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USERS GUIDE FOR DISTRIBUTED ROUTING RAINFALL-RUNOFF MODEL

By David R. Dawdy, John C. Schaake, Jr., and William M. Alley

ABSTRACT

A computer program of a watershed model for routing urban flood
discharges through a branched system of pipes or natural channels using
rainfall as input has been developed and documented. The model combines
soil-moisture-accounting and rainfall-excess components developed by
Dawdy and others (1972) with the kinematic-wave routing method presented
by Leclerc and Schaake (1973).

INTRODUCTION

The model presented here combines the soil-moisture-accounting and
rainfall-excess components of the model developed by Dawdy and others
(1972) with the kinematic~wave routing components of the model developed
by Leclerc and Schaake (1973). Input to the model includes daily rainfall,
unit rainfall (any multiple of 5 minutes), and daily pan evaporation.
During unit-rainfall days, the model generates a simulated discharge
hydrograph based on input data from as many as three rain gages, and a
physical definition of the drainage basin discretized into as many as 50
segments, including overland flow, channel and reservoir seqmentsl/.

The model maintains a daily soil-moisture accounting between unit-
rainfall days.

The model uses a deterministic mathematical approach, which includes,
as much as possible, approximations to physical laws. Wherever possible,
a physical interpretation is placed upon the parameters used in the
model. A particular effort was made to use model parameters which can
be estimated on the basis of physical features alone.

STRUCTURE OF THE MODEL

The model described in this report can be divided into four major
components: a soil-moisture-accounting component, a rainfall-excess
component, a routing component, and an optimization component.

l-/Ifc' one description fits more than one segment, then there can be
more than 50 segments.



Soil-Moisture-Accounting Component

The soil-moisture-accounting component determines the effect of
antecedent conditions on infiltration. Soil moisture is modeled as a
two-layered system, one representing the antecedent base-moisture storage
(BMS)2/, and the other, the upper wetted part caused by infiltration
into a saturated moisture storage (SMS).

During unit-rainfall days, moisture is added to SMS based on the
Philip infiltration equation (Philip, 1954). On other days, a specified
proportion of daily rainfall (RR) infiltrates into the soil. Irrigation
(for example, lawn watering) can be accounted for in the daily water
balance. This is achieved through user-supplied irrigation rates for
each month. 1If a daily precipitation is less than the daily irrigation
rate, the daily precipitation is reset equal to the irrigation rate.

Evapotranspiration takes place from SMS, based on availability,
otherwise from BMS, with the rate determined from pan evaporation multi-
plied by a pan coefficient (EVC). Moisture in SMS drains into BMS with
a controlling parameter (DRN) determining the rate. Storage in BMS has
a maximum value (BMSN) equivalent to the field-capacity moisture storage
of an active soil zone. Zero storage in BMS is assumed to correspond to
wilting-point conditions in the active soil zone. When storage in BMS
exceeds BMSN, the excess is spilled to deeper storage. These spills
could be the basis for routing interflow and baseflow components, if
desired. However, this option is not included in the present version of
the model. A schematic flow chart of the soil-moisture=-accounting
component is shown in figure 1.

Rainfall-Excess Component

Impervious Surfaces

Two types of impervious surfaces are considered by the model. The
first type, effective impervious surfaces, are those impervious areas
which are directly connected to the channel drainage system, such as
streets and roofs which drain onto driveways and streets. The second
type, noneffective impervious surfaces, are those impervious areas which
drain to pervious areas. An example of a noneffective impervious area
is a roof which drains onto a lawn.

The only abstraction from rainfall on effective impervious areas is
impervious retention. This retention, which is user specified, must be
filled before runoff from effective impervious areas can occur. Evapo-
ration occurs from impervious retention during periods of no rainfall.

2/

=’ Definitions of selected model variables can be found in
attachment B.
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Rain falling on noneffective impervious areas is assumed to run off
onto the surrounding pervious area. The model assumes that this occurs
instantaneously and that the volume of runoff is uniformly distributed
over the contributing pervious area. This volume expressed as inches
over the pervious area is added to the rain falling on the pervious
areas prior to computation of pervious-area rainfall excess.

Pervious Surfaces

The point-potential infiltration (FR) is computed by a variation of
the Green-Ampt equation (Green and Ampt, 1911) known as the Philip
equation (Philip, 1954): The Philip equation is

FR = KSAT (1 + PS/SMS) (1)

where KSAT is the effective saturated soil capillary conductivity and PS is the
capillary potential at the wetting front. PS is varied over the range from
field capacity to wilting point by the linear function

PS = PSP [RGF - (RGF - 1) BMS/BMSN] (2)

where PSP is the suction at the wetting front at field capacity, RGF is
the ratio of suction at wilting poirt to that at field capacity, and BMSN
is the effective soil-moisture storage at field capacity (fig. 2).

Point-potential infiltration (FR) computed by the Philip equation is
converted to effective infiltration over the basin using a scheme first
presented by Crawford and Linsley (1966). Letting SR represent the supply
rate of rainfall for infiltration, and QR represent the rate of yeneration
of rainfall excess, the equations are

OR = SR2/2FR SR < FR (3a)
OR = SR - (FR/2) SR > FR (3b)
The schematic representation of the relations is shown in figure 3. The
parameters for soil-moisture accounting and infiltration are summarized in
table 1. Two different soil types can be handled by the model with separate

soil-moisture accounting and infiltration parameters for each soil type.

Routing Component

A drainage basin is represented in this model as a set of segments
which jointly describe all sub-basins in the total basin. There are
four basic types of segments: overland-flow segments, channel segments,
reservoir segments and nodal segments. There is wide flexibility to the -
approach one can take in dividing a basin into segments for runoff
computations. At present, it remains largely an art to characterize the
total basin in terms of a number of segments which account for the
essential basin properties. An example of basin segmentation is illustrated
in attachment E.

.
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Table 1l.--Parameters for soil-moisture accounting and infiltration

Soil-Moisture Accounting

Parameters:
DRN--A constant drainage rate for redistribution of so0il moisture
between SMS and BMS, in inches per day
EVC--A pan coefficient for converting measured pan evaporation to
potential evapotranspiration
RR--The proportion of daily rainfall that infiltrates into the
soil for the period of simulation excluding unit-rainfall days.

BMSN-~Soil-moisture storage at field capacity, in inches

Infiltration

Parameters:
KSAT--The effective saturated value of hydraulic conductivity, in
inches per hour
RGF--Ratio of suction at the wetting front for soil moisture at
wilting point to that at field capacity
PSP--Suction at wetted front for soil moisture at field capacity,

in inches of pressure




Channel and Overland-Flow Segments

A channel segment is permitted to receive upstream inflow from as
many as three other segments, including combinations of other channel
segments, reservoir segments, and nodal segments. It also may receive
lateral inflow from as many as four overland-flow segments. The overland-
flow segments receive uniformly distributed lateral inflow from excess
precipitation. A schematic illustrating the relationships between
channel and overland-flow segments is shown in figure 4.

Kinematic-wave theory is applied for both overland-flow and channel

routing. The kinematic-wave equations are difficult to solve analytically.
For practical catchment configurations and natural storms, the analytical
solutions are untractable; therefore, numerical solutions must be used.
One approach is to solve a finite-difference equation which converges to
the differential equation as the step size decreases. That approach has
been taken here. The finite-difference scheme used (Leclerc and Schaake,
1973) is unconditionally stable for any values of Ax and At.

The Kinematic-Wave Equations

The partial differential equation to be solved for each channel and
overland-flow segment is

24 30

3t ax = 49 (4)

in which A is the area of flow, Q is the rate of flow, g is the rate of
lateral inflow, t denotes time, and x denotes distance along the segment
increasing in the downstream direction. The dependent variables are A

and Q, and these are functions of the two independent variables x and t.

The rate of lateral inflow, g, is generally a function of both x and
t, and it serves as an input function, or "forcing function"”, of the
differential equation. In this model the value of g for any particular
segment is the same everywhere along the length of that segment, so in this
case, g is a function of t but not of x.

The relationship between A and Q is given as
0 = aa". (5)

If the length of the segment is L, the outflow hydrograph from the seg-
ment is QO(L,t). The inflow hydrograph to the upstream end of the segment
is 0(0,t), and this is the boundary condition needed to solve equation 5.
In the case where there is an upstream inflow, the solution will also
depend on that inflow. Therefore, the solution must be some function of
x, t, g, and 0(0,t). The outflow hydrograph is given by

o(L,t}) = f£[Q(0,t), q(t)] (6)
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The Finite-Difference Scheme

Because Q(0,t) and g(t) are difficult to manage by analytical methods,
numerical techniques are used to approximate Q(x,t) at discrete locations
in the x-t plane. 1In this case, a rectangular grid of points was selected.
These are spaced at intervals of time, At; and distance, Ax. The value of
Ax varies from segment to segment, but the value of At is constant for all
segments.

Four points of a finite-difference mesh are illustrated in figure 5.
The purpose of the finite-difference equations is to solve for A and Q at
point d, given values of A and Q at points a, b, and c.

In an attempt to keep the solution errors small while maintaining
an unconditionally stable solution, the model contains two different finite-
difference equations and selects the appropriate one at each point in the
solution. The decision depends on the parameter

0
e=mA—t—"i=amA’"1(A—t (7)
Ab Ax

If 6 is greater than or equal to unity, the equations used are

Ax
04 = 0o * qbx - At (Ac - Aa) (8)
and
_ 1/m

This involves only mesh points a, c, and d. It was derived by substi-
tuting (Ac - Aa)/At for 3A/3t and (Qd - Qc)/Ax for 30/3x.

If 8 is less than unity, the equations used are

_ .. At -
A, = Ab + gAt + i (Qa Qb) (10)
and
_ m
Qd = aAd . (11)

Equations 8 to 11 are solved by the model beginning with x = Ax
and proceeding downstream to x = L. Initial values of A and QO are
given along the entire x - axis. At t = 0, the model sets A = 0 and
Q0 = 0 everywhere. During the solution, upstream inflows are given and
equation 5 is used to compute the upstream boundary condition for A.
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One of the computational problems often encountered in finite-
difference approximation is failure to conserve volume. Indeed, there
are certain finite-difference approximations of the kinematic-wave
equations that lose water during the solution. It can be proved for the
special linear case, when m = 1, that equations 8 to 11 will conserve
volume. Computational experience for m > 1 also gives empirical evidence
that volume is conserved.

Selecting Ax and At

There is obviously no "best" way to select Ax and At. One approach
would be to choose At first and then fix Ax to keep computational errors
within acceptable bounds.

Two factors are important for At. One is the frequency of the
rainfall input to the catchment. The other is the frequency response
characteristics of the catchment. If the rainfall input contains many high
frequency components, the runoff hydrograph will contain frequency components
limited by the high frequency response characteristics of the catchment. A
convenient rule of thumb in unit-hydrograph theory is to select At so there
are about 10 nonzero ordinates. This appears to be a reasonable value to
use in the kinematic-wave model also. Applying this rule to a basin having:
a typical overland-flow length equal to L , overland-flow kinematic-wave
parameters a and m. a main channel 1enggh equal to Lc, and channel flow
parameters . and m, gives the rule

At20.1 (¢t + t) (12)
o c
where
L l/mo
t =|—=2 (13)
o mo—l
ao(le/43200)
L 1/m,
t = <
c m -1 (14)
ac(NleLo/43200)

ie = maximum rainfall intensity, and

N = number of sides of channel with overland-flow
. segments contributing lateral inflow (1 or 2).

The units are t (seconds), Lo and Lc (feet), and ie (inches per hour).
After a value of At is selected, choose Ax for each

segment. This is done by specifying the number, NDX, of Ax increments
in each segment. The value of NDX may vary from segment to segment.

11



The finite~difference solution will be an exact solution if Ax and
At are selected so that the characteristic passing through point a also
passes through point d (fig. 5). Then, the solution A, Qd depends only
on A_, Q_ and the lateral inflow along the characteristic curve between
a and d. In the special linear case where m = 1, it is possible to achieve
the exact solution by setting the ratio Ax/At equal to a. In the general,
nonlinear case the ratio Ax/At would need to be equal to a* where

a* = ama™ ! (15)

Hence, the rule is
Ax & a*At (16)
The parameter a* is the effective value of a that would be used for a

linear approximation (m = 1) to a given kinematic-flow segment. For
overland flow

L
g x5 2 (17)
(o] t
o
and for channel flow
Lc
nRg — (18)
C t
c
Thus,
Lo
Ax = — At (19)
[e] t
o
Lc
Ax = — At (20)
c t
c
Finally, L ¢
o) o
= -2 21
NDXO ix v (21)
o
Lc tc
- ~ _C (22)
NDXC Axc N'At

In general, the smallest subarea of interest and the highest intensity
rainfall should be used to estimate At. If detailed output from the basin
outlet is all that is required, the At computed as above may be based on
the entire channel length through the basin and average basin overland-
flow length.

Example to select At and Ax

Given the example shown in figure 4,

12



LO = 30 feet Lc = 315 feet
a 7.8 m_ = 1.67
o o
ucas 2.0 mc = 1.33
ie = 2 inches per hour and N = 2.
Substituting in equations 13 and 14 1/1.67
to = 30 &7 = 123 seconds
7.8(2/43200)°
d
an 1/1.33
tc =[315 33 = 193 seconds
2[(2) (2) (30)/43200]°

Then from equation 12

At 2 0.1(123 + 193) = 31.6 seconds

Let,
At = 30 seconds = 0.5 minutes
Then,
NDXc:s 193/30 = 6.4, say 7
NDXOSS 123/30 = 4.1, say 4.

Estimation of Parameters a and m

The kinematic-wave model contains two parameters, a and m. These
parameters have no particular physical significance, directly, but they can
be determined by analysis of the physical characteristics of the basin
segments. The particular functional relationships of o and m for channel
and overland-flow segments are listed in table 2.

Special Notes on Circular Pipes

The exact relation between A and QO for circular pipes, assuming the
kinematic-wave theory is valid, does not follow the simple algebraic
relation (5) with constant values of a and m. Rather, these parameters
are, in fact, functions of A. However, this exact relation may be approxi-
mated by (5) with values of a and m selected to give a "good fit."

The approximation selected for this model was derived by first recog-

nizing that the dimensionless relation between flow area and flow rate was
nearly linear. Let QFULL be the flow rate when the pipe is flowing full.

13
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Let AMAX be the cross-sectional area of the pipe. The approximation is then

Q ~~_A

QFULL " AMAX (23)
Assuming an equality relation, and rearranging (23), gives

_ QFULL )

0 AMAX A (24)
so that the parameters are

= QFULL 5
@ AMAX (25)

m=1 (26)

The relation between these two curves is illustrated in figure 6.

The capacity of rectangular-conduit and circular-pipe segments is
limited to nonpressurized-flow capacity. If that capacity is exceeded
during a storm, provision is made to store the water arriving at the
upstream end of the segment in excess of the segment capacity. The
volume stored increases without upper limit as long as the upstream
inflow exceeds segment capacity. After the upstream inflow drops below
segment capacity, the volume stored is released to the segment. The
upstream inflow to the segment remains at the maximum capacity until the
water stored at the upper end of that segment has been released. 1In the
real world, the capacity of a sewer may be controlled by inlets which
restrict flow in the sewer to less than full-pipe flow. A second possibility
is that a sewer may flow under pressure, thus having more capacity than
predicted using kinematic-wave theory. A third possibility is that once
a sewer is flowing full, additional inflow to the sewer is transferred
to streets parallel to the sewer system. These situations can, at
times, be approximated by adjusting the size of the circular segment
appropriately. A modified-Puls reservoir segment, described in the next
section, can be used to simulate culverts which detain water due to
limited capacity and for which outflows are uniquely described as a
single-valued function of storage behind the culvert. More complex
situations may call for revision of the model.

Reservoir Segments
Provision is made in the model for two types of reservoir routing.
The first type is linear-storage routing in which outflow is a linear
relation of storage. The user specifies a value of K for the relationship

S = KO (27)

where,

0n
[

storage, and
outflow.

o]
]

15
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A second type of reservoir routing is modified-Puls routing (Soil
Conservation Service, 1972) based on the continuity equation

- = AS
0O =TI - At (28)
where,
é = average outflow during the time interval At,
I = average inflow during the time interval At, and
AS = the change in storage during the time interval At.
Equation 28 can be rearranged to
258 25
———2+o=(1+1)+——1-0 29
At 2 2 1 At 1 (29)

At the beginning of a routing period, all terms on the right-hand side
are known. From a user-specified table of storage versus outflow, a

table of outflow versus (%%- 550) is determined by the model. Entering

this table with the value of\— + 0O computed using equation 29,
outflow (02) at the end of the routing period (At) can be determined.

An assumption of the above procedure is that the water surface in
the reservoir is level and responds instantaneously to inflows and (or)
outflows. The reservoirs are also assumed to be detention reservoirs
with no storage in the reservoir at the start of a storm unless the
storm immediately follows a previous storm. Direct rainfall on the
storage surface, evaporation, bank storage, and leakage are not accounted
for by the model.

Nodal Segments

Two types of nodal segments are used by the model. The first type
is a junction segment. Junction segments are used when more than three
segments contribute inflow to the upstream end of a segment. A second
type of nodal segment is an input-hydrograph point where the user may
specify an input hydrograph for each storm event. Only one input hydro-
graph point in the basin is permitted. Nodal segments (both types) do
not have a routing component; therefore, the output from the segment is
equivalent to the input.

Optimization Component

An option is included in the model to calibrate the soil-moisture
and infiltration parameters for drainage basins having observed rainfall-
runoff data. The method of determining optimum parameter values is
based on an optimization technique devised by Rosenbrock (1960). The
utility of the procedure, as related to system identification in hydrologic
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modeling, was discussed by Dawdy and 0'Donnell (1965). The method
revises the parameter magnitudes and recomputes the objective function,
using the revised set of parameter magnitudes. If the result is an
improvement, the revised set is accepted; if not, the method returns to
the previous best set of parameters. The objective function is the sum
of the squared deviations of the logarithms of computed and measured
storm-runoff volumes. Thus, the fitting procedure develops a nonlinear
least-squares solution.

Rosenbrock's method of optimization proceeds by stages. During the
first stage, each parameter represents one axis in an orthogonal set of
search directions until arbitrary end-of-stage criteria are satisfied.

At the end of each stage, a new set of orthogonal directions is computed,
based on the experience of parameter movement during the preceding

stage. The major feature of this procedure is that, after the first
stage, one axis is alined in a direction reflecting the net parameter
movement experienced during the previous stage.

To start the fitting process, the model is assigned an initial set
of parameter values and upper and lower bounds for each parameter. The
objective function is calculated and then stored in the computer memory
bank as a reference value. A step of user-specified length is attempted
in the first-search direction. If the resulting value of the objective
function is less than or equal to the reference value, the trial is
registered as a success, and the appropriate step size, e, for each
parameter is multiplied by 3 (3 > 1). 1If a failure results, the step is
not allowed and e is multiplied by -8, where 0 < 8 < 1. An attempt is
made in the next search direction, and the process continues until the
end-of-stage criteria are met. At this point, a new orthogonal search
jrattern is determined, and another stage of optimization undertaken.

The objective function value and associated parameter values are printed
for each successful trial. Also, a listing by flood event of the simulated
hvdrologic response and of observed data are output at the start of each
stage.

The observed values of runoff volume may be either user specified
or computed by the model using unit-discharge data. If unit-discharge
data are supplied to the model, surface runoff is calculated by a simple
hydrograph-separation technique which assumes a constant base flow equal
to the lowest observed discharge for the storm event. The simulated
volume of surface runoff is based on rainfall excess. The user can
select all storms or any subset of storms to be included in the calculation
of the objective function values.

Impervious area is not included as a parameter to be optimized, but
is a parameter to which simulated runoff volumes are very sensitive.
Therefore, values of imperviousness should be accurately determined
before using the optimization option. If initial estimates of imperviousness
are grossly in error, resulting volumes and peaks will be grossly in
error. In that case, estimates of imperviousness must be adjusted by
the modeler, and optimization achieved by trial and error for the estimates
of effective and noneffective impervious areas.
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DATA INPUT SPECIFICATIONS
Input for this program must be on punched cards.

All listing of numeric data is right justified. All listing of alphabetic
data is left justified. The letter "Oh" is written $ to contrast with the
number zero--written O.

The format F5.0 means that the floating~-point magnitude of the variable
contains no significant digits to the right of the decimal point. No decimal
point need be punched in the card listing. If a significant digit is required
to the right of the decimal point, the point must be punched in card listing.
The format F4.2 implies that two significant digits lie to the right of the.
decimal point.

Experience with the program has indicated that great care must be exer-
cised in preparing the input card deck. A schematic of program deck setup is
shown in attachment D.

Input item Program Format Card
variable columns

Card Group 1 (1 card)

Option to list data

If GPTIPN = LIST all input @PTIPN A4 1-4
rainfall, runoff and evap-

oration data are printed.

If no unit-discharge data oPT Il 5
are to be read-in either

because storm-runoff volumes

are supplied for optimization

or no optimization is to be

performed, set @PT = 1.

Otherwise, leave blank.

If daily rainfalls are to be ‘
modified for irrigation, N@PT1 Il 6
set N@PT1 = 1. Otherwise,

leave blank.
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Input item Program Format Card
variable columns
Card Group 2 (1 card)
Include Card 2 only if
N@PT1 = 1.
Irrigation rate (inches/
week) for
January IRR(1) F5.3 1-5
February IRR(2) F5.3 6-10
March IRR(3) F5.3 11-15
April IRR(4) F5.3 16-20
May IRR(5) F5.3 21-25
June IRR(6) F5.3 26-30
July IRR(7) F5.3 31-35
August IRR(8) F5.3 36-40
September IRR(2) F5.3 41-45
October IRR(10) F5.3 46-50
November IRR(11) F5.3 51-55
December IRR(12) F5.3 56-60
Card Group 3 (1 card)
Streamflow station number STAD 18 1-8
Name of streamflow station TITLD 50A1 9-58
Drainage area of basin DA F6.2 59-64
{(square miles)
Card Group 4 (1 card)
Daily-rainfall station number STAP 18 1-8
Name of daily-rainfall station TITLP 50al 9-58
Card Group 5 (1 card)
Daily-evaporation station number STAE 18 1-8
Name of daily-evaporation station TITLE 50A1 9-58
Card Group 6 (1 card)
Beginning year, BYR 13 21-23
month, and BM@ I3 24-26
day of record BDY I3 27-29
Ending year, EYR I3 33~-135
month, and EM@ 13 36-38
day of record EDY I3 39-41
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Input item Program Format Card
variable columns

Card Group 7 (1 card for each station)

Unit-rainfall station number STAUP 18 1-8
Name of unit-rainfall station TITLUP 50al1 9-58
Time increments for input of

unit rainfall and unit

discharge, in minutes. (Must PTIME F6.0 59-64

be a multiple of 5.)

If more than one rain gage is used, a Card 7 must be placed in front of
the data for each rain gage.

The following types of cards contain input data of unit rainfall, unit
discharge, daily rainfall, and daily evaporation. The cards must be arranged
in chronologic sequence for each data type, in the order listed below. If more
than one rain gage is used, all data for one rain gage must be read in chrono-
logic order before the data for another rain gage are input. The number of
cards depends upon the number of days of record and the number of flood events.
In column 80 of each data card, the type of data will be identified by the
CADE number as follows:

Type of data Program variable C@DE
Unit rainfall UP 1
Unit discharge UD 2
Daily rainfall DP 3
Daily evaporation DE 4

The number of cards required to list a complete day of unit rainfall (UP)
or unit discharge (UD) is 120/PTIME. The card format for listing UP and UD
provides 12 fields for these data. Each set of 12 units of data is numbered
in chronologic sequence by the variable CN. The arrays UP and UD are initial-
ized to zero. Hence, if all 12 units of data for UP and UD are zero, the card
may be omitted from the input card deck, but its card sequence number for this
day must be taken into account in listing CN on subsequent cards. However,
at least one unit-rainfall card must be included for each rain gage for every
unit-rainfall day even if no rain occurred during that day.
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Input item Program Format Card
variable columns

Card Group 8

Cards for unit-rainfall data (CODE=1 in column 80)

Station number STAUP 18 1-8
Date on which rainfall occurred:
year YR 12 9-10
month M@ 12 11-12
day DY I2 13-14
Unit-time interval in minutes for
listing data CT I2 15-16
Card sequence number CN 12 17-18

Unit rainfall expressed in

hundredths of an inch

(12 data items per card) upP 12F5.0 19-78
Data type C@DE 11 80

At the end of data for a rain gage, when data for another rain gage are
to be used, insert a card between the sets of rain-gage data with a C@DE of
8 punched in column 80. If no unit-discharge data are to be read-in (@PT = 1),
insert a card at the end of the final rain-gage data with a C@DE of 9 punched
in column 80.

