
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The specific objectives of the study are the following:

(1) To develop or extend deterministic urban vunoff models using as input
the recorded field data such as physical characteristics of the
watershed and meteorclogical characteristics such as the rainfall
duration and intensity, the duration of the antecedent dry period.

{2) To investigate the sensitivity of the runoff simulated by the ILLUDAS
model due to changes in

i) the antecedent moisture condition
{i) the hydrologic soil group
iii) the time increment

(3) To study the possibility of adding a continuous simu?ation'capabii?ty
to the ILLUDAS model and to evaluate its performance.

(4) To develop an integrated rainf311~runoff«qua¥ity model by relating
the water quality loading to the known storm and physiographic char-

acteristics and to analyze the performance of the model.

The results of the present study are organized as follows. The
data preparation and general description of the watershed are presented
in Chapter 2. A brief review of the ILLUDAS model and a study of its
Timitations are discussed in Chapter 3. This chapter also deals with
the sensitivity analysis. The modifications of the model for con-
tinuous simulation is discussed in Chapter 4. The results from several
storms which are analyzed by using the above procedure are also inciuded
in Chapter 4. Chapter 5 is concerned with the development of an inte-
grated rainfall-runoff-quality model. Numerical results of the model

are also presented in Chapter 5. Conclusions are given in Chapter 6.



CHAPTER 2
DATA USED FOR ANALYSIS

2.1 Input Data Preparation

The hydrologic data of the Upper Ross-Ade watershed were used for
the study of the ILLUDAS model. A Columbus-type deep~notch weir with a
6 foot crest length provided accurate flow measurement at the gaging
site. Rainfallwas collected at the weir site by a 16 inch diameter
recefver lTocated 8 feet above the ground. The rainfall and runoff data
were recorded continuously ona 20 inch chart and digitized at one
minute intervals for the years 1970 and 1974. The data for the year
1970 were used for the calibration of the model and those for 1974 wepe
used for the verification of the model. The storms of June 21, July 19,
September 11, and October 23, 1974 were used for comparison of the
observed and computed outputs,

The quality data used in this study were collected in the Upper
Ross-Ade watershed by McETroy and Bell (1974). The sampling equipment,
installation and operation were described in detai] by them. They dis-
Cussed also the type of samples, sampling interval, samp]e.vo1ume, sam-
ple duration, sampling program and laboratory analyses selection. A 30
minute sampling interval was then chosen considering all the factors.
The sampling interval significantly affects the shape of the pollutograph
ptots. Nevertheless, samptes were collected from the Upper Ross-Ade
watershed during the period October 1972 through May 1975 at an interval

of 30 minutes. The dates of these storms, along with a listing of the
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laboratory analyses performed on them, can be found in the report by
McElroy et al (1976). The pollutographs of June 21, July 19, and Octo-

ber 23, 1974 are selected for comparison with the computed results.

2.2 General Description of the Watershed

The Upper Ross-Ade watershed consists of 29 acres and is residentiél
and relatively uniform in character. O0f the 29.acres, 11 (or about 38
percent) are impervious. The basin has a definite valley-type configura-
tion. Woodland Avenue which runs down the centef of the valiey has a slope
of 1 to 3 percent, but some of the side streets are steeper. VYard sltopes
vary from nearly flat in the upper part of the basin to about 25 percent
near the center of the basin (Figure 2.1).

" Soils in the watershed vary from Crosby silt ltoam of hydrologic
group C in the flood plain to Miami silt Toam of hydrolegic group B on
the steeper portions of the watershed and Eel silt Toam of hydrologic
group € on the uplands. Almost half the roof_drains have underground
connections.

A set of detailed drainage system plans and profile drawings of the
Upper Ross-Ade watershed was obtained from the City Engineer Office, West
Lafayette, Indiana. Those drawings along with maps and aerial photos were
used in this study. A schematic representation is shown in Figure 2.2.
The length, slope, and diameter of each pipe segment are Tisted in

Table 2.1,
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TaBLE 2.1 PHvysicaL CHARACTERISTICS oF Pipe SaemsNrs
IN THE UpPEr Ross-ADE WATERSHED

Branch Reach L?;EEh Sggge ?éigﬁggﬁ
1 0 240 3.4 18
1 1 260 3.4 21
2 0 250 4.8 15
2 1 280 4.0 18
1 2 240 2.0 30
1 3 536 2.8 36
1 4 860 1.5 36







CHAPTER 3
SENSITIVITY ANALYSIS OF THE TLLUDAS MODEL

3.1

fhe overall cbjective of urban runotf nodeting is to aid in the

decision making sssociated with the planning, design or operation of
urban drainage systems. To achieve this broad objective three types of
models are ytilized describing the dyramics of the runofiy, of the poilu-
tion washoff and of the flow n the sewer system with increasing details
theze are the planning, the desion and the aperation modeis,

ine JLLUDAS mode? fails in the design model category along with
marny other urban runctf modeis, e, a0, SWMM, SOGREAM, DORSCH. The ILLUDAS

model was developed for the simulation of urben runctf from single storm

events. It accounts for the details of the TTow routing from the point

<

torainfall through the whole basin o the receiving waters. It calcy-

fates the runoffs from both grassed and paved areas.  In the evaluation
mode 1t is capabie of accurately predicting the runotf at any point of
the conveyance system.  Ia the design mode it caleulates the required
channel op sewer-pipe sizes given the focation, slopes, desired retep-
tion capecity, eto.  TLLUDAS 4s a validated model which provides a use-
ful technicue for the hydralogic evaluation of an existing urban

or the design of new yrban drainage Systems,

drainage system as well as

In the design mode szvers! configurations of the sewer network and
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several locations and sizes of detention basins may be evaluated. In
this manner ILLUDAS provides substantial assistance in the economic
analysis of urban drainage systems.

ILLUDAS requires that the actual physical area be subdivided into
subbasins served by identified sewer branches and reaches. The data
needed include the rainfall pattern and amount, the antecedent moisture
condition, the hydrolegic soil group, and the paved and grassed area
acreages (or the percentage of total area). In the evaluation mode,
the pipe, culvert or open ditch dimensions, their lengths, slopes,
Manning's n's, etc., are also needed. If the detention option is
desired, the storage capacity may be specified at any point in the
basin. As an additional option one may limit the flow through a given
reach by specifying a small pipe size of a maximum discharge, and
TLLUDAS will calculate the volume of detention stdraga accumuiated.
Maps, aeria} photos and drainage systems drawings of the.basiﬂ are
needed to extract the branch, reach, and subbasin infermation. Even
so, data requirements are considered moderate compared to scme other
models. |

Contrary to the design models, the planning models are used for an
overall estimation of the effectiveness and costs of the urban drainage
systems. They generally utilize large time intervals and simulate for
a long period of time. The model STORM is a good exampie of such a
model. Planning medels are capable of processing fong periods of data.
Design models instead reflect the dynamics of a system and emphasize
the comprehensive analysis of singular events. These two models can be
utilized in a complementary way, as will be shown in a subsequent

chapter.
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3.2 Limitations

As discussed earlier, the ILLUDAS mode] provides va?dab?e informa-
tien on the urban runoff quantity. It is weT?—documeﬁted and widely
tested, However; there are two major Timitations:

{a) There is no provision for continuous simulation;

(b) There is no runoff quality calculation, routing, and reaction.

A substantial portion of this report s concerned with the elimin-
ation of these two limitations. Chapter 4 of this report discusses the
program modifications to accommodate a continuous simuTation. The
addition of a runoff quality model is discussed in Chapter 5. Before
proceeding with these model extensions, the sensitivity analysis of

the ILLUDAS model is studied in the following section,

3.3 Sensitivity Analysis of the ILLUDAS Mode]

The TLLUDAS model can be used as a design or as an evaluation
model. In either mode, input data are reguired describing the storm
event and the hydrologic characteristics of the basin. A sensitivity
analysis is needed in order to gain a better insight inte a system's
behavior and into the effect of errors in certain input parameters on
the model response. The conclusions are qualitatively general but the
quantitative results of this study should not be transferred to other
basins because of their uniqueness.

A series of computer runs using the design mode was made for the
Upper Ross-Ade Watershed, West Lafayette, Indiana, for four return
periods and 16 combinations of nydrolegic soil groups and antecedent

moisture conditions (AMC).
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Four hydrologic soil groups were described by the U.S5. Soil

Conservation Service as follows:

A.

These soils have a high infiltration rate. They are chiefly
deep, well-drained sands and gravels (low runoff potential).
These soils have a moderate infiitration rate when thoroughly
wet. They are chiefly moderately deep, well-drainaged soils
of moderately bourse texture.

These soils have a slow infiltration rate when wet. They are
soils with a layer that impedes downward movement of water and
soils of moderately fine to fine texture.

These soils have a very slow infiltration rate. They are
chiefly clay soils with a high swelling potential, soils with
a permanent high water table, soils with a clay pan at or near
the surface, and shallow soils over nearly impervious material

(high vrunoff potential).

Fach antecedent moisture condition is based on the total rainfall

that occurred during the five days preceding the storm. The values in

the following table were used in this study.

TLLUDAS Total Rainfall During

Description 5 Days Preceding Storm
Number Linches ]
1 Bone dry ]
2 Rather dry 0 to 0.5
3 Rather wet 0.5 to 1.0
4 Saturated over 1
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The basic data of four design storms, taken from Yarnell (1935)

for West Lafayetie, Indiagna, are summerized as follows :

Return Perigd Total Rainfall Duration
~lyears]  Tinches] Lminutes]
z 1,10 30
A 4G 30
10 1.60 a0
25 1.85 30

The values of the parameters yced in the sensitivity analysic are
Tisted in Tabie 3.1, The branches and reaches chavacteristics can be
found in Table 2.1,

3.3.1 Effect of the Antecedent Moisture Condition

In order to use the standard infiltration curves in ILLUDAS, it is
hecessary to evaluate the AMC. The sensitivity of the peak flows and
of the pipe size (diameter) to changes in the AMC is described in the
following two sections.

3.3.1.1 Effect of the Antecedent Moistyre Condition on Peak Flow
and Runoff Volume

Figure 3.1 shows the ﬁengitiQéﬁy of the peak flows to changes in
the AMC for four different return periods and for the four s011 groups.

The graphs are piotted in terms of the percent of peak flows fop
AMC 4, for the four soil groups of A, B, C and D, and for return
periods of 2, 5, 10 and 25 years. In general, the actua? beak flows
corresponding to 100 percent are hot the same. Ffven so, the figures
still show the sensitivity tendency.

‘The piots indicate that the sensitivity to changes in AMC

decreases as the hydrotogic soid group changes from A to . Also, the
sensitivity to a unit change in AMC decreases as the return period

changes from 2 to 25 Years for any given hydrologic soi] group.
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TarpLe 3.1 Varues USED FOR THE SENSITIVITY ANALYSIS
oF THE TLLUDAS MopeL

Condition

Description of the Variable ii?:iiflg;ggfg% {ilif Units
Mew Design DESIN ?1§ii;;? ]
Basin Area AREA 29.1
Paved Area Abstraction ABSTRT 0.10 inches
Grassed Area Abstraction DEPG g.20 inches
Soil Group ISOIL 1,2,3.4 -
Minimum Diameter DIMIN 18.0 inches
Manning's n RUFEN (.013 -
1,2,3,4,5,6,
Time Increment DELT 7,10,15,20, | minutes
30
Standard Rainfall HUEE Positive .
Distribution Integer
Duration DURA 30.0 minutes
Return Period FREQ Z,5,10,25 years
Total Rain TRAIN i:ég: 'ge’ | inches
Antecedent Moisture AMC 1,2,3,4 _
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Table 3.2 summarizes the sensitivity of peak fiows to AMC. It is
obvious from Fig. 3.1 and Table 3.2 that an AMC change from 2 to 3 is
critical in the basin studied as far as the peak flows aré concerned-
Figure 3.2 shows the sensifivity of the hydrograph to changes in
the AMC for the combinations ¢f the return period of 5 and 10 year§
and of soil groups A and D. The time to peak does not change for each
combination but the peak runoff and runoff volume increases as the AMC
changes from 1 to 4. The percentage increase in peak flow and in

runoff volume are Iisted in Table 3.3.

TABLE 3.2 SENSITIVITY OF THE Peak FLows To THE AMC

. .t Range of Percent Change AMC which has
Ret%§265§§1od of Peak Fiow per Maximum Percent
Unit AMC Increment Change
2 G-38 2-3
5 2-35 2-3
10 2~37 2-3
25 £-20 2-3

3.3.1.2 Effect of the Antecedent Moisture Condition on Pipe Size

When ILLUDAS is used in the design mode, the pipe size is the vari-
able of interest. It is expected that the pipe sizes are less sensi-
tive than the peak flows to changes in AMC or in hydrologic soil group
because each 3-inch size increment can accommodate a range of dis-
charges. The downstream end reach 1-4 was investigated for four return
periods and the four soil groups. Figure 3.3 shows the sensitivity of
the pipe sizes to changes in the AMC. The results are summarized in

Table 3.4.
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TABLE 3.3 THE Prreent INCREASE 0F THE PEAK FLow AND
OF RUNOFF YoLuME WiTH RESPECT To AMC 1
Peak Flow [%] | Runoff Volume [%]
Return .
Period éigj AMC
{years] P
1 G 0
2 9.8 1.8
5 A 3 78,3 124 .0
4 117.8 234.0
1 0 0
2 16.9 9.6
> D 3 26 .4 80.9
4 38,2 6.2
1 0 0
2 4.9 51.6
10 A 3 09 & 145.9
4 143.0 253.3
1 o 0
2 15.2 30.8
10 D 3 75.3 £7.7
a 26.4 66.8

TABLE 3.4 SensiTiviTYy OF THE PIPE Sizes To ThHe ANMC

. - . AML w1th
Retﬁ;gai§§1od Range[?gcﬁgfﬁ Size Max. Change for
" 5011 Groups A,B s, 0
2 24-33 1-2(C), 2-3(8), 3-4(A)
5 27-39 2-3(Hh)
10 2739 1-2(B), 2-3(A)
25 30-42 1-2(A)
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It can be seen from Fig. 3.3 and Table 3.4 that the maximum range
in pipe sizes for a given return period is 12 inches. It is also
observed that the pipe sizes decrease approximafe?y unifermly as the
AMC changes from 4 to 1 for a given soil group and for each return
period.

3.3.2 Effect of the Hydrologic Soil Groups

it is interesting to study the sensitivity of hydrologic soil
groups on peék flows and pipe sizes because the actual soil group is
not always clearly defined. A series of computer runs in design mode
were made for this purpose.

3.3.2.1 Effect of the Hydrologic Soil Group on Peak Flow and
Runo ff Yolume

Figure 3.4 shows the sensitivity of peak flows to changes in the
soil group for four different return periods and for the four ante-
cedent moisture conditions. The graphs are presented in terms of the
percent of the peak flows for soil group D, which is maximum for any
given AMC and return period.

The plots show, for each return period, that the sensitivity to a
unit change in scil group decreases as the AMC changes from 1 to 4.
Table 3.5 provides a summary of the sensitivity of peak flows to soil

groups. The table shows that, for shorter return periocds (2 years and

TaegLe 3.5 SENSITIVITY OF THE Peak FLows
To THE Soit GrOUPS

Range of Percent Change Soil Group
of Peak Flow per which has
Unit Soil Group Increment | Maximum Percent Change

Return Period

fyears]

S [P S— - e . et e . S et e

2 0-38 )
5 0-30 C-D
10 0-30 _ B-C
25 1-20 B-L
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5 years), a change in soil group from C to D is critical whereas for
larger return periods (10 years and 25 years), a change in soil group
from B to C is the main concern.

Figure 3.5 shows the sensitivity of the hydrograph to changes in
the soil groups for the combinations of the return period of 5 and 10
years and of AMC 1 and 4. The time to peak does noet change for each
. combination but the peak runoff and runoff volume increase as the soil
group changes from A to D. The percent increases are presented in
Table 3.6.

3.2.2.2 Effect of the Hydrologic Soil Group on Pipe Size

Figure 3.6 shows the sensitivity of the pipe sizes to changes in
the soil groups for the four AMC values and for four return periods.
It is summarized in Table 3.7. From Fig. 3.6 and Table 3.7 it can be
seen that the pipe sizes decrease as the soil group changes from D to
A, and that the maximum range in pipe sizes for a given return period
is 12 inches. A general conclusion on pipe size sensitivity would be
that a unit change in either AMC or soil group would result in no more
than an increase or decrease of 6 inches in the pipe size for a given
return period.

3.3.3 Effect of the Time Increment

The time increment plays an important role in the ILLUDAS model.
Generally, the time interval should be as short as the rainfall data
will allow and generally not larger than 1/3 to 1/4 of the time of con-
centration of the basin. The time of concentration of the basin under
study is about 30 minutes. The paved area inlet time calculated by
ILLUDAS is nearly 4 minutes, and that of the grassed area is approxi-
mately 25 minutes. Increments of 1, 2, 3, 4, 5, 6, 7, 10, 15, 20 and

30 minutes were investigated.
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TasLe 5,6 Tue PerceENT INCREASE OF THE PeEak FLow AND RUNOFF
VoLuMeE wITH ReEspecT 710 SorL Group A

Peak Flow {471 | Bunoff Volume [%]
Return .
Peviod | AMC éﬁg;
[vears] P
A 0 0
B 9.3 0.9
5 1 c 471 732
D 849 148. 7
A o 0
B 3.7 9.7
5 4 C 15.7 328
D 17.3 38,7
A o 0
B 1.9 20.9
10 1 c 6.0 95 5
D 108.1 179 2
i 0 0
B 1.2 7.7
10 4 C 7.2 26.9
b 8.2 31.8

TasLe 3.7 SensiTiviTy oF THE Pipe Stzes
TO THE SoiL Groups

Seil Groups

Return Periods | Range of Pipe Size with Max. Change

[years] [inches] for AMC 1.2.3,8
2 24.33 8-C(2), €-0(1)
5 27-39 i

10 27-39 B-C{1}, C-D(1)
25 30-42 -
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3.3.3.1 Effect of the Time Increment on Peak Flow and Runoff

Figures 3.7 and 3.8 show the sensitivity of the peak flows to
changes in the time increments as a function of the AMC for scil Group C
and as a function of the soil group for AMC of 1, respectively. Two
conclusions can be drawn from those plots: {1} the sensitivity to
changes in time increment decreases as the AMC changes from 1 fo 4,

(2} the sensitivity to changes in time increment decreases as the
hydrologic soil group changes from A to D. It is shown that the calcu-
lated peak fiow values are more sensitive to the time increment for

4t > 5 minutes and Tess sensitive to the time increment for

At < 5 minutes in most cases,

Soil group A and AMC 1 is the combination which appears to be the
most sensitive o changes in time increments. For this combination and
a time increment of & min. the error in peak discharge varies with the
return period from -15% to -18% with respect to the values for a 1 min.
time increment. For a 4 min. time increment the errors reduce to -7Y%
to -15%. From the point of view of the peak discharge the time
increment of 5 min. appears to be the maximum tolerable.

Figure 3.9 shows the sensitivity of the hydrograph to changes in
time increments of 1, 3, 5, 7, 10, 20, and 30 minutes. The time incre-
ment of 5 min. results in a peak value near that of the hydrographs for
shorter time increments. For time increments larger than 5 minutes the
hydrographs show z considerable deformation. The percentage changes

are presented in Table 3.8,

3.3.3.2 Effect of the Time Increment on Pipe Size

s

Figures 3,10 and 3.11 chow the sensitivity of the pipe sizes to
changes in the time increments as a function of the AMC for soil group €

as a function of the soil groups for the AMC 1, respectively.
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TaBLE 3.8 THE PERCENT CHANGE OF THE Peak Frow anD RUNGFF
VOLUME FOR SeveraL Time INCREMENTS WITH RESPECT
To ONE MINUTE INcREMENT

Peak Flow [%] | Runoff Volume (%]
Return Soi Time
Period AMC e Increment
[years] roup [min]
1 G 0
3 -11.3 0,03
5 -17.5 .07
10 1 A 7 -29.0 - 2.1
10 47,7 1.2
20 -59 .6 - 4.3
30 -66,7 9.3
1 g 0
3 - 6.5 - 0.03
5 - 4.8 - 0,02
10 2 B 7 -13.8 - 3.4
10 -34,72 1.3
20 -57.6 -20.6
30 -71.4 -30.7
1 0 0
3 2.5 0
5 7.3 - 0,02
10 3 £ 7 - 3.6 - 1.0
i0 -12.3 0.5
20 ~26.8 - 6.5
30 -31.6 7.2
1 0 0
3 1.9 0
5 7.9 0.01
10 4 ] 7 8.5 - 2.5
10 - 2.3 0.5
20 -18.5 - 9,5
30 -21.2 6.9
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The effect of the time increment on pipe size is not as pronounced.
Incorrect pipe sizes are obtained for time increments larger than
10 minutes. The maximum increase or decrease is of 3 inches in the
pipe size for a unit change in efther the AMC or the soil group for a

given return period.

3.3.4 Summary of the Sensitivity Analysis

(1) The sensitivity of the peak flows to changes in the AMC
increases as.the soil group changes from D to A.

(2) The range of sensitivities to the soil groups and AMC are
approximately the same.

.(3)' A change in the AMC from 2 to 3 and a change in the soil
group from B to C for large design return periods and from C to D for
small design return periods are critical.

(4) The time to peak for various combinations of soil group and
AMC for different return period remains the same.

(5) The peak flow and runoff volume increase as the AMC changes
from 1 to 4. This increase is particularly important between AMC 2 and
3 and between AMC 3 and 4 for soil group A. The peak flow and the run-
off volume for constant soil group also increase as the soil group
changes from A to D for constant AMC. This increase is particularly
important between soil groups B and € and soil groups C and D, for AMC 1.

(6) The peak flows decrease markedly for time increments larger
than 5 minutes and the pipe diameters decrease significantly for time
increments larger than 10 minutes.

(7} A time increment should not exceed substantially the paved
area inlet time, Hence a 5 minute time interval is chosen for further

study.




«30.

CHAPTER 4

MODIFICATIONS OF THE ILLUDAS MOBEL
FOR CONTINUOUS SIMULATION

4.1 Introduction

The TLLUDAS model is best suited for a singie design or observed
storm. It utilizes the directly connected paved area concept of the
Road Research Laboratory method {(Terstriep and Stall, 1969) and also
provides the grassed and nonconnectad paved area component of runoff.
Terstriep and Stail (1974) tested the ILLUDAS model in 21 urban and 2
rural basins. They concluded that the ILLUDAS model produced accept-
able results in 14 of the 23 studied basins. Three other basins were
considered marginal, three were indeterminate, and three were not
acceptabie.

It is well recognized that infiltration curves indigenous to the
watershed under consideration are necessary and basic for accurate
simulation of runoff events from that watershed. These infiltration
curves are in turn dependent upon the antecedent moisture conditions.
Four Standard Infiltration Curves for soils of hydrologic groups A, B,
C and D have been devised for use in ILLUDAS. These curves were calcuy-

tated from the Horton's equation as given by Musgrave and Horton {1964):
- - -kt
f="f.+(f, fle (1)

where: fo is the initial rate of infiltration capacity [inches per hour]
e is base of natural Togarithm
- is a constant depending primarily upon soils and vegetation

t s time since beginning of vainfall.
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The shape factor k=2 in Eq. (1) is used in ILLUDAS. However, this is
not meant to apply to s0il with unique characteristics for which it is
necessary to adjust the k-value. The choice of the soil group and the
AMC fixes fo’ fc and total infittration amount and thus the infiltra-
tion curve. The use of the correct value of the s0il group and the AMC
is therefore extremely important for modeling.

It is felt that the dry period between storms needs to be empha-
sized for the proper determinaticn of the AMC necessary for a continuous
simulation of the runoff, A subroutine DRYAMC which calculates the
total rainfall during thz five days preceding the storm is added to
determine the AMC at the beginning of each storm. With this modifica-
tion the program ILLUDAS may be used for the continucus simulation of a
long period of data rather than for a single storm event only. To
achieve this goal, the dry pericd between storms in minutes, must be
included in the input data. A simple block diagram of the modified
1LLUDAS program is shown in Fig. 4.1. The listing of the modified

TLLUDAS is given in Appendix A-1.

4.2 Calibration and Verification of the Modified Model

One approach in evaluating the parameters of a mathematical
rainfall-runoff model for application to a given watershed is to esti-
mate them from the available knowledge or from observed or physical
properties of the watershed. This presumes that the model realistic-
ally represents the actual physical processes. The calibration is
intended to reproduce the runoff in the best possible way (i.e., with
the absolute least errvor) from the observed rainfall in the watershed

under investigation.
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The modified ILLUDAS model was tested by using the data of the
Upper Ross-Ade Watershed described in Chapter 2. A series of 132 storms
récorded in 1970 and 154 storms n 1974 at 5 minute intervals as well
as the dry periods between storms are the main inputs for calibration
and verification, respectively. The actual calibration of the modi-
fied model is performed by keeping all other parameters as Tisted in
Tab1g 4.1, except the following two parameters: the paved area abstrac-
tion and the grassed area abstraction; both parameters account for sur-
face wetting and depression storage. They are calibrated for the total
vearly runof . The final calibration is made on the basis of métching
the cél¢u1ated and observed total amounts of runoff. The values of the
calibrated input data are:

the paved abstraction 0.1 inch

the grassed abstraction 0.2 inch

4.3 Evaluations of the Results of the Modified Model

A comparison is made of the observed runoffs with runoffs computed
by means of the modified ILLUDAS model, and those estimated by the
STORM model, as reported by Sautier and Delleur (1978) for continuous
simutation from 4-9-70 through 11-29-70 and from 3-20-74 through
12-2-74. T§b1és 4,2 and 4.3 1ist the storms in the Upper Ross-Ade
Watershed for the years 1970 and 1974, respectively, for which the
observations and calculations are available. The storms which have
observed rainfall and runoff as well as runoffs sinulated by the modi-
fied ILLUDAS and STORM are particularly worth studying. There are 25
storms in 1970 and 6 storms in 1974 that meet this requirement.

