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DISTRIBUTED ROUTING RAINFALL-RUNOFF

MODEL--VERSION II
By William M. Alley and Peter E. Smith

ABSTRACT

A computer program of a watershed model for routing storm runoff through a
branched system of pipes and (or) natural channels using rainfall as input
is described. The model provides detailed simulation of storm-runoff periods
selected by the user and a daily soil-moisture accounting between storms. A
drainage basin is represented as a set of overland-flow, channel, and reservoir
segments which jointly describe the drainage features of the basin. Kinematic
wave theory is used for routing flows over contributing overland-flow areas
and through the channel network. A set of model segments can be arranged into
a network that will represent many complex drainage basins. The model is
intended primarily for application to urban watersheds, but may have limited
applications to rural watersheds.

INTRODUCTION

The U.S. Geological Survey (USGS) has been developing simulation models of
rainfall-runoff processes since the late 1960's. DNawdy, Lichty, and Bergmann
(1972) reported on the first simulation model from this research; a lumped
parameter rainfall-runoff model for small rural watersheds. Subsequent work
by NDawdy, Schaake, and Alley (1978) produced a Distributed Routing Rainfall-
Runoff Model (DR3M). This model was largely the product of incorporating the
routing component from a version of the Massachusetts Institute of Technology
catchment model (Leclerc and Schaake, 1973) into the original USGS model.

The purpose of this user's manual is to document the current version of
NR3M and to update gquidelines for use of the model. Major changes to DR3M
since 1978 include:

1. The user can select from three solution techniques for kinematic wave
routing in channels and overland-flow segments. These include the
original explicit finite difference formulation, an implicit finite
difference formulation, and the method of characteristics. A means
of avoiding kinematic shock problems in the method of characteristics
formulation has been developed.

2. The model can be used to create segment flow files for later use
by DR3M-QUAL (Alley and Smith, report in preparation).

3. The model uses disk space for temporary storage of measured storm
rainfall and runoff data. This reduces the core storage requirements
of the model for long-term simulation.



4. Many changes have been made to the basic output structure of the model
and numerous error messages have been incorporated into the code.

5. Effective impervious area can be included in the parameter optimization
algorithm.

6. The minimum time interval for rainfall data input to the model has
been reduced from 5 minutes to 1 minute.

DR3M operates on two time intervals. The model provides detailed simula-
tion of storm runoff during days for which short-time interval rainfall data
are input to the program. These days are referred to as "unit days", and it
is only during unit days that flow routing is performed. Between unit days
the model uses daily precipitation and daily evaporation data to provide a con-
tinuous daily accounting of soil moisture. Thus, the advantages of continuous
simulation are combined with those of an event type model.

Nuring simulation of a period of storm runoff, the generation of rainfall
excess and flow routing are treated independently. The time series of rainfall
excess is determined first and then, in a second step, it is routed to the
watershed outlet.

ACKNOWLEDNGEMENTS

The current version of DR3M is the product of over a decade of model develop-
ment both within and outside the U.S. Geological Survey. Numerous individuals
have contributed to its development. In particular, outstanding contributions
have been made by Navid R, Dawdy, John C. Schaake, Jr., and Robert W. Lichty.

RAINFALL-EXCESS COMPONENTS

The rainfall-excess components include soil-moisture accounting, pervious-
area rainfall excess, impervious-area rainfall excess, and parameter optimiza-
tion. A substantial part of the rainfall-excess components has been adopted
from the model developed by Dawdy, Lichty, and Bergmann (1972).

Soil Moisture Accounting

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

During unit days, moisture is added to SMS based on the Green-Ampt infiltra-
tion equation (Green and Ampt, 1911). Between unit days, a specified proportion
of daily rainfall is added to SMS.

1/

Definitions of selected model variables can be found in Attachment F.



Evapotranspiration takes place from SMS when available, otherwise from BMS,
with the rate determined from pan evaporation multiplied by a pan coefficient.
Moisture in SMS drains into BMS during periods of no rainfall at a rate based
on the effective hydraulic conductivity. (Note: This is equivalent to setting
NRN equal to 1.0 in the 1978 version of DR3M.) Storage in BMS has a maximum
value (BMSM) equivalent to the field-capacity moisture storage of the 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 subsurface flow components. However, this option is not included
in the present version of the model.

Pervious-Area Rainfall Excess

Point-potential infiltration (FR) is computed by a variation of the
Green-Ampt equation (Green and Ampt, 1911):

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

where KSAT is the hydraulic conductivity of the transmission zone and PS is
defined as:

PS =P (m - mg) (2)

where P is average suction head across the wetting front (capillary drive),

m is the moisture content of the soil after wetting, and my is the antecedent
soil-moisture content. The Green-Ampt infiltration equation is derived by
direct application of Darcy's Law under the following assumptions:

1. A distinct piston wetting front exists.

2. The suction head at the wetting front is constant regardless of
time and position.

3. Behind the wetting front, the soil is uniformly wet and of constant
conductivity (KSAT).

In a soil column, the capillary potential at the wetting front is not a
constant, but varies according to the soil-moisture condition. Therefore, the
model determines the effective value of PS as varying linearly between a value
at plant wilting and a value at field capacity:

PS = PSP [RGF - (RGF - 1) BMS 7] (3)
RMSN

where PSP is the effective value of PS at field capacity and RGF is the ratio
of PS at wilting point to that at field capacity. This relationship is
shown in fiqure 1.
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Point-potential infiltration (FR) computed by equation 1 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 infiltraton, and OR represent the rate of generation of rainfall excess, the
equations are:

0R=%Hf SR < FR (4a)
0R=5R-f_g;ifSR>FR (4b)

A schematic of these relations is shown in fiqure 2. The rainfall excess
rate, OR, is represented by the area in fiqure 2 between the dashed SR line
and the linear infiltration capacity curve. Equation 4 is a relationship
which eliminates a single-valued threshold for infiltration.

Impervious-Area Rainfall Excess

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

The only abstraction from rainfall on effective impervious area is
impervious retention. One-third of the rain falling on the effective impervious
area is stored as impervious retention until the impervious-retention-storage
capacity is attained.

Rain falling on noneffective impervious areas is assumed to run off onto
the surrounding pervious area. The model assumes that this occurs instan-
taneously and that the volume of runoff is uniformly distributed over the
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. This computation is performed in the model by
multiplying rainfall on pervious areas by the model parameter RAT:

RAT = DAZ +3DA3 (5)
DA

where DA2 is the area of the basin covered by noneffective impervious surfaces
and NDA3 is the area of the basin covered by pervious surfaces.
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Parameter Optimization

An optimization procedure (Rosenbrock, 1960) is included in the model to
aid in calibrating several of the soil-moisture-accounting and rainfall-excess
parameters. DNuring an optimization run, storm-runoff volumes for a series of
storms having measured rainfall and runoff data are simulated by the model. An
objective function which is the sum of the squared deviations of the logarithms
of simulated and measured storm-runoff volumes is computed:

N
U =_Zl [1n(S3) - 1n(M4)]? (6)
'|=

where U is the value of the objective function, is the number of storms
included in the objective function, S; is the ith simulated runoff volume, and
Mi is the ith measured runoff volume. One of the parameter magnitudes is then
revised and a second simulation made. If the result is an improvement, the
revised set is accepted; if not, the previous best set of parameter values is
retained. This procedure is repeated for a user-specified number of iterations.

Rosenbrock's method of optimization proceeds by stages. During the first
stage, each parameter represents one axis in an orthoqonal set of search
directions. Adjustments are made in these search directions until 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 preceeding stage. The major feature of this procedure is that, after the
first stage, one axis is aligned 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 model
is run and the objective function is calculated and stored in the computer
memory bank as a reference value. A step of user-specified length is then
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 para-
meter is multiplied by 3. If a failure results, the step is not allowed and
e is multiplied by -1/2. An attempt is then 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 pattern is detemined, and another stage of
optimization undertaken. The objective function value and associated parameter
values are printed for each successful trial.

ROUTING COMPONENTS

DR3M approximates the complex topography and geometry of a watershed as
a set of segments which jointly describe the drainage features of the basin.
The purpose of this approach is to reduce the rainfall-excess routing problem
to the hydraulic problem of unsteady flow over uniform planes and channels.
There are four types of segments:



1. overland-flow segments

2. channel segments

3. reservoir segments

4. nodal segments

Overland-fiow segments receive uniformly distributed lateral inflow from

rainfall excess. They represent a rectangular plane of a given length,
slope, roughness, and percent imperviousness.

Channel segments are used to represent natural or manmade conveyances
such as qutters or storm-sewer pipes. Channel segments may receive upstream
inflow from as many as three other segments, including combinations of other
channel seqments, reservoir segments, and nodal segments. They also can
receive lateral inflow from overland-flow segments.

Reservoir segments can be used to describe an on-channel detention
reservoir. Alternately, they can be used to simulate storage of water behind
culverts for which outflows are uniquely described as a single-valued function
of storage behind the culvert.

Nodal segments are used when more than three segments contribute inflow
to the upstream end of a channel or reservoir segment or as input points where
the user may specify an input hydrograph or constant discharge for each storm.

There is wide flexibility to the approach one can take in dividing a basin
into segments for runoff computations. Guidelines for basin segmentation are
presented in a later section of this user's manual.

Channel and Overland-Flow Segments

A schematic illustrating the relationships between channel and overland-
flow segments is shown in fiqure 3. Kinematic wave theory is applied for
both overland-flow and channel routing.

The Kinematic Wave Equations

Unsteady free-surface flow is governed by the equations of continuity and
momentum, commonly referred to as the Saint-Venant or shallow-water equations.
The continuity equation results from an expression of the principle of conservation
of mass and may be written as

30 + 9A = q (7)
ax at

in which Q is discharge, A is the flow cross-sectional area, q is the lateral
inflow per unit length, and x and t are space and time coordinates. The momentum
equation is an expression of Newton's second law of motion and for a prismatic
channel may be written as

aY 1 3V VvV v
Se =S (&L + 2 22 4+ L 25 8
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in which Y is the depth of flow, V is the mean velocity, q is the acceleration
due to qgravity, and S, and S¢ are the bed slope and friction slope, respectively.

Both overland and channel flow are governed by the equations of continuity
and momentum, and mathematically can be treated similarly. Overland flow is
viewed as wide, shallow-channel flow, and analyzed on a unit foot basis with
lateral inflow coming from rainfall excess.

Although the Saint-Venant equations can theoretically be applied to the
problem of routing surface runoff, they are rarely used in watershed models.
Using the complete form of the equations to route runoff from a complex
confiquration of channels and planes places too high a demand on computer
resources. In watershed models there are also few situations where the required
boundary conditions are available for solution of the equations. For these
reasons, DR3M makes use of the kinematic wave approximation of the momentum
equation to achieve simpler and faster solutions.

The underlying assumption of the kinematic wave approximation is that the
water surface slope and acceleration terms of equation 8 are negligible in
comparison with those of the bed slope and friction. This reduces the momentum
equation to the form

Sf ~ SO (9)

where all partial derivatives of equation 8 are neglected. By defining the
friction slope with an appropriate flow resistance relationship (such as the
Manning formula for turbulent flow), equation 9 can be represented by a general
power relationship of the form

Q= oAT (10)

where a and m are constants that are determined from the geometry, slope, and
roughness of an overland flow plane or channel.

Equations 7 and 10 are the form of the kinematic wave equations solved in
the model. Because of the assumptions used in their derivation, they have
properties that are different from those of the more complete St. Venant
equations. It has been shown (Henderson, 1966), that the terms eliminated from
the momentum equation in the kinematic model are responsible for introducing
wave dispersion into solutions of the St. Venant equations. By neqlecting
these terms, the kinematic equations do not describe wave dispersion. The
effect of this is most obvious in a hydrograph routed with no lateral inflow,
where the presence of dispersion would result in attenuation of the wave. For
this case, the kinematic equations do not describe attenuation. They describe
only translation of the hydrograph and a deforming of the hydrograph shape
that appears as a steepening of the rising 1imb and a flattening of the falling
Timb. The hydrograph does not lengthen (disperse) as it moves downstream. A
note of explanation is necessary, however. These properties are those exhibited
by analytical solutions of the kinematic equations. Numerical solutions of the
equations may well exhibit numerical dispersion, due to unavoidable truncation
errors. This dispersion is not present in the equations themselves, but is
created when a numerical solution fails to converge to the true solution of the
equations.

10



Several investigators have made use of the numerical dispersion in numerical
solutions of the kinematic equations by controlling it to approximate physical
dispersion. The control of dispersion is done by the "weighting" of derivatives
in a finite difference method. This approach is available as an option in NR3M.

DR3M has three methods available for solution of equations 7 and 10: a
method of characteristics and implicit and explicit finite-difference methods.
The user has the option to select a particular solution method for each model
seqment. In the following sections the methods are described, and in a subsequent
section some suggestions are given on selecting a solution method.

Method of Characteristics
Combining equations 10 and 7 yields the following:

A, aA™l o (11)

at ax g

This hyperbolic partial differential equation, sometimes called the kinematic
wave equation, can be solved by the method of characteristics. The solution
provides values of A that can be converted to discharge using equation 10.

Equation 11 can be represented by the following characteristic equations
(Eagleson, 1970):

X = ™! (12)

(13)

Integration of equations 12 and 13 can be done explicitly if the lateral inflow,
q, is assumed to be uniform in time and space. Since, for a model segment in
NDR3M, a is constant in space and piecewise constant in time, this assumption can
be met by integrating over time steps where q remains constant. The result after
integrating between two points on a characteristic path, (x,t) and (x+&x,t+at),
has been given by Harley and others (1970), and can be expressed as:
o ]
ax = = [(qat + A(x,t))™ - A(x,t)M] (14)
q
A(x+ax,t+at) = A(x,t) + qat (15)
for q # 0, and
Ax = omA(x,t)M-1at (16)
A(x+ax,t+4t) = A(x,t) (17)

for g = 0.

11



Equations 14 to 17 are those used in the model. Equations 14 and 16 are
used to follow characteristic paths in the x-t plane. The flow area is determined
at points along the characteristic paths by equations 15 and 17.

The method of characteristics gives an essentially analytical solution to
the kinematic wave equation. It deviates from a truly analytical solution only
because interpolations are necessary to compute segment outflows at each time
step. The advantage of an analytical solution is that it satisfies exactly the
governing differential equation. It is free from problems with numerical error
and stability that are present in numerical solutions by finite difference or
finite element methods.

Despite its inherent attractiveness, the method of characteristics has not
been widely used in watershed models because it suffers from the computational
problem of kinematic shock. Kinematic shock is a term used to describe shock
waves in kinematic flow that form at the intersections of characteristics in
the x-t plane. Where two characteristics meet, two flow areas are defined that
describe a vertical wave resembling a hydraulic bore. These shock waves result
from the kinematic assumptions and accordingly have no physical significance.
They must, however, be dealt with properly in the solution procedure.

In DR3M kinematic shocks will only form in channel segments with upstream
inflow. When conditions are favorable for shock formation, no attempt is made
to identify the origin or path of the shock wave. If characteristics are far
enough apart (because of the size of the time step) to prevent intersections
before reaching the downstream boundary, then nothing is done. If two
characteristics do cross, the two flow areas defined, one on each characteristic,
are averaged at the end of the time step during which the crossing occurred.
One new characteristic is traced forward from the averaged point, and the two
that crossed are dropped out. The effect in either case is a smoothed appearance
in the outflow hydrograph in the vicinity of the shock.

Finite-Difference Methods

A second option is available in DR3M for solving equations 7 and 10 by
an implicit finite-difference method. The method is a four-point formulation
that requires an iterative procedure to solve for the unknown flow area. The
explicit finite-difference method that was contained in the 1978 release of
the model is used to ohtain the initial estimate of the unknown flow area for
the implicit method. The user has the option of using the explicit method by
jtself with no iterations, if it is desirable to save computer time and if the
accuracy is acceptable. This provides the third flow routing option in the
model.

Unlike the method of characteristics, applying the finite-difference methods
requires that each model segment be subdivided into distance intervals. A distance
interval, Ax, and a time interval (time step), At, form the computational
hox for the finite-difference methods. The value of Ax varies from segment
to seqment, but the value of At is constant for all segments.



Four points of a computational box are represented in fiqure 4. The
purpose of a finite-difference method is to solve for A and Q at point d, given
values of A and Q at points a, b, and c.

In the implicit method the continuity equation is represented by a
finite-difference equation using quantities at all four corners of the box and
a weighting factor for the space derivative. The equation can be written as

W(Qg-Qc) + (1-W)(Qh-0a)  (Ad-Ap) * (Ac-Aq) (18)
AX * 24t -4

where W is the weighting factor that is assigned by the user to a value between
0.5 and 1.0, .

Equation 18 has two unknowns, Q4 and A4, but they are related by equation
10. By substituting Oq = @ Ag into equation 18, the resulting equation is
nonlinear with one unknown, A4, and can be rearranged into the following form

m -
COAd + C].Ad + C2 =0

where
Cop = @
C1 = Ox/2WAt
Cp = C1L(Ac - Ag) - AT+ &l (g, - 0,) - o - 4%

The solution of the above nonlinear equation for Ay is obtained by an
iterative procedure using Newton's second order method for finding the roots
of an equation. The procedure converges rapidly to a correct solution if a
good first estimate is made for the unknown area. To speed convergence, DR3M
obtains the first estimate using a modification of the explicit method presented
by Leclerc and Schaake (1973).

The explicit method requires the use of two finite-difference equations.

The selection of the appropriate equation to use within each computational box
depends on a stability parameter, 0, defined by:

a
= — m m
0= - [(th + AT - Aa]

for g # 0, and

At Qa at
0= amAg'1 P ——
Ax P

for g = 0. The stability parameter is an expression for the path of the
characteristic curve originating from point a; it is obtained from equation 14
or 16 and defines whether the characteristic passes above or below the diagonal
connecting points a and d in the computational box.
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Figure 4.--Computational box for finite-difference methods.
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If © is greater than or equal to unity, finite differences are written
using grid points a, ¢, and d. The continuity equation is represented as

Ac - Aa Qq - Oc
+

At A -9
and can be solved for 04
Ax
Oq = Qc + a8 - = (Ac - Aq) (19)

Once Qq is known, A4 can be determined by
Ag = (Qd/a)l/m (20)

If © is less than unity, finite differences are written using grid points
a, b, and d. The continuity equation is represented as

Ad - Ap  Qp - Q4
+
At Ax

=q
and can be solved for A4
Ad = Ap + qit + = (Qa - Qp)
Ax

Qq is determined by
Qq = oA (22)

Reservoir Segments

Provision is made in the model for reservoir routing based on the con-
tinuity equation. Either of two routing methods can be used. One method is
linear-storage routing:

S = KO (23)

where S is the reservoir storage, 0 is outflow from the reservoir, and K is a
constant.

Alternately, the modified-Puls routing method (Soil Conservation Service,
1972) can be used:

25 25
—240,=Iy+1,+—L-0 24
=t 0=ty — -0 (24)
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where I is the inflow to the reservoir and the subscripts 1 and 2 refer to

the heginning and end of the time interval (4At), respectively. The modified-
Puls method utilizes a table of storage and outflow values as sugg]ied by the
model user. From these values the model constructs a table of CZE + 0) versus
outflow (0). Entering this table with the value of the right-hand side of
equation 24, outflow (0p) at the end of a routing period (At) is determined.

An assumption of the above procedure is that the water surface in the
reservoir is level and responds instantaneously to inflows. A1l reservoirs are
assumed to be empty or at the permanent pool capacity 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.

Reservoir segments can be used to simulate detention reservoirs and
ponding behind culverts of limited capacity and for which outflows are uniquely
described as a single-valued function of storage.

Nodal Segments

Three 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-hydrogqraph point where the user may specify an input
hydrograph for each storm. Only one input hydrograph point in the basin is
permitted. A third type of nodal segment is an input discharge point where
the user may specify a constant discharge for each storm to be added to the
flow. Nodal segments (all three types) do not have a routing component;
therefore, the output from the segment is equivalent to the sum of the inputs.

NDETERMINATION OF MODEL PARAMETERS

Model parameters used by DR3M include the total drainage area of the
watershed, the soil-moisture-accounting and infiltration parameters, and the
segment characteristics. Guidelines for determining these parameters are
described in the following sections. The approaches described are not meant
to provide hard and fast rules, but rather to serve as a gquide. Different
study objectives and constraints will require deviations from this guide.

Drainage Area

Determination of the drainage area of an urban watershed may appear
trivial--simply outline the basin boundary on a topoqgraphic map and determine
the drainage area with a planimeter. However, considerable errors might
result from using such a technique. Major complications include the effects
of street and storm-sewer systems, irrigation ditches, and the resolution
capability of maps. The recommended approach to determining drainage area is
to use topographic maps, available storm-sewer maps and appropriate field
verification. Field verification during rainfall or snowmelt is sometimes
necessary to resolve questions about the location of drainage divides. Some
field verification may also be necessary to assure that storm-sewer maps and
other information obtained for the basin are "as built."
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Soil-Moisture-Accounting and Infiltration

The six soil-moisture-accounting and infiltration parameters are listed
in table 1. For many small basin applications a single set of these parameters
may be sufficient to represent the pervious part of the basin. However, two
different soil types can be handled by the model with separate soil-moisture
accounting and infiltration parameters for each soil type.

As earlier described, NR3M includes an optimization procedure which can
be used to fit the values of the soil-moisture-accounting and infiltration
parameters. The Rosenbrock technique is most effective if the value of the
objective function is sensitive to changes in the values of the model parameters,
if parameter interactions are small, and if initial estimates of model parameters
are within reasonable constraints.

DR3M has several options with respect to the Rosenbrock optimization.
One of these is that the user can select any subset of the total set of
storms to be included in the objective function. For example, outliers can
be removed from the objective function. Since the optimization procedure
develops a nonlinear least-squares solution, outliers can significantly affect
the values of the fitted parameters. The user also can restrict storms
included in the objective function to those with significant pervious-area
contributions to storm runoff. In fact, if runoff volumes are predominantly
a result of impervious-area runoff, little can be gained by optimizing the
soil-moisture-accounting and infiltration parameters.

A second option in the model is to select which of the soil-moisture-
accounting and infiltration parameters are to be fitted using the Rosenbrock
algorithm. Although as many as 12 soil-moisture accounting and infiltration
parameters (six for each of two soil types) can be included in the optimization,
this is not a recommended procedure. Generally, only parameters for one soil
type should be optimized. lUsually, only three or four of the soil-moisture-
accounting and infiltration parameters need be fitted.

The model parameters EVC and RR are highly interactive. Fairly reliable
estimates of these two parameters usually can be made and they can often be
left out of the optimization. The parameters PSP and KSAT are also very
interactive. Only one of the two should be included in the optimization.
However, several optimization runs might be made with different estimates of
the parameter left out of the optimization.

It is impossible to give precise estimates of soil-moisture-accounting
and infiltration parameters that will apply to all soils encountered. Some
general quidelines are presented in the following paragraphs. All estimates
presented should be used with caution and may require revision for local
conditions.

PSP
Values for PSP for most soils will lie within the range of 0.5 to 8.0

inches. Model estimates of infiltration are sensitive to this parameter.
Generally, PSP will be larger for soils that are less permeable,
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Table 1.--Parameters for soil-moisture accounting and infiltration

mmesewer o = o= == = = S e I e

Soil-Moisture Accounting

Parameters:
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 days

BMSN--Availahle soil water 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 wetting front for soil moisture at field capacity,

in inches
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KSAT

Values of KSAT for soil types generally encountered will be on the order
of a few tenths of an inch per hour. The U.S. Soil Conservation Service has
classified most soils into Hydrologic Soil Groups A, B, C, and D. Typical
values of KSAT in inches per hour for each of these four groups are: 0.5
to 1.2 for soil group A, 0.2 to 0.5 for soil group B, 0.1 to 0.3 for soil
group C, and 0.05 to 0.2 for soil group D.

RGF

The relationship of RGF to soil properties is not well established.
Values of RGF typically range from 5 to 20, with 10 being a reasonable initial
estimate. As the value of RGF increases, the sensitivity of the model's
infiltration estimates to antecedent soil moisture conditions also increases.

BMSN

Values for BMSN will generally range between 2.0 and 6.0 inches,
depending on the development of the soil to the depth of the root zone.

EVC

EVC may be estimated as 0.7, if it is an adjustment of pan evaporation
to potential evapotranspiration based on a nearby, reliable pan. EVC may
differ from 0.7, if the pan evaporation data are collected from far outside
the basin or from an unreliable pan. In that case, EVC may include an
ad justment to make the pan evaporation data representative for the basin.

RR
RR is an estimate of the proportion of daily rainfall which infiltrates
into pervious surfaces for the period of simulation excluding unit days.
Typical values for RR range from 0.7 to 0.95.

Overland-Flow Segments

Characteristics required for each overland-flow segment include percent
impervious area, length of overland flow, overland-flow slope, and a roughness
coefficient.

Percent Impervious Area

Simulated runoff volumes and peak flows from urban areas are usually very
sensitive to the percent impervious area. Several approaches have been used
to determine effective impervious area.

One approach is to relate effective impervious area to the minimum ratio
of runoff/rainfall measured for small storms. The rationale for this approach
is that for basins with highly permeable soils, runoff from small storms comes
almost entirely from the effective impervious area in the watershed. Limitations
of this approach are the large scatter often observed in runoff/rainfall plots,
the requirement for rainfall-runoff data from the watershed, the methodology
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may not apply to bhasins with soils of moderate to low permeability, and the
sensitivity of the method to errors in rainfall and flow measurements.

An alternate approach used in Denver rainfall-runoff studies (Alley and
Veenhuis, 1979) was as follows. The lengths and widths of all streets in
each overland-flow segment were measured from aerial photos and the total
area of streets for each overland-flow segment was determined. All roofs,
parking lots, and other impervious areas which could not be identified as
either effective or noneffective were then field inspected and all of these
areas which were effectively impervious were colored in red on the aerial
photo. If only part of a roof or other impervious area was effective, then
only that part was colored. The areas of several representative roofs in each
overland-flow segment were then measured from the aerial photographs and the
average of these areas multiplied by the number of effective impervious roofs
for each overland-flow segment. A similar approach was used for driveways.
Finally, the area of remaining effective impervious areas, such as parking
lots, was planimetered. The combined field and office work required for this
approach was approximately 4-person days per square mile of basin for a highly-
developed watershed.

Other approaches might include a random sampling of roofs or a grid
overlay approach. Important requirements appear to be a large-scale aerial
photo to delineate impervious areas and some field inspection to differentiate
effective and noneffective impervious areas.

Any approach used to determine effective impervious area is inherently
subjective. For example, it is often difficult to determine which part of
a house roof is effective impervious area, particularly for houses with a
downspout close, but not connected, to a driveway. Streets without curb and
gutter can also present a problem. For this reason, effective impervious
area can be included in the Rosenbrock optimization through use of the model
parameter EAC. FEAC is a factor by which the initial value of effective
impervious area is multiplied. The starting value of EAC should be 1.0.
The model assumes that any adjustment to effective impervious area using
EAC is offset by an adjustment in the noneffective impervious area in
order to maintain the total drainage area at its initial value. If EAC
exceeds 1.0 and insufficient noneffective impervious area exists to compensate
for the increased effective impervious area, then an appropriate amount of
pervious area is converted to effective impervious area to maintain a constant
total drainage area. DNuring optimization, the value of EAC should not exceed
the ratio of the total drainage area to the initial estimate of the effective
impervious area.

If pervious-area runoff is a significant part of the total runoff then
simulated runoff volumes will be sensitive to estimates of both EAC and the
infiltration parameters. It may be difficult to separate the effects of these
parameters. For this reason it is recommended to optimize EAC using small
storms for which runoff is largely from the effective impervious area of the
watershed and to calibrate the infiltration parameters using the larqer storms.

20



Length of Overland Flow

For the simple case of a single "homogeneous" overland-flow segment
draining into a single channel segment, the length of overland flow (L,) in
ft, can be computed as:

LO = T_-g- (25)

where A is the area in ft2 of the overland-flow segment and LC the length

in ft o? the channel into which it contributes lateral inflow. The area of
each overland-flow segment is not an input requirement of the model. DR3M
computes a basin drainage area based on the length of channels and their
adjacent overland-flow lengths. For this reason, the same overland-flow
segment can be used at different places throughout the watershed. The model
routes the flow through a given overland-flow segment only once and uses the
outflow in ft3/s per ft of channel length as lateral inflow to all appropriate
channel segments. For multiple use of an overland-flow segment, Ay in equation
25 would be the total area of the sub-basins comprised by the overland-flow
seqgment and L. in equation 25 would be:

—
n
1l ~~3

(Lj°Ny) (26)
i=1

where n is the number of channels having lateral inflow from the overland-flow
segment of interest, Lj is the length of channel segment i having lateral
inflow from the overland-flow segment, and N;j is the number of sides (1 or 2)
of channel segment i that the overland-flow segment drains to. A detailed
example of the multiple use of overland-flow segments is given in Attachment E.