Card Group 9

Cards for unit-discharge data (C@DE=2 in column 80)

1f #PT=1, skip to Card Group 10

Station number STAD I8 1-8
Date on which discharge occurred:

year YR I2 9-10

month M@ I2 11-12

day DY 12 13-14
Unit-time interval in minutes for

listing data CT 12 15-16
Card sequence number CN I2 17-18
Unit discharge in cubic feet per

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

At the end of the unit-discharge data, insert a card with a C@DE of 9
punched in column BRO0.
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Input item Program Format Card
variable columns

Card Group 10

Cards for daily-rainfall data (C@DE=3 in column 80)

Station number STAP 18 1-8
Year and month for data YR 12 9-10
M@ I2 11-12
Card sequence number (1 or 2) CN I1 13
Daily rainfall in inches (up to
and including 16 items per card) DP 16F4.2 14-77
Data type C@DE Il 80

Two cards are required for listing a complete month of daily pre-
cipitation or daily evaporation. Use as many cards as necessary to list
data for all months. The card format for listing these daily data
provides 16 fields: the first 16 days of data are listed on the first
card, identified by the card sequence number CN=1, and the remaining
days of data in the month on the second card CN=2.

For unit-rainfall days insert =100 (right justified) as the daily
rainfall for that day on the daily-rainfall card. Any negative value
signals that unit rainfall is listed for that day. (Therefore, you may
alternatively insert negative the sum of the rainfall if the width of
field permits). It may be desirable to skip a large gap in time rather
than continue with daily soil-moisture accounting (for example, no
winter records). In such cases a 9999 should be punched as the daily
rainfall for the first and last day of the gap in record. No daily-
rainfall cards are required for intervening‘days. SMS and BMS are set
equal to zero at the start of simulation and immediately following a gap
in the daily-precipitation record. Therefore, the model should be run
for one to two months on a daily soil-moisture accounting basis prior to
the first unit-rainfall day and between the end of a gap in record and
the first subsequent unit-rainfall day.

Card Group 11

cards for daily-evaporation data (C@DE=4 in column 80)

Station number STAE 18 1-8

Year and month for data YR 12 9-10
M@ 12 11-12

Card sequence number (1 or 2) CN Il 13

Daily evaporation in inches (up

to and including 16 items pe

card) : DE 16F4.2 14-77
Data type C@DE Il 80

At the end of the daily-evaporation data, insert a card with a C@DE of
9 punched in column 80.
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Input item Program Format Card
variable columns

Card Group 12

Card specifying details for optimization round

Number of parameters in the
soil-moisture accounting and

infiltration components E@ 14 1-4
Number of parameters to be

adjusted F@ I4 5-8
Number of trial adjustments

per parameter K 14 9-12
Initial step size for parameter

adjustment EPSLN F8.0 13-20

E@ should be 7 if the basin is to be treated uniformly or 14 if the
basin is to be divided into parts with differing infiltration and soil-
molsture parameters. If two different soil types are used, each sub-basin
is assigned one or the other soil type by Card Group 16, If two soil types
are used, up to 14 parameters can be optimized; however, this is not a
recommended procedure. A basin with two very different soil types should
most probably not be used to calibrate the model.

The initial magnitude and the magnitudes for the upper and lower
limits for all parameters must be furnished. Suggested magnitudes are
given in table 3. These magnitudes are grouped in the following order
for cach parameter: 1initial, lower limit, upper limit. The groups are
listed for each parameter according to the order shown in table 3. EVC
may be estimated as 0.7 if it is an adjustment of pan evaporation to
potential evapotranspiration. EVC may differ from 0.7 by a considerable
amount if the pan-evaporation data are collected at a site outside the
basin. In that case EVC may include an adjustment to make the pan
evaporation representative for the basin. RR is an estimate of the
proportion of daily rainfall which infiltrates into pervious surfaces
for the period of simulation excluding unit-rainfall days.

Input items Program Format Card
variable columns

Card Group 13

Cards furnishing initial magnitude,
upper and lower limits of parameters

Initial magnitude X (1) F10.0 1-10
Lower limit GI(I) F10.0 11-20
Upper limit H(I) F10.0 21-30

There should be one card for each parameter. Upper and lower limits of
parameters should be specified, even if no optimization is performed.
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Table 3.--List of soil-moisture and infiltration parameters in order of

input
Parameter X-array Initial Lower Upper Unit
identifier limit limit
PSP X (1) 5.0 1.0 15.0 inches
KSAT X (2) 0.10 0.01 1.0 inches per hour
RGF X (3) 10.0 5.0 20.0 dimensionless
BMSN X (4) 5.0 1.0 15.0 inches
EVC X (5) 7 .5 1.0 dimensionless
RR X (6) .9 .65 1.0 dimensionless
DRN/(24.0*X[2]) X (7) .5 .1 1.0 dimensionless

If E# equals 14, the second set of parameters is as above, but

numbered X(8) to X(14).
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Input item Program Format Card
variable columns

Card Group 14

Parameter-adjustment card

Subscripts for parameters to @PTN@ 1412 1-2
be optimized (should be F@ 3-4
in number, can be in any order). etc.

If no optimization is performed,
insert a blank card.

DETAILED MODEL DESCRIPTION
The model description cards supply the program with information
about the physical features of the catchment and the spatial and temporal

properties of one or more storms which are to be simulated on the catchment.

The total input data set is divided into several parts. The following
is an explanation of the data in each part.

Card Group 15

Model-Control Card

Number of different segments NSEG I5 1-5
used to describe basin
(1 to 50)

Time interval, in minutes, used DT F5.0 6-10

in finite-difference calcu-
lations (At) (Maximum of 5
minutes)

Sampling interval, in minutes, @s1 F5.0 11-15
for detailed output. The
value is not constrained in
anyway by the value of DT

Number of rain gages (1 to 3) NRG I5 16-20
Maximum impervious retention IMP F5.0 21-25
(inches)

Card Group 16

Segment Characteristics

There is one card for each segment, and cards may be arranged in any
sequence.
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Input item Program Format Card
variable columns

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

Alphanumeric identification IUP(1,J) 3A4 5-8
for up to 3 segments which J=1, 3 9-12
contribute inflow to the 13-16
upstream end of this segment
(leave blank where upstream
segments are not present.)

Alphanumeric identification ILAT(I,J) 474 17-20
for up to 4 segments which J=1,4 21-24
contribute uniform 25-28
lateral inflow into this 29~-32
segment (leave blank where
lateral inflow segments
are not present.)

Type of segment ITYPE(I) I2 33-34

a rectangular open channel

a pipe

a triangular cross section

> (3] [\ [l
[}

to specify explicitly the kinematic channel
parameters a and m

5 or 15
6 or 16

1]

overland-flow segment (turbulent)

overland-flow segment (laminar)

Only one roughness parameter can be specified for an overland-flow
segment. For sub-basins with short distances of pervious runoff from lawns
to streets, use of one roughness parameter may be the best approach and
ITYPE(I) should be specified as 5 or 6. For sub-basins of mixed pervious and
impervious surfaces and comparable distances of flow for reach, two sub-basins
can be specified, a pervious and an impervious sub-basin, by the use of
ITYPE(I) of 15 or 16, depending upon whether the sections are turbulent or
laminar overland flow. In such a case, the ITYPE(I) = 15 (or 16) must
immediately follow the ITYPE(I) = 5 (or 6) segment of identical description
except for roughness. Any channel which receives lateral inflow from one
of the pair must receive lateral inflow from the other. The ITYPE(I) = 5
(or 6) segment must contain the pervious roughness; the ITYPE(I) = 15 (or
16) segment, the impervious roughness.

7 = a junction

8 = a detention reservoir (modified-Puls routing)
9 = a detention reservoir (linear-storage routing)
10 = an input-hydrograph point (only 1 input-hydrograph point

is accepted by the model)



Input item Program Format Card
variable columns
Outflow print-out indicator IPR(I) 12 35-36
1 = if the outflow hydrograph for this segment is
to be printed out.
0 = if the outflow hydrograph for this segment is
not to be printed out.

For segment types 1-6, 15, 16:

number of intervals into which

total length of this segment is

to be divided for finite-dif-

ference calculations.

(Maximum of 10}. NDX (1) 12 37-38
For segment type 8:

number of points in the

storage-outflow relationship.

(Maximum of 30).
For segment types 7, 9, 10:

leave blank
Length of segment (feet) FLGTH(I) F5.0 39-43

For overland-flow segments the length can be computed as area, in
square feet, of the overland-flow segment divided by the length, in
feet, of the channel segment into which it contributes lateral inflow.
The model computes a basin drainage area based on the length of channels
and their adjacent overland-flow segment lengths. If this computed
drainage area differs by more than 1 percent from the drainage area
input from Card Group 3, a comparison of computed versus input basin
drainage area is included in the output. The model uses the computed

drainage area for all computations.
Slope of segment (feet/feet) SLPPE (1) F5.0
Roughness parameter for segment FRN(T) F5.0

For segments of type 1, 2, 3,
4, 5, or 15, this is a parameter
similar to-Manning n. For
segments of type 6 or 16, this
is an empirical coefficient for
laminar overland flow. Leave
blank for segments of type 7
to 10.
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Input item

A pair of parameters which

depend on type of segment

Segment

5 or 15

6 or 16

10

Program Format Card
variable columns
PARAM(I,J) 2F5.0 54-58
J=1,2 59-63

Special Parameters

PARAM(I,1)
PARAM(I,2)
PARAM(I,1)
PARAM(I,2)
PARAM(I, 1)
PARAM(I,2)
PARAM(I,1)
PARAM(I,2)
PARAM(I,1)

PARAM(I,2)

PARAM(I, 1)
PARAM(T,2)
PARAM(I,1)
PARAM(I,2)
PARAM(I,1)
PARAM(I, 2)
PARAM(I, 1)
PARAM(I,2)
PARAM(I,1)

PARAM(T,2)

width (feet)

height (feet)

diameter (feet)

leave blank

width of cross section (feet) at 1-foot depth

leave blank

a

m

perviousness

effective imperviousness.
For example, for a segment of type 5 consisting
of 25 percent pervious land cover, 60 percent
effective impervious land cover, and 15 percent
noneffective impervious land cover, set
PARAM(I,1) = .25 and PARAM(I,2) = .60.

perviousness (same as type 5)

effective imperviousness (same as type 5)

leave blank

leave blank

leave blank

leave blank

constant K in S=KO relationship (hours)

leave blank

leave blank

leave blank
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Input item Program Format Card
variable columns

Designation of parameter set KPSET(T) T2 64-65
for overland-flow segments.

For segment types 5, 6, 15, or 16: If Ef = 7, enter 1. 1If Eg = 14,
KPSET(I) equals 1 if X(1) to X(7) apply, KPSET(I) equals 2 if X(8) to
X(14) apply. Otherwise, leave blank.

"Thiessen coefficients" for RCPEF(I,J) 3F5.0 66-70
overland-flow segments J = 1, NRG 71-75
in same order as station 76-80
data input by Card Groups
7 and 8.

The "Thiessen coefficients" are not truly such, because they need

not sum to 1.0 for a sub-basin. Rather they are adjustment coefficients
for weighting the rainfall at each rain gage. Thus, if only one rain gage
is available, its adjusted rainfall over the basin may be distributed by
the "Thiessen coefficients,"” all of which may be less than 1.0 if the rain
gage is on a ridge at a higher elevation with a higher rainfall than the
basin or all less than 1.0 if the rain gage is at the lower end or below
the basin. If more than one rain gage is available, each may be adjusted
and then weighted by means of the "Thiessen coefficients."

Card Group 17

Cards specifying outflow-storage
relationship for segments of type 8

If there are no segments of type 8, skip to storm-sequencing card.
Otherwise for each modified-Puls detention reservoir, in the order in
which the detention reservoirs are read in Card Group 16, input the
outflow-storage relationship. There should be NDX (I) cards for each
detention reservoir (I).

Outflow (in cubic feet per
second) @2 (1,11) F10.0 1-10

Storage (in cubic feet per
second-hours) s2 (1,11) F10.0 11-20
IT = 1, NDX (I)

Card Group 18

Storm-sequencing card

Number of storms I 12 1-2
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Input item Program Format Card

variable columns
Number of storms in the NF (K) 3912 3-4,
sequence of days containing K=1, I 5~6,
a given storm (up to 6) etc.

For example, if the first
sequence of consecutive storm
days contains 1 storm, NF(l) =
1; if the first sequence con-
tains 3 storms, NF(l) = NF(2) =

NF (3) = 3.
Card Group 19
Storm-separation cards
Starting time increment KS I4 1-4

for storm

Ending time increment KE 14 5-8
for storm
If the computed and/or measured IPL Il 9

outflow from the drainage
basin is to be plotted for
this storm, set IPL = 1.
Otherwise, leave blank.

If volumes are supplied, set V@LI F6.2 10-15
VPLI equal to runoff volume
(inches). Otherwise, leave
blank.

There should be one storm-separation card for each of the I storms
shown on the storm-sequencing card. Starting and ending time increments are
specified as the number of the unit-time interval in the sequence of days
containing the storm. For example, if the unit-time interval is 15 minutes
and the starting time of the storm is 0700 on the first day of a sequence
of days, KS should be specified as 28. Likewise, if the starting time was
0700 on the second day of a sequence of days, KS should be specified as
124. 1If unit-discharge.data are input to the model, the starting and ending
time increments for each storm must envelope the entire runoff period in
order that the correct storm-runoff volumes are calculated. The model stops
routing at the ending time increment for each storm.
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Input item Program Format Card
variable columns
Card Group 20
Routing Card
1 = routing performed for storm K@UT (1) 4012 1-2
0 = no routing for storm I = 1,N@FE 3-4
etc.
Card Group 21
Optimization card
1 = storm used in computation TESTN@(I) 4012 1-2
of objective function
0 = storm not used in computation I = 1,N@FE 3-4
of objective function etc.
Card Group 22
Input-hydrograph-indicator card
1 = storm has input hydrograph IHYD(I) 4012 1-2
0 = storm has no input hydrograph I = 1,N@FE 3-4
etc.

(ITYPE(I) = 10 on card group 16).
each storm should be read in the order in which the storms occur.

Card Group 23

Cards specifying input hydrograph

No cards are necessary if there are no input-hydrograph segments

Otherwise the input hydrographs for

An

inflow of O cubic feet per second is assumed if no values for a time
period are read.

1

last input hydrograph card IC@DE I2
for storm )

not last input hydrograph
card for storm
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Input item Program Format Card
variable columns
Starting time increment for JJJ 13 3-5
values of inflow read
(Same convention as storm=-
separation cards)
Inflow (in cubic feet per second) X2(1) 10F5.3 6-55
(10 values per card) I =1,10

COMPUTER REQUIREMENTS

The computer program has been written in FORTRAN IV programming
language and was developed and tested on CDC 7600 equipment. The plotting
routine included in the program listing of attachment C is IBM-system=
dependent. Instructions are included in the program listing to eliminate
the plotting routine (see lines A24 and A921 in attachment C). With the
exception of the plotting routine, the program can be run on any Fortran-
based computer.

The program, as dimensioned, will handle up to 50 different segments.
A single simulation will analyze a period of record spanning as many as
1,000 days. The maximum number of unit-rainfall days is equal to 5
times the unit-time increment in minutes. All of these limits can be
changed easily by redimensioning the program. The program, as dimensioned,
requires 302 K bytes of storage on IBM 360 equipment. It takes about 15
to 17 seconds of CPU time for compilation. The first and second runs in
attachment E executed in 6 seconds and 12 seconds, respectively.

PROGRAM OUTPUT

Examples of the output listing are given in attachment E. The general
output format consists of:

(1) Station numbers and names, drainage area, unit-time interval,
period of record, and, if N@PT1 = 1, daily irrigation rates.

(2) All input rainfall, runoff, and evaporation data. (If @PTI@N = LIST).

(3) List of initial soil-moisture-parameter values and infiltration-
parameter values, with identification of those parameters that are
to be optimized.

(4) 1Initial step-size increments for each parameter to be optimized,
maximum number of trials used in the optimization, and initial step
size for parameter adjustment. (If optimization option is used.)

3/

=~ The use of brand names in this report is for identification purposes
only and does not imply endorsement by the U.S. Geological Survey.
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(5)

(6)

(7)

(8)

(9)

(10)

(11)

(12)

(13)

(14)

Number of segments, time interval used in finite~-difference calcu-
lations, output sampling interval, number of rain gages, number of
soil types and maximum impervious retention.

List of segments and their characteristics

Segment computation sequence and segment a's and m's for kinematic-
wave routing.

Number of storms, number of storms in the sequence of days containing
a given storm, starting and ending time increment for each storm,
identification of storms for which routing is performed and
identification of storms which have an input hydrograph.

List of flood events used in the objective function (If optimization
is performed.)

Progress report on optimization (if performed)

a. Value of objective function for initial parameter values
and a listing of the parameter values.

b. For each storm event a listing of measured surface-runoff
volume and simulated surface-runoff volume, measured rainfall
at each rain gage, and contribution to objective function for
each storm event.

c. Objective function and soil-moisture and infiltration parameter
values at each step in the optimization technique that results
in a decrease in the objective function.

d. A repetition of (a) to (¢) each time a new orthogonal search
pattern in optimization is initiated.

Outflow hydrographs for user-selected segments for routed storm
events. Also, the maximum storage required of each detention
reservoir for each routed storm event is listed.

Line-printer plot of computed and (or) measured outflow from
drainage basin for user-selected storm events.

Value of objective function and soil-moisture and infiltration
parameter values for last successful trial.

For each storm event a listing of measured and simulated peak

discharge, measured and simulated surface-runoff volume, measured
rainfall at each rain gage, and contribution to objective function.
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GENERALIZED PROGRAM FLOW CHART
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( START PROGRAM)

v

READ OPTIONS, STATION ID'S, READ DAILY
DRAINAGE AREA, PERIOD OF AND UNIT
RECORD AND UNIT TIME TIME DATA

YES
STOP

, READ SOIL-MOISTURE
AND INFILTRATION
PARAMETERS

COMPUTE BOUNDARY LIMITS
OF PARAMETERS AND INITIALIZE YES
ARRAYS USED IN PARAMETER
ADJUSTMENT

1

READ CATCH-
MENT DATA

l ,

PARAMETERS
WITHIN
LIMITS?

/ READ STORM SEQUENCING MEASURED DETERMINE BASEFLOW,
STORM SEPARATION AND UNIT OBSERVED PEAK FLOW, AND
DETAILED OUTPUT DATA DISCHARGE OBSERVED RUNOFF VOLUMES

DATA ? I .
SET UP SET UP KINE-
COMPUTATION MATIC MODEL
SEQUENCE st PARAMETERS
CALCULATE PERVIOUS AND ADJUST RAIN
IMPERVIOUS AREAS COVERED GAGES TO
BY EACH RAIN GAGE FOR CATCHMENT
EACH SOIL TYPE 1
SET UP
OUTPUT
SEQUENCE

Figure 7.--Flow chart of initial program setup.

38



SMS =0

INFILTRATION PARA-
c> > METER VALUES

4 INITIALIZE AND
ESTABLISH CURRENT

!

DAILY
RAINFALL pllpoe————

YES

BMS =0

UNIT

YES
RAINFALL

DAY ?

'NIT RAINFALL
IN PREVIOUS DAY
NALYZED?

COMPUTE
HYDROGRAPH?

END OF
PARAMETER

NO '

END OF
PROGRAM

ADJUSTMENT?

LAST
DAY OF

U O

PRINT
BEGINNING OF
STAGE

RECORD?

BEGINNINI
OF PARAMETER

ADJUSTMENT ?

NO

END OF
PARAMETER
ADJUSTMENT ”

Figure 8.--Flow chart of main program.
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EVAD,
>DANY
INFIT1

NOy ADD INFTL

B 1 ESS EVAD, -———.@
TO SMS

SMS SUBTRACT
e NO EXCESS EVAP,
EXUESS EVAI P FROM SMS +
~ BMS
SUBTRACT
EXCESS EVAP, SMS = 0
FROM SIS
BMs =0 g~ YES ¢ BMs <on
T NO
BMS =
™1 BMs - sus
SMS =
SMS - DRN24 SMS = 0
BMS -
BMS + DRN24
YES
BMS > BMSN? —»{ BAIS = BMSN

Figure 9.--Flow chart of daily water balance.
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INFILTRATION
BASED ON
SMS

K|

’
L

DO FOR EACH
5-MIN INTER-

| T ppgu——

DO FOR EACH
SOIL. TYPE AND
FOR EACH RAIN
GAGE

>

COMPUTE UNIT
EVAPOTRANS-
PIRATION

o—]

YES

VAL OF UNIT-
TIME

COMPUTE
RAINFALL
EXCESS

|

ADD 5-MIN
RAIN LESS
RAINFALL
EXCESS TO SMS

UNIT
RAINTALL
NO COMPUTE
PREVIOUS TIME & ps
INTERVAL?
YES
>
[ *
DETERMINE
3-MIN
RAINFALL
NATURAL
SURFACES GROUND
SURFACE ?
mm:avmus\
No SURFACES
INFILTRATION
BASED ON
3-MIN RAIN
YES
DO FOR EACH
v y== == =®I5-MIN
INTERVAL
]
ADD RAIN TO
VOLUME ON

END OF
UNIT RAINFALL
FOR DAY?

Figure 10.--Flow chart of rainfall excess.
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IMPERVIOUS
SURFACES

NATURAL SURFACES

NO YES

SUBTRACT

EVAP. FROM VOL,
RETAINED ON
IMP, SURFACES

RET. VOL

BMS =

BMS + SMS-
ETDEL,
SMS=0

NO

YES

BSM =0

YES

>0°

RETAINED
VOL., =0

BMS =
DRAIN + SMS

SMS > DRAIN?

BMS = BMS
+ SMS,
SMS = 0

SMS = SMS
-DRAIN

BMS> YES ¢

BMSN?

NO

1 BMS = BMSN

Figure 11.--Flow chart of unit-time water balance during periods of

no rainfall.
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ECOMP : 5.0

Figure 12.--Flow chart of routing routine.
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B. LIST OF SELECTED VARIABLES

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

ALP
ALPHA

AP

AMAX
AVIN
BD
BDY

BM@

BMS
BMSB
BTIME

BYR

Bl,B2

B3

CHG

CN
C@DE

CPEF

Array containing step lengths and orthonormal search vectors
used in optimization. First FO elements are step lengths to
be applied to various vectors. The next FO x FO elements are
used to define search pattern. (R)

Discharge per unit width (q) from lateral segment multiplied
by At. (R)

a. (R)
Array of a's for segments. (R)

Excess precipitation per minute on impervious area of a seg-
ment. (R)

Array of maximum cross-sectional areas of flow from segments. (R)
Average inflow to a detention reservoir. (R)

Dummy variable used in orthonormalization. (R)

Beginning day of daily rainfall and daily-evaporation data. (Ij

Beginning month of daily rainfall and daily-evaporation
data. (I)

Base soil-moisture storage. (R)
Array of BMS's for rain gages and soil types. (R)
Unit-time interval, in minutes. (I)

Beginning year of daily rainfall and daily-evaporation data
(last two digits). (I)

Dummy variables used in orthonormalization (reflect efficiency
of optimization procedures). (R)

Indicator of continuing parameter adjustment (0O--continuing,
l--terminated). (I)

Indicator of whether rain occurred in preceeding time interval
or not (0--Yes, 1--No). A 1 requires re-evaluation of PS. (I)

Card sequence number for various data types. (I)
Identifier of data type. (1)

Factor used in computation of infiltration rate, equivalent to
(RGF-1.0) /BMSN. (R)
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C@EF2

CT

DA

DAT
DATE
DATERF
DATERL
DCCN
DE

DED
DELTAT
DELS
DELSP

DIMP

DP
DPD

DRAIN

Same as C@EF, but for soil type 2. (R)
Recording interval of unit data, in minutes. (I)

Array containing cumulative step length taken in direction of

each search vector during a stage of optimization. (R)
Drainage area of basin, in square miles. (R)
Computed drainage area of basin, in square miles. (R)

Julian date relative to January 1, 1901. (I)

Julian date for beginning of record. (I)

Julian date for end of record. (I)
Dummy variable used to check unit-discharge data. (I)
Array containing daily evaporation. (R)

Julian date for observation of daily evaporation. (I)

Time interval, in fraction of an hour, for reservoir routing.
Number of 5-minute intervals in unit-time interval. (I)

DEL5 + 1. (1)

A two-dimensional array of drainage areas. (R)

DIMP(NRGI,1) is total effective impervious area covered by
rain gage NRGI

is total effective impervious area covered by
rain gage NRGI on subbasins of soil type 2
DIMP(NRGI+3,1) is pervious area covered by rain gage NRGI on

subbasins of soil type 1.
DIMP(NRGI+3,2) is pervious area covered by rain gage NRGI on

DIMP (NRGI, 2)

subbasins of soil
DIMP (NRGI+6,1) is noneffective
rain gage NRGI on
DIMP (NRGI+6,2) is noneffective
rain gage NRGI on

type 2.

impervious area covered by
subbasins of soil type 1.
impervious area covered by
subbasins of soil type 2.