~Tables 4.4 and 4.5 1ist the date of the storm, the observed rainfall,




TaBLE 4,1 VarLues Usep For THE CALIRRATION OF
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THE Mopiriep TLLUDAS MopeL

s . Yariable Name Yalue .
Description of the Variable in the Program Us ed Units
. Positive
Eveluation EVAL Integer -
Number of Branches
and Reaches NBR 8 -
Numbeyr of the Storms Positive
of the Year NS TORM Integer B
Basin Area AREA 9.1 acres
Paved Area Abstraction ABSTRT Calibrated inches
Yalue
Grassed Area Abstraction DERG CaaﬂgiifEd inches
5011 Group ISOIL 3 -
Rainfall Provided RAIN Positive -
Number
Positive
No. of Increments XRI Number -
Minimum Diameter DIMIN 18.0 inches
Manning's n RUFFN 0.013 -
Time Increment DELT 5 minutes
Antecedent Moisture AMC Program
Condition Calculated b
Dry Period Between TODUR Non-negative minutes

Storms

Number
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TagLe 4.2 AvAILABILITY of STorM WATER RUNOFF AND
SIMULATIONS ForR THE lUpper Ross-Ape
WaTERSHED FOR THE YEar 1970

(bsevved Obs ervad Calouiated Catculated

Mo,y [zte Runoff by Runoff by
Ratnfall Runoff TLLUDAS STORM
1 4G % 4 4 G
Z 4-12 X X 8} 0

o

[
S
i
—
I3
3
<3 el (=3 =]
o

~
E-
l
P
fe=]
e
s
>

LEw I S 4]
=S
A
Wy D
1
-
Lo I oo
s e -t el
- B N
>

16§ 4-20 X % b
1| 4-20 1 i X '
'"i";"‘ WJ-’E_"ZE X i %
13 | 4-23 ¥ X 0 A
g | a-23 ¥ X X
5| 427 X ¥ X X
6 | 4-30 X % % X
17 | 51 ¥ X 0 i)
'} 51 % o 0 o
19 ] 51 X 0 0 o
20 5-8 X Ny o o
21 | s X X 0 }
— %
22 | s-1i X 9 X
23 ¢ 5-12 % R X
_— I— %
24 | 5-12 X X e [
25 | se13 X X % X
26 | 5-13 X B o o
27 | sl G o 0
78 | 5-13 X 4 o )
23 | 514 | X ¥ o o
30| 514 X o X o

Key: ¥ - Data avatlable - Data not avaiiable
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TABLE 4.2 coNT'D

ILLUBAS STORM
31 518 X X X 0
32 1 503 1 X 0 i
33 ] 523 X o X 0
3 | 524 P X X B
3] 524 X o X X
36§ 524 % g 0
37 £} X X X
38 f-1 ¥ 0 b
39 | 6o i 0 0 %
w | 6 % X X
41| 61 X 0 0
52 1 6% X X 0 0
43 ] 65 X 0 X 9
44§ g1z % X 4 0
35 1 6-14 X ¥ % }
X
4f 614 X 4 X
47 | 6o X % X X
8 | 7-8 % X % X
e | 7-18 X X 0
50 | 7-18 X o 0 %
51 1 7-18 X Bt %
57 | 7-19 x X 0 o
83 | 71 ¥ g o 9
54 | 7019 X % X o
55 | v.zo ¥ B a 9
56 | 7-20 X 0 o ¢
57 1 7-23 X 0 0 0
£8 723 X X 0 G
59 1 7-23 X 0 0 o
60 | 7-23 X 0 0 0
61 | 7-29 X 0 0 0
82 | 727 X % o o
63 1 7-79 ! X x i
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TABLE 4.2 cONT'D

o | oace | @served §opservet | SOLE |G
TLLUDAS STORM

B4 7-30 3 i A 1]
&5 &-13 £ 0 i}

66 | 813 | X X % X
67 #-19 % 0 4

68 9-3 % % 0 0
62 9-3 A { i 0
70 9-3 £ G 0 G
71 4-4 A b % X
7 g-5 K 0 0 4
i3 9-6 b4 i 0 4]
74 G-17 1S G [ Y
75 9-13 X O 9

76 9-13 X H X

71 9-13 X G X '
18 R X X 4

74 9-14 4 2 ]

80 9-14 X X £ IS
&1 9-14 X G 0

82 917 X b4 X

83 9-17 X ¢ X } !
84 3-18 X 0 0 G
85 418 X ] 0 8]
86 G-18 X o U] 0
87 g-18 ¥ 3] 0 0
ag 9-14 b 0 0 ]
89 9-18 X 0 a 4]
a0 §-20 X G 0 o]
91 9-21 L X 0 X
gz §-2¢ X % %

93 G-22 b4 4] X

94 9-22 X 0 G

35 j: % 4] A :
96 G722 X 3] X

97 G-22 b3 0 0
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TABLE 4.2 cCONT'D

Mo | bate | Observed | observeq | Ctuizied | Caleulated
TLLUDAS STORM

P X 0 0 0
99 9-73 X 0 X ]
E—(-)-U 924 X X X 0
101 | 9-26 X X %

we | 9-26 X o X } :
103 10-8 X % X X
104 i0-9 ¥ X X X
105 13-9 X 0 4] {
106 | 10-17 X 0 0

107 | 10-12 X 0 0

108 | 10-12 P o 0

109 10-12 X 0 1] *
110 | 10-17 X 0 o

111 16-13 X o 0

112 i0-13% X 4 0 0
113 i0-13 X 0 Q ]
114 | 10-14 X 0 0

115 | 10-14 X X 0 *
116 | 10-20 X X X 0
17 | 10-23 X ¥ 0

1318 10-28 0 0

114 1G-28 k4 0 X X
120 10-28 X X X

121 1G-28 X 0 0

122 | 11-2 X X X

123 | 11-2 X 0 X } *
124 | 12-9 X X 0 0
125 | 1.9 X 0 0 0
126 | 11-9 X 0 0 0
127 11-19 A X X X
128 | 11-20 X 0 X o
h29 | 11-27 X X X X
130 | 11-27 0 X X
131 | 11-29 X X 0 0
132 | 11-29 X 0 0 o
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TaprLe 4.3 AVAILABILITY ofF StorM WATER RUNOFE AND
SIMULATION FOR THE UPPER Ross-ADE
WATERSHED For THE Year 1974

o | e | e | e | S | Rt
HLLUDBAS STORM
1] 320 4 ¥ 0 o
2] 321 X 0 X 0
30 372 2 ) 0 G
4 325 X » 0 A G
5 3-28 £ X X 0
6 | 3-28 | % o 4 0
7 3-29 X X 4 ¢
5 | 330 ¥ 0 % ¢
5 3-30 X g ¢ G
10| 3-30 X 0 X o
i1 4-1 X H bt 0
¥4 4-3 b X £ ¢
13 4-3 X X X o]
14 4-3 b4 0 ¢ 0
is 4-4 X b X 0
18 4-5 A 0 G 0
i7 4-5 X ¥ G G
18 4.7 X b 5 G
19 | &7 H % 1 o
20 4-7 X 0 A 0
21 4-8 X 0 o G
z2 4-8 X 0 0 0
23 4-8 X 0 G 0
24 4-8 b G & Q
25 4-i1 b4 X 0 0
26 4-1% b4 X 4 0
Zi 4-13 X i 0 0
28 4-14 bt X ¢ 0
23 4-21 X X 0 ]
30 4-21 X 3 £ 0

Key: X - Data availabie {0 - Data not available




~f49.

TaBLE 4.3 conT'p

o | Daete | Qhserved | Observeg | GUeleed | Calculated
ILLYDAS STORM
k3 4-28 X X 1] 0
32 478 X ¥ b4 0
33 4-29 ¥ O G 0
% | 429 K a 0 il
35 -2 X X b 0
] 36 5-2 X 0 0 1]
37 5.7 X 0 ¥ 0
38 5-8 )() 4] X 4
i 39 5-11 X X X G
40 5-11 x X X R O
41 5-14 X X o G
42 5-14 b4 ¢l 0 0
43 5-14 b3 b )4 0
"“44 5-16 X O 0 0
45 5-17 X X 4 G
46 &-17 X ] 4] g
47 F 517 X 0] X_ 4]
48 5-18 X X X 0
B 42 5-19 X X X G
50 5-18 X g 9 0
5% 571 X X X 14
52 5-27 X i ¢ 0
“'{;3 E-22 X X 0 0 N
54 5-22 X 0 X 0
55 523 X X X g
56 h5-28 X 1] Y]
57 528 X X Y 4
| 58 529 X %X 4 G |
58 | 5-30 X X X ]
60 6-2 X b4 0 mew
61 6-5 X X X 0
62 65 X G G 1]
63 65 4 X 4 g
64 E-6 X X [t 0
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TaBLE 4,3 conT'D

Ne. Date gg?ﬁ‘;;?? ngig‘ﬁd Ci;:}r!%? ; ttfyd E&Jr?abzfifatt?:
[LLURAS STORM

65 [ ‘ ki 3 X 2!
£6 67 X a G g
_Mﬁ_i’ 67 13 X X 0
68 E-8 X b4 0 Q
69 &-8 X 0 i 0
70 &-8 i b 0 0
71 6-11 X S g g
72 6-11 £ % 13 1]
73 6-12 X )3 & ¢
74 6-14 X X x 8]
ih 6-14 % g k4 0
76 6-15 X G 0 0
I 77 £-16 X £ 0 G
78 6-13 X )3 X 4]
74 6-20 i X 0 0
84 6-21 X X S hS
a1 §-22 X b4 0 0
5 82 6-22 % G X Q
82 6-22 4 4] i G
82 622 % 0 X 0
84 627 X 4 A 1]
85 5-25 X b4 ¢ G
B6 626 7 X o] 0
a7 7-19 X X X X
I 88 7-72 X X a 0
89 7-22 X 0 4 0
0 7-22 X X 9 il
91 7-27 L kS G g
oz B-1 % X G 1]
93 | &-1 H o 0 0
94 a-7 b3 3 ¢ 0
25 8-7 % G 0 G
96 B-7 X G ¢ 0
97 £8-4 W b3 S 0




-51-

TaBLe 4.3 conT'D

No. Date gg?ﬁ;g? Og;igzid CSu]ncnu; t‘a tt;;fd CRaJ';TOUJ f‘i tbifd
TLI.UDAS STORM

98 B-10 X 0 0 0
99 8-10 X X X - 0
100 8-10 b4 % x 9
101 B-23 X X X 0
102 g-27 X X G i]
103 B-27 X ¥ X K
104 8-87 X 0 X 0
105 2-27 bt bt X X
105 8-28 % ] G 0
107 8-28 X 4] e 0
108 G 28 X X X ¢]
169 8-29 X 0 0 0
110 8-31 b X 0 0
Pt §-1 X X X 0
132 G2 X ¢ ¢ 1]
113 G-7 X X X 0
114 §-2 X G 0 0
115 911 X X b4 v}
116 -1l bt X X X
117 9-1% X X 3} [
118 o.17 X 0 0 0
114 g-12 X g 0 0
"129 912 X % 9 0
121 8-1% X X X 0
XIS X X X 0
123 9-27 X X X 0
124 4-28 X X X 0
125 9-2% X X X G
126 | 10-6 X X 0 0
127 | 10-6 X 0 G 0
128 | 10-13 X X X a
2% | 10-23 X b X X
130 1 10-23 b 0 X G
131 | 10-25 X X X 0
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TaBLE 4.3 coNT'D

oo | bate | Qoserves | Observed | QUCRRGR 1 GRS
TLLUDAS STORM
i3z | 10-2% X 9 0 0
133 i-29 % x X 4]
134  10-729 X X O 0
(135 | 10-2% X o 0 0
136 10-29 X X £ Q
137§ 10-2% X 0 g 0
138 | 11-1 X A 0 0
139 | 11-3 X i X G
_.‘;U‘ 113 X Q 0 4]
4] § 11-3 X i X S
HE 11-3 14 g . 0 0
143 | 1i-4 X X X 0
144 {11-4 £ b4 5] 0
145 | #1-4 X X X o
M6 115 X i g G
147 ii-6 A { X 1]
48 | 11-9 X LS 0 ¢
149 ] 11-23 X X g 4
150§ 11-24 X X 4] 0
181 | 11-24 X X 0 ¢
152 | 11-27 X X o] g
153 | 12-2 b 8 G &
154 | 12-2 X X X G
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TaBLE 4.4  SumMary oF THE OBSERVED AND CALCULATED
VALUES FOR THE StorMs IN 1970

(1 {2) {3} {4) (5) (6) {7 (8) (9) {19} ] (11)
Calculated Calcutfated €aTculated | Calculated
Observed|Observed] Runoff Ervror*!  Runoff Error Observed Runof¥f Runoff Best
Date ;Rainfall| Runcff by . | ILLUDAS by STORM Runof¥ Coefficient | Coefficient | Simu~
[LLUBAS + STORM Coefficient by by Tation
Finches]i[inches]| [inches] r] [inches] [%] TLLUDAST STORM
4-18] 3.2456 | 1.1628 0.6270 -46. 1 1.07 - 8.1 0. 35886 0.1932 0,32987 GHF
4-201 0.2456 | 0.0183 0.0216 18.0 0.02 5.3 0.0745 0.087¢% 0.0814 S
4231 1.0754 | 0.1108 0.1525 37.6 0.10 - 8.7 0.1030 0.1418 0.093¢ S
4-271 0.3482 | 0.0301 0.0497 65.1 0.01 -66.8 0.0864 g.1427 0.0287 I
4-301 0.3607 | 0.0321 0.0524 58.3 0.02 -39.6 0.0918 0.1453 0.0554 S
E-11] 1.6325 | 0.2650 0. 3045 14.9 0.30 13.2 0.1623 0.1865 0.1838 S
5-121 0.1886 | 0.0203 0.0138 -33.5 g.01 -50.7 8. 1076 G.0716 3.05830 1
5-13] 0.6692 | 0.1210 0.1126 - 6.9 0.08 -33.9 0.1808 0.1683 0.1195 I
b-241 0.5996 | 0.04B4 0.0636 31.4 0.12 147.9 0.6807 0.1061 3.2001 I
-1 | 0.9982 | 0.1688 0.1036 -38.6 0.08 -52.6 0.1859 0.1141 0.0881 I
B-141 0.3713 | 0.0316 0.0318 0.6 0.01 -68. 4 0.0851 0.0836 0.0269 I
€-241 0.4507  0,0877 0.0719 L. 6 0.03 -43.0 0.1280 0.15%5 0.0666 I
7-8 | 0.4497 | 0.1170 0.0756 -38.8 0.03 -74.4 0.2602 0.15%2 0.0667 i
7-181 2.2949 | 0.3338 0.503% 51.0 0.54 61.8 0.1452 0.2192 0.2349 1
8-191 0.8627 | 0.0893 0.1254 40.4 8.07 -21.6 0.1035 G.1484 0.0811 S
9-4 1 1.3385 { 0.2:300 0.2485 8.0 0.21 - 8.7 0.1718 0.1857 0. 1569 I
%-131 0.8578 1 0.0920 0.1073 6.6 0.07 -13.8 0.1073 3. 1251 0.0816 I
G-147 0.2688 | 0.0202 0.0z52 24.8 0.03 48.5 0,0751 0.0938 0.1116 I
9-171 0.7340 | 0.1130 0.1053 - 6.8 0.08 -29.2 0. 1540 0.1435 0.1090 I
G281 0.4314 | 0.0297 0,0437 47.1 0.03 1.0 0.0658 0.1013 3.0695 S
10-8 1 G.7814 | 0.0714 0.1323 as.3 0.07 - 2.0 3.0914 §.1843 $.0896 $
10-9 1 0.1692 | 0.0501 0.0137 | -72.7 0.01 -80.4 0.2961 0.0810 G.0591 1
11-2 | 0.8553 | 0.0448 6. 1185 164.5 0.10 123.2 0.0523 0.1388 0.1168 S
11-18! 0.3743 | 0.0618 0.0832 -13.¢ 6.05 -19.1 0.1651 g.1421 0.1338 I
11-271 0.2408 | 0.0440 G6.01% ~55,8 0.01 -77.3 0.1827 0.0814 0.0415 1
“Error [3] = faloulated-ooserved , oy **S = STORM; 1 = ILLUDAST "Modified version

observea
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(1) (2) (3) (4) (5) (6) (7) (8) (9} (10) (11}
Calculated Calculated Calculated | Calculated
Observed Observed; Runoff Error*)  Runoff Error Observed Runoff Runoff Bes t+*
Bate [Rainfall| Runoff by  |ILLUDAS’ by STORM Runoff Coefficient | Coafficient | Simu-
ILLUDAST STORM Coefficient by by tation
[inches]!{inches]| [inches] [%] [inches] | [%] [LLUDAST STORM
6-211 0.6156 | 0.0982 ¢.1083 12.6 0.09 - 6.4 0.1563 0.1759 0.1462 S
7-19] 0.6512 | 0.0730 0.1118 53.3 0,06 -17.8 0.1121 0.1718 0.89%21 S
i
M.w B-271 2.4341 | 0.5120 0.6205 21.2 0.13 -74.5 0.2103 0.2549 0.0534 I
9-111 0.8320 | 0.1536 0.1330 -13.4 0.08 ~47.6 G.1846 0.1599 0.0962 I
10-231 0.3004 | 0.035 0.0299 -14.6 0.01 -71.4 0.1165 0.0995 0.0333 I
11-3 | §.6185 | -.100 0.0769 ~23.1 0.45 -50.0 0.1616 0.1243 0.0808 1
speror [4] = Galculated-observed . ;a4 #%5 = STORM; T = TLLUDAS TModi fied Version

observed




55

the observed runoff, the calculated runoff by the modified ILLUDAS, the
percentage of error by the modified ILLUDAS, the calculated runoff by
STORM, the percentage of erropr by STORM, the observed runoff coefficient,
the calculated runoff coefficient by ILLUDAS, and the calculated runoff
coefficient by STORM from column (1) through column (18). Column (11)
indicates the better of the two models judged by comparing the percent-
age of error in the calculated rungfef, Sixteen out of twenty-five

storms in 1970 and four out of six storms in 1974, or 65% of the storms,
are better simulated by the modified ILLUDAS than by STORM according to
this criteria.

I't is obvious that the modified ILLUDAS gives a better prediction
of the runoff than STORM, based on a storm-by-storm analysis. The
statistics of these selected storms in the two years analyzed (1970 and
1974) are examined to determine if they support this conclusion.

Tables 4.6 through 4.9 show the calculated values of mean, standard
deviation, and coefficient of variation of the 25 storms in 1970 and

6 storms in 1974 and the percentage of error of the total runoff and of
the runoff coefficient. They show that the modified ILLUDAS model has
a lesser percentage of error in the total runoff, mean runoff, and mean
runoff coefficient for both 1970 and 1974, However, STORM has a lesser
percentage of error in the standard deviation and coefficient of vari-
ation in 1970.

Four of the six storms analyzed in 1974 are plotted for comparison
with the observed hydrographs in Figs. 4.2 and 4,3, Only a few points
are shown for the hydrographs calculated by STORM as the time interval
1s one hour. The shapes of the hydrographs calculated by the modified

ILLUDAS 1in reasonably good agreement with the observed hydrographs, and




TAaBLE 4.6 SuMMmary oF THE STATISTICS AND PERCENT LRROR OF
ToraL Runore For THE 25 StormMs 1n 1970

Catculated Percent Calculated Parcent
mwmmﬂ<wm ommmmmwu Runoff by Error of Runoff by Error of
atnts y ILLUDAST | ILLUDAS' STORM STORM
Total [in] 19,7590 3. 3660 3.1729 - 5.7 3.1500 6.4
_ (1)
Mean 0.7904 0.1346 0.1269 - 5.7 0.1260 -6.4
2 Standard " 0.7125 0.2291 0.1504 344 0.2282 0.4
i Deviation ) * e ) ) : ’
Coefricient’ 0.9015 | 1.7019 1.1846 2304 1.8108 6.4
of Variation : ) ’ ’ ) ‘
_ |
N
N LY
Mmzmmz =Y = MHWﬂ;i , 1 -1,2,3, ..., N
: ? 2
— Y. {3Y.)
«wbmwm:amwa Deyiation = 4\<mxwmsnm ) L where: variance L :

(3) coefficient of Variation =

TModified Version

N-1

Standard Deviation

Mean

N N
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TapLE 4.8

TotaL Runcrr FOR THE & StorMs 1N 1974

SUMMARY OF THE STATISTICS AND PERCENT ERROR OF

Calculated Percent Calculated Percent
mwwmmwwm wmmmmwwa Runoff cm Ervor of Runoff by Error of
n 4 TLLUDAST TLLUDAST STORM STORM
Total [in] 5.4522 0.9698 1.0805 11.4 0.4200 -56.7
Mean' 9.9087 | 0.1616 0.1801 11.4 0.0700 -56.7
wwmnmmﬁaﬁMm : :
Deviation 0,7667 0.1760 0.2187 24,3 0.0405 -77.G
momﬁjﬂmzmﬂmw _
of Variation (.8437 1.0886 I, 2145 11.6 3.5785 46,9
zl
Iy,
(yean = T = zWW1a: s i - 1,2,3, .eus N
. 2 2
: — . Y. (Y
mMVmwmmamﬁa Deviation u.{\qmwmwﬁmm X wmﬂ where: variance = m - \W

m%wmommﬁmnwwaﬁ of VYariation

TModiFied Version

Standard Deviation

Mean
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the peak fiow value and the time to peak are very close. Table 4.10
shows the chserved and caloulated values and the percent error of these
four storms. The error in peak discharge is seen to be less than 13%

and that in the time to peak less than 7.5%

4.4 Conclusions

(1) The ILLUDAS model was modified to account for the AMC at the
beginning of each storm and to extend its capability to continuous
simulation.

(2} The modified TLLUDAS model is a useful tool for understanding
the physical characteristics of the storm runoff from urban watersheds.

(3) The total runoffs from the Upper Ross~Ade Watershed were com-
puted for 25 selected storms in 1970 with a mean runocff error of -5.7%
by the modified ILLUDAS and -6.4% B& STORM. For 6 selected storms in
1974 the mean runoff ervors were +11.4% and ~56.7% by the modified
ILLUDAS and STORM, respectively.

(4} The runoff coefficients were also caiculated with a mean
error of -3.7% and -23.9% by the modified ILLUDAS and STORM for the
year 1970, and of 4.8% and -46.7% for the year 1974, respectively.

(5) For the tested datz, the modified ILLUDAS estimates the peak
flow with less than 13% error and calculates the time to peak perfectly
except for the storm of June 21, for which the error in time to peak is
~-7.5%. _

(6) The modified TLLUDAS model s applicable to complex storms.
This is an advantage over the traditional unit hydrograph theory which

requires simple observed hydrographs.
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CHAPTER &
AN INTEGRATED RAINFALL-RUNOFF-QUALITY MODEL -

5.1 Introdgction

The program STORM provides information on the urban runoff quantity
and quality at the planning Tevel of details. At the design level of
details a simulation model is needed which provides a pollutograph with
a level of detail comparabie to that offthe hydrographs generated by
[LLUDAS. The purpose of this chapter is thus the development of an inte-
grated runoff quantity and quality simulation mode] capable of yielding
a detailed pollutograph of the storm runoff. To achieve this goal, the
original rainfall-runoff model ILLUDAS is coupled with a modified version
of the runoff quality model included in STORM. _

It is well known that the ILLUDAS mode] is a validated design model
which is capable of providing the entire hydrograph for a simple or com-
plex storm. It can be used to analyze the existing system or to design
new ones. It is typified by short time intervals (minﬁtes)and short sim-
ulation time. On the other hand, the STORM model is a p¥anhing mode]
which is considered as a good, relatively easy and useful tool for con-
tinuous quantity and quality simulation. It is typified by relatively
large time intervals (hours) and Tong simulation time. To Tink these two
different types of models together is a task which will be discussed in

detail in the following sections.
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5.2 Model DRAINQUAL for Small Interval Runoff Quality Prediction

As indicated in €hapter 2, the quality data were collected at 30
mipute intervals in the Upper Ross~-Ade watershed. However, it was felt
that a smaller time interval in the model was necessary to provide a
more accurate pollutograph. A 5 minute interval was selected to meet
this requirement. The subroutine DIRT in the STORM model estimates the
rate af which pollutants are washed off. It was modified and inserted
into. the ILLUDAS modei. The program STORM provides a continuous simula-
tion of the runoff quality at an hourly interval and some statistical
information on washoff as well as overflows. It would be wasteful to
simulate the stormwater runoff at short time intervals (5 minutes in
this case) and then have an hourly quality prediction. It is also inef-
ficient to.combine the whole packages of STORM and ILLUDAS since this
would reguire enormous memory. in the computer system. For these reasons
it was decided to modify the DIRT subroutine from an hourly interval fo
a 5 minute interval. This also leads to one of the objectives of the
present study which is the capability of predicting-the stormwater quality
at a short time. interval.

A general block diagram of the original ILLUDAS with the modified
DIRT subroutine added {(DRAINQUAL) is shown in Figure 5.1. The quantity
of stormwater runoff at 5 minute intervals is first simulated by ILLUDAS,
the simulated runoff then serves as the input to the quality calculation
and the quality output with 5 minute:intervals is computed. There are
six stormwater -quality parameters involved. They are the suspended and
settleable. . solids, the biochemical oxygen demand, the total nitrogen, the
orthophosphate and the total coliform. Only the suspended solids and the

biochemical oxygen demand were: considered in this study because of the
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START

- Read "STORM" input data

Quantity Portion Calculated
by ILLUDAS

Quality Portion Calculated
by Modified "DIRT"

" ATT Storms

Calculated?

Prints Results

“END

F1GURE 5.1 - GENERAL Brock Diacram oF DRAINQUAL
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Timitation of the collected runoff quality data. There are two options
to compute the quality of surface runoff in STORM, the dust and dirt
method, and the daily pollutant accumulation method. The former was
used in this study. The DRAINQUAL model as shown here i5 for single
storin ruroff quality simulation. The 1isting of the model DRAINQUAL is

given in Appendix A-2.

5.3 Modification of DIRT

The expréssion used in STORM to calculate the rate at which pollu-
tants are washed off the watershed assumes a first order reaction expres-
ston

o _
&= ke (1)

where P i¢ the total pounds of pollutant, K is the decay constant with
the units of tﬁl and t is time. Upon integration between the limits
t =0 and t = t the above equation becomes

L Kt
Pt = Po e {2)

where P and-Pt are the poliutant loads initially and at time t, respec-

tively. The pollutant washed off, M, is:

o . - _ Kt
M = PD Pt Po(l e ) (3}
Assumiing that the rate of decay K (%n.tml) is directly proportional te
the runoff rate R; (in. t”l) then
K=tk R {(4)
or . K | T &
S R XS (5)

It is observed that the units of k are independent of time. With this
(1N i)

assumption, the amount of poliutant "p* washed off per unit time given

by eguation {3) becomes:
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Moo= P (1-e RRIt) | (6)
where: RI = runoff rate in in/hr
k= washoff decay coefficient (1/inch)
Pp = total pounds of potlutant p at beginning of the storm
Mp = hourly rate of washoff of pollutants p, 1bs/hr
taking the time t = 1 hour,
then
My = P (1= e TR (7)

which is the equation used in STORM. If it is assumed that a uniform
runoff rate of %~inch per hour would wash 90 percent of the pollutants
in one hour, then

.ok x 08X o

and
k= -2 g0 0.1 = 4.6 in" "
Since the washoff decay coefficient k is independent of the time unit,
its value is not affected by taking a time interval of 5§ minutes, and
1

remains numerically equal to 4.6 in .

