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ABSTRACT

AN EVALUATION OF THE URBAN DESIGN STORM CONCEPT

This report describes an evaluation of the assumption commonly employed

in drainage design that the return period of the rainfall used to design

a system is the same as the peak flow produced by that rainfall.
Specifically, the sensitivity of the frequency response of four catchments
to design storm parameters is examined. Parameters include, hyetograph
shape, antecedent soil moisture and rainfall duration. A continuous
simulation model is used to compute simulated historical frequency responses
for three different long term rainfall records. Design storms are also .
developed from depth-duration-frequency analyses of the rainfall data.
Comparisons are made on frequency graphs. It is concluded that an appropriate
choice of design storm parameters can produce a design which yields peak
flows of the desired return period.
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Chapter T  INTRODUCTION

1.1 Problem Statement

Traditionally the design process for water resources systems has
included the choice and use of a so-called "design storm." That is, a
precipitation event, either historical or artificial, is identified and
the system under study is designed to accommodate that event. For most
systems, and those associated with urban areas such as storm drainage systems

in particular, one basic parameter used in the selection of the design storm

~is its average return period or frequency. Once the return period is identi-

fied for the design storm it is usually assumed that the performance of
the system will retain that same frequency. In other words, it is assumed
that the probability of the design capacity being exceeded is the same as
the probability of the magnitude of the design storm being exceeded. The
original decision concerning which design storm frequency to be used is based
on this assumption as are all the economic implications associated with this
decision.
The validity of the above assumption has not been proven. In fact
it is easy to demonstrate that it is theoretically false. However, the design
storm is a frequently used concept in present day design practice and in many
cases where the use of a comp]éx mathematical simulation model is not practical
it is the only realistic alternative. The important question from an engineering
viewpoint is to what degree actual urban watersheds depart from this assumption
and what variables in the design process affect the departure. Once this is
answered the economic implications of the decision concerning design storm
frequency can be assessed and improved design storm procedures can be adopted.
Billions of dollars each year are devoted in small parcels to urban

drainage projects throughout the United States. These projects usually are



not large when compared to reservoir construction, for example, but there
are so many that the total national economic effort is significant. The
technology used in urban drainage design is thus repeatedly used and the
benefits from improvements in the technology will be felt because of this
frequency of use. However, it is because of the scale of the projects on an
individual basis that technological progress is slow to be developed and
implemented. Local governments or the engineering firms to whom the work
is contracted generally cannot afford to spend time and money on new major
teéhno]ogy.' The problem of the uncertainty concerning the relationship between
design storm frequency and system performance is directly related to govern-
ment productivity because the decision regarding design frequency is really
a statement of acceptable risk of system capacity being exceeded. That is,
an economic and/or political analysis by public decision makers indicates
that a prescribed risk level is acceptable. This risk level is then assigned
to the design storm and the resulting design is assumed to preserve this risk
level. Any significant deviation in the actual risk level achieved from the
original assumed value presumably would effect the original decision if this
deviation were known. At the present time there is very little information
available to guide the decision maker in this regard.

The importance of this study in the area of planning as well as
design is pointed out by McPherson].

A monumental question in the use of urban hydrology models is the
choice of storms to be applied. Storm definitions used for deriving river
basin extremes are irrelevant because urban sewer systems are expected to
be overtaxed much more frequently than major river structures whose failures
could be catastrophic. In terms of actual objective functions, the mean
frequencies of occurrence of flow peaks and volumes and quality constituent
amounts is the issue, not the frequencies of the input rainfall. Furthermore,
because there are inherent non-linearities in most methods for processing
inputs for linear models, and dynamic models are non-linear by definition, the
statistics of the rainfall input array may differ appreciably from those of
some or all of the arrays for runoff and quality characteristics. Attempting
to assign a mean frequency of probable occurrence to a "design storm" is

meaningless because of statistical non-homogeneity of rainfall, runoff and
quality, and such an approach neglects the effects of prior storms on the

1. Superscripted numbers refer to References.
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runoff from a given storm. Preferred inputs for modern planning models are
reasonable lengths of actual rainfall records, perhaps at least spanning ten
to twenty years. It seems more reasonable to route rainfall data of local
record through a model to arrive at output parameter frequencies than to
synthesize a storm of some assumed probability. Use of meteorological
expedients can conceivably be unnecessarily hazardous and the results
obtained thereby can be extremely misleading. Because the cost of running
the more elegant design/analysis models per storm event is high, many
defenders of these models champion acceptance of a "design storm" as an
expedient to save time and money, but at the expense of credibility of
results. This is not to suggest that all catchments of a jurisdiction

should be analyzed using twenty years of continuous rainfall records on a
SWMM-type model. Rather, such a long record should be applied to a catch-
ment near the reference weather station to segregate those storms of design
importance. Because only the unusual occurrences are of design interest, there
may be perhaps only two dozen or so actual storms of concern. To be consistent,
any project sufficiently important to call for the use of a SWMM-type model
should also be important enough to apply a few storms rather than a single
synthetic storm. Thus, the handful of storms selected on the basis of
simulated catchment response become a family of design storms for use in
connection with other catchments in the jurisdiction. Officials in charge

of urban drainage facilities are hard-put to explain an artificial, synthetic
storm's frequency to irate citizens who have been flooded or to a territorial
official reqgulating over-flows. Defense against storms of record is rather
direct, and in the opinion of the writer the only realistic option open to a
public official. The temptation to use artificial confections as input data
should be resisted.

1.2 0bjectives of the Research

The overall objective of the study is to evaluate the relationship
between the return period of design storms and the corresponding return period
of the resulting peak runoff. Urban sewered catchments are used and return
periods are limited to 25 years.

The design storm paramneters of specific interest are temporal
distribution of the rainfall, i.e. the hyetograph shape, the antecedent soil
moisture condition and the duration of the design storm. How these parameters

effect the peak runoff and its return period are of primary interest.

These findings form the basis of recommendations for design

procedures.

1.3 Scope

The dgsign storm approach is used in many types of design problems.
However, this study is Timited to small urban catchments which are sewered to

3



some extent and which have significant percentages of impervious area.

The return period range is Timited to a maximum of 25 years since
this includes the values most commonly used for design and extension to 100
years for example would be very costly.

Peak discharge is the dependent variable under consideration.
Budget Timitations required this restriction along with the recognition
that it is the variable of principal interest in design. Water quality

parameters are not appropriate in the context of a design storm approach.

1.4 Related Research

~Previous studies on this problem have not been numerous, probably

because of lack of data. Ideally one would need independent Tong term

measurements of rainfall and outflow from a system. A frequency analysis of

the historical outflow could then be made and compared with the calculated
outflow from design storms with various return periods. The development
of simulation models has made feasible the generation of a simulated record
of outflow from a historical rainfall record.

Sieker2 reported a study using data from a 54 hectare residential

area near Hamburg, Germany. He used a linear storage simulation model and

uniform intensity design storms. He concluded that for a given return period

the design storms produced Tower peak flows than the natural event with the
difference increasing with increasing return period.

Desbordes3 has reported the activities of the Laboratory of
Mathematical Hydrology at the Montpellier Sciences University in France.
He has developed an urban runoff model based on the instantaneous unit
hydrograph but with a variable lag. Although no results were reported,
Desbordes recognized the utility of models in evaluating the design storm
approach.

Perhaps the most extensive work to date has been reported by

s
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Marsalek 4. He used a 23 ha residential catchment using the EPA Storm Water
Management Model as a simulator. Two types of design storms were studies and
the effects of detention storage were examined as well. In general it was
found that for a given return period the design storms produced peak flows

which were higher than the simulated peaks from historical rainfall. Prior

to Marsalek's work the most recent effort was done by Veres at Purdue University

as part of a graduate course 5. Although the results are as yet unpublished
the work involved the application of the ILLUDAS model to a particular

residential catchment in Chicago, [11inois for which the necessary data are

- available. The results of this study show that for a given return period the

peak runoff from the design storm was 2.5 to 22 percent higher than the true '
peak runoff for the same return period as established by the model for return
periods from 2 to 200 years. A historical rainfall record of 35 years was
used and variations in antecedent conditions was not considered. In terms

of frequency the results show that a 10 year frequency design storm resulted
in a peak runoff frequency of about 14 years and a 50 year design storm can
result in a 117 year peak runoff,

One of the most interesting related studies was the John Hopkins
University Storm Drainage Research Project which involved data gathering from
20 catchments from 0.2 to 150 acres. Schaake, Geyer and Knapp6 examined
approximately 5 years of rainfall-runoff data from several catchments.
Frequency curves were plotted and it was observed that the frequency distribu-
tions were not the same although it was concluded that from a practical
standpoint the assumption of equal design storm and peak runoff frequencies
is valid for return periods under 5 years. However it must be emphasized that
long-term runoff records were not available for this study.

In a discussion,7 Irish presented evidence that the frequency of

design storms is_not equal to the corresponding flood frequency. Although the

discussion is not directed at urban catchments the qualitative argument presented

5



is valid. He pointed out the work by Alexander et. a18 ‘which agrees
qualitatively with the results of Shaake et. a16 and Veres5 » namely that
the slope of the runoff frequency curve is greater than the rainfall frequency
curve when p]étted on an appropriate linearized scale. This means that as the
design storm frequency increases the runoff frequency increases more rapidly.
It is the changes in antecedent conditions as well as storm temporal patterns
which Irish stated as major causes of this effect.

In May of 1979 a seminar on the design storm concept was held at
Ecole Polytechnique, Montreal, Canada. The proceedings of that seminar9
contains the most concentrated discussion of the current state-of-the-art.

‘The work by Packman and Kidd in England was presented at this
seminar and was subsequently pubh’shed.]O Their work involved the development
- of design storm parameters for use in England which produced good agreement
between return period of deSign rainfall and peak runoff. The parameters were
developed using model simulation and a procedure similar to that employed in

this study.
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Chapter 2 PROCEDURE

2.1 General Approach

The approach used in this study is to employ a simulation model as
a substitute for field data collection. This was necessary because of a
lack of Tong term runoff measurements from urban catchments. A continuous
simulation model was developed and used to develop simulated historical runoff
records from various catchments. A frequency analysis of these flow peaks
served as a basis for comparison with the peaks from various design storms.

Continuous Tong term rainfall data for three different locations
were obtained from the USDA Science and Education Administration. Data from
each site was analyzed to define the rainfall events. This was done by
performing an auto-correlation analysis using 15 minute lag increments. The
lag for which the correlation coefficient fell to an arbitrary low value was
used as the criterija for the length of zero rainfall time separating indepen-
dent events.

A depth-duration-frequency analysis of each rainfall record was
performed. This formed the basis for generating the design storms.

Each of the catchments under study was represented by the simulation
model and calibrated using local rainfall and runoff data. The catchments
were chosen because of their land use and availability of calibration data.
The long-term historical rainfall data was then applied to the catchments
and the simulated historical peak runoff values were obtained via the model.
Although this procedure may appear questionable at first, it is quite valid
for the purposes of this study. The computed runoff values are not viewed as
estimates of actual runoff which occurred at the various catchments sites,
but as estimates of runoff which would result if the long term rainfall had

occurred at each site. This serves as a basis for comparison with runoff from



design storms generated from the same rainfall record, and this comparison
is the objective of the study.

In order to economize on computer time, it was recognized that only
the rainfall events producing the 1érgest runoff peaks were of direct
interest, although the entire record was needed for continuous soil moisture
accounting. Therefore a screening model or procedure was developed which
permitted the identification of rainfall events which had a reasonable
probability of producing a significant peak runoff. Only these events were
processed through the runoff computation portion of the model.

A frequency analysis based on the annual exceedance time series of
the peak rUnoff values was performed for each combination of catchment and
rainfall data set. The design storms with various temporal patterns, durations,
‘return periods, and antecedent soil moisture conditions were then processed
through the model on a single event basis and compared with the simulated

historical results.

Figure 2-1 shows a flow chart which describes the overall procedure.

A more detailed discussion of some of the steps follows.

2.2 Screening Procedure

The screening procedure was introduced in order to eliminate the

computation of surface runoff hydrographs from insignificant events. This

was possible within the continuous simulation context because the soil moisture

accounting was done independent of runoff simulation. For each set of rainfall
data a depth-duration-frequency analysis was performed. Then for each
catchment under consideration a duration was identified which was near the
time of concentration. For this.duration the 1-yr return period depth was
determined from the rainfall analysis. A value of approximately 60 percent

of this depth was used as a criterion for runoff simulation. If any event had

a depth greater than this value in any period equal to the chosen duration,

this event was simulated.
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This procedure eliminated many minor events from simulation.
However it was sufficiently conservative so as to include several times
the number of events which composed the annual exceedance time series used
in the frequency analysis of the runoff peaks. It is quite unlikely that
a rainfall event that did not satisfy the runoff simulation criterion would
result in a runoff peak which wou1d appear in the frequency analysis of
the peaks. 1If this did occur the event would certainly have a return

period very close to 1.0 yr and thus not effect the overall distribution.

2.3 Frequency Analysis

Frequency analysis was used to analyze and describe each set of
rainfall data and also to describe the peak runoff from the rainfall data
as well as the design storms.

A conventional depth-duration-frequency analysis was used for
each set of rainfall data. Various durations were identified and a minimum
zero rainfall period criterion was established to define events. For each
event, the maximum rainfall depth in any time period equal to the chosen
duration was identified. The resulting partial duration series was then
truncated to an annual exceedance series and plotting positions or return

periods were assigned using the plotting position formula
T =N/m (2-1)

where T = return period in yrs, N = number of yrs of record and m = rank.
This process was repeated for various durations and the results plotted on
semi-Tog paper (see Chapter6).

The runoff peaks were also analyzed using an annual exceedance

series with Eq. 2-1 as the plotting position formula.

0



2.4 Design Storms

Three basic types of temporal distributions were used for the
design storms: uniform, triangular with various patterns, and a distribution
developed by Huff13 to describe central I11linois thunderstorms. The Tatter
is an advanced pattern and is given in dimensionless tabular format in

Table 2-1.

TABLE 2-1. Huff First-Quartile Point Rainfall Distribution
' for East Central I11inois

P/P

t/dur‘ation total

8.3 0.21
16.7 0.44
25.0 0.59
33.3 0.68
41.7 0.75
50.0 0.80
58.3 0.84
66.7 0.87
75.0 0.90
83.3 0.94
91.7 0.97
100.0 1.00

11



Chapter 3 CONTINUOUS SIMULATION MODEL

The simulation model used in this study (11) is based on the
I1Tinois Urban Drainage Area Simulator (ILLUDASJZ. In its usual form,
ILLUDAS 1is a single event, distributed, deterministic modé] that can be
used either for sewer system design or for runoff simulation from an
existing system.

ILLUDAS was modified in several respects to operate in the
continuous mode. The Targest change was the modification of the rainfall

abstraction component to permit continuous accounting of soil moisture and

potential initial abstractions. The hydrograph routing procedure was changed

and a model parameter calibration procedure was developed. These components

are described in the following sections of this chapter.

3.1 Runoff Hydrograph Computation.

This component of the continuous model is the same as the
original single event model. A detailed description has been published

by Terstriep and Sta11]2

and therefore only a summary is presented here.
Each sub-basin is divided into three area types: directly
connected impervious, contributing pervious and supplemental impervious.
Supplemental impervious areas are those which drain onto pervious areas,
such as roof drains, rather than flowing directly into the sewer inlet.
Runoff hydrographs for the paved areas and for the combined pervious and

supplemental paved areas are separately computed using the time-area method

and then added. The general equation for a hydrograph ordinate is:

where Qn = runoff at the end of time period n; 1j = effective rainfall rate

12
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during interval j; and aA = jncremental area contributing to runoff at

n-j+1
time period n-j+1.

The time-area curves for pervious and impervious areas are
assumed to be Tinear with maiimum ordinates given by the respective total
contributing areas and the associated times of concentration. The latter can
be specified by the user or computed by the program internally. For this
study the times were independently computed.

The effective rainfall values are determined by subtracting the
abstractions from the total rainfall. The supplemental impervious area
runoff contribution is computed by increasing the total rainfall hyetograph
ordinates for the pervious area. The pervious time-area curve is then
used in Eq. 3-1 to compute the runoff hydrograph ordinates.

Hydrograph routing in the original version of ILLUDAS was performed
utilizing a simple single step reservoir routing technique where the relation-
ship between storage and discharge is given by Manning's equation for the
pipe or channel segment. A modification of this procedure was introduced
in the continuous model and is described below. Surcharging is treated by

temporary storage at the upstream inlet of excess capacity flow and then

subsequently released at capacity rate.

3.2 Daily Soil Moisture and Initial Abstraction Accounting

The addition of soil moisture and initialabstraction accounting
procedures represents a significant modification to the single event model.
The purpose of these procedures is to provide the necessary antecedent
information, if the runoff simulation for a specific rainfall event is
desired.

The accounting model can be viewed as three reservoirs in which
storage is ubdated at the end of each day: an upper Tayer soil moisture

reservoir, an initial pervious area abstractionreservoir, and an initial

13



impervious area abstraction reservoir. This is shown schematically in

Fig. 3-1. The soil moisture reservoir represents the equivalent depth of
water stored in the soil, and the initial abstraction reservoirs represent
the value of the initial abstractién at the beginning of any event which is
to be simulated. Each of the sub-basins in the catchment being modeled

has a set of these reservoirs. The following description applies to any
single sub-basin and is repeated for all sub-basins.

The soil moisture reservoir is, in general, subject to increased
moisture due to rainfall in excess of initial pervious area abstractions and
decreases due to both evapotranspiration and deep percolation in the event
that the ffe]d capacity of the soil is exceeded. The accounting is made in
a series of steps. First, the soil moisture storage is increased due to

‘rainfall. It is assumed that only a fraction of the daily rainfall, %
is available for infiltration. Furthermore, there is an upper limit on

soil moisture storage at which saturation occurs, SMSMAX. The effect of

rainfall is given by:

SMS'!' = Min{[SMSi_
i

+ Max(RAINi - PAIA,

iq> 0.0)-0,-B], SMSMAX}  (3-2)

1
in which SMS%' = s0il moisture storage depth at the end of day i before
accounting for evaportranspiration and deep percolation; SMS1._1 = s0i
moisture storage depth at the end of the previous day; RAINi = total daily

rainfall depth; PAIAi_ = pervious area initialabstraction at end of previous

1
day; o, = fraction of daily rainfall which can infiltrate (a calibration
parameter); g = 1 + supplemental impervious area/contributing pervious

area; and SMSMAX = upper 1imit for soil moisture storage corresponding to

saturated conditions (a calibration variable).
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In the event that SMS%' exceeds the field capacity of the soil
deep percolation occurs and the soil moisture storage must be further

modified:
SMS% = Max(SMS%' - DLYPER, FCAP) (3-3)

in which SMS% = so0il moisture storage before accounting for evapotranspiration;
DLYPER = daily amount of potential deep percolation (a calibration parameter);

and FCAP = field capacity of the soil (a calibration parameter), i.e., the

soil moisture at which gravity drainage will begin if further increase in soil

moisture oﬁcurs.

The next step is to account for both evapotranspiration from the

soil moisture reservoir and evaporation from the initial abstraction reservoirs.

Potential values are given by:

EVP, = EVPPAN, - PANRAT (3-4)

EVPTi = EVPi(l + TRANRAT) (3-5)

in which EVPi and EVPTi = potential evaporation and evapotranspiration values
respectively; EVPPANi = daily pan evaporation (input data); PANRAT = ratio of
actual to pan evaporation values (a calibration parameter); and TRANRAT = ratio
of daily potential transpiration to actual potential evaporation (a calibration
parameter). Since part of the potential evapotranspiration is satisfied by
evaporation from the pervious area initial abstraction reservoir, these two

are interrelated. First, rainfall is applied to the pervious area initial

abstraction reservoir:

16

S

e



PAIA% = Max(PAIAi_ - RAINi, 0.0) (3-6)

1
in which PAIA'i = pervious area initial abstraction for day i before accounting
for daily evaporation; and PAIAi_] is the net value of pervious area initial
abstraction at the end of the previous day. Daily evaporation is then

applied, but a maximum value of PAIA in introduced as well.
PAIAi = Min(PAIA‘i + EVPi, PAIAMAX) (3-7)

in which PAIAMAX = upper 1limit of PAIA (a calibration parameter). The

impervious area initial abstractions are treated in a similar fashion:
IAIAi = Min{[Max(IAIAi_] - RAINi, 0.0) + EVPi], TIAIAMAX} (3-8)

in which IAIA = impervious area initial abstractions; and IAIAMAX = upper
1imit of IAIA (a calibration parameter).

The soil moisture reservoir can then be adjusted for evapotranspi-
ration. First, the potential evapotranspiration is corrected for the

evaporation from the pervious area initial abstraction reservoir.
EVPTi = Max{[EVPT% - (PAIAi - PAIA%)], 0.0} (3-9)

The actual evapotransportation is assumed to be proportional to the fractional

soil saturation.
TEVPTi = EVPTi-(SMS%/SMSMAX) (3-10)

in which TEVPTi = total daily evapotranspiration from the soil moisture

17



reservoir. The final value for soil moisture storage is thus:
SMSi = SMS% - TEVPTi (3-11)

Equations 3-7, 3-9 and 3-11 give the updated daily values for

the respective variables and the procedure is repeated for the next day.

3.3 Hydrograph Routihg

The original routing procedure used in ILLUDAS was replaced by
three optional procedures in the development of the model. The first is a
simple hydrograph time-shift process in which the inflow hydrograph is
translated without.change of shape through the reach. The translation
velocity is taken as that associated with the maximum inflow assuming local
uniformity to compute the flow area. If the translation time is less than
the user-specified time increment for calculations, a parabolic interpolation
scheme is used to obtain flow values at the proper time increment. After
shifting, the hydrograph is again interpolated at the user-specified time
interval.

The second routing procedure is a hydrologic scheme based upon

the usual expression for continuity:

I, +1, Q. +Q, So-S
1P S, -5y
e X (3-12)

in which I] and 12 = the inflow values for the reach at the beginning and end,
respectively, of time interval At; Q1 and 02 = the respective outflow values;
and 51 and 52 = the respective storage values.

The solution of Eq. 3-12 requires a second relationship between

I, Q, and S. Two different relationships are used. The first requires an
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implicit solution for QZ:

I

S 1

-l 4 aQ
- S1 = [A2 + A5 - (A

Q
5 + A1)]L/2 (3-13)

2
in which Aé = flow area evaluated using the inflow I at the end of the time
interval assuming uniform flow described by Manning's equation; Ag = flow
area evaluated in the same way using the outflow at the end of the time
interval; A% and A?.= flow areas evaluated using I and Q at the beginning of
the time interval and L = the length of the reach. The simultaneous solution
of Egs. 3-12 and 3-13 requires an implicit procedure for which an accelerated
bracketing scheme 1is used. |

The second relationship is a simplification of Eq. 3-13 in which

it is assumed that Ag = Aé, which leads to:

I
2

I

S, =S 1

o 17 [2A

- (A + AD)L/2 (3-14)
The combination of Egs. 3-14 and 3-12 permits an explicit solution for Q2.

As in the time-shift method, if the estimated travel time in the reach is
less than the value of At specified by the user, a parabolic interpolation is
performed at the travel time interval, and after routing, a second interpola-
tion is done to obtain the values at intervals of At. This procedure avoids
instabilities in the numerical procedure.

For all three methods, if the inflow exceeds the capacity of the
pipe, the inflow is assumed to be detained temporarily at that point until the
inflow falls below the capacity; at that time, the detained flow is added at
a rate so that the inflow remains at capacity until the detained volume is
depleted.

For small drainage systems or shorter reaches, experience indicates
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that the time-shift routing procedure yields results which are very close

to those using either of the hydrologic routing procedures with a significant

savings of computer time, particularly when compared to the implicit approach.

Therefore, the time-shift routing was used for all work in this report.

3.4 Runoff Event Simulation

The transition to the runoff simulation for a specific rainfall
event uti]izes the daily soil moisture and initial abstraction accounting.
It was decided to retain the Horton infiltration model utilized

in the single event version of ILLUDAS given by:

fef o+ (f - f ekt (3-15)
in which f = infiltration capacity at any time t; fo = infiltration capacity
for dry soil; fc = infiltration capacity under saturated soil conditions;

and k = a decay coefficient. A1l of these parameters can be determined in
the overall model calibration procedure as discussed in Chapter 5 or the
results from independent infiltration data can be used.

The value of fo to be used at the beginning of a specific event
to be simulated, designated by fé, depends on the soil moisture at that time,
which is based on the daily accounting process. Figure 3-2 shows the Horton
model. The area between the capacity curve and the line f = fc is analogous
to the maximum soil moisture storage in the daily accounting procedure,
SMSMAX. This area can easily be shown to be given by (fo - fc)/k. For any
value of spjl moisture storage at time t, SMSt, there is a corresponding
analogous area above f = fc and to the left of the time corresponding to fé,

identified as ¢ in Fig. 3-2.
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— _ - 0 .
¢ = k k K (3-16)

To evaluate fé, it is assumed that ¢ is proportional to the percentage of
maximum soil moisture that exists at that time as determined in the daily

accounting procedure.

SMS
t (3-17)

e
((F, = f_)/k) ~ SHSMAX

}Thus, the initial value of the infiltration capacity is given by:

fro=f o+ (F - £0(1- M ) (3-18)

o ¢ SMSMAX

The value of SMSt is based on the value of SMSi, the soil moisture
storage at the end of the current day. If t equals the hour during the day

at which the event begins, then:

(3-19)

} - t
SMS SMSi_1 + (SMSi SMSi_1) 54

t

The value of fé is, therefore, determined by substituting the value of SMSt
obtained from Eq. 3-19 into Eq. 3-18.

The values for the pervious and impervious initial abstractions
at the beginning of the event are determined using the Eq. 3-19 proportioning
scheme ; that is, the values of the variables at the end of the day and the
previous day are utilized in a relationship analogous to Eq. 3-19 with SMS
replaced by the respective abstraction variables.

If more than one event is simulated during any day, Eq. 3-19 is

simply applied again with t set equal to the beginning time for the second
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event.

It should be pointed out that the daily accounting procedure is
conducted independently of the runoff simulation. There is no connection
between the Horton Infiltration capacity at the end of an event and the
corresponding value of SMS at that time. The daily accounting values are
used only to compute the values of the initial abstractions and infiltration
rate at the beginning of each simulated event.

Figure 3-3 is a flow chart showing the various steps in the

continuous simulation process.

3.5 Initial Version of Model

In the first phase of this study, a different version of a
continuous ILLUDAS was used. This version was somewhat simpler than the
version described above and was used to study the Boneyard Creek catchment

only. It is described in Appendix A.
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Chapter 4, RAINFALL AND CATCHMENT DATA
4.1 Rainfall Data

Four sets of rainfall data were used in the continuous
simulation model for computing simulated historical runoff data. The
data used for calibration of the model for each catchment is described in
Chapter 5. |

The first phase of this study was done using data collected
by thé IT1inois State Water Survey using a special raincage network. The
Survey provided 13 years of this data reduced to 15 min increments. Three
additional rainfall data sets were obtained from USDA Science and Education
Administration. These data were from three research sites and were on
computer tape in the form of break-point mass curve values, i.e., time
and depth values when the slope of the rainfall mass curve changes, This
format permits the development of a continuous rainfall record with
" incremental depth values at arbitrary time increments,

Table 4-1 shows a summary of the rainfall data.

TABLE 4-1 Rainfall Data

Months Events Events
Included* Before After

Location Years Each Year Screening  Screening
Champaign-Urbana, IL 1949-61 March-November 118
Coshocton, Ohio 1951-75  March-November 1621 105
McCreddie, Missouri 1941-74  March-November 209
Albuquerque, New Mexico 1941-72  March-November 135
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4.2 Rainfall Event Criterion

There is no single standard procedure for defining independent
rainfall events. The procedure adopted was to perform an autocorrelation
analysis on a portion of each long term rainfall data set. The correla-

tion coefficient was computed by

COV(xy > Xpae) (4-1)

r -
k 0.5
[VAR(xt) VAR(xt+k)]

where e = correlation coefficient for a lag of k time periods, Xt and

Xesk = lagged and non-lagged 5 min rainfall depth values. The covariance

in Eq. 4-1 1is evaluated as

n-k M-k  N-k

1 1
COVlxgs *pp) = FT L e ek TRRETITRY (2% X (4-2)
£ Rerk! T ONRCT B ek T TERTITNRY (£, 5 LA ek

where N = total number of non-zero depth values used in the analysis. The

variance in Eq. 4-1 is computed by

VAR(x) = ——1——-kax2 1 Nik 2 (4-3)
X TNRET (LT TR [ 4 -

A portion of each of the three SEA data sets were selected

for analysis  The Champaian-Urbana data were analyzed previously by
Morm’s14 Five minute depth values were determined and lag time periods
of 15-min multiples were used. The results of the analyses are shown in

Fia. 4-1. The McCreddie data indicate a definite Tocal minimum correlation
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at 300-min. The other sets show a gradual decline in correlation. The
Albuguerque correlation falls more rapidly than the others indicating
shorter duration rainfall. It was concluded that a 300-min zero rainfall
criterion was adequate for all th}ee data sets, but no statistical
significance tests were done. The analyses by Morris of the Champaign-
Urbana data indicated a 270 min criterion and this value was therefore
used.

4.3 Depth-Duration-Frequency Analysis of Rainfall Data

After rainfall events were defined, a frequency analysis for
various durations was performed on each data set following the procedure
described‘in Section 2.2.

The results of these analyses are summarized in Tables 4-2

through 4-5.

TABLE 4-2 Depth-Frequency Analysis for Champaign Rainfall

Return Period Depth Durqtion
yrs in. min
1 1.34 105
1.62 105
2.04 105
10 2.33 105
25 2.73 105
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TABLE 4-3

Return Period

Frequency Analysis for Coshocton Rainfall

Dept (in.) for Specified Duration

yrs 15 min 20 min 25 min 30 min 60 min
1 0.68 0.76 0.84 0.88 1.05

2 0.76 0.87 0.94 1.01 1.24

5 0.87 1.00 1.09 1.17 1.49
10 0.95 1.11 1.19 1.30 1.68
15 1.00 1.17 1.26 1.37 1.78
20 1.04 1.21 1.30 1.43 1.86
25 1.06 1.24 1.34 1.47 1.92

TABLE 4-4

Return Period

Frequency -Analysis for McCreddie Rainfall

Depth (in.) for Specified Duration
min 20 min 25 min 30 min 45 min 60 min

yrs 15
1 0.
2 | 0.
5 0.

10 1.
15 1,
20 1.
25 1,
30 1.
34 1.
TABLE 4-5

Return Period

66 0.74 0.81 - 0.91 0.98 1.07
79 0.93 1.03 1.10 1.26 1.36
97 1.18 1.33 1.35 1.65 1,75
10 1.36 1.55 1.55 1.94 2.05
18 1.48 1.68 1.66 2.11 2.23
24 1.55 1.77 1.74 2,23 2.35
28 1.61 1.85 1.80 2.32 2.45
32 1.66 1.91 1.85 2.40 2.52
34 1.70 1.95 1.88 2.45 2.58
Frequency Analysis for Albuquerque Rainfall

Depth (in.) for Specified Duration
min 20 min 25 min 30 min 45 min 60 min

yrs 15
1 0.
2 0.
5 0.
10 0.
15 0.
20 _ 0.
25 1.
30 B I

35 0.39 0.44 0.46 0.51 0.58
49 0.55 0.61 0.64 0.71 0.77
68 0.77 0.83 0.89 0.98 1.03
82 0.93 1.00 1.08 1.19 1.22
91 1.02 1.11 1.19 1.31 1.34
97 1.09 1.18 1.27 1.39 1.42
01 1.14 1.23 1.33 1.46 1.48
05 1.18 1.28 1.38 1.51 1.54
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4.4 Catchment Descriptions

Four urban catchments were used in this study. The basic data
for these are summarized in Table 4.6. The Boneyard Creek catchment was
used in the first phase of the study and was tested only with Champaign-
Urbana rainfall., The other catchments were tested with the remaining three

rainfall data sets.

TABLE 4-6 Catchment Data

Catchment Land Use* Drainage Area Data Source
(ac)
Boneyard Creek, IL 1, 2, 3 2,290 I1Tinois State Water Survey
Gray Haven, MD 1 23.3 Johns Hopkins University
Dade County, FL 2 14.7 U.S. Geological Survey
Broward County, FL 3 20.0 U.S. Geological Survey

*Land Use Key: 1 = single family residential; 2 = apartment; 3 = commercial

4.4.1 Boneyard Creek Urban Catchment

The Boneyard Creek watershed includes portions of
Champaign, Urbana and the University of I11inois campus. It is fully
urbanized, containing parks, residential and commercial areas. Figure 4-2
shows a map of the area which includes the rain gage system and the location
of the USGS gaging station which defined the downstream end of the watershed
used in this study.

The system was modeled using 83 sewer reaches and 25 open channel
reaches as shown in Fig. 4-3, A1l sewers with a diameter of 15 in. or
greater were included. The details of the representation are given in
Appendix B.

4.4.2 Gray Haven Residential Catchment

The Gray Haven catchment in Baltimore, MD is a residential

sewered catchment and was modeled using 10 pipes. Figure 4-4 shows a
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schematic of the catchment along with the sewer system. Appendix C
contains the detailed representation,

The site was monitoreq by a single tipping bucket raingage
and a Parshall flume. The pervious areas are grassed and underlain by a
sandy soil. Ground slopes are gentle, averaging about 0.5 percent.