Only one roughness coefficient can be specified for an overland-flow
segment, yet pervious and impervious surfaces can have very different rough-
ness coefficients. This factor can be taken into account by replacing a single
overland-flow segment with two overland-flow segments one representing pervious-
area runoff and the other representing impervious-area runoff. An example of
how to establish pervious and impervious segments is included in Attachment E,.

Often the pervious areas of a segment will be lawns where the distance of
flow over pervious areas is short before the runoff contributes to a street
or qutter. Therefore, a single roughness coefficient representative of the
impervious surfaces may be sufficient in many instances. If segment flow
files generated by DR3M are to be used by DR3M-QUAL for distributed runoff-
quality simulation and the pervious area of a given segment is considered a
significant source of water-quality constituent loads, then the overland-flow
segment should be divided into pervious and impervious segments.

Overland-Flow Slope
A large-scale, small contour interval, topographic map can be very useful
for determining overland-flow slopes. However, if not available, the expense

of contracting services for such a map generally is not warranted. Overland-
flow slopes can be estimated from U.S. Geological Survey 7 1/2-minute topographic
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maps. 0One method would be to determine a weighted average slope from representa-
tive cross sections of the overland-flow segment using the following equation:

n
1 Siel
Slope = i=1 (27)
n
I oLy
i=]
where
Sj = the slope of the ith cross section,
Lj = the length of the ith cross-sectional line, and
n = the number of sampling lines.

An alternate would be to use the following equation described by Wisler and
Brater (1959):

Slope = B%L (28)
where
D = contour interval, in ft,
C_L = total length of contours for segment, in ft, and
A = area of segment, in ft2.

Roughness Coefficient

For each overland-flow segment a roughness coefficient must be input to
the model. The model uses the roughness coefficient and overland-flow slope
to determine the routing parameters, a and m, in equation 10. Because overland
flows can be either laminar or turbulent, it is necessary to develop separate
expressions for a and m for the two types of flow.

The classification of flow as laminar or turbulent is based on the flow
Reynolds number (Np), which for channel and overland flow can be expressed as

VR
Nr.'-:—
v

in which V is the velocity of flow in ft/s; R is the hydraulic radius in ft,
defined as flow area divided by wetted perimeter; and v is the kinematic
viscosity of water in ftz/s. For overland flows, where the flow rate is
expressed on a unit foot basis (q in ft3/s per ft), a more convenient expression
for the Reynolds number is
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1

Np = (29)

<

It is often assumed that the transitional range of N, occurs between 500
and 2,000; the flow is laminar for N, below 500 and turbulent for N. above
2,000, These numbers are only approximate and must be used with caution.

DR3M requires the user to specify each overland-flow segment as either
laminar or turbulent. The type of flow specified is assumed to occur throughout
all runoff events. This assumption may be incorrect at times. Flow over natural
land surfaces often begins as laminar at shallow depths and becomes turbulent
as depth increases. For these situations the dominant flow type should be
assigned to the segment.

The flow type for a segment can best be estimated by examining the range
of Reynolds numbers during runoff. Equation 29 can be used to compute Reynolds
number. The required values for runoff, q, can be determined from a preliminary
model run where the flow type for each overland-flow segment is assigned
arbitrarily. In general, unless laminar flow is known to exist, flow in the
segment may be assumed turbulent.

Laminar Flow

In determining a and m for laminar overland flow the Darcy-Weisbach formula
is used. The formula, as originally developed primarily for flow in pipes is

hg = f

oL
I\)I<
{e] ~N

where hg is the friction loss in ft for flow in the pipe, f is the friction
factor, L is the length of the pipe in ft, D is the diameter of the pipe in ft,
v iszthe velocity of flow in ft/s, and g is the acceleration due to gravity in
ft/s<.

Since D

4R and the friction slope S¢ = hf¢/L, the above equation can be
rewritten as .

he £ v2
Sf = — = —— (30)
L 8gR

This form of the formula may be applied to overland (or channel) flow.

For laminar flow over a smooth surface the theoretical relationship between
the friction factor and the Reynolds number is given by

24
f=—
N

r

23



For laminar flow over rough surfaces a similar expression has been verified
by experiment:

K
- (31)

where K is a constant that is greater than or equal to 24.

Substitution of equation 31 into equation 30 gives

K V2
Np 8gR

S¢ =

which after letting N. = q/v, R = A, and V = q/A can be solved for q to give

89Sf a3

Qs — (32)

From equation 32 the expressions for a and m can be written directly after
setting Sf = S

_ 9% (33)
a = K-—\)—-
m= 3.0 (34)

Equations 33 and 34 are contained in DR3M. They are used to define a and m
for each laminar overland-flow segment. The values for kinematic viscosity, v,
and qravi;y, q, are set in the model to N.0000141 ft2/s (water at 50°F) and
32.2 ft/s“, respectively. The values for overland-flow slope, SO, and the
roughness coefficient, K, must be supplied by the user.

The three most significant variables upon which the value of K depend are
the surface roughness, the rainfall intensity, and the surface slope. There
is a lack of quantitative evidence defining the effect of slope on K, and for
this reason it is usually neglected. Chen (1976) has investigated the relation-
ship between the two using laboratory data, and suggests the effect of slope
on K is small for smooth surfaces, but can become large for grass surfaces where
the roughness is very high. He found K increased with slope in most cases.

If slope is neglected, K can be expressed by a formula of the form
K=K, + atP (35)
where K, is the parameter without the effect of rainfall; I is the rainfall

intensity in inches per hour; and a and b are empirical coefficients. Equation
35 is not contained in the model, but is very useful for estimating K.
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Values for the empirical rainfall coefficients, a and b, have been
experimentally determined by several investigators. Fawkes (1972) gave the
values a = 10.0 and b = 1.0, which should be adequate for modeling purposes.
These values apply only to laminar flows. Rainfall intensity has a negligible
effect on K for turbulent flows.

Values for the parameter K, suggested by Woolhiser (1975) for various
surfaces are given in table 2 under the heading laminar flow. These numbers
are very approximate and should be considered as such.

Table 2.--Resi§tance parameters for overland flow.
(After Woolhiser, 1975)

Laminar flow " Turbulent flow
Surface Ko Manning's n
Concrete or asphalt 24 - 108 0.01 - 0.013
Bare sand 30 - 120 .01 - ,016
Graveled surface 90 - 400 012 - .03
Bare clay-loam soil 100 - 500 .012 - ,033
(eroded)

Sparse vegetation 1,000 - 4,000 053 - .13
Short grass prairie 3,000 - 10,000 .10 - .20
Rluegrass sod 7,000 - 40,000 17 - .48

Turbulent Flow

For turbulent overland flow the Manning formula is used in determining a
and m. The Manning formula is

1.49 A R2/3 5 1/2
0 - S f (36)
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where n is the Manning's roughness coefficient and all other variables are as
previously defined. By substituting S¢ = S, and R = A, the flow per unit foot
over a plane can be given by

1/2
1.49 5,1/

n

From this expression a and m can be written directly as

1.49 501/2
S (37)
n ,
m=1.67 (38)

Equations 37 and 38 are the expressions in the model used to define a and m
for turbulent flow, and are analogous to equations 33 and 34 for laminar flow.
In a manner similar to estimating the laminar flow K, it is necessary to estimate
the Manning's n, Table 2 provides quidance for selecting values for Manning's n.
These values are typically higher than those used for open-channel flows; this,
however, should be expected. The very shallow flows that occur on land surfaces
have depths that are usually on the same order of magnitude as the surface
roughness height and, as a consequence, resistance to flow is very high.

Channel Segments

Segment characteristics required for each channel segment include the
kinematic wave parameters (a and m), channel length, and channel slope.

Channel Length
Channel length is a relatively easy parameter to measure from topographic
maps, storm-sewer maps, or aerial photos. Lengths of storm sewers are often
marked on storm-sewer maps.
Channel Slope
Channel slope is often measured as the difference in elevation at points
10 percent and 85 percent of the distance along the channel, measured from
the downstream end of the channel, divided by the distance between the two
points. Slopes of storm sewers are often marked on storm-sewer maps.
Kinematic Wave Parameters (o and m)
In the section on roughness coefficients, expressions for the routing

parameters, a« and m, were developed for overland flows. Similar expressions
are used for channel flows.

26



For a channel of arbitrary cross-section, it is possible to write general
expressions for o and m using the Manning formula (equation 36). These are:

1.49 s,}/2 59)

6= O 39
312/3 n

m = (5-2b1)/3 (40)

Equations 39 and 40 are obtained by first replacing the hydraulic radius in the
Manning formula by the definition

Ol >

where P is wetted perimeter. The wetted perimeter is then replaced by a power
function of flow area

b
P = alA 1 (41)
where a) and b} are constants. Letting Sf = Sy, the resulting expression of
the Manning formula can be arranged into the form of equation 10 and a and m

identified.

Equations 39 and 40 are very useful for computing a and m when these are to
be specified explicitly for a channel segment (see ITYPE=4 on card group 16).
Before equations 39 and 40 can be used, cross-section geometry will be required
to determine aj; and by in equation 41.

Because many of the channels in an urban environment are of circular or
triangular cross-section, special formulas for a and m are included in DR3M for
these shapes.

Circular Channel

For a circular channel (pipe segment) a convenient way to express equation
10 is to assume the relationship is linear. The result is

Q=aA (42)

where the exponent m has been set equal to one. Equation 42 defines a channel
where the average velocity remains constant for any discharge. The approximation
made by this assumption is shown graphically in figure 5. For most practical
situations this approximation is satisfactory.

The expression for a is determined by setting equation 42 equal to the
Manning formula at full-pipe flow. This gives

1.49 2/3 172

— Af R¢ $Sy = a Af
n
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Figure 5.--Relation between Q/QFULL and A/AMAX for circular pipes.
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where the subscript f stands for full-pipe flow. Solving for a yields

2/3 § 1/2
1.49 RE/3 s 1/

Q =

n

Substituting R¢ = D/4, where D equals the pipe diameter, gives the final form
of the expression for a

. 2/3 1/2
1.49 <Q\ So (43)

AN,

To determine a, the pipe slope; diameter, and roughness coefficient need to be
input to the model.

The capacity of 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. A warning is
given by the model that surcharging is occurring, whenever this problem arises.
The user should be aware that, when the warning occurs, the model may not be
giving correct results. In the real world, a sewer may flow under pressure,
thus having more capacity than predicted by full pipe flow calculations. It
is also possible that shortly after a sewer is flowing full, additional inflow
to the sewer may be transferred to streets parallel to the sewer system rather
than being stored behind the sewer as the model assumes. The user must always
establish that there is a physical place to store water whenever surcharging
occurs. 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.

Trianqular Channel

For a triangular channel, the following expression can be used to replace
the hydraulic radius in the Manning formula.

Ll e ettt
(22 +1)1/2 + (25 + 1)1/2

where z7 and zp are the ratios of horizontal to vertical change in side slope
(fiq. 6%. The resultant expressions for a and m are
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TRIANGULAR CROSS SECTION

GUTTER CROSS SECTION

Figure 6.-- initi
g Definition of z, and z, for triangular and gutter cross sections.
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2/3
1.18 301/2 (zl + 22)1/2 (44)
a = 44
n (Z% + 1)1/2 + (Z% + 1)1/2

m=1.33 (45)

A triangular cross-section is useful to approximate the shape of drainage
swales. To determine a, the channel side slopes, bed slope, and roughness
coefficient need to be input to the model.

For the special case of gqutter flow, zp in equation 44 can be set equal
to zero and the following expression for a is obtained.

1.18 §5,1/2 2,1/2 e/
o= 0 . (46)
n 1+ (272 + 1)1/2

Overbank Flow

The preceding discussion has assumed that the values of a and m are constant
for all discharges. In the case of discharge exceeding the main channel capacity
and flowing as overbank flow, this is not usually a valid assumption. For this
reason an option exists in the model to specify two sets of a and m; one for
discharges smaller than the main channel capacity and one for discharges greater
than the main channel capacity. The discharge at channel capacity is referred
to as the "breakpoint" discharge. This option is only available for the finite-
difference routing methods and for channels in which o and m are explicitly
input to the model.

Parameter Adjustment

Calibration of the model parameters that affect simulated runoff volumes
was discussed in an earlier section of this manual. Because runoff volumes are
inexpensive to simulate, a modified-Rosenbrock direct-search technique has been
incorporated into the model. This technique requires multiple simulations of
the model in order to identify best-fit parameter values.

Generally, the runoff routing part of the model is considerably more
expensive than the rainfall excess part. It would be expensive to adjust the
routing parameters using an automatic method such as the Rosenbrock scheme.

For this reason the routing part of DR3M is calibrated manually. Because

the routing parameters are largely lTumped together in o and m, it is recommended
that adjustments in these parameters form the basis of the routing calibration.
The parameter, a, contains the effects of roughness, bed slope, and cross-
sectional geometry; whereas, the parameter, m, is a function of cross-sectional
geometry. Of the two parameters, it is recommended that adjustments in o be
used to calibrate the model. For this reason all values of a in the model

are multiplied by the parameter ALPADJ. If ALPADJ is greater than 1.0, then
water will be routed through each segment at a faster rate. On the other hand,
if ALPADJ is Tess than 1.0, then water will be routed through each segment at a
slower rate. Thus, watershed response time will be quicker and peak flows
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should bhe greater for larger values of ALPADJ. It should be noted that because
of combinatorial effects of flows from different segments, it is possible for
peak flows to decrease for some storms as ALPADJ is increased.

Thus, the calibration approach is to set ALPADJ to 1.0 initially and to
adjust its value as necessary to reproduce similar timing and peaks of simulated
and measured hydrographs. It is generally recommended that values of ALPADJ be
greater than 0.7 and less than 1.5. These limits correspond to a 25 percent
error in both slope and roughness coefficients.

Generally during calibration, a model user will focus attention on the
accuracy of simulation of individual runoff periods. However, the user should
also be sure that the slope of a regression of simulated versus measured peak
flows (as well as runoff volumes) is close to 1.0. Experience with DR3M
has indicated that a best-fit 1ine through a plot of simulated (vertical axis)
versus measured (horizontal axis) runoff peaks is more likely to have a slope
greater than 1.0 than less than 1.0. This may be due in part to bias in the
measured rainfall but can also be the result of the model not accounting for
storm sewers flowing full, overbank flow, storage behind culverts, and (or) the
nonattenuation characteristics of the kinematic wave equation. With the exception
of storm sewers flowing full, these problems can often be resolved. In order
to account for overbank flow, a channel segment can have two sets of a and m,
one for the in-channel flow and one for overbank-flow conditions. This has
been described in the previous section. In order to account for storage behind
culverts, a modified-Puls relationship can often be developed for the culvert
and input to the model. Finally, the nonattenuation characteristics of the
kinematic wave equation can be accounted for by use of the implicit-finite
difference scheme and appropriate choice of the weighting factor.

Selecting a Kinematic Routing Solution Method

Each of the three kinematic routing solution methods in DR3M is useful
for different purposes. Providing the option to select any of the three is an
attempt to make a routing component that is suitable for a range of applications.
In some cases, the selection of a particular method may be based on personal
preference.

The method of characteristics gives an essentially analytical solution to
the kinematic wave equations. It does not suffer from problems with numerical
dispersion that are present in finite difference methods. It is best suited
for those situations where the assumptions of the kinematic approximation are
valid. Namely, when there is no significant wave dispersion or attenuation.
This will often be the case for small watersheds where routing lengths are
short. It is very difficult to define what is a "small watershed" for routing
purposes, but it is probably on the order of, at most, several square miles
or less. A disadvantage of the method of characteristics is that one cannot
vary o and m parameters for overbank-flow conditions.

The implicit finite difference method is presented for use when it is
necessary to account for wave dispersion in routing. This may be the
case when modeling larger watersheds (greater than several square miles).
Wave dispersion, or what might also be called wave damping, is introduced
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numerically into the method by use of the weighting factor, W, applied to the
space derivative in the finite difference equation. Theoretically, this
weighting factor can take on a value between 0 and 1. However, for values of

W less than or equal to 0.5 the finite difference method can be unstable, so in
NDR3M the value of W (card qroup 15) must be defined greater than 0.5 and less
than or equal to 1. The amount of damping increases as W increases from 0.5 to
1; a value of W close to 0.5 corresponds very closely to analytic kinematic routing
A value of W equal to 1 usually overdamps a wave greater than is physically
correct. Some limited numerical testing was performed to determine the best
value for W that would cause the solution of the kinematic equations to match

an accurate solution for the St. Venant equations. The results showed W equal

to 0.9, and this value is recommended for use with DR3M. An implicit finite
difference method, very similar to the method in DR3M, was presented by Rovey and
others, (1977). They also found that a weighting factor of 0.9 was best when
they simulated hydrographs in a circular pipe. In some cases it may be justi-
fiable to use the weighting factor as a tool for calibration. If observed

peak discharges are either overpredicted or underpredicted, the weighting

factor can be adjusted to bring computed peaks into closer agreement with the
observed data.

The explicit finite difference method is used in the model as a means of
obtaining the first guess at the unknown flow area in the iteration scheme of
the implicit method. The option, however, is available to use the method by
itself without iteration, if that is desired. Computer time for the explicit
method will always be less than for the implicit method, when the two methods
are compared with the same routing time step. Therefore, the explicit method
may be useful to save computer costs on large routing runs. The user is cautioned,
however, that solutions with the explicit method can contain large amounts of
numerical dispersion that cannot be conveniently controlled by any model parameter
such as W in the implicit method. As a result, the explicit method may require
a small time step to achieve desirable accuracy.

Selecting At and Ax

The use of either of the finite-difference methods requires careful
selection of Ax and At to achieve accuracy. The selection is more important
for the explicit method. Error is minimized if Ax and At are selected so
that the characteristic passing through point a also passes through point d
(fig. 4). For other selections of Ax and At, numerical errors will be
introduced into the computations. Experience has indicated that peak discharges
can be as much as 30 percent low if Ax and At are grossly in error.

One approach to selecting Ax and At is to choose At first and then
set Ax for each segment to keep errors small. Two factors are important to
consider in selecting At. One is the temporal variability of rainfall input
to the model. It is advisable to choose a relatively small At if rainfall
intensities are highly variable in time, and a larger At if rainfall intensities
remain nearly constant in time. The other is response time of model segments
used to describe the catchment. For an individual segment, response time is a
function of slope, roughness, and flow length. Generally, the overland-flow
planes that respond most quickly will bear most on the selection of At. The
ruling consideration is that At be small enough to acceptably define the
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outflow hydrograph from any model segment. Of course, acceptable definition
of the hydrograph from one particular model segment may not require great
detail if the hydrograph at the watershed outlet is all that is of interest.

After a value for At is selected, Ax must be chosen for each model
segment. The proper ratio of Ax to At can be expressed from the equation
for a characteristic path (equation 12).

Ax
A—t = omAM-1 (47)

In the special linear case (pipe segment) where m = 1, the above equation reduces
to /A = a, and it is thus easy to compute Ax. In the general nonlinear

case, m # 1, it is not so simple. Since flow area, A, is a function of both x
and t, it is not possible to satisfy equation 47 at all times. It is therefore
certain that some numerical error will be present. To minimize the error, it

is recommended to use an average flow area expected in the segment.

A procedure for doing this can be illustrated by an example. Assume a
segment is 620 ft long, o and m are equal to 3.0 and 1.67 respectively, and
that At is 0.5 min (30 seconds). An average discharge (Q) over the hydrograph
has been estimated as 6 ft3/s. For this discharge the corresponding flow area
(A) can be computed from equation 10. The result is

_1m 1/1.67
K:(?) =(§> =1.56 ft2
\a 3

lsing this average flow area, equation 47 can be solved for Ax giving
Ax = omA™-1 at = (3)(1.67)(1.5)-67(30) = 197 ft, use 200 ft.

The value for &x is not an input parameter to DR3M. Instead, the model
requires a parameter NDX that defines the number of Ax's into which a segment
is divided. For this example

620
NDX = — = 3,2, use 3
200

The one problem with computing NDX in the above manner is that before a
model run the hydrograph is unknown. The average flow discharge or flow area
can therefore only be estimated. This is not a serious problem, however,
because it is possible to assign NDX a reasonable value for a first model run,
and then refine the estimate after obtaining the hydrograph from the model
output.
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For an overland-flow segment, NDX is determined in the same manner as for
a channel segment. Because routing is on a per unit width basis, the flow area
for an overland-flow segment is really equal to flow depth. It is sometimes
very difficult to estimate an average flow depth for overland flow. If this
is the case, it is again possible to use the model to output the hydrograph of
discharge per unit foot from any overland-flow segment, and from this hydrograph,
estimate an average flow depth.

SEGMENTATION

Consider the segmentation of an urban drainage basin into a set of
model segments; the following steps might be followed:

1. Obtain available information on the basin including storm-sewer maps,
topographic maps, and land-use maps. Obtain 1-inch equals 100- to 1,000-ft
aerial photography. Aerial photographs of this scale should be available
either from local governments or from a local engineering firm. If no aerial
photographs are available, then a contract for obtaining them might be
considered. These services can usually be obtained at $300 to $2,000 per
basin, depending on the number of basins flown, the size of the basins, and
the scale of the photographs, among other factors. Mylar prints should be
obtained so that work copies can be made of each photo.

2. Assuming aerial photographs are obtained, mark the location of the
drainage network and inlets on a set of the work photos. This will require
some field verification to assure that storm-sewer maps and other information
obtained for the basin are "as built."

3. Mark overland- and street-flow directions on the aerial photographs,
particularly at street intersections. This step will require some field
inspection of the basin. Many times, flow directions on streets will be
difficult to determine. Use of hand levels or field verification during
periods of rainfall or snowmelt might be necessary to resolve questions about
flow directions.

4. \Using the marked-up photos, the basin can then be segmented.
There are no exact rules on how to proceed; however, some general rules-
of-thumb for basin segmentation are as follows:

A. It is often easiest to begin segmentation by starting at the down-
stream end of a basin.

B. Channel segmentation and overland-flow segmentation are generally
done at the same time as the two are highly interrelated.

C. The more highly developed part of the basin generally will require a
more detailed breakdown into segments because of additional complexity of the
drainage and the greater contribution to watershed runoff per unit of land area.

D. This model, as do most urban-runoff models, assumes all overland-

flow segments are rectanqular. Therefore, attempts should be made to create
overland-flow segments which approach this shape.
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E. Attempts should be made to obtain segments of fairly uniform char-
acteristics throughout the segment.

F. Channel intersections exert a controlling influence on overland-
flow segmentation because each overland-flow segment must drain to a channel
segment.

G. Segmentation into the fewest number of segments that will preserve
the essential basin hydrologic-response characteristics is desired. Finding
a suitable simplified segmentation is important for derivation of runoff
frequency curves which can be expensive to simulate. If output from DR3M
is used as input to DR3M-QUAL, then a simplified segmentation is particularly
important. One approach might be to perform various levels of segmentation
and to determine the sensitivity of the model to these different levels.
Repeated use of the same overland-flow segment can be particularly valuable.
Leclerc and Schaake (1973) have demonstrated that when a detailed segmentation
is simplified, the changes most likely to be observed are a faster response
of the rising 1imb and recession 1imb of the simulated hydrograph. Experience
with the model has shown that the "optimum" number of segments may depend
more on basin complexity and subbasin hydrograph interest than basin size.

H. Break points between channel segments should occur at channel inter-
sections (for example, the intersection of CHOl, CHO2, and CHO4, and CHO5 in
figure 3), at points of considerable change in channel characeristics, at
points where sewer surcharge or culvert surcharging may restrict the flow,
and at points of interest for subbasin hydrographs. Typically, it is not
necessary to include short reaches of pipe segment to represent culverts under
roadways. However, if a culvert detains much water during major periods of
storm runoff, it may be necessary to use a reservoir segment to approximate
this.

MODEL APPLICATIONS

NDR3M can be used for a wide variety of applications. A set of model
segments can be arranged easily into a network that will represent simple or
complex drainage basins.

NDR3M can be applied to drainage basins ranging from tens of acres to
several square miles. However, it is not generally recommended for use on
drainage basins over 10 square miles, unless sufficient rainfall data are
available to adequately define its spatial variation. The model does not have
a subsurface flow component. Thus, for larger watersheds, subsurface flow or
upstream inflow to the watershed may have to be input to the model through use
of an input-hydrograph or input-discharge point. The model is intended primarily
for application to urban or urbanizing watersheds. However, it may have limited
use for rural applications where subsurface flow and interflow contributions to
runoff are either negligible or can be estimated and input to the model. The
capability to use the same overland-flow segment repeatedly throughout the
watershed can be used to define short distances of overland flow representative
of many rural watersheds without use of an overwhelming number of segments.
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The model can be calibrated and verified using data collected over a
short period of time. Long-term historical records of rainfall can then be
input to the model to extend the records of storm-runoff. Rainfall and
runoff data collected by the U.S. Geological Survey can be retrieved from
WATSTORE (National Water Data Storage and Retrieval System) in the format
required by the model (Carrigan and others, 1977). Long-term records of
rainfall data at short-time intervals (usually 5 or 10 minutes) can be obtained
from the National Weather Service for many cities in the U.S. The data are
for anywhere from 3 to over 10 "major" storms per year for a period of record
often exceeding 50 years. Much of these data are stored in the U.S. Geological
Survey WATSTORE computer files and can be retrieved in the format required by
the model. Records of daily precipitation and daily evaporation for the period
of record spanned by the short time interval data can also be retrieved from
WATSTORE for most of these stations. Long-term records stored on WATSTORE
are listed by Carrigan and others (1977).

The model can be used for urban-basin planning purposes by its determination
of the hydrologic effects of different development configurations. Certain
assumptions would have to be made to determine the changes required in model
parameters to represent various types of development. To facilitate such
applications, as well as to facilitate application of the model to ungaged
watersheds, whenever possible, a physical interpretation has been placed upon
parameters used in the model. Examples of the above application of the model
might include assessing the effects of increased impervious cover, detention
ponds, or culverts on runoff volumes and peak flows.

The separation of rainfall excess computations and flow routing in the
model results in several advantages. The first of these advantages is that
the soil-moisture accounting and infiltration parameters as well as the effective
impervious area can be calibrated through repeated application of the Rosenbrock
algorithm without having the expense of routing at each iteration. Secondly,
a long-term sequence of runoff volumes can be inexpensively simulated. This
information could be useful for purposes such as design of detention storage
facilities (Raasch, 1979) or for determination of runoff volumes for pollutant
load computations.

The model can be used as a tool for storm-water quality investigations
in several additional ways. For example, concentrations of water-quality
constituents in storm runoff have been related to instantaneous discharges
through regression equations by several investigators (Colston, 1974; Alley
and E11is, 1978). DR3M could be used to simulate instantaneous discharges
from a drainage basin. The simulated discharges could then be used with
regression equations of instantaneous concentrations versus discharge (and
other appropriate independent variables) to estimate storm-runoff loads. For
example, Alley and E11is (1978) used regression equations and a similar model,
the Storm Water Managment Model (Huber and others, 1975) to determine annual
loads of arsenic, copper, lead, and zinc from a residential basin near Denver,
Colorado. Additionally, output from DR3M can be used as input to DR3M-QUAL
(Alley and Smith, report in preparation?.
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The assumptions behind the kinematic wave equations for channel and
overland-flow routing should be recognized by any potential user of the model.
The kinematic wave solution is based on the assumption that disturbances are
allowed to propagate only in the downstream direction. Therefore, the model
does not account for backwater effects or flow reversal. In addition, the
capacity of circular-pipe segments is limited to nonpressurized-flow capacity.
In addition to the assumptions behind the kinematic wave routing, other major
assumptions are listed below.

- rainfall excess is assumed to be uniformly distributed over an overland-
flow segment

- pervious and impervious parts of a segment are assumed uniformly
distributed over the segment

- the complex uneven topography of the natural catchment can be approximated
by planes

- rainfall excess does not infiltrate as it moves overland (once rainfall
excess is computed, it must end up in a channel)

- when rainfall ceases, infiltration ceases

- lateral inflows to channels are assumed uniformly distributed (in an
urban environment lateral inflows may enter through a gutter rather
than uniformly)

- changes in flow from laminar to turbulent or vice versa will not occur

- rainfall on noneffective impervious areas is assumed to be instantaneously
and uniformly distributed over the pervious area of the watershed.
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ATTACHMENT A
DATA INPUT SPECIFICATIONS

Data input specifications for this program are listed below. All listing
of numeric data is right justified. A1l listing of alphabetic data is left
justified. The letter "Oh" is written @ to contrast with the number zero--
written 0.

Experience with the program has indicated that great care must be
exercised in preparing the input data deck. Model users should refer to
the section on program debugging and interpretation (Attachment B) and the
sample runs shown in Attachment H for additional assistance. Computer
requirements for running the program are described in Attachment C. Changes
required to convert a data deck that used the 1978 version of the model to
a deck that will work on the current version are shown in Attachment D.
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Program Card
Input item variable Format columns
Card Group 1
Model options (1 card)
Option to list data. @PTIPN Ab4 1-4
If @PTIPN=LIST, all
input rainfall, runoff,
and evaporation data
are listed in output
from program.
If measured unit discharge @PT I1 5
data are not input to
program, set @#PT=1.
Otherwise, leave blank.
If daily rainfall are to N@PT1 11 6
be modified for irrigation,
(see card group 2) set
N@PT=1. Otherwise,
leave blank.
If segment outflows are to be JPERM 12 8

stored semipermanently on
disk for later use by DR3M-
QUAL, set JPERM=1. Other-

wise, leave blank.