Taking t

1 unit = 5 minutes, equation (6) becomes:

Moo= P (1 - e PRI

P P (8)

i

where R, = runoff rate in inches/5 minutes

k= 4.6 in" = washoff decay coefficient
Pp = total pounds of pollutant p at beginning of storm
Mp = rate of washoff of pollutant p, 1bs/5 minutes

Thus a %Ain/hr or z%vin/S minutes runoff rate would vield a rate of

washoff in 5 minutes given by
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= 0.90 P (10}

as before.

Equation {7) must be modified, however, because not all of the dust
and dirt on the watershed is available for inclusion in the runcff at a
given time. The following set of equations is used to compute the hourly

rate of washoff in STORM:

= ® ° T
Msus(t) Asug‘psus(t) EXFT {11)
Mset(t) = Asetupset(t)ogxpT {12}
where
MEUS(t) = hourly rate of washoff of suspended solids
set(t} = hourly rate of washoff of settleable solids
A =0.057 + 1.4R>! (13)
5US 1 -
A = (0.028 + 1 ORl‘8 (145
set ' : I { ¢
0eT = (1 - e TORIAY/at, with at = 1 hour (15)
Sus = availability of suspended solids in an hour
Rz = rynoff rate in inch/hour

%
3

For a time interval of 5 minutes, the availabilities of suspended solf
and of settlieable solids become |

0.057 , L4 (

I
SUS iZ 12 )

RIX 12

e,
o
[

—

0.00475 + 1.795 R%'E

e
i

SUSs
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ﬁset ) Qi%gﬁ +'§? (RE X=i2)1c8 (17)
A ., = 0.00233 + 7.300 RL-8
set i
where ASUS = availability of suspended solids in 5 minutes
Aset = avdilability of settleable solids in 5 minutes
RI = runoff rate in in/5 minthS,

As shown earlier in this sét%%onaﬂthe expression for EXPT remains the

same, but with At = 1 time unit = 5 minutes.

It was found in Storm Water Managemeﬁt Model Study (ﬁétca?f and
Eddy, Inc., et al., 1971) that the BOD associated with 55 was about
10 percent of the suspended solids load and was about 2 percent of the
settleable solids, Thus, correcting equation (1) for available sus-
pended and settleable solids and adding the BOD found in the solids,
the following equation is used in STORM:
Mooa(t) = Py 4(t)-EXPT + 0.10 Agys *+0.02 A, (18)

Equations (16), (17), and (18) were used in the modified DIRT subroutine.

5.4 Evaluations of the Results of the Combined Model DRAT NQUAL

A set of three storms in the Upper Ross-Ade watershed in 1974 was
selected (June 21, July 19, and October 23) for the evaluation of the
combined model DRAINQUAL. The observed and computed pollutographs of
BOD and SS are presented in Figs. 5.2, 5.3 and 5.4, DRAINQUAL model was
calibrated using the poilutant load {pounds/day), not the concentration
{mg/2). The values used with units in this model are 1isted in Table 5.1.
To determine the concentration of a poliutant, the pollutograph value in

Tbs/time is divided by the flow rate with an appropriate conversion factor.
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Tasee 5,1 Varues Usep v THE DRAINOUAL Moner

, . Variable Name dsed Value ;
Program Hame | Desoription of the Yariable n the Hodel U;!: ity
ILLUDAS Paved Area Absiractick .10 inches
Gragsed Bres Abstrection 6.2 inches
BIRT Numtber of Subbasing WHEHD 1
Ho Srowrelt Computations fSHO ] -
%Qpi,emd Swf&m trosion [SEG G ~
Lopputations
P.imr.:fj?: Quai t;f Computations [GUAL 3 .
will bo mads
Hourly Poliutogrephs will
be computed TEYNT i -
flo i)rria&aﬁagr E’ng Compu- TODKE 8 .
tation will be made
Length of Average Summer RSUMR i days
Number of Initiz} Mours of
Overflow for which sepev. 5 )
ate quantity and quality LEAT 4 hours
reporting iz desived
Input Variables in Engiish METRIC 5 g
Units
Ruiber of Land Uses MXLG i
WashofT Decay Cosfiicjent EXPTE 4.6 -
Street Sweeping Efficisncy REFF -
s /day/
Pellutant tnits [FACUM i 100 fo of
quttar
Ares of Subbasin AREA 29.0 ECYES
G.08.0.00,
) . 6.00,0.15,0.12
Pan Evaporation Rate for HECVRT oo : ' ;
! g y L22,0.29.0.18, inches/day
dan to De¢ in that ordey 0.14,0.11.0.02.
G. 06
fafiltration Losses LORSEYR b -
Percent Imperviocusness of ” .
this Tand use FIMP 38
Length of Street Butters STLEN I60 ft/acre
Land Use LHDUSE SingTe -
Rumbey of Days Eetween P )
Street Sweeping RULEAK 7 days
Datiy Rete of AccumuTation ) 9.7 tes/100°
of Dust and Dirt ) of gutter
Suspended Solids per 100 Tbs M .
of (ust and Dirt FRACTN(L, 1) 3313 Tbs
Settleable Soiids per 100 CRAC
165 of Dust and Dirt TRALTNLL.Z) 1 Tbs
BOU per 108 ibs of Dozt "
and Dirt FRACTR(L,3) 1.8 ibs
Ratnfall Facior RFu 1.9 -
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The results show that the DRAINGUAL model has the ability to sredict the
stormwater guality fairly well. Even though the shapes of the observed
and calculated pollutographs ave not perfectiy motched, the predicted
values are following the observed pattern and the peak Toad values are
fair. Tables 5.2, 5.3, and 5.4 show the time to peak, the pesk load
value, and the percent of ervor for the DRAINGUAL and the STORM models
for all three storms. It 1s felt that the time to peak and peak load
value are two important factors for designing. ATl three storms deci-
sively show that the model has & better prediction sbility for BOD and

§S in the time to peak and the peak 1oad value than STORM.

5.5 Conclusions

{1} By adding & runoff gquality subroutine to the existing quantity
calcuiations in the ILLUDAS program, the combined model DRAINQUAL pro-
vides the pollutographs te accompany the hydrographs for single storm events.

(2} Only two basic pellutants are considered in the present study
because of the Timited availability of data: the biochemical oxygen
demand (BOD) ard the suspended solids (55}, The time to peak and peak
load for the three storms analyzed are calculeted.

(3) The STORM model s used mostiy as a planning model. The
DRAINQUAL model s capable of calculating the runoff quality at short
time intervals and can serve as a design model which may supplement STORM
in pretiminary designs.

(4) 1t will be interesting to compare the present resuits with
those of other researchers models, such as the QUAL-TLLUDAS mode! in the

process of development by the I1linois State Water Survey.
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(5). By combining the qu&?féy subroutine with the continuous
version of ILLUDAS and with the addition of a subroutine simulating the
pollutants accumuiaticn between rainfail events similar to that found
in STORM it would be possible to obtain a continuous simulation of the

runoff quality.

TABLE 5,2 OBserven anNp CompuTED RunoFF QUALITY
PARAMETERS FOR SToRM oF June 21, 1974

. Time to Peak Feak Load
Pal ant .
oliutan [min] [#/day]
55 210 2499
Observed
BOD 2190 2¢
Computed 55 210 342.5
by
DRATNQUAL BOD 210 34.4
Computed 58 183 it.2
by
STORM BOD 183 9.6
Percent of 55 f 14.5
Error of -
DRAINQUAL BOD 0 56.4
Percent of 55 -12.8 ~96
Ervror of
STORM BOD -17.8 -56.4
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Tapie 5.4 Osserved AND CompuTED Runopr Quarity
ParaMETERS FOR STORM oF OcTtoBer 23, 1974

Time to Peak | Peak Load
[min] [#/day]

y“SS e o _ 1090
Bbserved S— SO S— e
BOD 150 592

Poilutant

_,gamQUtEd T T o T o
by e e — =
DRATNQUAL BGD 105 : 630

,:.Cgmputed SS e .\218. e T M .
STGRM BeD 218 7.2

DRATNGUAL BGO =30 £.4

STORM BOD 45 -98.8







CHAPTER 6
CONCLUSIONS

(1) From the sensitivity analysis it may be concluded that the
time increment used in ILLUDAS should not exceed the paved area inlet
time. The range of sensitivities to soil group and to antecedent mois-
ture conditions are approximately the same. A change in the antecedent
moisture content from 2 to 3 and a change in the soil group from B to C
for large design return periods and from C to D for short design return
periods are critical, and inappropriate choice of the antecedent mois-
ture condition and seil group may result in substantia] errors.

(2) The modified ILLUDAS model may be used as an improved design
tool in urban water resources system because it has continuous
simulation,

(3) It is known that STORM is generally used as a planning model
which is able to generate data for a Tong period {e.g., 20 years) at a
Targe time interval e.g., 1 hour). It does not give a detailed repre-
sentation of the physical phenomena within the large time interval. For
this reason a shorter time interval is needed, particularly for design
purposes,

{4) The accuracy of urban runoff simulation is directly dependent
upon the Tength of the rainfall interval used in the numerical scheme,
thus the shorter the time interval, the better the simutation. In the
watershed studied a & minute interval was used throughout and is short

enough to reasonably define the hydrographs and pollutographs.
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{5) The DRAINQUAL model was found to simulate the suspended solids
and BOD with reasonable accturacy for short time intervals in single
storm events. For the 3 storms tested the model DRAINQUAL had a better
prediction ability for BOD and for S5 than the model STORM.

(6) The calculated runoff quality results which are at 5 minute
intervals were compared with observed quality data which are in 30 min-
ute intérvals. Bécause of the lack of runoff quality data at a shorter
time interval, the need it indicated for more detaiied runoff quality

méasurenents.
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APPENDIX A-1
Program Listing of

the Medified ILLUDAS




YOI

11
2
13
20

369

380
381

g4

-5

PROGCRASM ILLUDAS{INFPUT, DUTFUT, PUNCH, TAPES=TNPUT, TOPEE=QUTRLT. TRPE?=
#PUNCHS PLOT
ILLUNAE -~ THE ILLINDIS URBAN DRAINACE AREA SIMULATOR
FLLENGIS STATE HATER SURUEY
MOBIFIED FOR COMTINUOUS STMULATION

DEIMENSION ROL00 . AR(S00IAIF(B, BIFLE, CIF(E ). DIFCET . GATLED)
DIMENSION GRSRCS007.CERIS0G), GRIGL0,POLCPUTI0,Q(7: 501
BIMENSION H2ST(8, 10, BI(E00).RR(SN0: STORM20 ) . KMAME(20 1, KEX(S02)
BIMENMSTION BEANCICI-FEACH IO ENDER IO, CONBR L0 1. IRUNTLO 3
ERISTCIGISLPCI0 - FUFFLI0 ISECTIIC), DIAMUIOTHECIBI . HR (L0,
ARG IO, (WL OWC IO FREQROLO ) STORECLO) , TEST L0 HYDOLLE)

BIMENSTON CERANCIOI.CREACHI IO BRLII CPACIG ) POPROEC Y SPRLLTY,
EPSPR{IOIPENTULD) . PLOLIO - PSOLE- CORILDI.PLERCIO s GENTCIG ) GLCED Y,
ST L0 TEROUP LT GEOCS0E Yy XEUNCBG2) s RUNCS02)

REAL KIF

COMPIGN 7T TTT. MIAY

COMMON sHANS gm0

COMPBONA/PLOTOAT /% TVL s ¥MIMN: YRIN: R50ALE, YEOALE: KPP ¥YP

QH =} Pﬁxﬁfﬁﬁrapﬁ/ lﬁg,20;,3Qew£ﬁ$uSGy,BDp,?Os.Sﬁe,aﬁ;I,UﬁprU/DIGw

ﬁrHQ/EHQHD/ STﬁp/ﬁﬂaTﬁp/ FREDI 12, G/

DETE AIF/0.0:8:0:4,.0:8.0:10.5:1.0-BIF/0.0,1.9:3.8,4.0:8.8:0.5~
BaTE CIF/0.0:1.0:8.0:3.0: 5.0 0.5 0IF /0. 0: 8.7 1.5 8. 0:3.0: 0, 1L/
HaTH KIFC2. 07

BEL T =5

LT=5

BEADLT, 11) NON

FORMATOILGS

BEADCLT, 123 (RUNCI), I=1.NON?

FORMATOIGPE. 43
B 13 I=1,NON
V&“%‘f} FLORT D) #BELT
’“3"3?5 r:}@- .
Fmﬁﬁﬁif§5 ILLEDAS == ILLINDGID STATE WATER SURUVEY »x %,/
i ILLUDAS UPLATED  JULY 18 18576 »)

ET=5

MER=E

MOTORM=132

TOTRLU=G. 0

AME=1. 0

BOOTO O35

CONT INUE

PRINT Ji

FUORMAT (w 1w}

FEADLT, 40 1 MNAME . STORM

IFEOF-LT3105, 36

rﬁRﬁHT(EUQ%E

PRINT 5. XNAME, STORM

FQQMﬁTf S f?@ﬁ%s/spﬁﬁds//)

READOLTB800KID, DESTH, EUAL

FORMAT (3F10.02

REARDCLT, 7O IARES.: ABSTRT. DEPE, TS0TL. BIMIN, BUFFN
FORMATOIFI0.0. T80, 28F 18,02

FRINT 7. OREMA:ABRSTRT, DEFG. ISBTL, BIMIN, RUFFHN

F”FNQ?'””‘” G« J10.2F 1. 30

00 391 I=1,MER |

kﬁQEfLTsdgﬁ} BRAM(L T BEACHCT ) ENDERC LY CONBRCL 3 TRUNCT YL OIST(I
SO P T RUFT (D), ISECT(T ) BIAMCE I HRCT 1, HR(T 1. S50 BalOW(I ).
SEREORCT I, STORECI Y TESTI LI, HYD( I

FOBMAT(4F 3. 0. 13 3F5. 0, 1L, F4, 9. 8F%. 0. 1A%, 18, LOX1

REGDOLT: 380 CBEANCI Y CREACHOI I BAL D). CPACT) POPRCIY, BPALT),
FESPERCT L PENT(I . PLOI L PSLT I D0RCII - PRGR(T 1 GENT L 3y

SOLCI G501y IGROUP(IY

FORMAT(PF 3. 0» FO. 0 FE. b FE.0:.F0.0-F3. 0, 4FS. 0, F3. 0, 3F5. 05 12, 8X3
CONT IHUE

Ti=0.0

TTT=0,0 -

FEADCLT, 90IRAIN: XRI» DELT» HUFF « DURAFREG, TRAIN
FORMATIYFLIO.M




100

105
106
119
120
130
140

150
160

iro

1860
181

185

186
gy

130
G0

210
226
230
240
241

242
250

260

27
280

230

=50

PRINT 21, RAIN: ¥R, DELT s HUFF » TURRL FREQ, TRATN, AMC
FORMARTIBFIZ.43

IFCDESINGME. O aMD, CUBL.ME. 000 TD 140
IFy LEL. G ANILEURL LTRL0I00 TO 150
IF¢ INGELL G060 T0 140

GOOTO 136

CONTINUE

PRINT 108

FORMAT(xs  THE JOB IS FINISHED=)

aYoF

PRINT 120

FORMAT(#+ DESICN GNB EURLURTION BOTH SPECIFIED ~ BESIGN ASSUMED=)
IRLNB=1

CC 7o 170

IRLMA=2

GOt 17e

PRIMNT 1EO

PORMAT (+ NEITHER DESIGN NOR EUAL SPECIFIED ~ DESIGN ASSUMED =)
TRUNGI=1

CONTIMUE

HREI=XE T

TFREG=FRED

FC=apc

TIB=XIn

IFCHUET . ST 0, AND. RAIN. BT, 0060 TO 190
IFCRAINGEL. 0.0060 TO 218
READLT, 180 CRR (A2, =1 NRT)
FORMATCIOFE, 0
RESDILT. 161)PE MOAYs TODUR
FRRMATOF L0, 0, 110.F10,8)

TT=TT+TOUR

IFETT,CE.7200) TT=0,0

TRATN=0

=1:NRI .
A EATN+RR (KD
COMT IhLE
IFOTT.E.0,0) GO TO 188

TTT=TTT+TRAIN

GOOTG 187

TTT=6.0

BURA=(NRI-{ ) #OFLT

GO ¥Q 220

FEINT 260

FOREAT (= RAINFALL PROVIDED OR STANDARD DISTRIBUTION &&& =)
GO T 1850

EOMTINGE

Crll RHUFF(TRATIN, DURA, DEL T BR, MRT)

OMTINUE

230

FORMAT(® ROINFALL PATTERN =)

PRINT 240s (RR{IYs Jwi. NRIY

FORMATCLOFE.3)

PRINT P41

FORMATC * BURATION DOF STORM ERY PERIUD BETWFEEM STORMS TOTAL DUR
BATION *)

PRINT 242, PK,MDAY, TODUR

FORMATOF 10,0, 15X 110: 8%, F10.0)

FRINT 250

FURMAT =0 EUN MUMBER BEASIN AREA TIME INCREMENT SUIL GrROU
®F

FRINT 280

FOREMAT (% ACRES - MINUTES 1234=RB0D
E

PRINT 270, 111 AREA DELT, 1S0TL

FORMAT L1 G FiS, 1 F13.1: 113, #/)

PRINT 280

FORMAT (= TOTAL RATMN FREGUENCY  DURATION AMC FAVED AB
*3, CROSS ARS. #)

PRINT 250

FUORMAT( = INCHES YEARS MINUTES INCHES




-G()-

% IHCHES=, #)
PRIMNT 30G. TRAIM. IFRED. BURS, TML.BBSTRT DEPG
300 FORMRTO9H. FE. 2 BW I8 PHeFB. 1o I8 F 118 Fl1d.8e v

PRINT 3l
JLG FORMATL oo B R LEMG SLP M HY BH UM Bl CA
=FAl UEL BESIGN INLET DETENTICN STORAGE =3
PREINT 320
320 FORMATL & FT BCT FT FT HS e
®#F5 FPS G-CES g-CrFs CUBIC FT REQUESTED %543

PREBY=DTMIMN
DEL TAT=BEL T/50,0
NEND=0
O 230 L=1,500
GR(LI=0.0
330 CONTIMUE
BU 340 M=1,6
QM 561)=0.
340 CONTINUE
TGAR=0, 0
TCE=0. 0
TSPA=(. §
TERR=0, 0
TOP&=0, 0
Iil=0
TH=0
350  CONTINUE
THD= TN+
MG TR NS TARM 1
IRAT=RATH
UOL=6
OUTLET=0
SURMAX=0
SMp=n,
381 IFCIRUNCINDY . ME.0.03G0 TO 370
TRUMCTND ¥ =T RUNE
370 CONTINUE
IF(ENDER CIND) L NE. 0360 78 4790
401 IFCIGROUPCINDY.ED.0) TCROUPCIND)=ISDIL
IF(FREQRCIND) . EG. 1.0)G0 10 440
TP (FRECR(THD) . NE. 0360 T8 410
FREQZCINDG)=1.0
60 TO 440
418 B0 420 i2=1.NRY
RE(1.J)=RR( 1) *FREOR
486 CONTINUE
PRINT 430, FREQR (IND3
430 FORMAT(* RAINFALL MULTIPLIER BY A FACTOR OF #,F5.2.
wx FOR THIS REACH#)
440  CONTINUE
IFCCPACIND T NE. 0. 0360 TO 450
CPACTND 3 =BR{IND ) *PCPACIND Y %0. 01
450  IF(SPALIND).NE.0.0)GO TO 450
SPACIND ) =BAC IND 1 *PSPAC INBI 20, 01
450 IF(CGACINDDLNE.0.0)60 TO 470
CCACIND I =BACIND ) *PCGAL IND ) %6, 01
470 IF(PENTCINDI+PL{IND).EQ.0.0)G0 TQ 480
TF(PENTCIND) LNE. 06,0050 10 480
TFICPACINDG LEQ.9.0)G0 TO 4580
CaLL PAYENT (PENTCINDY, PLCINDY  PSCIND) » CRACINDY)-
480  CONTINUE
TCR=TLA+CERACIHD)
TEPR=TSPA+SPAC TN
TEPA=TEPA+CPAEIND
PRINTA48S5, TCPA» TSPA: TGA
485  FORMAT(SK. =ACCLIM CONTRIBUTING BREAS=:* CPA=#,F7.ls%,  GPA=®F7.
#1ok,  CORAZ*F7.1)
CALL CAPAC(TSECTCING) . DIAMCINDY o HRCIND) o WRCIND Y, SSCINDY » SLPCIND ),
$RUFF C IND Y+ ECAP. EUEL, ER)
490 CONTIMUE
IF CERANCIND) . ER.0.0)60 TO 560




500
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EF{CPQ(IN§)+SGQ(INQ)+QFQ(INE})59099§03530
COMTINUE
IFCENDBROINDD LEQ.0.0000 TO 53

C LABEL 800 IS FOR A CONFLUENCE

G510

S0

530
540

550

Ei10
&20

E30
E40

ESD
Es0
E¥o

680

680

700

710

¥Eo
30
740

R0
7EO
770

GO 70 1730

PRINT 520

FORMAT (= ERANCH AND ENDBR BOTH EQUAL ZER®}
LG TO 1836

IFCCPACTIRGD 1540, 540, 580

BO 550 N=1,500.

CRiMNI=0. ¢

COMTINUE

GO 16 870

CALL TIMEACA, PENTCIND)» DEL T, NAT, MAXA, CPACIND) )
CONTINUE

O 580 N=1,NRI

EI(MI=RRE{MN

CONTINMUE

CLALL INTENCRI. ABSTRT. NRI, DELTAT)

CONT INUE

LOMPUTE GROSS PAVED AREA HYDROGRAPH
HMEMD=MRI+Nei-1

BO 60O J=1.500

GRS =0

PO 520 L=1,NRI -

M=l ~1

00 610 J=1.MNRI

M=f+1 :

DER=RT(LI=ALd)

LCROMY =GR (N)+BGR

CONTIME

COMTINUE

IFCHYBOING Y Y8B0, BB0, 530

FEINT B840, BRANCINGY , REACHCIND

FORKAT (= POUED aRER HYDROGRAPH=, 2F10.1 )
PRINT 850, (GR{J), J=1; NEND)

FORMAT(3FR, 13

IFCCTECING 3 25950, 950, 570

CORTINUE

TGROU=TEROUP CIND)

GO TO (GB0.690.700,710), IGROU
FI=ATF(IMC)

FO=RIF(5)

FU=GIF ()

GO To 720

Fi=BIF(iMe)

Fl=BIF(5)

F=BIF(E)

GO TG PRO

FI=CIFCIMED

FO=CIF(5%)

FL=UIF ()

GO T 720

FI=DIF(IMC)

FO=B1F (5}

FL=[IF (&)

COMNTIMNUE

PRINT 408, ﬁ%f#IGRQUP;IﬁCgCGﬂsSPQ?HELTRTpDEPG;GL:GSyFI:FU;FC
FORMAT 315, 9F83.3)

PRINT 07, (BROJ =1, NRID

FORMAT (10FL0.30

BO 750 I=1.NRI,1
QR(Eﬁmﬁﬁ(I)*(CGH(INH)+SPQCIND))/CGﬂ(INDB
CONTINUE

CalL surPLy (QﬁuDEL?HT;FCQPEeFG;GQ%RyKIF»NRI»DEFG:NGSR»SGQSR)
COMT INUE '
TFCNGER 550, 850, 770

CONTINUE

FRINT 7EO> (GASRCI)y I=1,NGSR, 1)
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780 FORMAT (L16FI0.3)
PRINT 794, SGASE

730 FORMAT (= GASE TOTAL #.F8.3 )

80O CONTHUE -
IFEGENTCIRD+GLOINGY EW. 0. 0360 TO 818
IFCRENTOIND L NE. 0. 63 GENTCIMD)=GENT CEND+PENT CINDD
IF(GENTOINDY NE.CG.0IG0 TD 830
Call GRENTCGENTCIND)» CEACIMNEYs GLOINDY CECIND Y PENTCINDY )
GO TO 836

RB10  CENT=20.0
FRINT 820 _

BB0  FURMAT(» GCRASS ENT ASSUMED = 20 MIN. GIVE MORE DATA =)
50 70 B30

830  COMTINUE
CALE TIMEACCAHD, GENTCINDY» DELT. NGATs MAXA: CCACINDI 3

840  CONTIMUE
NGEND=NGAI+NESR-1
B0 B5G J=1. 508

8506  GORCD=0.0
ne 870 L=1:NGSRE
=k~ L
NG 864 J=1,NEAI
M=MN+ 1
COGR=GASR (L Y=GANC)

CEROI=GER (NI+GDER

860 COMTINUE

870 CONTINUE . _
LECHYBC IMEY )16, 310880

880  PRINT 8390 B _

8390  FORMAT = CRASBED AREA HYDROGRAPH®)
FRIMT 800. (CCRCJI, J=1, NGEND)

00 FORMAT(OFO. 1D _

S0 IFCHEEND-MEND)S304.830.920

SEC NEMD=HGEND

830 DO 840 I=1,MNEND
GROD=GRL{I+LOR(ID

940  CONTINUE

950 COMTINUE o o o _
PRINT 960.CFECIND - CORCENDY . SPACIND ) PENT CINDY» GENTCIND >

9868  FORMAT(SFI8.4)

CERY = CR(1)
Dy 880 J=2-NEND
IF (ORPI~GR(J3)870,/980, SB0:

870, GREPK = GRLJD)

sag  COMTIMUE
PR IN=CRPK
LAST=HEND

T TEST FOR MID BEAMCH (421) OR INITIAL (426)
IF¢REACHIINGY JNE. 0,080 70 1010
GG TO 1140

C

£ FOR ARER =0 IN MID BRANCH

880 IO 1008 J=1,3500
GRLJI=0.0

1000 CONTINUE
CRPE=0.0
PKIN=0.0
GO TH 1610

C :

L COMBINE-PRELIOUS ROUTED HYDROGRAPH WITH NEM GROSS HYDROGRAPH

1olo: COMTINUE
BO 1020 M=1,8
IFCRM, 8010 EG. BRANCIND 1 IEE TD 1640

10206 CONTINUE
PRINT 1030 N

1030 FORMAT (= PREVIDUS BRANCH HYDROCRAPH. NOT FOUND#Y
GO T 1930

L0, B
GRIK = D)

BOL070 N=1,500




~g3.