4.4,3 Dade County Residential Catchment

The Dade County catéhment is a multifamily residentia1larea
(apartments) which was monitered for rainfall, runoff and wéter quality
from May 1977 to June 1978 by the U.S. Geological Survey15.

| - The impervious area is 10.4 ac or 70,7 percent of the total
area. The soil, which is covered by grass, is Perrine marl with a very low
infiltration capacity (SCS hydrologic soil group D)., The streets have no
curbs or gutters, but are formed with the center of the street acting as
a swale, Downspouts discharge onto lawns. The storm sewer system is shown
in Fig. 4-5 and has a 48 in. diameter outfall. The pipes are corrugated
metal and circu]ar]6’ ]Z

Rainfall was measured at two locations as shown in Fig., 4-4
and discharge was measured at the outlet using an.electro-magnetic
velocity meter installed in the pipe, All data were coordinated in time and
recorded in 1 min time intervals.

The representation of the catchment is given in Appendix D,

4.4,4 Broward County Commercial Catchment

This catchment is a shopping center located in Ft. Lauderdale,
which was monitered by the U,S. Geological Survey from May 1975 to June 1977
The catchment is unique among those used in this study in that it is
98 percent impervious, with significant roof and parking lot area,

The site was monitored by a sinale raingage and flow meter at the
outlet as shown in Fig. 4-6. A1l pipes are concrete and circular, Roof

downspouts are directly connected to the sewer system16’ 17.
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Chapter 5 MODEL CALIBRATION

5.1 General Procedure

Calibration is a very important aspect of the application of any
model. There is no uniform]& accepted calibration procedure since this may
vary depending on the use of the model or the type or quantity of calibration
data. The procedure described herein was developed because it can incorpor-
ate any number of parameters and recognizes that more than one calibration
criterion may be useful.

The first version of the continuous model was calibrated more or
less 'by trial and this was used for the Boneyard Creek watershed study.

The calibration of the second version, which was used for the other three
catchments shown in Table 4~1, is described below.

For the second version of the simulation model, the calibration
process has two components. First, the definitions and descriptions of the
sub-basins and pipe system must be described. This means that the boundaries
and areas (i.e., impervious, pervious, and supplemental impervious) of the
sub-basins must be specified, as well as the inlet times for these areas. 1In
addition, the size, slope, roughress, and length of all pipes and channels must
be provided.

The second calibration compdnent consists of the determination of
the various parameters related to the soil moisture and initial abstraction
accounting and infiltration as discussed previously. Table 5-1 summarizes these
parameters as well as 1isting their values for catchments to be subsequently
discussed. This calibration component was performed using an optimization
procedure developed by Rosenbrock19. A discussion of the technique is
presented in Appendix F. Basically, the process involves the establishment
of an objective function and an orderly sensitivity search through the various

calibration parameters. Once the parameters to which the objective function
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Parameter

PATAMAX
TATAMAX
SMSMAX
DLYPER
FCAP

a
r

PANRAT
TRANRAT

TABLE 5-1 Model Calibration Parameters

Description

Horton infiltration capacity for dry soil (in.hr)
Horton infiltration capacity for saturated soil (in./hr)

Horton decay constant (hr"l) |

Maximum pervious area initial abstraction (in.)
Maximum impervious area initial abstraction (in.)
Maximum soil moisture storage (in.)

Daily rate of deep percolation (in./day)

Field capacity of soil (in.)

Fraction of daily rainfall which can infiltrate

Ratio of daily evaporation to pan evaporation

Ratio of daily transpiration to evaporation

Gray Haven Dade Co.

Catchment

8.21
1.97

3.96

.20
.10

.73
.04
2.89
1.00

0.90
0.12

Broward Co.

Catchment Catchment

9.81

0.83

.98
.35
17
.36

O Ww O O -

.29
1.34
0.88

0.90
0.12

0.05

0.90
0.12
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is most sensitive are identified,va series of stages occur in which systematic
changes in each parameter are made utilizing the history of results gained in
prior stages. The process incorporates constraints (i.e., limiting values
on the parameters) by imposihg a weighted penalty to the objective function
as the parameter Timits are approached. Successive stages are evaluated
until the improvement in the-ya]ue of the objective function drops below a
prescribed value.

The calibration data required are daily rainfall, daily pan
evapoation, event rainfall, and corresponding runoff hydrographs. Two

separate objective functions are used. The first involves the runoff volume:

RVOLC.

R=Minj] £n|lszm—t
LR

in which RVOLCi = computed runoff volume for storm i; RVOLOi = corresponding
observed value; n = number of storm events used for calibration; and R =
value of the objective function.

The second objective function involves the shape of the runoff

hydrograph with heavier weight given to the peak discharge:

. 5. )4 (5-2)
0 ij ij

in which Qéi = observed runoff hydrograph peak for storm i; and Qcij and
Qoij are the computed and observed runoff hydrograph ordinates for event i
and time interval j.

The reason for utilizing two objective functions is that each is

based on a specific runoff hydrograph property. Equation 5-1 optimizes the
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model parameters on the basis of agreement between observed and computed
runoff volumes, while Eq. 5-2 utilizes hydrograph shape agreement, with
emphasis on the peak region.
The Tast six parameterslin Table 5-1 are utilized in the daily
soil moisture accounting procedure, and thus are related primarily to runoff
volume rather than hydrograph shape. Therefore, Eq. 5-1 serves as a
reasonable objective function for these parameters. The first five parameters
in Table 5-1 relate to both hydrograph volume and shape. Of these, the Horton
infiltration parameters are judged to have more influence on runoff volume
than hydrograph shape, particularly for large events. Their importance is,
of course; in part a function of the percentage of pervious area in the
catchment. Therefore, Eq. 5-1 was used to evaluate the Horton parameters.
The initial abstraction parameters can have a stronger effect on the hydrograph
peak, particularly for small events, because they are concentrated at the
beginning of each event and thus can strongly influence the effective rainfall
hyetograph, which in turn has a direct influence on the hydrograph shape.
Therefore, Eq. 5-2 is appropriate for calibrating PAIAMAX and IAIAMAX.
The general calibration procedure can be summarized as follows:
1. Using Eq. 5-1 as the objective function, all parameters in Table 5-1
were evaluated except PAIAMAX and IAIAMAX using the optimization
procedure. During this step the Tatter two parameters are held constant
at initial estimated values. A reasonable estimate of these constant
values is PAIAMAX = 0.2 in. (5 mm) and TAIAMAX = 0.1 in. (2.5 mm).
2. Using the resulting parameter values obtained from step 1 as fixed,
Eq. 5-2 was used as the objective function to calibrate PAIAMAX and
IATAMAX.
3. Using the values of all parameters obtained from steps 1 and 2 as initial
values, step 1 was repeated holding the initial abstraction parameters

constant.
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5.2 Boneyard Creek Catchment Calibration

The study of this catchment was done usiné an earlier version of
the model as discussed previqus]y. The calibration of this catchment,
therefore, was not done using the procedure described above.

The model was calibrated using 6 min rainfall data collected
by the I11inois State Water Survey from 1949-1965. The Thiessen method
was used to compute average 6 min areal values from the basic network
data. Runoff data were obtained from the USGS gaging station shown in

Fig. 4-2.
| Initial estimates of model parameters which were physically
reasonable were used and modified by trial and error. It was found that
calibration could be improved for large events by 1imiting the flow in
reaches 11-18 and 11-19 in Fig. 4-3 to 100 and 250 cfs respective1y. This
1imitation accounts for the Timitation on inflow to the main channel by
some of the local storm sewer pipes which had low capacities and caused local
street flooding. These 1imits were justified from field observations and
independent channel capacity cé1cu1ations. The model parameter values dre

shown in Table 5-2.

TABLE 5-2 Boneyard Catchment Model Parameters

Parameter Description Value

fo Initial infiltration capacity 8.0 in./hr

fc Saturated infiltration capacity 0.5 in./hr

o Constant of proportionality between deep 0.129 hr”]
percolation rate and soil moisture storage

H Maximum soil moisture storage 3.87 in.
Field capacity or minimum soil moisture 1.16 1in.
storage

Maximum impervious area initial abstraction 0.1 in.
Maximum pervious area initial abstraction 0.2 in.
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Table 5-3 shows the results of nine calibration events and

Fig. 5-1 shows four of the observed and computed hydrographs.

TABLE 5-3 Boneyard Catchment Calibration Summary
1

Event AMC Total Rain Runoff Volume {in.) Runoff Peak (cfs)
Date in. Observed Computed Obs/Comp Observed Computed Obs/Comp
10/26/60 2 0.65 0.10 0.13 0.77 185 214 0.86
11/15/60 1 0.84 0.16 0.17 0.94 223 205 - 1.09
11/28/60 1 0.36 0.06 0.06 1.00 143 158 0.91
03/04/61 2 0.69 0.12 0.14 0.86 235 269 0.87
06/06/61 1 1.96 0.42 0.47 0.89 479 524 0.91
09/23/61 2 0.39 0.07 0.07 1.00 175 144 1.22
05/10/62 4 0.65 0.16 0.17 0.94 247 324 0.76
04/19/64 2 1.16 0.28 0.25 1.12 234 248 0.94
04/20/64 4 - 3.08 1.19 0.78 1.53 507 442 1.15
1. AMC = antecedent soil moisture condition as defined in Ref (2).

5.3 Gray Haven Catchment Calibration

Rainfall and runoff data for Gray Haven were obtained as part of
the Johns Hopkins Storm Drainage Project as summarized by Tucker]8. Rainfall .

and runoff data at 1 minute intervals were used.

For the daily soil moisture

accounting, daily rainfall values from the National Weather Service gage

at Baltimore airport were used as well as daily NWS pan evaporation data

from Beltsville.

Table 5-4.

steps previously outlined.

The calibration events and results are summarized in

The calibration was performed in several stages, based in the

Using all of the calibration events in Table

- 5-4, Eq. 5-1 as the objective function, and PAIAMAX and IAIAMAX held constant

at 0.2 in. and 0.1 in. respectively, the remaining parameters were evaluated

using the optimization procedure.

Next, the initial abstraction parameters

were evaluated using Eq. 5-2 as the objective function with the remaining
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parameters held constant at the values determined in the first step. The

calibration events used for this step are denoted by an asterik in Table 5-4.

They are relatively small in magnitude and it was judged that the initial
abstraction parameters would be ﬁore sensitive to these events. In the
third step all of the paraméters except PAIAMAX and IAIAMAX were again
evaluated using Eq. 5-1 starting with the final values in the first step
and holding the initial abstraction parameters at the values determined in
the second step. This third step did not result in Targe changes in
parameters values.

A model adjustment was made to account for sewer surcharging.
ILLUDAS femporari]y stores surcharge flow at the upstream end of the pipe
reach. No parallel surface flow is permitted. It was believed that this
was not appropriate for Gray Haven, and therefore, several of the pipes
at the downstream end of the drainage system were increased in size to
eliminate the surcharging which was first indicated by the model during
the two Targest calibration events only.

Finally, some slight adjustments to the entry times were made
to improve the agreement between the rising Timbs of the observed and
simulated hydrographs. This latter stage was done subjectively without
the use of the optimization procedure.

It should be pointed out that several of the small events were
poorly predicted, particularly in terms of runoff volume as shown in Table
5-4. It is believed that this is due to the inability of the abstraction
component of the model to accurately deal with events in which most of the
rainfall becomes abstractions. On the other hand, the model does a
reasonable job with the larger events and, if these are the events of

interest, then the model can be used with confidence.
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TABLE 5-4 Gray Haven Catchment Calibration Summary

Event Rainfall Rainfall Runoff Volume (in.) Runoff Peak (cfs)
Date Depth Duration Observ. Comp. Observ./ Observ. Comp. Observ./

(in.) (min) Comp. ' Comp.
6/05/63 2.20 53.0 1.51 1.51 1.00 80.8 81.3 0.99
6/10/63 2.18 44.0 1.47 1.28 1.15 77.6 79.0 0.98
6/14/63 1.43 62.0 0.61 0.61 1.00 30.9 30.4 1.02
6/20763 1.41 44.0 0.59 0.60 0.99 29.6 32.6 0.91
6/29/63 1.18 160.0 0.53 0.44 1.20 27.3 26.1 1.05
8/01/63 0.29 11.0 0.08 0.04 2.00 5.8 6.9 0.84
8/13/63 0.60 58.0 0.19 0.18 1.07 11.2 14.3 0.78
8/14/63 2.13 109.0 1.05 0.92 1.13 34.7 32.3 1.07
8/19/63 2.18 109.0 1.10 1.01 1.09 35.0 34.8 1.01
6/22/643 0.43 51.0 0.12 0.10 1.10 9.1 13.5 0.67
7/08/64-13 1.24 227.0 0.45 0.46 0.98 16.8 18.2 0.92
7/08/64-112 0.43 100.0 0.22 0.12 1.77 12.4 13.4 0.93
7/13/642 0.24 26.0 0.07 0.004 16.40 1 4.2 0.50
9/29/644 0.22 12.0 0.07 0.01 7.18 5 1.5 4,33
7/16/652 0.30 32.0 0.05 0.04 1.19 3 1.4 3.79
7/29/652 0.31 37.0 0.07 0.05 1.48 .6 6.7 0.99
8/02/653 0.99 60.0 0.37 0.36 1.03 30.3 28.4 1.07
8/20/652 0.31 23.0 0.08 0.05 1.69 .3 6.9 0.62
9/03/652 0.47 35.0 0.12 0.12 1.00 .6 9.5 0.80
8/12/66 0.75 46.0 0.38 0.24 1.57 19.3 13.2 1.46

AEvents using Eq. 5-2 as objective function remaining parameters held constant at
values determined in previous step.

Figure 5-2 shows four examples of computed and observed hydrographs
together with the rainfall hyetograph for four of the calibration events in
Table 5-4. The June 10, 1963 event is one of the largest, showing good
agreement between computed and observed peaks but somewhat less sensitivity
to rainfall variation around the computed peak. The August 14, 1963 and

July 8, 1963 hydrographs show more complex rainfall events. They illustrate
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the response of the model to multi-peaked hyetographs. The first two
computed peaks of the July 8, 1964 event indicate that the abstractions may
be underestimated during the earlier portion of the event while the main
peak is predicted much better. THe September 3, 1965 event is small and is
not well simulated. Again, this is attributed to the need for a much more
sophisticated abstraction model to accurately simulate small rainfall events.
Appendix C contains plots of all calibration events.

This calibration exercise emphasizes an important point. The more
calibration data that are used, the greater the chances of showing up some
weaknesses in the model being calibrated. Excellent calibration can
generally be obtained if only a few events are used. As the spectrum of events
increases so does the users awareness of the deficiencies in the model.

This knowledge should then be applied to yield an intelligent app11‘cat1‘on.~

5.4 Dade County Residential Catchment Calibration

The Dade County catchment was calibrated using data for 16 events.
The results are shown in Table 5-5 and the hydrographs are shown in Appendix

D. The parameter optimization procedure described earlier was used.

5.5 Broward County Commercial Catchment Calibration

The Broward County catchment was calibrated using 25 events. The
results are summarized in Table 5-4. The hydrographs are shown in Appendix
E. It was necessary to increase the diameter of some of the pipes to
account for parallel surface flow in the parking lot since the model does
not have a surface routing component. Since there was essentially no
pervious area the optimization procedure was not followed in this case.

It should be noted in Table 5-4 that the smaller events have
the largest modelling percentage error. This is probably because the
abstractions form a significant portion of the total rainfall in such cases

and a much more detailed model would be required to improve the simulation.
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In particular an improved initial abstraction component would be useful

(which would not allocate all such abstractions at the beginning of the

event).

Despite‘the errors shown in Table 5-6 the model is adequate for

the purposes of this study.

‘TABLE 5-5 Dade County Catchment Calibration Summary

Event Rainfall Rainfall Runoff Volume (in.) Runoff Peak (cfs)
Date Depth Duration  Obser. Comp. Observ. Observ. Comp. Obser.
- (in.) (min) Comp. Comp.

5/04/77 2.85 335 2.00 1.47 1.36 20.7 20.4 1.01
5/11/77 1.17 50 0.67 0.73 0.92 30.4 31.6 0.96
5/11/77 2.08 120 .1.43 1.39 1.03 26.5 23.3 1.14
6/1/77 1.86 240 1.19 0.88 | 1.35 15.6 19.4 0.80
7/15/77 1.67 165 0.68 0.77 0.88 15.3 15.6 0.98
8/08/77 0.53 65 0.22 0.17 1.29 11.9 12.7 0.94
8/08/77 1.00 235 0.55 0.53 1.04 13.0 18.6 0.70
8/12/77 1.50 365 0.90 0.67 1.34 16.3 15.2 1.07
12/6/77 0.80 145 0.31 0.30 1.03 15.6 13.9 1.12
1/19/78 0.73 295 0.29 0.27 1.07 10.0 12.9 0.78
2/18/78 2.02 390 0.71 0.88 0.81 11.0 15.8 0.70
3/03/78 1.56 265 0.42 0.66 0.64 14.0 15.3 0.92
4/23/78 0.74 100 0.34 0.27 1.26 14.3 13.9 1.03
5/18/178 0.75 230 0.24 0.27 0.89 8.0 7.7 1.04
5/26/78 0.61 80 0.26 0.21 1.24 10.5 1.7 0.90
6/12/78 1.01 30 0.45 0.42 1.07 24.0 26.2 0.92
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| Table 5-6 Broward County Catchment Calibration Summary

Event Rainfall Rainfall Runoff Volume (in.) Runoff Peak (cfs)
Date Depth Duration Observ. Comp. Observ./ Observ. Comp. Observ./

(in.) (min) Comp. Comp.

06/03/75 1.29 180 .04 1.24 0.87 42.9 63.7 0.67
06/17/75 0.54 180 0.58 0.49 1.18 26.5 26.6 1.00
06/23/75 1.74 310 1.80 1.69 1.07 52.5 48.0 1.09
08/07/75 0.35 30 0.35 0.30 1.17 24.6 27.9 0.88
09/07/75 0.33 30 0.24 0.28 0.86 22.1 30.5 0.72
02/01/76 0.38 ‘ 150 0.40 0.33 1.21 10.7 15.7 0.68
02/25/76  0.87 430 0.74 0.82 0.90 10.6 12.9 0.82
02/28/76 0.73 130 0.71 0.68 1.04 23.7 24.5 0.97
06/07/76 1.65 265 1.62 1.60 1.01 51.7 52.4 0.99
06/23/76 1.13 325 1.14 1.08 1.06 22.5 19.2 1.17
07/07/76 1.67 255 1.53 1.62 0.94 38.6 44 .2 0.87
07/09/76 0.48 170 0.54 0.43 1.26 17.3 j5.6 1.11
- 07/25/76 | 0.17 20 0.13 0.12 1.08 5.1 9.3  0.55
08/11/76 0.21 85 0.16 0.16 1.00 13.8 16.4 0.84
08/18/76 1.47 450 - 1.32 1.42 0.93 27.6 21.9 1.26
09/14/76 1.06 45 1.07 1.01 1.06 37.6 40.8 0.92
10/09/76 0.44 285 0.33 0.39 0.85 18.8 28.1 0.67
11/17/76l 0.38 45 0.27 0.33 0.82 10.3 19.0 0.54
12/13/76 1.93 210 2.04 1.88 1.09 45.4 41.4 0.87
01/29/77 0.29 15 0.32 0.24 1.33 22.6 26.0 1.05
02/08/77 0.85 490 0.85 0.80 1.06 30.4 34.4  0.88
04/13/77 1.41 345 1.29 1.36 0.95 34.0 36.1 0.94
04/24/77 0.32 125 0.31 0.27 1.15 20.0 23.0 0.87
05/09/77 1.00 130 0.83 0.95 0.87 36.1 53.3 0.68
06/09/77 2.16 475 2.36 2.11 1.12 41.1 39.8 1.03
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Chapter 6 RESULTS

For each of the four catchments a historical peak runoff frequency
analysis was made and various design storms were then simulated as described
in Chapter 2. The specific procedure varied somewhat with each catchment,
‘therefore the results for each are presented and then a general discussion

of all results is. presented.

6.1 Boneyard Creek Catchment

The 13 year historical rainfall record was processed through the

first version of the model and a frequency analysis performed.
| The design storm duration chosen was 105 min since this duration

produced, in general, maximum outflows for a given return period and
hyetograph shape. Only two hyetograph shapes were used in the analysis:
Huff and uniform distributions. The two extreme soil moisture conditions
(dry and saturated) were used.

Figure 6-1 shows the results for flow at the gaging station,
illustrating the sensetivity to the design storm parameters.

Because of the size of the catchment, the response of four

sub-catchments of smaller size and varying land use was investigated.

Table 6-1 summarizes the sub-catchment characteristics and they are identified

in Fig. 4-3.
TABLE 6-1 Boneyard Creek Sub-Catchment Data
Designation Lane Use Area Drainage
(ac)
A commercial, residential 370 all sewered
B residential 291 sewers and channels
C residential 501 all sewered
D residential 4.7 all sewered
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The results are shown in Figs. 6-2 through 6-5. The historical
simulated peaks shown in these figures resuit from the same rainfall as used
for Fig. 6-1 and the design storms all have 105 min duration. Note in
Fig. 6-2 that the antecedent soil moisture apparently has no effect for the
Huff distribution and for the uniform distribution above a 5 yr return period.
This is also seen for sub-catchment C, Fig. 6-4. Examination of the flow in
individual pipes showed that significant surcharging existed. This limits
the outfiow from the sub-catchment and masks the effect of antecedent soil
moisture. In the case of sub-catchment A the pipe immediately upstream of
the outlet pipe was surcharging for all but the 1 and 2 yr design storms
with the uniform distribution. For sub-catchment C, 14 of the 22 sewers
were surcharging for the 1 yr Huff design storm and 21 of the 22 were sur-
charging for the 25 yr design storm with dry antecedent soil moisture.

To investigate the effect of surcharging, the entire catchment
drainage system was redesigned using the design mode of ILLUDAS. A 5 yr
Huff distribution design storm was used with saturated initial soil
conditions. The results for the total catchment are shown in Fig. 6-6.
Comparison with Fig. 6-1 shows the new simulated historical peaks are about
the same for a 1 yr return period but increase rapidly with return period
Only the Huff distribution design storm was investigated for
sensitivity for this new design and the results for sub-catchments A and C
are shown in Figs. 6-7 and 6-8. For both sub-catchments the effect of
antecedent soil moisture can now be seen as well as the higher flows
associated with the reduction in surcharging. The sharp break in the
saturated design storm curve in Fig. 6-8 is due again to surcharging which
occurred for return periods above the 5 yr design.

Even though a saturated soil moisture condition was used for the

new design, Figs. 6-6, 6-7 and 6-8 show that the dry antecedent soil
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produced a result which agrees rather well with the historical
data. This indicates that the combination of Huff distribution and

saturated soil produced a very conservative design.

6.2 Gray Haven Catchment

The time of concentration for this catchment was estimated as
15 min and the result using Coshocton rainfall data with 15 min design
storm duration shown in Fig. 6-9 and for a 30 min duration in Fig. 6-10.
The design storm data are shown for the two extreme antecedent soil
moisture conditions: dry (AMC=1) and saturated (AMC=4). The initial
abstraction values used for all design storms are given in Table 5-1.

In order to more clearly see the effect of the design storm
hyetograph, expected values of AMC for each combination of catchment and
rainfall data base were computed. This was done by determining the
numerical value of AMC on a scale of 1 to 4 at the beginning of each of the
simulated historical events. For each event the average of the AMC for
all of the sub-catchments with pervious area was determined and then these
were averaged for all evenfs to compute the expected value. Table 6-2
shows the results for the Gray Haven and Dade County catchments. The
Broward County catchment contained essentially no pervious area so the
computation was not made for this catchment. The result for Gray Haven is

shown in Fig., 6-11.

TABLE 6~2 Expected Antecedent Soil Moisture

Rainfall Data Gray Haven Dade County
Coshocton 2.287 1.951
McCreddie 2.440 1.989
Albuquerque 1.251 1.294

Figures 6-12 and 6-13 show the results for the McCreddie rainfall

data, which is somewhat similar in character to the Coshocton rainfall.

Albuguerque rainfall is quite different from the other two rainfall
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Tocations. Note in Table 6-2 that the expected antecedent soil moisture is
low and, also, the rainfall depth is Tower for a given duration and return
period for the Albuquerque rainfall record. Figures 6-14 and 6-15 show

the results for this rainfall.

6.3 Dade County Catchment

The time of concentration of this catchment was estimated as
30 min. Figure 6-16 shows the result for this duration, while Figs. 6-17
and 6-18 show the results for 15 and 60 min duration design storms

respectively. This catchment is characterized by surcharging which limits

the outlet flow to approximately 32 cfs. This results in a flattening of

frequency curve which eliminates the sensitivity to design hyetograph
shape. Figure 6-19 shows the result for the expected AMC for Coshocton
rainfall.

The results for McCreddie rainfall are shown in Figs. 6-20 and 6-21

and for Albuquerque rainfall in Figs. 6-22 and 6-23.

6.4 Broward County Catchment

This catchment has essentially no pervious area and therefore
the results do not include the effect of AMC. The estimated time of
concentration was 15 min and the result for Coshocton rainfall is shown in
Fig. 6-24 for 15 min design storms and in Fig. 6-25 for 30 min design
storms. Results for 15 min design storms for McCreddie and Albuquerque

rainfall are shown in Figs. 6-26 and 6-27 respectively.

6.5 General Discussion of Results

6.5.1 Design Storm Hyetograph Sensitivity

The hyetograph shape and antecedent soil moisture are interrelated
with respect to their effect on frequency response. However, some general
observations can be made. First, it is clear that the uniform distribution

produces the lowest peak flow and that in almost every case these peaks
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are much lower than the historical for any return period. There are some
cases where a combination of saturated AMC and uniform distribution produce
results which are close to the historical peaks, but this is unusual and is
not a recommended combination. ‘

The delayed triangular design hyetograph produces the highest
peaks in most cases, while in a few, the Huff distribution results are
s1ightly higher. The reason for the delayed triangular distribution
producing rather consistent high peaks is that the period of maximum

rainfall intensity occurs later in the event when the initial abstraction

have been satisfied and the infiltration capacity is lower, thereby producing

a high peak effective rainfall intensity. However, the delayed distribution
is not typical of natural thunderstorm rainfall in general and this is
reflected in the high peaks shown in most of the results. In a study by
Voorhee521, expected values for the peak time for a triangular rainfall
distribution were formed to be advanced, with a typical peak value at

20-30 percent of the duration.

The Huff distribution is shown to be the most variable in terms
of its relationship to the other hyetographs. This is due to 1£s advanced
pattern. For relatively short duration design storms the highest event
distractions coincide with the advanced peak of the Huff hyetograph. As
the duration is increased these high abstractions are satisfied more by the
pre-peak intensity rainfall and thus the peak intensity is not effected as
much for the Tonger durations. Therefore, higher effective rainfall
intensities (relative to the other distributions) can occur for relatively
longer duration Huff distributions. Compare, for example, the relative
position of the Huff distribution in Fig. 6-17 for a 15 min design storm to
that in Fig. 6-18 for a 60 min duration. For dry AMC the Huff peak is

close to the uniform distribution for 1 and 2 year return periods in
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Fig. 6-17 (15 min duration), while for the same AMC and a 60 min duration
(Fig. 6-18) the Huff peak is above all the other peaks including the
delayed triangular distribution.
In order to obtain an overall perspective on hyetograph shape
sensitivity the figures showing the results using expected AMC for the
] Gray Haven and Dade County catchments can be used along with the Broward
County catchment figures. A qualitative judgement of the best fit

)
. _ distribution for each combination of rainfall data and catchment is given

. in Table 6-3.
TABLE 6-3 Best Fit Hyetographs
( Rainfall Gray Haven Dade County Broward County
[ v Coshocton sym. triang. Huff Huff
‘ McCreddie Huff Huff Huff
| ATbuquerque Huff sym. triang. Huff

Based on the results shown, it appears that a reasonable design
L storm hyetograph distribution for general use would be an advanced type.
An advanced triangular shape would possibly produce acceptable results,
with the peak time determined from the characteristics of the local
] rainfall. These conclusions are obviously Timited to the three rainfall
data sets used in this study and other studies have indicated a delayed

E;J pattern may be most appropriate for other Tocals (see Marsa]ek4).

God 6.5.2 Antecedent Soil Moisture Sensitivity

This parameter is equally as important as hyetograph shape in
terms of frequency response sensitivty for the three catchments with pervious
areas. It is clear from obserVing the various figures that in general the
extreme conditions span the historical frequency response and that an

intermediate value would be appropriate. For this reason the expected
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AMC values were computed. For the Coshocton and McCreddie data the
expected values were about 2 or 30 percent of soil saturation, whereas
for the Albuguerque rainfall a value of 1.2 or 7 percent of saturation was
found. When these values of AMC were used the frequency response generally
was reasonable, with the historical data falling within the range of
design storm values for the various hyetographs (see Figs. 6-11, 6-13, 6-15,
6-19, 6-21, 6-23, and 6-25.

It can be concluded that the use of some type of expected
antecedent soil moisture condition is acceptable for design storm use,
and that extremes should be avoided. This is acheived by analyzing local

soil moistdre conditions for the basin to be designed. Obviously, the

effect of soil moisture decreases as the imperviousness of the basin increases.

- The Timiting case is portrayed by the Broward County catchment which is almost
completely impervious and thus completely insensitive to antecedent soil

moisture conditions.

6.5.3 Design Storm Duration Sensitivity

The use of the time of concentration as a criterion for choosing
design storm duration is common. The reasoning is that this gives an
opportunity for all sub-catchments to contribute to flow and that Tonger
durations would result in Tower peaks because of the nature of the general
depth-duration relationship.

This criterion was investigated by varying the duration for the
Coshocton rainfall only. For the Gray Haven catchment with an estimated
time of concentration of 15 min, a 30 min design storm resulted in lower
peaks as seen in Fig. 6-10. For the Dade County catchment with an estimated
30 min time of concentration, the 15 min design storm result (Fig. 6-17)
was very close to the 30 min result (Fig. 6-16) for most hyetographs.

However, a 60 min duration (Fig. 6-18) produced substantially Tower peaks
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and is clearly not appropriate. For the Broward County catchment with a
15 min estimated time of concentration (Fig. 6-24), a 30 min duration
produced Tower results, but they still spanned the historical data.

These results 1ndiéate that the use of a duration near the
estimated time of concentration is appropriate. Some variation from this,
perhaps *+ 25 percent may not produce significant change in the frequency
response.

6.5.4 - Initial Abstraction Sensitivity

Initial abstraction is not a parameter of primary interest since
it is established by calibration. Its importance can vary depending on
how it is treated in the model. In the ILLUDAS simulation model used in
this study, initial abstractions are satisfied before any rainfall is
available for runoff production. This treatment is not realistic, since
it is unreasonable to expect such a process to occur in nature. Initial
abstractions include interception and depression storage, both of which
are satisfied gradually rather than entirely at the beginning of an event.
This treatment is a recognized weakness in the model. Improvement is a
research project in itself. |

A change in initial abstractions will have a decreasing effect
on runoff peak as the return period of the design storm increases, i.e. as
the percentage of total rainfall which becomes runoff increases. Thus the
one and two year events will be more sensitive than the 10 and 25 year
events.

In this study the initial abstractions were established for each
catchment during the calibration procedure and these values were held

constant for all design storms.
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Chapter 7 CONCLUSIONS

The following conclusions are made based on this study:
For an urban catchment, a reasonable choice of design storm hyetograph,
antecedent soil moisture and storm duration can be chosen to produce
a peak flow frequency response which provides the same return period
as the design storm rainfall.
A design étorm hyetograph with an advanced pattern is most appropriate.
Although the Huff distribution proved generally most suitable for the
specific cases examined in this study, a triangular distribution with
an advanced peak would likely serve as well.
The use of some type of average or expected antecedent soil moisture
condition should be used. This should be determined using local
rainfall data and soil characteristics.
The time of concentration of the catchment serves as a good guide to
determine the duration of the design storm to be used. Significantly
longer durations will result in low peak flows for a given return
period.
The above conclusions are based on a limited study. Although reasonable
consistency was observed for the various catchments and rainfall data
studied, a more extensive analysis is needed in order to make firm,

specific recommendations of a non-local nature.
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APPENDIX A
Continuous Simulation Model Used for Boneyard Creek

The use of ILLUDAS as a continuous or semi-continuous simulator

required modifications to the infiltration model. The original ILLUDAS

infiltration model employs the Horton equation

_ -kt
f. = fc + (fo-fc)e

where fi = the potential infiltration capacity at any time after the
begihning‘of rainfall, f0 and fC are the initial and final values of
infiltration capacity and k is a decay coefficient. Both fo and fC are

- functions of soil type as is k. The initial value of fi for any event
depends on the antecedent soil moisture which then determines an effective
value of t in Eq. A-1 corresponding to the actual starting time of the
event.

ILLUDAS was modified so that a continuous soil moisture balance
accounting is performed. The soil moisture at the beginning of an event
then dictates the initial value of fi in Eq. A-1.

The infiltration model can be viewed as a reservoir system in
which the storage is the soil moisture in the upper soil layer. Inflow
to the reservoir is given by the infiltration capacity fi or the rainfall
rate, which ever is less. Outflow during an event is the deep percolation
rate f;, which is not constant but is assumed to be proportional to the

total soil moisture storage, h, at any time.
f = ah (A-2)

]
where o = constant of proportionality and fc and h are functions of time.
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When the soil is saturated fc = fc in Eq. A-T1.