If JPERM is set to 1, make sure JRECDS on FT25 card is large enough. See
section of Attachment C entitled "Semipermanent storage of segment discharge

data.

The simulated hydrograph JPUN
at the outlet from the
watershed for each routed
storm can be written to a
file specified by JPUN.
Otherwise, leave bhlank.
See Attachment C for
guidance in determining
JPUN.
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Program Card
Input item variable Format columns

Card Group 2

Irrigation rates (1l card)

(Include card group 2 only if N@PT=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(S5) 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(9) 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 2 is used to account for irrigation (for example, lawn watering)
in the daily water balance. If a daily rainfall is less than the daily
irrigation rate, the daily rainfall is reset equal to the irrigation rate.

Card Group 3

Discharge station (1 card)

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

(square miles)

Card Group 4

Daily rainfall station (1 card)

Daily rainfall station number STAP 18 1-8

Name of daily rainfall station TITLP 50A1 9-58
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Program Card
Input item variable Format colunmns

Card Group 5

Daily evaporation station (1 card)

Daily evaporation station number STAE 18 1-8

Name of daily evaporation station TITLE 50A1 9-58

Card Group 6

Period of record (1 card)

Beginning year, BYR 13 21-23
month, and BM$ 13 24=26
day of record BDY I3 27-29
Ending year, EYR 13 33-35
month, and EM@ 13 36-38
day of record EDY 13 39-41

SMS and BMS are set equal to zero at the start of simulation. Therefore,
the beginning day of record should be 1 to 2 months prior to the first unit
day. The ending day of record should be at least 1 day after the last unit day.
The beginning and ending years should be from the same century. Thus, simula-
tion of 1886 to 1902 would require at least 2 separate runs. The model will not
handle the years 1800 or 1900.

Card Group 7

Unit rainfall station (1l card for each rain gage)

Unit rainfall station number STAUP 18 1-8
Name of unit rainfall station TITLUP 50A1 9-58
Time interval for unit data PTIME F6.0 59-64

PTIME 1s restricted to one of the following values (in minutes): 1, 2, 3,
4, 5, 10, 15, 30, 45, or 60.

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 (card groups 8-11) 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

44



Program Card
Input item variable Format columns

rain gage must be read in chronologic 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 storm events. 1In 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 ubD 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. At least
one unit rainfall card must be included for each rain gage for every unit
day, even if no rain occurred during that day.

Card Group 8

Cards for unit rainfall data

One of two different formats are used in coding unit rainfall data,
depending on the value of PTIME on card group 7. If PTIME is less than 5.0
minutes, use format 8a. If PTIME is greater than or equal to 5.0 minutes,
use format 8b.

Format 8a

Unit rainfall station number STAD I8 1-8
(same as on card group 7)

Date on which discharge occurred:

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

Input item variable Format columns
Time interval, in minutes CT 12 15-16
(must equal PTIME on card
group 7).
Card sequence number CN 13 17-19
Rainfall expressed in un 12F5.0 20-79

hundredths of an inch
(12 data items per card)

Data type (C@DE=1 in column 80) C@DE Il 80
Format 8b
Unit rainfall station number STAD 18 1-8

(same as on card group 7)

Date on which discharge occurred:

year YR 12 9-10
month M@ 12 11-12
day DY 12 13-14
Time interval, in minutes CT 12 15-16
(must equal PTIME on card
group 7).
Card sequence number CN 12 17-18
Rainfall expressed in D 12F5.0 19-78

hundredths of an inch
(12 data items per card)

Data type (C@DE=1 in column 80) C@DE I1 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.
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Program Card
Input item variable Format columns

Card Group 9

Cards for storm discharge data

(If @PT=1 on card group 1, skip to card group 10.)

One of two different formats are used in coding data, depending on the
value of PTIME on card group 7. If PTIME {s less than 5.0 minutes, use
format 9a. If PTIME is greater than or equal to 5.0 minutes, use format 9b.

Format 9a
Discharge station number STAD 18 1-8
(same as on card group 3)
Date on which discharge occurred:
year YR 12 9-10
month M@ 12 11-12
day DY 12 13-14
Time interval, in minutes CT 12 15-16
(must equal PTIME on card
group 7).
Card sequence number CN 13 17-19
Discharge, in ft3/s (12 uD 12F5.0 20-79
data items per card)
Data type (CADE=2 in column 80) CPDE 11 80
Format 9b
Discharge station number STAD 18 1-8
(same as on card group 3)
Date on which discharge occurred:
year YR 12 9-10
month Mp 12 11-12
day DY 12 13-14
Time interval, in minutes CT 12 15-16

(must equal PTIME on
card group 7).
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Program Card

Input item variable Format columns
Card sequence number CN 12 17-18
Discharge, in ft3/s (12 un 12F5.0 19-78

data items per card)
Data type (CPDE=2 in column 80) CPDE 11 80
At the end of the unit discharge data, insert a card with a C@DE of 9

punched in column 80.

Card Group 10

Cards for daily rainfall data

Daily rainfall station number STAP 18 1-8
(same as card group 4)
Year and month for data YR 12 9-10
M@ 12 11-12
Card sequence number (1 or 2) CN I1 13
Daily rainfall in inches (up DP 16F4.2 14-77
to and including 16 items
per card)
Data type (C@DE=3 in column 80) C@DE I1 80

Two cards are required for listing a complete month of daily rainfall
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 days insert a negative number as the daily
rainfall for that day on the daily rainfall card. A negative value signals
the model that unit rainfall is listed for that day.

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 immediately following
a gap in the daily precipitation record. Therefore, the model should be
run for 1 to 2 months on daily soil-moisture accounting basis between the
end of a gap in record and the first subsequent unit day.
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Program Card
Input item variable Format columns

Card Group 11

Cards for dally evaporation data

Daily evaporation station STAE 18 1-8
number (same as on card
group 5)
Year and month for data YR 12 9-10
M@ 12 11-12
Card sequence number (1 or 2) CN I1 13
Daily evaporation in inches DE 16F4.2 14-77

(up to and including 16
items per card)

Data type (C@ADE=4 in column 80) C@DE 11 80

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

Card Group 12

Optimization card

Number of parameters in the EQ 14 1-4
soil-moisture accounting and
rainfall-excess components

Number of parameters to be Fo 14 5-8
ad justed
Number of trial adjustments K 14 9-12

per parameter

Initial step size multiplier EPSLN F8.0 13-20
for parameter adjustment
(usually set to 0.05)

E@ should be 7 if the basin is to be treated as one soil type or 13 if
the basin is to be divided into parts with differing infiltration and soil-
moisture parameters. If two different soil types are used, each overland-
flow segment is assigned one or the other soil type by card group 16. If
two soil types are used, up to 13 parameters can be optimized; however, this
is not a recommended procedure. The two soil types option is only allowed
if PTIME (card group 7) is greater than or equal to 5 minutes.
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i Program Card
Input item variable Format columns

Card Group 13

Parameter values (E@ cards)

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

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 each para-
meter: initial, lower limit, upper limit. The groups are listed for each
parameter according to the order shown in table 3. For simulations with
one soil type the first seven parameters must be input. For simulations with
two soil types all 13 parameters should be input to the program. Upper and
lower limits of parameters must be specified, even if no optimization is
performed. The section on determining model parameters should be consulted
when determining initial parameter values. Initial values of all parameters
should not be equal to either the upper or lower limits. The initial value
of EAC should always be set to 1.0.

Table 3.--List of soil-moisture and rainfall-excess parameters
in order of input

Parameter Typical Typical
Parameter number lower limit upper limit Unit
PSP 1 0.5 8.0 inches
KSAT 2 0.05 1.2 inches per hour
RGF 3 5.0 20.0 dimensionless
BMSN 4 2.0 6.0 inches
EVC 5 <5 1.0 dimensionless
RR 6 o7 .95 dimensionless
EAC 7 .85 1.15 dimensionless

If E@ equals 13, parameters 1-6 are repeated, but numbered 8-13. Parameters
8-13 represent soil type 2 on the watershed.
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Program Card
Input item variable Format colunmns

Card Group l4

Parameters adjusted (1 card)

Parameter numbers from PPTNG 1312 1-2
table 3 for parameters 3-4
to be optimized (should etc.

be F§ in number). Para-
meters should be listed

in ascending order. If

no optimization is per-
formed, insert a blank card.

If EAC (parameter number 7) is included in the optimization, it should
be noted that this factor only affects the simulated rainfall excess for
optimization. No adjustment is made to the segment data given by card
group 16. It is left to the user to make apropriate modifications to the
segment data based on the results of the optimization of EAC. No storms
should be routed, if EAC is not equal to 1.0.
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Program . Card
Input item variable Format columns

Card Group 15

Model control (1 card)

Number of different segments NSEG I5 1-5
used to describe basin (2 to 99)

Time interval, in minutes, DT F5.0 6-10
used in flow routing (At)

Ratio of the sum of the RAT F5.0 11-15
pervious and noneffective
impervious areas to the
pervious area. RAT should
be greater than or equal to 1.0.

Number of rain gages (1 to 3) NRG 15 16-20
Maximum impervious retention (in.) IMP F5.0 21-25
Alpha adjustment. Segment a's ALPADJ F5.0 26-30

computed from segment data are
multiplied by ALPADJ. Exceptions

are the a's for overbank flow

(see columns 66-70 of card group

16), which are not affected by
changes in ALPADJ and can only be
manually changed. ALPADJ is a cali-
bration factor for routing and should
be initially set to 1.0.

Model parameter WX corresponds to WX F5.2 31-35
weighting factor (W) on space
derivative in implicit finite
difference method (0.5 < WX < 1.0).

The value of DT is restricted to certain values depending on the value of
PTIME on card group 7:

PTIME, in Allowable DT,
minutes in minutes
1-4 0.1, 0.2, 0.5, 1.0
5 or 10 0.1, 0.2, 0,5, 1.0, 2.5, 5.0
15-60 0.1, 0.2, 0.5, 1.0, 2,5, 5.0, 7.5, 15.0
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Program

Input item variable

Format

Card
columns

Card Group 16

Segment characteristics (1 card for each segment)

Cards may be initially arranged in any order and the model will establish

an appropriate computational sequence.

However, if the segment flow data are

to be used for a subsequent DR3M-QUAL run, then prior to storing the flow data
on disk the segment cards should be rearranged to have the same order as shown

in the model output under the heading "computation sequence."”

Attachment E and

the previous sections in the manual on segmentation and determining the segment
parameters should be consulted for assistance with this card group.

Alphanumeric identification ISEG(TI)
for segment (required for all
segments; any alphanumeric
identification can be used).

Alphanumeric identification IUP(I,J)
for up to 3 segments which J=1,3
contribute inflow to the
upstream end of this segment
(leave blank where upstream
segments are not present).

Alphanumeric identification ILAT(I,J)
for up to 4 segments which J=1,4
contribute uniform
lateral inflow into this
segment (leave blank where
lateral inflow segments
are not present).

Type of segment ITYPE(I)
1 = a gutter
2 = a pipe
3 = a triangular cross section
4 = to specify explicitly the kinematic channel
parameters a and m
5 = overland-flow segment (turbulent)
6 = overland-flow segment (laminar)

Ab

3A4

4A4

12

1-4

5-8
9-12
13-16

17-20
21-24
25-28
29-32

33-34



Program Card
Input item variable Format columns
7 = a junctiom
8 = a detention reservoir (modified=-Puls)
9 = a detention reservoir (linear storage)
10 = an input=~hydrograph point (only one input-
hydrograph point is accepted by model; see
card groups 23 and 24)
11 = an input-discharge point (only one input—-discharge
point is accepted by model; see card group 19)
Kinematic routing solution method
0 = explicit finite difference METH(I) 11 35
method
1 = method of characteristics
2 = implicit finite difference
me thod
Outflow print=-out indicator IPR(I) Il 36
1 = the outflow hydrograph for this segment
is to be printed
0 = the outflow hydrograph for this segment
is not to be printed
For segment types 1-6 and NDX(1I) 12 37-38
finite difference routing,
NDX is the number of intervals
into which total length of
segment is divided. For
segment type 8, NDX is the
number of points in the
storage~outflow relationship.
Otherwise, leave blank. The
maximum value of NDX for any
segment is 10.
Length of segment (ft) FLGTH(I) F5.0 39-43
Slope of segment (ft/ft) SLPPE(L) F5.0 44-48
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Program Card

Input item variable Format columns
Roughness coefficient for FRN(I) F5.0 49-53
segment

For segments of type 1, 2, 3, or 5, this is a parameter similar to Manning's n.
For segments of type 6, this is an empirical coefficient for laminar overland
flow. Leave blank for segments of type 4 or 7 to 1ll.

A pair of parameters which PARAM(I,J) 2F5.0 54~-58
depend on type of segment J=1,2 59-63
Segment Type Parameter Definitions
1 PARAM(I,1) = gutter cross slope (ft horizontal/ft vertical)
PARAM(I,2) = 1leave blank
2 PARAM(I,1) = diameter (ft)
PARAM(I,2) = 1leave blank
3 PARAM(I,1) = channel side slope on one side (ft horizontal/
ft vertical)
PARAM(I,2) = channel side slope on other side (ft horizontal/
ft vertical)
4 PARAM(I,1) = a
PARAM(I,2) = m
5 or 6 The values for PARAM (I,1) and PARAM (I,2) depend on whether

the overland-flow plane is represented by a single roughness
coefficient or two roughness coefficients, one for impervious
surfaces and one for pervious surfaces.

One roughness coefficient

PARAM (I, 1) should be set to 1.0 and PARAM (I,2) should be set
to the effective imperviousness as a fraction. For example,
for an overland-flow segment consisting of 15 percent effective
impervious land cover, PARAM (I,2) = 0.15.

Two roughness coefficients

For the two roughness coefficient case, PARAM (I,1) for the
impervious segment should be equal to the effective impervious-
ness as a fraction and PARAM (I,l) for the pervious segment
should be equal to 1.0 minus the effective imperviousness.
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Program Card
Input item variable Format columns

PARAM (I,2) for the impervious segment should be 1.0 and for
the pervious segment should be 0.0. An example is included
in Attachment E.

7 PARAM(I,1) = 1leave blank
PARAM(I,2) = 1leave blank
8 PARAM(I,1) = 1leave blank
PARAM(I,2) = permanent pool capacity (£ft3/s-hours)
9 PARAM(I,1) = constant K in S=KO relationship (hours)
PARAM(I,2) = 1leave blank
10 or 11 PARAM(I,1) = 1leave blank
PARAM(T,2) = 1leave blank
Designation of soil type KPSET(I) 12 64-65

for overland-flow segments

If B = 7 on card group 12, enter a 1. If E@ = 13, KPSET(I) equals 1
if soil parameters 1-6 apply (see table 3). KPSET(I) equals 2 if soil
parameters 8-13 apply. Leave blank for segment types l-4 and 7-11.

This parameter should be coded RCPEF(I,J), 3F5.0 66-70
for channel segments of J=1,NRG
type 4 which are to have two 71-75
sets of a and m and for
overland-flow segments. 76-80
Segment Type Parameter Definitions
4 Columns 66=70 should contain the value of o for the range

of discharges above some specified breakpoint discharge.
Columns 71-75 should contain the value of m for the upper
range of discharges and columns 76-80 should contain the
breakpoint discharge in cubic feet per second. This

second set of a and m is only used if the finite difference
methods are used for flow routing.

5 or 6 "Thiessen coefficients” for overland~flow segments should
be specified for each rain gage. These "Thiessen
coefficients” are adjustment coefficients for weighting the
rainfall excess from each rain gage and should sum to 1.0.
In fact, if data from more than one rain gage is input to
the program, it is recommended that a single rain gage be
designated for each overland-flow segment rather than using
a weighted-sum of multiple rain gages.
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Program Card
Input item variable Format columns

Card Group 17

OQutflow-storage data cards

If there are no segments of type 8, skip to the next card group. Otherwise,
for each modified-Puls detention segment, in the order in which the detention
segments are read in card group 16, input the outflow-storage relationship.

There should be NDX(I) cards for each type 8 segment. The first value of
outflow and storage for a reservoir should be 0.0. Each value of outflow
or storage should be greater than the previous value.

For detention reservoirs that have a permanent pool, the model assumes
that the reservoirs are at their permanent pool capacity at the start of a
storm (specified in columns 59-63 of card group 16). In order to specify this
permanent pool capacity in the outflow-storage relationship, the second value
of storage should be the permanent pool capacity and the second value of outflow
should be a very small positive number such as 0.0001.

Outflow (in ft3/s) $2(1,11) F10.0 1-10

Storage (in ft3/s-hours) $2(1,1I), F10.0 11-20
II=1,NDX(I)

Card Group 18

Storm-sequencing card(s)

Number of storms T 12 1-2
(maximum of 60)

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

given storm.
The following example should assist in explaining card group 18. Suppose

eight storms are to be simulated by the model. These storms occur on the
following days:
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Program Card

Input item variable Format columns

Storm

Number Date
1 March 1, 1976
2 March 1, 1976
3 May 20, 1976
4 June 1, 1976
5 June 1-2, 1976
6 June 2, 1976
7 April 1, 1977
8 April 2, 1977

Then, the following numbers would be punched on the card representing
card group 18:

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

Notice that the number of storms in a set of storm days is entered as
many times as there are storms in the set.

Card Group 19

Storm identification (1 card for each storm)

Starting time increment KS 14 1-4
for storm

Ending time increment KE 14 5~8
for storm
If volumes are supplied, set VOLI F7.2 9-15

VALT equal to runoff volume
(inches). Otherwise, leave
blank.

If an input-discharge segment DISCH F5.2 16~-20
(type 11) is used, enter
a constant discharge to be
input to the model flow
computations for this storm.
Otherwise, leave blank.
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Program Card
Input item variable Format columns

There should be one storm—separation card for each of the I storms shown
on card group 18. Starting and ending time increments are specified as the
number of the time interval in the sequence of days containing the storm.

The value of KS or KE can be calculated using the following formula:

KS or KE = [60<HR + MIN + 1440 (NDSD-1)]
PTIME

where HR is the hour of the day (from O to 24), MIN is the minutes past the
hour, and NDSD is the number of the storm day in the sequence of storm days.
For example, if the time interval is 15 minutes and the starting time of a
storm is 0700 on the first day of a sequence of storm days, KS should be
specified as 28. Likewise, if the starting time was 0700 on the second day
of a sequence of storm days, KS should be specified as 124. Other examples
are shown in table 4. Care should be taken to assure that the value of KE

is not so large as to represent a day for which unit data have not been input
to model.

= =TS SsosSmoSSom=sm= === =

Table 4.—--Examples of KS and KE

PTIME = PTIME =

1.0 minutes 5.0 minutes
Starting Ending
Storm time time
Number Date (24-hour) (24~hour) KS KE KS KE
1 March 1, 1976 0700 1115 420 675 84 135
2 March 1, 1976 1305 1610 785 970 157 194
3 May 20, 1976 1205 1425 725 865 145 173
4 June 1, 1976 0010 0555 10 355 2 71
5 June 1-2, 1976 2310 0105 1390 1505 278 301
6 June 2, 1976 0810 0955 1930 2035 386 407
7 April 1, 1977 1015 1235 615 755 123 151
8 April 2, 1977 1055 1400 2095 2280 419 456
Card Group 20
Routing card(s)
1 = routing performed for storm K@PUT(I) 4012 1-2
0 = no routing for storm I = 1,N@FE 3-4
etc.
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Input item variable Format columns

Card Group 21

Optimization card(s)

0 = storm not used in TESTN@(I), 4012 1-2
computation of objective I=1,N@FE 3-4
function etc.

1 = storm used in computation
of objective function

Card Group 22

Plotting card(s)

0 = no plotting of outlet IPL(I) 4012 1-2
discharge data for storm I1=1,N@FE 3-4
etce.

1 = outlet discharge data
are plotted for storm

All plots include measured runoff data (minus assumed baseflow) when
they are input to program.

Card Group 23

Input-hydrograph-indicator card(s)

0 = storm has no input IHYD(I), 4012 1-2
hydrograph I1=1,N@FE 3-4
etc.

1 = storm has input
hydrograph

Card group 23 is needed for all runs even if no input hydrograph points
are included in model.
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Program Card
Input item variable Format columns

Card Group 24

Cards specifying input hydfograph

No cards are necessary if there are no input-hydrograph segments (ITYPE(I) =
10 on card group 16). Otherwise, the input hydrographs for each storm indicated
on card group 23 should be read in the order in which the storms occur. An
inflow of 0 cubic feet per second is assumed if no values for a time period
are read.

last input hydrograph IC@HDE 11 1
card for storm

1

o
]

not last input hydrograph
card for storm

Starting time increment for JJJ 14 2-5
values of inflow specified
on this card (same con-
vention as card group 19)

Inflow,in ft3/s (10 values X2(1) 10F5.3 6-55
per card) 1=1,10
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ATTACHMENT B
PROGRAM DEBUGGING AND INTERPRETATION

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

Even with painstaking effort, some errors may occur. Many diagnostic
messages are contained within the program in the event of errors. Most of
the input data are output by the program soon after being read. Hence, where
the program is located in outputting data will often give a clue as to the
location of the error in the input data. This is particularly true of the
rainfall, runoff, and evaporation data. For this reason, it is highly recommended
that @PTIPN = LIST on card group 1 during program debugging.

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

Drainage areas output by the program include the furnished and computed
drainage area, and the computed percent effective impervious area, percent
noneffective impervious area, and percent pervious area. The furnished
drainage area is that input on card group 3, while the computed drainage
area is based on the model segment data. A message is output by the model,
if the computed and measured drainage areas differ by more than 1 percent.
The model uses the computed drainage area for all computations.

The segment data are input to the program using card group 16. Segments
can be arranged in any order during input. The model computes a computational
sequence based on the segment interrelationships. This sequence is output by
the model and should be checked as well as the table of segment characteristics.
If an input-hydrograph segment is used, this can be checked by listing the flow
from this segment and its upstream segment(s) (if any) and noting the difference.

The "Summary of Measured Data"” lists the computed rainfall at each gage
and, if input to the program, the measured direct runoff, peak discharge (minus
baseflow), and assumed baseflow for each storm. These values should be checked.
The measured values of direct runoff may be either user specified or computed
by the model using unit discharge data. If unit discharge data are supplied
to the model, direct runoff is calculated by a simple hydrograph—separation
technique which assumes a counstant base flow equal to the lowest measured
discharge for the storm event.
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It is recommended that the soil-moisture accounting and rainfall-excess
parameters be optimized first (if this is to be done). Once a satisfactory
fit has been achieved, a separate routing run can then be made. Because the
segment data for routing are independent of the value of EAC, it is recommended
that during optimization the watershed be treated as a single overland-flow
segment draining to a single channel segment. Upon determining the optimum
value of EAC, the value of the segment characteristics can be changed appropriately
(as well as the value of RAT) and EAC can be set to 1.0 for routing.

For an optimization run, the objective function value and associated
parameter values are printed for each successful trial. Also, a listing by
storm event of the simulated and measured data are output at the start of
each stage. Important items here include the simulated pervious area rainfall
excess, the simulated rainfall excess, and the measured direct runoff. A
comparison of the simulated pervious and total rainfall excesses can be used
to assess the validity of including the soil-moisture-accounting and infiltration
parameters in the optimization. A comparison of the simulated rainfall excesses
and measured direct runoffs and the contribution of each storm to the objective
function can be used to assess the effectiveness of the optimization for each
storm. It should be recognized that simulated rainfall excess is based only
on the unrouted surface runoff from overland-flow planes. Storage in reservoirs
and channels and the contribution of an input hydrograph or input discharge are
not taken into account. However, these effects are included for routed storms
under the heading "simulated runoff volume at outlet.”

If measured runoff data are input to DR3M, then the output from the model
includes a plot of simulated versus measured runoff volumes and peak flows.
These plots can be used to check for bias in runoff prediction. 1If parameter
optimization is performed during the run, then only runoff periods included in
the optimization are shown on the runoff-volume plots.

The cost of using DR3M is very sensitive to the number of routing intervals
(4T's) and the number of segments. Prior to running a long-term rainfall
record through the model, attempts should be made to reduce the number of
segments. In addition, a sensitivity analysis of At (DT on card group 15)
should be made so that it can be set to the largest reasonable value. Con-
sideration should also be given to setting KE for each storm on card group
19 to as small a value as needed to obtain the peak discharges for long~term
simulation.
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ATTACHMENT C
COMPUTER REQUIREMENTS

The program, as dimensioned, will handle 99 segments, 3 rain gages,
60 storms comprising at most 150 unit days, and 7,310 days (20 years) of
record. Each simulated storm can be routed through as many as 1442 At's
(approximately 24 hours for At = 1 minute). Many of the program's limits
can be changed easily by redimensioning the program. Several examples are
given below.

Period of record: The maximum period of record simulated by the program
can be changed by setting NDYS to the desired maximum period of record in
days (see line A 470 in Attachment G), and by changing the array sizes of DP
and DE to the value of NDYS.

Number of rain gages: The array P(2881,3) in COMMPN C4 can be reduced
to P(2881,2) if only two rain gages are used, and to P(2881,1) if only one
rain gage is used. Extending the program's capability to more than three rain
gages would require many changes to the source code, however.

Number of unit time intervals: If PTIME on card group 7 is always 5
minutes or greater, then the UD and QIH arrays can be reduced from 2881 to
1441 and the UPR array can be reduced from 8643 to NRG*144] where NRG is the
number of rain gages. IUNIT (see line A 460 in Attachment G) should then be
set to 1441.

Number of soil types: If only one soil type is simulated, then P(2881,NRG)
can be reduced to P(1441,NRG) where NRG is the number of rain gages.

Number of routing intervals: The limit on the number of routing intervals
(1442) can be changed by redimensioning the Q, R, FLW, FLAT, and FUP arrays to
the desired limit. The value of NDTS (see line A 480 in Attachment G) should also
be set to the desired limit. The maximum number of routing intervals needed by
the model can be determined by finding the maximum value of

(KS - KE + 1) (PTIME/DT)
for a storm.
Number of input-hydrograph values: If an input-hydrograph point (segment

type 10) is not used, QIH(2881) can be redimensioned as QIH(1l). No other
changes are necessary.

The execution time for DR3M is a function of many variables and no simple
rule can be stated. In general, however, a flow routing run will require more
time than an optimization run. The time for a routing run will depend very
much on the number of segments, the number of events routed, the length of each
event, the size of At, and the flow routing solution method that is selected.
When setting up an input data deck, it is wise to keep all these factors in
mind and to strive for efficiency. By making an effort to re-use model segments
where possible, and limiting the length each event is routed to only what is
necessary, it is usually possible to realize significant savings.
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JCL Information for Geological Survey Computer

The load module for DR3M has been stored in the partitioned data set
AG4254J .URBAN.LMOD under member name J347. It resides on WRD system disk
CCD810. To execute the program on the USGS Andah12/ computer, use the
JCL cards shown in figure 7.

Where

FTOS5F001 is
FTO6F001l 1is
FT25F001 is
FT26F001 is
FT28F001 is
FT29F001 1is
FT30F001 is

card reader,

printer,

temporary work file for segment discharge data,

temporary work file for unit discharge data,

temporary work file for unit rainfall data from gage 1,
temporary work file for unit rainfall data from gage 2, and
temporary work file for unit rainfall data from gage 3.

oD

Files 26 to 30 are sequential files on magnetic disk and are used for
temporary storage during program execution. The space defined in figure 7 for
these files is sufficient to provide storage for any possible run, with the
program's present dimensions. File 25 is a direct—access file. It requires
special attention when setting up JCL for a DR3M run.

Disk Storage of Segment Discharge Data

During flow routing runs, discharge hydrographs from each model segment
must be temporarily stored. Storage is by means of a direct access file. The
direct access—-rather than sequential--organization is necessary because file
records are accessed in a nonconsecutive sequence that is defined by the ordering
and re-using of segments.

The direct access data set is defined by a DEFINE FILE statement in the
program and by the FT25 card in the JCL string. The DEFINE FILE statement and
the FT25 card each indicate the amount of space that is required to store the
data set. The form of the DEFINE FILE statement is as follows:

DEFINE FILE 25(JRECDS,480,L,IRECD)

where JRECDS is the number of records in the data set and 480 is the number of

bytes (characters) per record. Parameters L and IRECD are standard descriptors
and do not vary. The 25 establishes the connection between the program and the
FT25 card in the JCL.