GRONY=CRONI+E{TE N}
IFCGRPE-GROMNI 71050, 10809, 1060

1050 CRPR=GE(

1060 CONTINUE

L1370 CONTINUE
TFCHYBOIMT 33010 1110, 08D

1080 PRINT 1690

LOSG FURMAT (e ROUTED PLUS SURFACE WYDROGRAFPH #)
PRINT 1100- (CROJY, d=1,LAST)

1160 PORMATISFS. 13

EIEO TF(OLIAMOINGY 3129, 1120, 11230

1120 TDIAM=FREDT

£ LeBEL 480 I8 FOR ROUTING
GO TO 1210

1130 TDIAM=DIAMCING
FFOIRUNCENDG B0, 13 TDIAaM=DIMIN
LO 1O 1210

1140 CONTINUE
IFIRIAMCINGI Y1150, 1160, 1150

1150 TDIaM=DIAM INDD
IFCIRUMCIND Y CEG. 1) TDIAM=0IMIN
£ T 1o

TIBO  7OIA=DIMIN

1170 1O 1185 M=1.6
IFCOM 5017, EQ. 0. 0060 7O 1800

1188  CONTINUE
PRINT i

1190 FORMAT(> M0 BRAMNOHES #RE FREE=)
GO TGO 1230

1200  IB=h
GC1E, 501 y=BRANCIND)
GG T 18L9

C
L FIND GEOSE HYDROGRAPH PEAK
1210 LRPK 1L
OO 1230 J=2. 506
IFLGRPR-CRO)Y 11280, 1230, 1230
1220 CRPK=GR(Uy
1230 CONTIMUE
PROEG=GRPK
DD 1250 I=1.p
I3 1240 =110
U25T{Id) = 0.0
1240 CONTIMNUE
1250 CONTINMUE
FFOSTORECINID LEQ. 0. 6260 TD i1pHE0
IFCOBLOUCEND L EQ. 0. 0060 TO 1310
12680 PRINY 1270
1870 FORMAT (= BOTH STORAGE AND LIMITED O REQUESTED ~ BTORACE USED =3
OALOMCINE =0, 0
GO TO 1316
1280 IFOALOWOTNDD LEGL0.0060 TO 1340
IFCORLONC IND S -GREK ) 1550, 1340, 1340
1230 CpLl LIMETQ(GPgGHPK;LQSTFQQLUN(IND);DELTsBRQN(INﬁE;EEQCH(IND)@UQL)
1360 CONTIMUE

-

GO T2 1320
1306 Dol ﬁE?ENﬂGQySﬁngLﬁgTy5TQ%EEINﬁ)sBELT:BRRN(ZND)vREﬁCH(INB?;U&L)
1320 COMTIMUE

DUTLET=0RPK
SMM=STORECIND = 1000, 0
PRINT 1370, BEAMN, REACH. SHY, CRPK » UOL
1330 FORMAT(FE.0,F4.0% FOR A%:F13.0,% CU FT BASIN -~ QUTLET ==,
Bl w DFE e UOLUME = %, FiP.1 )
1340 IRU=IRUNCIND}
B0 TO (1350, 1380, 13807, IRY
135G QFExGE808E%TﬁIQM%TQZQN/RUFFN%(TSIQM/48.D}**.BG?*(ﬁLF(INH}/
FLO0.00==, 50
IFCGFB-CRPK 1360, 1370, 1370
L360 TDIaM=THIAM+E. O
GO TO 1350
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SEAP0 0 CONTIRUE
G 70140
180 ISECsISECTIIMNE!
_ GO T (1450, 1300, 14105, L15EC
1380 CALL RECTANCHR ING, HRE (MDD DISTOIRDY, RUFF CIND » GRPIG SLPC TN,
EDELY . GE5T
1400 CONTINUE
G0 70 14848
1410 DERTH = O
SURFaR={
CALL TRAPO (URCINDY.SSOINDY, DISTCINDY, RUFF (INDY s GRPYE SLPCIND )
STELT - GEST. BEPTHD
14206 CONTINUE
GO TO 1430
1430 COLL BOUTESGE, 8887, 0 1B, LAST GREKD
1440 CONTINUE
COOTG 1510
©COMPUTE QFB ANl BFR
1456 OFE=0.0081=TRIE=TIIAM/RUFE CIND Y = (TOIAM 48, 0) %%, BE7* (SLPCINID -
100, 93% .50
1480 CSA=3. 14 16«THIAM=TIAM 576, 0
SER=CSA=DISTOIND)
UFB=0FB/Com
[
O OSTORE PROPEE 0 US G+ IS-DELT - CURVE
Ol L47e g=l.10
GESTL, J2=PROLI=0FB
LATO OEST(E. JI=0EET (L. J3+(2. 0=PUC I »SF By (DELT#E0. 00
1480 CONTINUE
1480 Canl POUTCL (GR, 0257, O 18. LAST, GRPK DELY, SURMAX)
1500 CONTINUE
BEPTH=G.0
COMTIMNUE
T OFORMAT(FE. 0eF 4.0 P F5. 2. FE, 3, 3F5. 2o F5. 0. FB. 2 FE. &y
SEI0. P B FLEL 1eF i3, 8, 73
1530 COMTISUE
IFCOAUOHCINE YL ME. 0L OR.STORECING) JMEL 060 TO 1540
TRU=TRUNCING?
COOTO (1550 1570, 1570, IRY
1540 IRU=TRUNCIMG)
GOOTO C:E80. 1620, 1620 IRU
1550 PRINT (50, BRANT THD . PEACHCIND Y » BISTCIND) » SLP CIND 1y BURFN HRUIND D »
SURCTHDY » SECTHD ) BIAMCIND 3 » ECAP EVEL» CUTLET, V0L, SMR
PRINT ERED, TOTAM, OFE. UF B PRBES, PICIN, SURMAY
1560 FORMAT(= FEBUIRED PIFE = 5 FE. 0

(510
1520

E

#FRL, B FB. R F 0. 8:FS,. 8 F L. e o7
TECRIAM TR LGEL TRIAMIPRINT 1288
1505 FORMAT( L0, * weesf X 1STING PIPE HARE aABEQUATE COPACT TY#us® /7]

GO OTO 1B40
1576 PRINT 1520, BEREMCINHE) s REGDHCIND Y s DISTCING Y, SLPCIND ) BUFF CIND Y,
SHR TN - R CTMDY, 85¢ INDE . DIMO TN, ECAF EUEL, QUTLET . UOL, 5HX
PRINT 1520, FEOES. PKIN. SURMRK
1EBG FORMAT*
s B 10, By PR3 F13. 870
GOOTG 1B40
1500 PRINT LE00. BRARCINDG) » BEACHCINDD » BIST CIND)» SLPCINDY , RUFFMN, HRCINDD .
SR (T Y S5 CTNDD  DIGMIND 1 ECAP, EUEL, PKIES, PRIN, SURNMAX
G EdL 0 FG. 0 FS. B FE. 3. 3F5.8,F5. 0, F8.2yFB. 2

1600

.

I

#F i i
PRTMT 1810, TOLOM, OFE, UF B TRITLET UL, MK
180 FORMAT(# BEGUEIRED PIPE = s
#ES L 0. FE, P FE,. 0 F L0, B 8¥. FLE, L F18.0, /)
GO TS sy
0 PREINT igﬂﬁvﬁﬁﬂwiENB)vREﬁﬁHifHDJpBZETiIﬁB?;ﬁLP(IND);RUFF(ENﬁ)s
%HR(EHD)«N%Q?ND)»%@(ENB}wEEQMEINE)rECHPaEUELwPKDESpPKIH;%URMQK
PRINT 1630 0UTLET. UH. » SHMA .
WD FORMAT(s
= IO Ee X F L2 1o F 13,0, 470
1e40  CONTINGE
[ PRINT 13

Oh, BRENCIND » RERCHCINDY » ISECTCIND S DIAMCEND S » HRCENG D .
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C FURCIMO Y SLPCIND Y RUFF CIND ) BEPTH. SURMAKR
LESE FORMATL FB. G Fa.0: 15 F7. 0 PV 1o S, Lo FB. 8 FB. 3 FPL L FL0. 05 )
TBEC  COMTINUE
L FIND PESK OF DISCHARCE HYDROGRAPH
1B7V0 QPK=0
D0 1690 Ih=i.LA5T
IFCQOIE 1D -0PK 3 1650, 1650, 1888
IBED BPK=GCIE. 1D
1BEG  COMNTIMUE
o
i¥0e Q?Vﬁl"?ﬁZf

ivig

=it
1730

C
T PRINT DISCHARCGE HYDRO
1740  CONTIMUE

TFCTESTCIND) W NE.ENDIGO TO 350

C MEITE (5.402)

1750 FORMAT( v/ ® FPENT TIME EOUEHNESS TIME INCREMENT | FREGUEND
#Y ey

[ HEITE (S, AR3PENT BUFF OFLT, FREOR

1768 FORMATIEX FS. 4 PXeFO. 4, 8% F5. 08, 10X F5.0)
VOLDUT=0.0
BG 1781 MeleLast
VOLDUT=U.CUT+R (I M)
17B1  COMTINGE
DELEUT=UDLEUT=DEL V=50 .
PRIMT 1770, U0LOUT
1778 FORMAT( vy e DUTFALL HYDROGRAPH IN CFSs ACCUMULATED RUNOFE IN CU
# Fim%, FiP.0)
mVW’ﬂumumeﬂ
PRI FPEG, (O0T8R. MY, M=l LasT)
1780 %DQHQxfiU B.E)
FEINT 1789 TOTaAlLU
1783 FORMATOLEX: P TOTAL RUNOFF FUR THE ENTIRE YEAR OF =7 EC0.8)
TFII8RT.EQ. 7)Y GO TD $7E4
GO TO 1veES
1784 PREINT 1771: (HMXOMY 00IB: MY JM=1.LAST)
IFPL FORMAT(ZOFLO. 4, 10X
FRIMT 177 OEUNCIIRUNCI Y, =1, NONY

1772 FORMOT(ZE 0.4, 10X ) '

£ CAtl NEWFEAMOO0G T LRET, 1005 20,0, P TIME IN MINUTES? » *RUNOFF IN CFS
q“fida%ﬁ&i“ 0 10.0: 71978 UPPER RDSS ADE ILL’;E3)

C CALL PLTCURBUCKRKR B LAST. 1o 1. TLLUDASS

r L%LL PLTCURU CKRUN BUN NOM. § sEg’GBQERUEE"BJ

C Catl. MENFRAMIO.0:0.0:040.0:0.0505000:0:0,050.8:0,0)

785 CALL DRYHRCOTT. TTY, MbAY:

PRINT 1782, A
VB FORMOT{R: "OMI=" . F10.0)
TF EKﬁIeﬁﬁfﬂﬁfﬁQN) GO T0 13950
HTLRUE

O PRINT BESULTS FOR MEULY DESIGNED PEACH

C COMBINE ROUTED WHYDROS AT A CONFLUENCE

1780 DO OLBROD M=1.B
IF(O(M 5015 EC.CONBRCINDIIGO TD 1820

180 COMTIMUE
FRINT i8:in

1810 FORMAT(+ CONTINUING BRANCH RECORD NOT FOUND#2)
GO 7O 1930

1gen  IB= Y

IF(@ N»wulﬁ EW.ENDBROINDIICO TO 1850
1820 CONTINUE

PRINT 1840
1B40  FORMAT(* ENDD BRENCH RECORD MOT FOUND=)
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MR TR

185G
r

1870 O HYDEG w)
£ B e TmLe 2003

[REERI

LTG0 T 18480

L1806
1810
1ae2t

1E30

18940
ek

21

AMC=2.
FMC=3.0

By AME=2. 0
Tl 0 AMC=ELO

RCUTIHE RECTAN (LR, U, DISTe RUFF > GRPK 5L DELT» BRST
SCHARGE STURAGE BELATION IN RECTaNGULAR EECTION

HEST{H: 1

W U DIST, RUFE , GRPR, 5L, DELY

- G ERE) /L DELTRED, 0

o (PG / (DELTHED. 0

15
20
30
A0
50
&0
[
80
50
104

lai
130
140
150
7o
180
130
200
£10
220
£330
40
2h0
750

270
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HRITE (B.50) 250
50 FORMAT SUBROUTINE RECTEN =) 230
O 70 Isi.z2 300
C WRITE (Bs 1B (HEST (I IM)s TH=1, 10} 3ip
&0 FORMAT CioFle.2) 320
70 CONTIMNUE 330
RETURM 340
BN 330
SUBEDUTINE TRAPA (i Us BIST, RUFF » GRPK, BLP, DELT, Q2ST, DEPTH) 1a
[ 2
C FOR DISCHARGE STURAGE RELATION IN TRAPAZDIDAL CHANNELS 30
L 40
DIMENSION GasT (2, 10) 50
c HEITE(B,25) WeUs DIST, RUFF s GRPK, SLPs DELTs NEPTH &0
i0 FORMAT (8F10.4) 70
H=20 80
H =120 g0
20 TH=IH+1 104
30 H=H+1,0 116
E68 = (Uei)+ (Hskou) 120
Pro= L00go0eH)e (1, 0L, 0/ (Ul ) daad, 5) 130
W= (I 4BG/RUFF) = (L3R % ({CSAP)#%0 BB )% (SLP/100.0)%%00.5 140
UEL =[}-C&%¢a 1350
GRSTCL IH=0 ign
S=CoaeBIST 170
£ HEETE LR, 26P, (3, G, VEL 1830
40 FURMAT4F LD 3 190
BE2STCEs THY =04 (2, 0883 /L DELT#E0 . 1) 200
IFG-GRPIOS0, 58, 70 210
50 IFCIMLLT. 10300 TO 20 220
IFCIHLGERL. 10360 TO 30 234
PEINT &0 240
60 FORMAT (% ERROR IN TRAPS SUBRDUTINE=) 250
70 DEPTHmp ZEQ
- HEITE (8,107 270
£0 FORMAT (»  SUBRODUTINE TRAPS %) 280
D000 Isi.2 230
C HRITE (B, 21 (B25T (L, H)Y, ITH=1, 10) 300
30 FORNMAT €10F10.2) 31¢
160 CONTENUE 320
RETURN 330
END 340
SUBROUTINE ROUTE (GR;U2ST. 8, 1B, LASTs CRPK Y 16
DIMENSION ER{S500)-825T(2,10),Q(7, 501, ATEM(S003 S(500) 20
C 30
C DETERMINE THE SIGMNIFICANT LENGTH OF THE HYDROGRAPH 40
19 L=l 50
=1 60
C HEITE (B 57 HGR(IGY IC = 1,100) 0
20 FORMATCIOF10.4) 80
LAGT= ' 30
3¢ BN U=, 497 100
IF(ORE -, 001360, 50,40 110
40 LaSi= g+ 120
I = g 130
&0 COMTENUE 140
GO 1O 30 S 150
G0 OO 80 I=1C, 498 ' &0
TFAGR{T I~ 081080, 80,70 170
7l L=T 180
GO TO 30 130
%0 CONTINUE 00
40 B0 100 IK=LAST:500 210
GECIKY = ¢ 220
160 CONTINUE 230
LU ROUTE GROSS HYDROCRAPH GR TO 0 240
10 CONTINUE 250
C HREITE (By 1307 1L.AST 260
igo FORMAT(»  GROSS HYDROGRAPH LAST = =, I5) 270

C WRITE(E, 13083 (BRI, J=1,100) 280




130

140
150

180
170
180

150
200

210

220

230

240
250

cel
e7e
280
o806
300

210
320

G 775 L3 T2 L3
[ L
[o= R vse S o

i Yo 2
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FORMATCIO0F10.42

TEST = 0.} =CREPK

@??ﬁi?? =GRECLY

B 280 HM=l.488

TFCOTEMOM-D25T (2, 1)) 140, 160, 180
POR=OTEM(M3-025T(E: 1

IF(POR.GT. 0. 0BG TO 150

POR=0.0

GOIR.Mo=02358T(1, L)%POR

S0 =PORHZSTER, LI-G(IE M)

GO T 240

J=1

QUIB.MI=025T( L. 12

SUHy=025T(2, JI-028T (1 J3

GO T 240

BG 190 J=2:10G
IFCOTEMMI~O2ST (2 JI 32RO, 170, 180
CONTIRUE

COMTINUE

E28TC2, 10 =0TERM?

QOIB, MY=GRPK

PRINT £10

FORMAT (* CECMETRY OF SECTION CAUSED ROUTED PERK TO EQUAL UPSTREAM

# PLAks)

S{MP=ETEM(M -GRPK
GO T4 248
POR=(GTEMN(M~BESTL{2, -1 3/ (HBS5T( 2,03 ~0RST (2 J~1))
BOIR, MI=G2ST{Ls J~1 3+POR® ((2ST (1 H=02ST (1, J-1))
TF(OCIBH . CT.0. 0001160 TO 230
QCTE, My=0.0
GEM=(H2ST{E, J- D +POIR(GBST (s JI=BEE T2 J-1 033 ﬁ(IBoN)
IF(SEH) G7.0.0000360 TG 240
S{M=0G.0
GG TO 240
IF(M-LAST 3280, 250 850
FFOMLGT 403360 TU, 260
YE(GOIB M- 010260, 250, 288
N = i .
GG 70 309 _
WRITE (B,7003 My CEM), GROMEL Y QCTR M3, UMD
FORMAT(IL0.4F20.8)
GTEM(+ 1= FR(ﬁ+l)+GP(H)~Q(IB: I+GEMY
CONTINUE
MG = 493
LEST = MO
IF(LQ 57500320, 3205 318
LAST = 500
CONTINUE
DO 330 N=N0s 500
QETE, MI=0.
COMTINUE
MRITE (B, 1324)LAST
FORMATY = ROUTED HYDROGRAPH [AST = %, 15)
WRITETE, 13253 (0CIB: J3, Jr1, LAST)
FDRNQT&i%FlU 43
RETURN
END
SUBROUTINE SUPPLY (AR, DELTAT.FCiFis FG:GQSR;K»NRI:DEPGsNGBR;SGRSR}
DIMEMSION GASR{S007, RECS00)
REAL K. IS
FRINT 105, DELTAT.FL-FI.FOsi NEI;BEPE
FORMATL BF12.4,116.F12.4 3
FRIMT 4, {ARCIT, I=1,NR1J
FORMAT (5F20.43
SCHRER=0.0
Fi=F1I
Mi=1
£5=DEPG
15=0
DO 150 I=1.NRIs1

&80
300
310
380
330
240
350
3u0
370
agn
33U
400
410
agi
430
440
450
460
470
475
4a0
485
430
4835
560
505
St
530
341

Iy

550
570
584
B30
[SEAEA
GBIl
Ee
&30
540
B50
B&0
B0
E80
ES0
700
rig
70
730
740
750
7ED
7o
rED
70
GO0
Big
8#8

oy

30




30
40

50
EG

ca
80
S0

100

110

120

130
148

150

iB0

i7o
LEQ

102
o

103
£L0

«G9.

IF (MK YEB5 505 30
T=0.0

TT=0.0

CONT I HUE

F=F L8740 (1L ~EXP (-KaT) 3 (FO-FE) )/K
F=F-F1
FE=FC4C(FO-FC3 % (K#ERP(~K*T)) 3 /K
T=T~F /FP

IF (ABS(TT~T).LT.0.001)E0 TO 50

T
EOET

GO TO 40

CONTINUE

TH=T+DELTAT

FH=FUSTNG (1 ~EXPL=~KETNY 39 (FO~FLY YK
FINC=FN~-F1

1=RINC-FINC
PRINT GoFlsFCoFLs Ts THe FMN»> AS» DRUN
FORMAT (8Fi2.4)
IFCORUNIEN, 110. 180
TE=DERG-RS
IF{ABS(DRUNI-1S3100,90,90
IG=0

FS=0ERG

GASRCI)=0.0
F1=F1+RINC+IS

Pl =

GO0 150

L= S+IRUN

Ao=DEPE~18

GHESR{II=0.0
Fl=Fp

T=TH

M= 1

G TO 150

Fi=fFN

To TN

M=

GRSE(I) =0, 0

GOOTO 150

Fl=FN

T=TH

Pl |
IFCORUM-AS Y 140, 130, 130
CASR T =IRUN-AS

A5=0.0)
CO YO ikg
5 LN

CASROII=0,0

G 10 150

CONTIHUE

SENET+

00 160 I=J,50051
GASECII=0,0

COMTINUE

NESE=0
0 180 J=1,NRI :
IFCGASRID LT 0. 681380 TO 170
NESR=
SEASR=5GASE+GASR{D
CRER (1 =CRER(JIZDELTAT
LO 710 180

CRERCII=0.0

- CONTINUE

PRINT 102

FORMAT{ = CRASSED AREA SUPPLY RATE IN INCHES PER HOUR= )
FRINT 103, (GASK(IYs I=1sNRID

FORMAT (LOF10.4)

RETURN

EMD

140
150
160
170
180
180
200
210
220
230
240
250
ZE0
270
250
2490
300
310
320
336
340
350
360
370
380
330
450
410
420
430
440
430
450
470
480
430
500
510
ST
530
540
550
=640
570
580
530
E00
610
620
&30
B40
E50
EBEG
870
B8O
B30
700
Fio
720
730
740
750
FE0
rr0
780
730
800
glo
820
830
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SUBROUTINE TIMER (R.ENT» DELT:NAL,MaXa. CAs . 10

. DIMENSION {500 20
30
T COMPUTE &HEB STORE TIME ARES CURVE af
10 BFS=ENT - BELT B
TRAS=AASHL. U 50
NAT=THAS 70
TFONALLEG. 1300 T 40 80
H5UM=0 &1
MIM=HAl-1 100
DO 20 M=l NI ‘ 110
ROMI=CA/RGS 120
20 ESLM=ASUMa (M) 130
ALHAT I =0A-ASLN 140
HAK=NAT 4L 150
a0 30 M= MAXA 1EG
30 frNi=0n 170
GO TO &0 180
40 AL ISR 150
L0 BG Ne=2s MAKS - 200
50 AU =0 21
60 CONTIRUE _ 220
C FRINT 70
70 FORMHT €= TIME AREA=) , 240
» PEINT 80: (A M=1,NAD)
&0 FORHAT(LOF10,4) 260
RETURN 270
END 280
SUBRDUTINE GRENT (BENT, 6R: BLENG, GELP: ENT) . 10
paTa GusPsl, rfyrxa pEas 20
£ DLTERMINE CERSSED GREA ENTRY TIME BY IZZARD EQUATIONS 30
BEQRAUSF = CLENG 43200, 40
CE=C0.0007% aUSP + 0o (GHLE/100.8) =% 0.333 =0
DET =UK # CLENG # GQEQ == 6,4 50
GRENT = DET/(30.0 % OGS} 70
GENT = GLENT + ENT 80
PRINT 10, CEMT 30
190 FORMAT (# CRASSED ENTRY TIME= %, FR.1s% MIN#) 100
RETURN 110
END 120
SUBROUTINE ROUTCL (GRsGRSTs §s IBs LASTs GRPK, DELTs SURMAK) 10
DIMEMSION GE(S00), 028718, 167, 007 591), QTEM(S003,5(500) 20
o 30
£ DETERMINE THE SIGNIFICANT LENGTH OF THE HYDROGRAPH 40
10 Lo 50
c o= 1 5O
IS WRITE(B.S573(CRIIGISIG = 1.100) 70
#0 EORMATCIOFE0.4) 80
LAST=1 g0
30 L0 5§ J=l, 497 100
TGRS~ 001060, 80. 40 : 110
40 LAST=J+1 180
10 = kg 130
56 CONTIMUE 140
GO TO 84 150
EQ B0 B0 I= 15,498 LE0
IFCGROI Y-, 00180, 80,70 . 170
70 L=] LBD
BOOTa a0 130
&0 CONTINUE 200
N B0 100 TK=LAST, 500 210
CRIKY = O 220
160 CONTINUE 220
T ROUTE GROSS HYDROGRAPH GR TO O 240
110 CONTINUE . 250
C VRITE(H, 1307 )LAST 250
B0 FORMAT (s CROSS HYDROGRAFH LAST = #,15) XV
£ URITELE, 13087 (CRCIYs J=1, 106) 280
130 FORMAT(IOFL0.4) 2an

GFB=GaST(L 102 340




140

1507

160
170

igg

336
240

350
266
270
260
390

400
410
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SURCH=G, ¢
SURMAK=0, 1
GTEMCL ) =GRIL
EE G
b Ml 485
LY GO THoLsn
SROMIAGR(M-11 32,0
RIN-UFEY IS0, 170, 1BD
IFOSURTHLAT . 0. 01360 TO 180
RIN + SURCH-(DELT*ED)
Gt

20 TH 140
SURCH=0. 0
GO 70 140
SURCH=SURCHH(GRIN-GF B «DEL T*50. 0
IFOSURNAR. CT.SURCHIGD TO 170
SURMEK =S URCH

CONTINUE

HTEMOM) =0, O#OFB+S (M=1 ) ~QCIBs M~1)
GO 70 180

SURCH=G. 0

OTEdr
ErrESs
TFCERT

RIM#Z, 0+ (M1 1~G0IB M~1)
EMIMY-G85T (2, 10)

b r2Els 200

SUREH =S HFEREESS = JELT#50, 0
CTEMOGN =02ST(R, 10

BRITES, 2403 EFRCESY

FORMAT (= EHCE
IFRATEMMI-GEST (R,
POR=OYEM My /0257 (2
IFPORLET, 0. 01300
FUR=G. 8
BCLEMI=0ZSTL 1) =POR
SOMI=PORAGEST (2, L3~0 (IR M)
GOOTO 330

s £

= #, FIG.5 3
V230, 250 270

G118
Sy
G :
DO ZEY J=0, 10
LFCOTEMOM)~R28T (2, 3 0310 260, 280
EONYINUE

CONT IHuE

PREINT 260

FORMAT(» OFB WAS EXCEEDED IN ROUTCL #)

NN
GOTO 2eo

PUEﬂ(G?EﬁEN)“OEST(Q;J“i))/(BQST(EvJ)"GEST(apJ~1)J
GUIB. M =G2GT (1e J- L24P0P% (QEST (1, ) ~BEST (1, J-1))

IFCRCIE M. BT 0. 0001360 TO 320
GUIB.H=0.0

GO (BE8T (R J~ 1) +POR» (ARST(2, J)-085T(2, J-11))

AISCMGLGT. 0. 0001360 TO 330
SiMr=0,0
&0 T s
IFM-LeST 370, 340, 340
IF(M.GYV. 48060 TD 350
IFCOOIB, 13-, 01350, 250, 370

FORMAT (I 10, 4F 20,83
CONTINUE

COMT ITHUE

NO = 455

LAST = NO
IFLLAST-5003410, 410,400
ERST = 500

COMTINGE

DG 420 N=ND, 500

(gﬁ?oﬁ) Ma GRCMISGRIM*13, BCTB:F)» SCHY
; ‘

310
320
330
340
350
355
360
3¢9
380
3840
400
410
400
410
40
430
449
450
464
470
430
430
S00
SEAL
520
G930
540
taty
SBO
570
580
ogo
Eo
ELD
20
B30
E40
650
ge0
EFD
&80
630
730
710
720
730
740
730
7EO
770
780
730
go0
8l
820
B30
£40
850
BED
870
880
850
00
810
320
830
g40
950
860
970
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OCYTHMNI=0. HHO
420 CONTINUE g
C FRINT 1304, 1LA%T ioog
430 FORMAT (= ROUTED HYDROGCRAPH FROM ROUTCL LASTs =,1%) 1o1o
[ PRINT 1325, (GlIB:J)» =1 LAST) 1020
440  FORMAT(LCGF10.4) ' 1030
RETURM 1a4n
END 1050
SURROUTINE INTEN (RI.ABSTRT,NRI.DELTARTY 1o
BIMEMSION RICS003 0
SUB=0. 0 30
B 10 J=1,NRI 40
SUE=SUB+RT (IS 50
IF(RBSTRT-3UB3R0: 20, 10 _ B0
io FIC=0.0 70
PRINT 19 g0
is FORMAT (= ABSTRAT GREATER THAN RAINFALL IN SUBRDUTINE IMNTEM= a6
GOOT0OBD 100
20 CONTINUE 11g
Ri{DH=C0lB-RESTRT 120
40 DO G0 Ke=laMNRI _ 130
BICG=RIKIADELTAT 140
50 CONTINUE 150
&0 COMT INLE 160
C PRINT YO0 (RICJ2s J=1.NRE )
[, FORMAT(*  INTEN=, 10F10.37
RETURN
ENn
SUBRBUTINE CAPAT (IBECT. BIAM Helds 55, SLP, RUFF  ECAP. EUEL-EAY
L .
£ BUBRCUTINE TO COMPUTE LAPACITY OF EXISTING SECTIONS
T