The continuity equation for the soil reservoir is therefore given

by
f = f. -gn<=db
f,-f.=f -ah =g (A-3)
and the modified Horton equation is given by
_ ! - t "'kt
fi = fo+ (f-f e (A-4)

So]ving Eq. (A-4) for fi - fc and substituting into Eq. A-3 gives

dh _ -kt
gt - (fg-ah)e (A-5)
and
h t
I 2o ‘J e at (A-6)
0 0 )
which results in
fo -kt
h =—= {1-EXP [-% (1-e™"") 1} (A-7)
and solving for t gives
f -~ ah
o _ k0 -
t = - pn [ L 7 ) + 1] (A-8)

The maximum total soil moisture storage, H, can be obtained by setting

t =~ in Eq. A-7

f
=9 - 2 -
H = " [1-EXP( k)] (A-9)

If values of fo’ fc and k are known, the coefficient « can be found by

recognizing in Eq. A-2 that if h = H then f; = fc

f
o

aH (A-10)
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and from Eq. 9

= & -
fo = fo [-EXP(-)] (A-11)

which can be solved for a to obtain
a = -k £n(1- £°) (A-12)
)

In summary to this point, if the value of h at the beginning
of_an event is known, Eq. A-8 is used to determine the value of t used in
Eq. A-4 to determine the initial value of fi' As long as the rainfall
intensity exceeds fi’ Eqs. A-2, A-7 and A-4 can be used to compute subse-
quent values of fi and t corresponds to real time.

However, if the rainfall rate i drops below fi the soil moisture
storage input rate is Timited to i and therefore t in Eq. A-4 no Tonger

corresponds to real time. In this case the continuity equation for the

soil reservoir over a time interval At can be written as
]
Ah = At - cht (A-13)
. ]
where i = average rainfall intensity during At, fc = average rate of
deep percolation and ah = change in soil moisture storage. Assuming

f=a (b4 (A-14)

where h = soil moisture storage at the beginning of the time interval,

substitution into Eq. A-13 gives

A = At(i-ah) (A-15)

adt
1+5

The soil moisture storage at the end of the time interval is h + Ah and
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the equivalent time_on the infiltration capacity curve can be found using
Eq. A-8. The value of fi at the end of the time interval is then determined
using Egs. A-2 and A-4.

The above procedure applies during a storm event. Between events
deep percolation continues to reduce soil moisture at a rate given by
Eq. 4-2. In addition an evapotranspiration component is incorporated. This
abstraction is taken as a constant rate depending on the month.

Furthermore, in recognition of the fact that deep percolation due

to gravity, fc’ will not completely deplete soil moisture because of

- capillary forces, a lower limit on the effect of fC on h was imposed. This

11m1t, or field capacity, is taken as a percentage of maximum soil moisture, -
H, dependiﬁg on the soil type. Once h reaches this Timit f; has no further
effect on h, although evapotranspiration continues to deplete h.

The other abstractions accounted for in the model are interception
and depression storage, sometimes termed initial Tosses. Maximum initial
losses of 0.1 in. for impervious surfaces and 0.2 in. on grass were used.
These were accounted for continuously by applying constant monthly

evaporation and evapotranspiration rates, respectively, between events.
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APPENDIX B

Boneyard Creek Urban Catchment Data

Pipe1 Impervious Imperv. Area Pervious Perv. Area Suppl. Imperv. Length Type2 Slope Existing Redesign Manning's

Area Entry Time Area Entry Time Area ft. Diameter Diameter n
ac ' min ac min .ac E in. in.

1-0. 2.1 8.0 2.0 18.5 2.9 560 C .0055 18 27 .015
2-0 3.8 11.0 3.0 22.3 3.4 1010 C .010 18 27 .015
1-1 4.0 11.0 7.0 22.3 4.8 420 C .016 21 36 .015
3-0 2.2 11.0 5.0 21.5 3.0 600 C .0085 18 27 .015
1-2 3.1 14.0 8.0 24.5 6.7 670 C .007 24 54 .015
4-0. 1.8 8.0 3.0 18.5 4.0 1250 C ".0135 15 24 .015
1-3 7.2 21.0 12.0 32.3 7.4 500 C 0075 30 - 72 .015
- 1-4 2.1 7.0 4.0 17.1 3.7 750 C .0075 30 72 .015
1-5 2.7 6.0 3.0 15.6 3.8 860 C .0075 30 72 .015
1-6 4.3 8.0 7.0 17.6 7.5 440 C .005 33 - 84 .015
5-0 .8 6.0 4.0 16.5 2.9 450 C .020 12 - 21 .015
5-1 2.0 7.0 6.0 20.3 3.6 320 C .006 12 36 .015
5-2 1.2 6.0 3.0 19.3 1.7 850 C .006 15 42 .015
5-3 1.4 6.0 3.0 17.7 2.4 1300 C .009 15 42 .015
5-4 1.4 8.0 4.0 17.6 2.3 200 C .009 15 42 .015
5-5 2.0 16.0 5.0 27.3 2.7 1100 C .005 18 54 .015
1-7 2.2 9.0 3.0 18.6 3.0 1290 C .005 33 - 96 .015
6-0 20.6 10.0 1.0 19.6 1.2 700 C .005 18 42 .015
7-0 3.9 10.0 6.0 19.6 4.4 610 C .005 10 36 .015
7-1 2.5 7.0 4.0 16.6 2.5 1110 C .005 24 42 .015
1-8 17.5 6.0 7.0 15.6 7.0 200 C .005 33 96 .015
.7 6.0 3.0 3 .9 1320 C .0152 21 21 .015

8-0 19.
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Pipe] Impervious Imperv. Area Pervious Perv. Area Suppl. Imperv. Length Type2 Slope Existing Redesign Manning's

Area Entry Time Area Entry Time Area ft. . Diameter Diameter n
ac min ac min ac n. in.
8-1 1.2 6.0 5.0 19.3 1.3 1740 C  ..0144 24 27 .015
8-2 2.5 6.0 4.0 15.6 1.4 2430 C  .005 12 36 .015
1-9 9.5 14.0 0.0 0.0 0.0 750 C  .005 48 108 .015
9-0 ' 5.8 6.0 0.0 0.0 0.0 720 C  .006 24 27 .015
9-1 4.8 12.0 0.0 0.0 0.0 220 C .005 24 36 .015
9-2 8.1 6.0 3.0 13.0 1.4 1070 C  .005 30 42 .015
9-3 5.7 14.0 1.0 21.0 .5 1300 € .005 33 48 .015
9-4 5.2 9.0 3.0 17.0 4.5 260 C  .002 39 72 .015
1-10 .8 6.0 0.0 0.0 .5 550 C .005 66 " 108 .015
1-11 5.8 6.0 1.0 14.6 1.9 180 T  .005 - 0 .070
10-0 .9 6.0 1.0 14.6 1.4 890 C  .008 18 21 .015
10-1 3.6 8.0 4.0 16.6 5.8 1550 C  .0065 24 36 .015
1-12 2.1 6.0 2.0 14.6 2.1 420 T .005 - 0 .070
1-13 .9 6.0 0.0 0.0 1.1 410 T .005 - 0 .070
11-0 1.3 6.0 2.0 15.8 2.6 610 €  .070 15 24 .015
11-1 1.1 6.0 2.0 15.6 1.5 970 C  .020 15 24 .015
12-0 3.0 9.0 4.0 18.8 4.3 400 C  .005 24 36 .015
11-2 2.0 6.0 3.0 15.6 2.6 840 C  .005 24 48 .015
11-3 1.0 6.0 2.0 15.6 1.8 260 T .005 - 0 .070
13-0 1.1 6.0 2.0 15.6 1.7 1610 C  .009 12 21 .015
14-0 1.1 8.0 2.0 17.8 2.1 100 € .007 15 21 .015
-4 3.4 13.0 6.0 22.6 3.5 210 T  .005 - 0 .070
15-0 1.6 8.0 3.0 17.8 5.8 1160 € .007 30 30 .015
11-5 1 6.0 0.0 0.0 0.0 180 T  .004 - 0 .080
11-6 2.1 11.0 3.0 21.8 3.7 450 T .004 - 0 .090
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Pipe' Impervious Imperv. Area Pervious Perv. Area Suppl. Imperv. Length Type Slope Existing Redesign Manning's
. Area m:ka.aaam Area m:ﬂsk.aﬁsm Area ft. oﬁmsmﬂmﬂ oamamﬂmx n
ac min ac min ac , : in. in.
11-7 3.2 6.0 5.0 16.4 4.2 790 T .003 - 0 .090
16-0 2.3 8.0 7.0 - 18.8 2.8 1090 ¢ .o10 18 27 .015
11-8 11.6 6.0 4.0 16.8 3.8 1220 T .003 - 0 .080
11-9 10.1 6.0 4.0 16.8 , 5.1 . 550 T .004 - 0 .080
17-0 3.4 21.0 4.0 31.8 5.9 900 T .002 - 0 .090
18-0 .9 6.0 1.0 16.8 .9 810 C .006 15 21 .015
17-1 4.6 13.0 6.0 23.8 6.2 1300 T .002 - 0 .090
11-10  11.3 18.0 3.0 28.8 3.6 160 T .002 - 0 .080
11-11 1.1 6.0 1.0 17.9 3.5 780 T .002 - 0 .080
19-0 2.9 7.0 4.0 19.8 5.2 900 C  .005 15 36 015
o 19-1 2.0 6.0 2.0 17.9 3.6 680 c .005 15 42 .015
T 9.2 1.7 8.0 2.0 19.9 3.5 700 ¢ .006 15 42 015
20-0. 1.3 6.0 1.0 17.9 3.7 400 C .005 15 27 .015
19-3 1.3 6.0 1.0 17.9 2.6 630 c .005 24 48 .015
19-4 2.9 10.0 3.0 21.9 4.0 1070 C .005 30 54 .015
11-12 1.8 6.0 2.0 17.9 3.6 290 T .0033 - 0 .080
21-0 7.8 6.0 0.0 0.0 0.0 450 C .006 24 30 .015
11-13 .4 6.0 0.0 0.0 1.5 230 T .0033 - 0 .080
22-0 1.1 6.0 1.0 17.9 - 1.6 1170 C .006 12 21 .015
11-14 5.9 6.0 3.0 17.9 4.0 700 T .0033 - 0 .080
1-15 2.6 7.0 1.0 18.9 1.6 400 T .0033 - 0 .080
23-0 4.5 9.0 4.0 . 20.9 3.6 620 C .005 20 36 .015
23-1 2.4 8.0 2.0 19.9 3.0 1120 C .011 24 36 .015
11-16 5.3 7.0 2.0 18.9 2.2 400 T .0033 - 0 .080
11-17 T .0033 - 0 .080

18.0 9.0 0.0 0.0 . .8 700

SOV —————— ——— et

—— a—m



Pipe’ Impervious Imperv. Area Pervious Perv. Area Suppl. Imperv. Length akuww. Slope Existing Redesign Manning's

Area Entry Time Area Entry Time Area ft. . cﬁmsmﬁm1 cmmamﬁmx n

ac min ac min ac in. in.
1n-18  12.9 6.0 3.0  16.8 3.1 500 T . .0033 - 0 .080
24-0 6.8 10.0 13.0 21.3 9.1 960 C  .014 24 36 .015
25-0 1.7 8.0 2.0 17.6 2.1 650 C  .020 15 21 .015
25-1 . 2.4 10.0 4.0 19.6 3.2 730 C  .om 20 30 .015
24-1 2.0 8.0 6.0 17.6 7.7 600 C  .008 34 54 .015
26-0 .8 6.0 1.0 ~ 15.6 1.3 . 1400 C .ol 15 18 .015
26-1 3.7 9.0 6.0 18.6 7.7 580 C  .007 24 36 .015
24-2 3.9 7.0 5.0 16.6 4.7 920 C .008 38 60 .015
27-0 .5 6.0 1.0 15.6 .7 680 C .00 24 24 .015
27-1 2.0 6.0 0.0 0.0 | 1.6 640 C .005 . 24 27 015
© 24-3 2.3 6.0 3.0 15.6 . 2.9 1170 C .009 42 72 .015
28-0 3.1 10.0 2.0 19.6 1.9 680 C .007 24 24 .015
-29-0 10.0 11.0 1.0 20.6 1.5 1000 C 011 18 30 .015
24-4 15.3 6.0 5.0 15.6 4.6 480 C  .005 54 84 .015
30-0 15.0 11.0 2.0 20.6 2.3 1170 C 006 15 42 015
31-0 8.6 6.0 0.0 0.0 0.0 380 C 010 15 27 015
30-1 22.8 6.0 0.0 0.0 0.0 950 C .010 24 54 .015
24-5 19.5 7.0 0.0 0.0 - 0.0 970 C .050 54 96 .015
32-0 7.5 6.0 0.0 0.0 0.0 590 C .010 28 . 27 .015
24-6  19.4 6.0 0.0 0.0 0.0 980 C .010 60 96 .015
11-19  13.7 7.0 3.0 17.2 3.1 900 T .0025 - 0 .070
1-14 2.1 6.0 2.0 14.6 4.6 550 T 002 - 0 .070
33-0 1.4 6.0 1.0 14.6 1.3 870 C .020 18 18 .015
3-0 4.0 9.0 3.0 17.6 5.2 620 C .024 15 27 .015
1-15 2.0 6.0 1.0 14.6 2.8 470 T .002 - 0 .070



1

Pipe Impervious

Imperv. Area Pervious

Perv. Area Suppl. Imperv.

Length H«Um

Slope Existing Redesign Zmzaﬂzn_m

96

Area Entry Time Area Entry Time Area ft. cmasmﬁmx oﬁmsmﬁmﬂ n
ac min ac min ac _ in. in.

35-0 .9 6.0 1.0 16.8 1.9 800 C .0125 15 18 .015
36-0 4.2 10.0 2.0 18.6 2.8 220 C .045 15 21 .015
1-16 1.3 6.0 1.0 15.4 1.6 360 T .002 - 0 .070
37-0 2.3 6.0 1.0 14.6 1.6 1010 c .005 15 24 .015
37-1 6.0 6.0 3.0 17.3 0.0 830 C .005 24 36 .015
37-2 6.6 6.0 1.0 14.6 .7 1080 c .021 24 36 .015
1-17 9.2 7.0 2.0 15.6 .9 450 T .002 - 0 .06
38-0 4.1 10.0 5.0 20.8 4.0 1550 c .013 15 27 .015
39-0 7.6 6.0 4.0 18.1 0.0 540 C .005 30 36 .015
39-1 4.3 6.0 0.0 0.0 0.0 830 c .010 34 36 .015
39-2 2.9 6.0 1.0 14.6 .3 1090 c .020 39 30 .015
1-18 10.5 6.0 2.0 14.6 .8 300 T .002 - 0 .06
40-0 3.5 6.0 8.0 19.2 0.0 680 ¢ .015 18 24 .015
40-1 2.8 6.0 7.0 19.2 0.0 1070 c .014 24 30 .015
1-19 10.0 6.0 13.0 18.1 0.0 360 T .002 - 0 .06
! See Fig. 4-2

2

[N

C = circular pipe; T = tropezoidal channel

e
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Gray Haven Residential Catchment Data

1

Subbasin’ Impervious Imperv. Area Pervious _vm1<. Area Suppl. Imperv. Reac

APPENDIX C

——l

1

e A

:_ Length - Slope Diam.
Area mzﬁxk.qﬁsm Area Entry Time Area ft. in.
ac min ac min ac

0 0.38 9.0 0.56 15.0 0.05 0 120 .0044 18
1 1.24 9.0 1.43 16.0 0.30 1 120 .0064 27
2 .60 11.0 0.72 17.0 0.06 2 40 .0052 30
3 .60 11.0 0.72 17.0 0.06 3 120 .0080 30
4 1.55 7.0 1.14 14.0 0.38 4 120 .0148 36
5 0.56 7.0 0.90 13.0 0.07 5 40 .0056 42
6 0.58 8.0 0.69 14.0 0.06 6 120 .0040 48
7 1.33 8.0 1.56 15.0 0.34 7 170 .0056 48
8 1.47 9.0 1.67 15.0 0.15 8 220 .0136 42
9 1.99 9.0 1.82 16.0 0.32 9 173 .0140 48

Manning's n = .015 for all pipes

1 see Fig. 4-3
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APPENDIX D

Dade County Residential Catchment Data

Sub-basin1 Imperv. Pervious ‘Supp1. Imperv. Pipé] Length Slope Diam.

Area Area Area ft in.
ac ac ac

CA13 0.522  0.399 0.123 PO13 115  .682 21
| PI3A 205  .237 30

'CA12 . 0.952  0.276 0.200 POT2 110 .078 2]
| P12A 175  .237 30

CA11 0.323  0.568 0o POT1T 165  .237 30
CA10. 1.428  0.614 0.369 " POI0 210  .148 24
CA9 0.584  0.184 0.108 POOS 165  .382 27
CAS 0.384  0.246 0.153 POO8 40  .238 30
CA7 0.737  0.307 0.230 POO7 . 90  .722 36
CA6 0.169  0.031 0.184 POO6 40  .290 36
CA5 0.308  0.154 0.154 POO5 240  .163 36
CA4 0.476  0.276 0.353 POO4 105  .038 18
CA3 0.538  0.69] 0.154 POO3 105  .076 18
CA2 0.123  0.046 0.092 POO2 32  .297 18
CAT 0.415  0.292 0.261 POOT 220  .505 48

Manning's n = .015 for all pipes

Impervious area entry time = 5.5 for all sub-basins
Pervious area entry time = 28.5 for all sub-basins

1 See Fig. 4-4
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Broward County Commercial Catchment Data

APPENDIX E

Subcatchmenf] Impervious Entry PipJ Length' Diameter
Area ije ft in.
ac min ——

CA25 1.186 6.6 P-26 180 12
CA24 0.893 ° 8.2 P-25 188 21
CA23 1.028 8.4 P-24a 216 42
P-24 160 12

CA22 1.211 8.6 P-23a 95 42
P-23 125 12

CA21 0.819 7.5 P-22 180 27
CA20 0.598 5.6 P-21 128 30
CA19 . 1.435 8.6 P-20a 108 42
P-20 136 12

CA18 1.171 8.3 P-19 360 36
CA17 0.103 7.2 P-18 32 18
CA16 0.157 7.6 P-17 75 18
CA15 0.498 7.6 P-16 184 36
CAl4 0.529 6.1 P-15 114 18
CA13 1.846, 8.4 P-14a 216 42
P-14 172 42

CAl12 1.151 7.6 P-13a 189 42
P-13 203 36

CAT 0.511 4.5 P-12 78 12
CA10 0.222 6.0 P-11 175 18
CA9 0.904 7.1 P-10 197 21
CA8 0.762 7.9 P-9 167 12
CA7 0.278 - 4.2 P-8 203 27
CA6 0.999 7.6 P-7a 96 42
P-7 145 10

CA5 0.489 7.1 P-6a 81 42
P-6 67 10

CA4 0.647 7.6  P-5a 96 42
P-5 85 10

CA3 0.067 P-4 146 15
CA2 0.776 P-3 220 30
CAl 1.708 P-2 228 36
Outlet 80 42

- Manning's n =

.012 for all pipes

Slope = .002 for all pipes

1 see Fig. 4-5
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APPENDIX F
Rosenbrock Optimization

The optimization procedure developed by Rosenbrock for the design

of economical chemical processes and has been applied by the_USGSzz, Man]ey23,

and Rao and Han24

to hydrologic models. The non-Tinear optimization consists
of a search in a n-dimensional space for the best set of n decision
variables formed by n-orthogonal vectors (directions) with decision variable
bounds. New Orthogonal directions are obtained based upon movements along
the n-directions of a current stage. Only in the first (exploratory)
stage are the orthogonal directions coincidental with the n-variable
directions.

Movement within each stage is made along orthogonal directions.
Initially, a step of specified length is attempted in one of the
orthogonal directions. This movement is considered successful if the
new value of the objective function is an improvement over the previous
best value. If successful, this orthogonal direction stepsize is increased
by a factor a, conversely, if unsuccessful, the orthogonal direction
stepsize is reversed and decreased by a factor 8. This process is
repeated in each of the orthogonal directions until success followed by
failure is generated in each of the orthogonal directions at which time a
new stage (or new set of orthogonal directions and step sizes) is
generated. Initial stage stepsizes are obtained by applying a fraction,
v, to the orthogonal direction vectors.

In the exploratory or first stage, the mutually orthonomal
search directions are the unit vectors in the decision variable directions.

After the exploratory stage has been completed the construction of a new

set of orthogonal search directions is performed. Let vj, J=T1s...5n0,

m2

——




where n is the number of decision variables, denote the net distance

moved in the previous stage in the jth search direction. Now define U
vectors as
U] =\).I p] +\)2 p2+ +Vn pn (F_'I)
T v2 p2 + NN
Un = Vn pn
where p],....,pn are the n mutually orthonormal search directions from the

! is the vector joining the initial and

stage just completed. Note that U
final points of the stage just comp]eted and that it is assumed to be

a "promising" direction. The next step is to find a new set of orthonormal
vectors for the next stage. This is performed by applying the Gram-Schmidt

orthogonalization procedure. If all v) are non-zero then the vectors

UJ, J=1,...5 n, are linearly independent. A set of vectors can then be

A S
w o= 03 T )T ke, =1, an (F-2)

where (UJ)T is the transpose of the U vector. The W) vectors can then
be used to obtain the new unit length search directions for the next

stage as
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where ||,3|| is the vector length of W. These o vectors thus obtained
serve as the new set of n mutually orthonomal search directions for the
next stage. The 5j vectors are multiplied by y to start the next stage
search.

Bounds are handled by defining boundary zones for the decision

variable(s) as illustrated in Fig. F-1. Boundary zones are denoted by

the shaded area. Define the ith bound

. 1
where 95 and hi are constants. In addition define constants 9> hi’

and e such that
g; - 94 =hy - h, = e(hi - gi) (F-5)
Where ¢ is a small constant. For the Tower boundary zone (see Fig. F-1)

the depth of penetration can be defined as

_9i * elhimgy)-x

”Li - e(h;-g.) (F-6)

and for the upper boundary zone

X; + elhs-94)-g;

n = - (F-7)
U]- e(h]- gi)
The decision variables can be normalized by the bounds by
X.-g.
WN - Ti
Xi hi—gi (F-8)
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Lower Upper
Boundory | Boundory
Zone Zone

Fig. 1 Rosenbrock's Method of Handling Bounds
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X? then varies from 0 to 1 for all i. Using this transformation in
Eq. F-6 and F-7 , the depths of penetration into boundary zones can be

expressed as

N
nL:l = (e-X_i)/e (F-9)
and
”gf (Kre-1)/ (F-10)

The bounded search is carried out as in the unconstrained
version except for each objective function evaluation some additional
steps must be performed. Let iNdenote the normalized decision vector
defining the next point at Which f (the objective function) is to-be
evaluated according to the unconstrained method. The additional steps
are summarized by Avr1e125:

1) IfiN is feasible, call the move to iNa failure and continue

as in the unconstrained version.

2) IfKN‘is feasible and does not 1ie in any boundary zone, follow

the unconstrained version.
3) IfﬁN is in a boundary zone, modify the function value f(iN)
as follows: Set the index j equal to the first component of the vector

and reset f(XN)to a revised f defined as

foNy = £y - e

2
+. a0 n 3
-f .- 47+ Y F-
) -F13" - 47+l (F-11)
wherein £ is the current lowest value of f at feasible points not in the
boundary zones. Now increase j to the second component of'iNthat lies in

a boundary zone and recompute f by replacing f(iN) by %(XN) in Eq. F-11.
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Ending criteria can be defined for the Rosenbrock search by
checking the intra-stage movement of the decision vector. If movement is
less than some small prescribed value the algorithm can be terminated.

This intra-stage normalized movement can be defined as

1

with X?+ is the ith normalized decision variable value for the current

best objective function. Additionally, at the end of each stage, a check

for the movement of both the decision vector and the objective function
is done. Concurrent small prescribed movements of both the decision
vector and objective function for a given stage will also cause termination.

These movements can be defined by

* *_
= (O - dThA0S (F-13)
i
and
Fy=| f - f] (F-14)

*
where X? is the normalized ith decision variable value for the best

N*-1
i

is the ith

objective function, f*, found in the present stage; and X

decision variable value for the best objective function, f*'], found in

the previous stage. 7
Parameters can be defined to cause search termination. These are

defined as ¢, A, and 6 and termination of the algorithm occurs if

N
Xp < ¢ (F-15)
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The total number of required parameters for the algorithm is then
seven, namely o, B, €, vy ¢s A, and 6. Table F-1 gives the values of

these parameters used in the optimization routine for this study.

TABLE F-1 Modified Rosenbrock Optimization Parameters

Parameter - Value

o 3.0 acceleration/deceleration

B 0.5 parameters

Y ' 0.05 initial stage stepsize
parameter

€ 0.0001 boundary definition
parameter

¢ 0.001

A | 0.1 ending criteria

8 0.1 parameters
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Appendix G
USER'S GUIDE FOR CONTINUQUS SIMULATION MODEL

Seven files supp]y.the input for the continuous ILLUDAS model.
Table G-1 1ists these input files along with a general description of the
purpose of each. Some or all of these files must be supplied depending on

the type of run of the model. The type of run is set in the CNTRL file.

TABLE G-1 Input Files

File name Description
CNTRL Sets basic information for run such as number of

years of simulation, type of run, parameter
settings, etc.

DLYRN Daily rainfall for simulation/calibration
DLYEV Daily pan evaporation
STMSRT Number of events on each day of simulation/
calibration
- RFALL Detailed event rainfall data
DISCH Observed event discharge hydrographs for

calibration or comparison

BASIN ILLUDAS description of modelled basin

Three files are used for output from the model, Table G-2

describes these files.

TABLE G-2 Output Files

File Name Description

RESULT Detailed event simulation/calibration results
PEAKS Summary of event simulation

UNDER ‘ Qutput file for under-dimensional events for

subsequent execution
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* - List-directed or free input format

120 .

- Card Card Format Description Variable Default
Number Column Name Value
*kkk File CNTRL Kk
C-1 - LD* Maximum no. of incremental rainfall NDIM None
(integer) depths in any event
- LD Maximum number of branches into MAXBR None
(integer) and out of any node
C-2 - LD ILLUDAS soil group specification. GROUP None
(real) A value of 1 (clay) to 4 (sand) on
a continuous scale. This is used to
determine internal default values
for soil moisture accounting values.
A value must be specified even if
default values are not used,
- LD Antecedent soil moisture condition AMC None
(real) on continuous scale from 1 (dry)
’ to 4 (saturated). A value must
still be placed here but is not
used. This item will be taken out
in the future.
-3 - LD Specify false (F) GRAPH None
(logical)
- LD Observed discharge hydro data DIS None
(Togical) supplied
- LD Pan-evaporation data supplied EVPRTN None
(logical)
- LD Surface and reach routing RTNG None
(logical)
- LD Calibration run CALIB None
(logical)
- LD Simulation run SIMUL None
(logical)
- LD Not used specify false OPTDES None
(logical)
- LD Design storm execution run * DESSTM None
(logical)
- LD Not used specify false CRTOBS None
(logical)
- LD Runoff volume objective function 0BJVOL None
(Togical)  for calibration



,,,,,

Description

Card Card Format Variable Default
Number Column Name Value
C-3 - LD Peak event discharge objective 0BJQP None
(logical)  function used for calibration.
- LD Runoff hydrograph shape objective OBJSHP None
(logical) - function used for calibration.
NOTE: Only one objective function
(0BJVOL, OBJQP or OBJSHP) should be
used.
- LD Detailed printout to RESULT file PRNT None
(1ogical)
- LD Internal default values of soil INTERN None
(logical) moisture parameters to be used.
c-4 - LD Number of years of simulaticn/ NYRS None
(logical) calibration; this item is not (< 25)
required if design storm
simulation is performed (DESSTM =
.TRUE.)
C-5 - LD Start year of simulation/calibra- YRST(.) None
(integer) tion expressed as for example
“81" for "1981" YRST(.) None
- LD Start month of simulation/ STMB(.) None
(integer) calibration (Jan = 1, etc.)
- LD Start day of simulation/ DYST(.) None
(integer) calibration
- LD End year of simulation/calibration  YRED(.) None
(integer) (should = YRST(.)) expressed as
II69II for‘ 1] 'I 969"
- LD End month of simulation/ EDM@(.) None
(integer) calibration
- LD End - day of simulation/ DYED(.) None
(integer) calibration
NOTE: As with card C-4, C-5, is
not required when design storm
simulation is performed. Repeat
card C-5 for each year of
simulation until there is a total
of NYRS card C-5's.
C-6 - LD Maximum qimpervious area initial PVDAB None
(real) abstraction (in.)
- LD Maximum pervious area initial GRDAB Nore
(real) abstraction (in.)



Card Card Format Description Variable Default
Number Column Name Value
c-7 - . s .
LD Horton dry infiltration FO None
(real) capacity (in./hr)
LD Horton saturated infiltration FC None
capacity (in./hr)
LD Horton decay coefficient KIF None
(real) (hr-T)
LD Maximum daily soil moisture C None
(real) storage (in.)
LD Fraction of daily rainfall DRR None
(real) which infiltrates
(dimensionless)
LD Fraction of maximum daily soil FCAP None
(real) moisture storage which is field
capacity (no gravity drainage)
(dimensionless)
LD Daily deep percolation rate DLYPER None
(real (in./day)
LD Pervious area entry time (min), GNT None
(real) this item used only if calibra-
tion of this item for whole basin
is done. In order to calibrate
this item source program must be
changed in subroutine ILLUDAS.
LD Impervious area entry time PNT None
(real) (min), this item used only if
calibration of this item for
whole basin is done. In order to
calibrate this item source program
must be changed in subroutine
ILLUDAS.
LD Reach Manning's n, this qtem RFF None
(real) used only if it is to be
calibrated. In order to calibrate
this jtem source program must be
changed in subrouting ILLUDAS.
LD Antecedent soil moisture condition AMC None
(real) for simulation/calibration start

and any record gaps. Specified
on a continuous scale of 1 to 4.-
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Card

Number Column

Card

Format

Description Variable Default
Name Value

c-7

c-8

8LD
(real)

21D
(Integer)

LD
(real)

LD
(real)
LD
(real)

LD
(integer)

LD
(real)

LD
(real)

A1l these variables were included DUR, AP, None
for design storm optimization. PEX, QEX,

They are not used in this program PST, QST,

but values must be specified PSTST,
arbitrarily for the present source  QSTST

program.

NOTE: Card C-7 is not required if
internal parameter setting (Card
C-3, INTERN = .TRUE.) is specified.

Sequence of optimization of OPTNO(.) None
parameters for calibration (and only
for calibration, this card is not
used for simulation or design storm
generation). The sequence 1is
defined corresponding to the seq
sequence of parameters defined on
Cards C-6 and C-7. There must be
sequence numbers for all parameters
to be calibrated. If a parameter

is not to be calibrated a "0

(zero)" should be entered as its
sequence number, For example if

the three Horton parameters are to
be calibrated (and no others) this
card could be entered as "1 2 3 18*
0" for the twenty-one parameters

and the search sequence would start
with FO, then FC, and finally KIF,

Frequency expressed as a return FREQ 0
period in years of design storm

Design storm duration (min) DURA None

Design storm rainfall depth (in.) TRAIN None

Hyetograph designation HYETO None
1 - Uniform
- Huff
- Triangular
Beta
- Bi-Beta
(not available)

ol wnN
t

Design storm antecedent AMC None
Moisture condition on continuous
scale from 1 to 4

Pipe design mode DESIN 0

1 - design pipes
blank or 0 - no design
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Card

Number Column

Card

Format

Description Variable Default
Name Value

C-9

D-1

61-64

LD
(real)

LD
(real)

LD
‘(integer)

LD

'(rea1)

Simulation mode EVAL 0
1 - simulation (existing
system)

- blank or 0 - no evaluation

NOTE: Only one mode (DESIN or EVAL)
should be specified as 1

Debugging print-out DEBUG 0
1 - print-out
blank or 0 - no debug print-out

Reach routing option IDXRTE 1
1 - time-shift
2 - explicit hydrologic
3 - implicit hydrologic

Simulation time increment (min) DTOUT None

NOTE: Card C-9 only required for
design storm generation. As

‘many C-9 cards can be repeated

as desired to generate different
design storm runs. Only files
RFALL (used only for basin 1.D.),
BASIN, and CNTRL one required for
design storm simulation.

kxkk%  File DLYRN ~ *w*x

LD
(integer)

16F4.2

Year of daily rainfall data, YEART None
this item should be equal to each

of the YRST(.)'s specified on the

card C-5's (expressed as "1981")

Daily rainfall depths (in.) the RAIN(.) None
no. of these to be specified is

computed from the C-5 cards.

Repeat this card until all daily

rainfall depths have been specified

for year YEART.

NOTE: Repeat the D-1 and D-2 cards
for each year of simulation or
calibration. DLYRN is not a
required file if design storm
simulation is being performed.
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' Card Card Format Description Variable Default
Number Column Name Value

KhAk File DLYEV ~— kk*

) DE-1 - LD Year of daily pan-evaporation YEAR2 None
! (integer) data, this item should be equal

/ to each of the YRST(.)'s specified

on the card C-5's (expressed as

i "198] u)

| DE-2 1-4 1614 Daily pan-evaporation (in.), the
| 5-8 , no. of these to be specified is
v . computed from the C-5 cards.
: Repeat this card until all daily
S .o pan-evaporation has been specified
61'64 for year YEAR2.

| NOTE: Repeat the DE-1 and DE-2

' cards for each year of simulation/
calibration. DLYEV is not a
required file if design storm
generation is being performed.