Array containing daily precipitation. (R)

Julian date for daily precipitation. (I)

Volume of water drained from saturated zcne of soil type 1

in unit time. (R)
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DRAIN2

DRN24

DRN242

DT

DTEMP

DTEMP1

DTS

DX

DY

EC@MP

EDY
EM
EM@
E@
EP

EPSLN

ETDEL

Volume of water drained from saturated zone of soil type
2 in unit time. (R)

Volume of water drained from saturated zone in 24 hours for
soil type 1. (R)

Volume of water drained from saturated zone in 24 hours for
soil type 2. (R)

(a) Time interval (At) used in finite-difference calcula-
tions, in minutes. (R)

{b) Three-dimensional array of interim drainage areas used
in the calculation of DIMP's and drainage area basin. (R)

Drainage area of overland-flow segment to channel, used in
calculation of DT's. (R)

Drainage area used in adjustment of rain gage to basin. (R)

Time interval (At) used in finite-difference caléulations,
in seconds. (R)

Array of length intervals (Ax), in feet, used in finite-
difference calculations. (R)

Day of observed record. (I)

Array containing switches (0,1) used in optimization to test
for end of stage criterion (1--all switches). (I)

Parameter to indicate end of S5-minute routing interval for
a particular 5-minute precipitation interval in a detailed
storm. (R)

Ending day of daily rainfall and evaporation data. (I)
Array of m's for segments. (R)

Ending month of daily rainfall and evaporation data. (I)
Number of infiltration parameters. (I)

Excess precipitation per minute on pervious area. (R)

Step size for parameter adjustment at beginning of each
stage in optimization. (R)

Potential unit-time evapotranspiration. (R)
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ETW -- Potential daily evapotranspiration for soil type 1. (R)

ETW2 -- Potential daily evapotranspiration for soil type 2. (R)

EVC ~-- Pan coefficient for soil type 1. (R)

EVC2 -- Pan coefficient for soil type 2. (R)

EYR -- Ending year of daily rainfall and evaporation data (last two

digits). (1)
FILE -- File number used to print plots on. (I)

FLAG -- Indicator of change from daily rainfall to unit-rainfall
day (0--Yes, l--No). (I)

FLGTH -- Array of segment flow lengths. (R)

FMTA ,FMTB -- Formatting variables for outputting which flood events are used
in the objective function. (A)

FMTP,FMTP1 -- Formatting variables for outputting initial infiltration
parameter values and which of these parameters are to be
optimized. (A)

F@ -- Number of parameters to be adjusted in current round. (I)

FPK -- Array of observed peaks for flood events. (R)

FR -- Infiltration rate, in inches per S-minutes. (R)

FRN -- Array of friction coefficients for segments. (R)

FVgL -~ Array of measured flood volumes for flood events, in inches.
(R)

G -- Array containing lower limits of infiltration parameters. (R)

GD, GZE -- Dummy variables used in determining bounds of solution space

for optimization. (R)

H -- Array containing upper limits of parameters. (R)

HD -- Dummy variable used in determining bounds of solution space
for optimization. (R)

IC@DE -- Indicator for termination of input-hydrograph data for a flood
event (l--termination, O--continuing). (1)

IFgP1 -- Do-loop counter for identifying infiltration parameters not

to be adjusted in optimization. (I)
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IHYD

IJK

IJKS

ILAT

IMP

IMPRET

IMPST@

IMPSTT

INC

INC2

INDP

IN1

IN2

IgUT

IPAR

IPL

IPR

Array containing indicator of whether or not flood event has
an input hydrograph (l--Yes, 0--No). (I)

Five-minute interval within sequence of days at which a storm
ends. (I)

Five-minute interval within sequence of days at which a storm
starts. (I)

Array of lateral inflow segments into indexed downstream seg-
ment. (A)

Maximum impervious retention depth, in inches. (R)

Array of 5-minute incremental depths added to impervious
retention, in inches. (R)

Array of impervious retention storage for rain gages during
previous time interval, in inches. (R)

Impervious retention storage for a given rain gage during
current time interval. (R)

Difference between daily infiltrated rainfall and daily evapo-
transpiration for soil type 1. (R)

Difference between daily infiltrated rainfall and daily evapo-
transpiration for soil type 2. (R)

Array of starting and ending days of gap in daily record. (I)

Array of inflows to detention reservoir segments at beginning
of given time interval. (R)

Array of inflows to detention reservoir segments at end of
given time interval. (R)

Array used with @PTI@N to determine whether daily and unit
data are to be listed. (A)

Dummy variable used to identify soil type for excess precipi-
tation calculation on a segment. (I)

Array containing indicator of whether or not outflow from the
drainage basin is to be plotted for a flood event. (l1--Yes,
0--No). (I}

Array of indicators of outflow hydrograph printing for seg-

ments (l--print outflow hydrograph, O--do not print outflow
hydrograph). (I)
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IPRNT
IRR
ISEG

ITEST

ITRAN

ITYPE

IUP

Iw

I2CFSP

JLAT

JAUT

JUP

KDAY

KI

KINIT

KIT

KNN

KguT

KPSET

Counter for printing hydrograph. (I)
Array of monthly irrigation rates, in inches per week. (R)
Alphanumeric identifier for segment. (A)

Array of indicators of whether or not segment has been
sequenced (l--Yes, 0-=-No). (I)

Dummy variable used in renumbering lateral and upstream inflow
segments. (I)

Array of segment types. (I)

Array of upstream inflow segments into indexed downstream
segment. (A)

Counter for days during simulation. (I)

Conversion factor for converting runoff in inches per unit
time per unit area to discharge in cubic feet per second. (R)

Array of lateral inflow segments which have been renumbered
from ILAT to correspond to ISEG identifications. (I)

Array of segments with output hydrographs. (I)

Array of upstream inflow segments which have been renumbered
from IUP to correspond to ISEG identifications. (I)

Five-minute precipitation interval in a detailed storm. (I)
Five-minute precipitation interval in a detailed storm. (I)
Ending unit-time interval for storm. (I)

Counter for channel segments. (I)

Indicator for calling subroutine INIT to initialize catchment
(l--Yes, 0--No). (I)

Dummy vafiable used in printing time of peak flow during a
flood event. (I)

Number of flood events used in optimization. (I)

Indicator of whether or not detailed output is printed for a
storm (l--Yes, 0--No). (I)

array of soil types for segments (l--soil type 1, 2--soil type
2). (1)
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KR

KS

KSAT
KSAT2
KSEG
KTEMP
K1

K2
K4DAY

LABEL

LEAP
MAXL

MN

M@

NDATE

NDELS

NDX

NF

NFD

Indicator of whether or not excess precipitation occurred
during a 5-minute time interval (l--Yes, O-=No). (I)

(a) Starting unit-time interval for storm,
(b) Array of segments which are not overland-~flow segments. (I)

Ef fective hydraulic conductivity of saturated soil type 1. (R)
Effective hydraulic conductivity of saturated soil type 2. (R)
Array of segments ordered in downstream order. (I)

Day of unit-time simulation. (1)

Array of beginning times of detailed storms. (I)

Array of ending times of detailed storms. (I)

Number of unit-time increments in a flood event. (I)

Array containing the string of characters to be printed at
left edge of all plots. (A)

Indicator of leap year (l--Yes, 0--No). (I)
Maximum lines per page of printed output (55). (I)

Array containing cumulative numbers of days (in nonleap year)
to end of preceding month. (I)

Month of observed record. (I)

(a) Dummy variable used for boundary in finite-difference
calculations,

(b) Indicator of whether segment has an upstream segment
which has not been sequenced in downstream order yet
(l1--Yes, 0--No). (I) ~

Array of storm dates. (I)

Number of unit-time intervals in a day. (I)

(a) Number of intervals (Ax) for finite-difference routing. (I)

(b) Number of points in storage-outflow relationship for a

modified-Puls detention reservoir.

Array of number of storms in the sequence of days containing
a given storm. (I)

Number of storm sequence. (I)
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NFD1 -- Number of days of routing thus far in given storm sequence. (I)
NFE -- Array of ending 5-minute intervals for storms. (I)

NFIl -~ Number of storms remaining to be analyzed for observed volume
and peak in given storm sequence. (I)

NFS -- Array of starting 5-minute intervals for storms. (I)

NHL -- Number of horizontal grid lines in the graph. (I)

NIT -- Number of iterations during segment sequencing. (I)

NK -- Total number of iterations in an optimization round. (I)

NL -- Number of lines of output on a given page. (I)

NN -~ Subscript for objective function used. (I)

N@ -~ Sequence counter to identify current search vector. (I)

NgFE -- Number of flood events. (I)

N@PT1 -- Indicator of whether or not daily rainfalls are to be modified

for irrigation (l1--Yes, 0-=-No). (I)

N@uD -- Array containing sequence date for I-th day of unit discharge,
I=1,...,NUDD. (I)

N@uPp -- Array containing sequence date of I-th day of unit precipi-
tation, I =1,...,NUPD. (I)

NguT -- Number of segments with outflow hydrograph to be printed. (I)
N@8 -- Number of modified-Puls detention reservoir segments. (I)
N@9 ~- Ten + the number of linear-storage detention reservoir

segments. ' (I)

NPAGE -- Page number used by subroutine PAGE to number output pages. (I)
NPAR -- Number of soil types. (I)

NRG -- Number of rain gages. (R)

NRGI -- Rain gage I. (I)

NRG1 -- NRG + 1. (I)

NSBH -- Number of spaces between horizontal grid lines. (I)
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NSBV

NSCALE

NSEG
NUDD
NUPD

gF

#pPT

ZPTIPN

PPTNG

@s1

g1

@2

PARAM
PCCN
PDEL

PDT

PIMP

PK

P@BS

Number of spaces between vertical grid lines. (I)

Variable used to define the format of the ordinate and
abscissa label scaling factor. (I)

Number of segments. (I)
Number of days of unit discharge. (I)
Number of days of unit rainfall. (I)

Dummy variable containing minimum of error function determined
prior to current iteration in optimization. (R)

Option to read in storm volume. (A)

Option to list data (@PTI@N = LIST--all input data are printed.
(A)

Array containing subscripts to identify parameters to be
adjusted in round of optimization. (I)

Output sampling interval. (R)

Indicator of whether current flow is first flow of storm.
(0O--Yes, 1--No). (I)

Array of outflows in outflow-storage relationship for modified-
Puls detention reservoir segments. (R)

Array of excess precipitation during S5-minute intervals from
each rain gage. (R)

Pair of parameters for a segment. (R)
Dummy variable used to check unit-precipitation data. (I)
Unit-time interval expressed as a fraction of a day. (R)

Dummy variable used in the calculation of storage due to
surcharging. (R)

Array of excess precipitation volumes from pervious surfaces
for flood events. (R)

Indicator of whether or not overland-flow segment is of a
particular soil type. (l1--Yes, 0--No). (R)

Array of observed rainfall volumes for flood events. (R)
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PS

PSP

PSP2

PSUM

PTIME

PW

PW2

QFULL
QIH
QIND

QLAT

OMAX
OMX
QOUT

QPR

QR

QSUM
QSUML

QuP

Product of capillary suction and moisture differential at

wetting front. (R)

Minimum effective magnitude of PS for soil type 1
(occurs at fileld capacity, BMS=BMSN). (R)

Minimum effective magnitude of PS for soil type 2.

Array of total excess precipitation for each flood event and

rain gage. (R)

Time increment for unit data, in minutes. (R)

(R)

Amount of daily precipitation which infiltrates for soil type

1. (R)

Amount of daily precipitation which infiltrates for soil type

2. (R)

Array of times for plotting. (R)

Simulated runoff volume in square feet-inches for a flood

event. (R)
Discharge at full-pipe flow. (R)
Array of input-hydrograph discharges. (R)

Current outflow from drainage basin. (R)

Variable for lateral inflow onto a segment (q) in finite-

difference routing. (R)

Array of maximum possible discharges for segments.
Peak flow during a storm. (R)

Array of computed output discharges for segments.

(a) In subroutine LAT,-- q(t) in finite-difference
(b) In subroutine UP-- Q(o,t) in finite-difference

(a) Excess rainfall in 5-minute interval,
{b) Baseflow. (R)

Array of sum of upstream inflows to segments. (R)

'Array of sum of lateral inflows to segments. (R)

Qlo, t+At) in finite-difference routing. (R)
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0l -- Outflow from a segment at time t. (R)
02 -- Outflow from a segment at time t + At. (R)

03 -- Variable set to current unit discharge when computing baseflow,
measured peak flow, and measured discharge volume. (R)

R -- Array of discharges for plotting. (R)

RAT -~ Array of ratios of pervious area + noneffective impervious
area to pervious area for each rain gage and soil type. (R)

RATI@ ~- Dummy variable used in comparing computed drainage area with

furnished drainage area. (R)
RCZEF -- Array of "Theissen coefficients" for segments. (R)

RGF -- Ratio of maximum PS (at wilting point) to minimum PS (at
field capacity) for soil type 1. (R)

RGF2 -- Ratio of maximum PS to minimum PS for soil type 2. (R}

RITE -- 1Indicator of progress in parameter adjustment (O--continuing,
l--end of stage in optimization, print results). (I)

RK -- Sum of "Thiessen coefficients" for all rain gages on a
segment. (R)

R@ADYS -- Number of days from start to end of record. (I}

RR -~ Ratio of daily infiltration to daily rainfall for soil type
1. (R)

RR2 -~ Ratio of daily infiltration to daily rainfall for soil type
2. (R)

SEG -- Array of segments for outputting hydrographs. (R)

SF -- Scale factor to determine initial step lengths in a stage of
optimization. (R)

SFPK -- Array containing maximum simulated discharge for flood events,

in cubic feet per second. (R)

SFV@L -- Array containing simulated runoff volume for flood events, in
basin inches. (R)

SL@PE -- Array of segment slopes. (R)

SMAX -- Array of maximum storage during a flood event for detention
reservoirs. (R)
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SMS

SMSB

SR

SRP

SRV

S2

TEMP

TESTN@

T@UT

TRYCT

UD
uDD
UNN1
UNN2
UPD
UPR
uu
ul,u2

VaLI

Soil moisture storage in saturated zone (volume of infiltra-
tion during period). (R)

Array of SMS's for soil types and rain gages. (R)

Five-minute rainfall supply rate to pervious surfaces (adjusted
for contribution from noneffective impervious surfaces). (R)

Five-minute rainfall supply rate to effective impervious
surfaces. (R)

Dummy variable for simulated runoff volume. (R)

Array of storages in outflow-storage relationship for modified-
Puls detention reservoir segments. (R)

Time in finite-difference routing. (R)

Dummy variable used in sequencing nonoverland-flow segments
in downstream order. (R)

Array containing indicator of whether or not flood event is
used (l1--Yes, 0--No). (I)

Array of times (from beginning of storm) of output hydrograph
point. (R)

Iteration count for set of parameters. (I)

Array containing objective functions. (R)

Array containing unit-discharge data. (R)

Sequence date of unit discharge. (I)

Boundary value of root mean square error. (R)

Boundary value of root mean square error. (R)

Sequence date of unit rainfall. (I)

Array containing unit-precipitation data. (R)

Dummy variable for objective function in current iteration. (R)
Dummy variables for specific objective functions. (R)

Furnished volume of storm runoff, in inches. (R)
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W -~ Counter for day of record. (I)

X -- {a) Array containing magnitudes of infiltration parameters.
(b) Array of abscissa coordinates for plotting. (R)

XMAX -~ Value of abscissa at the rightmost grid line. (R)

XMIN -- Value of abscissa at the leftmost grid line. (R)

XX ~-- Dummy variable for infiltration parameters. (R)

YMAX -- Value of ordinate at the uppermost grid line. (R)

YMIN -- Value of ordinate at the lowermost grid line. (R)

YN -- Array containing cumulative number of days counted from

January 1, 1901 at end of preceding year. (I)

YR -- Year of observed record (last two digits). (I)
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PROGRAM LISTING

58



OO0O0O0OOOO0OO0O000

(g N @]

A X X I X X X X X RN R R R XX R XX R R XXX XA XSRS NSRS X X 3

J36T7=-=DISTRIBUTED RUUTING RAINFALL=UNOFF
MODEL FOR JURHBAN PLANNING

*
[
[
L
OPERATIONAL MODELS 2ROJEZT .

3ULF COAST HYDROSCIENCE CENTER .

Ue So GIOLUGICAL SURVEY = WRD .
JATE OF LAST PRUGRAM WIVISION: AUG 15, 1978 .
L

[ ]

*® & & & C ¢ " @

°
e IO IooaaagaTns
INTEGER I0UT(2)+INOP(50)
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INTEGER PCCNsDCCNoRODYSHIELSsOPDIDEDWOATERFWDATERILWBTIMEIDATE
INTEGER STA+STADsSTAD]I oSTAUPISTAUPL STAPSTAP] STAE(STAE]
INTEGER YRoyMUsDYsBYRIBMO9BOYIEYRIEMOGEDY s CNsCToCIDELOPTIONLOPT
INTEGER NOUDI(LI15) ¢NOUPI(115)4YNI(B4)UPDyUDD,IPRI(50)
INTEGER RITEsWoCHGoFLAGYIELSPVTESTNO(50)
INTEGER FILE
~t AL [RR
OIMENSION TITLD(30)s TIT_UP(50)s TITLP(50), TITLE(SO)s X2(16)
JIMENSION PI4P(6043)¢ IRR(12)
JIMENSION K1(60)s x2(60)
IF P_OTTING ROUTINE NOT ACCEPTED By COMPJUTER
PULL OUT LOGICAL®] IMAGE(5200)
LUGICAL®] IMAGE(5200)
REAL ISEGeIUAslLAT
CUMMON /Cl/ NSEGeISEG(50)+IUP(5003) s NPARVKISET(50)
COMMON 7C2/ NLNPAGE
CUMMON /C37 IPRNTToAR(S0e11)sFLGTH(S50) 9KSEG(S50)¢NDX(50)+Q@1(50) Q2

1(90) s @SUM(S50) »QSUML(50)+STO(50)

CUMMON /Ca&/ DELSvMAXL o QCW o QLAToILAT(5004) o ITEST(SO) s ITYPE(SO0) s JLAT

1(9004) ¢ JUP(5003)eP(345693) PARAM(5042) ¢RCOSF (5043)yUPR(T200)
COMMON /CS/ ALPHA(50) sEMIS0) 9FRNI(S0) sQMAX(50) 4SLOPE(S0)

CUMMON /7Cb/ DT+0TS,QUPDX (50)

CUMMON /CT7/ ZCOMP I +KINIT NOUT«NRGsOSI¢JOUT(50)+s2INDsRAT(3¢2)
COMMON /C8/ 12411 ¢IKsTRYCTIKOUT(60)+SEG(SO)

CUMMON /C9/ I3+164QIH(1T72R) sOPTIMEIHYD(60)1JWIP

CUMMON /7017 DP(1000) +RODYS

REAL IMPoIMPRET+IMPSTT»IMPSTO

Real INloIN2

COMMON /ELl/ IMPRET(1728+3)+IMPSTO(3)

JIMENSION IRES(30), 02(50,30)

COMMON /E2/ SMAX(S0)sIN2(SO0)sIN1(50),+5202(50)

CUMMON /E3/ JELTATNOB+QS(50411)

COMMON /E&/ WV (50+30)5S1({50¢30)+C1(50430)

COMMON /ES/ S2(50930)95(30+30)+C(50+30)

CUMMON /F1/ ICTsQ(1728)9(1728)41PL1(60)

COMMON /PARAM/ NSCALE (1) oNHL oNSBHoNVL ¢NSBV o XMAX s XMINs YMAX s YMINGFIL
1E+CHoNI¢NDLABEL(12)

INTEGER NF (60) «NFE (60) +NFS(60) yNDATE (5043),X0Q

REAL uUD(7200)+DE(1000)

REAL KDRAINJPSsPSPPWsQl+QRIDRAINIRGF sBUSNFPK(60) +PSUM(1204+3)¢RR
REAL COEF sDRANCSsETDELIETHsEVCIFRyINCoXKSATsSQyHMSySMS

REAL SFPK(60)+PDEL,I2CFSP

REAL EPSLNyXXsGOELOF o8Bl oB29X(T75)9G(75)

REAL H(TS)sU(3)sA(T76)¢D(T76)4DIMP(9,42)

REAL UUsSF+BDsGOWHD

REAL EVC2sRR29DRN2642+DRAIN2sPW2+ETW2 ¢ INC2eK6AT2

REAL Q3 9sSRVeAMX,SMSB(3+2) 4BMSB(392) 9FVOLI60)+sSFVOL(60)+POBS(603)
REAL FMTP(G) sFMTRP]L(10) sFMTAL(G) ¢sFMT3(4])
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10

20
30

40

50

00

70

90

100

VATA FMTA/ZLH o3Mel30lN(olH) oIHeIX9 IN]He/
JATA FMTIPL/3APSP o4HKSAT ¢ IMRGF ¢ GHBMSN ¢ INEVC : 2HRR 9 IMDRN9 6o IN 99 IMI N
IXR S V4
VATA FMTP/4M(1A o0Hol30e0qINeF oMl 20000Me X0 e2MAG]H olH o1M)/
JATA MN/0031959¢90,120013101810212020302739300933443637.uMX/0,0/
JATA B3/70/7¢FLAG/L/40170/030UT/76MLIST o0 NI/7+vQ3/70.0/7¢52¥/0,0/
VATA OF /1 .0E*S0/+81/0.07¢8270.0/¢PCCN/70/+DCCN/Z0/74uPD/7074002/0/
INITIALIZE DImMP TO Z2ERO
D0 30 usls2
JU 10 K=3]le)
RAT(KeJ)=®0,0
UV 20 I=]1+9
VIMP({leU)=0,0
CUNTINUE
JULIAN DATE FOR JAN, } OF EAC™ YEAR
STARTING FQOM JAN, 1¢ 1901
IN(1)=0
VU 40 I=2+86
IN(I)EYN(I=]1)e365
IF (MOD(]=198)oEQe0) YN(I)ZYN(]) ]
CUNTINUE ’
INITIALIZE 7O ZERD
Du 50 1=1+7200
JPR(1)=0,0
NkG=0
20 60 I=lel2
IRR(1)30.,0
4Cws0,0
NUAY=)
bu 70 1=1.7200
Wwil)=o0,0
DU 80 I=}s1000
oP(l1)=0,0
ot (1)1=0,0
OPTIONSIQUT (1) LISTS INPUT DATA.
READ (502020) OPTION«OPT NOPT]
IF (NOPT1.EQ.0) 30 TO 100
READ (552000) (INR(I)eIs)yl)
JU0 90 [=1e]2
IKR(1)=IRR(I) /7,
ARITE (6+2010) (IRR(I)eI=)ol2)
READ=IN STANOS. AND NAMES:DAcUNIT TIME, SEGIN AND END
DATES. STATION NUMBERS READ 2A4 FOR IBv wORD SIZE.
READ (5+20600) STAD) «STADSTITLDDA
READ (5+20600) STAP)+STAPTITLP
JEAD (992060) STAEL«STAESTITLE
“EAD (5+2060) BYRBMO+BOY.EYRIEMOIEDY
INITIALIZE VARIASLES
NUPDs (0
D0 110 I=l,115
NUJD(])=0
NOUP(I)=0
UkD=0
PCCN=0
NKGENRGe )
LF (NRG.GT,1) WRITE (6+25]10)
NUDD=(
READ (502050) STAUPL «STAUPITITLUP,PTIME
DETEIMINE JULIAN DATE FOR BEGIN AND END OF RECORD.
OATE=] FOR JAN. 1. 1901
IF (MOD(BYR,6)«NE,0) GO TO 130
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107
108
109
110
111
112
113
11¢
115
116
117
118
119
120
121
122