TEFELT=]
18 GO0 (20.406.500, I8ECT
20 IFOAMGER.OXED TG 38
Ef=0. 0054520 Tat+ D TaM
P, 261 8= 10M
Lo 70 60
30 ELAP=0
EUEL=0
Ea=0
GOOTo 70
40 et oA
Febe b
GG T g0
50 Frie (Llwkid+ (ko857
Frabid ( (g, G0 ], 0+ (1, 0/ (858500 Jend 5
B0 EVEL=C1 c48E/RUFF ) #(EAAP )l JBETRCELP 1000 520,50
ECAaP=EUEL*ERA
70 RETURN
EMD

BFIMEMSI0N CRAS00), QT (5083
IFTMAX=STORE#* L300 .0
DELTe=00LT=60. 0

[ PRINT 200, GRPK

ig FURMAT (» GRPK IN TO DETER= #.F10.4)
QOUT=0.0
QIMNC=GRPK-50.0

20 J=
UL Fak=0
MIKE=LHST
BD 30 K=1.500
07 ¢k3=0

a0 CONTTHUE
UOL=g
COUT=00UT+GINC
IFCREIUTILO0. 100,40

40 MENE S




50

GG

i
a0

a¢

106
113
120

20

g

20

«103w

FURTL=CROSUOL A BELTS
DIFF=auall -oouT

IFCRIFF 150,50, 60

OV Cr=auniL

LI, =0

GO To 86

GT O =a0UT

UOL=RTFF«DELTS

IFCUDLMEX. CT UOLIGD 10 70
UOLMER=UEL

IFCUOL.ET.OTHARIGE TO 20

COMTIMUE

PRINT 3GU¢J{QUUTBﬁUﬂILﬁBIFF?GR(J)yGT(J)BUDL?UGLMﬁXsDTMQX
FORMAT (15, 8F12,3)

IFCALT.LASTIGG TO 40
TFORH LT, 5.0360 TO 120
MEKE=MTKE+L

IFMIKE.GT. 499360 TO 1826
CROMIKEI=0,0

GGTo 40

PRINT 130

FORMAT (% NI SOLUTION IM SUBROUTINE DETEN =)
CRPR=00UT

V0L =L e

LAST=MIKE

DO 120 Ksi,LAST

CROC=0TK)

COMTIMUE

PRINT 201, GRPK

FORMAT (s GRPK QUT OF DETEN=#, F 10.4)
FE TN

MO

SUBROUTINE PAUENT (PENT,PL.PS.CPA)
PRINT £: PENT: PL.PS, £PA
FORMATO4F 12, 4)

Q=CPasd.0

A=0, 08

S=PS-100.0

R=0,2

U=(1. 485/ R8N ) #Re =0, B7#5%%D. 5
PENT=PL_/U/G0, 0+2. 0

FRINT 20: PENT

FORMATCOx PAVED ENTRY TIME= #,FB.1,® MIN%)
FETURN

EHI

SUBROUTINE RHUFF (TRAIN, DURA, DELT» RR: NRT)
REAL RROS00.PCTT(I7) PCTRIOL7 ), BR(500)
IMTEGER XRI

=i,

PO 16 I=isii

Hmptd

PETT{T 1=¥

CONTINUE

D20 I=182:17
PCTTCLi=PCTT(I~1)+10.

CONTINUE

PUTRC 3=D

FLTRC2Y=9.8

PLTR(3I=E1.0

PCTR{43=32,7

PUTE(Z)=43,

PCTRIG =51, 2

PCTR(E =63, 1
PCTR(s) =67 2
PCTR(10)=70.5
PUTE(11)=73.5
PCTR{12)=7g,
PCTRO13)=84.p
POTR(14)=58.%

130
260
210
224
=30
240
250
260
a7
280
290
300
2iq
320
330
349
350
I60
370
380
330
460
430
420
430
440
450
450
47 e
480
430
500
16
=
30
40
50
BG
70
B0
a0
9o
110
120
130
16
20
30
40
50
60
7
an
30
100
110
120
130
140
150
166
170
186
130
el
210
220
230
246
50




30
40

E0
50

B0
30

40

80

70

[y 41]
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PLTR{1E Y=
PETROIBI=5, ]
PCTR(17)=100,
NRI=DURA/DEL T+, §

SROL =0

M0

00 B0 1=, HRI

W= TEL T

P (R DURA) #1080,

DO 30 J=1.17

TECPR=PLTT () 140, 50, 30

CONT INUE

CO TO 56

SR¢ 1) CPLTREI= 1)+ (PCTRIMI-PCTR(S-1) )/ (PETT (D)
#-PCTT (138 (PR-PCTT{J=13)) *TRAIN#, 01

GO TO 60

GRCT)=PCTRIJI#TRAINS. 01

CONTTHUE

JERRT

NRT =1

RECLI=0.0

00 7O J=gs JJ

BRL=5R () ~SRI-1)

CONTINUE

BRINT 9: (RR(JYsJ=ls J)

FORMOT (FLE.4)

RETURN

END

SUBROUTINE LINITO (GR, GRPK, LAST, GALOW, DELT, BRAN, REACH, UOL)
DIMENGION GROS003,QT(500) ‘ ' e
DELTS=DELT*E0,

PRINT 200, (CRCJ)s J=ls LAST )

FORMAT (% GR INTQ LIMITO ®, LOF8.1)

GOUT=aRLOM coo

=0

[#44

Lak

MEKE=LAST

o 20 K=1,500

OV (K 3=0.0

CONTINUE

UOL=3.0

NEN 3]

GUATL=CR (JY+UIL/DELTS
BIFF=aua Il -G0uUT
IFENIFFI40,40.50

OT €y =auatl,

Ul =6

CO T D

BT =0007

UL =T IFF=DELTS
TFLUSLMAR.GT. U0LIGE TO BO

CONT LHUE

TFCLT.LASTIGO TO 30
IF(U0L . LT.5.0)G0 70 70

MIKERMIKE+1

IF (MIKE.GT.499360 TO 70
CREMIKE=0.0

£0TO 30

CRPK =00

UL = UL AR

LEST=MIKE

IO a6 K=1,LAST

CROK =07 (K3

CONT IMUE

PRINT 201, (GR(J), J=1,LAST)
FORMATCE G OUT OF LIMITE *»10FB.1)
RE TURN ‘
END

e&0
Bra
“BO
230
308
310
326
336
346
350
SEG
370
380
380
400
410
420
430
440
450
455
4B
470
430
450
Sa0
510
S20

10

&0

ag

44

G

50

78

aa

petd:
106
1ig
g
13¢
144
150
180
170
180
1580
260
210
220
230
240
250
260
270
A1
250
340
310
326
320
340
50
260
370
380
280
400

ia
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APPENDIX A-Z

Program Listing of DRAINQUAL




(e Ealele

ikt

oo

180
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PEOGEAM TLLUDAS O TNPLT, GUTPUT . PUNCH, TAPES=INPUT « TAPEE=OUTPUT TAPEP=
#ELUNMEH PLUT
TLLUDAS -~ THE ILLTHOTE UREAN DREOINAGE ARES SIMULATOR
ILLINOTS §TATE WATER SURUEY

MODIFIED FOR RUNGFF QUALITY SIMULATION
SCL00%, ARISO0I ATF (8, BIF(B), CIF(E), DIF{E T, GADISDS

E EROBO0, GER(S00Y, GRIS00 PROIB) . PUCIDI, B(7, 5013
FOESTOE 300 RICS00, BR{Z0G Y, STORM(Z0 ) XNAME (207

VG/;WU/QEGeEEG¢x3$gmﬁﬁpﬁﬁﬁsagﬁg@?DaWBUe,SGsIGOO/aPU/ulBs

e LS00 JBS, P 806 1. 000 LEALA

i1 BoaHSTOR - ”Ph?lKg% 0~

/Q&V‘L¢Jwﬁ B0 10,0, 1.0/ BIF70.0:1,5: 3.8, 4.0: 8.0 0.5~
1.0:2, Usﬁ¢8aa08u$ PEs e BIF/0.0:,0.7:1.5:2.0: 300,17

WH LT, 40 ) KHRHE s STORM

TFCEDE LT 1ﬂw i

FiRMaT (200
R”wvﬂéﬂzyﬂiﬂ H

HF L 4‘
3 iﬁnﬁﬁhugﬁNDrEUﬁLﬂﬁEuﬂ)GU 7O Lle
IM,EQ.0.anNDL EUALLEQ.OYE0 TO 1ha
THLEQR.G. 0360 TO 140

THE JUBE I8 FINISHED=)

“%’HT 120
FoRMaT f* BESIGN AND EUALLATION BOTH SPECIFIED - DESIGN ASSUMED=)

Go 10 170

TREINE=2

T TOOLEG

160

7T = MEITHER DESIGH NOR EVeL SPECIFIED - DESIGN ASSUMED «3

i

FLT ﬁNP PAINGT. QX0 T 190
Fi.a GO T EL0

WEQﬁfL s 1ET CATeJm=l.NRIS

FORMET (1078,




1ag
200

210
22
230
240
250

260

270
B0

240

300
310

320

330

340

330

360

37a
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TRAIN=6

DO 185 K=1,NRI

TRAIN=TEATN+RE )

COMTINUE

BURA= (NRT~1J=DELT

LG 7O 22n

FRINT 204

FORMAT (2 RATNFALL PROVIDED OR STANDARD DISTRIBUTION Ana %)

GG 7o 1950

CONTIMUE

CALL SHUFF (TRAIN, DURA: DELT. RRy NRT)

COMNTINUE

PRINT 230

FORMATOx RAINFALL PATTERN +)

PEINT 2405 (RR{JY: J=1,NRI)

FORMATC10F8. 3

FRINT 250

FORMATE =0 RUN MUMBER  BASIN AREA  TIME INCREMENT  SOIL GROU
w1y

PEINT £80

FORMAT (= ACRES MINUTES 1234=ABCD
* sy ]

PRINT 270, 110, AREA, DELT, IS01L.

FORMAOT(II3: FI5. 1aFIZ, 85, 113 72)

PEINT £80

FORMAT (= TartaL RAIN  FREQUENCY  DURATION AMC  PAUED aB
3, GEASE ABS. %)

FRINT 250

FORMAT (= INCHES YEARS MINUTES INCHES
= THCHES=®,#)

PRINT 300, TRAIN, IFREQ, DURA, IMCs RBSTRT, DEFG

FORMAT O FS. 29 B%s 15+ PXs FBobs IB:F11.25F14.2: /)

PRINT 210
FORMAT( 775 B R LENG 8&LP N HY BY U/H  Dla €A
*#Pal UEL DESTGN INLET DETENTION STORAGE =)

FRINTY 220

FORMATC # FT  PCY FT FT INS c
L FrPg a-CFs -CFs CUBIC FT  REQUESTED #,-/)
PREDI=HIMIN

DEETAT=0ELT~E0.0

HEND=0

DI 330 L=1.500

GRULI=0,0

COMTINUE

00 340 M=i,6

M 801)=0,0

COMTInUE

TEAR=0, 0

ToA=0.0

TEPf=6. 0

TPaR=0,0

TEFA=0.0

=D

CONTINUE

UG =0

OUTLET=0

SUEMAK=0

SMX=0
QEQSELT;3SU)BRHN;RE@CHyENBBR»CDNBR:IRUHvDIST;SLP;RUFF;ISECT;DIHN»H
#8s LR, 535, DALOM: FRECRE, STORE, TEST, HYD

FORMATCAF2. 0, 13, 3F5.0, I1,F4.0,6F5. 05 1A« 125 10%X)

IFCYREUNGNE, 0.80G0 TO 370

IRLN=TRUNB

COMNTIRUE

IF(EMDBR.NEL 0G0 TO 1790

1231

he2
S83
584
585
520
500
510
BZ0
30
B40
550
BEC
E70
BEO
530
200
710
Gl
¢30
740
750
750
(44!
780
730
800
810
820
530
844
850
860
BY0
8586
230
860
s10
820
930
340
250
gto
979
980
830
1090
010
1020
1030
1021
joze
1040
1050
AREIE
1670
1080
1090
1100
1114
1120
1130
1140
1i50
11860




410
420
430
440
451
460
470

480

485

GE
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EEALTCLT, 350 CPRAN, CEEACH. BG. CPA: POPA. SPAs PSPA. PENT, PL. PS. LG PCRA,

®EENT. GL &5, IEROUP

FORMATLEF 3. 00 FO. 0. FS. 0. F3. 0. F5. 0. F3. 0, 4F 5. 0, F3. 0, 3F5. 0. 12, 32
PRINT B, BRAM BERCH, ENDER. CUONER. B1ST. SLP, BUFF, ISECT, BIAM, HR s HR,

185, FREQR. BYORE, HYD
FORMAT(FFE. 3, I3, 6FE. 3+ 130

PRINT 5 CBRAN, UREACH, BA. CPOL. POPA, SPA: PSPR. PENT PL. PS, CGAs PCEAS

JGENT . Gl G5 IGROUF
FUORMAGTCLSFE. 3, 18

4 OUF.E0G. 00 IGROUP=ISOIL
TF(FREGR.EG, 1,0000 TO 440
PECPREQE,NEL OGO T3 410
FREQR:
6O TO 440

N0 AP0 TJ=1,NET

BREESI=RRE T +FREGR

CONT TNUE

2INT 430, FRENR

FORMOTO* PAITNFALL MULTIPLIED BY A FACTOR OF #:F5.2,
wx FOR THIS REACH®)

COMT LMUE

P PEeD ., 01
SMEL0.000T TO 480
ToEPLPasd, 0]
PRLMEL GO0 TG 470
CoR=RRnPLEfed . 0F
FFOPENT#FLOEG.0.8300 TD 480
FOPENTHE. 0. 0000 TS 488
IF(OPALED, 6, 0060 TO 480
Lkl P TEPENT PLFS, CPA)
{ P
LG
=TSPR+5PA
=T0PA 0P

PEINTAS: TCPA: TSPA. THR

FORMAT (SR, =aUULNM CONTRIBUTING ARCASE, = CPA=#:F7.1s %,
#l, 9, Chp=e PP, 10 ' b '
CALL CAPaCUISELT, D1AM. HE WRs 58, SLP. RUFF - ECAP, EUEL, ERD
COMT IHUE ' ' ;
FFOBRAM.EE. 0. 05060 TO B00

IFeepneloa+5PRIST0, 950, 5320

COMTINUE

FOENDBRE.EQ.G.03C0 TO %10

L LABEL 608 IE FOR A CONFLUENCE

08T 1790
FRINT 520

FUlRMaT = BRANCH AN ENDBR BOTH EGUAL ZERD=)
GO TH 1520 o ‘“
IF(OPAIS40, 540, 560

GROMI=0.0

CORTINUE

G TO BYG

Celt. TIMEACA, PENT, DELT. NAL, MAXA. CPRY
CONTIMUE

PG SHG M=L.NRI

RI(MI=RE(D

CONTINUE

Ol INTEM(RI,ABSTRT.NRI,DELTAT:
CONTINUE

COMPLTE GROSS PRAUVED AREA HYDROCRARPH
HEND=NREI+NAL-1 h
B B0 J=1.500

SPA=®,F7.

117
1180
11806
12460
321G
1220
1830
1240
150
1EBh
1260
2B
s

1263
Lave
1880
g8l
1300
1310
1320
1330
134¢
L350
1360
1370
1E8s
13490
1400
1410
4z0
1430
1440
1450
1460
iakl
14BE
1463
1454
1470
1480
1490
1560
1510
1520
1530
1540
1550
15ED
1570
1586
1580
1600
IBLY
e
1830
1840
1B50
1660
1670
iGa0
B850
¥at
ivi0
1720
P30




Lok

619
B

£30
540
BEG
BEG
&rd

BEG

(SR

70

Fig

720
730
£

740
750
760
7o
750

e
20O

gio
820
830
B840
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ER{JI=0
o0 G20 =1 NPT

M=t~

BG 510 J=1.HAT

M=l

DER=RT{L el )

GRONI=0R OGN+ DGR

CONTINUE

COMTINUE

IFOHYDIES0, 560 530

PRINT 840, 2o, REACH

FORMAT (+« PAUED AREA HYDROGRAPH=, RF10.1 )
PRINT B850 (CR(1) s Jole NENDD
FORMAT(EFE. 1)
IF(CEA 50, 880,670

COMTINUE

GO YO (GB0.,830. 700, 710), IGROUP
Fi=pIFCIMC)

FO=nIF (5

FLsaiFog:

GO TG Y80

FI=BI¥ (1ML

FO=RIFOSY

FimBIF(g;

LT Yo

FI=0IFCIME)

FU=LIF(G)

Fr=C0IF e

GOOTG Pe0

FI=D1r{ING)

FO=01F{3)

Fr=DIFos)

COMTIMUE

FEINT 406, MRI. IGROUPs IMC» CGAs SPA» DELTAT: DEFG GL+ GSs F1: FOLFL
FORMAT ( 3¥5,5F8.3)

PRINT 407, (RE(D) e J=1.NRI)
FORMAT C10F L0, 37

ne VLo I=i+HRY.

SR =RECDI=(LEA+5PA #LRA
CONTIMUE

CALL SUPPLY (AR, DELTHT.FCsFI:FOsGASRs KIF - HRI, DEPG. NGSR, STASR)
ECPT IMUE

IF (NGSK 850 950, 770

COMTINUE

FRINT 451, (GASRII), I=1. MGSR: £
FORMART (10Fi0.3

FRINT 482. 3S0ASR

FORHGT (= GRSR TOTAL #,FB.3 )
COMTENUE

IFCREMT+CL.ER. 0,060 TO 810
IFCGENT . HE. Q.0 GENT=CENT+PENT
IF(GENT.NE.C. 0G0 TD 830

LALL GRENT(GENT, Chas Gls 55y PENT )
£0 1o 830

CENT=20.0

FRINT @20

FORMAT(= GREASS ENT ASSUMED = 20 MIN. GIUE MORE DATA %)
GO TO BXRe .
CONTINUE

CRLL TINMESCGAD: GENT. BELT. NGATLs MAXa, CGA)
EOMTINGE

MGENE=NGRT +HESR-1

I B5G J=1.500

GER{JI=4.0

O BAU L=i.MGSE

1740
1756
1760
1770
1780
1750
1806
i8to
8z
1830
1840
1850
1860
1870
i880
1850
1900
1810
1520
1830
1840
1850
1960
1974
1980
1830
2000
2010
2020
2030
2040
054
2050
2070
2080
2030
2100
2110
Zied
2130
21440
2150
2160
2i70
2180
2200
ECIRY
2ol
£330
2240
Ze45
£H50
2260
£27 0
2280
2230
£300
2310
2320
£330
2340
2350
£3E0
2370
2380




BEO
BP0

580
&30

500
BiG
G20

S0

D46
250

fict)

870
GI51H

o]

£
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fot -1

I 880 Jei.MHonT

Fasfle 1

GHGR=CASRIL y=0nlie 0}

GER (M=L0R (N 4G00R

CONTINUE

AT INUE

IF(HYRIEI0,916G,. 880

FRINT 890

FORMAT (x CRASSED ARES HYDROGROPH=)
PREINT 300, (LER(UI, J=1 NGENDD
FEREMRT(OE, 1)

EF CHGEMD-RENID 830, 930, 320
PEMT=NGENT

BO 940 I=1,NEND

BRI 3 =GEC T 3+0E0RID

CETINUE

COTIMNUE

FRINT B9 0P CGR. SPA. PENT, GENT
FORMESTESF 10, 4)

GEPK = R

DO Sae =g, MEND
FFORPK-CR 1) IB70, 980, 880
GEPE = GROSY

COMTIMUE

FRIM=GRPK

TEST FOR MID BRANCH (4213 OF INITIAL (426)

IFIREACH.NE. 0, 0360 T8 1010
G T 1140

LOFOR ARER =0 I0 MID BRANCH

IcH
io8n

C
e
1910

10
1033

1640

1050
1060
Hirsy

1080
1989

1140
1110
ligh

D0 1o00 =1,500
EEL=0.0
CONTINUE

BRPK =0, G
PRIN=0.9

0070 jein

COMBING PREUVIDUS ROUTED HYDROGRAPH WITH NEW GROSS HYDRDGRAPH

CONTINUE

D o1028 M=i.8
IFLOM. 501 EG.BRANIGD 10 1940
SO ML

FRINT 1030

FORMAT(» PREUIONS BRANCH HYDROGRAPH NOT FOUND=}
CO T 1935

IB=mM

GEFK = §

DO 070 M=, 500
CROT=CRINI QTR N
IFGRPK-GRENI 32050, LOB0, 1060
GRFK=GR (N

CONTIMUE

CENT THUE

PFOHYDII 1810, 1810, 1080

FRIMT 1080

FORMAT (= RDUTED PLUS SURFACE MYDROGEGPH =)
PRIMT 1100, (GRODy J=1, LAGT
FORMATIOFE. 1)
IFCDIAMI 120, 11801130
THIAM=PRED]

C LEEEL 489 1S FOR ROUTING

1138

GO T8 1810
THEAM=0TAM

PG
2400
BaL0
2420
2430
2440
=450
E450
2470
2480
2480
2560
2510
2520
ZEE0
Pebat i
2o
K]
25760
FRED
2590
EEO0
ZEIO
ebet
SEE0
2646
PES0
2560
2ETO
eead
#ES0
B0
2710
EYED
£730
2P0
2745
250
F7EO
a770
2VBO
2790
SRGO
2810
PR
2R3
B4
PRS0
£RE0
2870
£880
aunt
=400
Eain
2EE0
2OR0
ZE40
EEEN
PGS 24
2a7q
caRn
2850
000
3010

3020




ii4g
1150
1180
iive
i1ig0
118¢
1200
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IFCIRUNM.EQ, I3 TDIAM=TIMIN

GO Th 210

CONTIMUE
IF(DTAM LIB0, 116D 1130
THIAM=DTAM

IFCIRUMLEQ, DTDIAM=DIMIN

GO T Livo

THIAM=DIMTN

L 1180 M=1,8
IFEM,501).60.0.0000 TO 1200
COMTINUE

PRINT 1190

FORMAT O+ NO BRANCHES ARE FREE=)
GOOTO 1830

IB=}1

BB 501 Y=BRAN

GO 1O 1210

C
C FIND CRCSS HYDROGRAPH PEAK

1210

1220
1230

1240
1250

igB0
1270
izZ80

i2g0
1300

1310
1320

GRPK =GR¢1)

0o 1230 J=2,500

IF{ERPE-CRCD) 11220, 1830 1230

CRPIGEGRC

CONTINUE

PERES=GRPK

UG 1250 I=i,p

B0 1240 J=1,10

GEST(I-3) = 0.0

CONTTHUE

CONTINUE

IF(STORE.EG.0.0360 TO 1£80

FFOOALOH.ER.0.0)G0 TO 1310

PRINT 1270

FORMAT(» BOTH STORAGE AND LIMITED Q REQUESTED - STORAGE USED «)
GALON=G. 0

GO YO 1310

IFOOALCH.EG.0.0360 TO 1340
IFOALDN-GRPKY 1290, 1340, 1340

Call LIMITU(GRs GRPK: LAST, DALOW, DELT, BRANs REACH: UOL)
CONTIMNUE

GO o o1zeg

CaLL DETEN(GR, GRPK, LAST, STORE, BEL T BRAN, REACH, UOL )
EONTINUE

OUTLET=GRIPK

SHY=STORE=1000.0

PRINT 903 BRAN, REATH, SMX s GRPK, UOL
FORMAT(F8.0,F4,.0,* FOR A% F13.0,% CU FT BASIN ~- QUTLET =%,
#F7.Le% OFG ——— UQLUME = %, FI12.1 )

GB TO 1350, 1380, 13803, TRUN
QFBSGWGU@E%TDIQM%TDIQN/RUFFH*(TDIHM/48.0)**.85?*(SLP/100.O)**»SD
IF(OFB-CRPK )Y 1360, 1370, 1370

TDIAM=THIAM+2.0

GO TO I3%0

CONTINUE

GO 7O 1466

GO T8 {1450, 1390, 14107, TSECT

CALL RECTANCHRs HR, DIST, BUFF, GRPK» SLPs DELTs Q2ST)
CONTINUE

GO 70 1480

DEFTH = §

SURMAK=0

LRLL TRAPA (HR» 555 DIST . RUFF» GRPK» SLP» DELT» 0257, DEPTH)
CONT INUE

G0 TO 1435

CALL ROUTE(GRs G257, Qs IBs LAST, GRPK)

3021
3030
3640
3050
3080
3061
2070
3080
3080
3100
3tia
3120
3130
3 49
3150
3188
3170
3189
2190
3eno
3216
3220
JHE30
3240
3250
3260
3270
3280
3280
3300
3310
3320
33306
3340
3350
3380
3370
3380
3390
3404
3410
3420
3430
3440
3450
3460
3470
3480
3450
3500
3510
3520
3530
3540
3550
35690
3570
3580
35930
3600
3610
3620
3630
3640
3650
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1440 CONTIMUE

S0 THh 1510
L COMPUTE OFB sMT SFB
1450 QFE=0. 0081« TRIAM=TDIAMARIFF* (TOIAM 48, 0)## 67 (SLP/100. 0=, 50
1460 DSO=3, 141E8=TDIAMeTNIAM 575.0

SFB=05a=DIsT
c L B=UFB-TE5R
¢ STORE PROPEE 0 U8 O+ IS/DELT CURUE

Lo 1470 =1, 10

HESTOL. J3=PRCL#RFB
1470 QeST(E, J3=0R8ET(1: J1+(2. 0%PUL I *5FB/(DELT=50., 031
iagg  COMTINUE
1490 Cabll ROUTCL (GR.Q28T. 0. IB. LAST, GRPK, BEL T SURMAX)
1500 COMTIMUE