If EVPRTN = ,FALSE. on card C-3
internal average monthly pan-
evaporation data for Urbana, IL
are used to approximate these

: values and thus file DLYEV is not
j required.

f *kk  File STMSRT =~ vex

S-1 - LD Year of no. of events for each YEAR3 None
. (integer) day data, this item should be :
o equal to each of the YRST(.)'s

specified on the card C-5's

(expressed as "1981"0.

-4 1614 Number of events occurring on NSTM(.) None
8 a simulation/calibration day.
The no. of these to be input is
computed from the C-5 cards.
Repeat this card until all the
_ . days for year YEAR1 have their
o 61-64 no. of events defined. If no
events occur on a given day a
| zero is entered.
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indicates design mode for sizing
all or some of the sewers; other-
wise a zero or blank entry assumes
a non-design mode.
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| Card Card Format Description Variable Default
Number Column Name Value
ekkk File DISCH Fkdok
Q-1 - LD Time increment (min) at which DISTIM None
(real) the observed outiet discharge
hydrograph 1is specified
- LD Number of observed discharges N@BS None
(integer) to be specified
- LD Observed event discharge VOLBOS None
(real) hydrograph volume (ft3)
Q-2 - LD Observed event discharge QOBS(.) None
(real) hydrograph values (cfs), NOBS
in number,
NOTE: Repeat Q-1 and Q-2 cards
for all events corresponding to
all events in the RFALL file.
DISCH is only required for
calibration.
***%  Fjle RFALL *hkk
R-1 1-80 20A4 Basin and ppt. record description XNAME(.)  BLANK
up to 80 characters
R-2 12-13 12 Event starting year (example "81" IYR None
for "1981")
14-15 12 Event starting month (Jan = 1, etc.) MTH None
16-17 12 Event starting day of month IDY None
20-24 F5.0 Event starting time in military ST None
time (example 3:00 PM would be
n 'I 500" )
42-46  F5.0 Event ending time in military time ENDTIM None
R-3 1-10  F10.0 Run identification - An identifica- XID 0.0
tion number of run to delineate
separate runs of the same basin
and/or storm.
11-20 F10.0 Design mode - A positive number DESIN 0.0

e et NI
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Card

Card

Number Column

Format

Description

Variable
Name

Default
Value

R-3

R-4

R-5

21-30

31-40

41-50

51.60

11-20

21-25

26-30

31-40

41-50

51-60

61-70

F10.0

F10.0

110

F10.0
F10.0

F10.0

F10.0

F10.0
F5.0
F5.0

F10.0

F10.0

F10.0

F10.0

Simulation mode - A positive
number indicates simulation
(evaluation) mode of existing
network.

Debugging print-out option
1 - print-out
blank or 0 - no debug print-out

Reach routing option
1 - time shift
2 - explicit hydrologic
3 - implicit hydrologic

Total area of basin in acres

Smallest pipe diameter in inches
to be used for system design
(this item not specified for
simulation).

Manning's 'n' value for system
design (this item not specified
for simulation/calibration).

A non-zero entry specifies that
rainfall depth increments will
be specified

The number of rainfall depth
increments to be specified

Rainfall input time increment
(min)

Runoff simulation time increment
(min)

Hyetograph designation
(XRN = 0.0)
Uniform

Huff
Triangular

- Beta

W=
i

Duration in minutes. This is for
input reference. The duration is

re-computed from XRI and DTIN from

this card.

Return period in years, Only
specified if XHY# O

Total rainfall in inches. This
is for input reference only. It
is recomputed in the program.
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EVAL

DEBUG

IDXRTE

AREA
DIMIN

RUFFN

XRN

XRI

DTIN

DTOUT

XHY

DURA

FREQ

TRAIN

0.0

0.0

0.0
8.0

0.0

0.0

0.0
None
‘None

None

None

0.0

0.0



Card Card
Number Column

Format

Variable Default
Name Value

Description

R-6 1-10
11-20

71-80

B-1 1-3

4-6

7-9

10~12

8F10.0

F3.0

F3.0

F3.0

F3.0

*kkk

Incremental rainfall depths RR(.) 0.0
for this event. Repeat this
card until all the rainfall for

this event has been entered.

NOTE: Repeat cards R-1 through R-6

for each event until all event
rainfalls have been entered.

File BASIN Fhkk

Branch - The branch number, a BRAN None
numeric between 1 and 999, which (70)

is the first part of an identify-

ing number assigned to each sewer

or channel. The numerical value

of the branch numbers does not

influence the order in which

ILLUDAS is applied to the basin

‘since this is determined by the

order in which the reach cards
appear in the input deck.

Reach - The reach number is a
numeric designation to identify
the sewer or channel in the branch
and is the second portion of the
identifying number assigned to
each sewer or channel. The upper-
most sewer of each branch must be
assigned a reach number of zero.
This number is increased by 1 for
each consecutive downstream sewer
in a particular branch.
Terminating branch - The branch ENDBR 0.0
number that terminates at the
confluence.

Continuing branch - The branch CONBR 0.0
number that continues through

the confluence.

NOTE: ENDBR and CONBR should be
left blank unless there is a branch
termination, then they are the only
entries on this card and no card
B-2 is used.

REACH None

———
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Card

Card

Number Column

Format

Description Variable
Name

Default
Value

B-1

13-15

16-20

21-25

26-30

31

32-35

I3

F5.0

F5.0

F5.0

I

F4.0

Option - This item is used to de-  IRUN
fine the mode (simulation or de-
sign) to be used for this sewer.

It may contain a blank which returns
control of the option mode specified
on Card Set 2 or it may contain a

1 ora?2. A1 calls the design mode
in which ILLUDAS will select a large
enough pipe to pass the design
hydrograph. A 2 calls the simulation
mode in with ILLUDAS will route the
hydrograph through the existing pipe
and print out the accumulated

storage if the pipe is undersize.

Sewer length - This is the length  DIST
in feet of this particular sewer
or channel.

Slope - This is the average SLP
invert slope in percent, that

is, feet drop per 100 feet,

for this sewer.

Marning's n - This item gives RUFF
Mannings roughness factor of the

pipe or open channel if this reach

is part of an existing system. If

this sewer is in design mode,

ILLUDAS will use the value speci-

fied in columns 51-60 in Card R-4

(if design storm generation is

performed RUFFN and DIMIN are set
internally).

Cross section - For the design mode ISECT
this location sould be left blank

since ILLUDAS uses only circular

sections for new designs. For the
simulation mode this location will
contain a 1, 2, or 3 indicating

whether the existing cross section

of the sewer is circular, rectangular,

or trapezoidal, respectively.

Pipe diameter - In simulation mode DIAM
if this sewer is an existing cir-
cular section, the user must enter
the diameter in inches in this
location. The user must reduce
other odd-shaped sections such as
oval, horseshoe, or egg-shaped to
equivalent circular sections and
indicate these by a 1 in column 31
and the equivalent diameter here.
For the design mode Tleave this
location blank.
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(As that
specified

by type
of run
card)

None

None

0.0

None



Card

Card

Number Column

Format

Description Variable
Name

Default
Value

B-1

36-40

41-45

46-50

51-55

56-60

61-65

66-68

F5.0

F5.0

F5.0

F5.0

F5.0

F5.0

A3

Rectangular section height - In HR
the simulation mode this location
should contain the height in feet

of a rectangular cross section.

If the cross section is trapezoi-

dal this item will indicate the
bank-full depth in feet. For the
design mode leave this space blank.

width - As in the preceeding item, WR
this location serves two mutally
exclusive functions. It may contain
the width in feet of a rectangular
section, or the bottom-width in

feet of a trapezoidal section. For
design option Teave this location

blank.

Section side slope - This loca- SS
tion is used only in simulation

mode for trapezoidal cross

sections and contains the lateral

or side-slope of the trapezoid
expressed as the feet of rise

~per foot of run. For design mode

leave this location blank.

Allowable sewer discharge - The QALOW

user may limit the flow in a
particular sewer by specifying
here the maximum allowable dis-
charge for the sewer in cfs.

Rainfall ratio - The user may FREQR

change the total rainfall being
applied to this particular sub-
basin by entering here the desired
total rainfall divided by the total
rainfall specified on Card R-5.

Available storage - 1f the user  STORE

wishes to incorporate detention
storage into the design,

specify the amount of storage in
1000 cubic feet to be provided at
the entrance to this particular
sewer.

End test - The word END should TEST

appear in this location on the
last sewer in the basin.
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None

None

None

Norne

1.0

0.0



Card

Card

Number Column

Format

Description Variable
Name

Default
Value

B-1

69-70

21-23

24-28

29-31

32-36

37-41

42-46

I2

F3.0

F3.0

F7.0

F5.0

F3.0

F5.0

F3.0

F5.0

F5.0

F5.0

Print hydrograph - The ordinates HYD
of the design hydrograph enter-

ing any sewer can be printed in

tabular form on the computer

output by entering a positive

integer in this location.

Branch no. of reach which this CBRAN
sub-basin runoff enters (70)

Reach no. in the branch which CREACH
this sub-basin runoff enters

Total drainage area for this BA
hydrograph in acres.

Directly connected impervious CPA
area in acres.

Percent of total area which is PCPA
directly connected impervious

area. This is an alternate to the
previous value {CPA). Both should

not be specified.

Supplemental impervious area in SPA
acres. This is the area which

flows onto previous areas before
reaching the inlet.

Percent of total area which is PSPA
supplemental impervious. This

is an alternate to specifying

the previous item (SPA). Both

should not be specified.

Impervious area entry time in PENT
minutes. This is the time of
concentration at the inlet for

the impervious area. It is

determined by the user.

The Tength in ft of the longest PL
impervious area flow path to

the inlet. If the previous item
(PENT) is specified this item

is left blank.

The slope (in percent) of the PS
impervious area flow path. If

PENT is specified this should

be left blank.
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None

None

None

None

None

None

None

None

None



Card

Card Format

Number Column

Description

Variable

Name

Default
Value

B-2

47-51 F5.0

52-54 F3.0

55-59 F5.0

60-64 F5.0

65-69 F5.0

72-76 F5.0

77-80 14

The pervious area in acres
contributing to runoff.

The percent of the total area
which is .pervious area. This
js an alternate to the pervious
jtem (CGA). Both should not be
specified.

Pervious area entry time in
minutes. This is the time of
concentration at the inlet for

the pervious area. It is deter-

mined by the user.

The length in ft of the
longest pervious area flow

path to the inlet of the previous

item (GENT) is specified this
item is left blank. A decimal
point is required.

The slope (in percent) of the
pervious area flow path. If
GENT is specified this item is.
left blank. A decimal point
is required.

A rainfall factor which can be
used to adjust all rainfall
hyetograph ordinates for this
inlet. If no adjustment is
needed leave blank. A decimal
point is required.

If the inlet hydrograph and
associated information is
required in the output, enter
a 1 anywhere in columns 77-80.
Otherwise leave blank.

NOTE: Repeat cards B-1 and B-2

until all reaches, sub-basins and

CGA

PCGA

GENT

GL

GS

FREQR

HYD

confluences for the basin have been

described.
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None

None

None

None

None

1.0



. kK

Default Parameters Used by Program When

INTERN = ,TRUE. on Card C-3

PVDAB
GRDAB

FO
FO
FC

0.1 (in.)

0.2 (in.)

12 - 2 x GROUP, GROUP < 2 (in./hr)

7 - 2 x (GROUP-2), GROUP > 2 (in./hr)
Exp (.805 - .715 x GROUP) (in./hr)

KIF = 2.0 (hr-1)

C = FO (1 - Exp (-ALPHA/Kk)/ALPHA (in.)
DRR = 0.9

FCAP = 0.4

DLYPER = 0.1 (in./day)

AMC = 2.0

*

ke

GROUP is the hydrologic soil group on a continuous scale from
1 to 4.

ALPHA = -KIF (&n (1-FC/FO0))
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Appendix H
Listing of Continuous Simulation Model

.00, . THE CONTINUOUS ILLINOIS URBAN DRAINAGE SIMULATCR FOR 3/1-11/30 INCLUSIVE, 901 HH(D)=H( 1)

Cesss  WITN MODIFIED ROSENBROCK OPTINIZATION OF PARAHEIFR VECTOR HAXOPT=0

Coses CIUIL ENGINFFRIKG REPT, /79 RO 503 1=1,£0 :

Cosne . L. VOORHELS IF (OPTHOCI) JGT MAXOPT) MAXOPT=DITRD(I)
PRDBRAH HAIN(CNTRLvOUTPUTvDLYRHHILYLU;STHSRT;RFM LyRISCHy BASIN IF(OPTHOCI).6T.0) X(BPTNO(I))=XH(I)
$,RESULT)PFAKS s UNDFRs INPY . IF(OPTNU(I) GT.0) G(OPTNO(I))'GG(I)

$TAPE1=DLYRN TAPE2 -nuw,wsz-swsm.ropu-mu. y=HH(T
$TAPES=DISCH, TAPEL= BASINMPE?-RFSULT:T!\PEB PEAKSy TAPE9-UNDER s 703 IF(DPTND(I).ET 0) PAR(OPTND(I)) PARH(I)
$TAFE10=GUVPUT s TAPEL LGN IRL » TAPET 2=THF! mnmrr EQ.EQ) GO TO 803

nmuxmmmuummmtzmmxrmmxmmmmxmummumnm FO-HAXOP

Covss CEFIHITION OF MAX nxmnsmnms ron ILLUMS WD ITS SUERS xw-mxnrm
DIMENSION £(520)sAR(520) s GAB( 06 507 I=1)E0
DINENSION PASR(SLO)’GGR(S"O)y(‘l\(SZO)vQ(hSZl) IF(DFTHO(I) JEQ.0) Y(ILO)=YM(I)
DIAENSION RI(520),RR(520),6085(520 IF(OFTNO{I),EQ.0) PAR(ILO)=PARK(I)
DIMENSION RRX(szo).unszm.smszo).rnrsmszoo).mvo(szoo).mmszo mormom.zo 03 HCILD)=HH(D)

IF(OPTNOCI).EQ.0) G(ILD)=6G(I)

$)
RIKFHSION DY0BS(520)2TYPE(520)+Y0BCA(520)+QCOK(520), XCON(520) 707 1F(OPTHO(I).EQ,0) ILO=ILOH1
CHIEEA R AL ODE LA IR XL L L ERLE RS RERELLRLRLELLLLERLASLALELRRRERRRELRC LA ey 803 CONTINUE

(1)4GT+0) H(OPTN

CALL TNETGATHONAXBR 40P 1 D10) (LRI 1030
\ =11
¢ Gt hen IF(1.LE.FO)OPTNOCI)=1
© (R AATBR DL ot TECDP IO, o100 FRINT 789 LER(T
(NI 1/N10» : $PARCI)2X(1)10PTHOCT)
144sAR1GAD PASR, GGRyGR» 01RI Ry DOBS sRRX T+ SRy THPGRy THPOs 789 FORMNT (1100 3RaARaF A & L1 bR T
20X0RS, TYPE , XBBCA» QLONs TEHP XCON) 85 IF(OFTND(1).LE,0) PRINT 799 I:PM(I);X(I)
stor L% FORHATCL10s5K0AsF 10,4y - *)
¥
C  FROGRAH TEST(INPUT,QUTPUT) : Cooe CHFCK IF IHITIA! PARAMETER VALUE WITHIN OUTER BOUMARY
C  PROGRAN FLEXI (INPUT,OUTPUT)TAPELO-INPUT) Corne VALUES
BLOCK DATA AREDIS ¢
: » g
COHON /60007 AD(51)»00(51) /HO(S1)
TATA A070,00000000s 000052401 ,000A1978, 00141116+ ,00332652s 1 (LEG 60 10 40
1 ,00445107, ,01105094s 01734901, 02562104, 03599230y 04863445 o TRLEE,
35056500 gtk a7iosons, SOMSIL, ISE, SR ;
120062 . v 427105094y v o34 21 d ’ vere
1 42011974, 143005260, |50000000, ;53994700, 157958022, +618588R, R PRINT FRRIR NEsghag " ¥ Y BOUADARY VAL
TR e o D R e “
5333 335 . v '
7 .98400770; 197437056, 96263099, .90674906s 9914A93, +9REE73AE) 10 FRINT 1055, LG(1 (1D
8 99958584, , 99958022, ,99994710:1,00000000/ 15 CONTIEL
DATA 00/0,00000000; ,00000100s ,00002012, 00611584y ,00039926 RETURN
U gk ot i e i
2 01783820 03391251, » 09306491 bs 1030 FORHAT(IH* INITIAL PARAMETER VALUES AKD OPT DESCRIP
3,14704329, .17982015, ,21638599, 25458341, 30015533 (34875325 TION, *+/)
i §§§§‘;$§: ‘ ;2333,222: 33383222: a,,;%%g; i, 1055 FORHAT (1M +3EHFATLURF. OF BOUKDARY CHECK OF PARAMETER: 13,3F10.,3)
71334 763 ’ LIRRYixY . "
§ 197005104, .59359317,1.02325421,1,0427770411,05760388+1,08787 124, L1 R GADA PSR OORy e R AR BOB R o258 TH
71,07280380,1, 07570612, 1,0739524411,068976321 1,081256651 05130715 20XOBSs TYPE, XOBCHs QLON. TEHP aCot kg 1" SRe THPGRs THPOs
8L.agedsoht, "238895"})5%33073633323‘6’g°°°0088 s oisyne DIHENSION RAIN(I&K)EVAFT (166) NODYNO(12) /NSTH( 38611 AEVAPT(12)
LN A S T G+ T H P T L ! COMNON /0ATA/ snc(m),m(snzs),smm25).nvsuzsnmvsntzsn:m(
3Nt (TRELES) 117720k, |ABLo0BOT, \ouetorsls 12300300 $221DMERCIONTRST (20 VRF D201y PENRAT, TRANRAT, 0B NRCH
3200116 27108, ISR72 9150, L0655, A0RI0SSA, i Uﬂﬁm“"“""Y“"“Z""Smﬂ“"AFW*PT“?’vNYRS
4 43777338, (A6BE0474y (50000000 .53139526s LD42866629 (59E9046
§ \62431191, 145150850, 138406228, .71280965, \7A0B7ASH, 176791340, ovve DEFINITION OF X DINNSIOHEIG FOR Lo o e aoapgpesettenauanattst
& 179389263y \B187119%s RA227355s B644BA3L, BES25662) JPOASOBS0s QIHENSTON A4 CNTH) sARCNDTH)  GRDCHONH) 1S Suers
7 ,92218396, /93315334, 95241353, 95484824, 97052826, 98429158, RIKENSTON PAIER(NDIH)YGGR(NIﬁH)ICR(N“lH) QUHAXBR NDP1)
asﬁgﬂmm 199505735, ,99901335+1,00000000/ PINENSICH RT(NDIM)sRR(NDL:) sQORS(NOIN) ! !
STRROLTIE IHITXOXMIGPT.E LG (THENSLON RR(NRIH) 0T (NILTH) s SRANRIH 1 HPBRONM 0 1 THPOHDIO)  TERP(
DIMENSIOR X(50)+6(50)/H(50)s0PTRE(25) DIMENSTON OXOES(HLIH) 1 TYFE(DI)»YOBCA(NDIN) yGLOH(HDTH) COHCNDIH)
DINENSION XH(25)sPARK(25)GG(25) sHH(25) DILENSION I0D (Y1) IHH(A)
S ) PR (2310620 cmnuxmmumuxmmzzmmmnmmmmmmummnmumtt
CHHO s NCNST L COIRION_/OPT/PAR(25) sF0)FCoKIF 1Cr IRRYFCAP) PURABy GRDAB, DLYPER
CONHOH /OPT/PAR(23)1FODFCIKIF 1CoRR1FCAPSPYDAR: GRIAR: DLYPERs AGNTYPATYREE A EOR A bt Y Py e rarerAD, CROAR
1GHTsPHTSREF ) AHC1 DUR AP PEX GEX, PST/ 05T, PSTST OSTSTFO COMMDH /LOGIC/PRNT)DESSTHsQPTOES  STHUL»CRTOBS: CALTBsEVPRTN
COHO /LOGIC/PRNT DESSTH, OPTDES SIHUL CRTOBS  CALTB, EVPRITN 1DIS,GRAFI1) R TGy OBIVEL ) DE 10F s OB JSHF
LRI RACHo TN OCNOL OBJZF (OB © comoy SN /EOIFCIKIEL LELTS A FHAIFCAPACaDLYPER
LDGICAL PRNT»DESSTH»DPTDES»SIHUL)CRTOBSCALIR oMo /HDI,ST/'T‘:HC(ZO 20) sFACTOR(20»20)sDIRT
(20120)5 IBX(35)
iy,
/T2225T/NOBINCHST yHL 12
Goves ¥ INITIAL OPTIHIZATION ROUTINE ¥ INTEGER msr.smn:mrsr.\'Rri.snno.nvzn.opmo

%Eﬂfﬁi? YEARL»YEARDs YEARZ AHYETOSF (IO

el o g s
+ \
LOGICAL oaimr,ﬁm,céwss,émé '

Coves SIF}_\%E ELEVEN PARAMETERS IN X-ARRAY

HI- 0
NOBJ=NCNST=0
Ni=E

I € HOBJ=HOBJH
Privd . . , . L [0 7993 LiX«t,hP
X(1)=FODSX(2)=FC $X(3)=KIF $X(4)=C $X(5)=RR ’
X(6)=FCAPS Y{7):PUDAB $ Y(B)=GRMAB # X(9)<DLYPER E IFEARCLIO.ED.OH ED) EO-M(LI
X(10)-GNT & X(11)=PNT $X(12)=RFF € IFUPACLIO.E0.3IKEE) KiFok(T
X(13)=AHC § Y(14)=DUR $X(15)=AP § X(16)=PEX € IE(EARULI.ELIKIE) KIFX(LIK)
X(17)=0EX $ ¥(18)=PST $ X(19)=0ST 4 X(20)=PSTST $ X(21)-0STST ey 3HnRR;gm§f>l(f)x(.)nx)
TFL T TPTOES kD, oHOT.CALLB) RETURH £ IR e
) ) PUDAB=X (LX)
{,g}{ﬂzg;l}}‘gg{&g,fﬁgﬂﬁﬁgo‘,” OPTIHIZATION € IF(FAR(IIX)EQ. HCRAGRDAR=X( LI
8691 FORHAT(O L1vA3)) € IF(PARCLIX).EQ.JHOLY) DLYPER=X(LIX)
READULL,) (OPTHDCL)s 1= E  IFCPARI0E0. HND) PRI
Cuons PLACE PARGETERS I X (RAT 5 DETERMINEN BY CPTNG-ARRAY € IF(PARCIIN).EQ.JHREF) RFFX(LI0
R 1)SPARC] C  IF(PARCLIX).EQ\BHAKC) AMC=X(LIX)
;nmlxm ) € IF(PARCLIX)EQ,IHDUR) DUR=X(LIX)
66(I)=6(I) £ IF(PARCLIX).EQ,3H AP)  AP=X(1JX)
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IF(PARCIJIX) EQ.IHPEX) PEX=X(IJX)
IF(PARCTIN) AEQIHOEX) BEX=X(IJN)
IF(PAR(IJX).EQ.JH PE) PST=X(IJX)
IF(PARCIIX)LEQ.IH OF) OST=X(I)
IF(PAR(IJX).EQ, IHPXL) PSTST‘X(IJX)
7993 IF(PAR(1JX) .EQ.3HORE) O
veve  OUTRUT PARAHETFR UECTOR TD TERNINAL AND RESULT FILE
IF(F00.£G.0) GO TO 1209
IF (. NOT.CALIB. ﬁND..NDT OPTDES) 60 TO 1209
WRITE(7+7321)
NRITE(7,8995) NOBJ
WRITE(10,8995) NOBJ
0o 8393 1P=1,F10
WRITE(7,8394) PAR(IP):L(IP)
€el93 HRITE(10»8394) PARCIP)X{ P)
8374 FORMAT(AL0r® = "yF10.4s/11Xr40(1HE))
8995 FORhﬂT(/y40(lHt)v/v PARQHFTER VALUES OF INERFST FOR SIKULATION
$1.00F *,I5)
1209 CONTIN E
Coves REWIMD THE DAILY PPT 1 EVPy AND STORH I.D. FILES
IF(HYRS,EQ,1) GO TO 7879

REWIND 1
IF (EVFRTN)REWIND 2
REWIND 3
Covees  HRITESINULATION NUMBER(K)

Cavss REUIND STORH AND DISCHARGE DATA FILES
7879 RE I D

[ START OF SIHULATION LOOP

F-0.0
$TP=,FALSE,
00 38 NYR=1sNYRS
Coves SET THE INETIAL PAVED AND GRASSED AREA ABSTRACTIONS
QEPG=GRDAB $ ABSIRT-PVDAR
1F{,HOT,DESSTH) GO TD 3938
NOSVi=1
167=1
IED=1
RAIN(1)=EVAPT(1)=0,0
NSTH(1) =1
GO 1D 9652
C..ié DgEB THE INIYIaL SOIL MOISTURE STORAGES FOR EACH RFACH
39,
IF(FACTOR(IBX(I):IR!(I)) ER0.0) TSHSCIRX(I)yIRX(1))=0,0
IF(FACTOR(IBX(I)»IRX(I)).EQ,0,0)G0 TO 893
}g?ﬁ#%ﬁgali;lgé(%A)gégﬂﬁ-1.0)tC13.0
IFCIDYER(NYR-1),EQ,365,0R , IDYEDINYR-11 ,EQ, 366, ANG. IDYST(NYR) ,EQ, 1)
$TSHS(IBX(I )9 IRX(I))~SHS(IDTEB(NYR-1))
893 CONTINUE
Coser REAR DAILY RAIN AHD PAM EVAPORATIOK MATA FOR NYR.
IF(NYRS,ED. L. ANDJNOBJ,GT, 1) GO TD 9432
REAR(1,$)YEARL
IF(EVPRTN)READ(2, ) YEAR2
IF { NDT,EVPRTN) YEAR2-YEAR]
READCO3, %) YEAR3
IF (YEAR1,HE, YRST(NYR)$1900) STP=,TRUE.
IF(YEAR2,NE. YRST(NYR) $1900) STP:=,TRUE.
IF (YEARI,NE.YRST(NYR) +1200) STP=,TRUE,
IF(STP) PRINTSs* DATA FILES UNSYNCHRONIZED °,YEAR1,YEAR2)VEARY
IF(STP) STQP ..
YFAR=FLOAT(YEARL)
IST=I0YST(HYR}
TED=IDYER(HTR)
REﬁH(l:llZQO) (RAINCD)» I=IST,IED)
11220 FORMAT{14FA,
F(EUPRTN)RFAB(Z;!) (EVAPT(D)» I-IST+ IED)
IF(EVFRINIGO TO 7878
Cuves PLACE AVERABE DAILY EVAPORATION IN EVAPT-ARRAY
1Ll

OW:1
IDsuanociiss
IFCC(YRST{NYR)}/4)%4,EQ. (YRST(NYR) ) . AND, IND,EQ,2) TDVS=IDYStt
TUP=ILOYLIDYS-
19 9050 I0Y=ILOW, IUP
9050 EVAPT(IDY)=AEVAPT(IHO)
9051 ILOW= IUP 1
7878 COATL
RFﬁD(03111222) (NSTH(I11)» J11=IST+ JED)
11222 FORKAT(181
9652 10 30 I=ISTrIEB

DRAIN=RAIN(I)
Civss EVAPORATION IS EXPRESSED IH IHCHES/DAY
EVPPAN=EVAPT(I)
IF(NSTH(I)) 50950940
40 NOSTH=NSTM(I)
DYURNER=, FALSE,
00 7781 ILT=1,NOSTH
CAII ILLULAS(PKORS s PKCOM s
+APSTRT:QB:NRCH1RUFF:NDSTH!ILTrEVPPﬁN:PhNRﬁT:TRﬁNRATvPREVtND:
$DYUNDER s VOLCON, VOLOES 1 F THC 1 DEFG) YEAR DRRy
§FTRAIN, NDIN: NDP1 s ARy ARy GAl PASRG6R1GR2 @5 R s RR 1 GOBS)
!RRX:OXOBS:TYPFlXOBCA:ﬂCOH:XCUH;QT|SR1TNPGR11HPO:TEHP:NDIO:HAXBR:
i!»NOD 0 DURA
IF(CALIR,OR, UPTDES)F F 4F IHC
IF (CALIE,OR.OPTRESIURITE(741237) FINCsF
7781 CORTINUE

IF(DESSTH) GO 10 30
1237 FORHAT(®  INCREMENTAL OBJECTIVE FUNCTION = *+F15.5s
+* ACCUMULATER OBJECTIVE FUNCTION = *»F15.3)
LRAIH=ABS (RAIN(I})
SO‘EQE%)DLYACCT(DRRINpEUPPANrNRCHoPANRﬁT:TRﬁNRﬁT|DEPG;ABSTRT,l-
2

Covers PLACE THE ENR OF DftY SOIL HOISTURE STORAGE IN THE SHS ARRAY
Coveo NOTES THIS IS THE SHS OF THE LAST SUB-BASIN
SHG(1)=GHST
30 CONTINUE

COOOOOm

elalelelelelel
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Civer WRITETHE END OF DAY SHS FOR LAST REﬁCH FUR ACCTING CHECK
Coeve THIS IS DONE FOR EACH DAY IN THE YFAR °NYR
Cievs  WRITEHEALING
IF(PESSTH) GO TO %
IF(.NOT.PRNT) G0 TO 38
RITE(716733) YRST(NYR){1900
6733 FORMAT("1°s* SOIL HOISTURF RFCORD FDR LAST REACH FOR*s1S:/+
$UGACY DAY RAIN  EUP MST SMS*)
NIYS=IED-ISTH
NRYSO4=NDYS/4
{E(?g%S.GI.N“TSD4¥4) NDYS04=NNYSOA+1

D0 9955 NL=1»NIYS04
TE=HINOCISH3, IED
DD 9753 1J=1SH1E
10i0=1

[0 9954 IH=1,12
I1EK0=1DKO
IDHO=TDHD+NODYHO( TH) -1
IF{IH.ED,2,AND, (YRST(NYR)/4)24,EQ. YRST(NYR) ) IDHO=IDHOH
IF(X),GE, I5HD.AND, I1J.LE, I0HO) GO TO 9952
1mig= IDHUQI
9934 CONTINUE
9902 IND(IJ41-18)=1J41-15H0
9953 T¥H(1J41-15) 1M
WRITE(7: 6731)(1KH(IJ+I =IS) s IDBCLH1-IS)sRAINCI.I) EVAPT(LJ) NSTH(IJ
$)sSHS(1)) S 115y [
6731‘§0¥H?5f}¥13(1H!112;'/'y1212F5.2vl4vF5.1)v(lH!v12;'/'v12:2F5.21141F
(3%} H
9953 IS IEH

38 CONTINUE
IF(CALIB,OR.OPTRESIWRITE(757321)
7321 FORHAT(* BEESERERREXXIXEAIRABRBRRERLIIEILLLLELLILL")
Cisoe FHD OF SIMULATION LOOP
3 IF( NOT,CALIR.AND, (NOT,OPTDES) STOP
RETURN

ENR

SUEROUTINE ILLUDAS(PKORSsPKCON»

+ABSTRT, 031NRCH!RUFF1NUSIH;ILT!EUPPAN;PANRhTrIRANRAT)PREUEND;
1DYUNDER:UOLUUT:UULORSyFINCvﬁEPGvYE RyRRA

SFTRAINSHRININDPL ) Ay ﬁRyGADrPASR;GGR»GR!QvRI1RR10
:§§:§0§8351TYgE1KUBCA1060“1XCUH:GT:SRrTNPGRrTHPO!TEHP:ND]O!HAXBR!
’ URA)

DIMENSION A(NHIH)vAR(N“IH)vCﬂD(NDIH)vﬂT(NDIN)vSR(NDIH)

DIHENSION THRGR(ND10) s THPQC(HN10) s TEMP (ND

DIHENSION PﬁSR(NDIH)1GGR(NUIH)lGR(NDlH)vPQ(lO)y PV(10)s O(HAXBRsND

$P1)

DIKENSION RI(NNIM)+RR(NDIN)s STORH(20)s XNAHF(20),00BS(NNIN)

DIMEHSION DIA(24), MOBE (2) s XSEC (2) yRTNG(3) sRRX (HDIN)
DIHENSICH OXOBS(MDIM),(YPE(NDIN)»XOBCACNDIN)» QCOM(NDNINY 1 XCOM(NDIN)
DIMENSION LOGINT (35)sRCHINT(20)sNOLYMO(12)

COION ECAP»FLAREAIEVEL)A0(51)9Q0(51),1 STECT

c (CHMIM /INF/FOsFCoKIF ) DTOUT,ALPHALs FCAPyCyDLYPER

COHHON /INF/DTODT»ALFHAL

couson IOPT/PﬁR(QS)1F01FC|KIF1C1DRR!FCAPlPUDAByGRDﬁBvDLYPERr
1GHTsPHTsRFF s AMCo DURs APSFEY.s EXs PSTo RSToPSTSTASTST,FO0