The program (Subroutine FILES) contains many DEFINE FILE statements of the
form given above with JRECDS defined between 50 and 10,000. This range of record
numbers is provided to accomodate users that might have very different storage

2/ :
The use of brand names in this report 1is for identification purposes only
and does not imply endorsement by the U.S. Geological Survey.
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//%xXxXxxxx JOB (xXxxxxxxxx,DR3M,=-,-),'xxxxxxxxxx',CLASS=x

// EXEC PGM=J347,REGION=370K

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

//FT06F001 DD SYSOUT=A,DCB=(RECFM=FBA, LRECL=133,BLKSIZE=3458)

//FT25F001 DD UNIT=SYSDK,DISP=(,PASS),DCB=DSORG=DA,
SPACE=(480,(?2?2???,10) ,RLSE)

//FT26F001 DD UNIT=SYSDK,DISP=(,PASS),
SPACE=(11520,(60,10) ,RLSE)

//FT28F001 DD UNIT=SYSDK,DISP=(,PASS),
SPACE=(11520,(60,10) ,RLSE)

//FT29F7001 DD UNIT=SYSDK,DISP=(,PASS),
SPACE=(11520,(60,10) ,RLSE)

//FT30F001 DD UNIT=SYSDK,DISP={,PASS),
SPACE=(11520,(60,10) ,RLSE)

//FTO0S5F001 DD *

INPUT DATA CARDS FOR DR3M PROGRAM

/*

Figure 7.--JCL to execute DR3M on Geological Survey computer.
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requirements. The model selects the appropriate DEFINE FILE statement for each
run. However, the user is responsible to specify the value of JRECDS on the
FT25 card in the JCL. For a particular model run, JRECDS on the FT25 card
defines the number of records available for storing segment hydrographs. In
order that JRECDS be compatible with the DEFINE FILE statements in subroutine
FILES, it should be greater than or equal to the number of records specified

in the DEFINE FILE statement.

For an optimization run, no storage on FT25 is required so JRECDS in the
JCL on the FT25 card can be set equal to the minimum value of 50. For a routing
run the number of records required for storage (NRECDS) can be computed from
the following formula:

NRECDS = | INTEGER + 1| *NSEG
120 At
where
T = the total routing time of the longest storm in minutes (with routing
time defined by (KE - KS + 1)*PTIME)
NSEG = the number of model segments
At = the routing time step, in minutes

JRECDS is determined by rounding up the number of records to the nearest 100
if less than 500, or to the nearest 500 if greater than 500.

It is not necessary for the user to solve the above equation because it is
computed for each storm by the model and included in the output under the
heading "Records required for routing.” The necessary value of JRECDS then
corresponds to the maximum of these values among the storms routed and rounded
up as previously described. Alternatively, and to simplify matters, it is
recommended that JRECDS be set to 1000 for most runs. The model user should
still inspect the model output and increase this value of JRECDS if necessary.

Semipermanent Storage of Segment Discharge Data

The above information on computing JRECDS applies to most applications of
DR3M. However, if DR3M 1is to be linked with a distributed DR3M-QUAL run, then
the segment discharge data must be stored semipermanently on disk. JRECDS in
this case is first computed as the sum of the values of NRECDS for each storm
to be routed. That is, the values output by the model under the heading "Records
required for routing” should be summed for all storms to be routed. This number
plus 3 (to allocate space for a header array) is then rounded to the nearest
100 if less than 500 or to the nearest 500 if greater than 500. The first
reference to the data set will take the following form:

//FT25F001 DD DSN=Azzzzzz.aaaaaaaa,DISP=(NEW,CATLG),UNIT=3330-1,
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where
zzzzzz are the six characters of an account name

aaaaaaaa 1is any 1 to 8 character name used to designate the
name of the data set

???7?7? 1is the JRECDS parameter that defines the number of
records required for storage

This JCL will store the data set on WRD disk CCD810. Once established,
subsequent accessing of the data set will require modifying the underlined
parameters in the above JCL. The FT25 card will then read:

//FT25F001 DD DSN=Azzzzzz.aaaaaaaa,DISP=O0LD

A semipermanent data set will remain on magnetic disk until it is destroyed
(erased) by the user. It is an important responsibility of the user to keep
track of data sets and destroy them when they are no longer needed. To destroy’
a data set, simply execute the following job.

//EXEC PGM=IEFBR14

//DD1 DD DSN=Azzzzzz.aaaaaaaa,DISP=(OLD,DELETE)
/*

//

A computer program that will output the attributes of a semipermanently
stored data set is shown in figure 8.

JPUN on Card Group 1

JPUN on card group 1 should normally be left blank. However, it may be
desired to obtain the outlet hydrographs simulated by DR3M for a subsequent
lumped DR3M-QUAL run or other applications. This can be achieved by setting
JPUN to the file where the outlet hydrographs are to be stored and to include
a card in the JCL to define the sequential file where the values are to be
stored. The outlet hydrograph will then be stored in the format of card
group 9 except the discharge data will be output as 12F5.1 rather than 12F5.0.

The outlet hydrographs can be output as punched cards by setting JPUN=7
and adding the following card to the JCL.

//FTO07F001 DD SYSOUT=B,DCB=(RECFM=FB,LRECL=80,BLKSIZE=3200)
This assumes the typical convention of assigning file 7 to the card punch. If

a different file is assigned to the card punch, then JPUN and the 07 on the JCL
card should be set to this file number.
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C PROSRAM TO READ HEADER ARRAY CREATED 3¥ USGS IMINFALL RUNOFF vODEL
c .

INTEGER HEAD1(120) 4HEAD2(60+2)+8D(3)+ED(3),4EAD3(60)

JATA IFILE/25/

DEFINE FILE 25(3+4804L+13€CD)

IRZCO=]

READ (IFILEYIRECD) HEAD1 HEAD2,HEADG
30(3)=HEAD]1 (20) /710000
80(1)=(HEAD1(20)/100)=(B)(3)#]100)
30(2)=HEAD1 (20)=(BD(3)*10000)=(BD(1)*100)
ED(3)=HEAD) (21) /10000
ED(1)=(MEAD]1(21)7100)=(ED(3)®*]100)
£0(2)=HEAD1 (21)=(EN(3)*10000)~-(ED(1)*100)
<=+4EAD]1 (18)

<KsHEADL1 (1T)

WRITE (6012) (HEAD1I(1)s181019)4(BD(I)eI5)03)s(ED(I)oI=1e3)
NsKe2]
ARITE (6413) (HEAD1 (J)eJs=224N)
WRITE (6414)
D0 11 Isl.XK
30 (3)=HEAD3 (1) /710000
30(1)=(HEAD3(1)/100)=-(BD(3)*100)
80 (2)sHEAD3(I)=-(8D0(3)*10000)=-(30(1)*100)
11 WRITE (6415) 14BDsHEAD2(1s1)sHEADR(]Is2)
§TIP

12 _FOIMAT (1H1 .44 ®esee HEADER RECORIS FROM UNOFF FILE ®eess,//,204
1 STREAMFLOW STATION NUMBER =92A49/917+4 STATION NAME = +13469//43
P0H  NUMBER OF RECORDS IN FILE = 418979274 NUMBER OF STORM EVENTS
A% 913479234 NUMBER OF SEGMENTS = 413474304 TIME INCREMENT IN SEC
4INDS = 415974384 BEGINNING DATE OF SIWULATION = 21201H/9120]
SH/9129/79304 ENDING DATE OF SIMULATION = 1241H/,1201H/91297/7+13H
& SEGMENT ID )

13 FOIMAT (SXeAS)

14 FOIMAT (1H1+//7472H STORM NUMBER DATE STARTING RECORD NuM
13€ER NUMBER OF VALUES )

15 FORMAT (/9TXo1208Xo1201H/791201H/0e12411%X015416X017)

ENJ

IS F F R P U B B B B B B B B B B B B B B B N B B B I B B0 2 b b B b ¢ & B 2 8 J

10
20
30
40
50
60
70
80
90
100
110
120
130
140
150
160
170
180
190
200
210
220
230
260
250
260
270
280
290
300
310
320
330
340
350
360
370
380
390
400~

Figure 8,--Computer program to read header array of semipermanent data set.
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Considerations for Other Computer Systems

With the exception of the plotting routine and the direct access files, the
program will run on most computers with sufficient core storage. The plotting
routine included in the program listing (Attachment G) is IBM-System dependent.
This plotting routine can be eliminated by removing lines AF 40 through AF 330
from subroutine PLT and removing subroutine PRPLOT (lines AG 10 through AG 2000).

Subroutine FILES contains the DEFINE FILE statements for the direct access
file. Since the direct access file organization is often unique to a particular
computer system, subroutine FILES may require reprogramming if the program is
used at a computer system other than the USGS. On an IBM system the program
will only compile without revision on the FORTRAN G level compiler because of
the use of multiple DEFINE FILE statements. To the authors' knowledge the

only other extension beyond the ANSI standard is the use of mixed-mode expressions
and the T format code.
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ATTACHMENT D
CHANGES TO CONVERT AN INPUT DATA DECK FROM THE 1978 VERSION
Despite the many changes to the computer program, changes to the input
requirements of DRgM since its original release in 1978 have been kept to a
minimum. In order to convert a data deck that works on the 1978 version to

one that works on the present version, the following changes are needed:

Card Group 12

If two soil types are simulated, Ef should be changed from 14 to 13.

Card Group 13

Parameter number 7 is now EAC and parameter number 14 is no longer used.
The parameter DRN is no longer input to the program, but is instead always set
within the program to 1.0.

Card Group 14

Remember, parameter number 7 is now EAC and parameter number 14 has been
dropped.

Card Group 15

The parameter DT is restricted to the values listed in the discussion of
this card group. The parameter @SI is no longer used and should be replaced
by a value for RAT.

Card Group 16

Segment types 15 and 16 are no longer allowed. The meaning of segment
types 1 and 3 has been changed. The meaning of PARAM(I,J), J=1,2 has changed
for many of the segment types.

Card Group 19

The model parameter IPL has been removed from card group 19.

Card Group 22

Card group 22 is now used to indicate which storms are to be plotted.

Card Group 23

Card group 23 is the old card group 22.

Card Group 24

Card group 24 is the old card group 23 except the format for IC@ADE and
JJJ has been changed.

The above changes are only those that are necessary to make an old input
data deck compatible with the new version of the program. There are also
additional changes that can be made to make use of new capabilities in the model.
These can be identified by closely examining the data input specifications in
Attachment A.
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ATTACHMENT E
EXAMPLE OF SIMPLIFIED SEGMENTATION

Figure 9 shows a hypothetical watershed divided into eight subareas
contributing to six channels and table 5 lists some of their characteristics.
One possible segmentation of this watershed is shown in figure 9B. Note
that subareas 1 to 4 have all been labeled as FPOl, subareas 5 and 6 have
both been labeled as FP02, subareas 7 and 8 have been labeled as FP03, and
Cl and C2 have both been labeled as CHOl. These simplifications reduce the
total number of segments from 14 to 8. However, because FP02 has considerable
pervious area, it has been decided to divide that segment into a pervious
and impervious portion, labeled PP02 and IP0O2, respectively. This results in
nine segments. Some of the data needed on the segment characteristics card
(card group 16) have been listed-in table 6.

Any potential user of DRgM should be sure to understand table 6. Note
that channel segment CHOl was used twice. This occurred because in both places
it was used with the same upstream (e.g., none) and lateral segments (e.g.,
FPOl twice). Note also that CHOL is listed twice in table 6 as an upstream
segment of CHO2,

The length of CHOl was computed as the average length of Cl and C2. All
other channel segment lengths remained the same as their counterparts in figure
9A. The lengths of the overland-flow segments were computed using equations 25
and 26. The computations for each of these lengths are as follows:

9130 + 9210 + 9700 + 9460 - 75 £
2(125) + 2(125)

Length of FPOl

24960 + 45600 - 19¢ f¢
2(200) + 160

Length of PPO2

Length of IP02 = Length of PP02

11080 + 10920 = 100 ft
2(50) + 2(60)

Length of FPO3

Effective imperviousness values were determined by weighting the effective
imperviousness of each of the subareas comprising an overland-flow segment by
area. For example,

Effective imperviousness of FPO3 =

(0.75)(11080) + (0.81)(10920) - 0.780
22000
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EXPLANATION

e o Direction of flow
c4 Channel 4

@ Subarea 2

—_— Subarea boundary
- Channel

CHO02 Channel segment 2
Overland-flow segment 3

BASIN
OUTLET

BASIN
OUTLET

Figure 9.--Example of simplified segmentation.
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Likewise, the area-weighted effective imperviousness of FPO2 was 0.224. However,
overland-flow plane FPO2 was subdivided into a pervious (PP02) and impervious
(IP02) segment. This was achieved by setting PARAM (I,1) and PARAM (I,2) to
their special values as described in the input specifications for card group 16.

Table 5.--Example subarea and channel characteristics

Subarea Characteristics

Subarea Area, in Percent effective
number square feet imperviousness

1 9,130 62

2 9,210 75

3 9,700 70

4 9,460 85

5 24,960 25

6 45,600 21

7 11,080 75

8 10,920 81

Channel Characteristics

Channel Length, in
number feet

C1 120

Cc2 130

Cc3 200

Ca 50

C5 60

Ccé6 160
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Table 6.--Example

segment characteristics for card group 16

Upstream Ad jacent Length, PARAM PARAM

Segment segments segments in feet (I,1) (1,2)
FPO1 - - 75 1.0 .731
PPO2 - - 126 .776 0.0
IP02 - - 126 224 1.0
FPO3 - - 100 1.0 .780
CHO1 - FPO1 FPOl 125 - _—
CHO2 CHO1 CHOl1 PPO2 PP02 1IP02 1IPO2 200 - -
CHO3 - FPO3 FPO3 50 - -
CHO4 CHO3 FPO3 FPO3 60 - —
CHO5 CHO2 CHO4 PP02 1P02 160 - -
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ATTACHMENT F

DEFINITIONS OF SELECTED VARIABLES

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

ALPHA
ALPADJ
AP
AMAX
BDY
BM@
BMS
BMSN
BYR

B3

CHG

CN
C@DE

CARF

DAl
DA2
DA3
CT
DA
DATE

DATERF

Array of a's for segments. (R)

A routing parameter that is used to adjust the ALPHA array. (R)
Excess precipitation per minute on impervious area of a segment. (R)
Array of maximum cross—sectional areas of flow from segments. (R)
Beginning day of record. (I)

Beginning month of record. (1)

Base soil-moisture storage. (R)

Maximum value of BMS. (R)

Beginning year of record (last two digits). (1)

Indicator of continuing parameter adjustment (0--continuing,
l1--terminated). (I)

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

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

Time interval of rainfall-excess computations, in minutes, assigned
as follows:

If PTIME < 5.0 min., C@RF = 1.0

If 5.0 min. < PTIME < 15.0 min., C@RF = 5.0

If PTIME 2.15.0 min., CPRF = 15.0. (R)
Effective impervious area of watershed. (R)
Noneffective impervious area of watershed. (R)
Pervious area of watershed. (R)
Recording interval of unit data, in minutes. (1)
Drainage area of basin, in square miles. (R)

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

Julian date for beginning of record. (I)
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DATERL
DE
DELTAT
DEL5

DIMP

DP

DT

DTS

DX

EDY
EM

EM@

EP

Julian date for end of record.

Array containing daily evaporat

(1)

ion data. (R)

Time interval, in fraction of an hour, for reservoir routing.

Number of CPRF-minute intervals in unit-time interval.

A two—dimensional array of drainage areas.

(1)
(R)

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

rain gage NRGI

DIMP(NRGI,2) 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

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 data. (R)

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

(b) Three-dimensional array of interim drainage areas used in
calculation of DT's. (R)

Time interval (At) used in finite~difference calculations,
in seconds. (R)

Array of length intervals (4x), in ft, used in finite-
difference calculations. (R)

(1)

Day of observed record.

(R)

Ad justment factor for effective impervious area.

Parameter to indicate number of C@RF-minute interval during
routing. (R)

Ending day of record. (I)

(R)

Array of m's for segments.

(D

Ending month of record.
(D

Number of infiltration parameters.

(R)

Excess precipitation per minute on pervious area.
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EPSLN -— Step size for parameter and adjustment at beginning of each stage
in optimization. (R)

EVC =—- Pan coefficient. (R)

EYR -- Ending year of record (last two digits). (I)

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

FLW -- Array of outflows from a segment in ft3/s. (R)

Fo -- Number of parameters to be adjusted. (I)

FPK == Array of measured peaks for storm events, in ft3/s.  (R)

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

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

FVAL -- Array of measured volumes for storm events, in inches. (R)

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

ICADE —- Indicator for termination of input—hydrograph data for a flood

event (l--termination, O--continuing). (I)

ICNT -~ Counter for PTIME-minute intervals. (I)
ICT -~ Counter for DT-minute intervals. (I)
IHYD -= Array containing indicator of whether or not storm event has an

input hydrograph (l1--Yes, O0--No). (I)

IJK -- CPRF-minute interval within sequence of days at which a storm
ends. (1)
LJKS -- CPRF-minute interval within sequence of days at which a storm

starts. (I)

IK -- 1Identifier of PTIME-minute interval within a storm. (I)

ILAT -- Array of lateral inflow segments into indexed downstream segment (A)
™P -- Maximun impervious retention depth, in inches. (R)

IMPRET -- Array of C@RF-minute incremental depths added to impervious

retention, in inches. (R)

IMPST® Array of impervious retention storage for rain pages during

previous time interval, in inches. (R)
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IPL -— Array containing indicator of whether or not outflow from the
drainage basin is to be plotted for a storm. (l--Yes, 0--No). (I)

IPR —-— Array of indicators of outflow hydrograph printing for segments
(1--print outflow hydrograph, 0-—do not print outflow hydrograph).
()

TPRNT —— Number of DT's (At) in C@RF minutes. (I)

ISEG -- Alphanumeric identifier for segment. (A)

ITYPE -— Array of segment types. (I)

TUP —== Array of upstream inflow segments into indexed downstream

segment. (A)
W -- Counter for days during simulation. (1)

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

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

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

KINIT =— (a) Indicator for calling subroutine INIT to initialize segment

(b) Consecutive storm day. (TI)

KNN -- Number of storm events used in optimization. (I)

K@UT -- Indicator of whether or not storm is to be routed (l1--Yes,
O__NO)O (I)

KPSET -— Array of soil types for segments {(1--soil type 1, 2--soil type
2). (I)

KR == Indicator of whether or not precipitation has occurred yet

during a storm (1--Yes, 0--No). (1)
KS -— (a) Starting unit-time interval for storm.

(b) Array of segments which are not overland-flow segments. (I)

KSAT -— Effective hydraulic conductivity of saturated soil. (R)
KSEG -- Array of segments ordered in downstream order. (I)

K1l -- Array of beginning times of detailed storms. (I)

K2 -- Array of ending times of detailed storms. (I)
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LEAP -- 1Indicator of leap year (1--Yes, 0--No). (I)
MP -- Month of observed record. (I)

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

(b) 1Indicator of whether segment has an upstream segment which
has not bheen sequenced in downstream order yet (l--Yes,

0--No). (I)
ND -- Number of C@PRF-minute intervals in a day. (I)
NDATE -- Array of storm dates. (I)
NDELS -- Number of unit time intervals in a day. (1)
NDX -- (a) Number of inte}vals (Ax) for finite-difference routing. (I)

(b) Number of points in storage-outflow relationship for a
modified-Puls detention reservoir.

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

NFE -- Array of ending CARF-minute intervals for storms. (I)

NFS -- Array of starting C@ARF-minute intervals for storms. (I)

NK -- Total number of iterations in an optimization round. (1)

N@FE -- Number of storm events. (I)

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

for irrigation (l1--Yes, 0--No). (1)

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

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

N@UT -- Maximumt number of consecutive storm days allowed by dimensions
of program. (1)

N@8 -— Number of modified-Puls detention reservoir segments. (I)

N@9 -- Ten + the number of linear-storage detention reservoir
segnents. (I)

NPAR -- Number of soil types. (I)

NRG -- Number of rain gages. (1)
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NSD
NSEG
NU
NUDD
NUPD
@PT

@PTIPN

@PTNG

#S1

@2

PARAM
P@BS

PS

PSP

PSP2
PTIME
Q

QI
QMK

QR

QSUM

QSUML

Number of storm sequences. (1)

Number of segments. (I)

Counter for consecutive storm days. (I)
Number of days of unit discharge. (1)
Number of days of unit rainfall. (1)
Option to read in storm volumes. (A)

Option to list data (@PTIPN = LIST--all unit and daily data
are printed. (A)

Array containing'subscripts to identify parameters to be adjusted
in round of optimization. (1)

Surcharging indicator. (R)

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

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

Pair of parameters for a segment. (R)
Array of measured rainfall volumes for storm events. (R)

Product of capillary suction and moisture differential at
wetting front. (R)

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

Minimum effective magnitude of PS for soil type 2. (R)
Time increment for unit data, in minutes. (R)

Array of times for plotting. (R)

Array of input-hydrograph discharges. (R)

Peak flow during a storm. (R)

(a) Excess rainfall in C@RF-minute interval.

(b) Baseflow. (R)

Sum of upstream inflows to segment. (R)

Sum of lateral inflows to segment. (R)
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QUP

RCPEF

RGF

RGF2

RITE

RADYS

RR

RR2

SFPK

SFVQAL

SL@PE

SMAX

SMS

SR

SRP

52

T

TESTN@

Upstream inflow. (R)
Array of discharges for plotting. (R)

Ratio of pervious area + noneffective impervious area to pervious
area. (R)

Array of Theissen coefficients for segments. (R)

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

Ratio of maximum PS to minimum PS for soil type 2. (R)

Indicator of progress in parameter adjustment (O--continuing,
1--end of stage in optimizatiomn). (I)

Number of days from start to end of record. (I)

Ratio of daily infiltration to daily rainfall for soil type
1. (®)

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

Array containing maximum simulated discharge for storm events,
in cubic feet per second. (R)

Array containing simulated runoff volume for storm events, in
basin inches. (R)

Array of segment slopes. (R)

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

Soil moisture storage in saturated zone (volume of infiltration
during period). (R)

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

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

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

Time in finite-difference routing. (R)
Array containing indicator of whether or not storm event is

used in computing objective function (l--Yes, 0--No). (I)
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TRYCT
uD
UPD
UPR

VLI

WX

XMAX
XMIN
YMAX
YMIN

YN

YR

Iteration count for set of parameters. (1)

Array containing unit discharge data. (R)
Sequence date of unit rainfall. (1)

Array containing storm precipitation data. (R)
Furnished volume of storm runoff, in inches. (R)
Counter for day of record. (I)

Weighting factor on space derivative for kinematic routing with
implicit finite difference solution method. (R)

Array containing magnitudes of infiltration parameters. (R)
Value of abscissa at the rightmost grid line. (R)

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

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

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

Array containing cumulative number of days counted from
January 1, 1901, at end of preceding year. (I)

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

PROGRAM LISTING
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[ RS ES]

VYL

iy

«)

«)

(@)

(222X AR RS YRR NSRS 222222222222 2 2 X )

(222323 ZIS SRS NSRS 2222222 22 2 2 X 2 2 2 4

# ®
* J3647=-=DISTRIRUTED ROUTING RAINFALL=-UNOFF MODEL o
bt (VERISION 2) i
# - : °

(22T XSS SIS SNSRI 2222222 R X222 22X 2 22 2 2

INTEGER EDeFN983¢TIYCT402TIONeDPT«RITEZRIDYSeNPTNOIDELS«DELSPIESF
INTEGE? HAEADI(120) +HEAD2(6N42) +HEADI(50)
INTEGER STAD1+STADINF(60) «NFZ(60) 9o NFS(60)sTESTNO(60)
REAL IMPoIMPRET+IMISTO.IN2yISEGITUR I ATsPIBS(6043)
DIMENSION <1(60)¢ <2(60)
COMMON /C1/ NSEGeISEG(99) ¢IU2(99¢3) g NPARWKISET(39) s IMETH(99)
COMMON /C2/ STAD1s5TAD
COMMON /C37 TPRNTeT AR(1)) eBTL(50)oF_BTHI(93) ¢KSEG(99) ¢ NDX(99) Q2,0
1SUMQSUMLSTO(99)
COMMON /C4/ NELSeISVEsQCAHIQLATeILAT(3994) «ITEST(99) o ITYPE(99) s JLAT
1(9994)9JJP(9353) ¢P(2881¢3)sPARAM(9942) yRCNEF(9943) yURPR(BH43)
COMMIN /C5/ ALPHA(I9) ¢EM(99) 4FRN(99) ¢« IMAX(39) ,SLOPE(39)yALPADJ
COMMON /7C67/ JTeDTSsQUPeDX(39)4PSUM(]12043) eSFVNLIAN) «SFIX(60)
COMMON /C77 ECOMPy<TINITeNOUTeNRSGs0STI s JPUNeCINeATDALlsDA2,DA3
COMMON /CHB/ TleIKeTRYCTo<OUT(150) ¢IHYI(130) ¢+PTIMEWNDOJTVOL (60)
COMMON /D17 IP(T310) sRINDYSeNSDe I UNTIToNDYSINDTSeICK(60)
COMMION /E1/ TMPRET(3)+IMISTI(3I)
COMMON /E2/ SMAX(99) eIN2¢S202(93) eAL2eDTSX s XEMeYEMy JMDE s WX o METH
COMMON /Z3/7 NDELTATWNDBeS(11) e 13901629109 RIH(2881)+QINPT(60)
COMMON /E4/ dV(99e¢10)9S1(99910)¢C1(93010)
COMMON /257 S2(99¢10)e¢S(39¢19)9C(99410)
COMMON /F1/ ICTeN(16642)4(144%2)+IPL(150) K<
COMMON /F2/ TLW(14642)¢FLAT(1%642)FJUP(14472)
COMMON /F3/ TFILECIFILEDGWIFI_EPyJRECISWIIEZD«NIECOS»HEAD] ¢ HEADZ29HE
1AD3 s NSTRUS s UOERM
COMMION /217 334DAsZ0sFDeNKaNVoNIsIMP ¢ <NNsNIGe02T+I0UT(2) «NDAYNDEL
1SeNIDTEWNIPI¢IDELRITEWDELSPIIPSLN«IPTION.CIRF
COMMON /727 a(200)4D(16) R (14) a7 (16)95(40)er(40)sU(3)e0PTNO(]14)
COMMON /237 <1 ex?oeNFoNFEWNFSePI3SHTESTND
COMMIN 724/ IE(T310)eUD(23R1) eX2(158)¢IIMI(342) ¢FPK(60)+FVOL(60) 1P
1R(99) s INDP(45) ¢ IRES(30) o NOUP(150) ¢ NDATE(S0,43) eX(40)9IFsIEAC
DATA T3LANKC/4H /
wWRITE (be2l)
33=0
R_ATE=1 .
SET SEQUENTTAL FILE vJUV3ZIRS
IFILED=25 '
IFILERP=23
SET ARRaY _JIMITS
IunIT=284]
NDYS=7310
NDTS=1442
INITIALIZF <ZADE AR2AYS FOR DIRECT ACCESS FILE
DO 11 I=22+120
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270
280
290
300
310
320
330
340
350
360
370
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410
420
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11 HEAD1 (1) =13LAaNK A 510
30 12 J=1490 a 520
HEAD2(Je1) =0 A 530
HEAD2( Je2) =0 A 540

12 HEAOD3 (J) =0 A 5350
VRECIS=3 A 560
NSTRUS =0 A 570

CA_L PROSGRAM SJBROUTINES A 580
TALL TNPUTIL A 530
IF (JPT.SWen) REWIND IFI_ED A 500
70 13 I=1le«vR3 A 610
IFP=IFILEP+]-} A 520
REWIND IFP A 530

13 CONTINJE A 540
CALL INITO? a %50
caLL CTCHMT A 660
CALL AMv A 570
CALL SIQR{DAHIVP) A 580
CALL INPJUT2(JPERM, JRTCIY) A 630
IF (JRZCISaGT.N) CAL. FILES A 700
30 T2 15 A 710

14 CALL N3TI47 A 720

15 CONTINJE A 730
CALL STMJL A 740
IF (RIEI0) (I TN 14 A 750

END 27 SIMULATION LDOP A 760

IF (JPJNGI,1) WRITF (JPJNe27) A T70
CIMAUTE CORRF_ATION COETFICIENT IR PIAKS A 780

IF (DPT,EGe0) CALL COIRR(NOFELSF2<4FPC) A 790
PLIT SIM. VS. MEAS, VOLJIMES A 800

AND STM, V3, MEAS, 2ZaKS A 810

90 19 <=}.2 A 820
YMAX=0,0 A 830
N=0 A 340
JU 18 TI=14V0FE A 850
IF (X.30e2) 50 11 14 A 860
IF (SFVOL(I) eLE«NeDeIRFVOL(TI)a_Ze047) G TO 18 A 370
IF (NKoGTo0,aNDLTESTVNO(I) 4NEel) 30 TI) 1R A 830
N=N+ A 890
QIN)=FVYOL(]) A 300
RIN)=STYILL(D) A 310
30 TY 17 A 320

16 IF (3F2K(1) e Fe0aD.IFP<(I)aLZe040) 32 TO 1R A 330
N=Ne ] A 340
FIN) =EIR(]) A 350
(V) =STP<(]) A 360

17 IF (Q(N) 3T YMAX) YWAX=1)(N) A 970
IF (R(N) 3T ¥YMAX) YMAX=ZR(N) A 380

18 CONTINJF A 390
IF (N._T+2) 30 TO 19 41000
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PTIME=100,

CALL PLT(QsReNs1sYHAX)

WRITEZ (6+24)

IF (<4ZQel) WRITE (6425)

IF (XeZ0a4?) WRITE (6426)
19 CONTINJE

IF (JPERY.50Q,.,0) STI»

IF JUPERM=1, STORE AND OJTPUT +EADER ARRAYS

WRITE (6e22)

NS=0

00 20 I=14NOFE

IF (<0JT(I)«FQs0) 30 TI 20

NS=NSe])

WRITZ (6923) To(NDATE(I+III)ellI=1+3)9+4EAD2(NSs1)eHEAD2(NS,2)
20 CONTINJE

HEAD1 (16) =NRECDS

HEAD] (17) =NSTRMS

IRECD=1

WRITE (IFI_FYIRECD) HEAD1+4HEAD2+4EAD)

STOP

21 FORMAT (1rH]1e61Xe43(14%)/62Xe1H*e10X0e224UeSe GEOLOGICAL SURVEYsIXel
149/742X 44 3HRNDISTRIBITED RIUTING IAINFALL=-RUNOFF MODEL#®/642Xe1H®912X,
217HAVIRSION 37 R/82¢12Xel1HA®/762%X463(])4%))

22 FORMAT (1+41,32H u#wdo® JUNOFF FILES STOREN w#weae/IH0.)174STORM NO.

1 DATE«SXe344STARTING RECORD NJM3E I OF VALUES)

23 FORMAT (ISeI8¢1H/912014/e¢12¢7Xe15413%4915)

26 FORMAT (16X«SOHPLOT JOF MSAS.(HIIIZ, 4XIS) VERSJS SIM.(VERT. AXIS))

25 FO-MAT (16Xe7HVOLUMES)

2h FORMAT (16X,SHPEAKS)

27 FOAMAT (T9Xe149)

END
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Al1010
Al020
Al030
A1040
41050
Al1060
A1070
A1080
41090
aA1l100
Alll10
41120
All30
A1140
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All80
Al1190
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SUSROJTINE SI™MUL

SUBROUTINE STIMUL
BRBRRDIBRRRRRDERRRRBRRRDRDRDRRRRRRRDRBRBBBRVERBRBRRROGBRRERRRBLRNN

> STMULATION ROUTINE »
BRI R BB R DR SR R AN RN PR DD RO RB BRI NIRRT R DR BB NI RN RRRR BB DD RRRIR
INTEGER HEAD1(120) ¢HEAD2(604+2) +4EAD3(50)

INTEGER RITEsWeBIsZO0sFOsIPTIONGTRYCT 9 CHGFLAGYDELSPTESTNO(60)
INTEGER NF(6N) «NFE(60) sNFS(60) 9 RIDYSeIELSsIPTE«FsOPTND

REAL INC2sINC+KSATsXSAT2,KDRAIN

REAL SYS3(342)+BMS3I(3+2)¢P0B5(6093)

REAL IMPoIMPRET)IMISTToIMPSTIoISEGeT JPSILATIIN?