DEPTH=0.0
1510 COMTIMUE
1820 FORMOTFE.0,F4.0:sFE. 0o FB. 2o FB. 3. 3FB. 2o FB. 0. FB.2: FB.2s

80,2 DL Pl 1. FL3.0e )
1530 CONTINUE

IFCERLOMLNE. 0. 0R.STORE . NEL 0G0 TO 1540

GO TO (1850, 1570 15700, IRUN
1B40 o0 TO (1530, 1820 18200, TRUN

1580 PRINT 1520, BRAN, REACH. DIST, SLP, RUFFHN. HR - KR, S5 1AM, ECAP, EUFL s OUTLE

w1 Ul s SHX _
PRIMNY 1550, TRIAM, QFB: UFB: PKIESs PR IN: SURMAX
1860 FUORMAT(» REGUIREDR PIPE = =, F5. 00

#FE B P B2 FIO. 25 FO B F I3, 20 #v)
IFCDINM. GE. TBIAMIPRINT 1585
ISBS FOEMATOLOM, sexxEXISTING PIPE HAS ADEQUATE CAPACITY#wsw,r)
GO TO 1B4e

1570 PRINT 15206, BRAMN, REACH. DIST, S5LP: RUFF» HRs URs 55, BIAM, ECAP, EVEL, QUTLET

e UL s 5K

PRINT 1580, PKDES, PKINs SURMAR
1580 FORMAT(»

® #3F10.2:FS.2vF 13,2577

G 70 1640

1380 PRINT 1600, BRANs REACH, DIST, SLP,» BUFFNy HR . HR, 55 DTAM ECAF, EUEL, PKDES

#y PRI SURMAK _
1800 FORMATLFE.0.F4. 0 FE. 0, FB. 2 FE. 3 SFE. 2 FE, 0, F8.2:FB. 2
#0298, F13.8: )
FRINT 1810, TDIAM, GFBs UFB, QUTLET, UOL, SMX

1610 FORMAT(= REQUIREL PIPE = Hy
G0, FE. 25 FB.2sFL0.2¢ A% FI2. 1F13.0s /)
Gl T 1640

1820 FRINT 1800, BRAN, REACH, DTST . SLP RUFF  HR: MR S5, BIAM ECOP, EUEL . PKDES,

=P IMN: GURMAR
FRINT 1630, OUTLET UDL » SM¥
183¢  FORMAT(=

#® w2 FL0,8, 9% FiP, L F13.0: 772
1840 CONTINUE
[ FRINT 1301, BRAN, REACH: ISECT . DIAM. HRs WRE s SLPs RUFF DEPTH, SURMAR

IBS0 FUORMATC FB.0sF4.00 IS FP.0:FFP.1sFS. L F5.2+FB. 3, F7. 1sF10.0: )
1660 CONT IMUE _ .
£ FINDG PEAK OF DISCHARGE HYDROGRAPH
1670 Fk=0
OO 18S0 ID=1,LAST
FOOCIB, 1D -GPKI 16580, 1630, 1686
1680 dPK=00IB. 1D
1630 CONTIMUE
I
1700 PREDI=TDIaAM
IRUMN=TRUMNE
IFCFREGR. ES.1.0360. 70 1730
17307 BO 17280 Iusi.NRI

3680
3670
3680
3530
3700
3710
3780
3736
3740
3750
3760
3770
3780
3780
3800
3810
3820
3830
3840
5850
398

2870
3880
3950
3300
3910
3926
3936
2931
3938
3540
3950
3960
3970
3380
3550
4900
4010
4020
4030
4040
4050
4050
4670
4030
4040
4100
4110
4120
4130
4140
4150
4160
4176
4180
4150
4260
4216
4220
4230
4240
4950
4EED
4270
4280
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BRI =RBRCL D AFREGE
178G COMTIMNUE
1P CONMTINUE
IFCTEST.OHELENIDED 70 350
e
C PRINT UISUCHARGE HYDED
740 CONTINUE

C HRITE {8,405

1750 FORMAT (~vpw PENMT TIME  ROUGHNESS TIME INCEEMENT  FREGUENC
BY iy )

i HRITE(E, 4UBIPENT BUFFs BELT. FREQR

1760 FORMATOSH. P8, L T FS.dy 33X F5. 05 10%, £5.0)
DOLOUT=0, 0

DG P7EL Ml LasT

UL DU T=U0L DUTHG0 IR MY
IPEL  DONTINUE

VOLOUT=U0LOUT*DEL T#B0.

PRINT 1770000007
1770 FORMAT( 7/ # CUTFALL HYDROGRAPH IN CFS: ACCUMULATED RUNOFFE N cu

® Fi=s.Fi2.0)

FRINT 1780, (2(IB M) M=, LBST)
1780 FORMAT(SFR, 1

GO 20
L PRIMT RESULTS FOR NEULY DESIGNED REACH
L COMBINE ROUTED HYNROS AT A CONFLUENCE
19306 20 1860 M=i.6

PO S0 L EQ.LONBRIGO TO 1820
1800 CoMTINLE

PEINT 1810
181 FORMAT(2 CONTINUING BRANCH RELGRD NOT FOUND#= )

S T 1830
1820 =M

OO 1830 M=1.8

IFOOULS0D L EQLENDBRIGD TD 1850
1830 CONTIMUE

PRINY 1840
1840 FORMAT: EMOD BRANCH RECORE NOT FOUND#)

B TOo1930
1850 IEMD=M

BOi8E0 N=i.%00

BCIE: NI=O{ I8, NY+QCIEND, M)
1888 COMTIMNUE

£ PRINT 1385
LEV0 FURMET(» DOMFLUENCE HYDRO =)
t” PRINT 1327, (018 Js 3J=1, 200

HEE0 FORMATCIOF1G.4)
QOTEMD 501 y=0.0
GOTO 1890
1856 LoST=3
Bl 1810 m=1, 500
SFLQCIE. NI .GT.0060 TO 1900
GOOTS 1810
1800 1687 = N
1918 CONTINGE
1326 IF(TEST.ER.ENDISO TO 30
LOOTO 350
1830 PRINT 1840
1840 FGORMAT(»  TROUBLE FINDING UPSTREAM HYDROGRAPH =)
1850 COMNYINUE
EHD
SUBRDIUTINE RECTAN CWR,UR, DIST: RUFF s GRPK, SLP, DELT-GEST)

FOR DISCHARGE STORGGE RELATION IN RECTANGULAR SECTION
DEIMENSION G28T(2, 10)

YIS

4280
4300
4310
4320
4330
43406
4350
4360
4370
4380
43580
4406
4401
4402
4403
4404
4455
4406
4407
4408
443G
44490
4450
4460
4475
44806
4430
4500
4510
4520
4530
4540
4550
4560
4570
4580
4580
4800
4610
4620
4530
46440
4650
4560
4670
4680
4530
4700
4710
4780
4730
4740
4750
4760
4770
4784
4730
4800
4810
4820

i0

20

306

40

S0




20

el B L R R

30

B0

&0
70
a0

39
ioG
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MRTTECG, 25) WR, UR, DIST. RUFE s BRPK, SLP, DELT
FORMAT (ZF10.4)

TH=0

10=0

H=0

DELTA=UR/11. 0

IH=1b+1

HeH+DELTA

TC=I0+1

IFCIC.ERL10IC0 TO 40

LSe = LRwt

Poe LiRtHeH

o= (1, 4BE/BUFF)*CSA=( (DSA-P )% B67)# (SLP/100,0)%%0,5
& = CSpEnLST

U= 0/05H

WRITECE: £6)P, (s 5s U

FORMAT C4F 10. 37

BESTOL THY =0

GESTR. THY = O+(2%5)/(DELT*E0. 0)
60 TO 20

GESTC(I, M) = O

GREAT(P. IH) = GH(E*S)/(DELT*E0.0)
MRITE (B, 110

FORMAT (x  SUBROUTINE RECTAN #)
90 76 I=1.2

MRITE (5. 15) (ORST(Ts TH)s TH=15 10)
FORMAT €10F10.2)

CONTIHUE

RETURN

END N
SUBROUTINE TRAPA (e Us DIST.RUFF» GRPK. SLP, DELT: G2ST» BEPTH)

FOR DISCHARGE STORAGE RELATION IN TRAPAZOIDAL CHANNELS

DIMENSION G2%T (8. 162 )

YRITE (B, 25 He U DIET, RUFF, BRPK, SLP, DELT, DEPTH
FORMST (BFL0.4)

PH o= O

H o= O

Fif=ipie ]

Hepid 1,0

CSh = (Y (PeRAR

P WP 0eH Y= (1 0F{E G/ U#) ) D0 5)

4 = (1.485/B8UFF) & (CSAR(CSA/PI==0. 667 ) (5LP-100,0)%200.5

UEL =8 05A

ERSTOL IH) =0

S=00R=NIET

HEITE (B, 2B, s 5y UEL
FORMRT(AF IR X

GeSTE, I =0+ (2. 625) #(DELT*E0.0)
IFCO~-GRPKOS0, 50, 70

IFCIHLLT. L0260 T 20
IFCIMVED.IOGD TO 30

PRINT 60
FORMAT (% ERROR TN TRAPA SUBROUTINE®)
DEFTH=H

WRITE (B, 102

FORMAT = SUBROUTINE TRAFA =)

g 100 I=i.¥

HRITE (8. 213(085T(I, IH3, ITH=1,10)

FORMET C10F1C.22

CONTINUE

RETURN

END

SUBRDUTINE ROUTE (LR, QBST. 0y I8 LAST GRPK

&0
70
80

10
114
120
139
144
156
180
176
80
180
200
210
226
230
&40
250
cB0
270
280
£40
300
3lo
220
330
340
250

ig

210

30

40

50

L0

fat

g0

80
166
110
120
130
140
150
180
17e
180
1906
=00
2L
220
=230
£440
£50
e
270
280
2490
360
31
320
3320
340

4
o
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DIMENSTON GR(50603,385T(2:108).0(7:501), GTEM(5003,5(508)

. ﬁE?EQﬁINE THE SIGNIFICANT LENGTH OF THE HYDROGRAPH
=4
= 1
BRITE(Bs 57)(ORUIE) s IG = 1, 100D
FORMAT(LOF10.4)
LAST=1
30 DO SO JeL.497
IF(GR () ~. 001350, 505 40
40 LASTsJ+)
o= g+l
50 CONTINUE
GO T 96
B0 DO 80 I=IC,498
IF (GR(I)~.001)80,80,70
70 L=l
GO TO 20
80 CONTINUE
90 DO 106 IK=LAST,500
CRLIKY = 0
106 COMTINUE
€ ROUTE GROSS HYDROGRAFH GR TO @
110 CONTINUE

o 0% £

By
<

L WRITE(E, 1307)LAST
i20 FORMAT(=  GROSS HYDROGRAPH LAST = #,15)
c HRITECE, 12083 (GR(.I3, U=1, 1003

136 FORMATCI0FI0.4)
TEST = 0.1%GRPK
ATEMCL)=GR(1)
N0 296 M=1.498
IFCOTEMMI-RRST (2, 1) 3140, 160, 180
140 POR=OTEM(M) 20257 (25 1)
IF(POR.GT.0.01)G0 10 150
POR=0. 0
150 QUIE,MI=028T(1, 1)4POR
SOM)=POREERST (25 1 J~GCIBs M)
GO 10 240
160 J=1
170 GCIE,MI=025T(1,J)
S(MI=0RET (25 J)~02ST (15 J)
60 TG 240
180 DO 190 J=2, 10
IECATEMM) -BRST(2s J) )220, 170, 130
190 CONTINUE
B00  CONTINUE
G2GT (2. 10)=QTEM(M)
04 1B, 1) =GRPK
FRINT 210 N
210 ?EEMﬁTi* GEOMETRY OF SECTION CAUSED ROUTED PEAK TO EQUAL UPSTREAM
® PEAK® )
SOM=RTEM (M) ~BRPK
C0 TO 24t
250 POR=(GTEM(MI=GEST (2, J-13)/(02ST(R, J)-BAST(2s J-13)
BCIB HI=088T (1, J~1 ) +POR* (ABSTCL, JY~G2ST (15 J=1))
IF(GCIB.M).GT.0.0001)60 TO 230
GUIBMY=0.0
PR SUDSUSST (2, J~1)+POR® (FEST (2, JI~G2ST (2, J=13 ) 3~Q(IB, M)
IF(S(M).6T.0.0001360 TO 240
5(M)=0.0
GO TO 240
240 IF (M-LAST)I280, 250, 250
250  IF(M.GCT.488)G0 TG 260
IFCQCIB, M) ~. 01260, 260, 280
260 NO = M

20
30
40
50
&0
70
80

160
110
120
130

T 140

150
169
170
i80
186
200
210
220
#30
240
250
260
cr i
280
230
300
3ic
320
330
340
350
360
370
380
330
490
410
420
430
440
450
460
470
475
480
485
430
495
500
505
520
530
540
S50
560
570
580
580
€00
610
E20
B30




&7l
cue
280
300
310
320
330
L

340
350

30
40

80
60

70
80
a0

io0
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G 10 300

MRITE (B.700) M CRIMY2CR{M+1I, RUIB M3 8(M3
FORMATUILI0.4F20.8)

GTEMO L =GR UM+ 1 ) +GR (MY ~B(IBs MI+5{M
CONTIMUE

M o= 495

LAST = NO

IFCLG5T-5603320, 320, 319

LAST = 800

CONTINUE

o0 330 N=NG. 500

QUIBNI=0.

CONTINUE

HEITE (8, 1324)LAST

FOoRMAT(+ ROUTED HYDROGRAPH LAST = %, 135)
WRITE(E, 1385) (QCIBs J)» J=1,LAST)
FORMATCIOF 10,43

PETURHM

EME

SUBROUTINE SUPPLY (AR DELTAT.FLsF 1. F: GASR. Ks MRI- DEPGs NGSR: SCASRY
DIMENSION GASR(S00),ARCSG0)

REAL K. 1S

PRIMT 10%, DELTAT.FC,FI.FO: K NRI, DEPG
FORMATC SFI2.4.110:F12.4 7

PRINT 4, {(AR(I1)s I=1.MRI)

FORMAT (5FE0.49

SEAGE=0.0

Fi=F1

Mi=1

AS=0EPG

5=

D0 190 I=1.NRI.]

IF(MKIEG. 80,30

T=0.4

Ti=0.0

CONTIMUE

FafCaT+ (1. ~EXP(-KeT) I {FO-FC3 7K
Fauf -F ]

FP=fLr i (FO-FL)# (K#EXP (~K=T2) ) /K
Te=i-FrrP

IFABS(TT-TI.LY. 0. 00160 TO 50
Ti=7T

G 10 40

COMTIMUE

TH=T+DELTAT

FisFlaTHA ({1, ~ERP{-KeTHI 22 (FO-FC2 27K
FIRC=FH-F1

HINC=pR(I)

DRUN=RINC-FINC

PRINT SeFO.FCEls Ts THs FNs A5 DRUN
FORMAT (BF1Z2.4) o
TF(URUMNIBG, 116, 120

15=DEPG-AS
IF(ABS(ORUNI-IS)100, 30530

18=0

AS=DEPG

CRSR{I=0.0

Fi=sF1+RINC+IS

M1

GO 10O 150

I8=15+BRUM

RE=DEPG-18

GASR(II=0.0

Fi=FHN

T=TH




110

120

130

140

150

180

ivo
igg

186

260
210

C
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M a1

50YD 150

Fi=Fp

Te=TH

M=~}

CASKITI=0.0

GO 7O 150

Fl=FH

T=TH

Mi=-1
IF{DIRUN-RS) 140, 1305 130
GREE T I=BRUN-AS

f5=0, 0

GOOTDO150

AS=AS-NRUN

GASEOII=0.0

GO TO 150

CONTINUE

JeNEIEL

B0 180 I=J,500. 1
GASR(II=0.0

CONTINUE

HESE=0

B 180 J=1,MRI
IFCGASROD LT 0.0013GD TO 170
MESR=J .
SEASE=5CASR+-EASR{J)

GABREC. D =GNSR{NI ZDELTAT

GO 1O 180

LRER(II=0.0

COMTINUE

PRIMNT 102

FORMAT( » GRASSED aREA SUPPLY RATE IN INCHES PER HOUR=)
PRINT 103, (GASR(IY. I=1.NRI)
FORMART (10F10.43

EETURN

END

SUBROUTINE TIMEA (A.ENT.DELTsNAT, MAXA, TAY
DIMENSION A(50)

C COMPUTE AND STORE TIME AREA CURVE

10

20

30
40

58
63

[
80

AAS=ENT /DELT
TAAS=ARSTL. 0
HAl=TAARS

IF(MAT.ER. 1IGC TO 40
ASUM=0

MIR=MET~1

B0 20 N=1.NIX

AN =CAsAGRS
ASLM=ASUM+A N
ANAT ) =CA-ASUM
MAX=NAT+1

DO 30 N=NAX: MAKA
FIN)=0

LG TO BC

ari=Ca

BO 50 N=2.HMAxA
RIN)=0

CONTINUE

PEINT v0

FORMAT (= TIME AREA=)
FRINT 80, (A{M)sN=1.NAL)
FORMATC(L10F10.42
RETURN

Erin
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SHEROUTINE GRENT (GENT. GA, GLENG, GSLP.ENT) A%

DATR AUSEL1. 00000, 0507 s

[ DETERMINE GRASSED AREA ENTRY TIME BY IZZARD EQUARTIONS 30
BEG=AUSP = CLENG ~ 43200, 44
CE=¢0.0007% AUSP + C3/(GSLP-100.0) == (.333 1)

DET =CK = GLENG » QEQ =22 0.4 80

GGENT = DET/(30.0 = OEG) i

BENT = LGENT + ENT 80

PRINT 10.GEMT - 50

10 FORMAT (= GRASSED ENTRY TIME= =#:FB.1.% 11IN%) 100
RETURN 110

E£ND ¢
SURROUTINE ROUTCL{GR. G28Ts 0 18- LAST, GRPK,s DELT. SURMAX) i

c DIMENSION GROS00).RE8TE, 103, B(7, 505 RTEM(S00D, 5(50Q) a2l
30

£ DETERMINE THE SIGNIFICANT LENGTH OF THE HYDROGRAPH 44
10 L=i S0
€ = i B9

L WRITE(B,57)(GRIIG)IG = 1. 1007 [
20 FORMAT(10F10.4) 5O
LAST=1 0

30 o 50 J=L,497 i60
IFLGR(SI~. 00136080, 40 P10

40 LRST=J+i 120
IC = ) ' 130

50 CONTINUE 146
GO 70 30 150

60 DO B0 I=IC,498 160
IFCGR{II~,061380,80,70 170

70 L=1 580
Go 10 30 180

80 CONTIMUE ‘ 240
30 Do 106 IK=LAST. 508 : : S1d
CROIKI = 0 224

100 COMTINUE £30
C  ROUTE CROSS HYDROGEAPH CR TO @ 240
110 COMTINUE 250
C MRITE(E. 1307)LAST 280
120 FORMAT(# GROSS HYDROGRAPH LAST = =, 15} 270
C WRITE(E: 13087 (GR(L»I=1, 1007 =80
130 FORMATC(I0FI0.4) 250
GFB=G25T(1, 10 FG0
SURCH=0.0 316
SURMAX=0. 0 324
QTEMCL=06R(1D 330
5{11=0.0 345

DG 380 M=1,438 350
IF(M.EGL 1Y GO TO 180 305
GRIN=(CR(MI4+GR(M=-1) /8.0 260

140 IF(CRIN-OFB) 150, 1705 1EQ 370
150 IF(SURCH.LT.0.01)60 TO 186 . 380
CRIN=GRIN + SURCH-/(DELT«E0) A8
SURCH=0.0 afit

GO Ta 140 410

ieg SURCH=SURCH+(CRIN-GF B #»DELT#60.0 aph
IF (SURMAX, GT.SURCHIGD TO 170 430
SURMAR=SURCH ‘ a4

170 CONYIMUE 4350
BTEM(MI=e, 0#OF B+S(M-13~-0CI8, M~1) 450

GO TO 180 4v 0

i80  SURCH=0.0 : 480
GTEM(MI=GRIN®E, 045 (M-1)-0(IBs M-1) 480

180  EXCESS=UTEM(MI-DRST (. 107 500
IF(EXCESS 1280, 2204 200 513

200  SURCH=SURCH+EXCESS#DELT#E0. 0 520




210
2l
230

240

320

33¢
340

360
370
%50
390
409
410
420
4730
440

io
15
20
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GTEMIMI=02ST(E, 10}

HEITE(E, 2407 EXCESS

FUORMAT (# ExCEEE = =, F15.5 )
IFCOTEMOMI-A2ET (2, 171830, PR0, 270
POR=OTEM(MIZAEST (2. 1)
IFPOR.GT.0.00050 TO 246

POR=G.0

BCIB:Mi=028T (1. 1 Y=POR
SMI=PORERST (2, 13~QCIB M)

GO TE 330

WJuld

UOIE 1 =028T(1. )
SMI=0I8T (2. JI-EEST (L J)

60 T 330 ‘

0 2ey J=g2. 18
IFIOTEM{M)-B25T (2, 173310, 260, 280

COMT IMUE

CONT IHUE

PRINT 300

FORMAT(# OFB WAS EXCEFEDED IN ROUTCL #)
J=18

GO 7O 260

POR=(UTEM(M) ~02ST (2, J~1) )/ (02ST (2, )-025T (2 J~1))
GOIB: MI=U28T (1, J~1)+POR*(HEST( 1, J)~02ST(1s J~1))
IF(QUIBMY.GT.0.0001)60 70 320
G(IB.MI=0,0

SHI= (25T (2, J-1)4POR#* (HRST(2, )-02ST (2, J-13 3 J-GCIB. M)
IF(S(MI.CT.0.000060 TO 330

S(MI=0.0

L TO 330

IF(HM-LASTIA?0, 3490, 340

IF(H.GT.498)60 TO 350
IF(RUTE M)~ 01)350: 350, 370

HO = M

GO OTO 330

WRITE (G700 MaGROM): GROMEL) S GCIB, MY, S(M)
FORMATCT10,4F20.8)

COMT THUE

CONTINUE

MO = 453

LAST = NO

IF(LAST-5000410, 450,400

LBST = 500

COWTINUE

I 420 N=NQ, 500

QIR NY=0, ‘

CONT INUE

PRINT 1324,LAST

FORMAT(# ROUTED HYDROGRAPH FROM ROUTCL LAST= *,I15)
PRINT 132%, (QCIBsJ)s J=1-LAST)
FORMAT(10F10.4) ‘

RETURN

ER

SUBROUTINE INTEN (RI+@ABSTRT,NRI.DELTAT)
BIMEMSTION RICS00)

SUE=0.0

BGOio J=1.NRI

SUB=SUB+RI(D

IFCRBSTRT-SUB) 20, 20, 10

ElCdi=0.90

FRINT 15

FORPIAT (* ABSTRAT GREATER THAN RAINFALL IN SUBROUTINE INTEN= )

GO 70 B0
CONTINUE
K1{=5UB~ABSTRT

=230
540
550
550
570
580
380
200
E10
E20
E30
540
ES0
BEO
E70
a0
&390
700
710
7el
730
740
750
780
770
780
739
800
810
B20
830
84¢
850
860
870
B8O
830
960
310
920
930
540
950
960
370
880
330
1000
ig1o
1020
1030
1640
1050
10
20
36
40
50
E0
70
80
a0
100
ii¢
126




40

50
&0

70

Mo

10
20

30

40

50
538
70

e

30
40

54

&0

70
B0

a0
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I 50 K=1.MRI
BICOK=RI O /DELTAT
CONTINUE

COMTINUE

PRINT 70, (RITJ)e J=1s NRI)
FORMAT(#+  INTEM#, 10FL0.3)
RETURN

ENi

SUBROUTINE CAPAC (ISECT, DIAMs He Hs 55, BLP» RUFF ECAP EVEL ERD
SUBRGUTINE TO COMPUTE CAPARCITY OF EXISTING SECTIONS

IF(ISECT.NEL0ICE TO 10

I5ECT=1

GO TO (205 40,50 ISECT

IECBIAN.EG. 0G0 TO 30

Efi=t. 00545 DTAM*DIAM

P=6. 261 85D 1AM

GO TO 60

ECAP=0

FUEL=0

EA=0

£0 T0 70

Eas=h|

Pt L+

50 T8 60

ER= (MsH) + (HrH56) - _
Pectie £ (2. 0=HI# (1, 0+( 1.0/ (SS¥85) ) ) #%0,5)
FUEL=( . 488 RUFF) € (EA/P}¥#0, EE7# (SLP/ 100, 0)%%0.50
ECAP=EUEL %ER

RETURHN

END _ » ) . _
SUBROUTINE DETEN(GR, GRPK, LAST, STORE, DEL T, BRAN, REACK, UOL)
DIMENSION GR(S003,0T(500) :
DTMAX=STORE #1000, 0

DELTS=DELT#*50.0

PRINT 200,GRPK :
FORMAT (+ GRPK IN TO DETEN= #,F10.4)
BOLT=0.0

QINC=CRPK/50, 0

J=0

UOLMAR =0

MIKE=LAST

DO 30 K=1,500

BT (K ) =0

CONTIHUE

UOL=0

AOUT=00UT+ATNC

IF CR0UT 3100, 100,40°

RN

AUATL =GR ()} +UOL/DELTS

BIFF=AUATL~GOUT

TFCBIFF 356, 50,60

AT =AURIL.