COifON /KOIST/TSHS (20,2 0)1FRCT0R(20120)101RT(20120);13X(35)|
+IRA(35)sTHPSHS(35)1H!E]0

COUHDH /LOGIC/FRNT s DESSTHyOFTDES,SIMUL sCRTOBS, CALIBYEVPRTN
a?i?iEEAPH:RTIHGJDBJUUllﬂBJOP!GBJSNP

INTEGER RYDHYETOsRAIN

LOGICAL SKCHRGsBSNIEGy GRAPH!DIS:DYUNDER!RTING:LUGIN7

LOGICAL PRNT:UESQTH:DISIU“TDES:S ons

LOGICAL UBJUULJUBJGPyﬂBJSHPICAlIByEUPRTNvSRﬁPHyRTINB

DATA END/3HEND/

DATA FREDRL/42,0/

DATA DIA/849104912,915.9181921492449274930,138,942,148,154,9604972
1,184.595,9108,9120,7132,1144,,154,,148,,180,/

DATA HORE/SHNSGN ¢ SHSHI.TR/

DATA RTNG/SHISHFT s SHEXPLY» SHINPLT/

DATA XSEC/3HCIRs 3HRCT» 3HTRP/

HAXA=HIY

LT=4

Q%PHR =DLYPER/24,0/FC

9903 HREACH=0
TOTIN=TOTINF=0.0
Coves INITIALIZE INXTIAL-BRANCH REACH LOGICA!. ARRAY
Cevns MO OF RFACHES/BRANCHES <= 205 BRAM +REACH < 20
DO 1 I-1sNECH
1 LOGINT(I}=,FALSE,
DO 7835 I=1,NPIH
7855 RR(I)=RRX(I1)=0.,0
REVIND MY
IF{DESSTHY GO TO 7857
REAMLT1040) XNnMEy(STORH(I)yI 112) 5 1YRoHIHs IDYySTORK(3) 48Ty
$STORII(4) s STORK(D) »
REAR(LT+1050) YID:DESIN:FUﬁlvBEBUGvIDXRTE
REAR(LT»1055) AREAs DIMIHRUFFN
REAR(LT+1040) XRNsXRI»+DTIN»BTOUT»XRY s DURAsFREDs TRAIN
RAIH=INT(XRN)
IF (. HOT.OPTDESYHYETO=INT (YHY)
IF(OPIDES) RAIN:0
GO TD 8738
7857 REWLHD LT
IYR=0 § MIH=0 $1DY= 0 4 ST-O $ ENDTIN=0
ARFA-0.0 4 XID=0.0 $ RAIN-0
PRINTIv'FREGvDURAyTRA!NyHYLTO;AKE;DFSIN;EUALsDEBUGn!ﬂXRTEvBTOUT'
REALN11,3)FRFQy DURAs TRAINYHYETOs ANC, DESINy EVAL» DEBUB IDXRTE, DTOUT
IF(EOF(11),NE,0,0) RETURN



BTIN=DTOUT
DIMIN=E, 0
RUFFN=0,01
IF(EOF (11), NF.O 0) RETURN
00 3301 [11=1M

3301 T‘HS(IBX(III):IRX(III)) (AHC-1.)1C/340

©D0 AN0L I0=1,5

4401 STORK(10)=8H
IF(HYET0,EQ,1) STORHM(4)=10HUNIFORH
IF(HYETD,EQ,2) STORK(4)=10HHUFF
IF(HYETO.EQ.3) STORM(4)=10HTRIANGULAR
IF(HYETO0.EQ.4) STORH(4)=10HBETA
IF(RYETO,EQ.3) °TORH(4) 10HBI HODAL B
IF(HYET0,EQ,5) STORH(5)=7HLTA
READ(LT»1040) XMAHE

60 TO £757
Cisss COMPUTE THF STARTING DAY FRON INPUT DATA
8 1IY5T=0

IST=HTH
10 2222 I=1)IST
1F(1,E0,HTH) GO TO 3333
l[lYST T0YSTHHODYHOCT)
TF(TL.ED, 2, AR ((IYR) /4 )44.EQ. (TYR))
$IDYST=I0YSTH
222 CONTIMUE
3333 IIVST=IDYSTHIDY
IFCIDYST HE, IDAY) PRINTXs* SIMULATION DAY AND DAY FROM RFALL DDR’
$T NATCHy SIHULATIDN DAY = *yIDAYs* STORH DAY = *,IDYST

IF(IDYST.HE, IDAY) STOP
IF(IYR, NE.INT(YLAR 1900, ) )PRINTE, * SIHLATION YEAR AND YEAR FROM R

SFALL+§%S DOX’T MATCH SIHULATION 7R=*)INT(YFAR)»*y STORM YEAR = *
$:IYR
iF(ITR HE. INT(YEAR-1900. ) )STOP

c

8757 IF(IDXKTE.EQ,0) IDXRTE=1
BYNDEG=FALSE,
IF([IEQUB .67.0) RSHDBG=.TRUE,

IF(F
+ WRITE(7:1040) XNAHE:(SWRH(I)11—1:2)llYR;H[HvIDY;STURH(J)rSTv
$STORI(4)»STORH(S) yENRTIN

Covss OUTFUT THE REGINING OF MAY SDIL MOISTURF STORAGES
IF(ILT,EQ.1,AND.PRNTINRITE(7,891)
891+§0RHAL('R BEBINNI?;G OF DAY SOIL MOISTURE STORAGE BY REACR *»/y
IF(ILT.EQ. 1, ANDLFRET)
S$URITE(7:894) (IBX(I) 1y IRX(T)-1» TSHSCIBX(I)» IRX(T)) s I=1,NRCH)
994 FORHAT!S("ILF]O. )
(DESIN,NE 0,0, AND.EVAL LRE,0,0) 60 TO 20
IF (DESIN,ER.0.0,AND.EVAL,EQ.0.0) GO TO 35
IF (BESIN.EQ 0.0) 60 10 30

G0

"g UﬁITE(711070)
0 0 40

30 IRUKR=2
60 TO 40

35 WRITE(7,1075)

IRUNR=1

40 CONTINUE
MRI=INTORD)
IFREDS FREQ
T10=A1D
IF (HYETO.GT,0.AND, RMN 6740) 60 T0 50
IF(OPTDES) 60 10 67852
AIN.EQ.0) GO TO 55
67852 REM!(LT;U (RR(J)yJ‘l NRI)
Coves  TRUNCATE IRPUT HYETOGRAPH U'{I-N TRAILING ZEROES DCCUR
D0 993 1=1sNRI

K=NRI-(I-1)
IF(RR(K),6T.0,001) GO TO 4931
993 CONTIMUE
WRITE(7+278%)
2789‘§0RHAT(' EXC TERH DUE TO A ZERO OR MCGLIGABLE RAINFALL MASS IRPUT

SToP
4931 NRI"(
(NRI-I)!INNDTIN/DWUT).(‘T NPIN) GD T0 4809
IF(AB (DTIN-DTOUT) JLE, 1E-04)G0 TO
Cevos  UNIFORM TINF INTERUAI RhINFAIL IRTI-.RPOLATION
Tup-1

DO 7464 1=22NRI
ILOR=TUP$L
1UP=ILOW INT(DTIN/DTOUT)-1
I 7654 J=ILON, TUP
7664 RRX(J)-RR(I)!DTDUT/
Cssvs  PLACE INTERPOLATED UHIFDRH RFALL ARRAY IN RR-ARRAY
7543 DO 7554 I=2y1UP
7554 RR(I)=RRX{I)
NRI=IUP
3092 XHRI=NRI
Cevve TESHPUTE THE TOTAL RAINFAIL

10 7983 I=19NRI
7933 TRAIH=TRAINIRR(I)
IRA= (XNR;-I «0)XDTOUT

Gl T0 380
4809 IF(NRI LE NRIH) BTUUT-UTIN
1F(¥RI,LE,NBIN) GO TO 3

3809
IJRITE(?:IO&O) XNANE 1 (STORMCI) 9 1=1»2) s IYRsHTH IDY» STORM(3)» ST»
$STORI(4) sSTORN(S) »ENDTIN
URITE(953045) XID»DESIN»EVAL »DEBUGY IDXRTE
3015 FORNM(M’IO 0,110)
9:5003) ARFAsARSTRT2DEPG DININYRUFFN
3003 FORHAT(FIO 252F10,3510X0F10.2sF10,0)
WRITE{9+3040) RAINsNRI+DTINyDTOUTyHYETOsDURA
3050 FORMAT(F10,0:1109F5,15F5.1yF10,0sF1041)
WRITE(9,3080) (RR{I}>I=1sNRI)
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3080 FORHAT(10FB.3)
‘{F(IL'E «ED.1)WRITE(?¢894) (IBX(I)=1,IRX(I)-1»TSHSCIBX(I)sIRVAI)) I
’b
Cives  URITEA MESSAGE TO RFSULT FILE T0 REMIND USER THAT
Civos  DIKENSIONING MRS TOD SKALL FOR SIKULATION OF THIS
Coves IF??‘%H?UI #R STORH

+ WRITE(755000) NOIN
5000 FORHAT(* NO. OF RFS > *»I5,*s STORH ECHOED TO FILE UNPER,..*)
BYUNI‘ER ‘o TRLE,

3809 CDNTINUE
IF(OFTDES) &) T0 67831

GO 10
50 URITE{7,1085)
SIcP

S5 CCHTINUE
IFCHYETO.EQIIREADCI192) AP
31 éﬁﬂ”ﬁu’;?ég CTRALN Rk DTOUT
A ITOUT » RR 2 NRT, NDIKy SR HY|
vQST:FSTST,OSTST’rPRNi') »RRINRT, ySRYHYETDs AP s PEX S QEXy
-50 (I%_?):;INI

+ URITE(711090)
IF{FRNT)
*I ?FﬁITEU 11093) (RR{J)sJ=1sKRT)

t WRITE(7,1100)
IF(FRNT)

t URITE(751109)
IF(PRNT

t F?Rfle;%?,um) TIDsAREA: DTINy DTOUT, BSKDBGsRTNG( IDXRTE)
t UPITEU;HIS)
IF(FRAT

fIFURITE(h 1120)
t &IRITEﬁylHS) TRAIN, IFREQs DURA

+ URITE(?:HJO)

W IT 3399)
3399 FDQ‘\AT(IXHM(IH-))
FRFOI=DIMIN
DTﬂUT'-lR BTOUT/60.0

NEND=
0o 65L 1sHDIN
GRIL)=0,0
[+ CONTIHUE
R0 70 H=1,MAXRR
Q(H,NIP1)=0,0
70 COI(;TINUE

ARSTRT, DEPG

735 CONTINUE
VoL=0

DUILET=0
SURMAY=0
EHY=0
READ(HT»1140) BRAN)REACHSENDER CONRR, IRUM, DIST st PsRUFF 1 ISECT\DIA -
C mEﬁR’m’Ss'mm:'mﬁgfﬁs{gk%%? 3D FoR This kac
e {
""" IF (DERUG,GT,0.0) KYD=1 "
IF CIRUNCVELG) OD 10 80
1SUH=IRUNB
B0 CORTINUE

Cover CHECK FOR A CONFLUENCE, IF NOT FROCESS THIS RFACH FOR SURFA
Coevs  RUIOFF AND ROUTING, g H FOR SURFACE

If (ENDRR.ED.0.0) GO 10 510
C“"!S"“““HtCOHFLUENCE COHPUTATION SECTIONS$$8888484898484585884884444¢9
503 IFC.NOT.RTING.AND, TEST.NE.END) GO TO 75
ég(sf:gT RTING Mﬂ TEST,EQ.ENR) GO TO 5491
Kty
‘I:FNCU(HyNBPl).ED .CONRR) 6O TO 520

NRITE(751260)

520 1B=N
I 525 H=1/MAXRR
IF (D(H,NDP1).EQ.ENDBR) GO TO 530

CONTINUE
WRITE(7,1265)
sTO0P
530 IEND=M
[0 535 N=1,M

NIK
Q(IBsN)=Q(TRyN} HQCTENDsN)
¢ 033 CONTIMUE

QCIENDsNOFT)=0.0
340 YAST~Y
D0 550 N-1/NNIM
IF (D(IBsYN).6T.0.0) GO TO 545
GO 10 530
313 LAST=N

550 COHTINUE
[Iig ﬂ[gE;T.EO.ENﬂ) GO 1O 7369
3
g!“ﬂ“”"““”COHFLUENCE COMPUTATION SECTIOH$$$$$$8958888888888888484888¢4

310 IF (BRAN.6T,0.0) GO T0 120
NRITE(721150)
ST0P

515

323

A

N

et e

|

RS

[N
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120 READ(HT,1145) CBRANy CREACH: Ay CPAs PCPA» SPAY PSPASPENT \PL1PS) CEASPT

1G4y yGLyGS

IF (CBRAH.NF., BRAN, OR, CRFACH, NE .RFACH)

:PR%};H; BRANCH OR RFACH 10 NOT MATCH ON THE REACH AND SUB-BASIN C

IF (CBRAN . NE, ERAN, OR, CREACH. M2 REACH) STOP
GFHT=GNT

F
FENT=PNT
RUFF=RFF
NRFACH=NREACH$1
IF (FREOR,EQ.1.0) GO
IF (FREOR.NE.0.0) GO
FREQR=1.0
GO 10 95
85 D0 90_IJ=1,NRI
RR(IJI=RR(I.}) tFREOR
20 CONTINUE
IF(PRNT)

+ URITE(7:1150) FREGR
93 CONTINUE
CRA=AIAX1 (CPA) RAIPCPAS0,01)
SPA=ANAX1(SPA, BATPSPA0,01)
CGA nHﬁXl(CGAvBMPCGMO 1)
ENT4PL.EQ,0,0) GO TO 115
IF (PFHT NE.0,0) GD TD 15
IF (CFA.ER.0,0) GO TO 115
CALL PAUENT (PENTsPLyPSsCPAs PRNT)
115 CONTIMUE
IF(CGA.ER,0.0) GO TO 227
IF {GENT#GL.EQ.0.0) GO TO 220
IF (GFNT,NE.0,0) GO T0 225
CALL GRENT (GENTsCGA»GL+GSyPENTyPRNT)
G0 T0 226
220 GEWT=20.,0

IF{PRRT)
{ URITE(7;1175)
0 70 226
225 CDNTIN UE
Cosss FOR LATERAL PERVIOUS TO CPA
226 CONT

GENT GENHPEN]/2 0
227 1GA
"Pfa TSPM
TLPA= TCPMCPA
c IF(CGAHCPA.EQ.0.0) GO TO 228
YOTIN=TOTIN (CGA+SPATCPA) XTRAIN/12, 843560,
c FRINTE, * TOTIN="TOTIN
CALL SRFRMFF
$(GRyGRPKsPKINsCPAYCGAYSPAsNRI s RRs TSHSyKIF C+ PTRAINy PRFVEND STy
$FCAPy DLYPER yEUPPAHy PANKAT Y ARSTRT1 PYDAE» TRANRAT» DEPGs FOsFC o
’DTCUT;PENT;NA}(A)HYU; BRAN» RFACHy NOSTH» NRFACHs TOTIN) TOTINF /ALPHA»
$GENT y GADs RTING,NDIM) GGRy AR» RIyPASRy Ay RRAT » TRAINy ILT+ GRDAB)
$DTOUTHRNEND PRNT)
228 IF(,NOT.RTING) GO TO 4030
PKIN=GRFK
LAST=HEND

c
E-.u TEST FOR MID BRANCH OR INITIAL REACH,

IF(,NOT.LOGINT(INT(BRAM))) RCHINT (INT(BRAN))=REACH
IF(.HOT,LOGINT(INT(BRAN))) LOGINT(INTCRRAN))=,TRUE,

[Ty}

Ul Ul

c PRINTEy* RCHINTC'y INT(BRAND 5 *)="yRCHINTCINT(BRAN))+* REACH = *)RE

$ACH
IF (REACH. HE .RCHINT(INT(BRAN))) GO TO 293
60 10 343

By .
Euu COHBINE PREVIOUS ROUTED HYDROGRAPH WITH NFW SURFACE HYDROGRAPH

293 CONTINUE
C FRINTY," AT LABEL 295°
DB 500 H=1,HAXRR
IF (D(MsNDP1).EQ.BRAN) 60 TO 305
500. CONTINUE
URITE(7,1190)

STOP
305 IB=M
GRFK=0
B0 320 N=1,RNIN
GR(N)=GR(N)4Q(IBsN)
IF(GR(H),067.0,01) LAST=N
IF (GRPK-GR{N)) 31043159315
310 GRPR=GR(N)
315 COHTINUL
320 CONTIRUE
IF (HYD) 33043304325
325 IF(PRNT) WRITE(7,1195)

RNT
+ WRITE(7,1200) (GR(J)1J=I:LAST)
330 IF (DIAM) 333533
335 TDIAK=FREDI
¢

60 10 390

340 TDIAH=DIAN
IF (aRUN-EO-l) TD1AM=DININ
ol 10 390

345 CONTINUE
I (D1AK) 370,370,350
350 TRIAM=DIAH
IF (IRUN.EQ:1,AND.DININ,LT.8.0) DININ=8.0
I[G{lgUg-E(hl.MD.DIHIN.LT.B.O.MD.PRHT) WRITE(71015)
0 355 I=1:
355 IF (BIHIN Eﬂ.ﬂlﬁ(l” FlBl 1.0
IF (FLG1,EQ.1.0) 6O T
DFF=1000.0
ICHODS=1

N0 360 1=1,24
IF_(ARS(DIKIN-DIA(I)).GT,DIFF) 60 TO 350
DIFF=ABS(DIMIN-DIACI))

Cl
350 CONTINUE
DIKIN=DIACICHOOS)
1F (FLG1,ED.1,0,AND.PRHT) WRITE(751020) DIMIN
370 TOIAM=DIMIN
375 D0 380 M=1,MAXBR
IF (D(H)NDP1),ER.0.0) GO TO 385
180 CONTINUE

WRITE(7,1205)
sToP

385 [R=§
D(7ByNDP1)=BRAN
G0 10 390

c
E.... FIHD GROSS HYDROGRAPH PEAK

390 GRPK=GR(1)
DO 400 J=2,NDIM
IF_(GRPK-GR(J}) 39514002400
75 GRFK=GR (})
400 CONTINUE
PKDES=GRFK
IF (STORE.EQ.0.0) 60 T0 405
IF (DALOW.EQ.0.0) GO TO 415
IF{PRNT)
+ WRITE(7,1210)
0ALO4=0,0
GD TD 415
405 IF (DALOW.EQ,0,0) GO 1O 423
IF (OALOW-GRPK) 4105425,425
410 CALL LIKITQ (GRyGRPKsLASTyQALOW, DTOUT»BRANs REACH VOL s NDIM»QT»PRNT)

0 420
4!5‘8?LLR£$TEN (BR2GRPKsLAST s STORE» BTOUT » BRAN s REACH) VOL s NDIH»

420 CONTINUE
OUTLET=GRPK

c SHX=5TORE$1000.0
E. voo PRINT 903, BRANsREACH) SHXyGRPKVOL

425 IF( NOT,RTING) GO TO 4050
0 T0 (4301450,450), IRUN
C':;g(é"!SPQ‘(%"”SC“PIPE SIZING SECTION FOR DISIGN HODES$$$$$344588888888844¢

HiR=0
435 DFB 04 OOBltTD!AHtTDIWRUPFNl(TDIAHMB 088, 667¢(SLP/100,0)21,50
c PRINT®y" TDIAH=",TDIAHy* RUFFN=*sRUFFMN, *SLP="ySLP)GRPK
UFR=QFB/(TDIAH!TDIAHG.1415?2654/576. )
IF (OFR-GRFK) 440,445,445
440 CONTIMIE
IF (INCR.GT.24) WRITE(7,1025)
IF (INCR.GT.24) STOP
IKCR=INCR+1
TRIAR=DIACINCR)
GO 10 435
445 CONTINUE
E”!!H%!!”!""""‘PIPE SIZING SECTIOH FOR DESIGN HODESSSS$$844888848844444¢

’

C
450 CONTINUE
CALIl. ROUTE (ER,leBTOU!:RUFFvSLPvD]AH;DIST:LPST)SURHAX!Q:UﬂLvHYD:I
1SECT 1 HR+ 4R » 552 GRPK 1 BRANy REACH TDXRTE s IRUK» RUFFN» TDIAK BF B9 SRCHRG
2RDUGH:NUIH1HB10:NDP1)THPGRvTHPG:!iHP:HAXBR;OT)PRNT;TSHIFT)
1F(BRAN.EQ.1.0) TC-TCHTSHIFT
1F(ERAN, EO 1 0 AND.REACH.EQ.0,0) TC=TCIGENTX40,0
TVOL=TVOL
TSM= TSMXfSHX
C 1F(HYDLNFLV0) URITE(7,1130)
IF (OALON.NE.0.0.0R,STORE.NE.0,0) GO TO 455
G0 TO (440,463,455), TRUN
455 GO TO (47044751475)y IRUN ,
450 IF(PRHT)
$ UKITE(?+1215) HODE(IRUN)yBRANsREACH» DISTsROUGH»SLP/100, »XSEC(1SEC
1122 TOIAN:CPA»PENT sCGA s SPAsGFNT+ OF B PKINs PKDESyOUTLET » YOL » SHX
2y TSHIFT/60. 1 SRCHRG
IF (BIAH,GE.TDIAH,AND.PRHT) WRITE(7:1225)DIAN
ii0 10 180
485 IF (PRKT)
$ URITE(7,1215) HODE(IRUH)yBRAN)RFACH,DISTsROUGHsSLP/100, yXSEC(ISE
1CT) s DIAN,CPA+PENT+CGA» SPAs GENT s ECAPyPKINs FKNES s OUTLET » VDL y SNX
2658¥5F1480.;SRCH56

470 JF(FRUT)
$ WRITE(7+1215) HODE(IRUM) s BRAN»REACHs DISTysROUGHsSLP/100,+XSEC( ISEC
17) s TRIAHSCPA PENTCGAs SPAsGENT BFB s PKINs PKDES s OUTLET s OIL » SHX
29 TSHIFT/40, sSRCHRG
GO 1O 4BO

475 IF(FRNT)
$ URITE(7,1215) HODE ( IRUN) s BRAN) REACH, DIST4ROUGH)SLP/100, +XSEC(ISEC
17)DYAHsCPASFENT s (,6AsSPAs GENT rECAP» PKIN s PKDES» OUTLET yVOL 1 SHX
22 TSHIFT/60. 1SRCHRG

c 480 CONTINUE

Cooeo FRINT 1301, ERANREACH) ISECTs RIANsHR yWR s SLP+RUFF » DEPTH) SURMAX
g.... FIND FFAK GF DISCHARGE HYDROGRAPH

C FRINTXs (QCIBs IW) o IW=1)LAST)
OFk=0

10 490 ID=1,LAST
IF (OCIESID)-GPK) 49014901483
85 OPK=Q(I8/ID)
490  CONTIMUE



c
4050 PRFNI= TDIHH

IRUN=IR

IF "FR..[JR Eﬂ 1,0) 60 TO 300

00 199 IJ=1,HRI
RR(IJ)=RR(‘IJ)/FREOR
493 CONTINUE
300 CONTINUE

IF (TEST.ME.END) GO TO 75

Cnn FRINT I(JISCHAI)“SE HYDRO

vess WRITE

Cover WRITE(7,403)FENT»RLFF, DTOUT,FREQR

C
CS“!!"”“““”"““CHFCX Fﬂk CONFLUENCES AT END OF LAST REACHS$S$$$55439448
FAD{MT12140) ENDER,COND
2140 FURHAT(bX: F3.0)
IF (EOF (KT),NE.0,0) GO TO 5491

CS”!19951232%5‘SHN“CHFDK FOR COMFLUENCES AT ENY OF LAST RFACHSS$$$$8884844¢
¢

CHS4545554558454593454430UTFALL, HYDRO OUTPUT PROCESSINGSS$S4$4485854448944459444
5491 UOLUIIJJFAM'\XI(TOTIH ABSTRT/12, 343560, ¥TCPA-DEPG/12, $43560,3TGA»0.0)

T
TOTARS=AHINI (TRAIN» AKSTRT) 843540, ETCPA/12. 4
SAHINL (TRAINK(TGA4TSPA)/AHAX1(TGAs 1 .E~10) s BTPG) 143560, 3TGA/12,
IF (., NOT,RTING) GO VO 9343
IF(PRNT)
HURITE(7,3399)
IF(FRNT)
+ ERITE{741150) TCPA;TGMTSPA
IF (PRNT)

HURITEC726611) TVOL » TSHX
IF(PRNTY WRITE(7,6441) TC/60,0
6641 FORMT(' TIHE OF CONCENTRATIOR FOR THIS STORM = *+F10,3)

QF' LY0L=0.0
bl
H

IF(Q(IB/HM) ,GT.FKCON) PKCOH=O(1BsNH)

DFLLVOL=0FLLVOL$Q( TR MK)¢DTOUTSS0,
a5 CONTINUE

If(DIS) GO TO 9333

IF(FRNT)

RNT
SURITE (711250)-VOLOUT,-12, SVOLOUT/ (TCPALTGA$TSPR) /435604 »
O‘LLUDL 1 12 40FLLVAL/ (TCPAYTGALTSPA) /43580, »
YBLOUT, (12, XV0LOUT/( TDPNTGM-TRPM 7435604)9
_5TOTINF;12 KTOTINF/ CTCPAYTGATTSPA) /43540, ¢
$TOTABSs12, STOTARS/ (TCPMTGAHSPA) /43560,y
$UOLOUTHTOYINF4TOTARS, 12, 8{VOLOUTHTOTINE +TOTABS)/ (TCPAITGALTSPA)

$/43580. y
s;;t(:?aqt);nnsm)u:» 560, LTRAIN/12, » TRAIN

+HRITE(7;20”0) YaLouT :
2030 FO§MAT(// +* QUTFALL HYDROGRAPH(CFS)  RUNOFF VDLUME(CF) =

IF(P
I1E(712031) (O(IByH)vH 1)LAST)

203 FURH 10F8,

RFUEND-ENNIH

PTRAIN=TRAIN

IF(CRTOBS) WRITE(Ss%) DTOUT,LASTsVOLOWY

TF(CRTORS) WRITE(S:4) (Q(18sH)sN=1sLAST)

WRITE(08,8833) 1YRsH¥H,IDY»SToVOLOUT,TVOLPKCONSTC/60.0
8884 FORNAT(3I24F5,0+4F10, 1)

IF(DESSTHIGD TO 9903

RETURM
Coovs REAN IN OBSERVED DMCHARGES
9333 READ(Ss¥) DISTINsMOBS,VOLOBS
77 FORMATUA2XsF3.04/915sF15.0)
KEAD(Sy®) (ODRS(I)+1=1,08S)
74 FORHAT(10F8.0)
c CVOLOR=0.0
C 0 5623 1=1,NORS
£5623 CYOLOR=CYOLOBHQORS(I)440, XDISTIN
¢ IF(ARS(CYOLOB-VDLORS) .67,50,0) WRITE(7»%) * VOLOBS RKOT — CVOLOBS °
c VOLORS=CVOLOB
TFCRTING) GD 10 8083
9988 FINC=ARS{VOLOUT-VOLORS)
C WRITE(7,%) * VUOLCOK= *,VOLOUT,* VOLOBS= *;VDLOBS
C PRlNTh *  VOLCON= *»VOLOUT,® VOLOBS= *»VOLOBS
PREVE ND END}I"IH
FTR
gé]l_(TE(lOBvBBSB) 1YRyHTH, 1DY,ST,VOLOUT » TVOL s PKCON,TC/60,0

IR
8083 COMTINUE
X0BCA(1)=0.0

DD 81 I=2,HORS

81 XOBCA(I)=XO0BCA(I-1)4DTOUT
COH(1)=4COM(1)=0.0
D0 9 I=2,LAST
YCOH(1)=XCOH(1-1)4DTOUT

99 OCOH(I)=B{IRs])
IF(DISTIN,EQ.DTQUTIGB TO 79

Ceoee INTERPOLATE QORS ARRAY AT DBTOUT JHTERVALS FROM DTIN INTERVALS.
’) L INTERP(DISTIMsNIESQOBS ) BTOUT» NXOBS»QX0BSs NDTHs HDTHs PRNT JFAL

$SE
Civer RFFLACE 00ES ARRAY WITH INTERFOLATED GYORS ARRAY

(0RS{1)-X03CA(1)=0,0
D0 43 1=2,HXDBS
XOECA(1)=X0SCA(1-1)1DTOUT

63 DOBS(I)=0XORS(I)
HOES=NXORS

79 COUTINUE
PKORS=0.0
IO 78 I=1sNORS

78 IF{00ES(I).GT,PROBS) PKORS=ROBS(I}
IF{NDBS.5E.LAST) GO 10 867

A13§‘

NOPEP1=HOBS +]

DO 89 I=NORSP1,LAST
89 00ES(1)=0.0
87 CONTIMUE

TYPE(I 4Hk
I‘{T(DTIN/DgOUT)M

IF(LLEQ ) TYPE(T)=al8

IF(O(IB,1).EQ,PKCON) IYPE(I)-MKC

1F(QORS(I),EQ,PRORS) TYPE(I)=4H{0

IF(Q(IBs1) . EQ.FKCOH,AND, I]UFS(I) EQ.PKOBS) TYPE(I)=4HC1D
23 ll;_(l E?)J) J=J4 INT(DTIN/DTOUT)

IF(PRN

$URITE(791250)V0LDBSs 12, WDLDBS/(TEPMTGMTSPA)/HSBO.v

$OFLLVOL, 12, XOFLLVOL/ (TCFAY TGALTSFA)/

+_ YOLOUTy (32, WULDUT/(TCFMTGAH"?M/NSC\O )

$TOTIIF 1 12 4TOTINF/ (TCPALTGALTSPA) /435604

$TOTARS, 12, KTOTARS/{ TCPA+TGA1TSPA) /435609
:}!OLDUTHDTINFHOTARSM .l(UULOUHTOTINHIO'IARS)/(TI‘PMTGMTSPA)

${TCPATCATTSPA)X43560. ETRAIN/12,  TRAIN
1232 FORMAT(/,* TIME ORS-RF  CAL-Q@  GBS-@ *»/y
$ ° (MIN) - (INS) (CFS)  (CFS)*)

IF(PRHNT)
g :“Uiillgé?; 1255) (FLOAT(H-1)XDTOU1»RR{K) »Q(IBsH) »QORS(H) » TYPE(H) s
Hliél(.gkggl).mm(RR;Q)OBBS;TYPE»LASTﬂ1DT0UT1NHIH1NI)N sHAXBRs IB)

+ WRITE(7,4488)
4488 FOI;S%T(S%; '99999999°)

00 8911 1=1,LAST

8811 F3INC= F31NC+(0COH(I)/PkﬂBS)tl‘BS(nCDK(l)-PDBS(I))
F2INC=ARS(OPK-PKOE
FlINC=ARSWOLOUT-UOLUBS)

c $F§§n(12h' FAINC = *sFLINCs* F2INC = *sF2INCy* FSIKC = *»

IF (FRNT)
tERITE(7,8)® FLINC = *»F1INC»* F2INC = *»F2INCy" FIINC = *»
$FIINC

PREVEND=ENDTIN
FTRAIN=TRAIN
c SET FINC IF NO OBJECTIVE FUHCTION IS SET OR PASSED
FINC=999999,
IF(OBJVOL) FINC=F1INC
IF(OBJOP) FINC=F2INC
IF (OBJSHP) FINC=F JINC
WRITE{08,8888) IYRsHTH» IDY»ST,VOLOUT TVOL»GPKsTC/40,0
RETURN
;
1005 FORMAT (32H  TIME SHIFT ROUVING ACTIVATED,)
1010 FORHAT (3XrA2yJ6HPLICIT HYLROLOGIC ROUTING ACTWATEB.
1015 FORHAT (ASH MINIMUK PIPE DIA SPECIFIED < 8-INy

1020 FORMAT (51H CLDSEST COMNFRCIALLY AVAILABLE PlPE SHF CHDSEN ASF10 |

1,2,8H INCHES,
1025 FORMAT (49H PIPE SIZING > 180-IN! PROBABLE INPUT DATA ERROR.)
1040 FORMAT (20A45/91XsA81A42124125121424F5,00410,A71F5,0)
1045 FORMAT (///920R49/ 51Xs3060F5:01 4041 1X0F5.0/7)
1046 FORHAT (20A41/51Xs3A85F3,004A41X+F5.0)
1020 FORNAT (iF10.0,110)
1055 FORHAT (1F10,0530X,2F10.0)
1060 FORHAT (F10,05F10,0s2F5,05F10,054F10.0)
1045 FORMAT (21H THE JOB IS FINISHED)
1070 FORKAT (G4H DESIGN AND EVALUATION BOTH SPECIFIED - DESIGN ASSUMED)
1075 FORMAT (52M NFITHER DESIGN NOR EVAL SPECIFIED - DESIGN ASSUHED )
1030 FORMAT (10F8.0)
1085 FORHAT (48H RAINFALL PROVIRED 0% STANDARD DISTRIBUTION 777 )
1090 FORMAT (13H RAINFALL PATTERN )
1095 FORNAT (10F8.3)
1100 FORHAT (*0 RUN NUMBER  BASIN AREA  TIKE INCREMENT®s
1 TIHE INCREMENT BASIN - BASIN®)
1105 FORHAT ACRFS INPUT(HINS)® 4
1* DEBUS  ROUTING®»/)
1110 FORNAT (IIJ:FlS 112F13 2926%sL195%0A39//)

1115 FURHAT (734 TOTAL RAIN  FRFEQUENCY  DURATION  AMC  PAVED
1 ABS,  GRASS ABS.)

ll“OlFURHAT (7(I)H £3,/ INCHFS YEARS NIKUTES INCHES

1130 FORMAT(//,* HODE  BR RCH LENGTH SLP  SCTN*y

+* DHTR CCPA PENT CGA SPA GFNT CAPAC-O INLT-Q DSGN-Q LTD-G *»

+'RORD-NET RGSTD-DET TSHIFY SURCH*)
1125 FORMAT (9XsF5,206X01517X:F8,148XsF11,2F 14,24//)
1140 FORHAT (4F3.00I302F5,00F5.00119FA4.016F5,0,143:12+10X)
L1143 FORMAT (2F3.04F9.0+F5.00F3.0+F5.0+F3,004F5,0+F3,0:3F5.0411X)
llﬁolggfp\:gm (36H RAINFALL HULTIPLIER BY A FACTOR OF +F3.2+15H FOR THIS

1155 FORMAT (5X»24HMACCUS COHTRIBUTING AREASsIS(IHY)1FB,199%sFS.11F3e1)
6611 FORMAT (1Hts 64X»5Xs *ACCUN DETENTIOND>>>>555355355%5E10,411X5E10.4)
1150 FORMAT (* BRANCH < = 0.0 AND ENDBR = 0,0°)

1175 FORHAT (A3H ORASS EWT ASSUHMER = 20 MIN. GIVE HORE MTA )

1190 FORHAT (37H PREVIOUS BRAMCH HYNROGRAPH NOT FOUND)

1195 FORMAT (41H UFSTREAM ROUTED PiUS SURFACE HYDROGRAPH.}

- 1200 FORNAT (10F8,1)

1205 FORMAT (21H NO BRAMCHES ARE FREE)
1210 FORMAT (53H BOTH STORAGE AND LIKITER O RFQUESTED - STORAGE USED )
1215 FORHAT (1XyASsFA.0+F5.001XsF6,0sF6,30F5, 313X1A3,F5.015FS.1
1:4F7, 1124, 2€10, 3|2X1I’J...yl6:/11‘(;131(1"-
1220 FUR. AT (441 REQUIRED PIFE = 1F5:01F84 2y
1F6,21F1002¢F9,24F13.24//
1223 FDFNAT (10X, 'utEXlSTINS PIFE HAS AHEQUME CAPACITYERE"
10%:" 'JITH DIANEYER OF *+F5,0," INCHES®)

1230 FORHAT (
i F10 2F20F13.20//)
1235 FORNAT (F8,0+F4,00F6,0+F3.25F6.313F542¢F5.05F842:F8,25F10,20F9, 20F

RO

PO

[S—,



{
1
H

PR

R

113,24/}
1240 FORHAT (44H
1F6,2F10,299%F12,1:F13404/7)
1245 FORMAT (634
W10 209%0F12,89F13409/7)

1”50 FDRHAT(///) BLARSEVENT SUNHARYRRRRRER °»/" OBSERVED RUNOFF VOLUM
YF16.00° (9F7.30%)"

A' OUTFALL DISCHARGE UDLGME “1F14,01° (%9F7:35%) %/ /s
1 * COHPUTED RUNOFF VOLUKE *rF36.0s
:' ("F7.3:") % :

73 * COMPUTED INFILTRATIOH VOLUMF °*,F10,0,°
$(° y

;' COMPUTEL ABSTRACTIUH VOLUKE *rF11.00% (*5F7,3,° )'1/:

4* RAINFALL VOLUME FROH ABOVE *+F12.01° (*1F7,31%)"

REQUIRED PIPE = 1F3.01FB42s

'
(*1F7.3°)° 1/!