00

O0O0O0O0O0O0

130
140
150
160

170
180

190

200

210
220

230

240

250

It (8M0-2) 130+130,140

LeaP=0

oV TO0 150

“tAP=]

JATERF=YN(BYR)eMN(QMQO) *BIY*LEAP

IF (MOD(EYRs@)eNELO) GO TO 160

IF (EMO=2) 160+i60,170

LtLAP=0

ou TO 180

“LAP=]

JATERL=YN(EYR) ¢MN(EMO) sEDYCLEAP
CALCJULATE NUMBER OF DAYS OF RECORD

~UDYS=DATERL=DATERF )

WHITE (6+2070) STADIeSTADTITLDsSTAUPLsSTAJRsTITLUP»STAP]»STAR,T]IT
1.PoSTAELsSTAE s TITLEsDAWPTIME 1BUM09BIY9BYRsDATERFIEMO2EIYIEYIWDATERL

COMPJUTE TIME PARAMETERS

NDAY IS SET TO STARTING TIME ELEMENT FOR A RAIN GAG

PUEL=PTIME/1440.0

NUELS=1660/PTIME

NUAY=NUPD®NDELS® (NRG=1)

NURD=0

dTIME=PTIME

IPD=DATERF =]

ueD=DPD

JeL5=BTIME/S

DELS5P=DELS5+*]
READ IN DATA FROW A CARD
PERFORM EDIT CHECX ON STATION NO.s UNIT TIME, AND
CHRONOLOSICAL SEQUENCE OF CaRD
ENTER DATA INTO ARRAYS ACCORDING TD CODING
CHECX LAST FOUR CHARACTERS OF STATION NOSe. ONLY
DATES FOR CODES 1 AND 2

1F (OPTIONGEQ.IOJT (1)) WRITE (64+2510)

KP=0

READ (5,2080) STA],STAsYR,M0eDYsCTeCNy(X2(1)sI®1412)+CO0E

If (CUODE.EQ.B) GO 1O 120

IF (CODE.EQ.9) GO TO 320

IF (MOD(YRy4)  NE.O) GO TO 200

IF (M0=2) 200+200,210

LEAP=0

GU TO 220

LEaP=]

JATESYN(YR) ¢MN(MD) e DYLEAP

IF (CODE.EQ.2) GO 10O 270
DATA ENTRIES FOR COUDE 1

IF (STAJNE.STAUP) GO TO 430

LF (CT.NE.BTIME) GO TO 430

IF (DATE=UPD) 430,240,230

NUPD=NUPDe+ )

NUATE (NUPDo ) =DY

NUATE (NUPD¢2) =M0

NUATE (NUPD43) =YR

NOUP (NUPD) =DATE

JD=DATE

PLCN=CN

ou T0 250

1¥ (CNJ.LE.PCCN) 30 TO 430

PCCN=CN

NDAY IS NUPD®NDELS® (NRG=1) WITH NR3 UPDATED EACH GAGE READ

KeDAYENDELS® (NUPD=1)¢]12®CNeNDAY
KKkzKeDAY=1])
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123

136
137
138
139
140
141}
la2
143
los
145
lab
167
l1e8
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
178
176
177
178
179
180
181
182
183



200

210

280

290

300

310

320

330
360

350

360

370

38
390

1=0
VU 260 K=KK,X&4DAY
1=]e])
Xet])=X2(1) /710040
JPRIK)=zX2(])
IF (OPTIONGNELIVJT (1)) GJ TO 190
WHITE (602090) STAUP] ¢STAYReMOsOYsCToCNo(x2(])elxlell)sCOIE
oU T0 190
DATA ENTRIES FOR CJODE 2
IF (STA.NE.STAD) GO TO &30
IF (CT.NE.BTIME) GI TO &30
IF (DATE=-UDD) 630+290,280
NUOD=NUDD ]
NUUD (NUDD) =DATE
JUD=DATE
VCCN=CN
oV TO 300
IF (CN.LE.DCCN) 30 TO 430
JCCN=CN
<4DAY=NDELS® (NJDD=])e]2*CN
ENTER DATA INTO ARRAYS ACCIRDING TD CODE TYPE
KK=K&4DAY=1]

=0

J0 310 K=KKs<6DAY
1z]e]

Juik)=x2(l)

IF (OPTIONJNE.IOJT(]1)) GO TO 190
WRITE (642090) STAD] oSTAYReMOWUYoCToCNo (X2(I)oInl912)0CODE
3V 10 190
DATES FUR CODES 3¢
READ (592100) STADLoSTAVRIMO9CNy (X2(J)0]8)016)+CODE
Ir (CODE.EQ.9) GO TO 440
1F (CODE.EQ.¢) GBI TO 340
00 330 I=zl416
IF (X2(]) «GE«IRR(MO) sORX2(]),LTe0,0) GO T 330
XS(I)=]RR (u0)
CONTINUE
CONTINUE
IF (OPTIONGNE.IOUT(1)) GO TO 350
WRITE (6+2110) STADIoSTA9YRsMOeCNy (X2(1)91=21016)CODE
CUNTINUE
LLAP=Q
IF (MOD(YRs4).EQ.0) LEAPE]
IF (CN.LT«2) GO TO 370
JATE=YN(YR)euUN(MD) )7
IF (MO.LE.2) GO TO 360
JATEzDATE*LEAP
I13YN(YR) eMN(MQe])=DATE*]
IF (MO.LE.]l) GO TO 390
1I=11+LEAP
eU TO 390
JATEZYN(YR)eMN(MD) o]
If (M0.,LE.2) GO YO 380
JATE=DATELEAP
1i=]6
IF (CUDE.EQ.4) GD TO 410
DATA ENTRIES FOR COOE 3
IF (STAJNE.STAP) GO TO 430
1F (DATE.LE.JOPD) GO TV 430
DPD=DATE
11=11+0PO=DATERF
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184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
e07
208
209
210
211
212
213
2le
215
216
217
els
219
220
22]
222
223
226
225
226
a7
228
229
230
23]
232
233
234
235
236
237
238
239
240
rL 3\
262
263
244



(@]

(@]

400

410

€20

430

(X 3}

450

460

670

480
490

500

510

KK=DPD=-DATERF ]
1=0
JU €00 K=KKoI1I
I=]e1
CHECK FOR GAP IN DAILY RECORD
IF (X2(])eNE.99.39) GO TO 400

IF THERE IS A GAP SET UP INUICATORS FOR THIS

KP=KPe]
INJDP (KP) =K
K2(11)=0,0
IP(K)=X2 (1)
ou T0 320
DATA ENTRIES FOR CUOE o
IF (STAJNE,STAE) GO TO 430
IF (DATE.LEL.DED) GO TO 430
UED=DATE
I11=11+DED-DATERF
<KzDED=-DATERF )
(=0
JU €20 K=KK, 1]
1211
LbeE(K)=Xx2(])
ou TO 320
PRINT CARD WITH INCONSISTENY DATA
WHITE (6¢2120) STA,STAP+DATEVDPD»CIDE
STQ°
CONTINUE
INDP(KPel)=]]e]
1=0
J=1

CHECX FOR INPUT DJATA ERRORS
w=NOUD ()
M=NOUP (1)
<=0
[F (OPT.EQ.,]1) GO TO &80
IF (L.EQeM) 30 TD 460
WHRITE (6+¢2130) Kol oM
STOP
DO 470 K=DATERF+DATERL
1=1¢1
IF (DP(]1).GE+0.0) GO TO &70
IF (K NE.L) 30 TO 450
IF (KoNE.M) GO TO 450
J=Jel
“=NOUD (J)
M=NOUPR (J)
CONTINUE
® INITIAL OPTIMIZATION ROJTINE ¢
JU 490 I=],3
J(I)=0,60
READ (542160) EOQOeFOKIEPSLN
NNE2
NPAR=]
IF (EQ.GT+7) NPAR=p
Ju 500 I=1,E0
READ (S542150) X(I)eG(I)oe(D)
HEAD (5+2360) (OPTNO(I)elmlofFO)
1FOP1=2FO0+1]
VDU S10 I=]IFQP1,ED
OPTNO(I)=0
SET MAXIMUM TRYCT
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257
258
259
260
261
26¢e
2613
266
265
266
267
268
269
270
27}
272
273
27Ts
275
276
A
278
279
280
28]
c8e
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
308



a0

530

540

550

560

570

NR=K®*FQ

1F (NK.EQ.0) BI=1]
JU 520 I=le76
A(]l)=20,0

ull)=0.0

JU 530 I=1.26
ctl)=0

FLl) 3

TRYCT=0

CHECKX IF INITIAL PARAMETER VALUE WITHIN JUTER AOUNJARY

VALUES
U0 S50 I=1,.,E0
XX=X (1)

IF (XXeLE«G(I)) 30 TO 5640
IF (XXeGEH(I)) 30 TO 540

STORE INITIAL PAIAMETER VALUES
XK(EOQe]) =KX
ou TO 590

IF PARAMETER VALJES NOT WITHIN JOUNDARY VALUES

PRINT ERROR MESSAGE
WRITE (6+2160) IoG(I)oX(L)oM(])
STOP
CUNTINUE
JU 560 I=1+€D
L32%EDe]
o(L)=0.0
#(L)=0.0
K=EQe]

COMPUTE INNER BOUNDARY VALUES
SUE=(H(I)=6(]))*0,0001
3(K)=26(])+GOE
H(K)aH(])=-GOE

ENTER A(]) = 0,0 INTO ARRAY
L=F0e]}

JU ST0 1I=1FD
wJsle]
a(iLJ)=]l,0

COMPUTE INITIAL STEP SIZE
J=OPTINOI(])

A(I)=X(J)®EPSLY
CONTINUE

DESCRIBE INFILTRATION PARAMETERS
WHITE (6+2170)

NED)
00 580 Is],ED
FMTP (T7)3FMTPI(10)
FMTP(8)=FMTP]1 (10)
3]
IF (1.67.7) K=]l=7
IF ([NE.OPTNO(J)) GO TO 580
FUTR(T7)=FMTP] (9)
FMTP (8)3FMTPL (9)
JEJe ]
WRITE (6+sFMTP) ToX(1l)oFMTR] (K)
NJ=0
IF (NK.,EQ.0) GO TO 940
WHITE (6+2180)
wrITE (6+2190) (A(I)oel=leF0O)
WHITE (602200) NKXKLEPSLN
S0 TO 940
® MODIFIED ROSEN3ROCK OPTVIMIZATION ¢
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306
307
308
309
310
3l
312
313
31
315
ile
317
318
319
320
321
322
323
324
325
326
a7
328
329
330
Kk}
332
33
334
335
336
337
338
339
340
3e]
342
343
346
345
366
347
348
349
350
381
352
353
354
358
356
387
358
359
360
361}
362
363
364
365
366



(@]

o

590

600

610

620

630

640

650

660

UUSU (NN)

CHECX FOUR JMPROVEMENT IN O3UECTIVE FUNCTION
If (UU.GT.O0F) GO TO 650

NEW OYJECTIVE FUNCTION LESS THAN OLD 03J. FUNCTJION

JU 620 [=1.FD
M=JPTNOI(])
XXX (M)
<ZEQeM
“S2%EQeM

CHECKX ON INNER LOWER BOUNDARY
It (XXeGEG(K)) S0 TO 600
QUF(GIK)=XX)/(GLK)=G(M))
MWsyYU=61L)
ou T0 610

CHECX ON INNER USPER HOUNDARY
IF (XXelEeH(X)) 30 TO 620
QU (XX=H(K) )/ (H(M)=H(K))
U=yU-H{L)
JUSUUe ((=2,0%GD*4,0)*GD-3,0) *GD*HD
IF {(UUGT.OF) GO TO 650
CUNTINUE

SET JOF TO NEw 0OBJ, FCT,
UF =uu
Du 630 I=1+F0

STORE OLD PARAMETER VALUE IN LAST THIRD OF MATRIX
Ms0PTNOI(I)
XXX (M)
K=EQeM
LEZ2*EQeM
X{L)=xXX

CHECKX ON INNER BOUNDARIES
IF (XXeGToM(X)) 50 TO 630
It (XXsLT4G(X)) 30 TO 630

ENTER CURRENT 0BJ. FCTe IN G ¢ H AIRAYS
vwil)=UU
H(L)=UU
CONTINUE
IF (NOsEW.0) GO TO 640

Fil)=] IF NEW PAIAMETER VALUE I[MPROVES 0BJ. FCT,
F(NO) =1
E(ND)=0

CUMPUTE CUMULATIVE STEP SIZE
JINO)SD(NQ) +A(NO)

COMPUTE NEXT FORWARD STEP SIZ2E
A(NO)=3,0%A(NO)
WRITE (6+42210) TRYCTeU(Z2)
WRITE (692220)
ax]TE (6+2230) (X(1)el=14ED)
IF (TRYCT.NE.NK)} GO TO 680

33=)

RITE=]

30 TO 1360
IF NEw U3y, FCT. EXCEEDS OLD 08J. FCT,
SET OARAMETER TO PREVIOUS VALUE

w=24€0

J0 660 [=1,F2
K=0PTNO(1I)
LKEKeM
X(K) =X (LK)
9u TO 740
ROUTINE TO COMPUTE NEW PARAMETER VALUE
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388
349
390
391
392
393
394
395
396
397
398
399
400
401
402
403
4064
405
406
407
408
409
410
411
4l
413
4l
415
al6
617
418
419
420
421
422
423
24
425
426
+27



oo [a N g} (g]

670

680

690
700

710

720

730

740

750

760

770
780

790

IF (TRYCToNENK) GO 1_'0 680
oU TO 640 o
TRYCT=TRYCTe])
JPTIONSIOUT (2)
IF (NO.EQ.FO) GO TO 690
NUSNDe ]
ou TO 700
NJz]
JU 730 [=1+FD
A=JPTNO( D)
IFO=FQO®]+NO
RA=X(K)*A(IFO)®A(ND)
IF (XXoLE«G(X) e URXXGES4(%)) GO TI 710
X(€)=KX
ou TO 730
“=2®°E0
I1F (1,EQ.1) GO TD 740
li=1=1
Ju T20 1uJ=l,l1
lezllel=1d
<=0PTNO(I2)
LKL eK
Y(K)sxX (LK)
oV TD 740
CONTINUE
o0 TO 1360
CUOMPUTES BACK STEP LENGTH(WHEN NEW 08J. FCT. > OLD)
IF (TRYCT.NE.NX) GO TO 750
34=]
R[TE=]
20 T0 1360
COMPUTE NEXT BACKWARD STEP SIZ€
A(NO)==0,5%A(NO)
E(1)=1 INDICATES PARAMETER VALUE CHANGED 3Y BACKWARD
STEP S12¢
£ (NO)=E(NO) o]
DETERMINE IF BOY+ BACKWARD AND FORwWARD STEP SIZE
ADJUSTMENTS FAILED TO IMPRIVE 08J. FCT.
oV 760 I=14F) °
WJSE(L)IOF (D)
IF (LJsLE.O) GO TO 670
CONTINUE
VECTOR ORTHONORMALIZED WHEN IPEF.GT.0 FOR ALL I
DU 770 [=1+F)
LEF0e(]e])
A(L)=D(FO)eA (L)
K=FQe]
1F (FO.EQ.1) GO TO 780
LJ=FO=-]
QU 770 LK=1leLJ
JEsFO=LK
LEKeJ2
ACL)SD(J2)*A (L) *A(L+])
NORMALIZE VECTOR LENGTHS TO 1,0
d0=0,0 ’
JU 790 I=)1,4F2
LJzsFOefe]
dUzA(LJ)®*®2+8D
31=SQRT (BD) - . ..
VU 800 Is1,FD '
LEFOe] ]
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428
«29
430
431
€32
433
438
435
436
437
438
439
440
4nl
1YY
443
YT
445
Y
a7
448
449
450
451
452
453
4Sé
455
456
457
458
459
460
461
462
463
464
465
466
467
408
“69
470
471
472
473
476
075
476
477
478
479
480
481
482
483
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800

Blo

320

830

860

850

860

870

880

890

900

910

920

230

all)=a(L)irs8l

RECOMPUTE STEP SIZE INCREMENT

5F=0.0

JU 810 I=1.F2
<=JPTNOI(I)

LSF0®[e])
SFaSFeABSIA(L))®X(K)
A(])=SFeEPSLN

'!U:0.0

Ju 820 I=1,.F0
IK=FQ®]e2
sUzA([K)®**2e3D
8c=2SQRT(BD) /3]

An]TE (692260) 81,82
JE2

It (FO.LToJd) GO TO 910
K=}

dU=0.0

[F (KeGEeJ) 30 TO 870
JU 850 1=31eF0

LSF0e]

Ld=Ley

LABLeK
sU=BDsA(LJY) *A (LK)

JU 860 I=1+FD
LEF0e]ey

wJEL=JeK
AlLL)sA(L)=A( J)*BD
KzKe]

8U=0,0

GO TO 840

DU 880 I=1.F0
LJsFOoeley

BU=A (LJ)®*®2+8D
4U=SQRT (BD)

0U 890 I=1,F0

LEFO® ey
A(L)=A(L) /80

5F=z0,0

VU 900 I=1,F0D
K=QPTNO(])

L=F0®]e+y
SFaSFeABS(A(L))®X(K)
A(J)=SFeEPSLN

J=Je]

G0 70 830

WRITE (6+2250)

DU 920 I=]1+F0
LJs]eFQe]

K=z]*F0sFO

WRITE (642260) (A(IJ)elJdsiLJelK)
NUE0

WHITE (6022T70) (A(1)elmleFQ)
IV 930 I=],F0
D(I)t0.0

F(I)=0

K=UPTNO(])

wJEEDQeK

X{LJ)=X(K)

RITE=])

VU TO 1360
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489
€90
9]
92
493
696
495
L2 ].]
.97
498
499
500
S01
502
503
S0
505
506
507
508
509
510
511
Sle
513
Sle
515
516
517
518
519
520
521
522
523
52¢
525
526
527
528
529
530
531
532
533
53¢
535
536
537
538
539
540
541
Sé42
543
Ses
545
546
547
S48
549



Jeu

950
960

970

980

390

1000

CUNTINUE

NPAGE=0

MAX| =55

READ CATCHMENT DATA

“EAD (532280) NSEGsDTeOSI o NHGo JuP

OT3=DT*60.,

ANITE (642290) NSEGsDToOSIoNRGINPAR, JuP

Call PAGE

WHITE (6+2300)

NLINL 4

NUB=0

NUSE]0

DU 1000 I=1,NSEG

“EAD (5423401 ISEG(I) v (IUP(Lod)odml o) o (ILAT(IoU)vJdELsb) ITYPEL(]),
TIPROIYoNDX(I) o FLGTH (L) oSLOPE(]) o FRN(I) o (PAIAM(T o J) 9JB102) o KPSET(])
22 (RCOEF (JeJ) sJ219NRG) .

IF (ITYPE(]).EQ.9) NOB=NJ@*])

It (ITYPE(]).EQ.8) IRES(NOB)=]

IF (ITYPE(I).EQ.9) NO9=NIGe¢]

It (ITYPE(I).EQe9) IRES(NOI)=]

IF (NDX(I))} 35049509060

NUX(])=10

NL=NLe1

JX(L)=FLGTH(L) /NIX(])

IF (NL=MAXL) 99U+980+980

weITE (6+1990)

S1QP

CALL PAGE

NL=NL 5

WRITE (642300)

WHITE (6+2350) ISEG(I) o (IUP(Iod) oJs)o3) e (I LAT(ToU)eJsleb)oITYPE(])
JoIPREI)IoNDX(I) o FLGTHIL) o SLOPE(T) o FRIN(I) o (PARAM(ToJ) 0 J8)02) o KPSET (]
2l s (RCOEF ([eJ) s Jd=]loNRG)

IF (ITYPE(I)eNE.1S,ANDeITYPE(])oNE.16) GO TO 1000

IF (1.EQ¢l) 30 TD 970

ITYPE(L)SITYYRE(I)=]0

IF (PARAM(I-1,2).NE.PARAM(],2)) GO TO 970

PARAM(I~-192)s=PAAM(]-1,2)

IF (PARAM(I=141)NE.PARAM([s]1)) GO TO 970

PARAM(Is1)==PARAM(T,41)

CUNTINUE

JELTAT=DY/60.