DIMENSION <1(60)y <2(60)

COMMON /C1/ NSEGISES(99)41')2(9993) ¢ NPARIKISET(99) ¢ JIMETH(99)
COMMON /C37 IPRNTsTe AR(II)QB L(S0) «F _GTH(93) sKSEG(99) 4 NDX(99) +Q2+Q
1SUMs ASIML 9STN(99)

COMMON /C4/ DELS. I)VE.QC#.QL&TQILﬂT(QQoQ)'ITFQT(99)oITYPE(99)|JLAT
1(9994) eJJIP(9943) 4P (2881¢3) e PARAM(9942) yRCOEF(99+3) +UPR(8643)
COMMON /C67 ITeDTSsQIPsDX(I3I)ePSUM(12093)«SFVOL(AD)»SFPK(60)
COMMON /CT/ ECOMPs<INIToNOUT9NRGyOSI ¢ JPUNsCINsATsDAL1+sDA2.DA3
COMMON /CB/ T19IKeTRYCTeXOUT(150)¢IHYI(150)sPTIMEIND«OJITVOL(60)
COMMON /D17 JP(7310) sRIDYSeNSDeIINITeNDYSeNDTSICK(60)

COMMON /E1/ TMPRFT(3)4IM3ST0O(3)

COMMON /227 SMAX(93) 9IN2e¢S202(93) 9AL 2 DTSX o XEMeYEMy IMDE s WXy METH
COMMON /E37 DELTATINIBIS(11)eI320142wT)eQI4(2881)9sQINPT(60)
COMMON /F1/ TCTeQ(1442)9(14462)+IPLI150) oK<

COMMON /F2/ FLW(1462)+FILAT(146442)eFJP(1442)

COMMON /F 3/ TFILESIFILEDCIFI_EPeJRECIRIRECIsNIECOS+4EAD]L +HEADZ2HE
1AD3 o NSTRMS e JOERM

COMMON /Z1/ R34DBeT0¢FDeN<sNNe NI IUP¢<\NNeNIFsO02T IQUT (2) ¢ NDAY NDEL
1S eNUFEeNJIPIWODELSRITESDELSP4IPSLNyOPTIONyCIRF

COMMON /727 A(200)4D(14)E(14)aF(16)93(40)s(40)sU(3)s0PTNO(]164)
COMMON /7237 <1 oK2sNFINFEINFSePI3SHTESTNO

CUMMION /2647 DE(T310)9UD(288]1)4X2(16A)¢IIMP(3,2)+FOPK(60)+FVOL(60)]IP
13499) ¢ INJP(65) yJRES(30)9NOU2(150) 4 NDATE(5043) X (40) ¢+ IFsIEAC

DATA F_AG/1/

INITIALIZE

J1=0.0

J2=0,0

VCOEF=26.88R2889#NDA#NDELS

NO?2=NO~E+NIFF

DO 1 T=1eNIFE

QUTVIOL(TI)=0,0

SFVO_(I)=0.0

D0 3 NRGI=1.VRG

00 2 I=1eND?

PSUM(TsNRGIN=0,0

CONTINIE

I1=1

SMS=0,0

3MsS=0,0

CHG=1
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10
20
30
40
50
60
70
R0
90
100
110
120
130
140
150
160
170

"180

190
200
210
220
230
240
250
260
270
280
290
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320
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3640
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340
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400
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470
430
430
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SUBROJTINE STvUL

ESTASLISH CURRENT INSILTRATIOIN PARAMETER VALJES 8 510
PSP=Xx(1) 3 520
KSAT=X(2)*(COIRF/A0,) 3 530
RGF=X(3) 3 5640
BMSN=X(4) 8 550
EVC=x(3) 8 560
RR=X(6) 8 570
DRN24=X{2)*24,0 3 590
EAC=X(7) 3 590
PAC=1,0 8 600
IF (TEAC.EQ.1) CAL . ADJST(EAZs2aC) 3 610
IF (NPARGEJ,1) GO TO 4 : 3 520
PSP2=X(8) 3 630
XKSAT?2=X(9) *(CNRF/6N,) 8 640
RGF2=%(10) 3 550
AMSN2=x(11) 8 660
EVC2=x(12) 3 570
R2=x(13) 3 680
IRN262=X(9)#24,0 3 630
DRAIN2=DRIN2&?/NDELS 8 700
COEF2=(R5F2-1.0)/8B4SsN2 8 710
KDRAIN=DRN24 /NDELS 3 720
COEF=(GF=140) /BYSN 8 730

INITIALIZE vARIA3LES 3 740
J0 6 NP=1,4\PAR 8 750
DO 5 I=14NR6G 3 760
SMSB(1+N?)=0,0 3 770
3MSB (I «NP)Y=0,D 3 780
CONTINJE 3 790
XKP=) 3 800

3ESIN STMU_ATINON 3 810
APRNT=(CORF+,00N01) /DT 3 820
IPRNT=APRNT 3 8130
281=0.,0 3 B840
<INIT=0 3 850
NFD=0 8 860
NFOL=0 3 870
w=0 B 880
70 A3 [w=1+RIDYS 3 890
w=wel 3 900
IF (W.,3T.RIDYS) GO TO 6% 3 910

FOR 5a4P IN RECORD, INITIALIZ:ZI SOIL MOISTURE TO ZERO B 920
IF (d.NESINDO(KP)) 50 TN 9 3 930
LJ=SKDe+] 3 940
W=INDP(LJ) +] 3 350
KP=KDe? 8 960
3MS=0,0 3 370
SMS=0,0 3 980
DO B N2=1.VNPAR 3 390
DO 7 LJ=14NR3 31000
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SUBIQJTINE SIvuL

BMSR(LJ«NP)=0,0
SMSB(LJsNP)=0,.0
CONTINJE
CONTINJE
PW=RR#DIP (w)
IF (NPAR.EJ.?) P42=Q2%D2 (W)
ETW=EYCZ#IE (W)
IF (NPAR.EQ.,2) ETW2=EVC2*DE (4)
IF (Pw.LT.0.0) GO TO 45
IF FLAG=0y DO STORM COM2PJTATTONS
IF FLAG=1s DO DAILY MOISTJRE ACCOUNTINSG
IF (FLAGeNZ N) GO TH 43

SET-JP FOR ROUTING THE SENERATED EXCESS PRECIPITATION

NFO1=0
NFD=NFO+1
<IN=N
IF (I1.GT«NOFE) GN TI 42
IF (IHYD(I1),EQe0eIReB3eZe0) 30 TO 16
DO 11 I=1eIUNIT
QAIH(T)=0.0
READ (3457) TCODEsJJJe(¥2(1)sI=1s10)
20 13 I=1l«1n
QIH(JJI)Y=Xx2(1)
JdJd=JJJde1
IF (ICIDE.ZR.0) GO TO 12
139=40J=-1
IF (33.E3:0,MRekOUT(I1)eZ9.0) <INIT=9
JTUKS=N"S(I1)
TJK=NFZ(I1])
T12=11+NOFZ
IK=K1(T1)

COMOUTE PZavIONS QAINFALL EXZESS
20 15 I=1U<S«IJK
NY=T+146])
JO 15 NR3I=1.NRG
PSUMI(TL1aNR3I)=PSUM{T19NR3I)+2(IsNRGI)
IF (NPARWNZL1) PSUM(I124NRGI)I=OSUM(TI124NIGI) +P (KDY INIGI)
AIMX=0,0
IF (<DJT(I]1) EQeDaIReBIeZ2,0) 30 THO 38
IF (KNV 3T e0,AND«IZAC.Z0Qs]1) WNRITE (H470)
IF («NN,GTeN.AND.IZAC.ER.1) S5TO?
NSTRUS=NSTIMSG+]
HEAD? (NSTHMUS 1) =NRZICIS+]
NSTRCD=HEAD2 (NSTAIMS5,.1)
IF (JUPZRM.IQA.0) NSTRCD=1

B8 FLOW UTING o»

IF (IPAANSIG)GT.0) WRITZE (6469)

RWMJITE EACH SEGVENT
DO 31 NS3A4=]1.NSEG
<KK=KSFE3(NS3A)
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B1020
B1030
B1040
31050
81060
81070
81080
81090
31100
31110
81120
831130
31140
B11S0
Bl1160
81170
81180
81130
B1200
31210
81220
31230
81240
31250
31260
31270
31280
31290
81300
31310
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B1470
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31490
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25

26
27

28

SU3I0JTINE SIMUL

KINIT=1
IF (NSGA.EQJ.1) GO TO 23
DO .16 I=lsICT
FLAT(1)=0.0
FUP{(I)=0.,0
N0 13 J=ls6
IF (JLAT(KXeJ)) 19419417
JJU=JLAT (XK )
IRECI=NSTRCO+NRPSES* (JJ=1)
READ (IFILESIRECD) (FLW(I)eI=1,ICT)
20 18 I=1l,ICT
FLAT(T)=FLAT(I)+FLA(]I)
CONTINJE
DO 22 J=1.3
IF (JU(XKeJ)) 22922420
JJI=SJUP (KX y J)
IRECO=NSTRCD+NRPSE3* (JJ-1)
REAU (IFILEZYTRECD) (FLA(I)WI=10ICT)
DO 21 I=l,lIcCT
FUP(T)=FJP(T)+FLWI(T)
CONTINJUE
CONTINJE
IK=K1(I1)
140=0
1J=1
I1CT=0
IF (NFJ1eGTan) GO TO 25
IF (ITYPZ(<K)4LT&5) 50 TO 25
IF (ITYPE(<K)«GTa6) 50 TI 25
70 264 NRGI=1.NRG
IMPSTO (NRGT)=0.0

ROJTE FOR ZACH TIME 3TE°
20 29 I=1J<S.IJx
IF (ITYPE(CK) «LTe5eNR,ITYPE(CKK)eSTH4h) 30 TI 28

CALCULATE IMPERVIOUS RETENTION
DO 27 NR3I=1.NRG
IF (IMPSTO(NIIGI)EQA.IMP) GO TO 26
12=NDAY® (NIGI=1)+IK<
IMPSTT=IMPSTN(NRGI)+JPR(IZ2)/IELS5/3,
IF (IMISTT.GT.IMD) [MPSTT=Iu>
IMPRET (NIGI) =IMPSTT-IMPSTO(NRGI)
IMPSTO(NRGI ) =IMPSTT
GO TO 27
IMPRET (NRGI)=0.0
CONTINJE
*#3OUTE IVER TIME INT. = CIRF

caLL F_OW(I)
ECOMD=ECOMI+ ZORF

DETERMINF #HETHER OR NOT AT SND 0OF UNIT=-TIME INTERVAL
IJd=1Je1
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81510
31520
81530
81540
81550
81560
81570
81580
81590
81600
81610
81620
31630
81640
815650
81660
B1670
B1680
81690
31700
31710
31720
31730
81740
31750
31760
31770
81780
31790
81800
81810
31820
31830
81840
81850
81860
31870
81880
31890
31900
81910
B13%20
31930
31940
31350
81360
31970
31380
81390
32000
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30
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32
33

34
35

36
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SUBOUTINE STMUL

IF (TJ.NELDIELSP) GI) TO 293
IK=IK+1
0S1=0,0
I14Q=0n
1u=1
CONTINJE
IF (JUPZRW,ZQ,0.ANND(NSGA.EQLNSEG) GO TI 30
IF (NS3A,EQ2,1) NRPSEG=ICT/120+1-(1=-MINO(1+MOD(ICT+120)))
IRECND=NSTRCD+NRPSF 3% (KX=1)
WRITE (IFI_E'IRECD) (FLW(I)eI=1sICT)
NRECDS=NRECDOS+NRPSZIS
IF (NS3A,EQ,NSEG) 50 TO 30
IF (IP(XK)FQ.0) 30 TD 31
CALL PRFL(TIJCSsTUKsICNT SRV IMX)
IF (NS3AJNELNSEG) 30 TO 31
IF (JPJN.LE.N) GO TH 31

PUNC4 OQUT =dw DaTA
LL=x1(11l)
CALL PUNCH(LL oNDATZ o NDELSeCORF¢2TIMEWJPYNT1+ICNT)
CONTINJE

COMP {TE OUTLET VILUMI
OUTVIL (I1)=S3v/VCO:F
HEAU2 (NSTRUS.2)=ICT .

WRITE OUT MAaXIMJM STOIAGE IN IESERVIIRS
IF (NNR.E2Q.0) GO TD 33
D0 32 JJ=1eNDR
X9=IRES (JJ)
WRITE (6969) [SER(<S)eIleSMUAX(X3)
IF (MD3.5Q.10) GD TO 35
20 34 JJJ=11.NOS
XKS=IRES(JJJ)
WRITE (6+468) ISEG(<5)sIleSVAX(KS)
CONTTINJE
IF (IP_(I1)e=Qe0) 39 TD 34
## DO OT ##

YMAX =0 uX
IF (QMXLTSFOK(I1)) YMAX=FPK(I])
CALL P_T(QsR,ICNTolqTMAX)
IF (OPT.ZWe1) GI T 37
JJd=0
LK=xK1(I1)
LJd=K2(11)
D0 35 <Q=L<oLJ
NNENNES
R(JJI)=ID KD
IF (TRYCT43T.0) R(JI=R(JJN)=3FLITI])
CALL P_T{QeRICNTs2,YMAX)
CONTINJE
CALL PLT(QeR«ICNTs3,YMAX)
CONTINJE
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82030
82040
82050
82060
B2070
82080
82030
82100
82110
82120
82130
82140
32150
32160
82170
32180
32196
82200
32210
B2220
82230
32240
32250
82260
32270
32280
32230
82300
82310
32320
32330
32340
32350
82360
32370
32330
82390
32400
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44
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SUBROUJUTINE

COPY SIMULATED STORM RUNOFF
FOR I-TH EVENT INTO STORAGE
ACW=0,0
DO 39 _K=1sN6G
LJd=L%+3

QCW=QCA+EACHDIMP (L 1) #(203S(I1sLK)=IUP)+PAC® (DIMP(LJs]1) #PSUM(I],L

IK)+DIMI(LJe2)8PSUM(T124L<))

IF (NFJ1.EJ3,n) GO TO 39
QCW=QCH+EACRDIMP (Lo 1) ¥ uP
CONTINUE

SFVOLI(I1)=3CWw/ (5280,0252R0.,04DA)
SFPK(I1)=Q4X

IF (TESTNO(I1).NFsl) GO TO 40

IF (SFVOLI(I1),EQ,0) GO TD 40

IF (FVIL(I1),EQ.NeD) GN TO 49
U2=U2+ALOG(SFVOLI(I1)/FVO_(T]1))#e2
IF (AMX,EQeN.) GO TN 41

IF (FP<(I1),E0,0,0) 30 TO 41
Ul=UleALOG (QUX/FPK(T]1))»e?
Il1=11e1

NFD1=NFD1e1

IF HAVE ANALYZED aLL EVENTS

IF (NF(NFD) ,EQ.NFDl) GO TO 42
TUK=1J<+1

IJKS=NFS (I D)

KIN=0

IF NEXT STOAM SESINS IMMIDIATELY AFTER LAST STORMs KIN=]

IF (TUKGEQe I UKS (AN, XOUT(I1=1),ZQ.1)
50 10 10
NFD=NFJeNFIl =1
IF (W,53T.RINYS) GO TI 65
FLAG=]
NFD1=0
CHG=1
#% DAILY ACCOUNTING #+»
INC=OwW=-ETw
IF (NPARLEJ,?) INC?2=2Ww2-5TW2
DO 46 I11=1.NRG

STuuL

VOLUME AND PEAK
ARAYS SFVOL AND SFPK.

JF SET JF EVENTS, 30 TO 716

<IN=1

CALL DSM(SYS3(TITe1)sBUSI(ITITIs1)eINCsIRN24&,3MSN)

IF (NPAR,EJ,?) CAL. DSH(SMSS(III+2)+3MSBIITT02)9INC2,DIN242,BMSN2)

CONTINJE
FINISHED WITH DAY
50 TO &5

#® DJETERMINI TIME-SERIES TF RAINFALL EXCESS

FLAG=D

NFD1=NFD1+1

IF (NFJ1,GT,1) GN TH 49
IFP=IFILEP
TUNIT3I=IUNIT#NRG

DO 46 I=14TUNIT3
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SUBROUTINE SIMUL

UPR(1)=040

DO 47 III=1,NRG

READ (IFP) K&STeK&4DAYs (UPR(I) s I=Xé4ST,<4DAY)
IFP=TF 3«1

CONTINJE

IF (9PT.5T.0) GO T 48

IF (TRYCT«53T,04AND.33+EQ.0) 30 TO 48
READ (IFILED) K4DAY,(UD(I)sI=1y<4DAY)
IF (TRYCT.ZQ.,0) CA_L STO3M

DO 664 NP=14NPAR

DRAIN=<DRAIN

IF (NP.EQ.2) DRAIN=DRAIN?

BMST=BMSN

IF (NP.EQ.2) BMST=3uSN?2

IF (W.3T«RINYS) G0 TI 64
ETNEL=2DEL®ETwW

IF (NP.EQ.?2) ETDEL=PIEL*ETW?

IF (NP EQs1) KINIT=KINIT+1

K=NDELS®# (KINIT=1)+1

20 63 ITI=14NRG

CHG=]

KDAY=ND®# (KINIT=1)+1

COMPUTE SMS,8MS FOR AREAS FOR EACH RAIN GAGE, SOIL TYPE

SMS=SMSB(TI[«NP)
BMS=BMSB (IIT,NP)
KKK=K+ (IT1=1)#NOUT#NIOELS
<4DAY=<KL+NDELS=]
DO 62 <K=K<K,K&DAY
IF (UPI(XK),LELND.0) 50 TD 56
SRP=UPI (KK) /IELS
SR=SRP#RAT
IF (CH3.NEel) GO TD 50
3ESIN COVPUTATION OF INFILTRATION
REDETERMINT 2S AFTER 3TAK IV IAINFALL
2S5=zPGP 8 (IGF=CNEF#AYS)
IF (NP.EQ+2) PS=PSI2#(IGF2=-CIEF2#B4S)
CHG=n
CONTINJE
JESINE CORT=MIN., RAINFALL SUSPLY RATE
IF (SMS5.LE.0,01) G) TO 51
IF SATURATZID ZONE EXISTS
FR=EKSAT# (1.0ePS/SMS) '
IF (NP FQe2) FR=KXSAT2%(l.0+P3/54S)
50 T9 52
IF N7 SATUIATED ZNONE EXISTS
FR=KSAT®#(]1,0+PS/SR)
IF (NP.EQe2) FR=KSAT2%(1,0+P5/5%)
DETEIMINE SXCESS PPT. IN UNIT TIME
N0 55 NKL=14DELS
IF (SReGE+*R)Y GO TI 53
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63

SUBROUTINE SIMUL

QR= (SR*SR) /7 (2,0%FR)
50 TO 54
) PONDED CNNJITION
AR=SR=-FR/2.0
SMS=SMS+SR=QR
KDAY IS CORF-MIN, INTERVAL IV A DETAILED STOQM
XDY=KDAY
IF (NPL,EQ.2) KDY=K)Y+1644]
P(KDY,LIII)=QR
KDAY=KDJAY+]
S¥S= NEW MOISTURE CONTENT OF SATURATED ZONE
FR=KSAT#(1,0+PS/SMS)
IF (NP.EQ.2) FRIKSAT2®(1,0+¢PS/SHS)
GO0 TO 62
DESLETION JF SOIL MOISTJURE Ry EY DJURING UNIT- TIME
INTE9VALS JDF NO PPT,
CONTINJE
IF (SMS.LEL.ETDEL) 30 TO 57
SMS=SMS-ETIEL
50 70 38°
3MS= BN;#SNS-FTDEL
SMS=0,0
‘ EHEC< FOR ZOMPLETE SJIL DJRYING
IF (3IMS,LE.0,0) RMS=0,0
REDISTRIRUTION OF SOIL !OISTJRE WITH FLOW FROM
SATURATED TO UNSATURATED ZONZI
IF (SMS,LE.DRAIN) 59 T 359
SMS=SMS-DRATYN
BMS=3MS+DRAIN
BMS= NEW SOIL MOISTURE CONTENT OF JUNSATURATED ZONE
GO0 TO S0
IMS=3IMS+SMS
SMS=0,0
ORAINAGE T)O LOWER LYINS ZONE
IF (3MS,GT.RBUST) BUS=BMUST
3RIAC IN UNIT RAINFA_L
CHG=1
ND EXCESS 2RECIPITATION
DO 61 NKL=14NELS
XDY=KDAY ,
IF (NP,EQR.2) KDY=KDY+]l44]
P(KDY,II1I)=0,0
<DAY=KJAY+]
146 ENDS RAIN GASE III FOR UNIT P71, DAY,
CONTINJE
COWP JTE SMS AND 34S “0ORX AREAS COVERED 3Y EACH RAIN GAGE
SMSB(IIIN)=SMS
BMSB(TIII+N2)=8MS
148 ENDS UNIT 2PT, DAYy .
CONTINJE
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SUBIOUTINE SIMUL

CONTINUJE

" 147 ENDS A_L DAYSe W= 1+R00YS3
CONTINJE
IF (OPT.,EQ.0.,AND.TYCT.EQ.0) REWIND IFILED
DO 66 III=14NRG
IFP=IFILEP+ITI~1
REWIND IFFP
CONTINUE
J(l)=ul
J(2)=y2
J(3)=Ul+0.5%92

# ITE ROUTINE #

IF (TRYCT.2Q,0) CA_L PROJT(1,PAC)
IF (RITE.NE,1) RETJRY
CALL PR0JT(2.PAC)
RITE=0
RETUIN

FORMAT (Ils16410F5.3)

FORMAT (1H0,40HMAXIVMUM STORASE IN DETENTION RESERVOIR +A4s]10H FOR
1 STORMsI3s4H WASF3,34104 CFS=-HOJRS)

FORYAT (1nl)

FORMAT (1H0,s351HOPTIMIZ. AND WJTING WNS S40ULD BE DINE SEPARATELY
1427H SINCE EAC CHANGES ARE vaADE)

ENN
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SURRDJUTINE DSM(SMS+BMS,INCeyDIN24 4 BMSN)

SUBROUTINE DSM(SMSeRAMSs INCeDIN24+BMUS D
THIS SUBROJTINE DOES SOIL' MOISTURE ACCOUNTINS
ON DAYS OF DAILY RAINFALLe IT ADDS DAILY RAINFALL TO SMS,
SUSTRACTS ZT FROM SMS 0O (IF SMS=0) FROM BMS, AND
DRAINS SvS DOWNWARD TO 3MS
REAL SMS+BMS,DRN24¢INCeBMUSN
IF (INT.LE«0,0) GO 7O 1
AD) EXCESS MOISTJURE TO SATURATED ZONE
SMS=SMS+ INC
50 1o 3
DEJUCT MOISTURE DEFICIENCY FI0M SATURATED ZONE
IF ((SMS+INC).GE.,0,0) GO TO 2
EVAPOTRANSIIRATION FIOM JUNSATURATED ZONE
BMS=BMSeSMS+ INC
SMS=0,0
CHECX FOR CZOMPLETE SJIL JRYING
1F (BMS,LT,0,0) B8M35=0,0
GO 10 3
EVAPOTRANSIIQRATION FIOM SATUIATED Z0ONE
SMS=SMS+ INC
REDISTRIBUTION OF SOIL MOISTURE WITH FLOW FROM
SATURATED TO UNSATURATED. ZONZ|
IF (SMS.LE.D3N24) 30 TOJ &
MOTSTURE IN SATURATED ZONE A30VE FIELD CAPACITY
SMS=SMS=-DRN?4
8MS=3MS+ORN2¢
60 T2 5
SATURATED ZONE COMPLETELY DESLETED
BMS=3MS+SMS
3MS= NEW MOISTURE CONTENT OF UNSATJURATED ZONE
SMS=0,0
ORAINAGE T DEEPER LYING ZDONZ)
IF (3MS,5T.RvSN) Bvg=gvSN
RETURN
END
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SUBRIJUTINE F _DW(I)

SUBROUTINE FLOW(I)
THIS SUBROJTINE COMPJTES SEGMENT OUTFLOWS AT TeDT

REAL ISEG.IUPsIN1sIN2

INTEGER DELS,TRYCT

COMMON /C1/ NSEG.ISES(99)eJU(93¢3) ¢ NPARIKISET(99) o IMETH(99)
COMMON /C3/ IPRNTT,AR(11)¢BFL(60)+F_BTH(99) +KSEB(99) NDX(99)+Q2+Q
1SUM QS UMLSTI(99)

COMMON /C4/ DELS+ISVEsQCWsQLATsILAT(I944) s ITEST(99) 2 ITYPE(99) o JLAT
1(99¢4) 9JJP(9943) P (28814¢3) +PARAM(99+2) yRCOEF (99+3) yUPR(B64])
COMMON /C57 ALPHA(39) ¢EM(99) oFRN(99) s IMAX (99) +SLOPE(39) « ALPADY
COMMON /C67 DT oDTSeQUPDX(99) ¢PSUM(12D03) o SFVOL(60) +SFPK(60)
COMMON /C7/ ECOMP o <CINIToNOUTINRGsOSTI 2+ JPUNsXINIRATeDALl9sDA2sDA3
COMMON /C8/7 T1eIKeTRYCToXOUT(150)¢IHYI(150) ¢PTIMEIND+OJTVOL (60)
COMMON /E27/ SMAX(93)9IN2¢S5202(93) o AL 2 DTSXeXEMeYEMy IMDE s WX oMETH
COMMDN /E3/ NELTATNOBQS(11)+I13Qe16239TUeQIH(2881)4+QINPT(60)
COMMON /F1/ ICT+Q(16642)+R(1642)91IPL(150) ¢K

COMMON /F2/ FLW(14642)+FLAT(1462)FUP(1642)