5* CONTRIBUTING AREA RAINFAIL *sF12.05* (*5F7.35*)°%)

1235 FGRHAT (F8.15F8,3,2F8.1,1%40)

1260 FORHAT (35H COMTINUING ERANCH RECORD NDT FOUND)

1245 FORMAT (29H ENDD BRANCH RECORD NOT FOUND)

1270 FORHAT (38H TRUUBLE FINDING UPSTRFAM HYDROGRAFH )

Edn

FUNCTIOH BETAX(Z/W)
EETGé‘EXF(ALGAHA(Z))tEXP(FIGﬂHh(H))/FXP(hIGPHA(Z*U))

ET

ERI

SUEROUTINE RHYETO (TRAINsUURA2DTOUTsRReNRIsNDIMsSK+RYETOsAPsPEXs0F
$XsPST,OSTsPSTST,@STSTSFRUTY

EFAL RR(NDIM) +PCTT(17),PCTR(17)5SRCNDIN)

INTEGER XRISHYETO

LOGICAL FRHT

DATA PCTR/0499,89214932,77434951.2058,3163.1187: 24
$70,8173,5+79,%84,2+88,5192,5194: 31100,/

HYETO DPTIONS
1=UHIFORN  2=HUFF MEDIAN 3=TRIANGULAR - 4=RETA 5=RI-MODAL BETA

[xixixlrly]

GO T0 (3:1+2:45)y HYETO
IF(PRHT)
HIRITE(7,998)
998 FORHAT("XSRSHUFF DISTR(MEDIAN PT CURVE)RR282*)
D0 8 I=1,11
X=)14.,0
PCTT(E)=X
8 CUNTINUE
N0 10 1
PCTT(I)EPCTT(] 1)410,

CONTINU
YRI=DURA/ETOUT+H .4
SR(l) 0

hﬂ 30 I=2+XR1
X=X+DT0UT
PX=(X/DURAIE100.
D0 15 J=4,17
IF (PX PCTT(J)) 20125015
3 CONTIN
60 T0 30

20 SR(D)=(PCTR(J-1)4(PCTR(D~PCTR(J-1))/(PCTT{N-FCTT(J~1) ) 8(PX-
1 EgT}éJié)))tTRhINt-OI

23 SRUI)=PCTR(.DSTRAINS,01
30 CONTINUE

JJ=XRI

NRI=JJ

RR(1)=0.0

D0 35 J=2,0J

RR(J)=SR(J)-SR(J-1)

35 CONTIMIE

C
Civvs PRINT 92 (RR(J)5J=1,00)

C
C RETURH
GO TO 9997
2 T071=0.0
IF(PRNT)
+WRITE(7,889) AP
889 gﬁﬁhAT('tttttTRl BISTR(AQ="+F3.3:")22822")
INE=0,0

RR(1)=0,0
NRI=INT(DURA/DTOUT) 42
10+0,0
10 200 I=2sNR1
TIKE=TIHE4DTOUT
T0i8=T0
T0=TIME/DURA
IF(Tg.GT.l.O) 807%.0 /8P
IF(AR.GT,0,0)00=(T0R82)/
IF(70.GT.AP,OR.,AP.EQ.,0.0) DO=AP-((T0%22)-2,8T042,$4P-(APR22))/ (1,
2-AP)

IF(AP,GT,0,0) DOH=(TONEE2) /AP
sgf(zgp)GT AP DR, AP, EQ.0.0) DOH-AP-((TOH332)-2.3TOH+2.3ﬁP-(AP!!2))/

RR(1)=(DO-DOH) §TRAIN
200 IF(RR(I).LT.0,0) RR(I)=0.0
C RFTURN

GO 70 9999
3 HRI= INT(HURA/BTUUT)+1
IF¢ PR T)

tWRITE(71779)
779 FURHAT('%!!!!UHIFORH DISTREL22E")

KR{
DR 400 1=2,MRI
400 RR{I)=TRAIN/FLOAT(NRI-1)
N

C RETUR!
GO 10 9999

10

v

139

C
4 NRI=INT(DURA/DTOUT)+2
IF(PRNT)

HWRITE(7,1998) PEXHQEX
1998 FORMAT(" SSSRXBETA DISTR( P = *sF10.3»* @ = *sF10.3,*)ER88E%)
R=BETAX(PEX,QEX)
FRINT®»* BETA = *¢B
$R(1)=0.0
TTHF=0,0
TT=BTOUT/10,
10 500 I=24NRI
TINE=TIHE+RTOUT
ThP=0.0
T0={TIME-DTOUT)/DURA
G0 7501 IRB=1s10
TO=TO+TT/DURA
IF(T0,67,1.0} GO 10 7402
7601 THP=THPETORB(FEX-1,)%(1, HE 20-TOIEL(QEX-1,)
7802 RIAVG=TUPRTRATN/DURA/10. /R
300 FR(I)=RIAVGILTOUT

- C RETURM

GD T0 9999
5 WRITE(7,33333)
33333 EURHAT(' SEERIRI-HODAL BETA NOT AVAILABLE YETSERt3®)
9999 CONTL
Coss CNECS gESIGN STORH TOTA. DEPTH TO SEE IF IT IS COHSISTENT
TR=0,
00 3092 I=1»NRI
3092 TR=TRHRR(I)
IF (AES(TRAIN-TR) .6T,0.020) PRINTE»® INCOHSISTEN DESIGN STORH *+TR

$AIN TR
C IF (ARS(TRAIN-TR),GT,0,020) STOP

ggEURN

SURROUTINE STATUS(GRAPH»DISyEVPRTNsRTNG CAl 1B STHUL yOPTDESs DESSTHs
$CRTOBS, ORJVOL y DRJQPs DBJSHY s PRHT s NSTH s NHy HYE T0s INTERN)
HIHENSION IER(10)

DGICAL GRAFH, LIS, INTERN,RTHGsSTPyOFTDES

LDGICAL EVFRTH,CALTRsSIMUL »OPTDESy DESST, (BIVOL
LOGICAL BB.JOPPRNT,CRTORSsOBJSHP

INTEGER HYETO

DATA 1ER/1020/

STF=,FALSE,

IU:10

HER=C
’{EézgﬁL{B.DR.SIHUL).AND.(OPTDES.OR.DESSTH.OR.CRTDBS))
IF(CALIE, AND,STHUL .ANR, TER(1),EQ.0) TER(1)=
IF(OPTDES,AND,DESSTH.ANDLIFR(1),EQ.0) IER(1
IF{OPTRES,AND.CRTOES, AHII IER(1) (ED.0) IER(1
IF(CRTOBS.RND.BESSIH.AND.IFR(l).E0.0) IER(1
IF(,HOT,CALIB, AND..hDT SIHUL AND, ,NOT.OPTDES ,ARD. .NOT . DESSTH,
$AMD . NOT.CRTOES) TER(

IF(SIHUL.OR,DESSTH, OR CRTDBS) 69 70 10

IF((0BJYOL,OR.ORJAP) , AT, DBJSHF) IER(3)=3

IF (0BJVOL . 4NN, DEJOP , AL, TER(3) .EQ.0) IER(3)=3

IF(,HOY, OBJYOL . AND, ,NOT . OEJOF . AND. JNOT . 0BJSHP) IER(4)=4
IF((CALIB.OR,CFTOES) . AND, .NOT.DIS) IER(5)=S

IF(CRAFH) IER(7)=7

L0 40 1=1,10

IF(JER(I) .NE,O) STP=,TRUE.
40 IFCIER(I).NF.Q) MRITE(IU,S0) IER(I)
30 FORHAT(*  PRDGRAM STATUS ERROR NO.*»13»*,*)
IF(STP) STOP
Cooue DETERH]Nr WRICH DIMENSIONLESS HYETO 1S TO BE USER
IF(OPTDES) FRINTX,® ]NPUT HYETU TYPE(1-UNTFORK» 2-HUFF y 3~
$TRI;A-BETA»S-RINODAL RETA
IF(OPTIES) RFAﬂ(llyl)HYtTD
1F (,NOT,OFTRES, AHM, ,NOT,CALIB) GO TO 20
Cirvs SET NN FOR ORJECTIVE FUNCTION USED
IF(ORJVOL) RN=1
IF(OBJQF) NN=2
IF (ORJSHF) KN=3
NEIN=100

G0 10 30
20 CONTINUE
NsIf=1
30 CONTINUE
Covoo SET SURFACE/PIPE ROUTING STATUS
C  HOTE! TIF SIMULATION RTNG CAN BE EITHFR F OR T AS RFAD-IN,
IF((CALIR,OR.OPTDES).AND, (DRJOP,DR,OBJSHP)) RTNG,TRUE,
IFC(EALIB, OR,OPTEES) JAND, OBJVOL) RTNG=, TRUE,
IF(DESSTH,OR,CRTORS) RTNG=,TRUE,
IF ((CALIR,OR,OFTUES), AN, OEJVDL) RTNG=.FALSE,
Coves  DETERKINE PRINTING STAVIIS
IF(SIMUL) FPRRT=,TRUE,
IF(CALIE) PRNT=.FALSE,
IF(DESSTH) FRNT=\TRUE,
C IF(OPTRES) PRNT=.FALSE-
IF(CRTOES) PRNT=,FALSE,
IETERMINE OBSERVED EVAPORATION NATA STATUS

1

=

IFC(IESSTH) EVPRTN=,FAL
GUMHARIZE FROGRAM RUN STATUS
WRITE(1Us 100)
100 FORHAT(!SXv'lllltRUH STATUS SUHKARYEELER®)
IF(CALIB) MRITE(IU,&
50 FORMAT(® CA!IBRATIUN RUR(WITH OBSERVED BISCHARGES) *)
IF(OPTDES) WRITE(IU,70)
70 FORHAT(® DESIGN STORM OFTIHIZATION WITH DBSERVED/SIMULATED DISCHA
$5GES *
IF(SIHUL) WRITE(IU,80)
80 FORMAT(® SIMULATION ")
IF(DESSYM) WRITE(IUs99)
90 FORMAT(® DESIGN STORM GENERATION *)
IF(DESSTH) WRITE(IU,?1)

NOTE: ChLIBySXWULyﬁPTDES; AND CRTOBS ALL MAY HAVE EVAPORATION OR NOT -



91 §0RHAT(' OHY FILES REQUIRED ARF ‘RFAEL‘y ‘CNTRL‘» AND ‘RASIN‘®

IF(CRTOBS)WRITE(1U,110)
110‘£g¥gsT(' SIKULATIOR TD CREATE DISCHARGES FOR DESIGN STORM OPTIHIZ

')
1F(OPYDESIWRITE(1U,170) HYETO

170 FORAT(* ™ HIETOGRAPH TENFORML DISTRIBUTION *311,* USED")
1FCINTERN) WRITE (105120}

120 FORMAT(*  INITIAL PARAMFTER SETTING INTERNAL BY SOIL GROUP*)
16 CNOT, INFA) WRITECIUr 30)

130 FORKAT(*  INITIAL PARANFTER SEYTING READ-IN')
7 (OPOES,OR .CALTE) AND. DRNIOLTWRTcEt 0 140}

140 FORMAT(*  RUNDFF YOLUAE ORJECTIVE FUKCTION USED®)
TFC(UPTDES. DR, CALI2) 4D, OBJOFTURTTE (IUy 150)

150 FORAT(» " PEAK DISCHGRGE ORUECTIVE FIRCTION UsED") .
1F C(OPTDES R CAL 1K) , AN, OBJSHE INRTTE )

160 FORRAT(" " RYDROGRAGH SHAPE OBJECTIVE FUAGTION USED®)
IFCPRNT) WRITE(TUy180)

160 FORATC DETATLED PRINT-OUT 10 ‘RESILE" FILE®)
1F(, NOT, PRNT) WRITE(1U, 190

190 FORfATCE - DETAILED PRINT-0UT T0 ‘RESULT* FILE SUPPRESSED')

200 FORRATCY - ha b OF SIMULATION LODPS = *+13)

&' N 1
TCRING) WRITECTOUS1

210 FORMATC: - SURFACE/WIPE ROUTING ACTIVATED®)
IFCNOT,RTNG) WRITE(IUy220)

220 FORHAT(*  SURFACE/PIPE RDUTING URMCTIVE®)
WSTIE (10,2303

230 FORNAT 6 SEE38END OF RUN STATUS SUMHARYERESE')

ENR :
SUBROUTINE RSNRRCK(NNIH»MAXRR)NIPL,NN10y
177 AR»GADy PASR yGGR+GRs Q2R s RR+Q0BSsRRX» QT+ SR> TRPGR THPQ,
20Y.08S» TYPE s XOBCA» DCOH» YEHF y XCOM)
DINENSION XB(Z5)|FAIL(251!00)JﬁlP(ZS),XDEL(25125)1X0(25)
DIMENSION DEL (259 23) s XHIN (‘J)vUU(2JrZJ)1"(2J12J)1N[RY(25)
DIMENSION X{78)sSUCFAL{25)sL (23 90}(2

Clllitittttt!it!l!tlltttttlt!t!llttlltlll!ttltll!ttttlllllttltlii!lllltl!ttttt!t

Coves ODEFINITION OF HAX-DIHENSIONING FOR ILLUDAS AND ITS SUBRS
DINFNSTON A4(NRIH)»AR(NIIN) + GARCNDIH)
DIMFUSTON PASR(NRIN) +GER(NNIN)+GR(NNIH)»Q(HAXBRNDP1)
DISENSION RI(HDIN)yRR(NDIH)»QOBS(NDIK)
‘DI¥ENSIUN RRX(NDIN) »QT(NDIN) ySR(NDIK) y THPGR(ND10) y THPQ(NI1O) y TEMP(

DIMENSION OXDBS(NNIK)»TYPE(NDIN) s XOBCACNNINY»OCOM(NRIN) »YCOM(NBIN)

(RERESREEAs 22T bt ab 0t iaRral sttt ittt et s tistiddttaatitsatitatsisnitiseisity

CD”HUH/ZZZZST/NORJrNCNST:Hl K2
COMNDN /RSN/NsFPLUS,FEXsFXNsL(25) 5U(25)
k?g{CEL FAILySUCFAL

ALFHA=3,0

RETA=0,5

CALL EOUNDS(LyU)

CALL INITX{XsNsNCsRIsLsU)

;R&H FCAP-FHIN 1.E99

PRINT ;" INITIAL STARTING POIRT VECTOR = *y(X(IND),INU=1,N)
CALL. OBJF(XyFXNyNDIMyHALRRNDP1yND10y
lﬁﬁyﬁR;GAD!PﬁSRlGGR,GR!ﬂlRIlRRlﬂUBSlRRXlﬂTlSRlTHPfR!THPﬂ!
20XORS» TYPE y XOBCA»(ICGH, TEMP yXCOM s H)
CALL NORM{X)

FHIN=FXNHEXTRA(X)

FRINT ¥3* OBJ FXN = *sFHIN-FEXs"
FRINTE,®

FPLUS=FCAP=FHIN

D0 333 J=1sN

?Eﬁ(J)=0.0
333 XHINCI)=XB(I)=X(I)
D04 J=1N

QOO0

PENALTY FXN = *»FEX

10 4 I=LN
BEL(Js1)=XDEL(Js1)=0,0

4 IF(J.EQ.I) DEL()I)=XDEL(Jy])=1,0
NSTAGE=]

NOBJ=0
EFS=0.1/,66666666666666666
P§=0.035
+  PERFORM EXPLORATORY STAGE
S EPS-EFSE, 6866666666648
b IF(NSTAGE EQ.1) GO 70 &
EF5-0,0
10 9900 I=1,N
PRINT: XMINCI)XO(I)
9900 EPS=EPSH(XHIN(I)~X0(I)) 882
EPS“nHAXl(O.OSJEPS)
PRINT %y* EPS -
IF(FPS LT 0, 0000000001) RETURN
3 CONT!

& 00 l N
X0(J)=XHIN(J)
[0 1 I=1M
1 §“8L(Jvl)=DEL(J11)=XDEL(J;I)!EPS

NSTAGE=NSTAGLH
FEXHIN=0.0

0 N
FAIL(Jr1)= FﬁIL(J|2)=.TRUE.
SUCFAL{J)=\FALSE
3 NTRY(J) 2
2 J=JHt

IF(J.GT.H) J=1
10 10 I=1+N
10 X(I)'XB(I)fXDEL(J:I)
CALL UHNORR(X)
CalL UNNURH(XB) )
PRINT %»' START OF ITERATION BASE PT = *s(XBCIND)»IND:1)N)
PRINT #»* INCRENENT NORM. VECTOR *sdy = ®»(XDEL{JyIND)»IND=1,N)

rer

[l lorTor N o BN o ]

xR ylel

140

PRINT 5% AY FUINT *y (XCIND)s IND=1,M)
NMIRYCS)-NTRY (D) H
© CAIL HORK(XR) -

CALL._OBJF(XyFXNyNDIHHAXBRNDPY

14AvAR"GAD sPASR y 0GR, GRy 02 R+ RR» GOBSsRRY20T SRy TNPGRy THPOy
20X0ES TYFE 1 XOECA» QLOH» TENP A XCONM)
oy

BRIIT 2 XUREIN = ©JFUN2-FEX®  EXTRA = *SFEX
TF (FUN2.LEFNTH) PRINT Rs® SUCCESS!!!®

1F (FUNZ.GT.FHIN) PRINT £,* FAILURE???*

PRINT ¥¢' *
IF (FUNZ,LE,FHIN) 100,200
100 EGIL(J,NTRY(J))=.FALSE.

301 I=1HN
%B(l);XB(I)fxﬂiL(Jvl)
IF(XLEL(Js1),NF,0,0) NII=I
TF(XDEL(Jr 1D, NEL O, 0)ALP(J)= hlP(J)+XBEL(Jlel)/BEL(J;HII)
301 XDEL(Jy I)=XDEL (Jr I)RALPHA
FHIN=FUH?2

FEX?EIFEX
200 EAILéJ;NTRY(J))-.TRUE.
50 XDEL(J;I)=-BETA!X"EL(J;I)
B0 &0 JJ=1,N

IF(FAIL(JJSNTRY(JJ)) +AND. o NOT.FAIL(JJsRTRY(J)-1))
$SUCF, L JJ}=,TRUE,
60 CONTIN UE
D 998 JJJ=1,N
998 IFé.ggT SUCFA((JJJ)) G0 10 2

89 UU(I:I)=0.0
B0 90 J=LWN
D0 90 I=1,N
50 UU(115)=U(1:I) =UU(1s 1) 41 FCJYEDEL( Ly I)
10 106 I=1,N
106 TU=THHUB(1, 1) 382

DD 107 I=1,N
107 XDEL(1,1)=Ul1,1)/SORT(TH)
D 105 J=2:N
[0 105 I=1,H
103 gU{JﬁI)=UU(J-1vl)-N P(J-1)2DEL(J-1s1)
1N~
DD 208 J=2»H
80,0
00 207 I=1,N

WL 1D=Uu(J 1)
00 20B K=1,MIi

N
401 UTDELK=UTDELKHUU(Js IR)RXEL. (Ko IO)
208 WS, D=N(D 1) UTDELKSXDEL(Ky 1)
207 TU=TUHN(Js 1)R%2
D0 209 1I=1,M
209 XnEL(J;II)-BEL(J;Il)-U(J;ll)/SBRT(TU)
206 CONTINUE
DO 901 1=1;N
$01 DEL(1,1)=XDEL(1,1)
FRINT %9* ALP-VECTOR *
FRINT R2ALP(1) 4RI P(2)
PRINT %,* U-VECTORS®
FRINT £y (UUC151)1=152)
PRINT 8y (UU(2y1)4121,2)
FRINT %»° W-VECTORS®
FRINT $y(N(1y1}11=12}
FRINT %5 (W(2y1)y1=1,2)
FRINT 8,° XWEL-VECTORS®
FRINT ¥ (XDEL(1»1)r1=152)
FRINT %5 (XDEL(2y1)y1=1,2)
FRINT &»* DEL-VECTORS'
PRINT $y(DEL(1,1),1=1,2)
PRINT &y (DEL(2,1),1=1,2)
DO 306 1=1,N
XB(I)=XHIN(I)
206 ALP(1)=0,0
FRINT®s* OBJ FXN = *»FMIN-FEXNINs* AT HORW. (“)
SOMINCIP) s IP=LyN)» ") *

0RH (XK
»* DBJ FXN = *)FNIN-FEXNIN)® AT UNHORH. (*»
$OXNINCIR) IP<1HN)» ") "

CALL NORH(XHIN)
PRINT!?EHNO. OF STAGES = *,NSTAGE-1," NO. OF FXN EVAL =

$NORJ
Covss FLACE OPT ENMING CRITERIA HERE
gF{R»{AGE +£0,200) RETURN

G0 T0'S
ENU
SBUILD LIRRARY
. BTYPE RFL ) _
2By RsREL/INPT » INFLTN; DELSs THE TINEAYGRENT» INTEN, DETEN
4By 8sREL/PAYENT ) RHYETD,LINITQyROUTE s CAREA s SRFRNFF y INYERPSDLYACCT

A
c ¥Bs29REL /MRITEX .
C lBrlnREL/SUKR1PROBLEHRRFPURT:BUUHDSvOBJ@vILLUBAS
UBROUTINE INPT(NDIKsHAXERsNDP1
gUﬂH%HT}DAT&/ SHS(36£)|IDYéT(ZS)vSTHO(ZJ)1hYST(2J)vIDYED(2J)vEDH0(
$25)9DYED(25) » YRST(23) » YRER{23) yPANRAT » TRANRAT » OBy NRCH
$,RAIN(I68) yEUNPT (344) sNDDYMD(12) 1 NSTH(348) sAEVAPT(12) 1 NYRS

COMHON /LOGIC/PRNT DESSTH,OFTDESySIHUL CRTOBS ) CAL IB/EVPRTA
1,815, GRAFH, RYNG» ORJYOL s ORJOP » OBJSHP
. COHMOR /OPT/PAR(25Y9F0,FCIKIF 1CoIRRsFCAP yPYDABIGRIAR DLYPER s

B3 8sREL/SETPAR) STATUSyREPORT s RSNBRCK s EXTRA s NORH» UNHORNsPOLY s FLEXT s FEASRL» ST

— et
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|

LGNT»PHT s RFF 1 AHCo IURs APy FEX.y QEXs PST 1 BST+ PSTST»QSTSTSFOD
C COMNON /INF/FOsFCyKIFyIIDELT AL PHAIFCAPCoDLYPER
CORHON /TNF/ODELT AL FHA
COMMOR /MOIST/TSHS(20,20)sFACTOR(20+20) 2 DIRT(20520) s IBX(35)y
FIRX(33) s THFSHG(35) s HYETO
INTEGER YRSTsSTHOsDYST YRENyERMOsDYED) OPTHO
%ggfﬁﬁ? YEAR1» YEAR2: YEARZSHYETG2FOD
LOGICAL GRAFH:DISs INTEKN: DYURRERsRTNG)STP2OPTRES+ANS
LEGICAL EVPRTN)CALIR)SINUL,DESSTH)OBJVOL
LOGICAL DBJQFsFRNT)CRTOBS,0BISHP
DATA NODYHO/31,28y31,30+31530+315 311309319305 31/
RATA PAR/IH FOs3H FCa3HKIF, 3N Cv3ﬂﬂRR:3hlCP:BHPUD:3HGRB:3HDLY:
ZgnﬁgTJJHPNI;SHRFFs3HﬁHC;3HDURy3H APy JHREXs JHOF X2 3H PEy3H OFs
413
Civvs ARRAY AFVAPT IS THE AVERAGE DAILY PAN EVAPORATION FOR EACH MONTH
DATA AEVAPT/.00975.02145,0548,1446,20463 s, 23804 ,25979
t. 24431.1968:.14101.01331.0037/
NAMELIST/FARA/FOsFCyKIF »Cs DRRyFCAF yPYIAR: GRNARs DLYPER
$:6NTSPNTREF s ANC ) DUR AP+ PEXs QEX PST s QST PSTST, 0STSTy
$PANRAT TRANRAT OB
FRINT®y* INPUT THF PROGRAH DIMYNSIONING *
FFnD(llrt)NDIH:
ROPL=HO KL
NUIO NDIHE10
PRINTYy* INPUT THE SOIL GROUP(1-4) AND THE AMC(1-4) *
REAT{11,X)GROUP) AKC
c REAR IN LUGICAL PROGRAN PARANETERS
PRINTY;® hRAPH1&(8:EUPRTN;RTNG!CALIB!SIHULvOPTBESyDESSTHvCRTOFSvBBJ
$VOL 5 0B.JDP, 0B.JSHP sPRHT» INTERN®
EAD(11,%) GRAPH,DISsEVPRTNIRTNGsCAL IRy SIHULyOPTDES, DESSTHsCRTOBS
irnkJVDL:UBlﬂP;DRJSHPyPRVTvINTE RN
CAL STATUS(GRAPHDIS)EVFRTN, RTNG s CALIBy SIMUL »OPTIES sIESSTHy
SggzgggégngDLyDBJUPrBBJSHP:PRNT;NSIH:NN:HYETU:INTERN)
PRINTXs® INPUT THF ND., OF YEARS OF SIMULATION *
RFAD(ll;l)NYRS

00 9944 I=1,NVRS
PRINT%s* lNPUT THE STARTING YEARy NOHTHy & DAY OF SINULATION °
FRINTEs* FOR *yIs' YEAR,®
RFAD(llr!)YR"T(I)rSTHD(I):DYST(l)
PRINTAs® INPUT THE ENDING YEAR» MONTH» % DAY OF SINULATION ®
READ(11sX)YRENCI)sENHOCI) s RYER(T)
IF(YRST(I) NF,YRED(I)) PRINT»" YRST ,HE, YRED *
9941 IF(YRST(X)NE.YREMMI)) STOP
Cever COMPUTE THF ETARTING DAY AND EHDING DAY FOR EACH YEAR
D0 8332 NYR=1,sNYRS

IDYST(HYR)=0
IST-STHO(HYR)

00 2 I=1,18T
IF(I.EQ,STHO(NYR)) GO TO 3
IDYST(HYR)=IDYST (NYK)+NORYHO(T)
IF(1,E0.2,AHD, ( (YRST(NYR)}/4)¥4,EQ, (YRST(NYR)))
$IDYSTINIR)=IDYST(NYR) H
2 CONTINUE

3 IDYST(NYR)=IDYST(NYR)4DYST (NYR)
IDYED(NYR)=0
TEN=ETHO (NYR)
M & I=1,IED
IF(1.E0,EDHO(NYR)) GO TD 7
IDYED(HYR)=IDYED(HYR) $NODYNO{I)

IF(1,EQ,2,ANM, ((YRFD(NYR) )/4) 84 .EQ. (YRFD(NYR)))
$IVEDRI=TOVER(HYR) 1
6 CONTINUE
7 INYEDCNYR)=IDYED(NYR) DYED(NYR)
8832 CONTIMIE
Cooee INITIALIZE FOR GCS PLOT OUTRUT
2368 IF(GRAPH) CALL USTART
Covrs INITIALIZE FARAHETERS
IFCINTERY) 8042,8043 ]
C.os NOTE! BASIN CAN ONLY HAVE OHE SET OF PARAMETERS
8012 TALL SETPAR(FO.FCsALPHAYFCAP + TFCP+Co THAX GROUP sKIF
+40R DLYPERs PANRAT + TRANRAT y RUFF )

0 T0_8045
Coooe INPUT THE INITIAL STRFET ARSTRACTION AND GRASSED AREA ABS,
3043 FRINT®s " INPUT THE INITIAL PAVER AND GRASSED AREA ABSTRACTIONS *
READ(1118)PURAR, GROAR
FRINTSs *FOsFCyKIF sCy DRRs FCAFy DLYPER9GNToPRT »
$RFFANCH DURs AP s PEXSQEX s PSToOST,PSTST,OSTST®
READ(11+8)FQsFCoKIFsCyIRRsFCAP s M.YFERsGNTsPNToRFF
$AHC TR APy PE XS GEXs FST)QSTSPSTSTQSTST
EéNgAT=.9 § TRANRAT=.12

0.0
8045 CONTINUE
WRITE(10sPARAY
URITE(7yFARA}
HRCH=Q

2569 ENER=0.
FEﬁﬂ(uy.069)IBRyIRCH-ENDBRrTEST

2059 FORNAT{2I3,F3.0,58XsA%
IF(ENDER.NF 0.0} GO TO 2569
84=5PA=C6A=0.0
READ(612669) BAsSPAYPSPA+CGAsPCGAs GROUP

2669 FORKAT(EXyF9,008XsF5,01F3.0915X+F5,00F 3. 0115XsF2.0)
IF(SPA,NE.0,0} 6O TO 3249
SFA=PAYFSPAL0.01

3269 CONTINUE
TF(CGA.NE,0.0) FD 0 3369
(GA=BAKPCGAX0.

33469 CONTINUE
NRCH=NRCH# 1$IRX(NRCH)=IRCH#1 $ IBX(NRCH)=T BR¥1
IF{CGA.EQ.0.0) FACTOR(IBX(NRCH)+ IRX(NRCK))=0.0
IF(CGA.EQ.0,0) GO TO 301
FACTOR(IBX(HRCH) s IRX(NKCH) ) =(CGAISPA) /CGA

301 IF(YEST.EQ,3HFND) GO TO 1234

60 10 2069
1234 WRITE(7,3344)

141

3344 FORHAT(® FACTOR ARRAY ECHO®»/»5(* B R FACTOR®))
WRITE(7,896) (IBX(I)-1,JRX(I)-1sFACTORCIBX(I) 2 IRX(T))s11)NRCH)
896 EOQHAT(5(2I3:F10 W)/}

&

SUBROUTINE IRFLTN(NRI s F 1, DEPGsNGSR s SPASR s ARYPASR s NDSTHsNREACH)
!CthSPAICGAyTOTINvTOTINF:TRAINpA-PHA;NDIH:PRNT)

DIHENSICH - PASR(NDIM)» AR(ND

L COMMOH /INF/FO:FC:KrBELT:A'PHQI:FCAP:TOT&L;DLYPER

COMON /INF/DELTSALFEAL

CO4HO0M_/OPT/PAR(2 5)vFOvFCvKvaULRvFCAPIFURhHyCRDABrDLYPFRv
L1GNTsPHTyRFF s AHCs IURy AF Y FEXs QEX sFST,RST,PSTSTHQSTST FOO

CORMON /HOIST/TSNS(20,20) sFACTOR(2052 0):DIRT(”0120)1IBX(35)1
+IRX(35)1THP°HS(35)

L K
LUFICAL PRNT
C FCAP=(FO-FC)%0.1%(1,46ROUP) /X
c TOTAL=(FO-FC)/X
C

DIFF=TOTAL-FCAP
Covvr DYSDRN REPRESENTS THE NUHRER OF DAYS REQUIRFD TO PRAIN THF SOIL NANTLE
C-.-. FROM SATURATION 70 FIELD CAPACITY,
+see THE RANGE OF THIS PARAHETER IS USSUALLY FROH 2.5-3.0 PAYS DEPEMDING
C.... ON THE SOIL TYPE,
C DYSIRN=3.0
Civvo ALFHA REFRESENTS THE HYSTERISIS OF THF DEEP PERCOLATION REING

Cover LESS UHEN THE HDISYURE CONTENT IS DECRFASING(ND INFILTRATION) COAPARED TG
Cover THE DEEP PERCOLATION WHEN THE MOISTURF CONTENT IS INCKFASED(INFILTRATOH).