UOL=0

GO T 80

BT (53 =000T

UOL=DIFF*DELTS

IF CUDLMAX, GT.UOLYGO TO 70

VOLMAR=UOL

IF CUBL. GT.DTMAX G0 TO 20

CONTINUE N _
FRINT 200:.s 00UT . AUATL, DIFFs GREIY 5 OT () 5 UDLs UDLMAK, DTHAK
FORMAT (15,8F12.3)

IFCJ.LT.LESTIGO TO 40

130
540
150
160

180
150
200
10
20
30
4%
50
60
70
80
30
104
110
120
130
140
150
166
170
180
156
200
210
220
230
240
16
20
30
44
50
60
70
50
59
100
111
120
130
146
150
156
176
180
160
260
210
220
230
247
251
250
270
280
280
360
310
320
230




ing
116
ige

130
140

20

i0

20
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IFCUOL.LT.5. 0300 TG 120
MIKE=MIKE+]
PFOMIKE.GT.499)60 10 120
GROMIKE 3=8.0

GO T0 40

FRINT 110

FORMAT C+ MO SOLUTION IN SUBRDUTINE DETEN #)
CRPK=00UT

LIOL =U0LMAK

LAST=NMIKE

00 130 K=1,LAST

CROCr=GTK)

CONT INUE

FEINT 201.GRPK

FORMAT (= CRPK OUT OF DETEM==, F 10.43
RETURN

ETE

SUBROUTINE PAVENT (PENT.PL:PS:CPA)
PRINT 6. PENT, PLys PS, CPA
FORMAT(4F12.4)

L=CPRsd, 0

Abi=0. 02

S=P5-160.0

B=g.2

U= {1 . 48B/KM) #R2=0, BP*S%n(,5
FENT=PL-U/B0.0+2.0

FRINT o0.PENT

FORMAT(» PAUED EMTRY TIME= #:FG.Ll,# MIMN#)
RETURN

END

SUBROUTINE RHUFF (TRATHN, BURA: DELT. RE, NRI)
BEAL BRIS00)«PCTT(L7).PCTRLL? ), SR(S00)
ITMTEGER HRI

Hemmd,

D8 10 I=1,11

Her+d

PLIT(I =R

COMTIMUE

0 20 I=18.147
PCYTCE 3 =PLTT(I~1)+10,

COMY INUE

PLTECL =0

PLIR(2)=8.8

PCTR(33=21.8

PLTR(4 =32, 7

PLTR(S =473,

PLTR(GY=5] .2

PLTR(73=58.3

PCTR(EI=E3. 1

PLTR(SI=B? .2

PLTRC1GI=70.E

PCTR(113=73,8

PCTR(121=79.5

POTR(13=84.2

PETR(143=88.8

PCIRCIGI=82.5

PCTR(1EY=35.3

PETR{LV =100,
KRI=TRIRA-DELT+1. 1

SR(1=0

A=t

L0 60 I=2:XR]

A=R+OELT

Pr={X/DURAY =100,

00 30 J=i,47

120
130
140
150
180
178
180
180
200
210
220
230
240
230
50
270
280
290
300
310
320
330
340
350




40

S0
B0

70
a0

20
30

49

50

&0

70

g0
a0

~-122~

IFPR-PETT (1402, 50. 30

CONTINUE

G0 70 0
SRII=(PCTRO- DI+ (PCTROD~PCTR{J-13 37 (PCTT(J)
#=PETT (I 1) 2 (F-PCTTCJ-123)=TRAIN=. 01
G070 6O

SRLNI=PCTRIJI=TRAIN=. 01

COMTINGE

=R

HRI=JJ

BRO}j=0.10

BO YO J=2s .0

BR(4=SR(JI-BR(J~1)

CONTIMNUE

PRINT 95 (RR{JYe =103

FORMAT (Fi2.4)

RETURN

el

SHEROUTINE LIMITE (GR. GRPK. LAST: QALOW. DELT: BRAN, REACH. UOL)

BIMEMSTON GR{S00).QT(5007
BELTS=TELT*60.0

PRINT 200, (GR(J), J=1,LAST)
FORMAT (= GR OINTO LIMITG %, 10F8.13
BOLT=061 0k

S0

UOLHAK=0

MIKE =l a5T

¥ 20 K=1,500

BTE=0.0

COMTIMUE

Y0, 40

RN ]
AURITL=GR D HUOLDELTS
BIFF=AUATL-G0UT
IFINIFF 340, 406, 50
EreJr=aunain

UG, =0

o0 TG B8O

GTCdi=00UT

UL =RIFF=DELTS
FOULMAX. BT U0LIGO TO &6
UL el

COMTIMNUE

FFCLLTLLASTIGS T 20
TFLUOLLLT.5. 0360 TD 70
MEIKE=MIKE+L
IF{MIKE.GT.489)G0 TG 70
GRIMIKE 3=0.0

COOTO 30

CRPE=00UT

YL =UDL MAX

LAST=MIKE

O 80 K=1.LAST

CE{K 1=0T(K)

CONT THUE

PRINT 201 (CR(D) =L LAST]
FORMAT (= GR QUT OF LIMITEG =, 10FE. i)
RETURN

END

B0
are
3840
a0
AT 1]
410
40
430
&40
451
4%
G50
475
4594
et SEL
=i
20
iE

g

1

433

ity

f‘t

?h
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3

7

C

130
140
150

COMMON/ DTN/ ZEHAME | UTCE03, IRATNIEDD, 843,
1 JGET TECR207) - KDY (2005,

2 KRAT B0, 23, LPAGE (5], LSDISTC 18007,
3 LTDE L MAMENS (4, NOLEAN(S ), NDC£2)
4 NTI

fﬁ&?xﬂﬁ\cﬂﬁjﬁﬁifqﬁ}ﬂ

RGO DHF (7, 240 . FIMP (20}

e PIE0 G, PHOES POLIE) .
Tibo, POLOVRECE ), PRONT (207,
JCEG I RATEINCZ0 Y RECURT L L2),
MEMCED T SSUMPOCE) - STRRTI (200,

» SUMPOL (RS, TRRTE (EE) . TRATER (PO,
) AlwmgeKL) KFOLOUVCED » XSUMPIE)

COMMONARDINAACT

ad o iégi

OB LTy e

oI

e~ m

DURR . TENTE: TER, IERDMY: TGRAPH, IAGE,
iﬁ:*Fn Py IF L. TP, TPACK: IPRINT,
H;'QTQETaIT&JydiwdHﬁ;JHXoKs
“*tHJ}»LﬁﬁTEgLEXT;LHUﬁﬂyLIyKSQUﬁs
ST M MASE, MASS . MAKL IN, MEF
T “,- MLQ&MXETQQ@ﬁXTiﬁsNDﬂTEe

. THUA
- DRSS
(K‘KMQ%L>KH4 L45¢

-

NHQ¢H HE NW o
MOSTOR » MPAGE
COMMON/RNDM DL - AGE.
HRER: Cs OAF,
miFPLM?QFﬁ@
EXFTie HU
EGIMRET: Ry
FUM: @UNDF

rE,fAPr& LA Em
j n«rquLﬁyFFFP FRECEN. BRI,
?,FFﬂf FU Qﬂfaﬁiﬁi¥‘¢RTUMMa

EAGE . 5F > \s%ﬂﬁt&;aﬁfﬁfeﬁﬁfFBe
qﬁﬂlLyx EHLES,: SHR. SMET, BME, SMST.
=2 SEAIM, SEUM, STCAP, STNSTO: STOP.

'.J.\(Wvﬁ"ﬁ“&!‘\n%&durﬁr STRTITBTRTST

s TLE S TG, THNST DQ%?UP TOTRL.

23 LR KAGE s XAGES, XOGER.

SALE R XOET . XQUP;V%H»K&?GT;
L EaiN, JTREAT, ¥XTST,
”"‘u?”U?\%f(E s £TOT

“%GxgﬁTﬁkﬁﬁ'
5?@599T¢F

ZZrACHIOTMEOWD | 00N TS G e

9%@{ VETOT, 97

DECLARED INTECER UARIABLES IN COMMON
INTEGER CAP.UST, BSTOR. DUB, EX: EXCES, RATN: SDATE, DAY SDUR,
SEX, BERLE Sy SHE SMET, SMXGTO. SNOSTO. SPEIN: STOAP.
STNSTO. 57T STOR: STORT, STORG, STRATN: STREAT: 3TSTU,
TCAF . TNSTOR: TOP TRAIN: TRATE. TREAT. T5TOR.
HOST s HIUR s BRETMN, RTHSTO, XTOF. XTRATMN. RTREAT . XTSTO,
YSUMPC. BUF - SGTOT

COMMON AMIXA- EERC, EPRL. LUCGE0D ) PERCMRCE0): PERTOT B IMPA, MRUN

(S A L

INTEGER STORK, TREAD

BIMENSION ACDUFR(EY, IDATUCLOD)  NCAPS(R: B0, NUMCR0 3, TEMPL{SEG),
« TEMPZ2(263, LNDUSA(20. 23+ BUR(2406)

TNITIRLIZE
BRANCH TOL 100 FROM  B20.03
FORMAT(EX:FE. (s 9F8.9)

BRAMCH TO 110 FROM  230.01 240.08
840,03 1050.03 1070.02 0.00

FORMAT(EX, 16,818
READ (5180 (NTITLE(NY:M=1,203
IF (EDFCS)} 138, 140. 150

BRANCH TO 130 FROM 120.01
STOP

BRANCH TO 140 FROM 126.¢01
WRITE (8 1B0)
WRITE (6s 1507

1047
1048
fo4g
31050
1051
1o5s
1053
1084
1055
1056
LO5¥
1058
1053
1060
1ogt
losz
LOB3
1064
LOBE
1668
1867
LOEE
1085
1070
vl
L7
1073
10re
107y
1076
1877
1078
1679
igs0
1a81
1ogz
1083
1084
108%
1686
Logy
1088
1083
1654
1051
1032
1033
1084
10635
1686
103y
1098
icgg
1iao
1101
fioe
riad
1104
1105
Lioe
1iov
1i1g
1117
1iia
11ig
iie

11z}
tled
1123

FORMAT (1HO, Z501H. D5 10X 35H $$5%  $355% $6% $838 $% 3%, 10X 1124
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2 BELIH, 11K BECIH. 7 0¥ 35HS

e B AH. 1L FRLHL 7y 10X, 38H 5%

C e 3S0IHL /LK, 3BCLHL 3 10K 35K %
o BB UL/ LH 3801 3 FOK, BEHSSES

er SHCIH. 343

e gl

ko

R R R
LR H

BREANCH TO B0
580,01

)

160 FORMPAT (LMD
HRITECE: 1702

C
C BRapiH TR 170 FROM ist.ol
170 FORMAT (B53H %%‘E-&&%%‘%%%%%@H@%%-ﬁ%?&%ﬁﬂ&*%%éﬁ-ﬁ%%%%%%%&%&%\3{-&%%%%%%%%%%%%%%% Ve

. iR 5 T O R M LInEn UERSION &.7 AUGUST 1377 7
. SEH THE HYOROLOGIC SMGINEERING CENTER DRUIS. CﬂrT%ﬁPh?ﬂ 7
. 5 FOR ASSISTANCE  CALL 2I16-<¢40-3885 R 448-3286 (FT3) ~
v ST S e BB A B S R U R R R AR R F R RREERR S
. SFS)

c
HPE?E( » [ (NTITLE N Ml 203

iy
ne 249 f~ e
READ (5, 1807 CMTITLECM) . M=1: 207 I
C BReMCH TO 180 FrOM 1820.60 176.68 11
180 FORMAT(ZX.42. 18047
WRITE(S, 130 (NTITLE(M) s N=1, 202
: BRANCH TO 180 FEOM 170.0E
190 FURMATIZ0R. A, 180475
BREAMCH TO 200 FROM 1¥70.07
200 CONTTMUE
BEAD 5y 1 L0INHEHT, TSN ISED, IGUAL . IEUNT: TODHF, TRUSR, THUAR, THPUAR
VHRITECE, RE0 YNNSHD TSN TSED, I0UAL. TEUNT. IOIIF, T0UAR, THUAR . THPUAR
240 FORMAT (o 23, SHISHD: 45 4HISHD, 43, arTSET: 20, BHIGUAL 3K, EH-hLNlﬁ
1 SWyJHFDSHFyix b%i%Uﬁm;?X¢w¥fFUQP; Ho BHIHPUAR, 7200 918D

BEAD (S, 1107 MSUME, LERT: LINE, LDATE, LHE, NHYDRG, METRIC
WRITE ¥&vgu9) HjJM%$’EV 9Li“hyliﬂ%r LR, MY TIRO, METRIC
MSLMR=NSUNF =24

L BRANCH TO 250 FROM £49.15

BS0 FORMAT (/0300 BHNSUMR: 4 X%@WLEf%«ﬁ%;%4L ME » Qwauﬂiﬁﬁ?EsﬁszHLHRs
LB BHNHYORD, 2X. EH%ZT&IT/MK“ 7igg
Q%ﬁJstPSﬁ} MAME, Th. IFILE, ISTART TEHH¢K&
250 FORMAT (2K 82, 7Ad: 518
NR?TFfB BYGY MEME, M. TFILE, ISTARRY . TEND, IR
PO FORMAT(/ A48, IBHTITLE OF REIN GAGE 410 A, rad s/
REAR (“vJPS¢ (HAMEWS (MY Ml 4T MG EXFTE BEFF, TRTE. TSUBT. IPACUM
300 FORMAT (8. 08, 3Ad. 18, 4F8. 0. 2185
WRITES: 3307 ‘HQﬂﬁlanF M ?e GY ¢ MWL TRPTE REFF s TRTP . TSUBC, TPACUN
330 FORMAT (- 728, BHMNaMEHS, 128 Lo AP ~)MK¢MH€¥WiE A s AHEEFFy 20y
. BH TRETP. 3K, BHTSUE EQ&Y9EH Sl
Sl A8, BAG . BX. (8. OF8. 3 2F 8.2, 2183
RESANCS, 2401 ARG, EFU TELL DULL DUUMK. WU POPULA
340 FORMAT (2 FR.0-FB. 0. I8 4F8. )
URTTE(S, 350} AREA.BFU, THL, DULL SUUFK, WLL POPULA
A50 FORMAT( <345, CHARER: S BHRF L Dol ZHIHU 5Xs 3 HDUBw&KwSHDUUNX;4Xy
1 FHMU s B BHPOPULA/ 30X F 8. 2. 18, BF 2.2, F 8. 0)
FEATLS, 3300 (RECURTIND Me=1s 183
380 FORMAT (EM:FE.0.8FE.0 7
RERD (5, 4300 LOSSEG. CPERY, CIMP: DEPRS, EERC, EPRC
430 FORMAT f?zaﬁﬁewVB G
DO S&0 fsleEL
READ (55002 *LNTUWQ(I LY, L=1,2) s BEPR(II-ACTIACII-SACT (I ) SHPACT I,

i
EATEINCL ), PERCMR)(I)

READ (5, 6200 (LNDUSE(L, T3, I=1.2%, PRONT(LY FIMPCL), STLEMCL)

. HELERMNLL

READ 5 iIU‘ Mif

READ (S, 380 TEATER (MY, MY, TPDLMY, TFLOT, IPRINT, IPRTS, IERDMR, IRGE
380 FDEHQT 2¥s ch09€m8)

READ (5, 10301 (LAPR(MeNDI s NC= 1. 160
FRepMOH TO O 1030 FROM 1020.08

C
1030 FORMAT(ERX, FE.0.3F8.0)
SUBRDUTINE DIRT
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COMMON ~I0Ime 1o
1833mﬁﬂYf3533 kﬁ
285k,
GTITL E(r

COMMIE ﬁTﬁ/ i
.6 QFPD5?0»§?

I

JuFC?gg%ﬁ'?zﬁrrﬁnJyFﬁaLaw 20,6 HPOLDH (B, 2

EdlsPOE0.8), PN  POLTRF € CLEXCE Y POLLET(E Y » POLOUKIE 3+ PRE
SNT(E0 . OPREY {?GJe&L(R@] ki WEEUJVR?[UPTY5a)mRUHLU(EO3 8
QHC?(EOSsﬁﬁQXiE SUMPaLE Y BT LD SBTARTS(E0 ), STLENCEG 3« SLIMPOLC

TR TEATE(EG) 2 :f;):»%»}h{?{ﬂ_ﬁi iar{LF%BfiA Je AFOLEX (B s XPOLOULE S, XSUMP
SIS YLABIE L YS ‘i"ﬁ:’ﬁ"(fuﬂ

COMMOM < INDMs !lﬁ
1. THPURE » THUS
ZRUN, T8, ISIH, 1T
5[ f F/Ts LHUP{}W

TEC, 15 TOATE, THUAR . TEND, TER; IERLMY. IGRAPH. 1608
O 1P TP IP2. IPACK: IPEINT . IPETS. I0UGL, TR, T
e el JHR e K KIG KMAXE KM KRUNS L, LAST. LTAT

i) : 5, LOGSEL, LEDF s M MASE, MOSS, MAKL IM,

FIRLGs MESTOR, MMT T NOATE: NANTED . NA

R 2 i Ly HEURS » HHE S MINC o MME e NNy MMRA TN,

&HDFViﬁﬁNﬂP%?“ N)?dﬁ,ﬂﬁklﬁﬁuhm%beyﬁ?ﬂﬂ s NS TOR s HEUME  NUSSAU, TPACUNM,

CIUNITG
COMMON ~FENDM.~ ﬁEU“aﬂE aﬁfFL,R

A BEED, AGEE. ACES AGET AGES. AMXOLD, B
BV 0L DEF. DEPN, EhpﬁﬁwvnEppNﬁmLPRQ9
%Héﬂyhf*ﬁﬂ*i OLT: POPUL A, PROP: PRCEN, BAT
FUs BMI, RTOCFS: RTOMM: RUM, BUNGOF > GDWF, QP
ARETO GG QSUMTD BTG, 860 [Fs SEGEEs SAGE 3. SAGE4s SAEFS, SRCER, SAGET?
Sy BRGER. SDATE: SDaY. SIUR. %ﬂ?59§H995W€Ca§%§;QWSngﬁxﬁ?ﬁrgNUSTﬁy
BSUTOT s SRETH SRUN. STOOP, STNSTO, STOP. STOR. STORD STORG. STRAIN. STREAT,
FOTRTIT, STRTST. & ssTQFﬁgnyPEf1£F%yTMGDpiNQTDRrTﬁP;TUWHLsTPQ&H;TR
BEAT THTOR, TSUBL, AA SAGE R XAGED, XAGE S, XAGES, XAGES XAGEY » XACES
S KCST XBUR: XMH XETOT ¥ROT M, ¥ mUN&VTN%TﬁpXFﬁP9>TﬁﬂINnXTﬁEQ1sXTQTU Y1
*UF S YATOT YEAT N, YRUM, ZE%, Z070T

DECLARED INTEGER USRIABLES IN COMMON
INTEGER CAP, CST. DETOw 9ﬁbﬂekaEVCFSgFHIHnSBHTEFSQGYySﬁU?pSEX&SEXCES
1o SHE SMST, SMxS™ RETO, SEAIN, GYOAP: STHNETS, STOP STOR, STORD. STORG. 5
2TRAIN: STREAT. 575 TEAP s THETIR, TOP, TRATN: TRATE TREAT, TSTOR, ¥UST, XD
3UR, XBAIN: RTNS TG, ©TOR, Y?Rﬂ?N&XTR?ﬂT9XTSTDpYSUMPG BWF, 50707

COMMON ~MIXA, EERC EFRE, LUCRCY, PERCMX(20 ), PERTOT, RIMPA s MRUN
DIMENSION DBB(203. CLAND(20). ARATE(RG,5)

MEF= I FOR INITIALIZATION OR 2 FOR REPORT COMPUTATIONS
IF (MEF.EQ.2) GO TO 113

Ny RETNET ) BT ;Agp_f§\

C=0.0
RIMPA=0.

DU 101 LAND=1,MXLG
DDBC(LAND) =0, 0

£O TO (102,105, 1021, LOSSEQ

102 DO 103 LAND=L.MXLG

RIMPA=FIMPA~F IMP(LAND ) = PRONT (LAND /10000,

CLANDCLAND Y= (CPERU~ (CIMP~CPERU S #F IMPCLANID #100. Y#PRENT(LAND ) 10
1 0.

C=C~CLANDCLANT

BRANCH TO 2730 FROM £720.00

163 COMTINUE

ig4

IF (LOSSER.ED. 1) WRITE (B-132) ©
HWRITE (65133 RiMPa

DO 104 LAMD=1, MELG

CPILAND) =CLANDC AN £

BRANCH TO 2770 FROM 2710.01

105 IF (IGUAL.LE.O} RETURN

Ir (IPACUM.ER.2) GO TO 107
DO 106 L=1,0MulE

$3>3I)DE>33>EI>DH>33}DE)DE}EJ)ﬁE)EIHDENDD2}DZ)D]DEI>DE>$3)DZ)D3}%3)33)DEX&E)BZ)EI)%I}DI}EI)33ﬂbﬁﬁb3§$3§$

z0
38
40

&0
70
g0
=
160
L1
120
130
140
150
180
179
180
196
206
210
2
230
240
250
260
270
280
=50
3060
310
30
Ll}u{)
340
350
B0
370
380
390
400
416
420
430
440
450
460
gt
480
430
300
Sio
520
530
540
S50
S0
570
580
5490
E0C
B10
Ez0
B30
G40
550
E6i
E7Q
&80
850
F00
710
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AREAT=oREAPRONTEL 1 ~/100,
GUTTER=STLEM(L y#RAREARTL
ODCL3=00(L r=GUTTER 180,
mRepcH TO 2785 FROM  2770.02
106 CONTINUE

mapennnn CONUERT NCLEAN FROM DAYS TO HOURS OR ANY DTHER TIME INTERVAL
BRANCH TO 2730 FROM =2770.01

oo o

107 DO 110 LanR=1.MALDG
NCLERHOLAND  =NULEANLANT ) v2del g
BO 109 IC=1.MAC
IF (IPACUMLEL.EY GO TD 168
BRATE(LAND, 1L =FRACTNLAND IC =00 LAND) ~ 100,

4]
]
A
(&
[&
[
[
£
4]
&
[
2]
2]
S
2]
(2
GO TG 105 Fi
C _ A
C BROMCH TG 2810 FROM 27506.83 A
[ &
108 AREAL=AREA=PRONT (LAND) - 100, &
SRETECLAND, IC)=FRACTH(LAND: I =AREAL/ 74, /12, e
L f
C BRANCH TO 2820 FROM 27%0.02 2800.01 6
[ A
1eg: CONTINUE A
C 4]
(¢ BRANCH TO 2830 FROM 2v30.00 [
C &
110 CONTIMUE Aol
RETURHN a ol
[ A i
C COMPUTE RUNDFF QUALITY [} !
C EBRAMUH TO 2840 FROM .48 A 105
£ A 23
111 £0MYINUE f 7
IF {(MDRY.EQ.0) GB TH 120 A 108¢
C A 1086
Cawsenxer DOMPUTE TOTAL DUST ANE DIRT ON HATERSHED AT START OF RUENT A 1160
C (NPAGSEE) A oliid
C g 1iz
D0 138 LAMND=L,MXEE ALl
C ) A olid
Crwweennr CLEANING AND PREUIOUS STORM EFFECTS 8 115
C # lisd
IF (IPACUM.ER.2) GO TR LIZ a1y
IF (NDRY-NCLEGNCLANDYY 1i2.112:1314 A 118
e Ao ie
C BRONCHTO 2850 FROM 2840.03 SR RE
i & oLEs
iig D 1313 IC=1.MHC » £ FPEe
113 POLAND, ICY =R AND- 1L I+ARATE (LAND, IC) +FLOAT (NDRY ) a 1EE0
GO TO 117 fAoLaat
C foERS
C BRaMOCH TO 2879 FROM 2840.04 S
C R 187
114 TES=0.0 foLERC
MCTRE=NDRY -HCLESNCLANDY SIS e
Do 1S Tisi.NCTAG fr 1340
115 TES=TES= (L. ~REFF oL T ZERICHN
BO 11E IC=1.MKC ) 6 1380
POLEND, T0=pARATECLAND, IC)»  TESFLOAT(NCLEANCLAND ) )+FLOAT(NIR & 1330
1 VN TAR#NCLEANCLAND S ) 3+P LM, 10 # (1~REFF ) #2NCTAG £ 1340
[ 1350
[ BRANCH: TO 2890 FROM 2880.01 1360
C fr 1370
116 CONTINUE A L1380
L o A 1330
[ BRAMCH TO 2908 FEOM 2860.0C1 A 1400
[0 . /1410




QiR g MO OOy

aaa gomorom

[ ie]

»

1iv

118

118

=127

CONTIMUE
00 118 IC=1.MRC
PLLAND IET=AMINICPLAND, T, 90, #ARATE (LAND, 1T =24, )
BRANCH T8 £3i0 FROM 2460.01
CONTINUE
TOTAL DB ON LAND USE AT BEGINNING OF THIS HDUR OF RUNOFF

IF (IPACUM.ER.2) GO TO 119
DOBCLAND) =P CLAND, LY /FRACTNCLAND, £3%100,

BR&NCH TO 2580 FROM 2B40.02
CONT INUE

2910.01

wesrintn COMPUTE OUALITY OF SURFALE RUNDFF FROM WATERSHED (NPASS=3)

i21

2z
123

BRANCH TO 28930 FROM 2840.01
CONTIMNUE

SUSPENDED AND SETTLEABLE S0LINS AUAILABLE FOR RUNOFE
WASHOFF DRIVER T8 RATE OF RUNOF

GE TO (121,182, 1283, LOSSEQ

COMTIMUE

IF (METRIC.EG. 13 RIMP=RAINKsCIMP/ (HUND#100, #25.4)
IF (METRIC.EQ.Z) RIMP=RATINR=CIMFP/(HUND*100.,)
ERPT=1 ., ~ExP(~EXPTE=RINMNP)
AVSUS=0. 057+1 . 4=RIMP==] . |
AUSET=0. BE8+1. 6=RIMP=*] 8

GO TO 123

BRANCH TO 2850 FROM  2930.01

CONTINUE

GD TO (123, 1243, METRIC
EnPT=1.-ExP(~EXPTE*RUNDOE /100, ZHUND 25, 4)
AUSUS=0. 087+1 . 4= (RUNOF /100, AHUND 25, 4 yan] 1
AUSET=0, 028+1. 0= (RUNOF /100, ZHUND/ /25,4 )02l . 8
GO TO 125

BRANCH TO 2970 FROM 2850.01

3 CONTINUE

EXPT=1.0~EXP(~(EXPTE=RUNDF Y

CreexxEQUATIONS FOR 5 MINUTES INTERURL®®mew
(W

[ i1

[

[ R

125

AUSUS=3. 00475+1 . PE5= (RUMOF =1,
AUSET=0, 00233+7 . 3# (RUNOF I #=1.8

BRANCH TO 2380 FROM 2940.08

COMTINUE
IF (RUSUS.CT. 1.) AUSUS=].
IF (AUSET.CT.1.) AUSET=L.