COMMON /MOC/ XLoDTS1.JUTYSE

COMMON /FD/ xA(l1l)+X3(11)9XSZE6

COMMON /LINRES/ QOJT24+CONST

IF (<INIT.NE.,1) GO T0 2

CALL INIT 220
IMDE =0 230
IF (METH.NZ.1) GO TO 1 240
XL=FLGTH(K)

JTYPE=ITYPE («) 260
DTS1=DTS 270
CALL XWMOCl(0e90,) 280
50 10 2 290

IF (YETH.EJ.N) GO TO 2
XSEG=ISES(X)

CALL KWFD1(DX(K)) 320
T=TeaT 330
ICT=1CT+1 340
IF (ITYPE(<),GE.7) GO TO 12 350
N=NDX (<) +1 360

CALL U2(K,1I)

CALL LAT(KsI)
ALAT=Q0LAT#)TS
XQ(l)=3uP
XA(L)=(QUP/ALP)## (XEM)
IF (METH.NE.1) GN YO 3

MZT40) OJF CHARACTERISTICS

OQOUOUUODUOUOOUOODUDOVUUVUVYUOOUOUVUUDO0OODODVUVODUDUDDUDOO0O0D0OVUODODO0VDODODLVLO O
N
n
(=]

CALL XwMOC(Q2,ADeXA(1)+QLAT) 450
60 T0 20 460
CONTINJE 470
Bl=ALP#YEM#DTSX ¢80
R22YEM-], «90
DO 6 J=2sN 500

98
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SURRIJUTINE F_Dd (1)
IF (YEM.EQe1.ANDeMETH.GEL2) 30 TO 5

EXPLICIT FINITE DIFFERENCE METHID

IF (Aa‘d-l).LE.O..AND.QLA'.LEWG.’ GO TO 4

IF ((ALAT®#],F3)LE.AR(J=1)) THETA=R1#AR(J~])®#32
IF ((ALAT#],F3),6GT.AR(J~-1)) THETA=ALIV(QLAT®#DX(K))®*((ALAT+AR(J=1))
1#8YEM=AR(J=]1) #*YEM)

IF (THETA.LT.1) GO TO ¢

XQ(J)=XQ(J=1)+ (ALAT+AR(J=1)=XA(J=1)) /DTSX
XA(J)=(X3(J)7ALP)

IF (XA(J)eLTele.E=-20) XA(J)=0.,0

IF (YEM NEel,) XA(J)=XA(J)®®(XEM)

GO T0 5

XA(J)=AR(J)+ALAT+DTSX#(QS(J-1)=-3S5())

IF (XA(J)eTeleE=20) XA(J)=0,0

XQ(J)=aLP#XA(J)

IF (YEMNE«le) XQUJ)=ALP®(XA(J) *RYEM)

IF (ﬂETH.EQ.0.0R.ASS(XA(J)).-W.I.E-Zﬂ) Go TO 6

IMPLICIT FINITE DIFFERENCE METHI)D
CALL KwFD(J)
CONTINJE

SELECT ALPHA AND M FJO NEXT RIUTING

IF (ITYPE(<) NEo.4) GO TO 10
IF (RCIEF(<+3)4LTe0,01) 50 TD 10
IF (IMDE.GT.0N) GO TOH 7
IF (XQ(N) +LT.RCOEF(Ks3)) GO TO 10
ALP=RCIEF (<s 1)
YEM=RCIEF (<4 ?)
XEM=]1,/YEM
IMDE=1
30 19 8
IF (XQ(N)53T,RCOEF(<+3)) G2 TO 10
ALP=ALHA(K)
YEM=EM(K)
xEM‘l.’YEM
IMDE=0
DO 9 JU=xleN
XA(J =(XQA(J)7ALP)
IF (XA(J) eLTeleE-20) XA(U)=0.,0
IF (YEMeNEalg) XA(J)=XA(J)R&E(XEM)
CONTINJE
00 11 J=1.N
AR (J)=XA(J)
QS (J) =xQ (J)
CONTINJE
2=x3 (V)
G0 1O 20
CALL U2(x,I)
IF (ITYPE(L)=-R) 13414+15
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SUBRIJUTINE F_DW(I)

22=QuUP

30 7O 20

CALL PJLS(X)

530 T2 20

IF (ITYPE(X)=9) 17415417

IN1=IN2

IN2=QU>

0UT1=20JT2

A0UT2=CONST# ((IN1+IN2)/2,-20JT]1) ¢QOUT1
P2=00UT?2

STO(K)=PARAM(K,1)®]32

IF (STO(X)sLT,SMAXI(K)) GD TO 20

SMAX (K)=STD(«)

GO TO 20

IF (ITYPE(<)=10) 13,18419
IP=(1-1J¢DZL5)/0DELS

IF (THYD(I1),EQeNeIRIP,5TLI3Q) 30 TI) 13
14Q=1423+1

IF (IPEQs1) Q2=(DT/PTIME)#]4Q*QIH(I) +QuP

IF (I10,G6T,1) Q2=(DT/PTIME)®J4Q* (ITH(I3)=QI4(IP=-1))+QIH(IP=-])+QUP

50 TO 20
02=QIN2T(I1)+QUP
CONTINUJUE

FLW(ICT) =32

IF (T,_T.ECOvP) GO TO 2
RETURN

END
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SUBROUTINE XWMOT1(AAsAB)

SUBROUTINE KWMOC1 (AA»AB)

SUBROUTINE KWwMOCY MyST B8E CA_LED ONCZI PRECEDING A STORM FOR
EACH SZGMENT TO DEFINE INITIAL CONDITIONS JSED
IN THE METHOD OF CHARACTERISTICS SOLJUTION FOR FLOW RIUTING.

REAL MoIN2 .

COMMON /Kw4/ X(100),A(100)sN3RIDS

COMMON /E2/ SMAX(93) ¢ IN2¢5S202(99) ¢+ ALHA¢DTSXeXEMeMe IMDE s WXy METH
COMMON /MOC/ XLsDTS,ITYPE

COMMON /M0C1/ D1.02,D3

eeeos JEFINE CONSTANTS cavee
D1=A_LPHAEMHDTS

D2=M-1,

D3=ALPHA%DTS

eeeee JEFINE INITIAL CONDIITIINS FOR STORM cecee
NGRIJS=6

X(1)=0.

X (NGRIJS)=XL

A(l)=AA

A (NGRIDS)=a8

N=NGRIDJS~-1
DX=XL/N
DA=(AA-AB) /N
DO 1 Is2.N
X{I)=x(I=1)e+nx
A(I)=A(I-1)+DA
CONTINJE
RETUAN

END
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SUBROUTINE KWMOC(QDWADsAC,QLAT)
SUBROUTINE KWMOC(QJ,ADsAC+ILAT)

SUBROUTINE KWMOC = XINEMATIC WAVE ROJTING 3Y METHOD OF
CHARACTERISTICS

THIS SJUBROJTINE OPZRATES ON A TIWE STEP BASIS. IT RETURNS
“THE VA_UES OF DISC-HARGE (QD) AND AREA (AD) AT THE D/S END
OF THE SEGMENT AFTZR A TIME STEP OF JTS (SECONDS).

REAL MeIN2

COMMON /XwM/ X(100),4(100) ¢N3RIDS

COMMON /E2/ SMAX(99) ¢ IN29¢5202(93) 9 AL 2HA¢DTSXeXEMeMe IMDEsWXoMETH
COMMON /M0C/ XLsDTSITYPE

COMMON /M0C1/ D1.D2,23

ALAT=QLAT®#)TS

CHECK THAT ARJRAY DIMENSIONS JILL NOT 3E EXCEEOED
IF (NGR/TOS.EN,100) CALL DJIMEN

IF QLAT AND A(]1) EQ 0o DON'T ADD CHARACTERISTIC
L=1

IF (QLAT.LEOI.E-ZOOA‘D.A(I)050.0.) L=0
NGRINDS=NGRIDS=-(1=-L)

eosee ADVANCE CHARACTERISTICS cevee
N=NGRIDJS+2

DO 5 K=19N3RIDS

I=N=X

IF (M.Z0Q.1) GO TO 2

IF ((ALAT#®#],E3)+6T,a(lI=L)) G) TI 1
X(I)zX(I=L)en]®A(I=-L)®eD2
A(I)=A(1-L)

G0 TO ¢

X(I)=X(T=L)+aLPHA/ILATH ((ALAT*A(I=L))#0M=A(]~-L)#*M)
GO 10 3

X(I)=X(I~-L)+D3

A(l)=zA(I=L)eALAT

eesee CEEP TIACK 07 LAST CHAIACTERISTIC THAT LEAVES SEGMENT cesee

IF (X(I)eGZextL) II=Y
CONTINJE

eeese ASSIGN AREA AT U/S BOUNDARY ceees
A(l)=al

eeese INTERPILATE “0R AREA AT D/S S0INDARY AND ASSIGN NGRIDS eeees

AD=A(TII)=(A(TI)=A(TI=1) 8 ((X(TD)=XL)} /7 (X(II)=X(II=1)))
AD=ALPHARADNEM

NGRINS=11

X (NGRIIJS)=XL

A (NGRIJS) =AD

IF (ITYPEeEQeSeORITYPE EQe6.0R:.M4eEQe140.03.NGRIDS.LEL2) GO TO 11
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SUBROUTINE KoeMOC(QIhADsAC.QLAT)

eeeee TAKE CARE OF SHOCKS ceeece
1=NGR1IS~1 .
IF (X(I)eLEWX(I=1)) GO TO 7
GO 1O 10

Ks]-1

IF (A(X).EQ.0,) GO TO 8B
X(K)=(X¢(I)eX(K))/2
A(K)=(A(])*A(K)) /2.
NGRIDS=NGRIDS=~1

DO 9 X=IsNSRIDS

X(K)=X(K+])

A(K)z=A(K+])

CONTINUE

I=1-1

IF (1.LE.2) 30 70 11

GO 70 5

RETURN
END

103

B B B B B B B B B B B B B B B Bt B B |

510
520
530
540
550
560
570
580
590
500
510
620
630
640
650
660
670
580
690
700-



DO OO

SUSIOVJTINE DIIMEN

SUBROUTINE DIMEN

SUBROUTINE DIMEN DI0PS 0JUT CHARACTERISTICS FROM A SEGMENT
IF THE DIMENSIONS JF THE X AND A ARRAYS ARE GOING TO BE EXCEEDED

COMMON /KWM/ X(100)+A(100)+N3RIDS
J=2

DO 1 I=4,100,2

J=del

X(Jy=x(1})

A(J)=a(])

CONTINJUE

NGRIDS=51]

RETURN

END
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SUBROJTINE KW=D1(DX)
SUBROUTINE KWwFD1 (DX)

SUBROUTINE KwFD1 MJST BE CALLED ONCE PRECEDING A STO3IM FOR
EACH SEGMENT WHERE THE NONLINEAR FINITE DIFFERENCE METHOD
IS USEJD FOR FLOW RIUTING. CONSTANTS JUSED IN THE FINITE
DIFFERENCE SOLUTIONI ARE DEFINED.

REAL MeIN2 ’

COMMON /E2/ SMAX{99) s IN2¢S202(99) ¢ AL2HAZNITSXeXEMoMy IMDEs WX METH
COMMON /FD1/ ClsAlosA29A3¢A4sAS4A6,AT
DATA wT/0.5/

WTla],=-WwT

A0=]1,/7(DTSX*wWX)

ClawT®a0

Al3AQ#4T]

A23(1,=WX)7uWX

A3zM=],

AbaM=-2,

AS3DX/dX

AGSALPHA®M

ATALPHA*M®A Y

RETURN

END
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SUBRJUTINE Xw#FD(J)
SUBROUTINE KWFD(J)

SUBROUTINE KWFD SO.VES FOR THE JNKNOWN FLOW AREA XA(J) BY AN
ITERATIVE NONLINEAR FINITE DIFFERENCZ| SCHEME. NEWTON'S 2ND ORDER
METHOD IS JSED TO SOLVE FOR THE 00T JF THE NONLINEAR EQUATION.

REAL MyIN2+ISEG

COMMON /C37 IPRNTeTL,AR(11)¢BFL(60)4F_GTH(99) +KSEG(99) ¢+ NDOX(99)+Q02,0
1SUMsASUMLSTO(99)

COMMON /C4/ DELS+ISVEsQCWeQLATSILAT(3944) s ITEST(99) o ITYPE(99) s JLAT
1(99¢6) ¢ JUP(9943)¢P(288143) sPARAM(99,42) ¢RCOEF (9943) yUPR(BE43)
COMMON /E2/ SMAX(99)9IN29S202(99) 9COeITSXeXEMeMsIMDE WX METH
COMMON /E3/ NELTATINOB8sQS(11)913Q29142e1UsQIH(288B1)+QINPT(60)
COMMON /FD/ xA(11)exQ(11)+1ISE6

COMMON /FD1/ CleAloA2sA3¢AGsA54A5,A7

DATA NITER/1S5/

X0=XA(J)

C2=A1#(XA(J=1)=AR(J=1))=Cl®A(J)*A2#(AS(J) =QS(J=1))=-XQ(J=]1)=-QLAT®A
15 "
IF (Y.SQe1e) GO TO &

DO 1 I=1eNITER

FX=COuXOR@MeCl®XNGZ2

FPX=AR®#X0#2A3+C]

FPPX=ATeX0®*2A4

IF (ABS(FX),LTs1.E=-15) GI TO 2

IF (ABS(FPX)oLTeleZ~15) CALL MESSGE(1eXAU(J)sI+FPXeX0sJ)
HE==FIX/FX*S8FPPX/"PX

X=X0e¢]1,/4

IF (X,LE+.0s) GO TO ?

IF (ABS(X=X0)/X0.LZ.+05) G50 TO 3

X0=X

CONTINJE

CALL MZSSGE(2eXA(J) el eXeXeJ)

X=X0

XA(J)=X

GO 7O 5

XA(J)==C2/(CNneCl)

XQ(J)=COoRXA()) #oM

RETURN

END
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SJRROUTINE MESSSE(I30eX0eleFoeXedJ)
SUBROUTINE MESSGE(IGOsXO0eloeFoeXelJ)
SUBROUTINE MESSGE IS CALLED TROM WITHIN NEWTON'S METH0D
WHENEVER THE NUMBER OF ITERATIONS EXZEEDS THE SPECIFIED
LIMIT DR THE FIRST NERIVATIVI APOROAZHES ZERO

REAL ISEG
COMMON /C3/ TPRNTsT4AR(11)e85L(60)+F_BTH(99)sKSEG(99)4NDX(99)4+02,Q

1SUM,QSUMLS5TD(99)

COMMON /FD/ XA(11)ex3(11)4+ISZ6
Jl=J-1

30 TD (1+2)¢ IGO

WRITE (606) ISEGeToJleX0eIloFoxX
60 10 3

WRITE (695) ISEGeToeUleX0eleFeX
RETURN

FORMAT (//4+32H ##» NERIVATIVI APPROAZHES ZEROD +/911H SEGMUENT = A4,

1798H TIME = F6.1e/,15H SRID NUM3ER =: 9]34/4917H4 INITIAL GUESS = E
215.84/+204 NN OF ITERATIONS = ¢I39/0164 DEJIVATIVE = +E15.8+/+10H
3LAST A = +515,.8)

FORMAT (//+30H1 #ows [TERATIONS EXCEED LIMIT +/911H SEGMENT = oA4,/

1e8H TIVE = 4F6ele/915H GAAD NUMBER = +I3¢/417H INITIAL GUESS = JE1
25¢84/,204 NO OF INTERATIONS =9I139/+A41 F(A) = 4E15.84/910H4 LAST A =
3 +E15,.8)

END
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SUBRIUTINE LAT(K.I)

SUBROUTINE LAT(K.I)

. THIS SUBROJTINE COMPJTES LATZRAL INFLOW FROM OVERLAND
FLOW SEGMENTS OR FROMW RAINFA_L

INTEGER DELS+TRYCTsR3I9EOsFO+IPTHIPTIINLRITELDELSP

REAL ISEGsIUOILATIMPRET»IM25TOyIuP

COMMON /C1/ NSEG.ISES(99)+1U2(3943) ¢ NPARIKPSET(99) yIMETH(99)

COMMON /C3/ TPRNTsToAR(11)+87L(60)+F_BTH(99) sKSEG(99)+NDX(99)+Q2.Q

1SUM+ASUMLSTD(99)

COMMON /C4/ DELS«ISVEsQQCH+QLATILAT(39¢4) 9 ITEST(99) s ITYPE(99) » JLAT

1(9944)¢JJP(99,3)4P(2B81+3)PARAM(99,2),RCOZF(99,3),UR(B643)

COMMON /C67 DTsDTS+QUPIDX(99)9PSUM(120+3) 9SFVOL(60) 9»SFPK(60)

COMMON /C7/ ECOMPo<INIT+NOUT+NRS90OSI o JPUNsXINyRATyDA],DA2+DA3

COMMON /CB/ T1+IKeTRYCT+XOUT(150)sIHYD(150)PTIME«ND+OJTVOL (60)

COMMON /E17/ TMPRET(3),IMPSTO(3)

COMMON /F1/ TCT+Q(1662)+3(1662)+IPL(150) KK

COMMON /F2/ FLW(1462)FLAT(1642)+FUP(1642)

COMMON /Z1/ 33+DAsZ0eFDeNKyNVeND9yIMPoNNoNII9OPT,I0UT (2) +NDAY+NDEL

1SeNUFEsNUPDPDEL'RITESIDELSPZPSLNsOPTIONCIORF
COMPUTE LAT, INFLOW RATE FROW OVERLAND FLOw TO SEGMENT K

LAT=0,

IF (ITYPE(L)=5) 14¢3,1

IF (ITYPE(<)=6) 2932

APR=QSUML

ALAT=FLAT(ICT)

ASUML =L AT

ALAT=(ALAT+Q2R) /2.

RETURN
COMPJTE LATERAL INFLOW RUATE “ROM RAIN

EP=0,0

AP=0,0

IPAR=1

IF (XKPSET(€),EQ.2) I2AR=IPaR+]44]

J0 4 I1I=1sNR6G

I12=NDAY®#(II1=1)¢IK

EP=E2« (RCOZF(KsI1I)®P(IPARSIII)}/CART

AP=aP« (RCOSF(KyIII) 8 (UPR(I2)/DELS-IMIRET(III)))/CORF

ALAT=PARAM (K4 1) # (PARAM(K 42)88P¢ ((1l,=2ARAM(<+2))/RAT)I®EP) /720,
THZ CONSTANT 720 CONVERTS SQST-IN/MINUTE TO CFS

QASUML =L AT

RETJRN

END
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SUBRDUTINE UMK,T)

SURROUTINE UP (K1)
THIS SUBROJTINE COMPJTES UPSTIEAM INFLOW TO SEGMENT K

REAL IL_AT.ISEGsIUP

INTEGER JELS

COMMON /C1/ NSEGISEG(99)¢TU2(99¢3) s NPARIKISET(99) ¢ IMETH(99)
COMMON /C3/ IPRNTsT,AR(11)4BFL(60)+F_BTH(99) KSEG(99),NOX(99),+Q2,Q
1SUMy QS IMLsSTO(99) .

COMMON /C4/ DELSeISVEsQCWsQLAT o ILATI3944) o ITEST(39)+ITYPE(99) + JLAT
10(9946) ¢ JJP(99,3) 4P (2881+3)yO0RAU(99,42) 4RCOEF(99+3)UPRIBS4])
COMMON /CS57 ALPHA(99),EM(99) yFRN(99) yIMAX(39) +SLOPE(39) +ALPADY
COMMON /C6/ DTeDTSsAUP DX (39)+PSUM(120¢3)+sSFVOLI60) 9SFPXI60)
COMMON /C7/ ECOMP<INITsNOUToNR5+s0SI4JPUNyKINyAT4DA1+DA2,0A3
COMMON /F1/ ICTeQ(1662)+(1662)¢IPL(150) KX

COMMON /F2/ FLW(1462),FLAT(1642)+FUP(1442)

QUP=0,

APR=QS IM

IF (KK EQJ.<SEG(1)) 30 TO 1

QUP=FU2 (ICT)

CONTINJE

ASuUmM=QyP

IF (ITYPE(X) EQeReIRITYIE(K)eEWe9) 30 TI 12

IF (QU2=-QMAX(K)) T,792

IF (IPI=QJQMAX(K)) 39606

PDT=(QJP=QAMAX (K))/(9JP=QPR)

STO(X) =STO(K)=(OTS# (IMAX(K)=JPR)/2,0)#(1,0=PDT)

IF (STJX(X)) 64e5¢5

STO(X) =0,

STO(()?STO(K)0(DTS'(9U°-9MAX(K))/2.0)'907

G50 O 13

STO(X)=STO(K)+ (((Q2R+QUP)/2,)~QUAX (X)) *DTS

GO 79 13

IF (9P=IMAX(K)) B98¢10

IF (STJ(X)}) 11lelle3
STO(X)=STO(K) = (QMAX(X) = ((AIPR+QUA)/2.)) DTS

IF (STI(<)) 11,+13+13

PDT=(QRR-QAMAY(K) )/ (QPR=-QJP)

STD(X)=STO(K) +( (QPI-UMAX (K) ) ®PDT#DTS/2.0)~( (QMAX (K)~QUP)*#(],0-PDT)
1#D0T7S/2.0)

IF (STO(<)) 11413413

STO0(<) =0,

CONTINJE

RETUN

QUP=QUAX (K)

IF (0SI453Te0D,0) GO TI 14

0S1=20.

J=I/7E.5

WRITZ (69135) ISEG(<)oJ

CONTINUIE

RETUSIIN
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SUBRIUTINE UHKe1)

o : ' L 510
15 FORMAT (1X9BHSEGMENT ¢A4922H IS SURCYARGING AT I= ,16) L 520
END L 530-
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SU3ROUTINE INIT

SURROUTINE INIT
THIS SUBROJTINE INITIALIZES SEBMENT AT START OF STORM

" REAL IN2+ISE5sIUPsILAT,IVP

INTEGER DE_S+B34FDFDsOPTsOPTIONSRITZWDELS?

COMMON /C1/
COMMON /C3/

NSEGeISES(99) 9 IU(9393) s NPARIKOSET (99) 4 IMETH(99)
TPRANT 9 ToAR(11) 9BFL(60) oF .BTH(99) 4KSEG(99) +\NDX(99)4Q2,Q

1SUMsQASIMLSTD(99)

COMMON /Cé/

DELS«ISVESQCW QLAT o ILAT(39¢4) o ITEST(99) o ITYPE(99) s JLAT

1(99¢4)9JUP(9993) «P(2881+3) sPARAM(9952) yRCOEF (9993) +UPR(B643)

COMMON /C5/
COMMON /C6/
COMMON /CT7/
COMMON /E2/
COMMON /E3/
COMMON /E5/
COMMON /F1/
COMMON 7Z1/

ALPHA(99) yEM(99) o FRN(99) 4 JMAX (99) ¢ SLOPE(399) yALPAOJ
DT+DTSeQUP DX (99) ePSUM(12093) 9SFVOL(60) 9ySFPK(60)

ECOMP o CTNIT9yNOUTINRG90ST ¢ JPUNyXINyRAT+DA]+»DA2sDA3

SMAX (92) 9 IN29S202(99) s AL 2 DTSX9XEMyYEMs IMDE sy WX METH
DELTATONDBsQS (1119132914291 J,QIH(2881),QINPT (60)
§2(99+10)95(39910)9C(99410)
TCTeQ(16442)9(1662)IPL(150) oKX
339DAsZ0eFDeNKoNNy NIy TP KNN9NIF,02T+IOUT (2) +NDAYSNDEL

1SyNOFEWNUPI¢PDELIRITEYDELSPy EPSLNyOPTION CORF
COMMON /LINRES/ Q0 JT2+CONST

T=0.
<INIT=0
ECOMP=CORF
K=KK
QASUM=0,
QSUML =0,
SMAX (K)=0,0
IN2=0,0

IF (ITYPE(C),GE.7) 50 TO 2

ALP=ALPHA(L)

DTSX=DTS/0X (<)

YEM=EM(K)

XEM=]1,/YEM
STO(X)=0.0
N=NOX (<) +]

METH=TMETH(KX)

DO 1 J=1leN
AS(J)1=0.0

AR(J)=0,0

RETURN

IF (<INe.ZQ.1) RETUIN

IF (ITYPE(L) NE.H) 3D TO 3

Cabll TABLE(KPARAM(X92)952959Ce324N0X (X))
S202(K)=PAMM(K?) /NELTAT+Q2/2.
STO(«)=PARAM (K ¢2)

IF (ITYPE(C) NE.9) 30 TO 5

Q0uUT?2=0,

CRES=DZLTAaT/2aRAaM (<, 1)
IF (CRES.LEZ,2.,) GO TO &
DDVIN=2.*PARAM(K.])

WRITE (6+06)

CoDDMI N
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SU3IRJJTINE INIT

4 CONST=(2,#CRES)/(2,+CRES)
5 RETURN

5 FORMAT (1H +4OHROUTING INTERVAL FOR DJETENTION RESERVIIR.I3,.42r IS

17100
END

LARGE+ REDUCE TO A VALUE LESS THANeF6.3+6H HOURS)
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SUBRIUTINE P LS (X)

\

SURROUTINE PHLS (K) . N 10
) THIS SUHROJTINE PERFIRMS MODIFIED 3ULS ROUTING N 20
REAL IN1.IN2 . N 30
COMMON /C3/ TPRNTT4AR(11)¢B L (50)¢F_GTH(9I) KSEG(99),VDX(99)+Q2+4Q N 40
1SUMQSIML+STI(99) N S50
COMMON /E2/ SMAXI(93)¢IN2+sS202(99) e AL 2 DTSX e XEMy YEMy IMDEsWXIMETH N 60
COMMON /E3/ DELTATeNOBsQS (11191321429 1JsQIH(2881),QINPT(60) N 70
COMMON /E4/ WV (99910)951(99+10)921(93410) N 80
IN1=IN2 N 90
IN2=3S UM N 100
AVIN=(IN]1+IN2) /2. N 110
S202(K)=S2J32(K)+AVIN N 120
CALL TABLE(K¢S202(<)sWVeSLleCleQ2sNDX (<)) N 130
IF (92.LT.0.0) @2=0,0 N 160
STO(X)=(S232(K)=N2/2.) #DELTAT N 150
S202(K)=5202(K)=Q2 N 160
IF (STO(X)«LTeSMAX(<)) GI TO 1 N 170
SMAX (K)=STD(x) N 180
CONTINUE N 190
RETURIN N 200
END N 210~
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SURIDUTINE TAILE(KeFleFI¢S39CIsF24J)

SURRDUTINE TABLE(KyF19F34S34C3eF24J)
THIS SUBROJTINE SERFIRMS LINIAR INTERPOLATION FOR
MIDIFIED 3uLS ROUTING

DIVENSION F3(99510)s S3(99¢10)s C3(93¢10)

DO 1 I=24¢J

IF (FleLTeS3(KeI)) GO TO 2

CONTINJE

I=y

F2=S3 (<o I)RF1+4C3(Ke1)

RETURN

END
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SUBIOUTINE ZTCHMT

SURRODUTINE CTCHMT

(222X XX XTI ATYSSZESS AR SRS NS SRS YR 222 ZA 2 A2 2 22 2 2 X
L4 CATCHMENT ROJTINE *
CRRCRBDBRRBRBBBPRRPPRBRDRBRPPRRBEERDRPRBRRPRRPRRRRRORRREVOROGOERRONY
INTEGER HEAD1(120)>HEAD2(60+2) ¢ HEADI(50)

DIMENSION 22(99,510)

INTEGER 33¢EDeFDe0>TyOPTIONSJITELDEL39,DELS

REAL ISESsIUD.ILAT,IMP,IN2

COMMON /C17/ NSEGeISES(99)eJU(59993) ¢ NPARIKASET(39) «IMETH(99)
COMMON /C37 IPRNTeT,AR(11)9BZL(50)4F_BGTHI9I) sKSEG(99),NDX(99)9Q2,Q
1SUM IS IML 9 STD (99)

COMMON /C4/ DELSISVEsQCHeQLATIILAT(3944) s ITEST(99)4ITYPE(99)»JLAT
1(9994)9JUP(99¢3)+P(28B81¢3) ¢PARAM(99,2),RCOEF (9993) UPR(BHS4I)
COMMON /CS/ ALPHA(39) sEM(99) +FRN(99) ¢ AMAX(39) ¢ SLOPE(3%) s ALPADY
COMMON /C6/ DTyDTSeQUPDX(99),2SIM(120,3)9SFVOL(60)SFPX(60)
COMMON /CT7/ ECOMP oy KINIToNOUTeNRS3+s0SI» JPUNs<CIN9ATIDAl+DA2+DA3
COMMON /E2/ SMAX(93)9IN2¢S202(99) sAL 2 NTSXeXEMyYEMe JUDE WX eMETH
COMMON /E3/ DELTATONDIBYQAS(11) 913291429 1UsQIN(2881) ¢GINPT(60)
COMMON /E4/ WVI(994910)¢S1(99+10)921(93%10)

COMMON /ES5/ S2(99+10)9S(39419)+¢C(99410)

COMMON /F3/ IFILESIFTLEDWIFI_E?9 JRECISIIRECI«NIECDS»4EAD]L s HEADZ2 9 HE
1AD39NSTRMUS, JOERM

COMMON /Z1/ 334DA930¢FDIeNKoNNoeNI e IUP 9 <NNeNIFs0O2ToJOUT(2) yNDAYINDEL
1SoNOFEINUPD W ODELCRITESDELSPyZPSLN9DPTIONSCIRF

COMMON /247 DE(T310)sUDI(28BB1)9X2(15) e¢dIMD(3492)+FPK(60)sFVOLI(60)]IP
13(99) s INIP(45) ¢ IRES(30) ¢+ NOUP(150) ¢yNDATE(6043) e X(40) 9 IFIEAC
EQUIVA_ENCI (02(1e1)eP(1el))

READ (5920) NSEGeDT AT NG IMIyALRPAIJewX

IF (NSZG«LZ.39) G50 T2 1

WRITE (6+28)

STOP

IF (RAT.LT.1,0) RAT=1,.0

IF (AL24a0J.LT.0.0) a_PAD J=1,D

3TS=)Tan0,

IDTS=INT(0TS+,001)

HEAD] (18) =NSEG

HEAD1(19)=1IDTS

WRITE (A92]1) NSEGeDITINRIUGINPAIZIMUIRATALPAD Iy WX

CHICx FOR valld Or7

CORFS=C03F *4n, '

ICORF=INT(COIFS+0.001)

IF (MOD(ICIRFHLIDTS) EWe0) GO TI 2

WRITE (6931)

STOP

WRITE (6422)

NOA=0

NOS=10

DO 8 I=1+MNSFES

121=1+21 .