IF INOB.EW.0) GO TO 1060

JU 1050 12=1.NOB

<=IRES(I2)

DUMINZDELTAY

JENDX (K)

JU 1010 Il=1.v

READ (5+2150) 02(KeI1)eS2(Kell)

WV IKyI1)=S2(Ks11)/DELTAT*02(Ke1]) /2,

TeSTzWV(Ks[1)=02(Ky 1)

IF (TEST.LGE.0.0) GO TO 1010

DUT=S2(KWII)/7(02(KWI1)/260)

1f (DOT.LT.DOMIN) DDMIN=)DT

WHITE (6+2310) K+sDDMIN

1010 CUNTINUE

JU 1020 [Is2sd
SIIKyII)3(02(Kell)=02(KolI=1))/(WVIKyI])=WVIKeII=1))
CliKy1J)=302(KeIl)=S)l(KeIl)®WV(K,]II)
SIKe[[)=(02(KelI)=02(Kellel))/(S2(Kol)=S2(Ko]l=]))
C(KsI1)=02(KoII)=S(KsI1)®S2(Xo]])
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550
551
552
553
554
555
556
557
558
559
560
561
562
563
564
565
566
S67
568
569
570
571
572
573
57«
575

S77
S78
579
560
581
582
583
S8s
5685
586
587
588
589
590
591
592
593
S99«
595
596
597
598
599
600
601
602
603
604
605
606
607
608
609
610



1020

1030
1060

1050
1060

(@]

1070
1080
1090

1100
1110

1120

1130

1160

1150

OO0 (g} oo

[g]

1160

1170
1180

1190

CONTINUE
NL=ENL*eSeNDX (K)
1F (NL=MAXL) 1060,1030+10230
CALL PAGE
NLESeNDX (KR}
aRITE (6+2320) JSEGIK)
ORITE (602330) (V2(KoJl)oeSe(XoIl)oaVI<oIl)ollaled)
CUNTINVUE
IF (NRG.EWeI) GO TO 1090
SET THEJSSEN COEFFICIENTS FOR UNUSZD RAIN GAGES TO ZERD
NNGI=NRG 1
VU 10580 J=NRol+J
JU 1070 K=]NSEO
RLIEF (KoJ) =060
CUNTINUE
CUNT INUE
IF (NL-MAXL¢10) 1110111041000
CaLL PAGE
NLENL*4
SET=-UP KINEMATIC MUDEL PARAMETERS
CalLl aMm
SET=uP COMPUTAT]IIN SEQUENCE
CaLl SEQ (DAsDImP)
SeT=uP 0JTPUT SEJUENCE
NUJT=0
oV 1130 [=]1sNSEO
IF (IPR(I)) 1130+113041120
SET-UP INDJCATORS FQR SEGMENTS w]T4 PRINTED OUTFLO«
NUJT=NOUT )
JUUT (NOUT) =]
SEGINOUT)I=ISEL(])
CUNT INUE
INITIALIZE VARIAILES
JU 1160 11I=1sNRS
I4PSTO(]III)=0,0
NUFE=]
Il=]
DU 1150 I=®)460
FPKi])=20,0
FVOL(I)=0.,0
¢ STORM ANALYSIS & (PEAKs BASEFLOW, VOLUME)
NDAY IS SET TO NJMHER OF TIME INTEIVALS FOR A RAIN GAGE
NOAY=NUPD®NDELS
5280ee2/12060060024826,888: CONVERTS INCHES TO CFS
1¢CFSP=220,88888879e0A*NDELS
FOUR EACH SET OF EVENTS., THE ND, OF EVENTS IN THE SET
IS ENTERED FOR AS MANY TIMES A4S THERE ARE EVENTS IN THE
SET. A SET OF EVENTS CONSISTS OF A FRACTION OF A DAY OR
A SERIES OF CONTINJOUS 0DAYS.
READ (592360) [ (NF(K)eK3]s])
WHITE (6+2680) lo (NFIK)eKsly])
BEGINV ANALYSIS OF & SET OF EVENTS
DU 1170 I=]11.NUPD
KIT=(l1=1)®NOELS
LF (NOUP(Je]) oNEe(NOUP(L)e})) GO TI 1180
CONTINUE
NF ] 1=NF (NOFE)
Jes])
Il=]e]
BEGIN ANALYS]S OF A STORM
READ (5+2030) KSeKEWIPLINOFE) s VOLT
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6ll
sl
hl3
hle
615
6l6
6l7
618
619
620
621
62
623
624
625
626
627
628
623
630
631
632
633
634
635
636
637
638
639
640
66
642
663
664
645
646
6e7
648
649
650
651
652
653
654
655
656
657
658
659
660
661
662
663
664
665
666
667
668
669
61

671



1200

1210
1220

1230

1240

1250

1260

1270

1260
1290

1300

1310
1320

ANITE (6+2690) NOFEIKSyKE
FvOL (NOFE)=VIL
KL (NOFE)=K]TeKS
K (NQOFE) K] TeKE
K5z (KS«])®DE 5]
<L=KE®DELS
NFS (NOFE) =KS
N E (NOFE) =KE
NrIlsNFIL=-]
JU 1200 LJ=]¢NRG
PUBS (NOFEsLJI=0.0
FIND PEAX DISCHARGE
«J=K] (NOFE)
LMz=K2 (NOFE)
dn"z0,0
IF (OPT.EW.]l) GO TO 1260
QU 1230 KzLJelM
243=UD(K)
IF (Q3.LE.QMX) LD TO }2260
JMXZQ3
13=[ae (K=KIT)/NDELS

NOATE [S USED FOR PRINTING OUT TNE OATE OF STORM

0 1210 K3=3],3
NUATE (NOFE+K3)=NDATE (13+%X3)

IF FIRST TIME PERIOD OF SYORMs SET UD(K)s BASEFLOW

IF (0l.NE.O) GO TO 1230

PLES*R]

Ji=]

CONTINUE
FIND RUNOFF VOLUME ABOVE BASEFLOW
AND RAINFALL VOLJME

GU TO leeu

JU 1250 K3=]1+3

I3=]4e (LJU=KIT)/NIELS

NUATE(NOFEsK3)SNIDATE(13,X3)

J0 1290 L=LJelLM

VU 1270 I=1,NRG

Ic=NDAY® (J=]) el

PUBS (NOFE+])=POBS(NOFEs 1) ¢UPR(]12)

IF (OPT.EWQ.1) GO TO 1290

CHEC< UNIT DISCHARGE FOR VALUES LESS THAN BASEFLOW
IF FOUND SET BASEFLOW TO MININUM UNIT DISCHARGE

IF (UD(L).GE.QR) GO TO 1280
JR=UD (L)
SKRVESRVeUD (L)
CONTINUE
IF STORM VOLUMES FURNISHED 6O T0 1300
IF (OPT.EQ.1) GO TO 1300
SRVESRV=QR® (LM=_J¢])
FVOL (NOFE)=SRV/[2CFSP
FIND PEAX DISCHAIIGE ABOVE BASEFLOW
FPX(NOFE) =QMX=QR
SFPK (NOFE)=0,0
1F (1PL(NOFE) ,EW.0,0R.QR.EYJ,0.0) GI TO 1320
JO 1310 K=LJyeslLM
UU(K)=UD (K) =uR
NUFE=NQFE+]
dMX=0,0
SHV=0,0
Ol=0
CHECX FQOR MORE STORMS IN SEY OF EVENTS
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672
673
674
675
676
677
678
679
680
681
682
683
68¢
685
686
687
688
68535
690
691
692
693
694
695
696
697
698
699
700
701
rT02
T03
704
108
T06
707
108
709
T10
111
T12
713
714
715
T16
17
118
719
720
T21
122
123
T24
T2s
126
T27
728
729
T30
731
132



1330

1340

1350

1360

1370

1380
1390

IF (NFI1.6T,0) GO TO 1190
CHECK TO SEE IF ALL EVENTS MAVE BEEN ANALYZED
IF (NUPD.GELI1) 30 TO 1150
NUFE=NOFE~-]
READ (5+2360) (KIUT(I)eIs)eNQFE)
WRITE (6¢2500) (<OUT(])eIs]leNOFE)
<EAD (5+2360) (TESTNO(I)oI3)oNOFE)
<EAD (592360) (LnYD(I)eIs)eNOFE)
WRITE (6+2380) (IMYD(])e1l3)sNOFE)
IF (NK,EQs0) GD TO 1340
WRITE (64+2370)
FMTIB(1)sFMTA(I)
FMTB(2)2FMTA(]))
DU 1330 I=3,62
FMTB(])=FMTA(S)
FMTB(63)=FMTA(S)
KNNzZ0
OUTPUT FLOOD EVENTS TO WE JSED IN JPTIMIZAT]ON
DU 1350 I=).V0FL
IF (TESTNO(])eNEl) GO TD 1350
KINNZSKNNe* ]
wsle?2
FMTB(LJ) sFMTA(2)
WRITE (64FMTd)
FMTB(LJ)ZFMTA(S)
FMTB(2)=FMTA(6)
CUNTINUE
RITE=1
END JF INITIAL PROGRAM SET-UP
CUNTINUE
INITIALIZE
Jiz0,0
Jez0,0
NU2=NOFE*NOFE
00 1390 NRGI=1sNRG
90 1370 I=]oVOFE
PIMP (I oNRGI) 20,0
SFVOL(I)=0,0
DU 1380 I=],N02
PSUM(]oNRG1) 30,0
CUNTINUE
Ii=}
SMS=0,0
BMS5=0,0
CHGe)

ESTABLISHY CURRENT INFILTRATION PARAMETER VALUES

PSPaX(})
KSAT=X(2)/12.0
RoFaX(3)

dMSN=X(4)

EVCEX(5)

RAR=EK(6)
DNN2ezX(T)®X(2)%24,0
IF (NPARJEQ.1) GO TO 16400
PSP2=X (8)

KSAT2=X(9) /12,0
RuF2=x(10)

dMSN2sX (1))

EvC2sx(]12)

RR2=X(13)
DRNZe2EX(18)®X(9)024,0
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733
736
735
136
737
738
739
T40
L)}
742
743
T64
765
T66
767
Te8
749
750
751
752
753
754
158
756
197
758
7539
760
761
Te62
763
Té4
765
766
167
768
769
770
171
772
773
176
178
776
117
778
779
780
781
782
783
784
788
786
787
788
789
790
791
792
793



16400

1410
1620

1630
1440
1650

1460

1470
1480

1490

1500

URAIN2ZDRN262/NDELS
CUEF2= (RGF 2~} 4.0) /BMSNZ
KURAINZDRN24/NDELS
CUEF= (RGF=1,0)/d4SN
INITIALIZE VARIAILES
JU 1620 NPz]4NPAR
JU 1410 I=3]4NRS
SMSB(IeNP)Z=0,.0
dMSB(]¢NP) 20,0
CONTINUE
Kr=]
=]
BEGIN SIMULATION
KiNIT=0
1K=}
NF D=0
wz0
JU 1920 lws)ROLYS
wWame]
LF (0T RUDYS) LD TO 19¢0
FOR GAP IN RECURDs INITIALIZE SOIL MOISTURE TO (EROD
IF (WeNEINDP(KP)) QO TO 1650
LJzKPe]
wSINDP (LJ) ¢}
KrzKpPe2
uMS=0,0
UU 1660 NP=]sNPAR
VU 1430 LJ=])sNKD
dMSB(LJINP) 30,0
SMSB(LJINP) 20,V
CUNT INUE
CUNTINUE
PWsRR*OP (W)
LF (NPAREQ,2) PW2zRR2%DP (W)
LTasEVCHDE (W)
IF (NPARLEQ,2) ELTW2WEVCZ*DL (W)
Ir (Pw.LT.0,0) GO TO 1720
IF FLAG®0s GOMPUTE SIMULATED VOL. AND PEAK FLOW
IF FLAG=1l, PO DAILY MOISTURE ACCOUNTING
IF (FLAGJNE,0) GO YO 1700
SET-UP FOR ROUTING THE GENERATED EXCESS PRECIPITATION
NFDl=0
NFOENFDe )
KINIT=]
ly=]
NL=100
IF (1l1+8ToNOFE) GO YO 10680
1CT=0
1F (l"ve‘ll)0EH.000Q033.£00°) GO YO 1500
le=z0
JUSNF (1) *(28B/DELS)
UV 1670 I=]l,Jdy
wirn(l)z9e0
HEAD (592390) LCODEsJYJJIe(X2(I)e]l3)0l0)
VU 1690 I=1,1]0
Wirntuud) =x2(1)
JudsyJdel
IF (1COBE+EQ.V) 6O TO 1480
la=zyuu
CUNTINUE
dMXz20,0

72

TE IR ST 2 2 2 32 5 2 B B R B B B B B B B N B B B 2 B B 220 J B b 2 8 I8 8 B 28 B b 0 28 B 8 B 8 S Al R 8 4

794
795
796
797
798
799
800
801}
doe
803
804
805
806
807
808
809
810
8l1
8le
8l12a
813
8lé
815
816
817
ala
820
821
8ee
823
824
82s
826
827
828
829
830
831
832
833
834
835
836
837
838
839
840
84)
(T Y
843
844
845
846
847
848
849
850
851
852
853
854



o0

[a N gl (o N o

1510

15¢0

1530

1540

1550

1560

1870

1580

1990
1600

IF (B3¢0UWe0.0RKOUT(IL)eEQe0) KINITSO

Kn=0

1JUKS=NFS(1])

ITJUK=NFE(]I])

1ie=11+NOFE
ROUTE EXCESS PPT. FOR A STOWRM

VU |560 1=]1uKSylux

IF (1 eNE+lJKS.ORNFOLl.NELO) GO TO 1510

IK=IKeJUKS/DELD

IF (DELS.EQ,.1) IKzK=]

CUNT INUE

KUY=[e])72b

VU 1520 NRGI=]19sNRG

POUM{T I oNKGE)ZPSUM(J) e NRGI) *P I eNRG])

LE=NDAY® (NRGI~-)) ¢ IK

PIMP(I1oNNGI)ZPIMP(§ ) oNRG]I) *(UPRI]2) /7DELS=IMPRET (I 4NRGI))

LF (NPANGNE.L) PSUMCI1I2eNRGI)ISPSUMITILI24NRG]) sPIKDYINRG])
INDICATOR TO BEGIN ROUTING ONCE EXCESS PPT, OCCURS

IF (P(l1yNKRGI)eNEL0,8) KR=]
00 NOT ROUTE If PARAMETER ADJUSTMENT HAS NUT TeRMINATED
OR DETAILED OUTPUT NOT PRINTED FOR STORM

IF (B3.8We0) GO TO 1550

IF (KOUT(I1)4EWe0) GO TO }550

IF (KR.EW.0) GO TO $550
P(IoIT1)SEXCESS PPT, OURING | SeMIN, TIME PERIOQU
FHOM TI1 GAGE

VU 1530 NRGI=]9sNRG
RUUTE IF DISCHARGE FOR MOST DOWNSTREAM SEGMENT IS NOT 0
OR IF EXCESS PPT, > 0

1P (QINDeNE.0e0sOR,P(IyNRGL) eNELO.D) G0 TO 1560

CUNTINUE

KKks(

ECOMP=ECOMPe5, U

T=Te5,0

bu TO 1850

CUNTINUE

1F (ICT.EdeOeANUSIPL(I)) oEWel) ADZ®(]-1JUKS)/DELS

CALL ROUTE (33)

IF (QINB«GT.uUMX) UMX=QIND

cCOMP=ECUMP+5,0
DETERMINE wHETHER UR NOT AT ENO OF UN!!-Y!NC INTERVAL

luzlJel

IF (1JeEWDELSP) IKM¥]IKel

IF (1J.EQ.DELSP) om0

IF (J1JUEW.DELSP) ]Jums])

CUNTINVE

IF (KOUT(11)+EQeO0,O0R.BI<EQ0) GO TO 1600

LF (NOB,EQ.0) GO TO 1580

DU 1570 JJu=]leNQB

K52 [RES (JJ)

wR]ITE (002470) ISEGIKS) o SMAK(KS)

IF (NO9.,EQ.,10) vO TO 1600

00 1590 JJJus119NO9

K5z [RES (JUJ)

WRITE (692470) ISEGIKS) ySMAXIKS)

CUNTINVE

IF (B3.EWe0.,URIPL(§1)eEQ.U) 6O TO 1630

A]]TE (0.2510)

Ix=sd(l)

ly=Q(IcT)

AMIN=]X
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855
856
857
858
859
860
86]
8e2
863
866
865
866
867
868
869
a710
a7}
8712
8713
87s
8715
876
a1

879
880
881
-1 T4
883
884
88s
886
887
1.1}
889
890
89])
892
893
89
89s
896
897
898
899
900
901
902
903
90s
905
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910
911
912
913
91e
915



OO0

(2N g]

1610

1620
1630

1640 UCWw=QCWeDIMP(LJUs1)PSUMITL LK) +OIMP (LK ))ISPIMP(]])oLK)SDINP(LUe2)*P

1650

1660

1670

1680

1690

1700

AMAX=]Yelo,
YMAX=GML
IF (QMX LTFPR(11)) YMAXSFPK(]])
JUJEYMAN/ L0
YMAX= (JJuJ*le)®lUe
IF PLOTTING ROUTINE NOT ACCEPTED By COMPUTER
PULL OUT NEXT 11 STATEMENTS (A 923 THROUGH A 933)
CALL PLOTZ (IMAGE o XMAX o XMINyYMAXe00s046)
CaLl PLOTS (IHCsdsROICT)
iF (OPT.EWel) GU TO 1620
Jusz0
WASK1(11)+ADZ
LJzK2(I1)
YU 1610 KusiKely
Jdzduel
R (JJ)2UD (KQ)
CALL PLOTYS (1HO9d9ReICT)
CALL PLUT® (11lel1NFLOW IN CFS)
CUNTINUE
INITIALILE VARIAGLES
CUPY SIMULATED FLOVD VOLUME AND PRAK
FUR [=Tr EVENT INTU STORAGE AWNRAYS SFVUL AND SFPK,
UU 1600 LK=]oeNNL
LJsLKed

EOSUMI(I12+LK)
SFVOL(11)1=4WCw/ (52804005280.0%DA)
Jluwz0.0
SFPK(]1]1)=umMx
IF (TESTNO(I))uNEs1l) GO TO J660
IF (SFVOL(11).EQ.0) GU TO 1650
IF (FVOL(I1l)etWe040) GO TO 1650
JEzU2+ALOG(SFVOL(I))/FVOL (1)) ee2
IF (QMX EW.0¢) LO TO 1660
IF (FPK(]J1).EQ.U.0) GO TO lo60
VIBULsALUG (QMX/FPK(TL) ) %e2
Il=zl]le}
NFDl=NFRL°)
1F HAVE ANALYZED ALL EVENTS OF SET OF EVENTSe GO TO l680
LF (NF (NFU) . NE.NFD1) GO TO 1670
IF (MOD (IK=]1eNDELS) sEW.0) GV TO 1680
Ku=([K=1) /NDELS
IK= (KQe 1) *NDELS!
LV TO ledd
lUK=[JUKe]
1UKS=NFS (1))
IF NEXT STORM DOES NOT HEGIN IMMEDIATELY AFTER LAST
STORM, SET KINIT =l SO SUBROUTINE INIT WILL BE CALLED
IF (TUKeNELIUKS) KINITS]
IKzIKe (JUKS=IJK) /DELS
U TO le60
NFOaNFOeNFDL -1
IF (WeGT.RODYS) GO TO 1920
FLAG=)
CnGgs)
VU 1690 111=]eNRG
ImPSTO(11])=0,0
DAILY MUISTURE ACCUUNTING
DETERMINE IF MOISTURE EXCESS OR DEFICIENCY OCCURS
INCzPwW-ETHW
1¥ (NPAR.EQ.2) INC23PwW2-ETwZ
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916
917
918
919
920
921
92
923
924
925
926
9e7
928
929
930
931
932
933
934
935
936
937
938
939
940
94]
942
963
946
945
946
947
948
949
950
951
952
953
954
955
956
957
958
959
960
961
962
963
964
965
966
967
908
969
970
971
972
973
974
97s
976



c
c

VU 1710 T1l=leNNG
CaLl DoM (SMSB(J1Tod) otMSBIIITel) 9 INCoDHNCG s BMSN)

IF (NPARGEQ.2) CALL DSM (SM3B(J1142)+BMSB(TITe2) s INCR2eUNNZG29BMSNZ

g)

1710

1720

1760

1750

CUNTINUE
FAINISHEDY WITH VDAY
by TO 1veo
BEGIV UNIT=TIME SIMULATION
FLAG=Y
K EMP=K
UV 1910 NP=z) oNPAR
URAINEKGRAIN
dMST=dMSN
IF (NP.EWYe2) BMOTEBMOINS
K=K TEMP
IF (4.GT4RODYS) GO TO 1910
LTUOEL=PUEL®ETN
IF INP.EQe2) ETOEL3WDEL®ETWZ
IF (NP EQel) KINITaKINLTe)
UV 1900 I11=]sNRG
LrnG=]
KUAYS2HU® (KIN|T=])e}
COMPUTE SMSBMS FOR AREAS FOR EACH RAIN GAGE. SOIL TYPE
SMS3SMSH (111 9NP)
oMS=gMoB (111 oNP)
KKK=Ke (JI1=])) eNUPDONDELS
KeDAYZKEKONDELS=]
YU 1880 KK=KKKoKODAY
IF (UPRIKA) .LEsV+0) GO TO 1810
SKRPayUPR (KK) 7OELYS
SKaSRPORAT(]]1] oNP)
IF (CHGJNEL]1) w0 TO 1730
BEGVIN COMPUTATION UF INFILTRATIUN
REDETERMINE PS AFTER BREAK IN RAINFALL
PO=PSP® (RGF=COEF*BMS)
1F (NP.EWe2) P33PSPR® (RGF2=-COEF2*04S)
CHnG=Q
CUNT INUR
DEFINE S-MIN., RAINFALL SUPPLY RATE
1F (SMS.LE.0.0) GO TO 1740
IF SATURATED ZONE tX]STS
FREKSAT® () ,0¢PS/SNS)
IF (NP.EW.2) FREXSAT2®(1,0°PS/SMS)
GV 10 1750
IF NO SATURATED ZONE EX]ISTS
FRaKSAT® (] ,0°PS/SR)
IF (NP.EWQ.2) FR3KSAT29(),0°PS/SR)
ODETERMINE EXCESS PPT, IN UNIT TImE
UJ 1800 NKL31DELS
If (SR.BE«FR) GO TO 1760
URBSR®#3/ (2,0°FR)

"6V T0 1770

1760
1770

PONDED CONDETION
URZSR=-FB/2.0
SMS3SMSeSKR=-QR
KOAY 1S S=MINe INTERVAL IN A UETAJILED STORN
KUYsSKDAY
IF (NP,EWe2) KDYSKOV®]T728
P{KOYs111)=Qn
IF (NP.EWe2) GU TO 4790
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1780
1790

1800

1810

1820

1840

1950

1860
1870

1880

1890

1900
1910

CALCULATE S=MiN ADUITIONS TO IMPERVIOUS RETENTION
1P (IMPSTU(LII1)4EQ.IMP) GO TO 1740
IMPSTT=IMPSTO(IL]) «SRP
LF (IMPSTTGTe1lMP) JMPSTT=[MP
IMPRET(KOY 11 1) =1MPSTT=IuRSTO(III)
IMPSTO(LIL)=IMPSTTY
w0 YO 179V
IMPRET (KDY 111)30,0
CUNT INUE
AUAYaKDAY®]
SMS3 NEw MOJSTURE CUNTENT OF SATURATED ZONE
FR=KSAT®(l,0¢P5/5MS)
IF (NP.EWe2) FREKSATZ®(1.0¢PS/SMS)
LU TO lesv
DEPLETIUN OF SOlL MOISTURE BY ET DJRING UNIT=TINME
INTERVALS OF NO PPT,
CUNT INUE
Ir (SMS.LE.ETDEL) GU TO laco
SUSESMS=L TDEL
oV Y0 ledv
BMS=gMSeSMS=-E TDEL
SM5=0,0
ChRECK FUR COMPLETE SOIL URYING
It (sMSelLbe0e0) oMS=20,0
REDISTRIBUTEON OF SOUIL MUISTURE wiTM FLUW PHOM
SATURATED TO UNSATUNATED (ONE
1P (SMS,LE.DRAIN) GU TO l8e0
SMS3SMS=UKRAIN
BMSIEMS *UKAIN
dMS3 NEwW SOIL MOISTURE CONTENT OF UNSATURATED IUNE
GU TO leso
dMS=gMSeSMS
SMS=0,.0
ORAINAGE TO LOWER LYING ZONE
IF (BMS.GT.BUST) BMS=pMSY
BREAK IN UNET wAINFALL
CnGs|)
NO EXCESS PRECIPITATION
REMEMBER KDAY 1S S=MIN, INTERVAL IN A DETAILED STORM
DO 1870 NKL=]lsUELS
KUYEKDAY
It (NP.EWe2) RUY=KD¥e] 728
P(KDYoI11)=040
Ir (NP.EWe2) GU TO }HO0O
CALCULATE S=MIN EVAPQRATION FROM [vPERV]IOUS RE!;NT!DM
IMPSTO(LIL)=IMPSTO(FI])=ETVEL/DELS
IF (IMPSTO(ILII) el To940) IMPSTO(III)®0,0
IMPREY (KUY I11)30,0
CUNTINUE
KUAYsSKDAY*]
1880 ENUS RAIN GAGE JJ] FOR UNIT=RAINFALL DAY
CUNTINUE
Ir (111eNtoNRG) GO FO 1890
K=K eNVELS
CUMPUTE 5MS AND dMS FOR AREAS COVERED BY EACH RAIN GAGE
SMSBIIILoNP)3SMY
dMSB (I 1 oNP) =8MS
1910 ENUS UNIT=-RAINFALL DAY
CUNTINUE
CUNTINUE
1920 £NUS ALL DAYSsws]lRODYS
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Al038
Al0J39
Al040
Al04])
Al 042
AlO63
Al04s
Al065
Al06b
Al047
AlQes8
Al049
Al1050
Al105]
Al1052
A1053
Al05«
A1055
AlObS6
A1057
Al0S8
A1059
Al060
AlOo]
AlOb?
Al063
Al 066
Al06S
AlO66
AlO067
Al068
A1068
Al070
Alo7]
Alo72
Al1073
Al0Ts
Al107S
Al076
Al077
AlO78
Al079
A1080
Al081
Al082
A108)
Al08s
Al08S
Al 086
Aloar
Alo88
Al089
A1090
Al1091
41092
A1093
Al094
Al1095
Al1096
A 097
A1098



c

1920

1930
1940
1950

1964

1970

19680

1990
2000
2010

2020
2030
2040
2050
2060
2070

2080
2090
2100
2llo0
2120
2130
2ley
2150
2160
2170
2180
2190
2200

CUNTINUE
Jilisul
Jig)=sue
Ji3d)suleOe5®y2
® KRITE MOUTENL *

I (RITECNELL1) 0O TQ 1980

Ir (KNNetWe0) GU TO 1990
UNNISEXP(SURT (UINN) AKNN) )

UNN2=],8/7/UNNI

Ir (33.NMts)) GU TO }930

WHITE (00¢26400)

bu TO 194V

Wn]lTE (8+24)0)

WHITE (692420) UINNI s UNN] UNN2y (X(J) 9 =2])et0)
wr]TE (8e2510)

UV 1970 I=1eNUFe

WRITE (002430} foFPK([)oSFPRI(])