C ALPHA=(DIFF/LYSDRN)/(FC¥24.0)
PRINT®s ' FCAP="sFCAPy* TOTAL=*yTOTALs* DIFF="4DIFFs* ALPHA="»ALPHA
RFFUOL=DEPG
T=THE(FI)
SPASR=0.0
NGSR=0
10 10 I=1)NRIst
IF(ARCI)-DEPUOL) 10052005200

100 EEPUOL=DEPUOL-AR(I)

1=0,0

AR(
G0 10 300
200 SF(I) AR(%) DEPVOL

300 CONTINUE
e
| J
Coevs NEXT 2 STATEHENTS TRANSFORM POINT PERVIOUS SUPPLY T0 AREAL SINFLY
¢ TF(DELRLLE, DELF) PASR(I)=DELR/(2,kDEL
C IF (DELR, BT, IELF) PASR(I)=DELR-(HELF/2.0)
PASR(T)=AMAX 1L (RELR-DELF+0,0)
DELF=AR(1)-PASR(I)X(LELT/£0.)
C PRINTR "I=", 1, "BELF=*yDEY F
SPASR= SPA‘R*PQSR(I)!DELT/bO.
IF(LELF,GT,0,0)F1=F I4DELF
Coves IF HD INFILTRATION OCCURS NRAIN SOIL MANTLE
IF(PASR(I),GT.0,01) NGSR=I
T CGA%43560 XDELF /12,0
OTINF= TDTINF# A
10 EE EILAi 'gﬁgiﬁtn FI-FCAT.GT.FCAPR(FO-FC)/KIF)
L FHA
Ceses RESET SOIL HOISTURF FOR SURSEQUENT STORMS WHICH START (H SANF DAY,
IF(HOSTH,EQ, 1) RETU
THPSg?(NREﬂCH)=FI-FC!T

FUNCTIDN NELS(T)
c COIMHON /INF/FOsFCsKiDELT»ALPHAIFCAPsCyDLYPER
CONMOH /INF/DELY,ALPHA
CRHHON /OPT/PAR(2D) 1FO+FC K Cy DRRsFCAP+PYNARYGRDAB: BLYPERy
IGET(PNTrRFF1Ah61DUR|APyFEXvﬂEXyPSTyQSTquTSTvﬂSqulFOD

RT=DELT/50,
TPOT=T4DT
SE%aRQC!TPDT FCHT-(FO-FC)SEXP(-KETPDT) /K4 (FO-FCISEXP(-KBT) /K

ENN
FUNCTION THE(FI)
Coare CUHPUTATION UF EQUIVALENT TIME DR HORTOR INFILTRATION CURVE

E.... USING THE INTERVAL BY-SECTICN METHOR.

CORON, /TNF /F0-FCok, LT L P CAE oLy DLYPER

COUON 700, PAR(ABY HONFC, K, DRRoFCAP1FUMBYGRIARY L YPER
JOFT/PAR(2Y [} ' ’ L ]

1gn1,Pur,Rrr.Anc.nuniApirsi,ési.Psr.asr,Psrsr,nsrsr,run

EAL K
_ IF(FL.LEL040) FI=0.0
IF(FI.E0,0.0) THE=0.0
IF(FI £6,0,0) RFTURH

FU FI FC8TUH(FO-FC)AEXP (-K¥TU) /K~ (FO-FC) /K
IF(FYU.GT,0.0) THE=10,0

IF(FU661.0.0) RETURN

TL=0,

10 FU=FI-FCETUH(FD-FC)REXP(-K2TU) /K~(FD-FC)/K
FL=FI~FCSTLH(FD-FC)$FXP(-K¥TL) /K-{FD-FC)/K
TI=(TU+TL)/2,0
FTI=F1-FCYTI+(FO-FC)XEXP(-KATI) /K- (FO-FC)/K
IF(ABS(FTI/ARS(FTI)-FU/ARS(FU)),LE.0,001) TU=TI
IF(ABS(FTI/ARS(FTI)| FU/ARS(FU)) 6T40.001) TL=TI
IF(ARS(FTI),GT.0.01) GO TO 10
THE=TI
RETURN

ENII

SUKROUTINE TIHFA (s ENT» DTOUT) NAL s HAXAsCAYNDIM)PRRT)
DINENSION A(NDIN)

LOGICAL PRHT

[
E.... COHPUTE ANM STORE TIMF AREA CURVE



3 AAS=ENT/DTOUT
TAAS=ARSEL.O )
NAI=TAAS
IF (MAT.E0,1) GD TO 20
ASUN=0
NIX=HAL~1
DO 10 H=1,NIX

A(N)=CA/ANS
10 ASUN=ASUKEACH)
A(NAL)=CA-ASUR
HAY=NAL+1
DB 135 N=HAYsHAXA
A(N)=0

135
G0 T0 3¢
20 A(1)=CA
DO 25 N=2,HAXA
i) AN)=0
c 30 CONTIMIE
Covvs FRINT 70
g»... PRINT 80s (A(N)sN=1,NAT)

RETURN

END
SURROUTINE GRENT (GENT»GAsGLENGGSLPyENTsPRHT)

LOGICAL FRNT
GENT=0,83%(,A0¥GLENG/(GSLP/100. YEL0. S) L, 487

[ lorlal

Cesss FOLLOWING CARD USED FOR SERIES OVERLAND FLOM SYSTEM
CovesoNOT USED FOR PARALLEL SYSTEM.
GENT=GENTHENT

-~

RETURN

o, Qoo

ENR

SURRGUTINE INTEN (RI»ABSTRToNRI»RTOUTHRsNDINsPRHT)
RIMENSION RICNOIN)
LOGICAL PRNT
SUR=0.,0
00§ J=1,NRT
SUR=SURtRI(J)
IF (ABSTRT-SUB) 10+10s5
3 RI(N=0.0

IFCPRNT)
t HR%TE(?:IOOS)
10 CONTINUE
RI(J) SUB—ABSTRT
B0 15 K=1,MN
RI(K)= RI(K)/DTOUTHR

13 CONTINUE
20 CONTINUE

C
E-... FRINT 705 (RI(J)sJ=1+HRT)
RETURH

C
1005 FORMAT (SIH ARSTRAT GREATER THAN RAINFALL IN SUBROUTINE JKTER)

BiD
‘3¥B§gg¥}NE DETEN (GRyGRPKsLAST+STORF » DTOUT+ RRANsREACHs VOL yRNIHs
DI&ENSIU#RSR(NDIH)vGT(NUlH)

LOGICAL PRNT
DTHAX=5TORE$1000.0
DTOUTSC=0TOUTS40.0

[
E.... FRINT 200,G6RPK

anir=0.0
QLiIC=GRPK/50.0

S J=0
voLiAx=0
HIKE=LAST
DO 10 K=1,NDIN
arK)=0
10 CONTINUE
VL0

Q0UT=00UTHRINC
IF (QOUT) 40440415
5 J=Ji
AVAIL=GR (J)4V0L/DTOUTSC
DIFF=AVAIL-QAUT
IF (DIFF) 20920523
20 8T}J)=AVAIL

)=
G0 710 35
25 01(J)=Q0UT
YOL=DIFF3DTOUTSC
65 (UULHQE.ST.UOL) G0 TO 30
30 IF (YOL.GT.DTHAX) GO TO §
35 CONTINUE

[

Chose PRINT 3005 J5Q0UTsAVAIL»DIFF sGRCJ) 18T (J) 1 VOL»VOLHAXs DTHAX
IF (J.LT,LAST) 60 TO 1%
IF ¢

\LT,5,0) GO TO 45
HIKE=MIKE$1

IF (HIKE GT (NDIN-1)) GO TO 45
GR(.IKE) 0

G0 T
40 IF(PRNT) WRITE(7,1005)

¢ 30 CONTINUE
Covvv PRINT 2015GRPK
RETURN

C
1005 FgEPAT (33H NO SOLUTION IN SURROMTINE DETEN )

SUBROUTINE PAVENT (PENTsPL)PSICPAIPRHT)
LUSICAL PRNT

¢

Covvr APFROX. BY KFRRV(1959) FOR 1 <= 1200 FT

Cover ASSUNE N=0,40
PERT=0.83%(,025PL/(P5/100, )E80.5) EX, 467

[arlerl

RETIIRN

[xlx]

S ESEHAT (244 IHPERVIOUS ENTRY TIHE= sFé.1,4H KIN)
¥

SURROUTINE RHYETO (TRAIN:BURA:DTOUT,RR:NRI-NBIH:SR-HYETB:AP'PEX:DE

$X:PST1G9¥1?STST:U TyPRUT)
RR( NDIH)1PCTT(17)0PCTR(17),SR(NRIH)
INTFGER XRISHYETO
LOGICAL FRAT
DATA PCTR/0499469211932.79434951420%8: 316341167429
$70,6973,5179.,75184,2,88,5, 92,5196, 31100,/

HYETO OPTIONS

[xiulaxlerlel

G0 TO (35152+4+5)» HYETD
1 %=-4,
IF(PRUT)
+YRITE(7,998)
998 FORMAT (*XBBRHUFF DISTR(MEDIAN PT CURVE)SSEKIS*)

8 I=1,11
Y440
PCTT(I)=X

8 CONTINUE

0o 10 é%l?vl?

PUIT(1)=PCTT(I-1)410,

10 CONT INUE
é§2=DURA/DTOUT§1.1

x=0

16 30 I=24XR1
X=X+DTOUT
F¥=(X/DURA) %100, .
be 1

3 J=h17.
IF (PX-PCTT(J}) 20925515
CONTINUE

60 10 30

20 SR(I)=(PCTR(F1)+(PCTR()-PCTR(J~1)) /(PCTT(S)-PCTT (J~1) ) E(PX~

1 PCTT(J-1)))¥TRAING.O1
G0 10 30
) SRCDI=PCTR(JIRTRAINE.O1
CONTINUE

JU=ARL
NRI=JJ
RR(1)=0.0
I 35 J=2y4J
RRC(J)=SR(J-5R(J~1)
35 CONTINUE

[
E.... PRINT 92 (RR(J}9J=11JJ)
RETURN

HWRITE{74889) AP
389 FORMATC*SXXRRTRI DISTR(AO=*sF5.3y*)EELEE")
TIHE-O.
RR(1)=
NRI= INT(DURA/DTOUT)+1
00 200 1=2,NR1

TIHF=TIMELDTOUT
TO=TIHE/ DUQA
BO=(T0¥%2)/
IF(YO GT AP) DO=AP-( (TOXB2)~2, ETOH2,3AP-(APS2) ) /(1,-4F)

) Do=1,0
RR(I)=(DOXTRAIN-TOT)
IF(RR(IDLLT,0,0) RR(I)=0.0

200 TOT=TOT4RR(I)

RETURR
3 NR!=IN}(DURQ/DTOUT)*1

HURITE(7
7% FORHhT('!t!ttUNIFORH DISTREREEE")

RR(1)=0,
L0 400 I=2sNRI

400 RR{ID=TRAIN/FLOAT(NRI-{)
RETURN

1= UNIFDRH 2-HUFF MFDIAN 3=TRIANGULAR A=RFTA 5=RI-MODAL. BETA



(N

4 N:;FéNT(DURNDTDUT)H

HURTTE(7,1998) FEXsQEX
1998 FORHATC® XXARXRETA DISTR( P = *sF10.30* @ = "yF10,3,*)8k1ts")
B=BETAX(PFX,QEX)
RR(1)=0,0
TIHE=0.Q
00 500 1=24NRI
TIKE=TINE+OTOUT
T2=TIHE/DURA
T1=(TINE- DTUUT/Z 0)/DURA
T0=(TIHE-DTON
THR= TOXHPEX 1 )t(l -TO)“(DEX*].)
THP=THP4T1RR(PEX-1, YE(1,~-T1)EX(0EX-1.)
THP=THP4T2RR(PEX-1, )X(l ~T2)¥R(0EX-1,)
RIAVG=THPXTRAIN/DURA/I, /B
300 RR(I)=RIAVGRETOUT
RETURN
3 WRITE(7,33333)
33333 g?g?h” * ERXLERI-HODA! BETA NOT AVAILARLE YETERR#f*)

ENN

’SUE;F:;(NT%NE LIKITO (GRyGRPKsLASTsQALOM DTOUT s BRANSREACH VOL s NDTH,

‘I-I(I,H;NSIUN GR{NDIN) QT (NDIK)
[lTDUTSC"NUUTléO 0

¢
E. o»+ FRINT 2004 (GR(3) 9 J=1,LAST)

QaUT=0ALOW
J=0

VOLKAX=0
HIKE=LAST
DO 5 K=1/NDIN
0T(K)=0,0
3 CONTINUE

A"(«IL'GR(JHUDL/DTOUTSC
LIFF=AVATL-00UT
IF (DIFF) 15/15:20

13 3J|(J)=AVAIL

GO 10 25
20 AT()=00u1
V0L =DIFFERTOUTSE
If (UOLHAX GT,V0L) GO T0 25
0L HAX=Y0L
25 CONTINUE
IF (JLLT.LAST) 60 T0 10
IF (VOL.LT,5.0) 6O TO 30
MIKE=HIKF+1
IF (HIKE.GT.(NIIK-1)) GO T0 30
GRINIKE)=0.0
60 10 10
30 GRPK=00UT
VOL=4'DLHAX
LAST=HIKE
00 35 K=1,LAST
GRK)=BT(K)
kH] CONTINUE

C
E.. +++ PRINT 201y (GR(J) ¢ J=15LAST)
RETURN

ENB

SUBRBUTINE ROUTE (GRs IRy DTOUTsRUFF 150+ DIAKy LENGsLASTy SUKCH: 05 YOL 1K

1YBy ISECT Ry NRs SSsGRFK y RRAN)REACH) IRXRTE » IRUM RUFFM» TBTAM, OF By SRCH

2RGyROUGH,NDINsND10+1NTP1 » THEGRy THPQs TEKE y HAXER, 01 »PRNT » TRAVTIN)

‘51135?51?;’! BR(NDIH)vO(HAXRRrNI)Pl)vTHPGR(NBlO)vTHPO(NﬂlO)y TEMP(NDIN
’

COUMDN CAPAC FLAREAsVELOCA0(51),00(511sLSTSCT

COHHON /A0DQ/ AQP(S1)900F(51)sHO(5L)

REAL LENGLS

IHFEGER HYD

LOGICAL SRCHRG:DEBUG:DESIGN:‘iIHJLyBFBlN:PRH]

IF(GRPK.GT,0.01) 6O T0 8901

00 8903 I=1sNDIH

8903 D(IR:1)=0,0

LAST=NDIN

SRCHRG=,FALSE,
SURCH=0.0

RETURN

8901 SLOF=50/100.
AVUL=viV
TEND=LAST
LSTSCT=300
SRCHRG-.FALSE.
SIHUL=SRCHR
DESIGH= SIHUL
DEEUG=IESIGN
IF (HYD.NE.0) DEBUG=,TRUE,
IF (IRUN.EQ.1) DESIGN=4TRUE,
IF (IRUN.EQ.2) SIHUL=,TRUE,
IF (DESIGN) ROUGH=RUFFN
IF (DESIGN) CAFAC=OFR
IF (DESIGN) FLAREA=D, 141592654lTDMH"DIM/(14‘..“)
If (DESIGN) \JFI 01 “CAPAC/FLARF
IF (DESIGN) 1=1
IF (SIKUL) ROUGH=RUFF
IF (SIHUL) DIA=DIAN
IF(ROUGH.LE,0,0) ¥RITE(7,3) _

3HI_-:BRRI1?T(' HANHINGS ROUGHHFSS COEFFICIENT ZERD IN SUBR ROUTE-EXC ENR

c

143

IF (ROUGH, LE 0 0) sTop
00 5 I=1,HDI

5

TEKP(I)= 0 9
0(18,1)=0.0

b 7 I=14NR1O

7

THPR(1)=0,0
THPGR(1)=THFQ(T)

UGLIN=0.0
10 10 I=1,1END

10

VOLIN=VOLIN4GR(I)#DTOUT%60,

I§ (DEBUG. AND.PRNT AND. ISECT.EQ.1,0R. ISECT,EG,2) MRITE(7,1015) GR
P

IF (DEBUG,AND.FRNT) WRITE(7,1020) VOLIN
IF (DESIGN) GO T0 30
GO 70 (25515s40}y ISECT
5 FLAF?LHR\EH?(" $HR12, tUR)
HRADS| A/ (2, .
UEﬂUC=1 +4BAIHRANY(2, /34 Y250RT (SLOP) /ROUGH

20

25
30
35

40
LK

39

40

43
70

73
80

C
CDIQO
C

8
90

l]?l\fi‘ACT:UELOClFLAREA

DEFTH=0,0

B0(1)=DEPTH

A0{1)=00(1)

[=]41

IF (1.£0,51) GO 10 45

DEFTH=0+028RRDEFTH

AG(1)=A0(I-1)40,02
Q0CII=A0CIIRR(S, /3, )RC(2,EHREZ BHR)/ (2 EREPTHNR) ) 282, /3,)

G0 10 20
I11A=DIA/12,
FLAREA=DIAXR223,141592654/4,0
VELOC=1,486%(R1A/4. 00422, /1, )SORT(SL.OP) /ROUGH
CAPAC-FI AREARVELOC
IF (LSTSCY.EQ.1) GO TO 70
g 35 1=1,%1
AN(D=A0PLT)
00¢1)=00F (1)
CONTIHUE
G0 T0 70
LS=1./5%

TELFHR=0,0
TEHFHR=TEHPHR$0,5
HRATI=TEXPHR®(WR4 TERPHRSLS) / (NR$2, #5ORT (1, 4LSSLS) STEHPHR)

FLARFA=TENPHRE (WR1TEHPHRELS)
CAPAC=(1,486/ROUGH) SFLAREASHRANER(2, /3, )RSART (SLOP)
VELOC=CAFAC/FLARFA

If (CAPAC.LT.GRPK) GO TO 4%
l‘&PlH 0. 02¥TEHPHR

I=

AQCI)=A0(I-1)40.,02

IF (I.EQ,51) GO TO &5

FXN=A0(I)-(DEPTHE (URADEPTHELS) ) /( TEHFHRE(KRHTENPHRELS) )
I (ABS{FXN).LT.0,03) GO T0 40

BEXNDD==- (WR+2, KDEPTHELS) / (TEHFHRE (RRHTEHPHRELS))
BEPTH=0EPTH-FXN/DF XD

Go T

P0=(I.UIR?§JSURT(I +LSRLSIANERTH) / (UR42, £SART( 1, +LSELSISTEHPIR)
00(1)=AN(T)AX(S5,/3,)/P0R(2,/3,)

G0 T0 50

AOLS1Y =1,

Q0(EL)=1,
IF (DERUG.AND,FPRNT)  WRITE(7,1025) CAPAC
SEGIN=,FALSE,
D[\ 75 _I=1:MDIH
IF (BEGIN) GO TO 80
IF (GR(I)+GT.0.01.ANT. ,NOT,BEGIN) JSTART=I
IF (GR(1).,6T7.0,01) BEGIN=,TRUE,
CONTINUE
CONTINUE
IF (DEBUG,AND.PRNT) WRITE(7,1005) (GR(I)s1=1,1END)
If (GKPK,GT.CAPAC) SRCHRG=,TRUC.

WRITE(71501) SRCHRG

IF (,HOT,SRCHKG) 60 TO 95

SURCH=0.

*D0 90 I=ISTARTyIEND
IF (CAPAC-GR(I)) §5,90190
SURCH=SURCH# (GR(1)-CAFAC ) $DTOUTS40,

CONTINUE '
CALL Ll}ﬂflb(GRrGRPKyIEND;CAPAC;DTDUTuBRAN;REQCH:PUDL:NRIH;DT:PRHI’)
VOL=ARAX1 (VOL,PYOL)

75 CONTINUE

IF (DEEUG,AND,PRNT . AND, SRCHRG . ANI, ISECT,EQ+1 AR, ISECT.ED42)  BRITE
8
1(6!\(1)11 1, 1END)

TRAVYTH=LENG/ (GRPR/CAREA(GRPK))
IF {TRAVTIN,LE,DTOUT$40./10.0) GO TO 100

G0 T0 t10
100 IF(FRAT) NRITE(7,1010)

D0 105 I=1,IENR

1035 Q(IRy )=GR(D)

IRCAR=TEND
VALOUT=VOLIN
IE %EEE’-U(&.AND.PRNT) WRITE(7¢1035) TRAVTIN

C
110 IF (DEBUG.ANRWFRNT) WRITE(7y1035) TRAVITH

DT-TRAVTIN/404
IF (TRAVIIN/60.0.LT.DTOUT) GO TO 115
i) 70 120



oo

15 (I;Alﬁlﬁ {ETEDRP {DTOUT» IEND+GRs DT IENDP » TNPGR o NDIN» ND10s PRHT» SRCHRG)
60 TO
120 'X'g[\)( (TRWTIN/&O )/0TOUT
X=IN
IF (XNDX FLDAT(NHX) GE.0.F) NIX=NDX+1
0B 123 I=1+1FND
128 THPGR(I)=BR(I)
DT=DTOUT

130 NT=DT%60.0

18HIFT=4

IF (TRAVTIH- DTUUTMO..GE 1€-04) ISHIFTaNDX

00 135 I=ISTART .
135 ’fHPO(I\‘!SHIFT) THPGR(I)

1QEND=TENDHISHIFT

IF (IDXRTE,EQ.1) 60 TO 150

J-ISTART-1

IF (TRAYTIN.GE.DTOUTH40.) J=ISTARTHNDX-1
140 J=JH
02-THPA(JH)
ITER=L
CAREA1=CAREA(THPGR{J))
CAREA2=CAREA(THFA(J))
CAREAZ=CAREACTHFGR(J+1))
ALPHA (BTOUT*éO )

FREVF=0
1}1‘5 l(]IllXRTE JE0,2) 02=THPGR(J)HTHPGR(JH1 ) -THPRL)) + (CAREAP-CAREAZ)IILE

IF (02.6T,CAPAC) (02:CAPAC
IF (02,L1.0.0) 02=0,0
THPA(J41)=02

IF (J41.GT.IQEHD) 60 TO 150
IF (IDXRTE.EQ.2) GO TO 140

COHST=THPGR(J)+THPGR(J+1)-THPR(J)+ (CAREAL +CAREA2-TAREAS) SLENG/DT
CONST=CONST }

c 145 F=CONST-CAREA(02)SLENG/DT-02

IF (PREVF,LT.0,0,ANDF,GT.0.0) M.PHA=AL PHMZ.O

IF (PREVF.GT,0,0.,ANDLF.LT.0,0) AlLPHA=A.

IF (PREVF,LT.0,0.ARD,.F.LT,0.0) ﬁLPHA'ALPHA!O 666

IF (PREVF,GT.0,0.ANDF (6T,0,0) ALPRA=AI PHARO. 646

IF (ABS(F).LE,0,1) THPA(JH1)=i12

IF (ARS(F).LE.0,1) GO T

0 140
IF (ITER,GE.100) URITE(7;1040) Fy THPER(J)+02
0;-8”+F/ALPHA

F=F
IF (02,6T.CAPAC) 02=CAPAC
IF (02.L7.0.0) 02=0,0
IF (ABS(O”-CAPAC).LE.IE-M.ANI!.F.BT.0.0) XVOL=XVOL4F
IF (ABS(02-CAPAC),LE.1E-04,AND.F.6T.0.0) GG TO 140
IF (OZEGOOANBFLTOO) GDTO 140

(TFR=ITFR+

IF (ITER. GT 100) WRITE(7,1045) ITER
IF (ITFR.GT.150) WRITE(7:1050)

IF (ITER.GT.150) STOP

G0 10 145
150 CONTIHUE

‘ﬁsu)_ INTERP (DT/605 1GEND» THPRy DTOUT» IGENDP» TENPsND10»NBIHs PRNT» SRT

10END=IQENDP
YOLOUT=0.0
00 155 I=1,JOENR
Q(IB’I)=TE35%16 1By 1)2DTOUTEE0
b “YoLEuT=YoL| (IBy .
40 IF (DEBUG,ANN,FRNT) WRITE(7,1055) VNLOUT
IF (DEBUG,ANR,FRNT) WRITE(7,1060) (Q(IBsI)s1=1sIQEND)
IF (DESIGH) CAPAC=0.0
IF_(DESIGH) VELOC=0.0
1.§1SCT=ISECT
LAST=10END
RETURN

1
1

1005 FORMAT (34H DESIGN HYDRO REFORE CAPACITY LTD #/910F8.1049(/»10F8,1
1))

ORHAT (49H TRAVEL TIHF SO SMALL THAT RDUTED =RESIGN HYDRO. )
{8{(5) FORQQ} (38H PEAX @ BFFORE REACH CAP, REDUCTION = sF10.1»5H.CF
1020 FORMAT (35H CONTINUITY CHFCK--INFLOW VOLUHE = »F15.1)
1025 FORMAT (21H CAPACITY OF REACH = 4F10,1,15H IN SUBR ROUTE.)
1030 FURHAT (51H DESIGN HYDRG AFTER REDUCTIOH FIIR REACH CAPACITY »/»1

F8.
1035 FDRHAT (?9H TRAUEL TINE FOR THIS REACH =vF10,2/9# SECOMDS.)
1010 FORMAT (194 ZEROFD CONT F)I(N &%gNZi}gHrzl;ngNT IMLW 2 9F10.244

SENT OUTFLOM FOR WHICH (.
10451%?5?\% (75H 5%{55?]1_0!’ ITERM!ONS IN ROUTE FOR IHPLICIT HETND ITER
ONS FRESE 8
1050 ?'[SIIRHAT (81K TERHINATIUN DlE T0 EXCESSIVE ITERATIONS OF IKPLICIT ME
0 }gkgﬁ‘} (gglslggngEUlTlY"EHﬂ):K QUTFLON VOLUME = »F15.1)
= yF15,

%0‘6'(5) FORHAT (20H RDUTED DCSIGN HYDRO»/510FR,1549(/»10F8.1))

END

FUHCTION CAREA (
COIMON CAPAC;FL“RFA»UELOC:M(SI)vﬂO(Sl),LSTSCT
RAT10::Q/CAPAC
IF (ABS(RATIG-B0(51)).LE.1E-04) CARFA=FLAREA
IF (ABS(RATI0-00(51)),LE.1E-04) RETURN
IF (ABS(RATI0),LE,1E-04) CAREA=0.0
IF (ABS(RATIO0).LE.1E-04) RETURN
IF (RATIO.LE.00(2)) I=2
}]5 éR‘In%OSIiE »00(2)) GO 70 10
IF (ABS{(RATIO-R0(I)).LT.ARS(RATIO-GO(I-1)) AND.ABS(RATIO-RO(I
{ ))sLT/ABS(RATIO-00(I$1))) GO TO 10

144

5

¢
Cives

IN
XYY}

=

CONTINUE
WRITE(7,1005) @
WRITE(7,1010) RATIO
IF (RATI0,GT,.00(51)) I=51
IF (RATI10,GT.00(51)) RATIO=1.0
IF (RATI0,L1.0.0) I=2
IF (RATIO.LT.0.0) RATIO=0
CONTINUE

Y3-A0(IH)

X1=00(1-1)

X2=00(1)

X3=00(141)

A= (Y1-Y3-(Y2-YI) R(X1-X3)/{X2-X3) 3/ (X1 R42-X 3082~ (X1~X3)RLX24X3))
B=(72--13)/(X2-X3) - (X24X3)3A

CY3-X30(X38A4B)

CAREA=(AKRATIONS24RIRATIOIC) SFLAREA

FRINT 22AsResCoRATIOsCAREA IoX19X29X39Y11Y2s Y3y
Q0 (T41)5A0(141) -

RETURN

1005 FORNAT (44H DISCHARGE OUT OF RANGE OF AQ VS BO CURVE @ = »F10.1)

1010

B"“
Cuoo

230

[

130
210

Xy

Corer

FORHAT (21H DISCHARGE RATIO(B0) = +F10.3)

SUBRUU"NE SRFRNFF
$(GRyGRPKyPRINyCPAYCGAsSPASNRT » RRy TSHSsKTF »CoPTRAINsPREVEND ST
SECAP )y DLYPERSEUPPAN s FANRAT s ARSTRT s PYDARy TRANRAT » REPGsFO4F Cy
SOTOUTHPENT sMAXA,HYDs BRANRFACHs HOSTHyNREACHy TOTINs TOTINF s ALPHA,
:EEEITI{GAD;RT%INgﬁN‘;IHrGGR!ARlRllPASRIAvRRATITRMﬂvlLT!GRMBv
SIHENSIDN GR(HOIH) yRRINDIH) s TSHS (204 20) y GAR(NDIN) »G6R(NDTN) » AR (NDT

,ER'}("FI") sPASR(NDIN) s A(NDIN)

REA. KIF
LOSICAL RTINGsPRHT
$4544 44884 84934SURFACE RUNOFF CONPUTATION SECTIIHSSSS$S5545555885588888848

FOR AREA =0 IN HIR BRANCH

D0 290 J=1,NDIN
GR(J)=66R(J)=0.,0
CONTINUE

GRFK=0.0

PKIN=0.0
HGSR=HEND=NGEND=0
IF (CPA+CGASPA,LE.0,0) RETURN
IF (CGA/LE.0.0,ANR, NDT.RTING) RETURN
IF (RTING. AND,CGA,LE.0.0) GO TO 133
CHANGE THE RAINFALL SUPPLY RATE TR REFLECT SPA CORTRIBUTION
DO 210 T=1,MRIs1
ARC(I)=RRII)E(CGATSPA)/COA

CONTINUE

DETERHINE FI FOR THIS REACH T0 INITIALIZE INFLTN ROUTINE
SLHSTR=TSHS(INT(BRQNHIvINI(REACHHI)!(FO—FC)/KIF/C
IFCILT.E0,1) PTRA
IF(ILT.EQ.1) FR VEN 0

DETERINE THF EVAPOTRANSFIRATION RETWEEN STORMS STARTINS O SAME DAY,
RETERKINE THE HOURS BETNEEN PREVIQUS STORM £ND AND PRESENT

STDRgTﬁTgRT(I;gnggL')IIPLE STORK STARTS ON TPE SANE DAY

HOURS: FAINT(ST/100,)
Q-PREVEHDMO H40 /60 YSAINT(PREVEND/100, )

C
[
c

TAYS=HOURS/24,
PRINT!:ST:PRFVI:ND
PRINTE, DAYS = *yDAYS

FLACE RREL00X OF THE DAILY RAINFAM L INTO THE SOIL
SLNSTR=AHIHI(TSHS(IHT(BRAN)M-INT(REI\CHHIHPTRAIN!(CGMSPM

$/CGAYRRATC)

[
C
Crose
c

Coves
Corre

[
[

FRINTX»SLHSTRy TSHSCINT (BRAN) +1» INT(REACH) 1) s PTRAINsCBA» SPA
$1RRAT,C

DRAIN SOIL IF SLHSTR 1S 6T FCAP

IF {SLHSTR-FCAFSC 6T 0,001 ) SLHSTR=ANAX1 (SLNSTR-DLYPERSDAYSsFCAPIC)
PRIN"y!'CﬁP'EUPPAN:PANRMv[lAYS

EVI=EUPFANEPANRAT 4D

ARSTRT= AHIN!(AHAXI(ARSTRT FTRAINY0+0) 1EVP s PVDAR)
EYPT=EYPHEUPRTRANRAT

FILL GRASSED MSTRGCTION RESEVRIR WITH RAIN

DEEP=0MAX1 (DEPG-FTRAINS0.0)

DEFLETE GRASSED I‘RSTRAC'HON RFSEVOIR WITH EVAPORATION
QEFGPP=AHIN1 (DEPGF VP +GRDAB)

FRINTEs* EVFPAN= *,EVPPANs* EVP= *yEVP

ADJUST THE EVAPOTRANSPIRATION FROM THE SOIL DUE TO INITIAL ABS
EVPT=ANAX1(0,0,EVPT4CFPGP -DEPGPP)

DEFG=DEPGFP
EYPT=EVPTSLHSTR/C

SIMETR=ANAX1(0, 05 SLESTR-EVPT)
SLMSTR=(SLHSTR/C)X(FO-FC)/KIF
PRINTRsSLHSTRyCoFOsFCHKIF

THX=-ALOG (1,0~ KIF!SLHSTRI(FD—FC))/KIF

FI=TRXIFCHSLHSTR

CALL THFLTN(NRI2FIyDEPGsNGSRySPASRsARsPASRs NOSTHsNREACH,

$CPAsSPAYCGAI TOTINy TOTINF» TRAINALPHA, NDIKsPRNT)