READ (5426) ISEG(I) o (IUP(T0J)ed=19) e (TLAT(19U)oJU=1sd)sITYPE(]I)oIM
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SUBR0JTINE CSTCHUT

lETH(I)'IDR(I)oNDX(I)’FLGTH(I)oSLDPE(I)oFQN(I)o(PARAH(IoJ)'J 102) 4K
2PSET(I)+HEANY (121) 9 (RCOEF (I J) e Jd=l,s3)

IF (ITYPE(])eEQel5.9R.ITYPE(]I)WEQ.16) GO TI 6

IF (ITYPE(]I) ,EQe4) RCOEF(141)=RCIEF(Is1)®A_PADY

IF (ITYPE(I)EQ.R) NIB8=NIA+]

IF (ITYPE(I)eEQeSelNDKPSET(I)elTel) <PSET(I)=1

IF (ITYPE(I) EReSeANDeXPSET(I)LTel) <PSET(I)=1

IF (NOS.LE.10) GO Tn 3

WRITE (64+30)

STNP

IF (ITYPE(I).,EQ.R) IRES(NO8) =1

IF (ITYPZ(I).EQe9) NDO92NDI9+]

IF (ITYPE(I).EQ.%) IRES(NOI)=]

IF (NDX(I)) 4e4eS

NDX(1)=10

IX(I)="L3TH(I)/NDX(T)

IF (NDX(I)eLE.10) 30 TO 7

WRITE (6929) ISEG(IH

STOP

WRITE (hel7)

STOP

IF (1.20Q451) WRITE (6422)

WRITE (Re27) ISEG(L)e(IUP(TIeJ)ed=193) e (ILAT(IeJ)eJd=1sa)sITYPE(I)WI
IMETA(T) «IP(T) oNDX(T) o FLGTH(I) o SLOPE(I) oFRN(I) o (PARAM(TI s J)sJd=1s2)
PXPSET(I) e (ACIEF(TeJ)sd=1e3)

DELTAT=NT/S0,

IF (NO3,23.0) GO T 14

SET JP FOR wOD=-PJLS WITING

20 13 12=14MIR

K=IRES(]2)

DDMIN=JELTAT

J= N0 ()

20 3 1I=1.J

READ (54193) N2(KeI1)eS2(Xe11)

AV(KeTI)=32(Ke 1) /DJELTAT+02(<e1I1)/2,

TEST=wv(<eII)=02(KoII)

IF (TESTW5Z.040) GI TO 9

IDT=S2(KeII)/7(02(KeII)/2e7)

IF (DDTLLT«NIMIN) DDMIN=IOT

WARITE (he?P3) KeDIMIN

CONTINJE

20 1?2 11=2+4

I1Iv=11-1

IF (D2(Xe11),LELN2(<esIIM)) 537 TI 10

IF (SP(Xell)eGTaS2(<elIIM)) 50 TO 11

ARITE (Ael189)

STOP

SI(KeTI)=(02(KaIT)=2(KelI=1))/(WV(KsTIl)=WV(KeII=-1))

Cl(KeIT)=02(<ell)=S1(KsIT)®WV(XsI])

S(KeTIN=(02(KeI1)=d2(KelI=1))/(S2(XKeIl})=S2(<sII-1))
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SUBROUTINE CZTCHMT

C(KoTI)I =02 (KoII)=S(NKsII)RS2(<w]])
12 CONTINJE
WRITE (6924) ISEGI(X)
WRITE (6025) (02(KoT1)sS2(KeII) o dVIKeII}oIlnlold)
13 CONTINJE
14 IF (NR3.EW.3) GO T 16
SET THEISSIN COEFFICIENTS FORu UNJSED RAIN GAGES TO ZERO
NRG1=N3G+1
DO 15 J=NR31,3
70 15°<=14NSEG
IF (ITYPE(<)EQ.4) GO TO 15
RCOEF (KXeJ) 0,0
15 CONTINJE
16 CONTINJE
RETUIN

17 FORMAT (1H +39HERRIR IN SEGHINT DATA S0R TYRE 15 OR 16)

18 FORMAT (1X»23HERROR IN OJTFLOW~-STORAS3E DATA)

19 FORMAT (3F10.0)

20 FORMAT (I5¢F5,0eFS5.0¢1592F5.04F35.2)

21 FORMAT (//50X¢20HNJMBER OF SIGMENTS =2+164/50X+:644DT =sF6.2+81 MINUTE
1S/50X¢224NJMBER OF QAIN 3AGES =412/57X922HNUMBER OF SOIL TYPES =41
22/50X9224IMPERVINUS QRETENTION =+F5,24 T4 INCHES/S50XsSHRAT =4FT7.3/50
IX9BHALPADY =4F5.2/50Ky4HAX =4F3,2)

22 FORMAT (1H] 164X+s6H_ENGTHe10Xs94IDUGHNESS+20Xe1INTHIESSEN COEFFICNT
1S/8H SEGMENT«1Xe1THUPSTRIAM SEGMENTSe3IXs 1 THADJUACENT SEGMENTS 1XeéH
2TYPE s 1 Ka&rMFTH 1 X o IHIPs 1Ko 3INDX s I X SHFEET) s 3Xs SHSLIPE s 2X s 9HPARAM
3ETER2Xs 1S5HOTHER PARAMETERSs[4:4(1Xs14))

23 FORMAT (19 +4O0MROUTING INTERVAL FOR JETENTION ESERVIIRIIs42H IS
1700 LARGEs REDUCE TD A VALUE LESS THANSF6,3)

24 FORMAT (1M0¢9Xs1BHIAESERVIIR SEGUENT A6)

25 FORMAT (1HO +SXsTHOJTFLOWISX s THSTIRABZNSX310MS2/70T¢02/2+4/7/7(1Xs3(F9,
12+44)))

26 FORMAT. (BA44T2+211012s5F540412sT1eA4sT664375.0)

27 FORMAT (2Xxol6oIXs3(1XoA4) oA (1XoAS) 0I3¢15:216eFBoloFBe401XeEL10.3
15F843959:.3912413X:575,2)

2% FORMAT (1HO0,2SHNSES SHOULD NIT ZXCEE) 99)

29 FORMAT (1HO.16HNDX FOR SEGMENT 3464154 IS WIRE THAN 10)

30 FORMAT (1M0+34HA MAX. OF 10 2ULS SEGUENTS ALLOWED)

31 FORMAT (1H041SHINVALID DT uSZID)

END
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P1010
P1020
P1030
P1040
21050
P1060
Pl10o70
P1080
P1090
Pl100
P1l10
P1120
P1130
Pl1140
1150
P1160
P1170
1180
P1190
P1200
1210
Ppl1220
21230
1240
P12S0
P1260
P1270
P1280
P1290
1300
1310
P1320
P1330
21340
21350
21360
P1370
P1380
21390
P1400
Plelo-



IO

(@ NS)

(*1)

SUBROJUTINE TN2UT]

SUBROUTINE INPUT)

(22222 XX XXX YT ATA ISR SIS NS SIS XSS AR 22222222 2 2 2
L4 CARD INPUT ROUTINZII ¢
BRI R R R R R RO BRI R DT R P RO ROR RN DI B RN BRI D R RR BB RO BRI RDD R
INTEGER AEAD1(120) +HEAD2(K04+2)+4EAD3(50)

INTEGER MOJT(2) ¢R3eFD9FOsRITEGDELHPyTIVCToMN(1I)

INTEGER PCCINWDCCNeINDYSWIELSsDPDIDEDS IATERFWNATERLBTIMEWDATE
INTEGER STA,STADsSTADL+STAUPSTAUP1+5STAP.STAP]1,STAEsSTAE]
INTEGER YReMN4DYsBYReBMOsADYeEYRIEVDeZDYsCNsCT«CODE«OPTION,OPT
INTESER NIJD(150)«YN(99) sJ2DeUID

REAL ISEGeIUPLILATsIIRyIMUP

COMMON /C2/ STAD1+3TAD

DIMENSION TITLD(S0)s TITLUP(S30)e TIT_P(S0)e TITLE(50)

JIMENSION IRR(12)

COMMIN /C4/ NDELSeISVEeICHsALATeILAT(3944)+ITESTI(99) s ITYPE(99) s JLAT

1099¢64) 9 JJIP(99¢3) P (28B8143) ¢ePARAM(IF2) 4RCOIF(93+43)4UR(B6E4L3I)
COMMON /C7/ ECOMPo<INIToNOUTINIG90ST s JPUNIKINIATIDAL+DA2+DA3
COMMON /CH7 T1eIXeTRYCTe<OUT(150) 9 THYI(150) «OTIMEINDsOJTVOL (60)
TOMMIN /217 IP(7310) +RIDYSeNIDeIINIToNDYSeNDTSICK(60)

COMMON /F17/ TCTs(1642)eR(1442)412L(150) K<

COMMON /F3/ TFILE«IFILEDWIFI_EPeJRECIRIIRECIWNIECDSH+4EAD1+HEAD2HE

1AD3NSTRMS e JIEAM

COMMIN /217 33408¢I0eF e NCaNNeND9IVP<KNNINII«OITI0UT(2) ¢oNDAYSNDEL

1SoNOFEGNIPI 4 INELIRITESDIELSPyZPSLNeIPTIONGCIRF

COMMON /747 DE(T317)4UD(288]1)eX2(16)9IIM2(342) +FPK(60)+FVOL(K0)IP

1R(99) ¢ INIP(45) o IRES(30) «NOUD(150) 9 JDATE(S043)9Xx(40)+IFsIEAC
DATA MN/U031459¢9091200¢15101319212e¢24%3¢27343N0443364355/
JDATA MOUT/4H_ISTe44 NI/

DATA PZCN/0D/«DCCN/D/7eUPD/0O/4JDD70/

D0 1 Ju=ls2

TOUT (Y)Y =MOJIT (N

CONTINJE

33=0

JJ.T1AN DATZI FQO JAN, 1 I EAZH YEAR
STARTING FIOM JaN, 1, 1301

YN(1)=0

JO0 2 1=2+499

YN({I)=YN(I=1)+365

IF (M0 (T=le4)eEReD) YN(I)=YN(])e]

CONTINJF :

NRG=1

N0 3 1=1e1?

IRR(I)=0.0

NDAY=0

TUNITI=T UNIT#]

20 & I=1e1JUNTT3

JPR(T1)=0.0

D0 9 I=1eIUNIT

JD(IY=0,0

DO 6 T=1eNDYR
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10
20
30

50

60

70

a0

90
100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
320
330
340
350
360
370
3a0
330
400
410
420
430
440
450
460
470
480
490
500
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(@ &}
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SU3R0JTINE INPUTIL

DP(I)SOQO
DE(I)=0,0
OPTION=IOUT (1) LISTS IN2JT DATA,
READ (5¢64) NPTIONNPT«NIOT]1 ¢ JPEIMGJIELDS e JPUN
IF (NOPT1e.2Q,0) GO TO 9
READ (5452) (IRR(INW4I=1912)
20 7 I=1s12
IRR(IN)=IRR(I) /7. )
WRITE (6+463) (IRR(INeI=1012)
READ-IN STA,NOS. AND NAMESNAJUNIT TIME, BEGIN AND END
JATES. STATION NUM3IERS RFA) 2A4 FOR IBY wOW SIZE,
READ (5¢55) STAD1 9sSTADTITLDsDAs (HEADI (I)91I=]1015)
READ (3465) STAPY»STAPTITL?
READ (5465) STAEl1eSTAE.TITLE
READ (5467) 3YReBMIo3DYeZYReIMILZ0Y
HEAU] (20)=3Y3#10000+3M0#100+3DY
HEAD] (21)=5Y3#]10000+EMO*]100+ZDY
INITIALIZ7E VvARIA3LES

NuDD=n
NUPD=0

30 9 I=1e150
NOUD(1)=)
NOUP (11=0
JPnD=0

PCCN=0
NRG=NR3+1

IF (NR3.Z041) GO TD 12

WRITE (Ae80)

WRITE (IFD2) <4STeKGDAY. (JPR(]) e I=K4STy<4DAY)

D0 11 I=le.<4nAy

UPR(1)=0,0

IFP=IFILZP¢NIG=-1

READ (3+45A) STAUPL«STAJPTIT URPeITIMEZ
DETEIMINE JHLIAN DATI FI 3E3IN AND FND OF RECOIRD,

IF (4N)({3Y464)aNELD) GD T 13

IF (3M3=2) 134134164

LEAP=p

60 T1 15

LEaP=]

3 DATERF=YN(3Y) +4N(3UD) +8IY+_TAD

IF (MDD(ZY46) NFeD) 6I TH 15
IF (FMD<-2) 195416617
LEAR=D
GO T2 1AR
LEAP=]
ODATERIL=YN(EYI) +MN(ZMD) +ENY+LZAR
CA_CJLATFE NyMBER NF DJaYS OF ECOID
RODYS=IATEIL-DATER"+1
IF (WVIYS,_ELNDYS) 30 TO 193
WRITE (6+73) NDYS
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510
520
530
540
550
560
570
580
590
500
610
520
630
640
550
$60
570
880
$30
700
710
720
730
T40
750
760
770
780
730
800
810
820
830
840
850
860
870
380
990
900
910
920
930
940
350
350
970
380
390

1000
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(@]

OO0

19 WRITE (6+63) STAD1sSTADsTITLI»STAUPL.STAJPYTITLUPsSTAPL,STAP,TITLP
19STAELsSTAESTITLES JAWPTIMEsBU0930Y4s8BY4DATERFLEMDGEDYEYRIDATERL

29

21
2?

23
26

25

SJBI0JTINE INPUTI
STOP

WRITE (6963) JPUNs JPERMYIPT
COVWPYTE TIVE PARAMETERS

NDAY IS SET TO STARTING TIYE SLEMENT FOR A RAIN GAGE

CORF=85,0
IF (PTIME,_T,4.9) CORF=1,0
IF (PTIME,3T,14.3) CORF=15,0
POEL=PTIME/16440,0
SET LIMIT ION NUMRER JF CONSEZUTIVE DAYS
NDELS=1440/PTIME
NOUT=TUNIT/NNELS
TO ALLIOW SPACE FOR 2 SO1L TY?ES
IF (PTIMEL.3E,5.,0) NOJT=NIUT/2
ND=1640/CORF
NDAY=NJUTH#NDELS#* (NIG-])
K4STz=NDAY+]
NUPD=0
RTIME=2TIuE
DPD=DATERF=-1
DED=92P)
JELS=RTIME
DELS=NIL5/CNIF
DELSP=DJELS5+1]

READ IN DATA FR0v A CAR)D

PEIFIRM EDIT CHECK ON STATIONI NOes UNIT TIME, AND

CHIONOLOGIZAL SEIJENZE IF CAWD
ENTE? DATA INTO ARRAYS ACCORDIING TI CODING
CHECKX LAST FOUR CHARACTERS 0 STATION NOS. ONLY
JATES FOR CODES 1 aANdD 2

IF (DPTIONGER.IOUT(1)) WRITE (6480)

KP=(

NU=1

NSD=1

CONTINIE

IF (CORF «GTe6s9) GBI TO 21

REAU (3¢70) STALeSTAsY9MOsDY9sCToCNe(X2(T)eI=1e12)4CIDE

50 797 22

QEAD (3471) STALWSTAsYIeMUDsIYsCTaCNe(X2(I)ol=1412)4+CIDE

IF (COJDE.EQ.Q) GO TN 1N

IF (CNIE.NE.3) GN TO 26

IF (IPT.,EQ.1) GO TI 24

WRITE (IFILFN) K6eDAYS(JD(I)sI=1e<4DNAY)

00 23 I=1e<4NAY

JO(I)=0,0

30 TD 45

WRITE (IFP) X4STeK4DAYe (J2R(I)»I=K4STex4IAY)

DO 23 I=le<4nay

JPR(T)=0.0
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31010
Q1020
391030
21040
91050
31060
21070
71080
21050
21100
31110
91120
31130
91140
21150
91160
21170
21180
91150
91200
91210
1220
21230
91240
21250
31260
21270
212R0
21290
21300
21310
31320
21330
91340
91350
21350
21370
31380
31390
91400
91610
Q1620
214130
21660
31450
Q1460
21670
Q1480
21490
21500



(@]
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26
27

r.L)
23

30

31

33
34

35

35

SU3WJTINE INPUTI

- ICK(NSD) =NY

50 T2 &S
IF (MO)(YRe&)NELO) 50 TO 27
IF (v0-2) 27.,27.78
LEAP=0
G0 TO 29
LEAP=]
DATE=YN(YR)+MUN(MND) ¢DY+ EAP
IF (COJXELER,?) GO TN 36
JAaTA ENTRIZS FOR CODT 1
IF (STANE.STAUP) 530 TO 36
IF (CT.NEL3TIME) GD TO 55
IF (DATE-U2D) 56+33.30
NUPD=NJPD+]
IHYO (N JPD) =MD
KOUT (NJPD) =DY
IPL (NUIN) =YR
NOUP (NJPD) =DATE
UPN=DATE
PCCN=CN
IF (NUPDL.EDR,1) GO TO 3¢
ITFS=NOUR (NU21») =N0 JO (NJPI=-1)
IF (ITES.EQ.,1} G) TN 32
ICK (NSD) =N
NU=1
ARITE (JFP) <4STeK4NAY. (JPR(I) s I=K6STeK4DAY)
NSD=NSD+1
D0 31 I=1le<4Day
UPRI(I)=0.0
GO TO0 34
NIJ=NJ+ ]
IF (NULENJUT) GO TI 34
WRITE (6+77) NOUTW2TIME
STuP :
IF (CN.LZe2CCN) GO TI 356
ACCN=CN
K4DAY=NDELS# (NU=1) +128#CNeNDAY
KK=K4NAY-]11
I=0
0 38 <=KKXKGDAY
I=1+)
X2(I)y=x2(1)/7100,0
UPR(X)=xXx2 (1)
IF (JDPTIDVNZTLIOUT(Y)) GO TO 20
WRITZ (6e72) STAIPI«STAsYNe¥IeIYeCTe N (X2(I)e1=1012),CONE
30 TH 2n
JATA ENTRIZIC FOR CHvI 2
IF (STA,NEL.STAD) 6) TO &%
IF (CTeNEL3TIME) 6G) TO 5%
IF (DATE=UID) R6.42,37
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Q1510
Q1520
2530
21540
Q15%0
21560
870
21580
21590
1600
Q1610
31620
21630
Q1640
Q1580
21560
31870
21680
31690
Q1700
A710
1720
21730
21740
21750
1760
1770
21780
1790
Q1800
31810
31820
21830
21840
21850
21850
1870
21880
91830
31900
31310
21320
1930
21940
21350
21960
31370
2139930
21990
22000
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37

38
39

44

(1)
&7

4R

SUSROJTINE INPUTI

NUDD=NJDD+1
NNUD(NJDD) =DATE
UDD=NATE
JCCN=CN
IF (NUDD.GT.1) GO Tn 39
ICK(NSD) =NJ
NU=1
ARITE (IFP) X4STeK4NAYy (JPR(I) 9 I2K6STX4IAY)
DO 3R I=].<&nAY
JPR(1)=0.0
30 7D 43
ITES=NJUI(NUDD) -NOJD (NJDI~-1)
IF (ITES.EQ.1) GN TO 41
Nu=1

IF AT END OF A SEQUENCZE OF STOIRM DAYS,

WRITE uD TO IFILED
ARITE (IFILED) K4DAYS (UD(I)eI=19<4DAY)
D0 4n I=1l+4<40AY
JO(I)=0.0
30 T2 43
NU=NY+]
30 9 43
IF (CN.LE.JCCN) GO TO 56
JCCN=CN
K4DAY=NDELS#® (NU-1)+12#CN

ENTEQ DATA INTD ARRAYS ACCORIING TI CODXE TYPE
KK=KaeNAY=-11
1=0
D0 46 <=A<KeK&DAY
I=1+1
PO (K)=X2(])
IF (OPTIONGNF,,IOUT(1)) GD TI 20
ARITE (heT72) STADLI oSTAIYIaMIeDYaCT4CN0 (X2(T)el=1e12)4CO0E
50 19 en

JATES FOR ZNIES 3+4

READ (5473) STADYsSTA«YReMIoCNe (X2(T1)e1=1916)sC0DE
IF (CNJE.EA.9) GN T2 57
IF (CNJE.EQe.6) GO TO 47
20 46 I=1.16
IF (!2(“-3’-“3»%('4)).UQ-X?(I).LT.O-G) 50 T3 ‘6
X2 ([)=IRR(V0)
CONTINJE
CONTINJE
IF (DPTIONGNF,IOUT(1)) G2 TO 48
WRITE (6+74%) STAD1sSTAWYyMDsCNy (X2(I)eI=1416)4CODE
CONTINJE
LEAPRP=D
IF ‘uO)‘YQQ‘O)'EQQO) LEAP"-'l
IF (CN.LT.2) GO TO &0
DATE=YN(Y=)+UN(MD)+17
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32010
22020
22030
22040
22050
92060
22070
Q2080
22090
32100
2110
22120
Q2130
2140
22150
22160

~Q2170

21R0
22190
Q2200
Q2210
22220
22230
22240
92250
Q2260
32270
92280
Q922%0
32300
Q2310
92320
92330
32340
22350
22360
92370
92380
32390
32400
32410
32420
22430
22440
32450
22460
Q2470
22480
92490
22500
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49

50

51
52

53

S¢

55

56
57

SUBR0JTINE INPUT]

IF (Y04LEe?) GO TO &9

DATE=DATE+ _EaP

IIsYN(YR)#UN(MO+1) =DATE»]

IF (M0.LEJ1) GO TO s2

1I=sIle_EAP

B0 T2 352

DATE=YN(YR)euUN(MO) ¢}

IF (M0l.LEs2) GO TO S]

DATEsDATE+_EAP

11=16

IF (COJE.EQ.¢) GN TO S¢
DATA ENTRIZSs FOR CODEZ 3

IF (STA.NE«STAP) G) TO 56

IF (DATE.LE.DOPD) G) TO 5§

DPDaNATE

IT=]1eJPD=D)ATERF

KKzD3D=DATZIRFe+]

I1=0

J0 53 <=XK.1I1

Is]e)

CHECY FOR 3A° IN DAI_NV RECOR)

IF (X?2(1).NEL99,.99) 30 T) S3

IF T4HERE IS A 542 SET U@ INDICATORS FOR THIS

KP=KP«+]
INDP (K3) =K
X2(1)=s040
0P () =X2(])
GO T) o5
JATA ENTRIZS FOR CNDZ ¢
IF (STAJNELSTAE) G) TO 56
IF (DATE.LZ,DED) GO TO 5%
DED=)ATE
I1=211«JEDX=DATERF
XKKzPZD=-DATZIAF]
I=0
DO 55 <=xXK,11
I=Te1
DE(KY=x2(])
30 TO 5

WRITE (6¢73) MOeYRyCNeCODE
STOP

CONTINJE

INDP(K3e]l)=]ITe])

I=0

J=1

CHEC< FNR INPUT JATA EIRIRS
IDATE=TPL(NUSD)*#10000¢THYD(NIPD)#100+<OUT (NUPD)

IF (4EAD]1(2])).6T.1JATE) 30 TI 53
WRITZ (Ae73)

RINT CARD WIT4 INCONSISTENT DJATA
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22510
22520
Q2530
22540
Q2550
22560
22570
Q22580
Q22530
22600
22610
92620
Q02630
Q2640
22590
22660
Q22670

92680

22690
Q22700
Q2710
Q2720
92730
Q2740
22750
32760
22770
22780
Q2790
22800
22810
Q22820
22830
32840
Q2850
22860
22870
32880
Q2890
a2%00
32310
Q22920
22930
22940
22350
32960
Q2970
22980
22930
23000



SU3IQUTINE INPUTI

STOP
58 L=NOUN(1)
M=N0YP (1)
<=0
IF (0PT.ER.1)
IF (LeZQeM)
59 WRITS (6475)
STNP
61 DO 61 <=DATERIF,DATIRL
I=1+]
IF (DP(])e5E4040)
[F (< NEL)
IF (X NF M)
J=de1
L=NO D (D)
M=ND 1P (.))
61 CONTIMIE
RETURIN

RETUIN
50 TN §n
Kol oM

30 T2 sl
50 10 39
30 70 59

6?2 FORMAT (1278,3)

63 FORMAT (1= 41xXe36HDAILY TRRISATION LJANS IN INCHES ARE/1H 42X+6HUA
INe 02X e 4HTE3, e 1 X e SHYARCHe 1 X 9 34APRTL s 39 3IHVAY 42X 9 e4JUNE 42Xy 4HJULYy2X
244HAUG e s LR eSHSEPT e 9?X s 4HICT 492K 9440V es2X e 4~ADECe/71HA +12(1XeFS543))

K4 FORMVAT (8442114129 1745%X412)

65 FORMAT (286450A1eF7,3+4T1y14A4442)

66 FORYAT (284¢30A14F5,0)

67 FORMAT (2GX+313,3X4313)

6B FORMAT (1H1N,22HDISCHARGE STATIONV +2AG450A1/1H +20HJINIT PRECIP,
1 STATIONS2Xs2A49508)1 /14 +224DAILY 9PRICIP. STATION +2444950A1/1H 418
24PAN-FVAPD, STATION,4X12A4950A1/1H 914HDIAINAGE AREA=.FT7,3+8H SQ.
3MIe/1H 4164UNIT NDATA ARE INe“9,3¢18H MINJTE INCREMENTS/1H +29HTHE

42ERTINN OF RECORD IS FROM sI291lH=912914=912464 (DAY=eIT7e54) TO +12
SIH=eT2s14=912+6H (DAY=4I7514))

69 FORMAT (1HNG6HJPON =413/1H +3HJIPERY = oI1/14 +3H0PT =,12)

TN FORMAY (28444124734 12F5,0411)

Tl FORMAT (28645[2+12°5,091%X511)

72 FORMAT (1H 4244+513,12FR.2.13)

T3 FORMAY (2A64212911415F6e2e2x411)

746 FORMAT (1H 42844213, 129]10(1X9Ft6e2)413)

75 FORMAT (1HD29HERRDII ON & UNIT 03 DATLY CARD/1+4 «35HIATE.CN, AND C
10DE DF THIS CARD ARE:93Xel4elH/e12s5x43IHCN=914¢5XeSHCNDE=,12)

75 FORMAT (20Xx,3[16/71H04274UNIT JavS SPECIFIED ON UNIT,28HAND DAILY CA
1R0S DO NOT MATCH)

77 FORMAT

(14 +37H4PR03RaM IS DIVMENSIONEY FOR A MAY. OF +12+23H CONSEC

1JTIVE STORM DAYSelld FOR PTIvE=,F5,.1)

78 FORMAT

79 FOR4AT
1T DAY)

AN FORMAT
EnD

(1H0«30HPFRIOD OF <ECORD CaNNDT EXCZEDI5494 JAYS)
(140 ,56HEND DF RECORD MJST A€ AT LEAST 1 DAY AFTER LAST UNI

(141
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23010
Q3020
23030
23040
Q3050
23060
Q3070
230180
23090
Q3100
23110
23120
23130
23140
23150
23150
23170
Q3180
23190
23200
23210
03220
23230
23240
23250
23260
23270
Q32830
93290
33300
23310
A3320
23330
23340
23350
23360
93370
A3380
93390
3400
23410
93420
33430
236440
23450
236460
23470
Q3480
33490
23500~
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SU3SROUTINE INPJT2(JAPERM JRECDS)