09 130 LAND=1sMXLG
SUSPENBED S0LIDS

DELPOL=P (LAND: 1) efUSUS=ERPT=12,

DELPOL D=DELPOL =4,

IF (RUNOF.E0.8.0G) GO TO 128
RUNOFF=RUNUF ~0. 002820 .,64E6
POLLCON=LELPULD-RUNOFF #L000000-0,. 300008344
GO 10 187

2560.03

I):DZ})JDDZDJ)DDZ)IDEDDI’:DZDDJ}DE}I}I}J}DD.’D:DI}}}]):DIDD:D:K}Z{?ZDDDI}31)1‘33})3}331):93}3}3}3333)333355:93}3

1480
1430
1948
1450
1450
1470
1480
1430
1500
516
=Tt
1538
1540
1550
1580
15870
1585
1580
1500
1610
ig2g
Le30
1640
1650
1880
1E7 ¢
1680
1850
1700
i7iq
gl
1730
1740
1750
IvED
1vro
1730
1790
1804
1810
1820
1830
1849
1850
1860
1870
laggo
1850
1900
1910
1320
1830
1940
1950
13606
1570
1880
1580
2G00
£010
2020
2030
2040
2050
20606
2470
SO80
22030
2160
2110
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128
g8
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POLLEDN=0.0

CONTIMUE

PoLals D=POiaND, 11-DELPOL
DELTPOLAND. 11=DELPOL
POLLETC L) =POLLRT{ L +BELPOL
POLERTOCL J=POLLRT (L )=24,

SETTLERBLE SOLIDG

BELPOL=P (LAND, 2)=aUSET=EXPT®1Z,
DEL PO O=RELPOL =24,

POLAMD, 21=F{LAND. 2 1-DELPOL
DELTFULAND, 2 =D POL

POLLET (2 =POLLET (2 1+ 2ELPOL.
POLLRTDLZ)=POLLRT (2 %24,

TOTAL EBGD

AVBOD=0. 1=DEL TP (LOND, 1340, G2=TELTP{LAND, 22

INCREASE RUAILABLE BOD DUE TO FALLING LEAUES IN SEF OCT NOU
IF(MOLEQ. 3 AUBOD=AUBCD=1.1
IF(MG.EQ. 16) sUBDD=AUBOD=1.2
IFMO.EN. 110 AUBOD=RUB0N=L, 1

DELPOL=AVE0N+P OLAND, 33#EXPT= 12,
DELPQL D=DELPOL #24 ,

IF (RUMOFL.EG.0.0) GO 79 128
EUNOFF=RUNDF~0. 0028%0., 546
POLLCON=DEL POLI/RUNOFF ~LCGOG00-0 . 000008344
GO TO i28

FOLLCON=0.0

CONTIMUE

FCLAND: 3= (Ladll, 3) - (DELPOL-AUBOT
BELTPCLAND, 3 =0ELPOL

FOLLET (3 =P0LELRT (3 +DELPOL
POLLETI3 3 =FOLLRT (3) 524,

NITROGEN

AUMIT=0, 05=DELTP{LAND, 1)40, 01=DELTP(LAND, 23
DELPOL=AUNTIT+P (LAND, 4 )2EXPTe 12,
DELPGLI=DELFGL=24.

POLANT 4 0=R (LaND, 4 - (TELFOL-AUNTT?
DELTPCLAND, <4 ) =DELPOL

POLLRET (41=POLLRT (4 )+DELPOL
POLLRTH{4 ) =FOLLET(4) =24,

FHOSPHEROUS

AUPHD=(, D0S=DEL TP CLAND, 1340, 801DELTP(LAND. 22
DELPOL =nUPHO-P ILAND. S =ERPT=12,

POLANT B =PCLANDs 51~ SELPOL-RUPHO)

BEL TP OLANDs 5y=DELFOL

POLLRT (2)=POLLRT (T 3+ DELPOL.

FOLLETO(S)=POLLET (B)=g4,

COLIFORM

sUCOLI=0.0

DEL COL=aU0L T+P (LMD, 8)=EXPTx18,
POLAND & =P (LAND. & 1+ (DEL.COL-RUCAL LS
DELTP(LAND, §o=DELCOL
POLLRTOE ) =POLLRT (G +HELLDL
FPOLLRFTO(S Y =FOLLET (B)=24.

BRANCH TC 2980 FROM 23B0.03
PRINT 134, (P(Le&ND:IC), IC=1-8)

130 CONTIMNUE

D2 DTDPLEPTDIDRID2DTR DD RPDDDODDZD OIS PDOPED O DD DDLD DDDOD D DD DD DD DD DD D DD D
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ZE50
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2750
276
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s
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28040
c810
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131 CONTINUE

132 FORMAT (/730K 44HOOMPUTED  RUNGFF CDEFFICIENT FOR NOATERSHED IS F7.5

IF (IPRCUM.ER. 23 RETUR

00 121 LAND=1-
DIR=F (LA D ae i 00, 7R

DB UASHED OFF THIS HOUR

IF (METRIC
IF (MEYRIE.
IF (DOOFF LT,
DDL CLAND T =001

RETURN

i)

133 FORMAT (/730¥: 43HFFRACTION OF HeT

UECLAND )RR
CLAND ) -LDR) /2000,

BREANCH TO 3000 FROM  2890.08.

CDHED THAT I3 IMPERVICUS IS,FB.4)

134 FORMAT (3Xs 1BH=e=POLLUTONT®e=, FEE, Brr)

B e} U s

[y

i

OO~ O AL s

ZERTARO-IOTMOOm T G~ S

I8 L -

END

SUBROUTINE OUTPUT
EVENT QUTPUT

CUNHBN/IHDWM; IB, I

DECLARED INTE

INTEGER

COMMON/IDIMAT FN“M[(

00 W?‘TPQEUliﬁ&ﬁ;iﬁﬁiﬂ(@ﬂﬁmﬁéﬁn
{ *-Tfigﬁ ?EQY{?UF)»

\ﬁﬁnﬁbté;vﬁc_ﬁﬁﬁf >$h§{1@ﬁg

o203 DFCEDY BOCBG), BOL (20 ¥,
3}yiﬁTGﬁiEQO}ﬁBHF{?aEQ}sFIﬁ?(EQ)w

FLL .?eSE;PBL&UQ(S)yPRCHT(EU)F
alied EATEIN(RO)  RECURT(IE Y,
in%i T BRUMPLOCS ), STARTI(20 ),

» BUMPOL R T TRATE (200 TRATER(ED) s
”QLEY(G?aXIbLGUbesX ----- SUMPOCED

J} e}

h>§f ﬂ)a*‘ﬁi
YLEBG '; 4/ SN
POUSE, TEMDL TER. TERDMM, T0RaPH. IAGE,
GOBUE, TP, IPL: IP2, IPACK. IPRINT,

b LS FSOH, TETART ITe Jo J1s JHR JMY K
b ‘gLﬁniyLDQEP LEAT LHUND LI KSAUE,

o L GEF s M MASE s MASS MAKL TN MEF,
ﬁ%rvMXUsW?'ﬂyM#aT@EyMXTfﬁ9Hﬂ?TFa

T f‘m%fiﬁ\r H‘;PUN? MNORUMNN.

SHels IPACUM. TUNITO

GE wédpgﬁﬁfiffoE@ AMKOLD

Py Oy CPERV 28T, D01 DEP, DEPN.
SR Es BT B0 EXIER EXPTE,
Eg“Uglaﬁ PREF: PROFN: EHTN.
ST PHPsQMiy?TDCFS;QTBHN;
3 1 s QT SREFT.
SLEG BAGEY « SRGER,
SHECs SHMG» 3MST .
STCAF: ETHSTD, STOP,
BT STRTIT, STRTET,
' TNETOR. TOP, TUTAL
Wl KAGE: XAGED s MPGES,
“@F&ﬁsXCaT HROURE» #MH, XATOTS
KIRRIN, XTREAT BTSTO.
Ers ZHTOT

? ﬁ Ha%
RAGE S 5P
HEATM, $RU

VIR, ”Q?TTy?“

kﬁkv&umga

Iy €OMHON

AN SORTE, STAY, SR,
I GRNUSTO SREIN. STERP,
BTNSTD O (iR e BTRATN: STREAT, STETO,
TEAP, TRSTOR . T“Pas?ﬁjgnlxﬁ < TREAT TSTOR .

HOET s ¥DUR, AREIN: KTHSTD, KT UF'??\?RF‘ZTNVKITE’.ERTQXTSTDF

CaP. 08T, 05
SEX. SE &

DD ITIDIDD DD

o

4]
&
A
#

=2B20
2820
28405
2850
2860
2B7E
2880
2630
£300
2910
920
#5830
25340
2350
£560
2870
2580
=980
3000
F010
=020
3030

AET
4868
4853
4870
4871
487E
AB73
4874
G875
AE7TE
4877
4878
4875
4880
43581
4880
48B3
4884
4885
4886
4087
4888
48845
45590
4851
4552
4853
48594
4885
4896
4897
4898
4885
4500
4301
480
4503
45304
4905
4506
4307
4308
42063
4310
44911
4512
4513
4914
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7010

7020

7030
7040

5339

7050

C
7080
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5 YSUMPD, DUF » SGTOT 4315
4316

DIMEMSION POLCOH(E), ISUMPO(EY, TPOLOUCS Y, TPOLERI(BY, ISSUMP(B), 4317
1 IZSUMP(EY, IZPOLOCE). 1ZPOLE(G), RATIOL(E), RATIOR(E) 4918
4219

IMTEGER RAINR, EXCESR, EXRs TREATRs XSTURR 4920
ENTRY POLUT 5374
5375

PUNOF R=RUNDFHLUNT 5376
60 TO (B30, 70103, METRIC 5377
GDMFCF =GDUF #RTEMM 5378
CFSOFF =RUMDE 87 CMM 5379
GTOTCF=GTOT=RTOMM 5380
DO 7000 =1, MeC 5381
POLCONCIC =0, 0 5382
IF (OTOTCF.LE.0.) GO TO 7000 5383
FOLCONS TC)=POLLRT(IC)/QTOTCF /3E00 . 1000000, 5384
BRANCH TO 7000 FROM £990.03 6930.05 5385

CONT ENUE 5386
GO TO 7040 5387
BRANCH TO 7018 FROM 6380.04 B350

CONT TMUE 5389
UDMFCF = ODWF = RTOCFS 5390
CF SOFF =RUNCF *RTOCFS 5381
GTOTCE = GTOT * RTOCFS 5392
UG 7630 10=1, My 5393
POLCONCIE =0, 0 5394
IF ( OTOTCF .LE. 0. ) GO T 7030 5395
I ¢ IC JEG. 6 ) GO TD 70R0 5396
POLCONTICY = POLLRTCIC) ~ QTOTCF ~ 3800. * 15020. 5397
GO 7O 7030 5358
BRANCH TO 7020 FROM 7010.67 5399

POLCONCICY = POLLRT(IC) ~# QTOTCF ~ 3800. / 28.3 # 1.0E~08 5400
BRANCH TO 7030 FROM 7010.04 7010.06 5401

7610.09 0.00 6.00 0.06 5402

CONT IHUE 5403
BRANCH 70 7040 FROM 7000,01 5404

CONT IMUE 5405
5406

NEW EUENTS B407
IF (MSTOR-1 .ED. MEUNT) GO TO 7050 5408
NEUNT=NSTOR- 1 5409
IF (MGDONHE, 48) . GT.42) NHR=0 5410
IF(NHR.EG. 00 GO TO 7050 5411
WRITE (1B, B330) 5412
MRITE (TR, £320) 5413
WRITECTE, 6330) 5414
FORMAT (1H 5414
WRITE (IBs7130) NEUNT 5415
NHR=NHR-3 5416
. 5417

BRANGCH TO 7050 FROM 7040.0% 7040.04 5418

COMTINUE 5419
NHR=MNHE - 1 5420
TF (MODNHR, 45) EQ. 10 CALL HOGCIR) 5481
KYR=KDETE (KIO 10000 Sap
KHO=MOD  KDATE (KK~ 100, 100) 5423
KDY=MODCKDATE (KK, 100) 5424
IF (KDY.LT.32) GO TO 7060 5425
KDY=1 5426
KMO=KMO-1 5427
IF (KMD.LT.13) GD TO 7080 5428
KMO=1 5429
KYR=KYR-1 54730
ERANCH TO 7080 FROM 7050.06 7050.08 5431

IF (KDY.NE.31) GO TC 7070 5437
IF (KMO.NE. 4. ANDL KM ME. 6. AND . KMO. NE. 9. AND.KMOLNE. 11) GO TO 7070 5433
KDy=1 5434
KMO=KMO~1 5435

BRANCH TO 7070 FROM 7080.00 70B0.01 5436




FO70 IF CRDVONE.PSY o T rnEn LN
TE (KMO.NE.2Y &0 10 7ons 5438

LEAP I =MUTI YR, 45 5433
IFOLLEAPLLERLSY 60 TO Toss Ga4ap

Khv=1 541

KMO=3 Sdaz

C BRANCH TG 7080 FROM  7070.00 F070.01 5443
. FOT0. 03 G.00 0.00 0.00 5444
VOB COMTINUE 5445
RUMNOF E=RUNOF - 108, S446

IF ( GOWFCF (LT, §.F~i0 3 OUWCF = 0. S447
PRATN=FPRUP - (BN 61, ) o Bd4ag

IF (MODOMHR, 485 B0 1, aNEL METR IO D, 1) 5449

o WRITECIB, 7030 CORCMAME CMODK 3 » MODK=1  MHE 1 TPY%1, 23 5450

IF CHODONHR, 485, 80, L aNDLMETRIC, EG. 2 ) 5451

- WRITECIB. P100) (cIC W CMOOE S MO =1, MXT T IP¥=1,8) 5452

7080 FORMAT (~47%, a3t TFLOL POLLUTANT LOAL. TN KES/HR==es s, 5453
» A0Hex QUE CONCEMTRATION: IN MG L sessxexrzs, 5454

o 42H YR MO DY ME T ReihN muNoF D GTOT, 5455

s BN 04, DI A4 BOEY BT B3, Ad) ) 5456

7R00 FORMET (/47%, d3H*#0UTFLIL FOLLUTENT [OAT, IN LES/HR=wxe  w%, T T
1 A0Hsx AUE COMCEMTRATION, 3N MG/l sxeszeskss, 5458

£ 4ZH YR MO DY HR Trar  BelIN BuMOF nuF aToT, 5459

S_ RO A, PO B4 BIPH A ) 6%, A4 5460

IF (MODUNHR, 463 . EQ, 1. 6ND METRIC.EG. 1) WRITE (IE,71iQ) 5461

IF MOBCNHR: 487 E0. 1. aND. METRIC B0 22 HEITE (1B, Fizn) 2462

e BRENCH T 7110 FROM  7:100.04 463
FLI0 FORMAT (EEX;4H(MH)ySXwEH(LKﬁE?4ﬁXp£HMWe4EXvEH““) 5464
L BRANCH TO 7120 FRUM 7i60.0% S4B
7120 FORMAT (EGX,8H(ZNCHES?;EHFEHKtFSBs4§X§EHM~94EKwEH~“) 5466
IF (MOD(MHRs 483, E0. 1) MRITE (IR, 713603 MEUNT 54687

" BRANCH 70 7130 FROM  7040.08 5468
7130 FORMAT (2%, PHEVENT Co LAy § Lk e ) 5469
HRITE (IB. 71402 KYRgKMOaKﬁvaJimTSTOE;FRQINsEUHGF&yGBHFCFp 5470

1 BTUTCFp(POLLRT(ZC);IE:i»MHQByfPﬁiﬁHNfEE)»ICminXCB 5471

C BRANCH TO 7140 FROM  7i50.01 S47E
7140 FORMAT (4139149P?m29F8ﬁ€eF§aEs??ui»E(anl§8F?al#8FBelsFIOnl)) 5473
C 5474
RETURN 5475

EMD 5478
SUBRDUTINE HOGCIN: 4504

C HEITE THE HEADING 4505
[ 4505
EUMMDH/IDIM/IENﬁﬁﬁiﬁigIEQE(EGE&IPDLUT(EQ);ER%IN(EOG;E4)& 4507

1 JDQTE(EU&);JH@?(EQGBFKSQTEKEOOE»KBRY(EUU}? 4568

Z Kﬁﬂlﬁ(&ﬂ%?RQBaLNBUSﬁfﬁﬂwEJ»LPQGE(S);LSDIST(iﬁO@): 4509

3 LTDI%T(13003yﬁﬁHE{B);Hﬂﬁﬁ%%f#)»NﬁLﬁﬂN(S)eNB(18); 4310

4 NTLITLE(20) 4511
CDMNBH/EBIW/QCTIH(EG)sEQPREEG»HG)pCPfQQ)yﬂD!EUJgDﬂh{EOJy 4512

) ﬁﬁLTPEE%gEE;QEFF(Q&);GBTQQ(SGQ}»ENF{?wE4)s?ZﬂP(EO)s 4513

2 FRQBTN(QHpB}sHPDLQ%(QyE&)yW{EDmS}aPNEEJePUL(&B; 4514

3 POLDWF (B 3, POLER 2o POLLET(E ) POLDUR (G Y PRONT (20, 4515

4 GPREUVCEG ), pRUr P aUe4 ), BATETNCE0)  RECURT (127, 4518

5 RUMLLIC Tfﬁ%);SM@K(EU)#SSUHPGCEJ?STQRTI(EOBQ 4517

& T ) ENCED T SUMPOL (B TRATE (20D TRATER (207, 4513

I TR E0) . X 2y AFDLERCE ) KPOLOU (B ), XSUMPD (G . 4515

g YLRBOE Y YSUMPO 4520
EOMMON-INDM T, 3. > 115 2 TEsIDU@E;IENQ;IEPaIERBMXyIGWHPHwIﬂGEs 4521

1 THPUGR UﬁRyILzIHaEGDNFuEP:IP2§I?E*IPQCKyIPRINTy 4528

2 IPRTE. ﬁL»EE&E?UHgIEsISﬁMsISTQETeET»J;JivJHR;JNXnK: 4583

3 KK#KﬁﬁﬁmtwﬁxﬁﬁgﬁmﬁLstﬁgTwLEQTE?LEKT;LHUND;LI%KSQUEs 4524

< LIME, UL, LOSS, LSS (s LSEF M PIRGE, MBSS. MAYL TN, MEF, 4525

5 METRIC, MIS9%, Mo %Pﬁ@ﬁsﬂﬁTaﬁHGs%%LGgNKS?GR*MXTIMyNDﬁTE; 4528

g NﬁNTEﬁgHﬁﬁyﬂﬁsﬂﬂﬁpaﬁﬁﬁYigNBHYRﬁ;NDEVyHHQUEE»NHDURS; 4527

4 NH“sHEﬁCeNHQX&WﬁgNHRQIHaNOEK?Q¢Nﬂﬁﬁiﬁ»NﬂRUNpNDEUNNs 4528

5 ] W;NPQGE;N%TDRWHSUﬂﬁ;HwSSQUgIPQCUﬁgIUNITQ 4525
COMMOMN/RMNDM~0TLE ?QgggvﬁgﬁgﬁQGE@BQGESHQGES?HGE?QQQEEEQMXQLBV 4530

A QﬁﬁﬂyC»C@PsCIﬂT;CE%P»CN¢CPEQU;CST;DBlpDEP,BEPNp 4531

B DEFREB?ﬁEPﬁH?ﬁEPQS%DUQmE#EE&EX»EKCES;EX??E? 4532

G EXFT%»HUHB»QQGP%C;DLﬁ&PUPUL%;PRCP»P?CPN»Rﬁiﬂp 4533
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EEINRT . BATHY, REC: REFF, RFM: RFU RMIs RTOCFS, RTOMM,
RIN. FUNDF GDUF, GPRETU. G0 QSUMTG, BTOT, SACFT,

SEGE, SAGED. SAEET. SAGED, SACES. SACES SAGET: SACES.,
SDATE s SDAY . SHUR, SEX, SEKCES, 5HR, SHEC, MG, SMST.
EMRSTE SMNOSTO. SOTOT, SRAIH: BRUN: STCAP, STNSTO. 5TOP:
STOR. STORD, BTORG, STRATN: STREAT. STRTIT, STRETST:
STYSTO. TAREA. TOAP. TOFS, THEE: THSTOR. TOP, TOTAL,
TREIN: TREAT. TSTOR TSUBL URC» KAGE, XAGEEZ s XACED,
ARGEA s XAGET . HEGEL . KALEY s XACES, XUST: nIUR, xMH, XETUT,
WEEHIN: ARUM: KTHETE, KTOF, XTRATH. XTREAT XTST0.
YOWF o YATOT, YESIN VR HH;EEX@¢GEOI

DECLARED INTECER UARIREBLES I COMMON
INTEGER CaF. 057 TCE;H%FnynEXFFQ«\QI? SORTE, S80RY. S8DUR,

1 BEX. GHE, SMET, SMRETO, SHNOSTH, SRATH BTORP,

i BTNSTE, 8TO s&'mQﬁSIQ?D*STDEQﬁhTRQ‘Hﬁ5TRL@!aSTQTU%
3 TCAP, THETOR. TOP TRAIN, TRATE, TREAT, TRTOR.

4 FUST, MIUE: XEAIN, KTMSTD. ATOP KTEAL HyXiEEﬁT;VTSTUs
5 YSUMPEs BUF » SATOT

SET SUBSCRIPT 1 FOR EACH REPDRT PAGE NUMBER

IFCIO.EDR. Imy I=1
IFCI0LEB. 1By I=
IFCIG. B0 100D I
IFCIG.EQ. IS5
LPAGE (D)= LDQEE(L} i

TEMP=TRRTCR(M) <100,

THP=CAPR(H:NCI - L0G. _
WRITECIO, 5700 s LPQ&?{I}%(NTETLE{NK}sNKEIDEQ)
FORMAT (SHIPAEE., 15, 201 A2, 1 8R4

IFeIf. EG. 180 WRI ?(IﬂyC7iG

FORMAT (58X a?&FQUﬁLI?U AHRLYSIE?

IFCIG.EQ.IRY WRITECID. 57200

FORMAT SN, S1HPOLLUTOGEAPH ANARLYSETE)
IFCI0.ER.ICC) WRITECID.BPE0]
FORMAT (ST IPHRUANTITY ANALYSIS)
IFCID.ER. IS WRITECLD, 57403
FORMAT (525, 2SHLAND BURFACE EROSION AMNALYSIS
IF (METRICLER. 1Y WRITECIO.BPS0) TH

e TMP SMGs (MAMEMS OO s M=, 43

@mw

IF (METRIC.EL.E) HRITECID.BP60) TEMP, TCFS, TMCD. (NAME(NK) s NK=1:81,

. TMP SECF T, GG, (HAMEWS (MG M= 1, 42
BRAMCH 7D SP50 FROM 5740.801

o LEM M3=1l000-DAY. 32X Ads PR4S

L 18 STORECE CAPACTITY=F7 .4, 4H MM s L F8. 3, 8H M3=1000, 38¥. A2, 304)

BREANCH 7O SPB0 FROM  5740.03

B0 FORMATIIOH TREATHEMT RRTE = 7.4 7H INAHE, o F8.1.5H OFS.FL10.3s

1 4H MED, 40K A YRGS

i 180 STORAGE COPACITY=:F7.4:8H INCHES: «F7. 1o 7H RE-FTs»
3 FE.2,3H MG 44%. A 34D

RETURNM

ENE

P.TfF;aENGBg{NHﬁE(NK)rNKmi98}s

=P de PH MM s FBL Ls8H L85 F16.3s

4534
4535
4536
4537
4238
4539
4549
4341
4542
4543
4544
4545
4548
4547
4545
4549
4550
4551
A45hE
45350
4554
45355
4556
4557
4558
45549
4550
45861
4562
4583
4564
4565
45BE
4567
4568
4585
4570
4571
4572
4573
4574
4575
4576
4577
4578
4573
4580
4581
4582
4583
4584
4585
4586
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APPENDIX B-1
SAMPLE QUTPUT
OF
COMPUTER PROGRAM "DRAINQUAL"




THIS IS STORM b-2k-1974

RAINFALL PATTERN

g Bitakd -0p3 -fia
Ofis .Gus 0G2 0Ly
Neik ~0%3 <Ok - Gu
L3188 RRE Y LE GG
20 (30 BT LGEH

5] LOou st G0

RUN NUMBER  BASIN AREA
LCRES

pAE 2%« b

TOTAL RATN FREAUENCY
INCHES YEARS

-bLER a

8 R LENG 3SLP N
FT PeT

PAVED ENTRY TIME 3. ) MIN
ACCUN CONTRIBUTING AREAS
L. g 84yg. 3.80 013

PAVED ENTRY TINE= 3.5 MIN
ACCUN CONTRIBUTING AREAS
L. k. 2.kO 3.0 .ORS

PAVED ENTRY TIME= 3.6 MIN
ACCUM CONTRIBUTING AREAS
2. o 259, .80 0.3

PAVED ENTRY TIME= 3.k NIN
ACCUM CONTRIBUTING AREAS
2. 1. @g280. w.00 .0I3

PAVED ENTRY TIME= 3
ACCUR CONTRIBUTING
-G

. 3. 2u3. 2

PAVED ENTRY TIME= 3-9 MIM
ACCUNM CONTRIBUTING AREAS
1. 4. ALJ. .53 013

PAVED ENTRY TINE= 3.5 MIN
ACCUM CONTRIBUTING AREAS
Lo 4. AkO. L.50  .0L3

QUTFALL HYDROGRAPH IN (FS,

[SURTLTET TN s I ae o)
e

onpue o
bt b

~13-

% INLET
a-CFs
)
o
Y 18
4
0
o ¥-F)
.27
.04
.09
a0
.98

.of9 .Gak .01 0 Wf0s .BO3 0 .003
LLE 0 W83 .D13 0 L0180 L0330 .0L3
.op7 . .omd 0 .00% L0130 L03E
I RN 1 N Y . 22 B 1 -1 S e =) S )

@ .on® .00k .0G2 .00 .00E
o0 .0e3 o .00
TIME INCREWENT  SOIL GEOUP
MINUTES 1RIU=ABCY
5.8 &

DURATION  AfiC  PAVED ASY.  GRASS ABS.
BINUTES INCHES INCHES
2485.0 3 .30 .20
HT BW  V/H  DIA  CAPAC  VEL  DESIS
FT FT INS CFS FPS  @~CFS
CHa= W, SFA .3,  (GA= 3.

-o -0 ¢ Le.  19.3% 10.55

CPA= A, SPAs 7, CeRE 2.

-0 -0 g 8% 29.17 1.6

4

CPhs .5, SPA= 1.3, CGA= 3.4

-0 -G -0 1§, 34.1T JALsE 0

.27
CPA= s spa= 8,  C6A 4.7
-0 -0 - L8,  20.98 11.38 o
.35
{PA= '“q’ SPA: l"—f,: CGA'_' 5.5
-0 -0 -0 3. 57.98 11.81 G
.43

CPa= -7 SPAE 3.2, CGA® 1L.57

-0 -0 -0 3. JLL.4b 15-7B o

1-kE

CPA= .4, SFA= 5.k, Coh=s LB Y

-z -0 “ff 3.  BL.58 BL.55 a

2.55
ACCUNMULATED RUNODFF IN-CU FT® 1055k,
g ] o o g a
it ] i o . &
b .5 b .4 .5 b
¥ LR 1k & .7 .9
. L4 37 2.3 2.3 1.4
s -4 .2 1 -3 -b
i g

DETENTION
CUBIC FT

STORAGE
REGUESTED
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xx¥RUNGFF IN C(FS#¥x x¥¥QUTFLOW POLLUTANT LOAD IN POUNDS/DAYxxx
___________________ *SUSPENDED SOLIDSX . xBOD¥
o o ]
o o 3
o o 0
u o o
a o 1
o u 7
g o o
o o o
f o a
o ] a
i o ]
a ] o
a c t
a o o
u & {
o o i
.y Iy 5.3
8 b7.0 9.k
B 75.3 .3
.5 &k . 1L-4
& .7 3.5
ol Lb.? B-i
.4 80.b 9.7
o 53.2 by
R 2B.4 EN
.5 43.9 5.2
.7 b0, 2 b4
.7 57.4 -5
. Bh .y gk
L 1207 1343
1. LEh ek 13.0
1 1204 T
1. 110 .3 11k
. BY . § 8.8
. LE.3 L&
87.2 5.0

335.0 13.8

o
ry
[T
=
N T e
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