WRITE (092460) (1IJePOBS(IeiIL)ol11=]19eNRG)
VK=999,0Q

b (FVUOL (L) et W@eUe0,QRSFVOL (1) eEWU,0) GO TO (9060
VRESALOG(FVOL (I} /SFVQL(])) e8¢

CUNTINUE

WRITE (0¢2650) FvOLTI)oSFVOL(])

ir (TESTNO(]) sEWe0) GO TO 1970

wrlTE (6¢2460) VR

CUNTINUE

RiTe=0

IF (B3.,EQ.0) GU TO 990

STOP

FURMAT (1M o 39HERROR IN SEGMENT DATA FOR TYPE |> OR 16}

FURMAT (12F5.3)

FORMAT (1R o1Re36HDAILY IRRIGATION LOADS IN INCHES ARE/IN s2KeeHJA
AN s2XoemFEBe o INsSHMARCHy LX9OHAPRIL 13X+ INMAY 92X ) &HJUNE 12X o orJULY 92X
FrONAUL v Lo SHOEPT . 92X v 4HICT e 92X 9o HNOV o 92X o 4HDECo/Z1N ¢ 12L1IReFS,3))

FURMAT (Ae,211)

FURMAT (2lées1]1sFb.2)

FURMAT (2A&920ALl+F6:2)

FORMAT (2A4¢50A)sF640)

FURMAT (20X931303X4313)

FURMAT (1n0s22MDISCHAKGE STATION 22A8+50A171N +20NUNIT PRECIP.
3 STATIONs2X92A®e50A}/ 1N 9v2¢HDAILY PRECIP. STATION +2A6920A1/1NH +18
ANPAN-EVAPU, STATIONe4Xe2A69950A)71MH +JOHDRAINAGE ARCASFB.208MH $Q.
IMLe/In 216HUNIT DATA ARE INeF9,39018M MINUTE INCREMENTS/IH +29NTHE
OPLRIOD OF RECORU IS FROM olgelhmes]2sim=9l2,6H (DAYZ[TyoM) TO ol2y
Blr=osllelH=91290H (DAY=ZelT7elN))

FURMAT (2A495]2912F9.0¢12)

FURMAT (1M 22A495[30)2F8.2013)

PURMAT (2A642]1201)480F06,242X0l))

FURMAT (JM o2A692]3012016(1AeF@e2)013)

FURMAT (J0XpABeOXsABIOX»[8e5Xs18Be5Xs11)

FURMAT (2A920HERROR IN UNIT DATA==¢316)

FURMAT (316,F8,0)

FURMAT (3F10.0)

FURMAT (M ,27HBIOUNDARY CHECK OF PARAMETER,I3,3F10.3)

FURMAT (1H)l,26HINITIAL PARAMETER VALUES/)

FURMAT (/7711 +ZBHINITIAL STEP SIZE INCREMENTS/)

FURMAT (1X910Fl2.6)

FURMAT (1M //1n 43Tt MAK, NUMBER OF ITERATIONSS oJ6//7)n +5BrIN]
ATLALLY AND AFTER EAEH VECTUR MATRIX ORTHUNORMALIZATIONe/}H »&ONTHE
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AlOY9
Al1100
All0])
Allue
All03
Allue
Al105
Allue
Allo7
Allu8
All09
Alllo
Allll)
Alll2
Alll3
Allle
Allls
Allle
Alll?
Allls
Alll9
Alleo
Alléel
All2e
Alles
All2e
Alles
All2e
Aller
Allce
All29
All30
All3l
All32
Al133
Allde
All3s
All3e6
all137
All138
All39
AlleO
Alle)
Alle2
Alle3
Alles
AlleS
Alles
Alle?
Alles
Alleo
AllSo0
AllS]
All52
All153
All5e
Al158
Al1156
All57
A1158
4l1-9



2 PARAMETRIC VECTOR {NCHEMENT SIZE 1SsFT7edsl9n UF TRE VECTUR SJZE/) Al)60
2210 PURMAT (irUoJOHAT ITERATION NUe» 139201 OBJECTIVE FUNCTIUNSsF1]46) Alle])

2220 FURMAT (lH o20HPARAMETER VALUES ARE) Alle2
2230 FUNMAT (1hn o /FL2e6/in oIF1ceb) Allel
22860 FURMAT (ln soeHBl zoPY.693Xv6HB2 34F9,6) Al]lbe
2250 FURMAT (In 226nNEW ORTHUNOKRMAL BASIS ) Alles
2860 rURMAT (IH 216F8.5) Al l66
2270 FURMAT ([N oJISHSTART UP STAUE STEP SIZE INCREMENTS/INM +13F10.6) Alle7
2280 FURMAT (I992FSesUs]I5¢F540) Alles

2290 FURMAT (//76TXocOMNUMBER OF SEGMENTS 24 [5/90Ks6eMUT =,F7,3,84 MINUTE All69
$3/76UKs 2OHUUTPUT SAMPLING JNTERVAL 34,F06,2984 MINUTES/7648Xs22NUMBER all70
Ul RALIN GAGES =+12/766X+26HNUMBER OF PARAMETER SETS s=oj2/7e3Xs22rIMP Al1T7})
3eRVIOUS RETENTIUN zoF@ele7r INCHES) allve
€300 FURMAT (//760RsbHLENUTH9X s YHROUGHNESSs J9Xs 2LHTHIESSEN CUEFFICIENTS Al173
478 SEOMENT 1K) THUPSTREAM SEGMENTS3X o) THADJACENT SEGMENTSeLXsoNT  ALLTH
AYPEW I Ko dHIPR I Ao IHNDX o LA9ON(FEET) 9 X s DHMSLUPE s 1 X s IHPARAMETERs JRolON ALLTS

JUTHER PARAMETEND e[ 606 (1Xo1®)) Allle
2310 FUKRMAT (ln 440HKOUTING INTERVAL FOM DETENTION RESEWVOINsI3s62H S All177

4TU0 LARGEs REDUCE TQ A VALUE LESS THANSF6,3) All78
2320 FURMAT (10 sIRe1BHRESERVOIN SEGMENT ,A4) All79
2330 FURMAT (1rO0oSX e THOQUTFLOWeSHA s THSTORAGE +SXs J0HS270UT*02/720/7/7(1X+3(F9, A1180

1cvex))) Allbl
2860 FURMAT (BA@s3]2e5F5,0012013F5.0) All82
2350 FURMAT (CXoAGo3A23(R0AG) s IRoe(1XoAW) 2 [302]6sFBe0oFBobstB.I1eFYeIy All83

LiceSFHL4) Allde
2360 FURMAT (4V12) All8s
2370 FURMAT (iH +67ATHE PLOOD EVENTS IN THE OHBJUECTIVE FUNCTIUN ARE ) All8s
2380 FURMAT (lm o29HINPUT HYUROGRAPHS FOR STORMS ¢3013) All187
2390 FURMAT (I2+1301UF5,3) Al ]lé68
2600 FURMAT (1MOy11Re46eHENU OF RUN~-HESULTS OF LAST SUCCESSFUL TRIAL) All89
2610 FURMAT (1M)leD0Xs1BHBEGINNING OF STAGE) All190

2620 FURMAT (LN +20HUBUEECTIVE FUNCTION SsElée7236M wrlCn IS & ROOT MEAN A]lS9]
4 SUUARE tRRORsEYeIgor TOpFY.3/71H +20HPARAMETER VALUES ARE/IN »TF1 A)192
2Ceb/ 1R IF12e6) Al19)

2630 FURMAT (1H0+30MUETAILED DISCHARGE FOR FLOOD NUMHER »1271M +25MOBSE A)19¢
LRVED PEAK DISCHARGE 24F9.2¢6H CFS/IH +26HSIMULATED PEAK DISCHARGE 41195

22+F9,co0H CFS) All96
26440 FURMAT (lH ,31MUBSERVED RAINFALL GAGE NUMBER.3(I3¢3n = 4F9:3¢7H All97
L INCHES)) Al]198
2650 FURMAT (1lm o24HUBSERVED OIRECT RUNOFF 2¢F9,397H INCHES/LIH +25HSIMU A})99
LLATED DIWECT RUNOFF 343F9.3¢7H INCHES) Al200
2660 FURMAT (1ln 4 ISHCONTRIBUTION TO OQBUECTIVE FUNCTION=.E]10,3) Aleo0}
2470 FURMAT (lHO,60rMMAXIMUM STORALGE IN DETENTION RESERVOIR o+A6s6H WASs A)202
4F8,3,108 CFS=HOURS) a1203
2680 FURMAT (IR »YHTHERE ARbsles3lH FLOOD PEAKS GROUPED AS FULLOWS,10l6 Al20s
1/73(68X430106/7)) 41205
2490 FORMAT (11 +9HSTORM NOesI3922H STARTS AT TIME PERIOOeISe ]2t AND EN A)206
LU AT IB) Al2o7
2500 FURMAT (LHOs2THDETAJLED OUTPUT FOR STORMS ,3013) Al208
25910 FURMAT (inl) a)209
eND Al2l0-
SUBROUTENE ROUTE (BJ) 8 I
RUUTING ROUTINE BASED ON SCHAAKE KINEMATIC wAve MOODEL [} 2
INTEGER B3+.DELSsMOUT 8 3
VIMENSION QOUT (50) a8 4
COMMON /Cl/ NSELeISEG(DU0) ¢ dUP(5043) sNPARIKPSET(50) 8 5
CUMMON /CZ/ NLINPAGE ] 6
CUMMUN 7C3/ IPRNT ,ToAR(D0411) oFLGTH(50) +sKSEG(SU) sNDX(D0)»Q1(50)su2 8 7
(50} ¢ QUSUM(D0) ¢ USUML (50) ¢STOU(50) 8 8
CUMMON /C6/ UELD1MAXLIWCW WLAT o ILAT(S0s4) s ITEST(SO)ITYPE(S50)sJLAT @ 9
$(2008) s JUP(S5093) 9P (I45003) rPARAM(50+2) yRCUEF (5093) s UPR(7200) 8 10
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s NeXeNal

10
20
30
@0

50
60

70

80

90

100
110

10

CUMMUN 7Cob/7 OTeUTS,QUPsLX (DY)
CUMMON /7C77 tCOUMPoToKINLIToNOUToNRGIOS 9 JOUT(50) 9QINDINAT (302)
CUMMON 7CH/7 12211l oIRsTRYCTIRUUT(60)9SEG(20)
CUMMON /Fl7 JCToea()T28)eR(LT2B)IPLIBO)
IF AT SEGINNING OF STURMy INJTIALIZE CATCHMENT
Ir (KINLITeNE.L) o0 TO 10
MARL =55
CALL INIT
N0V
CUMPUTE QUTFLUW .AYUROGRAPHS FOR EACH StGMENT
LaLlL FLOW
b (IPRNT®0SI=T) 40véyYs 30
IF (T=ECOMP) V90,90
TUUT=[PNT®0S]
o= (TOUT=(T=DT) ) /0T
UUd 50 Js]leNOUT
K=JOUT (J)
WUUT (J)eQL K)o (W2(K)=WL(K))®Y
IF (K EWKSEGINSEG)) WINDaWULUT(J)
L (NL=MAAL_®3) T0sT8+060
CALL PABE
WRITE (00100) lIo(SEG(J) e J3LeNOUT)
NLaNLe* (NOUT=1)/71Ue]
MuuT=]rs3848
MuuT=MOuT®288
TOUT=((1=MOUT)®5,.) /p0.
WRITE (890110) TOUTBe (QUUT (U] oJd3])eNQUT)
br (IPL{IL)eNESL) GO TO 80
ICTa]CTel
Iny=]/s288
WiICT)aTOUT+1RV®24,0
R{ICT)=g]ND
CUNT INVE
IPANT=]RRNT ]
oV TO Qv
CUNTINUE
Re TURN

FURMAT (8X9)2HFLOOD NUMHER®L3//1Xe@HTMEsYXe1HLs6X e 32H0OUTFLON HYDR
BUGRAPHS  (IN CFS) /TXe5H 110Xe10(6Kea8)/7E19N0ANI9IBX1AS)))
FURMAT (6XoFTe202Xs15¢2K01V0F10637(22X910F1003))
END
SUBROUTINE OSM (SMSeBMSe [NCYDRN2G s dMSN)
THIS SUBROUTINE 20tS SOJL MOJSTURE ACCUUNTING
ON DAYS OF DAILY RAINFALLe IT AUDS DAJLY RAINFALL TO SMS,
SUBTRACTS ET FRUM SMS OR (IF SMSs0) FRUM tMS, AND
DRAINS 54S DOWNWARU Tu BMS
REAL SMSeBMS+DRNZ4 s [NCrHMSN
iF (INCeLE.0.0) GO FO IO
AUD EXCESS MOISTURE TO SATURATEOD ZONE
SMS3aSMS e INC
w To 30
DEDUCT MOISTURE DEFICIENCY FROM SATURATED ZONE

LF ((SM$*INC)+GE0,8) 6L TU 20
EVAPOTRANSPIRATION FROM UNSATURATED ZONt

BMSaBMSeSMS ¢ INC

SM530,0

CHECK FUR COMPLETE SOIL ORYING
It (BMSe¢LT,0s0) UMSE0.0
ou T0 3¢
EVAPUTHANSPIRATION FROM SATURATED ZONE
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20

30

40

50

10

SM>=SMS e [NC
REDISTRIBUTION UF SUIL MOISTURE wWlTH FLUW FROM
SATUNATED TQ UNSATURATED Z0ONE
Ib (SMS.LEJDRNC®) GO TU &9
MUISTURE IN SATURATED ZUNE ABOVE FItlLD CAPACITY
SMS=SMS-URN24
dMS=gMS+URNZ2
ou TO Sy
SATURATED 20Nt COUMPLETELY DEPLETED
BMS=gMS e SMS
dMS= NEw MOJSTURE CUNTENT OF UNSATJURATED ZONE
SM$=0.0 .
OMAJNAGE TO VDEEPER LYING ZONE
[F (BMS.GT.dMSN) BMH=aMSN
RE TURN
()
SUBROUTINE FLOW
THIS SUBROUTINE COMPUTES SEGMENT O0JTFLOWS AT Teut
HEAL ISEGeIUPWLILAT
RtAL INLeIN2
INTEGER DELS
UIMENSLION XA(Ll)e xQ@(11)
CUMMON /Cl/ NSELeISEG(50) 3 UP(50+3) yNPARIKISET (50)
CUMMON /C3/ IPRNT oToAR(50011)9oFLGTH(50) +KSEG(50) ¢NDX(2019Q1(50) 142
4(50) s WSUMI50) »QSUML (50) ¢STU(50)
CUMMON /C¢/ DELDoMAXL +QCWodLAToILAT(S5004) o ITEST(50) o ITYPE(50) o JLAT
R (90e8) 2dUP(5003) sP(§75903) vPARAM(5002) yRCOEF (5093) »UPR(4000)
CUMMON /CS/ ALPRA(S50) sEMI50) yFRN(SU) »UMAX(50) +SLOPE(50)
LUMMON /Cb/ DTs0TSeQuUPUX(D0)
CUMMON /CT/ ECUMP o1 oKINITyNUUTINRGOSI »JOUT(50) 9Q@INDRAT (342}
CUMMON /CB7 120010 1KeTRYCTIKOUT(60) +SEG(S0)
CUMMON /CY/ 1301¢,Qin(000) sPTIMELIHYD(60) vTJsIP
CUMMON /E2/7 SMAR(S0)+IN2(SU)sINL(50),5202(50)
LUMMON /EJ3/ UELTAT NOBW@S(50e1]))
T=T+07
UU 140 NSG=]eNSEY
K3IKSEG (NSG)
1P (ITYRE(K)oGET7) GO TO oV
NZNDX (K) ]
ALPEALPUA (K)
VISK3DTS/UX(K)
XeMEEM(K) =1,
YeM=EM(K)
CaLl uP (K)
CALL LAT (K)
wiiK)=@3(K)
ALAT=WlLAT®*DTS
Xw(l)=QuUP
XA(L)=(QUP/ALP)®*® (] /YEM)
YU 20 Js2eN
IF (AR(EosJ) sLEeUs) GO TO 10
THETASOTSAOYLMOUS (KoJd) ZAR (Ko J)
Ir (THETACLT 1) G0 10 10
A (J)=X@(J=1) e (ALATOAR(KsU=1)=XA(J=1))/7DTSX
AA(J)= (kW) 7ALP)
I (XA(Jd) elTols) XALJIZ0.0
LF (YEMeNEG])e) XA(J)SXA(J)®®(],/YEM)
LU TO 20
AA(J)ISAR (Ko J) sALAToBTSX® (U5 (Ko J=l)=QS(KeJd})
I (XA(JY) el Te0eV) l‘(J)'O.l_)
AW (J)sALP®XA (U]}

80
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30
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50

60
70

80
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110
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130
140

b (YEMoNESLle) AU(JY)ISALPO®(RA(J)®OYEM)
CUNTINUE

LY 30 JsleN

AR (KeJ)mXALY)

WS (KyJ)ZXW(J)

CUNTINUE

Je(K) =XKW (N)

ol TO lev

CalLl uP (R)

@l (K)=Q2(K) :

IF (ITYPE(K)=8B) b0,50,060
CALL PULS (K)

LU TO 10

IF (ITYPE(K)=9) 90,70,90
INL(K)=INZ(K)

IN2(K) =QUP

AVINZ (INJ(K)eINZ(K))/2W
STO(K)IZSTU(K) +AVINCDELTAT
WE(K)2STO(K) /PARAM (K })
STI(K)=STO(K) =W (K) ®OLLTAT
It (STO(K)LT.SMAX(K)) GO TO 80
SMAX (K)=STO(X)

GU TO 140

It (ITYPE(K)=10) 130+300s130

1F (IRMYD(I1)ebEWe0,0ReIPe3Tel3) GO TO J20

I6=]6e]

IPa(1+DELD=1J) Z7VELS

It (IP.NEW1) GO TO 110
d2(K)=(DT/PTIME)I e[ 42 (QIH(]P)=0,0)
Gu TO 140

WE(K)=(DT/PTIME)I ®J4® (QfMHIIP)=QIH([P=])))oQI4(]P=]})

LY TO lev
W4C(K)=0,0

GU TD 140
Jde(K)syguP
CUNTINUE

NETURN

END

SUBROUTINE LAT (K)

THIS SUBROUTINE COMPUTES LATERAL IvFLOW FROM JVERLAND

FLOW SEUMENTS OR FHOM RAINFALL
INTEGER DELS
HeAL ISEGyJUPoILATY

COMMON /C1/7 NSEGeISEG(50) s lUP(50+3) +NPARYKISET(50) i
CUMMON /C37 IPHNT4ToAR(S0¢11)sFLGTH(S0) sKSEG(50) oNDX(50)+01(50) 42

10
20

30

1(50) +QSUMI(50) ¢ WSUML (50)+5T0(50)

CUMMON /Cé/ DELSoMAXLsQCHoy@LATyJLAT(S004)sITEST(S0) v ITYPE(SO) yJLAT
1(5066) 9 JUP{5043) 9P (365603) ePARAM(50+2) ¢+RCOEF (5093)yUPR(T200)

COMMON /C6/ DT+DTS,QUPDX (90}

CUMMON /C77 ECOMP, T +KINJToNQUT¢NRG20S] 9o JOUT(50)»QINDyRAT(392)
CUMMON /C8B/ 29114 IKsTRYCTIKOUT(60)SEG(50)

ReAL IMPRET,IMPSTO
CUMMON /E1/ IMPRET()728+3)+IMPSTO(I)

CUMPJUTE LATe. INFLOW RATE FR0M OVER_AND FLOW TO SEGHENT K

Wi.AT=0,

IF (ITYPE(K)=5) 104,50+]10
1F (ITYPE(K)=6) 20+90,20
JPRIQSUML (K)

QU 40 Jsleé

IF (JLAT(RyJ)) 40Gea0930
JJISJILAT (Ke )
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SLAT=WLAT*Q2(JJ)
CUNTINUE
WO UMl (K)=WL AT
JLAT= (WLAT¢QRR) /2,
me TURN
CUMPUTE _ATERAL INFLOwW RATE FROM RAIN
ers0,0
Ar=0,0
[PAR]=PARAM (X, ])
TPARZ=PARAM(X,2)
It (TPARL«LTo0aU) TPAKR]I=0,0,
Ir ('PAR?.L‘.OQO) TPAR?SO.O
IPAR=1
IF (KPSET(K)e.Ede2) 1PARS[PARe|T28
JU 60 TII=1sVR0
tPeEP« (RCOEF (Ko II1)®P (IPARYII1) ) /5,0
AP=AP«+ (RCUEF (Ko II1)®(UPR(12)7DELS=IMPRET(ILII1)))/5.0
WLAT= (TPANZ®AP+TPAR]I®EP) /T2V.0
THE CONSTANT 720 CONVERTS SQFT=IN/JINUTE 10 CFS
GOUML (K)SUWLAT
RETURN
NI
SUSROUTINE yP (K)
THIS SUSROUTINE COMPUTES UPSTREAM INFLOW TO SEGMENT K
INTEGER LELS
<AL ILAT
CUMMON /C3/ IPRNT T+AR(S0+11)+FLGTH(50) yKSEG(S0) 9NDX(50),@1(50) Q2
1(90) s@SUMIS0) s dSJIML(50)+STO(50)
CUMMON /Cé/ DELSMAXLsQCHoGLATIILAT(5094) 9 ITEST(50)0ITYPE(50)sJLAT
109096 s JUP(S5043) P (3456+3) 1PARAM(5092) yRCOEF (5043)9UPR(T7200)
CUMMON /C5/7 ALPHA(S0) +EM(50) oFINISO) ¢ AMAX (50) ¢ SLOPE(50)
CUMMON /C6/7 OTsDTS4QUPDX(50)
wurP=0,
WPReQSUM(K)
VU 20 J=143
IF (JUP(KsJ)) 20920410
JJEJUP (K J)
WUP=QUP«Q2(JJ)
CUNTINUE
JdOUM (K) 2QUP
IF (ITYPE(K)eEQ.B.OR.ITYOPE(K).EWe9) GO TO 130
1F (QUP-QMAX(K)) B0+80+30
Ir (QPR=QMAX(K)) 40+sT70+70
PUTE (QUP=WMAX(K)) / (JUP=-QPR)
STO(K)=STO(K) =({DTS®(QMAX(K)=@PR)/2,0)*(),0=-PDT)
IF (STO(K)) 50+60460
STO(K)=0.
STO(K)=STO(K) ¢ (DTS® (QUP=-QMAX (K))/2.,0)®PDT
WUP=QMAX (K)
Rt TURN
STO(K)=STOU(K) + ({ (QPReQUP) /2. ) =QMAX (K) ) ®DTS
QUPEQMAX (K)
Rc TURN
1F (QPR-QMAX(K)) 90+90+110
It (STO(K)) 12041204100
STOIK)ESTO(K) = (YMAX(K) =( (QPReQUP) /2,))®DTS
IF (STO(K)) 120+1409160
PUT= (UPH=WMAX(K) )}/ (UPR=-QJP)
STO(K)IESTO(K) ¢ ( (APR=QMAK(K) ) ePOT®DTS/2,0)~( (QMAK(K)=QJIP)®(1,0=-POT)
1%07S8/2.0)
IF (STO(K)) 12041404160

82

LR R R ERERERRRAEBREREREEREREREREREBRERERER R EE R R R R R R B BT B R R RN GE LR LR N ARG R MR AR MR A A MR A MR AN L R ]