133
135

140
145

PRINTRy* GRASSED AREA SUPPLY RATE *»(PASR(I7)+17=1sNG5R)
IF(,NOT.RTING) RETURN

PRINT®,® ABSTRT= *)ADSTRTs® DEPG = *»DEPG

IF (CPA) 135,135,115

o 140Rn‘: lyND(I)H

CONTINIE

G0 10 180
CALL TINEA (fsPENTDTOUT»NALyHAXAsCRAsHDIKs PRNT)
D) 150 N=1,HR1




[

RI(K)=RR(N)
150 CONTINUE

CALL INTEH (RI;ABSTRTsNRIsDTOUVHK,NDINsFRHT}

Covvo COMFUTE GROSS PAVED ARF
C:... THE) TINE aRea D OB A HYDROGRAPH RY COHVOLUTION OF LINEAR(NW.R.T,

NEND=NRIHIAI-1
IO 155 L=1s¥RI
H=L-1

10 160 -1
hetlr]TMAT

A
R (N)=GR(N)$1GR
160 CONTI
145 CONTINE e
170 IIF(FPI!‘T)i:J;I” 1
i TE{7+11£5) BRANREACH
1165 FO{\'P;“T (/71271 THPERVIOUS AREA HYDROGRAPH2F10.1)

¥ RITEC71070) ¢
LU0 FORAAT (395,9) horrsLeHEAR)

175 IF (CGA) 25002
1 cu.n}x,m 260,180
T OISR 250126012
ats Sy oA
L1, TIEED. (G0 GENT, RTOUT NGRS HAXA» COANDIKAPRAT)
Coor COIUTE PRGCL RERID THYOL
Gorv» CBIFLTE EROS: FERULOUS AGFA WYROGRAPH BY CONOLUTION OF LINGARCHLR.T.
10 243 1=k

- LD L‘l‘j J= }:NCM
F['CR'PrSF\’L)!GA[\(J)

G3R ) =657 () 4GDGR
_ CONTINUE

l 1(‘0 )
EN AREA HYDROGRAPH)

oz~4-

- "'"FFF-CV TIPERVIOUS AMN PERVIOUS HYDROS AT DISIGN PT

LERT (RPROM,ENDFRON» ARRFROISy DTOy K+ ARRTG REGFROMs RNGTD

FFR3HL )y ARRTO(1)
;‘1 :;ENSTD:RNGFROH
il

Tr-ArTeqa e

FROM) URITE(711005)

1) WRITE(7,10139)

R0H) STOF

Ji=g

5070 2
M- ;)!DFRDH GT,1E-04) GO T0 235

AT

10

D Al b LT

=13

e

i
S2H) JPENMFREH-1
B 60 70 20

JEDFROU-TOTO) LLEARS(FLOAT ( JK-2)DFROK-TOTO
%) ) JP) l'{! N - LYEIFRON-T0T0) .LE, ABS(FLOAT ¢ JX)XDFRON-TNTO
h

IF (FISiFLOaT -1 l"l"‘""-T 70) JLEARS(FLOAT( JK-2)RDFROH-TOTO
%)) so)TaﬂlgoﬁFS(FLO "(.. JRIFRGA- TOTE)  LELAES(FLOAT(JK) RDFRON-TOTO

15 CONTINUE

20 Y1=ARRFROM(Jf~1)
Y2=ARRFROM(JP)
Y30

IF (JP.HE,ERDFRON) Y3=ARRFRT:C: D4}
IF(ABS(AHAXI(AHS(YI Y2):ABS(Y" Y& ATV N)LLE0,001)
+ARRTOCK) =(Y14Y24Y3)/3,0

IF(ABS(AMXIMRS(YI-W)vARS(YZ Y3)ARSIYI-YE)LLEL MY G270 &

7
)X(% "I::LOAT( JP-1) §DF ROH-DFROH
kAl
- -X3)) 7 (X1¥k2-X3042- (X1-)] MY
'B: %2 Y3)/(X";X3) Ko XIE2- (X1-X3) R {X24X
ARRTO(K) =AXTOTORE24BATOTOHC
IF (ARRTO(K).LT,0.,0) ARRTO(K)=0.0
IF(MNIIQ'}O;E).EQ 104 0) 60 10 47

Covass  RESTRICT INTERPOLA;ED VALUE TO HIGHEST DATA PT IF lDCﬁl 0PT,

IF(A.E0,0.0) GO

XKAX=-B/2,/A

IF(XMAX,LT,X1,0R, XHAX,GT,X3) GO TO &

I:F‘g't.LT +0,0,AND, ARRTO(K) . GT.AMXHY]:Y £Y3)) ARRTO(K)=AMAX1(Y1,Y2,

L)
IF(A/BT.0,0.ANDARRTOCK) LT /AMINL(Y1,Y2,Y3)) ARRTO(K)=AMINI(Y1:Y2)

145

URFACE RUNOFF COHPUTATION SECTIOHSS$$$88848484488480408¢0¢

$(3)
67 CONTINUE

¢ IF(T0T0,EQ47,50,0R, 1070,EQ.42 SO.AND.AF.‘RFROH’.E).E[}.B.?S)
C  SPRINTX:® JP=* le' YI Y1yt Y22t qu Y3=*9 Y5 X1="1X1s
€ $° X=Xy X3=aXEet p=tefl Bt 9t €=*yCy" ARRTO("1K+*): *»ARRTO(K)
c & T0T0='5T0T01' ENDFRON= yF‘(DFRU’h DFRON=",DFRON:* DT0=°sBY0,
C €7 JKUOM="» JKI Dy YHAX="2KNAX
IF(K,EQ.RNGTD) RETURM
- K=k
TOTO=TOTO4DTO
GO T0 10
235 ARRTO(K) =040
RETURH

c

1005 FORHAT (1H0,50H INTERFOLATED-FRDH ATRAY DUT OF RENGE TR INTERP.,.)
1010 FORMAT (1HOs 481 IMTERFOULATED-TO ARRAY OUT OF RANGE IN INTERF...)
1015 FORMAT (1H0»37H EXECUION TERHINATER INTERPssses)

END
SUBROUTINE DLYACCT(RAIN,EVFPANsNRCH: FANRAT TRANRAT 1 NCPGoARSTRT KEX

$NEV, SHS)
c COHNOH /INF/"D:FC!K:[‘ELTIM FHAsFCAP, s I YPER
LOMON /INF/RELT AL FHA
couHon IUPT/PAR(ZJ)!FO1FC’K1[‘:RRrFCAP,NDnBvGRﬂARsDLYPERy
1BNTvPNTDRFFlMCvBURyAP1PEX1OEXsFSTyRST:PqTqT)OSTSTlmU
COMHDN /MDIST/TSHS(20:20) sFACTOR(20520),IIRT(20520) 5 IBX(3D)»
+IRX(35) s THPSNS(35)
Cevee SURROUTINE FOR DAILY MOISTURE ACCOUNTING
00 10 1=1,NRCH
SHS=TSHSCIRX(I) s IRX(I))
1F (FACTOR(IBX(I)+XRX(1)),£8,0,0) GO TO 10
Ceves PLACE RRE100Y OF THF MAILY RAINFALL INTO THE SOIL
SNS-ANINI(SHS'EMAXI(RMN DFPG»O 0)LFACTORCIEX(I) s IRX(I))ERR,C)
Covee I\RMN SOIL IF SHS 1S GT
(SHS-FCAFRC, GT.O 001)SHS'AHAXI(SHS-DLYFFR;F(‘AP!C)
EVP EUPPANEPANRAT
ARSTRT=ANINI (AMAX1 (ARSTRT-RAINs0.0)4EVFFYDAR)
EVPT=EYPHEVPETRANRAT
Civee FIl.L GRASSED RRSTRACTIUN RFSEVOIR MITH REIN
EPGP=AHAX1{DEPG-RAINS0.0)
Cooee DEPLETE GRASSED ABSTRADTIUN RFSEVOIR WITH EVAFORATION
REPGPP=AM [1(DEPGPHEVR ) GRIAR
Coses ADUST THF WAPUTRANSPIRATIUN FROH THE SOIL DUE TO INITIAL RS
EVPT=AMAX1(0,0sEVPTHREFGP-FPGPP)

0 cg;asummmnxu))-sns
€ WRITEC7;0)® DAY = 'y NORJ »* RAIN © *sRalNs® EVPT=":EVPT* DEPG=
€ #9,DEPG)* ABSTRT = *sABSTRT,* SHS= *
€ . PRINT&s* RAIN="sRAIN)® EVFFAN-' :EVPPAN:' 1DAY="*NDBJ
€ PRINTE,* SNS= *sSHS
RETURN

END

SUEROUTINE SETPAR(FOsFCoAl FHALYFCAPs

+TFCP,Cy THAX s

+GROUP KDYy By DLYPER - PANRAT » TRANRAT#RUFF)
c DINFNSIOH TSHS(20420)

REAL KRCY

KDCY=2,0

IF(GRUUP LE.Z.O)FD 12.0-2. OXCROUP

IF(GROUP, 7.0 3,08(GROUP-2,0)

FL=EXP( .804719- -715009!GROUP)
ALPHA=-KDCYSALOG(1,-FC/FO)

C=FOR(1,-FXP{-ALFHA/KDCY})
+/A1FHA
FCAP=(FO-FC)80,1%(1 ,+GROUP)/KICY
TFCP=-ALOG(KPCYSALOG( (FO-ALPHARFCAP
+)/FC

H/

+A1L.PHAHL . 0) /KNCY
THAX=-ALDG(KDCYRALOG (FO-AL PHARIC

+- 0 01))/F0

)/
MLPHAH 0)/KRCY

0,0
venr DYSDRN_IS THF NUMBER OF DAYS IT TAKFS THE SATURATED RASIN SOIL TO
vese  DRAIN TO FIELD CAFALTIY

YSDRH=3,0

ALPHAL={ (C-FCAP) /DYSDRN) / (FC£24,0)
rees PEME?TOIS THF FRACTION OF POTENTIAL EW\PDRATIDN 0 PAX EVAPORATION
vees TRANRAT.IS THE ARRITIONAL FRACTION OF FOTENTIAl EVAPORATION
vvee WHIEH IS TRANSPIRATION(THIS IS USED TO COMPUTE POTENTIAL

iy TEVN’()TR‘\N?PIMT 10W)

RUFF=0,015
RFTURN

SUBRDUTINE STATUS(GRAPH, DISsEVPRTNs RTNG» L. IB2 STHUL y OPTUES s RESSTH:
$CRTORS,0BJVOL 1 ORJGP»ORJSHP s PRHTYRSIN: K HYEVD» INTERN)
ﬂlﬂiﬂﬁogkm(g NTERN,RTNG:STP+OPTDES
OGICH s IS INTERNS 1STPy
tOGICAL EVPRTN:CAL%&SIHU Ly OPTDES s DESSTHDRIVOL
LOSICAL ORJOPsPRNT,CRTORS:0BJSHP
INTEGER HYETO
BATA 1ER/ !0‘0/

Ill 10
IF&!‘Z?LIF LOR,SIMUL) ,AND, (OPTDES.OR, DESSTH, OR,CRTOES))

$IEl
1F (CALIB,AND,SINUL , ANR, TER(1),£0.0) TER(1)=t
1F (OPTDES.AND, DESSTH . AND, JER(1) (EQ,0) IER(1)=1

ER(.E0.0) k(A=
IECORTORAND-CRIGES-AND: HEREL) EG.0) Ttkul

IF(.NOT CALIB.MB..NOT SIHl.IL ANDL NDT, OPTHES AR NOT (DESSTH,



$AND, HOT,CRTOBS) [ER(2)=2
TF(SIMUL,OR,DESSTH, 0N .FRTDBS) 59 10 10
IF ((DBJYOL, DR, OBJGF) , AND, OBJSHF) TER(3)=3
IF (OBJYOL + AND, DBJQP . AN, TER(3) ,£0,0) IER(3)=3
IF (. NOT +OBJVOL . AND., (NOT , OBJGP . ANTL, ,NOT, DRJSHP) IER(4)=4
10 IF((CALIB.OR OPTDES) +AND, (HOT,DIS) IFR(5)-3
IF(GRAFH) IER(7)=7
D0 40 I= 111
IF(IER(1) NE,Q) STF=.TRUE.
40 IFCIER(T) NE,0) WRITE(IU,50) IER(I)
FURHAT PROGRA STATUS ERROR NO.*yI3s*.")

IF(STP) STOP
Cives DETERMINE WHICH DIHENSIOW! ESS HYEYO IS TG RE USED
IF(OPTOES) PRINTH,® INPUT HYETO TYFE(1-UNIFORM,2-HUFF,3-
$TRIy4-BETA,S~-BIHODAL BETA)®
IF(OPTDES) READ(11,%)HYETO
IF (,NOT .OPTDES. AND, ,NOT,LALIB) GO T0 20
Covvs SET NH FOR OBJECTIVE FUNCTION USED
IF(0BJVOL) HN=1
IF(ORJOP) NH=2
IF(DBJSHP) MN=3

HS5IH=100
GO 10 30
20 CgNTlNUE

30 CCHTINUE

Covns SET SURFACE/FIFE ROUTING STATUS '

C  HOTE! IF SIHULATICH RTNG CAM BE EITHFR F OR T AS READ-IN.
IF¢(CALIB.OR,GPTDES) L ANN, (ORJOP,OR, OBJSHF) ) RTHG=,TRUE,
TF((CALIB.OR, OPTDES).AND 03JV0L.) RTHG=, TRUE,

IF (DESSTH.ORCRTOES) =2 TRUE,
IF ((CALIB.OR,OPTRES) , AN“ UFJUOL) RTNG=,FALSE.

" Covor DETERMINE PRINTING STAVUS
IF(SIKUL) PRHY=.TEUE,

IF(CALIB) PRNT=,FALSE,
IF(DESSTH) PRNT=,TRUE.
IF(OPTDES) PRNT—.FALSE.
IF(CRTOBS) PRHT=,FALSE,
Cvoo DETERMINE OBSERVED EVAFORATION DATA STATUS

Cosss NOTE: CALIBySIHUL)OPTDES, AND CRTOES ALL HAY HAVE EVAPORATION OR HOT

IFCDESSTH) EVPRTN=,FALSE,
Coeve a??gARIZE FROGRAN RUN STATUS

100 FURHAT(ISXv'X!XX!RUN STATUS SUHMARYEELSX")
IF(CALIB) MRITE(IUs40)

50 FORMAT(* CﬁIIPRﬂTIUH RUR(WITH ORSERVER DISCHARGES) *)
IF(OPTDES) WRIVE(IU:?

70$;UEgAI§' DESIGN STORH OPTINIZATIOH WITH DESERUED/SIHULATED [TSCHA
Y

IF(SIHUL) WRITE(IU80)
0 FORHAT(* SIMULATION Y
IF(DESSTH) WRITE(IUs90)
90 FORMAT(* DESIGN STORH GENERATIDH *)
IF(DESSMN) WRITE (U
1 FORKAT(® oMLY FILES RFOUIRFD ARF ‘RFALL’s ‘CNTRL’» AND "BASIN'®

$
IF(CRTOBS)WRITE(IU,110)
110‘;?§3315' SIKULATION TO CREATE DISCHARGES FOR DESIGN STORN OFTINIZ

IF(OPTRES)WRITE(JU»170) HYETO

170 FORMAT(® HYETDGRQPH TFHPORAL DISTRIRUTION *+I1,* USED®)
IFCINTERN) HRITE 10s1

120 FORMAT(® INITIAL FARAHFIER SETTING INTERHAL BY SOIL GROUP*)
IF(NOT INTERN) WRITE(IUs130)

130 FORHAT(®  INITIAl PARAMFTER SETTINB RFA" IN®)
IF((OPTDES.OR, DALIB).ﬂNH OBJVOL JRRITE(IU; 140)

140 FORHAT(®  RUNOFF VOLUME OBJECTIVE FUNCTIOH USED*)
IF((OPTEES,OR, CALIB) AND, ORJOPYRRITE(IU 150)

150 FORMAT(®  PEAK DISCHARGE DBJECTIVE FUNCTIDN USED*)
IF{(OPTDES, OR, CALIB) AN, ORJSHP MR TE (1Us 1

160 FORHAT(*  HYDROGRAPH SHAFE DBJtCTIUt FUNCTIDH USED*)
IF (PRNT) HRITE(IU:IBO)

180 FURMAT(*  DETAILER PRINT-OUT TO ‘RFSULT’ FILE®)
IF(,NOTPRNT) WRITE(IU,190)

190 FORMAT(*  DETAILED FRINT-OUT TD ‘RESULT’ FILE SUFPRESSED®)

- JQRITE(IU;ZOO) NSIH

200 FORHAT(®  HAX NO. DF SIKULATION LOORS = *+13)
IF(RING) WRITE(IU,2

210 FORMAT(* SURFQCE/PIPE ROUfINB ACTIVATED")
IF(.NOT.RTNG) WRITE(1U,229)

20 FORMAT(® SURFACE/FIPE ROUTING URACTIVE®)

WRIVE(IU,230

230 FORHAT (6Xy*
RETURN

END

SUBROUTIRE COLUMN(RF»0,Q0BS:TYPEsNPTSs IUyDTOUT,
INDINsNDP] sMAXERS IR)
PROGRAM COLUIMHCINPUT»OUTPUT » TAPES=INEUT s TAPES=OUTFUT)

KXLREND OF RUIE STATUS SUIfMARYRXRRX®)

«

DINENSION INDEX(4)sQ(HAXBRNDP1) oFHT (13)9RF (NDIM) »QOBS(NDIM) s TYPE(

$NDIK)

DIHENSION DATFR(2)sDATSKP(2)

DATA FMT(1),COHMA»COLSKP/4H (1Xs1Hs 9 3HSXs/

DATA DATSKP(1)sDATSKR(2)/10HF4.,2:A712Rs4H8s 44/

QATA RPARFNs DATFR(1)yDATPR{2)/1H) s 10HF6,2:F 7,345
$8H7F B, 104/

DATA BLANK/10H /

NPTS-14

00 9 I=1,NF1S

T(1)=| FLDAT(I)

TYPE(D)=4H &
9 RF(1)=0(1)=00ES(I)=FLOAT(I)

WRITE(IUs1000)

1000 FORHAT(® 1':/11Xr4(' TINF  RAIN COMP-@ OBS-@ ')y

54:1X;4(' (HIN) ~ (IN)  (CFS)  (CFS) "

C WRITE(IUs200) FNT(1)sLPAREN
200 FORNAT(A2)

[xlglelelel

146

oo

o

c

C!lllt!!!!ttilllllll!tilttl!tl!ttttY!tlt!‘!Y!tf#tlllll!l!&Xﬁ#!g!t!il!!titii*xtt!

NR:<kPTS/NC
IF(NPTS.GT NRENC) NR=NR+1
0o %0 J=15hR

194
IFHT=1
DO 10 I=1,NC

=X
IF(IX.GT. 1) INDEX(IX)=INREX(1X~1) #NR
IFCIX.EQ, l) INDEX(IX) :J
IFHT=IFNT
FHI([FHT)=COLSKP
TFHT=TFHTH
FHTUIFHT)=DATFR(1)
TF (INDEX(IX).GT . HPTS) FHI(IFKT)=DATSKP(1)
IFHT=IFNTH
FHICIFHT)=DATFR(2)
TF(INDEX(IX) (6T NPTS) FHYCIFNI)=DATSKP(2)
TFCIHDEX(IX) BT HFTS) T(IWMEX(IX))=BLANK
TF(INDEX(IX)JGT.NPTS) BCIR, INREX{1X))=BLANK
IF (IMDEX(IX).GT.HPTS) RF{INNEX(IX))=RIANK
IFCINDFX(IX)\GT.NFTS) QORSCINDEX(IX))=BLANK
IF (INDEX(IX) 6T, NPTS) TYRECINREX(IX))=BLANK
IFHT=IFHTH
FHTCIENT)=COtHA
10 IF(I.EQ.NC) FHT(IFHT)=RPAREN
URITECIUy &) (IRDEXCITIDSITI=1,HC)
NRITE(IUy100) FHT
100 FORHAT(14410) ' , _
20 WRITE(IUyFHT) C(FLOATCINREXCIX)-1)XDTOUT,RF (INDEX(IX)) (QITRy INDEX(T
§X))yQ0KS (INDE((IX) ) » TYPE (IRDEX{XX))) ) IX=1/NL)
RFIURN

END

SUBROUTINE REPORT(XsF)

DIMFNSION X(25)

CCNNON/ZZZIST/NOBJ/HCHST 41 H2

PRINT $sNBBJ»* OBJECTIVE FUHCTION EVALUATIONS'

HENST -NCNSTS (M1 Hit2)

PRINT #£)NCNST»* COHSTRAINT EVA!I UATIONS®

Ef"T'URN

SUBRDUTINE RSNKRCK (NDIHsMAXERs NP1 KR10,

1/4sHR1GAD PASR» GGR s GR 1 s RT + KR GOBSsRRX 0T SRy THPGR THFDs

20Y0RS5y TYPE s XORCA» QCOI» TEHP » XCOH)
OIHENSION XB(25)sFAIL(255100)sALP(2 ):XLEL(Zdr‘S);XO("S)
DIMFHSION DEL(25y25), XHIN(23) yUI( 25, 23D s M (259 25) yNTRY (25
DIMENSION X(25)ySUCFAL(25)/L.(25)sU(25)

Coveo DEFINITION OF KAX DIMFNSIONING FOR JLLUDAS AND ITS SUDR

[REFRLEESERRSEE 00T R bR snitiireettttatititeatiniivierstitotestideiseiy

OAOOOOO0 O

OIKENSION AACNDIM) sAR{HDIN) »GADCNDIN)

DIMFNSION PASR(NDIH)yGBR(N“IH)yCR(NDIH)yD(HAXRRyNBI1)

DIMENSION RI(NDIN) RRONDIN)QORS(NDIN)

‘55?S¥SIUN RRX(N"IH)10T(N"IH)vSR(NnIH)sTH'GR(N"]O):THPR(NHIO):TEMP
DIMENSION GXCBS(NDIK)» TYPE(NNIH)» XOBCACHDIND sQCOH(NDIN) » XCOH(MDIN)

COUKON/LTZZST/HORJINCNST s 142
COMHON /RSN/NyFPLUSy FEXsFXilsL(25),0(25)
LOGICAL FAILySUCFAL

3

DAll ROUKDS(L )

CALL INITX(XsNsNCyKIsLol)

EPLUS=FCAP=FNIN=1,E99

FRINTE,® °

PRINT %' INITIAL STARTING POINY UECTUR 2 (XCINDD Y IND=1,N)
CALL DRJFCXsFXi1yHOTI e HAER o NDF1 9 NDL
144> ARy GAD+ PASH R;GGR;GR;O;RI,RR:OUBS|RRX10T15F,THPCR THEG)
"D(UBS:IYPE;XUBCA;OCOH:TfPP;XCDH:N)

CALL MORH(X
FHIN- FXN%EXTRA
FRINT %y ORJ FXN = "sFMIN-FEX»"  FENALTY FXN = *»FEX
PRINT!-‘ "

FRLUS=FCAP=FHIN

00 333 J=1:N

ALP()=0.,0

I-J
333 XHIN(D)=XR(I)=X(I)
00 4 J=1,0
00 4 I=1,M
DEL(Jy 1)=XDEL (J»1)=0,0
4 IF(JEQ.T) DEL(Jy1)=XBEL(Jr1)=1.0
N%}‘AGE 1

=0
EPS =0, lé 186666886666665666
reey PERFDRH EXPLORATORY STAGE
3 EPS=FFSK,8666668866£56
3 IF(NSTAGE.EQ.1) GD TO &
EPS=0.0

N0 9900 I=1,i
PRINTH) XHIN(I) s XO(I)

7900 EFS=EPSH(XKIN(I)-X0(1))3%2

EFS= AHﬂXl(O 05sEFS)
PRINT %' EPS = %EP
IF(EPS LT.0, 0000000001) RETURN
5 CONTINUE
8101 J=1M
X0())=XKIN(J)
B0 1 I=1sH
1 §NSL(J»I) =DEL(Jr I)=XDEL(J» 1) REPS
HSTAGE=NSTAGEH]
FEXNIN=040

M 3 J=1sH
FRILCJy1)=FAIL(Js2)=,TRUE.

PO,



SUCFAL(J)=,FALSE,
3 NIRY())=2
2 J=JH

IFCJLGT.N) 3=t

00 10 I=1,N
10 X(D)=XB(I)4X0EL(Js 1)

CALL UNNORN(X)

CALL UNNDRH(XE)

FRINT %»* STARY OF ITERATION BASE FT = *y (XRCIND)+ IND=1sN)

PRINT ¥, INCREMENT HORH. VECTOR ®sJs® = *y(XDEL({JyIHD)s IND=1,N)

FRINT %5* AT FOINT *»(X(INRD»IND=1)N)

NTRY(J)'NTRY(J)!I

CALL NDRK(

CalL ORJF(XrFXNyNﬂIHyHAXRRvNDPlyNDlO

1y ARy GADsPASRsGGRsGRs Qs R 1+ RRsOORSFRY s ATy SRy THFGRTHPES

20XDRS»TYPE XOBRCA, OCOMy TENPs XCOIYN)

CALL NORM(X)

FUNR=FXNIEXTRA(X)

PRINT ¥y "OBJ FXN = *iFUHR-FEXs EthA = “sFEX

IF(FUN2,LE.FBIN) FRINT ¥,° SUCCESS!!!

;Ef;gﬂg.@T:FHIN) PRINT $,* FAILURF77?*

'

IF(FUN2,LE,FHIN) 100,200
100 FAIL(JyHTRY())=/FALSE,

DO 301 I=1sM

XR(I)=XB(I) HXRELL )

XHINCD)=X(])

IF(XDEL(Jr 1) .NF .0, 0) NZI=1

IFCXBELCJs 1) NE L0, 0)ALF () =ALF C)XMEL (o NIT) /DEL (JoNZT)
308 XDEI (> 1)=XDEL (Jy [T RALPHA

FHIN=FUN?.

FEXNIN=FEX

60 70 2
200 FAIL(J,NTRY(J})=\TRUE,
30 XDEL(J:I);-BETAtX“EL(J;I)

bg 60 JJ=1,H
TF(FATLCJJSNTRY(JJ)) o AHD, JNOT . ERIL (JJRTRY (JU)-1))
$SUCFALLJ.D =, TRUE,

60 CONTINUE
00 998 JJJ=1,N

998 IF(,NOT,SUCFAI (JJJ)) GO TQ 2

[0 89 I=1sH

89 W1,1)=0.0
qg 70 f i)N

70 UU(l;é) =H(1 =001y DALPCJ) SDEL(J, 1)

00 106 1=1,4
106 1U—TU+UU(lrI)t¥2

ro I=1N
107 XDEL(lyI) UUCET)/SORT(TH)
b0 105 J=24H
b 105 I=1,N
105 UU(Jo1)=UUCJ-151)-ALF(J-1)RBELL -1, 1)
NNt=N-1

B0 206 J=29N

00 207 I=1,N
U D=0 1)
o an K=17NH1

DO 408 10=1,N
401 UTDELK=UTDELK+UU(Jy IQ)EXREL(K, 10)

208 N(Ji 1) U(Jrl) UTDELK!XDEL(Y;I)
207 TH= TH+U(J;I
00 209 II=t,t
209 XBEL(J:II) DEL(J»II)"U(JrII)/SGRT(TU)
206 CgNTIN E1 4N
’

901 DEL{1»1)=XDEL(1s1)
FRINT %5 Al P-VECTOR *
PRINT £sALP(1),ALF(2)
PRINT %s* U-VECTORS®
PRINT %2 (UU(1s1)9]=152)
PRINT %5 (UU(2,1)1=142)
PRINT %»* W-VECTORS®
PRINT $2(M(1H1)s1=142)
FRINT 32{W(2y1)y1=1s2)
PRINT %»* XDEL-VECTORS®
PRINT &5 (XDEL(1sI)¢I=142)
PRINT $+(XVEL(2:1)s1=1»2)
PRINT %4* DEL-VECTORS®
PRINT %»(DBEL(1+1)+1=1,2)
PRINT $2(DEL(241)4]1=1)2)
10 306 I=1HN

XB{I)=XNIN(I)
306 ALP([)=0.0
PRINTS,® ORJ FXN = |FHIN FEXMIN:* AT NORH, ("
‘(XHIW(IF)IIP A1il)s "
CALL UNNORH(XHIN}
PRINT®y® ORJ FXN = *sFNIN-FEXMIN,* AT UHNORH, (°y
‘(XNIN(IP)!IF =LsN)y ")
CALL NORH(XMIN)
PR]NT'! NU. OF STAGES = '+MSTAGE-1»* ND. OF FXN EVAL = "y

Co... PLACE OPT_ENRING CRI1ERIA HERF

N%TPFE EG.ZOO) RETUR
PR T4 "
G070 3
ENY
FUNCTION EXTRA(X)
DIMFNSION X(23)
CONHON /RSH/NSFFLUSYFEXsFXN
LgGICAL FEASy LBZONE s UBZONE

FFXs EXTRR 0.0

EPSIL=,0001

FEAS=.FALSE.

D0 10 J=14sN

IF{XC1)4LT.0,0,0R.%(J),6T.2,0) FXN=1,E99
10 IF(X(J),LT.+0.0,0R.X{J),GT.1,0) RETURN

FEAS=, TRUE,

hglﬂﬂE;U?ZDNE=.FALSE.

IF(X(J).GE 0,0.AHD X (1) \LE, 0, 0+EPSILE(1,0-0.0) JLBZONE= W TRUE,
JEOXCD) WLE, 1.0 AND %(J)GE+140~EFSIL2(1,0-0,0))UBZONE=, TRUE,
F(LBZDNE OR.URZORE) J1=J)

20 IF(1LB/ONE,OR, UBZONE) G0 10 30
IF(FXN.LT,FPLUS) FPLUS=FXN

RETURN

30 IF(LBZONE) NUJ1=(EPSIL-X{J1))/EFSIL
IFCURZOME) NUJ1=(X(J1)+EPSIL-1,0)/EPSIL
FEX=EXTRA=FEX~(FXH-FFLUSIR(I ENUIL -4, SR KR242, ENUJL 14 3)
Gﬁlﬁ}ff" FEX = "sFCX

IF(J1,6T.N) 60 TO 50
LBZONE=UBZONE=/FALSE,
10 40 J=JIoN
TF(XCJ)46E 0. 0. ANN.X(J) LE,EPSILE(1,0-0,0) )LRZ0HE=  TRUE
IF(X(J),LE. 1,0, AND, X(J),GE,1,0-FPSILE{1,0-0,0) JUBZ(AE=. TRUE,
TF(LRZOME, QR URZOIF) Ji=J
40 IF(LRZONE.OR,URZONE) GO TO 30
50 CONTINUE
RETURN
ENR
SUBROUTINF BOUNNS(G,H)
QIMENSION G(23) sH(235)
6(1)=-10.% H{1)=10,
6(2)=-10.% H(2)=10,
6(3)=-10.4 H(3;=10,
6(4)=-10.¢ H()=1G.
RETURN
END

SUBRDUTINF ORJF(XsF)
DIKFNSION X(25)yE(20)
comhon /RSN/HDFPLUS FEXs FXH/LE25) 10(25)

DATA B/75,1963666477,-3,8112755343,, 1269364345
19-,00205678651 10000103455 -6, 0308567613y ,0302344792
2-.00!2J1344Br.00003575591.JOC0002266;.2554581“531
3-,003440403,000012513%,-28, 1044434908y -,0000052375y
g 50800g00063y.0000000007:.000340546“; 10000015532

NUBJ NDBJfl

00D
F 100 t X(2) X(1I182) 832402, -X (1)) 132
1190, (X (4)-X(3)882) 0424 (1 - X(3) 112410418
tééééﬁ& 1,024 (X(4) -1, )832) +17.8R(X(2) -1 ) h{X(4)-1,)

vees H.H, ROSENBROC
" ps 100;t(X(2) T

veed

F=BCIHR(2)RX (1) BEINRIX (IR 1B(4)R{X(
HHRESIRCLCLIERA)$R(SIIXCD) LRONRXLLIRA(D)
AHREIBCCDIEE2)AX(2)ERIIIRUX (I IRT) )¥X
HRI0)E((X (1) XX4) ) EX(2)1BUIT) R (X(2)DX2)
MBI KX(E IR KX LX) 4R(14) /(X (2)41,)
SEBCISIC(X(1)882) JEC(X(2)XX2))4B(16) R ((X(1)¥13))
SE({X(2)8X2))+B U7X (1) $43) ) R((X(2)1X23))
TARUBIIX (1 RU(X(2)X82) ) HR(1D KX (1) R{{X(2)4%3))
BfB(EO)tFXP( +0005XX(1)X(2))

RETURN

SUBRUUIINE INITX(XsN)
DINENSION X(23)
H=4
X(1)=-3,0
X(2)=-1,0
X(3)=-3,0
X{4)=-1,0
RETURM
i

EN

SUBROUTINE NORH(X)

COHMON /RSH/N FPLUSSFEXsFXNsL(23),U(25)
DIMENSION X(29)

REAL L

00 1 I=1)N

X=X D=L A -LLT)

REYURN

1)183)

COOEOOOOOOOOOOOOOOOAOAGOOOOO OO0 OO0

OOOOOOOOO OO0

—

END

SUBROUTINE UHHORM(X)

BIAENSION X(27)

COMMDN /R“N/NyFPLUS:FEX:FXNuL(‘A)rU(ZS)

—

e 1 I=1.1
X=X -LUHLLT)
RETURN

ERN

FUNCTION FOLY (FXNAsFXNRsFXNCy Ay ByC)
‘iﬁyné(RlB-ClC)!FXNﬁ+(CtC-AtA)tFXNB+(AXﬁ—BlB)
DEN=2, 2 (B~C) tFXNAT(C-A) LFXHRE (A-B)AFXNC}
POLY=XNUN/TEN

RETURN

END
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