Gt G Gt Gt Gus P Gt Gt Gt Gt
OB NOWN&SLWN~O OB NG LN~

NNV
PNV eEeWN~O

wwnN
-0 0

w
~n

wWiwwiww
NOWe W

w W
° ®



o000

120
130

140

10

20

30
40

50

60

70

80

90

100

110

120
130

STO(K)S0a
CUNTINUE
Rt TURN
JUPEQMAK (K}
<L TURN
eND
SUBRUUTINE SEQ (DA,DINP)
THIS SUBROUTINE SETS uP COMPUTATIOVAL SEQUENCE
Rt AL [SEGeJUPsILAY
RLAL DIMP(94+2)
INTEGER DELS
CuMMON /C17 NSEOGYISEG(S50) +IUP(5003) e NPARIKISET(50)
CUMMON /C2/ NLNPAGE
CUMMON /C37 IPRNT ToAR(S0+s11)eFLGT(50) sKSEG(S0) 9oNDX(50) W] (50)9Q2
1(20) +QSUM(S0) ¢ GSUML (S0) STV (S0)
CUMMON /C&4/ DELSIMAXLoWCH o QLAToJLAT(S50¢0) o JTEST(S0) o JTYPE(S0)sJLATY
1(5098) s JUP(S50+3) 9P (3656+3) sPARAM(5092) +RCOEF (50+3)2UPR(T200)
COMMON /CS57 ALPHA(S0) 9sEM(50) ¢FRN(50) s IMAX (50) 9SLOPE(SU)
NUMBER CONTRJBUTING SEGMENTS (IUP+JLAT) JUSING SUBNIUTINE
ITRAN wHICH GIVES THE CONTIIBJUTING SEGMENTS T+HE SAME
NUMBER AS THE ORJEW OF THE SEGMENTS (l.Ees ])
JU 20 I=)sNSEG
ITEST(I)=0u
wu 10 J=le3
XK3JUP(IsJ)
JUP([eJ)=]TRAN(X)
CUNTINUE
QU 20 Jsles
X=ILAT (o)
JLAT(Jod) SITRAN(K)
CUNTINUE
11=0
OKDER OVERLAND FLOW SEGMENTS FIRST
JU 80 I=)+NSEG
IF (JTYPE(I)eEael0) GU T &0
ILF (ITYPE(])=5) 30,60,30
IF (ITYPE(])=6) 30,4080
N=Q
VU 60 Jsle3
IF (UUP(T19J)) 50+60+50
NE)
CUNTINUE
JF (N) 70970980
Iis]le}
KSEG(If)=]
ITEST (1) =)
CONTINUE
NUNCH=] 1
CHECX EACH SEGMENT TO SEE JF IT HAS BEEN SEQUENCED
1=}
NIT=0
IF (ITESTI(I)) 130,130,100
1=1el
. CHECK IF SEGMENT SEWUENCING IS COMALETED AND FOR ERORS
IF (1=NSEG) 90+90,110
1s1
NIT=NITe])
IF (NIT<-3®NSEG} 12091209350
1F (11-NSEG) 902109210
v=0
CHECK SESMENT FOR UPSTREAM SEGMENTS wHICH MAVE NOT
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140

150
160

170

180
190

200

210
220

230

240

250
260
270
280
290
300

310
320
330

360

350

360

370

JU 160

BEEN SEWQUENCED YET
J=1e3

P (YuP(led)) 160e1604140

K=JUP (e J)

IF (JTEST(K)) 150e¢1900l060

N=]

CUNTINUE
CHECX SESMENT FO<Q ANY LATERAL INFLOW SEGMENTS wH]ICH
HAVE NOT BEEN SEQUENCED YET

JU 190 J=leé

I (ULAaT(led)) 19041900170

K=JLAT (19 9)

IF (ITEST(K)) 138041804190

N=1]

CuNTINUE
1F SEGMENT MAS NJ UNSEQUENCED UPSTIEAM OR LATERAL INFLOW
SEGMENTSeSEWQWUENCEZ IT NEXT

1F (N) 200,200+100

Il=1]e1

XSEG(II) =1

ITEST(l)=l

IF (I]1=NSEG) 10Us210s210

IF (NL=-MAXLel0) 23092306220

CAaLL PAGE
OUTPUT COMPUTATIIN SEQUENCE

N=0

Wx]TE (64370)

NLENL+S

JU 360 [=1.NSES

<=KSEG(])

IF (ITYPEI(K) EQe8) GO TO 240

IfF (1TYPE(K)=6) 26042600310
CHECK FUR CHANNELS wITH MISSING INFLOW SEGMENT

NN=Q

Du 270 J=1l.3

IF (ULAT (Ko J)) 25042500260

IF (JUP(KsJ)) 270927042060

NNz

CUNTINUE

IF (NN) 280+28B0+¢310

N=]

Ir (NL=MAXLel) 300+3000290

CALL PFAGE

NLaNLe+]

WRITE (6+380) Xy ISEG(K)

GU TO 30

1r (NL=-MAXLel) 330,330+320

CaLL PAGE

NL=NLe+])

WRITE (6+4390) KoISEG(K) +ALPHA(K) sEN(K)
CHECX FOR INPUT JATA ERHOR

CUNTINUE

IF (N) 36043600350

WRITE (6+400) IIe(ITEST(I)sI=)1yNSES)

ARITE (694100 (Is(JUP(Lsdlodmle3) o (JLAT(IoJ)oJx]194)e131eNSEG)

STOP

CUNTINUE

CALL AREA (DA+DIMP,NONCH)

RETURN

FURMAT (//10X+s204COMPUTATION SEQUENCE»16X¢2BHKINEMATIC CHANNEL PAR
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380
390
400

410

10
20

30

1AMETERS/Z/12XoSHINDEX e IX o THSEGMENT ¢ JOX SN o SHALPHA BX ¢ ] IM)
FURMAT (S2Xe1306X9AGe0Xe22MISSING INFLOW SEGMENT)
FURMAT (13Xe1305Ksa49F3)e20F10,3)
FURMAT (42X93SHINPUT VUATA ERRURe EXECUTION STOPPED/SX,I5/(5X¢1015)
1)
FURIMAT (5X,1015)
EnD
SUBROUTINE INIT
THIS SUHROUTINE INITIALIZES CATCHMENT FOX BEGINNING OF
NEW STURM '
HEAL IN22ISEGeJUPoILATSIN]
CUMMON /Cl/ NSEGIISEG(90) ¢ JuP(50¢3) oNPARIKISET(50)
CUMMON /C3/ IPRNT ,ToAR(S0¢11)eFLOTH(S0) ¢KSEGIS0) s NDX(50) Q1 (50) 02
1(50) ¢ @SUM(50) +QSJIML (50) 9STO(30)
CUMMON /Ce/ JELS/MAXL +QCHodLAToJLAT{S0+6) e JTEST(S0)eITYPE(SO) sJLAT
1(9004) 9 JUP(S0e3)sP (I636403) 1PARAM(5002) ¢RCOEF(50+3)+UPR(T200)
CUMMON /CT/ ECUMP ] +KINIT ¢ VOUT ¢ NRGeOSToJOUT(50) +QINDeRAT (342)
CUMMON /E2/ SMAX(S0) ¢ IN2(SU)oINL(50)5202(50)
CUMMON /EJ3/7 OELTAT,NOB+Q3(5041))
COMMON /ES/ 52(50430)05(50+30)C(50,30)
Tz0,
<INIT=0
tCOMP=S,0
dIND=0,0
1¥RNT=])
JU 30 L=1eNSEG
JSUM(L) =0,
d5UML (L) =0,
ASKSEG(L)
SMAX (K)=0.0
INg(K)=0,0
STO(K) =0,
IF (ITYPE(K)eEWeY) STO(K)=PARAM(K2)
NENDX (K) ¢])
IF (ITYPE(K)WGT47) GO TO 20
0V 10 u=leN
US(KoJ)=0,0
AN{KeJ)=0.0
w2 (K)=0,
01“"0.
IF (ITYPE(K)W.NE.B8) GO TO 30
CALL TABLE (< oPARAM(K42)952¢S+CeQ2(K) ¢NDXIC))
9¢02(K)=PARAM(Ks2) /DELTATCQ2(K) /2,
STO(K) ZPARAM (K ¢2)
CONTINUE
RETURN
enNd
SUBROUTINE AREA (DA+DIMP ¢NONCH)
THIS SUBROUTINE 1. ADJUSTS RAIN GAGE TO BaSIN
2s CHECKS COMPUTED DRAINAGE AREA VERSUS FURN]ISHED
ORAINAGE AREA. 3, VETERMINES PERVIOUS AND IMPERV]IOUS
AREAS COVERED BY EACM RAIN GABE FOX EACH SOIL TYPE
INTEGER DELS
REAL DIMP(942)40T(150+0+2)
VIMENSION KS(50)
COMMON /C1/ NSEGeISEG(S0),3UP(50¢3) «NPARKPSET(50)
CUMMON /7C37 IPRNT TeAR(90411)¢PLBTH(S0) enSEG(S0) +NOX(50)0Q)(50),02
1(90) «USUM(S0) o QSUML (50) +STI(50)
COMMON 7C47 DELvMAXLeQCWoWLAT o ILAT(S000) o JTEST(SO0)oITYPE(S0) ¢ JLAT
1(9004)eJUP(5003) ¢P(345603)+PARAM{S0,2) +RCOEF(50:3)oUPI(TR200)
CUMMON /CT/ ECUMP ] o+KINIT NOUTINRG+0SI»JOUT (50)eQINDIRAT(3+2)
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CUMMON /Cu/ [29l1eIReTRYCTeKOUT(60)¢SEG(S0)

KLL=NSEG 100

UV 30 Lz]eNPAR

JU 20 I=lexii

JU 10 J=lsb

Ol (Teusl)=0,0

CUNTINUE

CUuNTINUE

JAT=0,0
CALCULATE PERVIOJUS AND [MPERVIOUS DJRAINAGE AREA FRIM
OVERLAND FLOW SEGMENTS INTD EACH C4ANNEL FOR EACH RAIN
GAGE ANV SOIL TY?E

JU 120 I=1yNSEO

IF (ITYPE(])eNEe3,aNDITYPE(])oNELB) G0 TO 120

V0 110 KL=1,sNSEO

JU 100 KM=]46

KL1=z=KL +NSEG

KL2=KL*2®NSEG

IF (TNE.JLAT(KLIKM)) 60 TU 100

*Kz0,0

ANE]=] o =PARAM(Lo1)=PARAM(]o¢)

IF (PARAM(]42) el To0e) ANEIZANE]*2,9PARAM(],2)

JU 40 KMM=] 4 VKD

HRZRKeRCOEF (1 4KMY)

JU 90 KK=1,NPAR

“Kz20,0

1F (KPSET(])eEWe<K) PK=],0

JO 80 XKMM=z]leJ

KMM]lzKMMed

OTEMPFLGTHA(SL) *FLGTH(I) ®RCUEF (] ¢ KuM) ®PK

IF (PARAM(]+2)4LT,0.) GO TO S0

DT (KLoKMM] o KA ) SOT (KL oKMM] g KK ) ¢ DTEMPSPARAM(] +2)

IF (PARAM(I,1)4LT,0.) GO TO 60

DT (KL L oKMM] o &KK) DT (KL ) oKUM] oXKK) ¢DTEMPOPARAM(IV])

OT(KL2eKMM] s KK ) =OT (KL2sKUYMLoKK) *DTEMPOANE]

UOTEMP=DTEMP/RK

IF (PARAM(]42)eLTo00) 6O TO 70

OT (KL eKMMIKK)=DT (KL o KMMyXK) oDTEMP®PARAM (] 2)

IF (PARAM(]lol)elLT,0.) GO TO 80

DT (XKLL o KMMoKX)ZDT (KL]1 s KMUKK) ¢DTEMPOPARAM ([0 ])

IT(KL29KMMIKK) SUT (KL2sKMY4KK) sOTEMPOANE]

CUNTINUE

CONTINUE

COVTINUE

CUNTINUE

CUNTINUE
AGGREGATE ORAINAGE AREA FOR EACH CH4ANNEL SEGMENT FIR
EACH RAIN GAGE FOR EACH SOIL TYPE

KM] =NSEG=-NONCH

JO 130 I=lexku]

NONCH=NONCHe )

K>(])=XSEL(NONCH)

CUNTINUE

KM]lzKM] -] .

00 180 KI=zl,x<M]

KJ=KS(K])

KJJzKJeNSES

KJUKZKJo2#NSES

KPlzK]e]

K=KM]e]

JO 170 I=XP]l K
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C

140
10
160
170
180

190

200

Y]
220

230

240 FURMAT (1hn +25HFURNISHED DRAINAGE AKEA =9F8,34¢2Xy 1 2HSAUARE MILES/]
1M +25HCOMPUTED ORAINAGE AREA 3¢F8639381 THESE DIFFER BY MORE THAN

JAEKS(])
JRK=JKeNSED
JRLUSJKe 2ONSE
JU 160 KMK=]43
P (JUP (UK g KMK) ¢ NEKJ) GI TO }50
VU 150 KMM=] ¢NRO
KMM]sKMMe 3
JU 1640 KK=],NPAR
T (UK o KMMIKK) ZOT (UKo KMMs <) @DT (KJg (MM ¢ KK )
DT (UK KMM] g KK) ZOT (UK o KMM] ¢ KK) ¢ DT (KJyKMM] 9 K<)
DI CIKK g RMM KK ) ZUT (JKK o KM g KK ) ¢DT (KJJp XMMe K<)
DT (UKK o KMM] ¢ KK ) DT (JKK o KMML o KK ) ¢DT (K JJo KMM] o KK)
DT (UKL o KMMyKK) DT (UKL o KM gKK) DT (KJKp X MM9 K<)
DT UKL o KMM] ¢ KK ) DT (UKL o KM o KK ) ¢DT (KUK g KMM] ¢ KK)
CuNTINUE
CUNT INUE
LUNTINUE
CUNTINUE
CUNTINUE
CALCJLATE TOTAL JRAINAGE AREA AND TOTAL PERVIJUS AND
IMPEXVIUUS AREA FOR EACH HAIN GAGE AND SOIL TYPE
KEKSEG(NSEG)
KPaKeNSEG
KUSKe28NSED
JIEMPI=0,0
UU 220 KMM=1,3
KMPzKMMe 3
KMQZKMMe b
LU 190 KK=],NPANK
UATZDATODT (Ko KMMoKK) ¢DT (KPoKMMyKK) DT (Ko K¥ ¢ KK)
DYEMPLZDTEMP ¢DT (K yKMP oKX ) *DT (KP9KUP 9 KK ) ¢DT (KQoKUPoKK)
DIWP (KMMyKK)3DT (Ko KMMyKK)
JIMP {KMP o KK) 2DT (KP o KMMy K<)
JIMP (AMQKK)EDT(KQ,KMMK<)
CUNTINUE
IF (DIMP(KMP,+1)eEQ,040) 30 TO 200
RAT(KMMy 1 )3 (DIMP(KMP o)1) o IMP(KMQe 1)) /DIUP (MR, ])
It (DIMP(KMP,2) +EQ,0.0) 30 TO 210
NAT (KMM32) 2 (DIMP (KMP92) eDIMP (KMU92) ) /DI MP (<MPy2)
VIMP (KMMy 1) SOIMP (KMMe L) DI MP (KWUMy2)
CUNTINUE
ADJUUST RAJIN GABE TO BASINy IF NECESSARY
OTEMP3DTEMPL/0AT

IF (DTEMP] LT.0,995,0RsDTEMP] .GT414005) CALL RFADJ (DTEMP] NRG)
CHECX COMPUTED DIAINAGE AREA 4ITH FURNISHED JRAINAGE AREA

JAT3DAT/5280.0%*2

JAT12DAT/0A

DAT2zDA/DAT

RATIO=1,.01

IF (DAT) LT RATIOLANDDAT2.LTRATID) 30 TO 230
WHITE (6¢2640) DA9sDAYT

CUNTINUE

JA =DAT

Rt TURN

2 UNE PERCENT)
(M
SUBROUTINE RFADJ (DTEMP] yNRG)
THIS SUBROUTINE ADJUSTS RAIN GAGE TO'BASIN
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INTEGER RUDYS.DELS

CUMMON /Cl/ NSEGIISEG(50)4iUP(3093) yNPARIKISET (50)

CUMMON /7C@/ JDELSwMAXLQCWodLAT ILAT(S008) o ITESTISO)ITYPE(S0) s JLAT
1(5004) 9 JUP(SUI) sP(365013) v PAKAM(S042) 9RCOZF (S0+3)UPR(T7200)
CUMMON /D17 DJPL1000) o+ ROOYS

wr[TE (6950) ODTLYP)

JU 10 KP=].7200

UPR(KP)SUPR(KP)®DTEMP]

JU 30 KP=]e¢NSEG

IF (ITYPE(AP) e NE«S . ANDITYPE(KP) (NEL6) 30 TO 30

JU 20 KMM=],3

RCUEF (KPoKMM) =RCIEF (KPosKUM) /DTEMP]

wrlTE (6960) KPy (RCOEF (K2yKMM) yKMM=E] 4 NRG)

CUNTINUE

JU 40 KP=]4RIVY>

UP (KP)=DP (KP)®#)TEMD]

Re TURN

FURMAT (1H s49HALL RAINFALLS HAVE BEEN MULTIPLIED BY A FACTOR OFF
1764/67H TO AJDJUUST RAIN GAGE TO BASIN, SIMI_ARLYs ALL THEISSEN COEF
2FICIENTS/0lH HAVE BEEN AJJUSTED TO APPLY TO THE REVISED AVERAGE RA
JInFALL,)

FURMAT (IH +1503515.0)

tivd

FUNCTION ITRAN (X)

THIS FUNCTION NUM3ERS LATERAL AND JPSTREAM INFLOW
SEGMENTS TO CURKESPUND TO THE ISEG*S

ReAL [SEGeIUP

CUMMON /Cl/ NSEGYISEG(50)+IUP(50¢3) s N?ARKISET (50)

(=1

IF (X=ISEG(I)) 30,2030

LTRAN=]

<t TURN

[2]e]

IF (I-NSEG) 100110440

1TRANSO

Rt TURN

eND

SUBROUTINE Av

THIS SUBROUTINE COMPUTES THE PARAMETERS ALPHA AND EM
AND THE FULL-SEGMENT FLOW FOR EACH SEGMENT

INTEGER DELS

CUMMON /Cl/ NSEGIISEG(S0) 4 lUP(5003) o NPARIKOSET(50)

CUMMON /C&/ DELSsMAXLsQCWoWLAToILAT(S098) o JTESTIS0)+ITYPE(S50)4JLAT
1050048) s JUP(5043) 9P (365693) s PARAM(50,2) +RCOEF (50+3)sUP(T7200)

CUMMON /C5/ ALPHA(S50) sEM(50) oFRN(S0) ¢QMAX(50)+SLOPE(S0)

YU B0 I=]1.NSEG

NEITYPE(T)

IF (N.GE.b) N=T

30 TO (10620930040450+7006U)0 N

ALPHA (1) =], 49/FRN(])*SQRT(SLOPE(I))/PARAM(]Is))®®(2./3.)

AMAXZPAKAM (] o)) *PARAM(I2)

Em(I)=1.67

JMAX (J)=ALPHA (L) *AMAX®®*EW(])

ou TO 80

AMAXz3,le®PARAM(],])®e2/46,

WFULLZL 69 /FRN(I)®AMAX® (PARAM(I+1)/76,)0®(2,/3,)*SQART(SLOPE(]))

ALPHA (1) =WFULL/AMAX

Em(l)=1,

JMAX (1) =QF UL

oV T0 80
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3

«0

50

60

70

80

10

10

20

ALPHA(I)=Z]1,41/FRN(])®SQRT(SLOPE(]))/PARAM(T 1) ®®(]./3.)

IMAX([)=)0,%®]}0
C"(l'zlojd
ou TO 80
ALPHA(])=PARAM(] 1)
tMil)=PARAM([42)
VAKX (])=]10,%%]0
v T0O 80
ALPHA(L)=1.43/FRN(])®SQRT(SLOPE(]))?
JMAXR(])=]0,0®)0
EM(I)=1.67
U TO 80
JMAX(1)310,%e]0
ALPHA(L) =0,
cM(])=0.
ou TO 8¢
dMAX (1) =)Ue®®])0
ALPHA([)1=60,00SLIOPE(])/Z(FRIN(])®,0000]16)})
eM(]1)=3,
CUNTINUE
<t TURN
END
SUBROUTINE PAGE
THIS SJUBROUTINE SETS UP A VEw PAGE
CUMMON /C2/ NLINPAGE
NPAGE=NPAGE ]
on]TE (6410) NPAGE
NL33
wE TURN

FURMAT (1rAls110XKeaHPAGE»[4//720X+2046)
END
SUBROUTINE PULS (K}

THIS SUSROUTINE PERFORMS MODIFIED 2ULS ROUTING

REAL IN1oIN2

CUMMON /C3/ 1PRNToToAR(S0411) oFLGTH(50) sKSEG(50) 9NDX (50101 (50)9+Q2

1(20) 9QSUM(50) +GSUML (50) +5TO(50)

COMMON /E2/ SMAX(50)+IN2(S0)+IN1(50)4+5202(50)

COMMON /E3/ DELTAT¢NOBsQ3(50+11)

COMMON /Eé@/ WV (50430)+51150030)4C1(50+30)
Inl(K)=IN2(K)

IN2 (K)=QSUM ()

AVINS (IN] (K)*INC(K)) /24
$202(K)3S202 (K) *AVIN=Q] ()

IF (IN2(K)oLT,0.005) 60 YO J0O

CALL TABLE (Ky5¢D2(K)oWVeS1eCleQ2(K)NOXIK))

IF (IN2(K) oL Te0.005) J2(K)sIN2(K)
STO(K)=(S202(K)=Q2(K)/2+)*DELTAY
Ir (STOU(K)LT.SMAX(K)) GJ TO 20
SMAX (K)=STO(K)

COUNTINUE

wNE TURN

END
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SUZROUTINE PRPLOT
16 MARCH 73
IMPLICIT LOGICAL®]L (w)«LOSICAL®] (K)
JIMENSTUN NSCALE(S)s ABNDIS(26)s X(1)s Y(])
CUGICAL®L NOS(I0) /7000001040200 30,040,050,060,070,080,990/
CUGICAL®] IMAGE (1) +CHoLASEL (1) +ERR]VERRIVEIRS
CUSICAL®] VCoMCoFORL(19) oFUR2(1IS) +FORI(1I9) ¢NCoBLMFonF]
QWAL®E FOX1(3)eFIX2(2)eFIXI(I)
INTEGLR®Z2 V(R
cwJIVALENCE (FOR1FOX1)s (FOR2+FOX2)y (FOR3oFOXI)s (VCoeVCR)
INTEGER FILE
JATA HC/'=0/yNC/ V00 /90L7" Y/ yHF/'FV/y4F )/ "/

JATA FOX1/°(1XALaF904%420¢ 121's'A}) L4
JATA FOX2/7v(L1XALls QVy*X12]1A)) 0/
JATA FOX3I/ZV(LMOF 09! » ¥ Yety, ) LV

JATA VCR/LGFUOO/
VATA KPLOTLI/oFALSE ./ «KPLITC/oFALSEW/
UATA KABSCeKURDs<BOTGL/3®,FALSE W/

tinTRY PLUTL (NSCALE «NHL oNSBsNVLINS3IV)
I[te=FILE

t~R1z,FALSE.
tR3=,FALSE,
tNR5>=,FALSE,
<SPLOTI=,TRUE.

AP .0Te=,FALSE,

Nn=TAdS (NHL)

NS4 JABS (NSBH)

NV=TABS (NVL)

NSV=]ABS (NSBV)
NSCL=NSCALE(])

LP (NHONSHO®NVONSVNELO) G0 T0 1
KPLOT=.FALSE.
trR1z,TRUE,

e TURN

<PLOT=,TRUE.

IF (NV.LE«25) G0 10 ¢
<KPLOT=,FALSE.
txrR3z=,TRUE,

“E TURN

CUNTINUE

NVM=NY -]

NVPaNVye]

NUHENHENSH

NUHPENDH» ]

NUVENVENSY

NUVP=NDV+1

NIMG= (NDAPeNIVP)

IF (NDV.LE,)2U) 50 TO 3
KK_OT=z,FALSE.
trRS=,TRUL,

"t TURN

CUNT INUE

IF (NSCLsEWL0) LD TO @
Fov=]0.*oNSCALE(2)
FOX=10,*®NSCALE (¢)
IYEMINO(TABS(NSCALE(3))eT) ]
IA=MINO (IADS (NSCALE(S))eI) el
3V TO 5

Foy=1l,.

Fox=),
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10

11
12

lYy=e

Iaze
FURL(]10)=NDSHIY)
NAZMING(IXKoNSV) =]
NOSNA-MINU (NAy J20=NDV)
Nozll=NSeNA
1i=Ngs10
le=Ng-11*}0
FURI(6)=NOS(]le])
FuR3(7)1=N0S(12¢))
FURIL9)=NOSINA®})
1F (NV.GT.0) 6O YO 7
uu 6 JUslle18
FUQI(J) =8L

su TO 8

l1isNV/10
I¢sNv=1]1*]0
FURI(11)1=NQS(Lle])
FURI(]2)=2N0S(]2e))
Fu3(13)=nF
11=NSV/100
13=NSv-]11¢100
1¢=13/710
l3s]3=]l2°10
FURI(]16)=NOS(I1le})
FURILIS)ENOS([2¢1)
FURI(16)=NOS(]3e]))
FOR3I(1T)=NF]
FURJI(18)=FOR3(9)
IF (KPLOTL) RETUSIN
<PLOT1=,TRUE.

ENTRY PLOT2(IMAGE s XMAX o XMINoYMAX s YMINIFILE)
IFLsFILE

XPLOT2=,TRUE,.

IF (XPLOTI) GO Y0 9

NSCL =0

NmzS

NSHE10

NV=10

NSVYVE]LQ

bu TO 1

CUNTINUE

IF (XPLOT) 6D TO 10

IF (ERR1) WRITE (IFLe30)
IF (ERR3) WRITE (IFLs31)
IF (ERRS) WRITE (IFLe32)
Rt TURN

YMXEYMAX

DN (YMAX=YMIN) /FLOAT (NDN)
OVE (XMAX=XMIN) /FLOAT (NOV)
U 11 I=lonvP

ASNOS(L)= (KMINCFLOAT((]=1)®NSV)*DV)eFSX
JU ]2 IsleNIvG
IMAGE (1) =dL

U 16 [=]eNDNP

[é=1*NOVP

1iz]12=NDV
KNAQOR=MOD (I =) o NSH) NEL O
[f (KNHOR) GO TO 14

0 13 JUsllele
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13
lé

15
16

17
1b

19
20
2l

2e
23

)

25

26

27

28

IMAGE (J) =MC
CUNTINUE

JU 16 Jsllel2eNdSV
ik (KNHOR) 6J TO 15
IMAGE (J) =NC

ou TO J6
IMAGE () =v(C
CUNTINUE
AMIN]=XMIN=DV/2.
YMINI=YM[N=DH/2,
Rt TURN

eNTRY PLOT3I(CHeX1Y¢NI)
IF (XPLOTZ2) 30 TD 18
W~ITE (IFL»33)

CUNT INUE

IF (oNOT KPLUT) RETURMN
IF (N3,6GT.0) GO TO 19
<P_LOT=,FALSE.,

WRITE (IFL+36)

Rt TURN

JU 26 I=1eN3

IF (Dv) 21420421

QuMl =0

ov TO 22

CUNTINUE

VUMLIE (X (T)=XMIN]1)/OV
IF (DH) 2642342¢
JuM2=(

ou T0 25

CUNTINVE

VUM (Y (] )=YMIN]) /DM
CUNT INUE

IF (DUM1oLT,00s0,0UMZeLT,04) GO TD 26
IF (DUM] . GE«NDVP,0ReDUM2.GE « NDHP)

NXs]oINT(DUM])
NYZ]¢INT (DUM2)

JZ {NDHP=NY) #NDVP ¢NX
IMAGE (J) =CH
CUNTINUE

"t TURN

ENTRY PLOTA(NLILABEL)
ENTRY FPLOT4(NLJLABEL)
IF (oNOT.KPLOT) RETURN

IF (4NOT.XPLIOT2) GO TU 17

OV 28 1=2]+NDHP

IfF (1.EQ.NDHP,AND,.XKBOTGL)

oL =BL

IF (I.LE.NL) wL=LABEL(I)

Ie=1*NOVP
li=z[2-NDV

IF (MOD(I=1oNSH)eEQe0eAND, e NOT.KOR)D)
ARITE (IFLJFOR2) WL (IMASE(J)esd=I1v12)

Gu T0 28
CUNTINUE

ORDNO= (YMA=FLOAT(]I=]1)®DH) @FSY
iF (L1.EQ.NDHP) OIDNOsYMIN
WRITE (IFLsFORL) WLsORDND, (IMAGE (U)o Ja]ls12)

CUNTINUE
IF (KABSC) GO TO 29
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29

30
31
32
33
36

10

20

WNITE (JFLsFOR3) (AUNOS(J)eJds]oNVP)
Re TURN

cNTRY OMIT(LS>W)
CA3SC3MOD(LSWe2) sEQe]
<URD=MOD(LSWee) . SE, 2
CBITGL3ILSw,GEoe

R TURN

FURMAT (THe'SOME PLOT) ARGe ILLEGALLY 0°*)

FURMAT (T5+'N0. OF VERTICAL LINES 225')

FURMAT (T3,0d]OT4 OF GRA?H >]21")

FURMAT (T9¢?PLOT2 MUST BZ CALLED?)

FURMAT (T2?PLUT3, ARGZ ) V")

En)

SUSBROUTINE TAHLE ,(KeF)sFIe539C3¢F20J)
THIS SUE*DUT‘NE PERFOKMS LINEAR INTERPOLATION FOR
MODIFIED PULS ROUTING

VIMENSION F3(950¢30) 53(50030)s C3(50,30)

JU 10 I=269

IF (FleLTeF3(KRel)) GO TO 20

CONTINUE

134

F2uS3I(Ke])OFleCI(K,])

Rt TURN

END
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D. SCHEMATIC OF PROGRAM DECK SETUP

Initial values and bounds of parameters
13
'12 Details for optimization round
1 Daily-evaporation data
— .
. _
’10 Daily=-rainfall data
L —— e e
i 9 Unit-discharge data (optional)
[{M*‘ ------
o Unit-rainfall data for station no. 3 (optional)
8
2 Unit-rainfall station no. 3 and unit-time interval (optional)
8 Unit-rainfall data for station no. 2 (optional)
7 Unit-rainfall station no. 2 and unit-time interval (optional)
T
/)_ —
" i . .
8 Unit-rainfall data
I
i 5 Unit-rainfall station and unit-time interval
- "/f
r'6 : Period of record
t
. . .
g , Daily~evaporation station
4 Daily~rainfall station

Streamflow station & drainage area

r/f//f

2

Irrigation rates (optional)

~ ¥

Y

Option card

L/ qumper refers to card group in data input specifications.
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SCHEMATIC OF PROGRAM DECK SETUP--continued

N

Input-hydrograph cards (optional)
23
P Input- hydrograph~indicator card
22
Optimization card
1
0 Routing card
j 3 Storm-separation cards
' s Storm- sequencing card
| N — — — e ——
. ///4h".< ) .
b
o

yji Outflow-storage relationships (optional)

Ei:::_,___", —

Segment characteristics

le
5 Model-control card
1 1/ Parameter-adjustment card

-/ Number refers to card group in data input specifications.
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E.

SAMPLE RUNS
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It remains largely an art to characterize a basin in terms of a
number of segments which account for the essential basin properties. 1In
order to provide the "artist" with some help; an example, Sand Creek
Tributary at Denver, Colorado, will be discussed. The approach il-
lustrated by this example is not meant to provide hard and fast rules
but rather to serve as a guide for applying the model. Different objectives
and study limitations will require deviations from this gquide.

The Sand Creek Tributary at Denver drainage basin is a 183-acre
area of predominantly single-family residential land use with some
multifamily land use, a church, a recreational center, a fire station,
and two small parks. The basin has some storm sewers in its upper end
but relies mostly on street gutters and concrete-lined open ditches for
flow conveyance. Detailed records of rainfall and stream stage are
collected at the station by the operation of dual-digital recorders
which code the data on l6-channel paper tape at 5-minute intervals. Use
of a single timer provides for simultaneous actuation of both recorders.
A stage-discharge relation was developed on the basis of step-backwater
analysis of a reach of concrete-lined stream channel and discharge
measurements made during storm runoff. The rainfall-runoff data used in
this example have been published (Ducret and Hodges, 1975).

Two sample runs will be discussed for the Sand Creek Tributary at
Denver basin. The first run was an optimization run without any routing.
In the second run, the soil-moisture-accounting and infiltration parameters
were set at their final values from the first run and routing was performed
for ten storm events. These two runs could have been accomplished with
a single computer run; however, experience with the model has shown the
two-stage approach to be preferred. The following is a discussion by
card group of the input data for the first computer run.

Card Group 1
It was desired to list the input rainfall and evaporation data;

therefore, @PTIPN = LIST. Storm-runoff volumes were included in the
model-input data; therefore, @PT = 1.

Card Group 2

No card was included because daily rainfalls were not to be modified
for irrigation (N@gPT1 = 0). s

Card Groups 3, 4, and 5

The streamflow, daily-rainfall and daily-evaporation station identifiers
were input to the model using these three cards. Card Group 3 also
included the drainage area of the basin (0.286 square miles).
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Card Group 6

The first runoff period to be simulated occurred on July 12, 1973.
In order to establish initial soil-moisture conditions for this date,
the beginning day of record was set at May 1, 1973. The last runoff
period to be simulated occurred on July 30, 1974; therefore, the last
day of record was set at July 31, 1974 (1 day after last unit-rainfall
day).

Card Group 7

The unit-rainfall station number and name were input along with the
time increment of unit data (5 minutes for this example).

Card Group 8

Card Group 8 was used to input the unit-rainfall data. Ducret and
Hodges (1975) reported data for 14 runoff periods during 1973 and 1974
(table 4). Four of these runoff periods were not selected for simulation
for the reasons given in table 4. Because no unit-discharge data were
read-in (@PT = 1), a card with a CODE of 9 punched in column 80 was
placed at the end of Card Group 8.

Card Group 9

Card Group 9 was skipped because no unit-discharge data were input
for this run.

Card Group 10

Card Group 10 was used to read in the daily-rainfall data. Because
a4 large gap in time existed between runoff-period numbers 8 (September
11, 1973) and 9 (July 22, 1974), 9999's were punched as the daily rainfall
for September 15, 1973 and May 1, 1974. Daily-rainfall cards were not
included for the intervening period. Continuation of the daily moisture
accounting on May 1, 1974 should have allowed sufficient time for the
model to establish initial soil-moisture conditions for the runoff of
July 22, 1974.

Card Group 11

Card Group 11 was used to read in the daily-evaporation data. Note
that daily-evaporation cards were not included for the period between
September 15, 1973, and May 1, 1974, as this period was to be skipped by
the model. A card with a C@#DE of 9 punched in column 80 was placed at
the end of Card Group 11.

L]

Card Group 12

There were seven parameters in the soil-moisture and infiltration
components because a single soil type was assumed throughout the basin.
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The model is primarily sensitive to only four of the seven parameters;
therefore, only four parameters were adjusted by the model. Based on
experience with the model, the number of trial adjustments per parameter
was set at 10 and the initial step size for parameter adjustment at
0.060.

i

Card Group 13

The soils in the drainage basin are highly pervious sands which
would be expected to result in higher values for PSP, KSAT, and BMSN
than those suggested as initial values in table 3. However, for this
run the initial magnitudes and lower and upper limits of the soil-
moisture and infiltration parameters were set at the values suggested in
table 3.

Card Group 14

The parameters to be optimized were PSP, KSAT, RGF, and BMSN;
therefore, the subscripts for card 14 are 1, 2, 3, and 4.

Card Groups 15 and 16

An aerial photo of the drainage basin is shown in figure 13. The
first step in subdividing this drainage basin into segments was to
obtain available information on the physical characteristics of the
catchment. This consisted of an aerial photograph from a local engineering
firm, drainage maps which also showed street-corner elevations from the
City of Denver, and the U.S. Geological Survey topographic map for the
area. Using the above information, the drainage-basin boundary was
approximated in the office and then field checked. The drainage network;
inlets to the drainage network; all flow directions on streets, particularly
at street intersections; and effective impervious surfaces from roofs,
parking lots, etc., were delineated on copies of the aerial photos.
This information was obtained and (or) verified by on-site inspection.

It was then the "artist's” turn. Using the marked-up photos from
the above exercise, the basin was delineated into sub-basins (overland-
flow segments) and a drainage network (channel segments). An attempt
was made to balance number of segments (5 to 15 overland-flow segments
was selected as an "optimum" range based on difficult to rationalize
"engineering judgment"), maximum "uniformity" within segments, segmentation
into overland-flow segments with balanced lengths of overland flow to
their designated channel segments, and compatibility between overland-
flow segments and their designated channel segments (that is, an optimum
segmentation for overland-flow segments may result in a poor arrangement
of channal segments). TIdeally, perhaps, major changes within the
drainage network such as in geometry, size, roughness, and (or) slope
would result in separate channel segments. However, in many cases the
channel segmentation will be governed by the overland-flow segmentatior :.
Likewise, channel intersections often exert a controlling influence on
overland-flow segmentation. A schematic of the basin segmentation is
illustrated in fiqure 14.
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1000
]

EXPLANATION

Drainage Basin Boundary

~ OF02 Overland-Flow-Segment Boundary and Number
CH23 Channel Segment and Number
JT01l ° Junction Segment and Number

/)
///////é Non-Contributing Area within Drainage Basin
General Direction of Overland Flow

|

Figure 14.--Schematic of Sand Creek Tributary Basin at Denver, Colorado,
showing segmentation for rainfall-runoff modeling.
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The rationale behind the basin segmentation of figure 14 is as
follows: It is often easiest to start at the downstream end of a basin
and that approach was used when segmenting this basin. It was first
noted that the major drainage system of the basin consisted of concrete-
lined ditches which were located in the positions marked by channel
segments CH20, CH21, and CH22. 1In analyzing the reach of concrete~lined
ditch comprised of CH20 and CH21l, it was noted that a street, which
drained 14 acres of land, @r03, intersected this reach. Therefore, this
reach of concrete-lined ditch was subdivided into channel segments CH20
and CH21, and the intersecting street was designated as channel segment
CH23. Overland-flow segments @gF01, @F02, @F03, @F04, and @F09 were then
delineated based on this channel segmentation. It should be noted that
overland-flow segment #F04 does not have balanced lengths of overland
flow to CH21. To further subdivide this overland-flow segment would
also require that segments CH21 and @F09 be further subdivided.

The unallocated concrete-lined ditch was then assigned as channel
segment CH22. Overland-flow segments @F06 and @F05 were then delineated.
To avoid the need to subdivide channel segment CH20 which would require
subdividing overland-flow segments @F01 and @F02, channel segment CH25
was used to bypass channel segment CH20. A junction segment, JT01l, was
required to sum the flow from the two channel segments at the outlet of
the basin. Finally, the remaining part of the basin was drained by a
street which was assigned as channel segment CH24.

Once the basin was segmented, the sub-basin boundaries were field
checked and representative channel cross sections were determined.
Channel slopes were determined from the drainage maps, and overland-flow
slopes were estimated from the U.S. Geological Survey topographic map
for the area and the street-corner elevations shown on the City of
Denver drainage maps. Sub-basin areas were planimetered and lengths of
overland flow were computed by dividing the area of each sub-basin, in
square feet, by the length, in feet, of the channel segment into which
it contributes lateral inflow. The segment characteristics are shown in
tables 5 and 6. VMNote in figure 14 that overland-flow segment @F08 has
a noncontributing area within its boundary. This results from internal
drainage to a flood-control lake.

Roughness coefficients for the channel segments were estimated at
0.016 for the concrete-lined channels and 0.013 for the street-gutter
channels. Two options are available for roughness coefficients for
overland-flow segments. A single roughness coefficient can be assigned
to an overland-flow segment or else the segment can be assigned two
roughness coefficients, one for pervious surfaces and one for impervious
surfaces. For this basin, two roughness coefficients were specified for
overland-flow segment numbers @F0l, @F07, and @F08; 0.20 for pervious
surfaces (@P01, @P0O7, @PO8) and 0.013 for impervious surfaces (gI01,
@$107, @108). Only one roughness was specified for the other overland-
flow segments because distances of pervious-surface overland flow were
generally short over lawns and onto streets with the streets dominating
the flow conveyance. Roughness coefficients for these segments were set
at 0.016.
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Table 5.--Overland-flow segment characteristics for Sand Creek Tributary
Basin at Denver, Colorado

Segment Channel Area Length Slope Perviousness Effective
number segment (acre) (feet) (feet/feet) imperviousness
for ’ )
drainage

grol CH20 12.6 454 0.005 0.80 0.15
PrO2 CH20 10.6 382 .022 .47 .36
@F03 CH23 14.0 480 .024 .48 .31
@Fo4 CH21 30.5 593 .018 .54 .32
@ros CH22 36.5 1,006 .022 .57 .27
@Fro6 CH22 10.7 295 .004 .44 .42
@ro7 CH24 19.0 372 .012 .80 .16
@Fro8 CH24 31.5 617 . 007 .58 .33
@Fo9 CH21 17.5 340 . 010 .70 .22
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Table 6.--Channel-segment characteristics for Sand Creek Tributary Basin

at Denver, Colorado

Segment Upstream Length Slope Manning Width (feet) at
number segment(s) (feet) (feet/feet) n 1-foot depth
CH20 CH23,CH21 1,210 0.005 0.016 11

CH21 -— 2,240 .007 .0l6 11

CH22 CH24 1,580 .008 .016 4.3
CH23 -~ 1,270 .029 .013 31

CH24 -—- 2,225 .005 .013 50

CH25 CH22 460 .005 .016 11
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It remained to determine the time interval (At) and segment intervals
(NDX) for the finite-difference calculations. Detailed output from the
basin outlet was all that was required. Therefore, At was computed
based on the entire channel length through the basin and the average
overland-flow length to that channel. Three distinct channel networks
drained the basin--a network comprised of channels CH20 and CH21, a
network comprised of channels CH20 and CH23, and a network comprised of
channels CH22, CH24, and CH25. Equations 12, 13, and 14 were used to
calculate At for each of these three channel networks. The following
illustrates application of these equations to the channel network comprised
of channels CH20 and CH21.

The average slope (weighted by sub-basin area) of the sub-basins
draining to the channel network (segments @F01l, @F02, @F04, and @gFr09)
is N0.014. Assuming this value for slope and 0.020 for FRN(I) and using
the equations for turbulent overland-flow segments from table 2:

W . {149 Jooo1a | o
0T e e TeBBL

and

m = 1.67

[s]
Letting FRN(I) = 0.016, PARAM (I, 1) = 11 feet and SL@PE(I) = 0.006 in the
equations for triangular cross sections from table 2:

1.41 v0.006
ac > 173 3.1
(n.016) (11)
and
m = 1.33
o

The average length of overland-flow (weighted by sub-basin area) to the
channel network is 475 feet. The length of channels CH20 plus CH21 is
3,450 feet. For the storms simulated, the maximum 5-minute rainfall
intensity was 5.64 inches per hour, and the maximum 15-minute rainfall
intensity was 4.64 inches per hour. Therefore, the maximum rainfall
intensity for equations 13 and 14 was set at 5 inches per hour. Sub-
stituting the above values into equation 13 results in

1/1.67

t = 475 067 = 413 seccnds
© 8.8 (5/43200) "
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and into equation 14 results in

3450 1/1.33
t = 533 = 338 seconds
¢ 3.1 ([2* 5% 475]/43200) "
Therefore At ~ 0.1 (413 + 338) = 75 seconds. Similar calculations for

the network comprised of channels CH20 and CH23 and the network comprised
of channels CH22, CH24, and CH25 resulted in a At of 57 seconds and 95

seconds, respectively. Based on these results, At for the model was set

at 1.0 minute.

Calculation of NDX for segments @P0l, @#I01, CH24 and CH22 is

discussed below.

For segment @gP01l, L = 454 feet, ao = 0.53, ie = 5 minutes, and mo
1.67. Therefore, from equation 13
1/1.67
tO = 454 087 = 2,165 seconds.
(0.53) (5/43200) °
Then, from equation 21
_ 2,165 _
NDX = 60 = 36.1

However, the maximum NDX allowed bY the model is 10. Therefore,

segment POl was set at 10. This should not present any significant problems

as the flow from this segment which is entirely pervious is minor compared
to that from the segments with impervious surfaces which were used in

the calculation of At.

For segment @101, L = 454 feet, a = 8.10, i = 5 minutes, and m
., O o e o
Therefore, from equation 13
454 1/1.67
t = 067 = 423 seconds.
°© (8.10) (5/43200) "
Then, from equation 21
423
NDX = =5 = 7.05, say 7.

For segment CH24, L _ = 2,225 feet, LO ~ 500 feet, mc = 2.08,
i = 5 minutes, and m, = 1.33. Therefore, from equation 14,
e >

([2 x 5 x 500]/43200)0'33
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1/1.33
t = 2,225 = 324 seconds.
(2.08)
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Then, from equation 22

324
NDX = 60 = 5.4, say 6.

Channel segment CH22 not only has lateral inflow from overland-flow
segments but also has upstream inflow from CH24. Therefore, equation 14
does not apply. Assuming the upstream inflow to dominate, the time of
concentration of a wave (not a particle) through CH24 could be approxi-
mated by

Lc
t ¥ — (30)

c m -1
amA ¢
ccc

where Ac is an average cross-sectional area of flow in square feet.
Letting LC = 1,580 feet, “c = 4,85, mc = 1.33, and A = 2.5 square feet
in equation 30 ’ ¢

. - 1,580 T = 181
(4.85)(1.33) (2.5 ")

Then, from equation 22

181
NDX = ) = 3.0, say 3.

Card Group 17

Card Group 17 was skipped because there were no modified-Puls
detention reservoirs (segments of ITYPE(I) = 8).

Card Group 18

Ten storms were simulated by the model. Of these storms all but
two were separated by at least one day without unit-rainfall data. The
exceptions were the two storms which occurred on September 11, 1973
(runoff-period numbers 7 and 8). Therefore, NF(I) = 1; I = 1-6, 9, 10
and NF(I) = 2; I =7, 8.

Card Group 19

The starting and ending time increments for each storm and the
observed volumes of runoff, in inches, are input to the model using Card

Group 19.

Card Group 20

No runoff was routed for this run; therefore, KgUT(I) = 0, I =1,
N@FE.
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Card Group 21

Runoff periods 1-6 and 10 were used in computing the value of the
objective function.

Card Group 22

No input hydrographs were necessary; therefore, IHYD(I) = 0, I = 1,
N@FE.

Card Group 23

Card Group 23 was skipped, because there were no input-hydrograph
segments (ITYPE(I) = 10 on Card Group 16).

The first run resulted in "optimal" values of the infiltration and
soil-moisture-accounting parameters. In the second run, these parameters
were set at their final values from the first run and routing was performed
for all unit-rainfall runoff periods. The results are shown in table 7.
The optimization option was not used during the second run. The following
changes in input data were made.

Card Group 12

The number of parameters to be adjusted, the number of trial adjustments
per parameters, and the initial step size for parameter adjustment were
specified as zero.

Card Group 13

The initial values of PSP, KSAT, RGF, and BMSN were changed to
6.03, 0.121, 13.82, and 11.0, respectively, based on the results of the
optimization run.

Card Group 14

Card 14 was changed to a blank card.

Card Group 19

It was not necessary to input storm-runoff volumes as no optimization
was to be performed for this run. The ending time increment for storm
number 7 was changed to 95 to demonstrate that changes in the starting
and (or) ending time increments for a storm will only affect simulated
storm-runoff volumes if a different rainfall occurred (that is, storm-
runoff volumes are independent of routing).

Card Group 20

All unit-rainfall runoff periods were routed for this run; therefore,
K@uUT(1) = 1, I = 1, N@FE.
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Table 7.--Comparison of mcasured and simulated runoff volumes and peak flows

for Sand Creek Tributary Basin at Denver, Colorado.

Runoff- Date Runoff volume, Pcak flow, in

period in inches cubic feet

number per second

Mcasured Simulated Mecasured Simulated

1 July 12, 1973 0.080 0.080 32 23
2 July 19, 1973 .16 .19 68 74
3 July 22, 1973 .055 .052 22 14
4 July 24, 1973 .33 .28 104 97
5 July 30, 1973 .063 .082 32 28
6 Aug. 7, 1973 .70 .76 236 280
7 Sept. 11, 1973 .073 .14 48 58
8 Sept. 11, 1973 .23 .16 143 68
9 July 22, 1974 .20 .32 98 117
10 July 30, 1974 .53 .47 251 216
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Card Group 21

No optimization was performed; therefore, TESTNg(I) = 0, I =1,
N@FE.
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