SURARDUTINE INPUT?( JPERM,y JRECIS)

INTEGER TRYCT, RODYSyDELSoOPTvEOvFOvRB.09TIDN9RITE¢TESTV0(6O)
INTEGER NF(60) sNFE(60) ¢yNFS(60)

REAL ISESeIUP¢ILATIN2+IVP,PIBS(6043)

DIMENSION <1(60)+ <2(60)

COMMON /C1/ NSEGeISE3(99) sIU2(99¢3) s NPARIKISET(99) 4 IMETH(99)

COMMION /C3/ TPRNTsT.AR(11)+BEL(60)¢F_BTHI93) KSESG(99) +NDX(99),+02,Q

1SUMs IS UML+STD(99)

COMMIN /C4/ DELSeISVEWQCWsQLATIILAT(3944) o ITEST(99) o ITYPE(99) s JLAT

1(9904)eJUP(9943)¢P(288193)+PARAM(3992)sRCOEZF(95+3)sU2R(B643)
COMMON /C57 ALPHA(39)+sEM{99) ¢FRNIIF) y AMAX(39) ¢SLIOPE(I9) s ALPADY
COMMON /C67 DT +DTSsAUPIDX(99) 4PSIM(12D43)¢SFVOL(6Q) +3FPK(60)
COMMIN /C77 ECOMPs<INIToNOUTsNRGsOSI s JPUNISKINsRAT4DALlyDA2,DA3
COMMON /CH7 T1eIXoTRYCT+<0UT(150) ¢ IHYI(150)+PTIME«NDOJTVOL (60)
COMMON /D017 2P (T7310) +RODYSeNSDsIINIToNIYSoNDTSsICK(60)

COMAIN /E2/ SMAX(93) 9IN2¢S202(99) s AL 2w DTSN o XEMeYEMy IMDE s WXy METH
COMMON /E3/ JELTATINIBeQS(11)+e1329162910.QI4(2881)4QINAT(60)
COMYIN /ZE4/ dV(99910)951(99410)9+C1(93910)

COMMON /E5/ S2(99¢10)95(39410)9C(99510)

COMMON. /F17 TCTa0R(1462)+(1462)+1IPLIL150) K<

COMANN /Z1/ 33¢DAsZT0sFOsNKoNNsND9IMP L <NNeNIF0PTI0UT (2) «+NDAYINDEL

1SeNUFESNJIPDsODELRITZ9DELSP+ZPSLNsOPTIONsCIORF
COMMON /237 <] K2 NF¢NFEJNFSPD3SH»TESTNO

COMMON /Z4/ DE(T310)9UD(2881)9X2(16)9DIMP(942)FPK(60)+FVOL(60)sIP

1R(99) ¢ INIP(45) s IRES(30) o NODUP(150) o NDATE(S043) 9X(40)+IFsIEAC
INTVAL=(PTIMES0,001) /DT
NOFE=1
I11=1
NSDD=n
INITIALIZ7E vARIA3LES
DN 1 I=l.6N
FPK(1)=0,0
FVOL(I)=0,0
CONTIN JE
- FUI TACH SIT UF EVENTSe THE N3, OF EVENTS IN THE SET
IS ENTERED FIOR AS MANY TIMES AS THSERE AaxE EVENTS IN THE
SET, & SET OF EVEANTS CONSISTS OF A FRACTION OF A DAY OR
A SERIES 07 CONTINUDJS JAYS,
READ (5412) Te(NF(C)eK=1s1)
ARITE (He13) To(NF(K)9<=14])
3ES5IN ANALYSIS OF A SET JF EVINTS
VO 3 I=11eNU2)
IF (NOUP(I4#1)NFL(NOJP(I)*1)) 30 TD &
CONTINJE
NFI1=NF (NDFF)
14=11
I1=1+}
NSOD=NSND+]
BESTIN ANALYSIS O A STO
READ (3411) <SeXKEsvOLI.DISCH
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(e}

SUSROUTINE INPUT2(JPERY JRECDS)

DETEZRMINE NI, OF RECOIDS FOR STORM

© JRCS=(XE=KS+1)#INTVAL

IF (JRCS.LT,NDTS) 30 TO 6
WRITE (H6+420) NOFE«NDTS
ST0P .
JRCS=JRCS/12n+1=(1=MINO(1eMDD(JRCSe120)))
JRCS=JICSHNSEG
IF (DISCHeZQ,040) WNRITE (Rel16) NIFEL(SsKEs JRCS
IF (DISCHe53T«040) WNAITE (6413) NIFEe(S+KEs JRCSDISCH
ITES=NDELS®#IZK (NSDD)
IF (<E.LELITES) 60 T2 7
WRITE (6422) NOFEWITES
STnRP
FVOL (NOFE) =voLl
QINPT(NOFE)Y=NISCH
ITEST(MOFE) = JRCS
<1 (NDFZI) =S
K2 (NIFE) =K=Z
LJd=KS
LM=KE
NFI1=NFIl-1
KS=(S=1)#IELS+]
KE=KF#IELS
NFS (NDFE) =4S
NFE (NOFE) =«F
D0 8 ITI=]sNRG
PORS(MIFELWIII)I=0,0
NDATE IS USED FORI PRINTING DO IT THE DATE OF STORM
I13=14+LJ/7WDELS
NDATE (NOFE«1)=IHYD(TI3)
NDATE (NOFE+2)=KQUT (13}
NDATE(NOFES3)=1IPL(T73)
NOFE=NIJFE+]
CHEC< FOR MORE STORMS IN SET 2F EVINTS
IF (NFI14GT.0) GD TD 5
CHECX TO SZE IF aLL IVENTS Havi 3EIN AVALYZED
IF (NUPD.5Z,.11) 60 7O 2
NOFE=NJFE-1
READ (3412) (KOUT(I)sI=1eNOFT)
WRITE (H415%) (KOUT(T)eT=14NO7E)
READ (5412) (TESTNI(I)sI=1eNIFEZ)
WRITE (6417) (TESTNO(I)eI=14NOFZ)
KNN=N
READ (5e¢12) (IPL(I),1I=14NOFE)
WRITE (6+14) (IPLUI)oI=]4NOFI)
READ (54]12) (IHYN(T)eI=1eNIFI)
NRC=0
WRITE (6+19) (IA4YN(I)eI=14NI7E)
20 10 T=1.NOTE
IF (IPL(I)eFA41eANIKOUT(I)eZ2Q.0) IP_KI)=0
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SUSROUTINE INPJT2(JIERMe JRECDS)

IF (€0JT(I) eEQWeN) 30 TO 3 . Q1010
IF (JUPEZRM.EQ,1) NRZ=NRC+ITEST(I) R1020

IF (JPERYEQ,04ANDNRCLTLITISTI(I)) NRC=ITIST(T) R1030

9 IF (TESTNO{(I)«NE.1l) 50 T2 10 R1040
KNN=XNN«+] R1050

10 CONTINJE R1060
NRC=NRC+3% JPERM R1070
JRECDS=NRC ; R1080
WRITE (he2]1) URECDS Q1090
RETUIN R1100
Q1110

11 FORMAT (2144FT7.2¢F5,2) R1120
12 FORMAT (4012) R1130
13 FORMAT (//1H0+9HTHIRE ARE 44324 STOIM EVENTS SROUPED AS FOLLOWS+1 R1140
1016/5(46Xe1016/)) R1150
16 FORMAT (1lr +IHSTORMU NO.eI13+422H STARTS AT TIME PERIODeI5012H AND EN R1160
10S AT+ IS5+ 7X¢I1HRECIGIS REQUIIED FOR WUTING = 16} 1170

15 FORMAT (1H 4IHSTORM NO.913+229 STARTS AT TIME PERIODsIS+12H AND EN R1180
10S AT4IS5+7XeI1HRECIRDS REQUIRED FOR WUTING = 4I49BXe74DISCH =9F7. R1190

23+144 CFS) R1200
15 FORMAT (1r0+27HDETATLED JUTPJT FOR STIIMS ,3N[3/7RX43013) 1210
17 FORMAT (1H0+34HSTOIM EVENTS IN THE N3Je FCT, ARE ¢3013/35X43013) R1220
18 FORMAT (1HN.29HTHE STOIM EVENTS 2LOTIID aRT ,3013/30x.3013) 1230
13 FORMAT (l1HO+29HINPJT HYDIDGRAPAS FOR STOIMS +3013/30X,+3013) Q1240
20 FORMAT (1H4N425HNUM3ER OF DTS FOR STIRV 413,84 EXCEEDS.I3) 1250
21 FORMAT (1M0.67HNUM3IER DF ECIRIS USED FN DIRECT ACCISS FILE =.I5) 31260
22 FORMAT (1HD412HXE =03 STOMs 13,134 S40JLD NOT EXCEEDIS) QN270

END 1240~
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SUBROUTINE 20UT(IV.PAC)

SURROUTINE PROUT(Iv,?AC)

" INTEGER HEAD1(120) sHEAD2(50+2) +4EAD3(50)

INTEGSER RITEeBIEOWFO9IPTIONsTRYCTeDILSPTESTNO(KOD)

INTEGER NF(K0) «NFE(60) eNFS(60) 9IPTyELF40PTNO

REAL SMS3(3+2)98BUYS3(342)¢2085(6003)4142

DIMENSION <1(60)s <2(60)

COMMON /C3/ IPRNTToAR(11)eBTLI(50) ¢F _BTH(99) ¢KSEG(99) ¢NDX(99) ¢Q241
1SUMeRASUMLeSTN(99)

COMMON /C67 ITeDTSeQUPeDX(99)425UM(12043)9SFVOL(60)4SFPK(60)
COMMON /C7/ ECOMPo<INIToNOUT N30SIy JPUNe<INIRATyDAL1.DA2yDA3
COMMON /CH/ T10IKeTRYCTe<NUT(150) eIHYI(150) «PTIMEWNDYOJTVOL(60)
COMMON /F 3/ IFILEIFILEDeIFI_EP9JRECIS«IIFTCDINIECDS+HEAD] WHEAD2HE
1AD3sNSTRMUS ¢ J2FR™

COMMIN /717 33¢DAsINeFDIaNKeNNeND9 [Py <NNaNDII9O2THI0UT(2) ¢ NDAY NDEL
1SeNDFEONJP I o PDELeRITEWDELSP ¢ IPSLNeIPTIONLCIRF

COMMON /227 A(200)eD(14)eE(14)9F (14)453(60)sH(40)eU(3)+IPTVVUI(14)
COMMAN 723/ <14K29NFoNFEWNFSePI3SHTESTND

COMMON /267 ME(TI1D)IeUD(2R81)eX2(16)¢JDIMI(I92) ¢FPK(60)FVOLI(60)IP
1(99) o INDP(45) s IRES(30) e NOUP(150) ¢ NDATE(5043)9x(40) 4 IFy1EAC

IF (IVeGT.l) GO TN 3

LL=d

ARITZ (he12)

JO 2 1=1svIFZ

WRITS (6+413) Io(NDATE(ISIII)eIII=143)

WRITZ (Ael%) (IIT14203SH(IITI)oIII=14NR3)

IF (FydL (1) .FQ.0.0) 30 T 1

WNRITS (6e17) FVOLITY

IF (FP<(I)eFR.0.0) 50 TO 1

ARITZ (K918) FPX(I)o3FLI(I)

IF (<0JT(1).ZQel) .LSLLe]

IF (<0JT(I).%Qel) AEAD3I(LL)=NDATE([43)#10000+NDATE(I+1)*#100+NDATE(
1142}

CONTINJE

RETJIN

CONTINJE

IF (<NN,EXeNY GO TI 5

IF (33.ME.1l) WRITE (6el4)

IF (33.NE.1) GO TO 5

WRITE (K913)

WRITT (Ael3) U(NM)

D0 ¢ I=14ED )

WRITE (6920) ToX(I)eS(I)eA(])

CONTINJE

IF (IEAC.Ed.1) WRITE (%¢21) R™AT

ARITE (6422)

J0 11 I=14NOFFE

112=1+NOFE

ICw=0,0

DO 6 TII=1eNIG6

LJ=111+3
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SURIDUTINE PI0UT(IVPAC)

6 QACW=QACW+DIMP (LJs 1) #PSUM(TISTTII) +DIMP( _Ly2)®2SUM(TI12,1I11)
QCW=3ACH/ (5280,%5280,%DA) #PAC
IF (SFVOL{I).LT.NCa) SFVIL(I)=QCd
" IF (TESTNOI(I).EQ.l) GO TD 9
IF (FVOL(1).,EQ.0.0} GO TO 7
WRITE (6923) I+(NDATE(IoIII)oIII=143)9QCWsSFVOL(I)FVOL(I)sOUTVOL(
1I)oFPKX(I)sSFOK(I)
G0 TO 11
T IF (SF2K(1).BT.0,0) GO TO 8
WRITE (6923) I (NDATE(ISIII)oIII=143)9QCWeSFVOLII)
30 TO 11
8 WRITE (6+924) To(NDATE(IZIII)oI1I=143)9QCWeSFVOLI(I)SFPK(I)
G0 TO 11
9 VR=0.0
IF (FVIOL(I) eFQe0e0.0RaSFVOL(I)eEFe09) GO TO 10
VR=ALDS(FVOL (1) /SFVOL (1)) ew2
10 WRITE (6923) Io(NDATE(IoITI)oITI=1¢3)9QCHeSFVOL{T)FVOL(T)s0UTVOLI(
11)9FPK(I) s SFRK(I) 9 VR .
11 CONTINJE
IF (U(1)e5T.0,0) WRALTE (5.235) J(]1)
RETUIN

12 FORMAT (1H]1 445X 4264 JMMARY DO MEASURZID DATA)

13 FORMAT (1Hle11Xs844END OF RUN==RESYLTS 0F L_AST SUCCESSFUL TRIAL)

14 FORMAT (14)1450Xe1B4BEGINNING OF STAGE)

158 FORMAT (1H0/1H +264STORM=RUNIFF EVENT NUVWBER 41347H DATEDeI139s1lH/»
112¢14/7412)

15 FORMAT (1+ «31HMEASURED WMAINTALL GASE NUMBERG3(I3e3H = +F9.397H
1INCHES))

17 FORMAT (1H o24HMEASURED DIRECZT RUNOFTI 2¢F9,3474 INCHES)

18 FORMAT (1H +25HMEASURED PEAK DISCHARS3E =9F9,246+ CFS/1+4 +1BHBASEFL
10W ASSUMED =me¢FT7.3044 CFS)

13 FORMAT (1M .420HORJSCTIVE FUNCTION =9712.3/71H0+12XeSHFINAL+6XsSHLOW
LERs6X 3 SHIPIEI/IH 9 IHPAIAMETE 9 3INsSHVA_UE«6X+SHIDUND» 5X s 5HBOUND)

20 FORMAT (17 oISelXe3(Fll.6))

21 FORMAT (1HO0+2)1HNFW VALJE FOR RAT IS +F6.37)

22 FORMAT (/1490¢22Xe94SIMULATED/21Xs13HIERVIOJS AREAH6X+94SIMULATED.B
1X9BHMEASUREN ¢BX 9 FHSTUULATED s 5 X9 BAMEASJRED 93X+ 94SIMULATED/1H +6H ST
2ORMs 13X ISHARAINFAL 1 EXCESSe2Xs154RAINFALL ZXCESSe2Xe154 DIRECT RUN
30FF 92Xl 34RINOFF VNLUME sSX o 4HIPEAK s TX e 8HPEAK 96X 9 124CINTRIBUTION/IH
4 9OHNUMVBER 34X oo HDATE 4 IX e84 (INCHES) 9BX ¢ BH(INCHES) ¢ IXo B8 (INCHES) o5Xy
S1SHAT JUTLIT (INe) e&XeSH(CFS) e5XeSH(ZFS) ¢SX912+TD ORJ, FCT.)

23 FORMAT (1H «T49160147912014/+129F14e3eF15:392F17.342F12.24F15.3)

26 FORMAT (1H oTaol691H/012¢1Ad/0129F14039F16.3446X9F]12.2)

25 FORMAT (1H043NHOBJUSCTIVE FUNCTION FOR PEAKS =9F12,3)

END
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SUARJUTINE PRF _I{TJKSeI J<eICNT SRV » IMX)

SUARDJUTINE PRFL(TJCSeIJKsICNT oS3V, QUX)

THIS SUBROJTINE DNUTAUTS DETAILED SIMULATED JATA
AN) SETS U2 DATA FOR PLITTINS

INTEGER 33¢TRYCT DI S9OPTeNPTIONIEODs DeRITEWDELS?
REAL TSESeIU.ILAT,IM4P

COMMON
COMMON

/C17 NSEGeISEG(99) s IU2(9393) s N\RARGKISET (39) ¢ IMETH(99)
/C37 TPRNTT,AR(11)487L(50)¢F BTH(93)KSEG(99)4NDX(99)4+02+Q

1SUM IS UML9STN(99)

COMMIN

/C47 DJELSeISVEGRCWeILATILAT(39¢4) s ITEST(39) s TITYPE(99) s JLAT

1(9904) ¢JUP(9943) 4P (288143) +PARAM(99¢2) ¢RCOIF(9943)1UPR(BAHEGI)

COMMON
COM4IN
COMMON
COMMON

/CB/ T1eIXeTRYCTo<NUT(150) ¢ IHYI(150)PTIME«NDyQUTVOL(60)
/FL1/7 1CTeR(1462)e(1462)¢TRL(150) KK

/F27 FLW(1462) FLAT(1%442)FUP(1442)

7717 33eDA9Z0eFIeNKoNVINIeIMPL<NNeNIIsOPT+IOUT (2) o NDAY+NDEL

1SeNOFEWNIPI ¢ 2DELWRITEWDELSP 9 ZPSLNeOPTION,CIRF

COMMON

7267 DE(T310)4UD(2881)4X2(16)0ITM2(342) ¢F2K(60)sFVOL(60)sIP

IR(99) 4 INJP(635) s IRES(30) e NIUP(150) « NDATE(5043) 9X(40)eIFIEAC
DIMENSION T(S)y I4R(S) s TUN(S)e TOUT(S)e MOUT(5)

=KK

IF (IPR(X)eLTel) GI TO 1

ARTTE
WRITZ
WRITE
IJJ=n
I5=0
ICT=n
ICMT=0n
SRvV=N,
QMx=n,

270 6 [=

(heB) T1
(6e7) TSEGIXK)
(6e9)

1J<STUK

IQVNER SVNE Dt
ICT=ICT+I~2NT
IF (TJJNELNELS) 6D TO o

1JyJ=0n

16=13+1

RAT(IS)=F L W (ICT)

MOUT(IS)=1/NN

IRV=MOJT (I5) #nND
TOUT(I3)=((I=-TRV)®BZIIF) /45D
IF (IP(L)4LT.1) 6I TO 2
In=(ISY=INT(TOUT(I5))
TMN(IS)=AvIN(TOUT(IS) s1e)*A0.

IF (I5.

LTe3.aANDeTe TelJK) 50 TD 6

IF (IPR(X)eLT.1) GD TO 3

ARITH

(Aol0) (IARCIVIWTMN(IVIWRTIIV)«IVEl0l5)

IF (< NE«XSE3(NSFG)) GI TO 5
FIND JDUTLET PZa< and VIO.UMI OF JNOFF

sz
50 & J=

T U2 FOR PLIOTTING OQUT_ET 4YDIRIGRAZH
1415

ICNT=ICNT+]
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DU e

DSOVI~N

SURRDJUTINE PRF_{IJKS+IJCoICNT SRV 9 IMX)

RUICNTI=RT (N T 510
_ SRV=SRV+RT () T S20
IF (T(J) ¢ 3T.QMX) QJUX=IT (J) T 530
IF (IP_(I1),5Qs0) 30 TO ¢ T 340
QUICNT)=TOJUT (J) +MOIT(J) #24, T 550
CONTINJE ‘ T 560
15=0 T S70
CONTINJE T 580
RETUAN T 590
T 600

FORMAT (1H <6OX.RHSESMENT +a4/) T 610
FORMAT (140¢40X¢12+4STORM NUM3ERLII) T 620
FORMAT (3(7Xe4HTIME,5Xy54 FLIWILIX) /S(TXeSH(HRS) 94X 964( CFS))) T 630
FORMAT (5(5%eI291H:F3,04F1043)) T 640
END T 550~
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SU3R0JTINE STOR™

SUARJUTINE STOR™M
° STORM ANA_¥SIS ROIUTINE

INTESER TRYCTWRODYS(IELS+OPToOPTIONsITF9EIeFOWRITESDELSP

INTEGER NF(AN) yNFE(KRD) ¢ NFS(60) 9 TESTNI(E0)
REAL ISF3eIUZILATHINZ2»IUP,PIBS(5043) ¢ 12CFSP
DIMENSION <1(60)s <2(60) )

COMMON /C1/ NSEGeISES(99)eIU(9393) 9 NPARYKISET(39) 9o IMETH(93)
COMMON /C37/ IPRNTsT4AR(11)435L(50)+F _BTH(99) +KSEG(99) 9 NDX(89)+Q240Q

1SUMQISIMLeSTD(99)

COMMON /C&/ DELS+I3VELQCAsQLAToJLAT(3994) s ITEST(39) s ITYPE(39) s JLAT
1(99¢4)4JJP(99,3)4P(288]1¢3) s PARAM(9942) 9yRCOZF(9993)9UPR(BH4I)
COMMON /Cs/ ALP4A(99);EM(QQ)'FQN(99).9“AX(99)-9L0PE(99)oALPlDJ
COMMIN /C6/ DT4DTSsUP DX (99) 9P5IM(12003)9SFVOL(50) 9 SFPK(6D)
COMMIN /C7/ ECOMPo<INIToNODUTyNR590ST s JPUNs<INyRAT+DA1+DA2,DA3
COMMON /CTH/ T14IKeTRYCTe<NUT(150) 9 IHYDI(150) +PTIMESNDsOJITVOL(60)

COMMIN /D17 IP(T7310) ¢RIDYSeNSDeIJVIToNDYSoNDTSICK(60)

COMMIN /227 SMAX(93)+IN2+S202(99) vAL 25 DTSX o XEMsYEMs IMDE s dXoMETH
COMMON /E37 NELTATNIBsOS(11)4I33¢14201UeQIA(2881)4QINAT (60)

COMMON /E«/ WV (9991N0)9eS1(99+10)s21(93410)
COMMON /E57 S2(9991Nn)eS5(99419)4C(93419)
COMMAN /F1/7 TCT«N(1462)93(1662)+IPL1130) 4K

COMMAN /217 234DAs=0sFDsNKeNNoNIsIUP, <NNINIU,02T,10UT (2) .NDIAY o NDEL

1SeNOFEWNIPIGIDEL s RITEWIELSP o IPSLNeOPTIINGCIRF

COMMON /737 <1 4K29NFJNFE L IFSeyPI3IS,TESTND

COMMIN 7267/ DE(7310)UD(2R8]),X2(16)+IIM2(342)FPK(60)«FVOL(B0)sIP
1(99) e INDP(4S) s IRF3(30) N0 IP(150) e NDATE(6043)4x(40)9+IF, JIEAC
NDAaY IS SET TO NJ43ER OF TIMII INTEVALS FOR A AN GAGE

NDAY=NIUT®NDZLS :

35280%22/12%60960%24=26,9882 ZONVERITS INCHES TD

[2CFSP=25,49898BH9*Ja*NIELS
NOF T=NOFZ
I4=]11
NOFE=T1
JESIN ANALYSIS 0T & SEY JF EyINTS
20 1 I=11.N0120
IF (MNOIP(I+1) NEL(NDJP(T)+]1)) 5D TD 2
TOMTINJE
NFT1=NT(NUTF)

I1=1+1 .
3E5IV 8NALYSIS 07 A 37D
FIND PEAX DISCHARSE

AR=N 40

IMX=0,0

SRV=0,0

LJ=K] (ND7F)

LM=x2(NJ7¢)

NFI1=N711-1 )
TOVM2ITS TOTA_ QRAINFALL FII STN24 aND
QEVISE START OF &TIR TO COINCIDE WITH
FI<ST RAINFALL.
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(8]

[ XS]

<)

)

]

<R=0

DO S L=LJeM

-D0 4 1

=] + NG

T2=NDAY®(1-1) L
POBS (NJDFES[)=PORS(VOFELI)eUPI(1I2)
IF (<R.GT+0) GO TO &
IF (P03S(NIFELI)EQ,0.0) GO TO &

XR=L

IF (<R.FJ.LJ) GU TI 4

<1 (NOF

2) =K

NFS(NDFE) =(K2-]1)#DIL 5]

WRITE

L

(5¢12) NOFEo<R

CONTINJE
CONTINJE

IF (0PT.£3.1) GO TD 11
D0 A K=LJe M

A3=Ud (<)

IF (<,20.LJ) QR=0Q3

IF (23.LE«3IMX) GN TD 6

AMXx=33

4 CONTINJE

20 84 L

SUBIOJTINE STORMY

F1ND RUNOFS VOLUME A30VE 3ASIFLNW

=Lde M

CHECC UNIT NISCHARGE FOR VALJES LESS THAN BASEFLIW

IF FOUND SIT 8as:

IF (UN(L)«3E.QR) 6) TO 7
AW=ul(.)

7 SRVsISRV+JDI(L)

3 CONTINJUE
SRV=SRV=UR® (L M=_Je¢])
FVOL (NJFE) =§3Vv/]2C~7s?

FIND PEAK DISCHARGE 43IVE RASIFLOW

FPK(NO®E)=3MY=QR

IF (IReE2.0,0) GO TH 10

D0 9 K=l Je M

3 UD(K)=JN(K) =R
10 CONTINUE
11 3FL(NDFE) =R
NOFE=NIFE+]
CHICK FOR MAIE STIMS [N SZT IF EVINTS
IF (NFIl.3T.0) GO 19 3
NOFE=NDJFT

11=14
RETUIN

12 FORWAT

(7//13%422H START

FLOW TJO MINIMUM UNIT JISCHAIGE

)P STORM NUUAER. 134244 HAS 3JEEN CHANGED T

_10 KS=¢15/20x432HTHIS CORIESPINDIS TO 13T RAINFALL/20X435HIF OUTPUT
2FROM THIS MOJEL SERVES AS+264+4 INZUT T QUALITY MADEL+/20Xe44HTHEN
JUSE QEVISED S VALJIE FOR START IF STIAW)

END
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SU30JTINE INITHP

SUSRIUTINE INITOP :
R D R R R RN E RO R RO R RR AR RN DRRD R R BB AR RO RENB AN D ROR LR RDRDIDOLRNS

L INITIAL OQOPTIMIZATION RIJTINE ®
(222X XZXTT YNSRI AR SIS RIS AL 22222 222 2 X 2% L
INTEGER 339ED4F0e02TNOsTIYCTWOPToOPTIONSRITESDELSP
REAL ISESIUu3,IMP
COMMIAN /C1/ NSEGWISES(39)4IU2(99¢3) s NPARIKISET(99) 4 IMETH(99)
COMMON /CB7 T1eIKeTRYCTe<OUT(150)sIHYI(150)PTIMEINDsOJTVOL (60)
COMMION /Z17 334D0A3Z0¢FDeNKoaNN9ND9IUP,<NNsNIIsOPToIOUT (2) +NDAYNDEL
1SenNOFFeNUPD ¢ PDEL«RITEWDELSP 9 ZPSLNeIPTIINGCIORF
COAMON /727 A(200)eD(16)eE(1%)aF(14)45(460)eH(640)sU(3),02TNO(]14)
COMMON /747 DE(T310)sUD(2881)4X2(16)IIMDP(I,2)+FPK(60)sFVOL(60)IP
1R(99) ¢ INDP(45) ¢ IRES(30) +NOUP(150) +NDATE(6043)4X(40)sIFsTEAC
REAL FMT2(3) FMT21(10)
DATA FUTI]1/34PSP 444X SAT s IHRGT 94 43MSN, IHEVCs2HRIIIHEAC s 4H 9 IXe s IH1H+
lelH /
DATA FUT2/6H(1H o4 441300 6HIXoF 064412459 6HeINs9244401H ol o1r)/
IF=1,0Z¢29
201 I=1.3
J(I)=0.0
READ (Se1]) TOWFIe<eEPSLY
NN=7
\NPAr=]
IF (Z0.6T7.7) ~NPAR=2
20 2 T=1.€D
READ (3412) X(I)eG(I)e4(D)
READ (Se17) (OPTHO(T)eI=1eFD)
IFOP1="0D+1
270 3 1=IF021.€0
2PTNN(T) =0
SET vaxIvuv TrYCT
NK=K#F )
IF (NX,FQ2.0) w3=]
70 4 I=142N0
a(l)=0.0)
0 S T=1y14
) ( I ) =0. Q
(L) =0
Ftli=n
TRYCT=0
CHIC« IF INITIAL PARAMETER VA_JE WITHIN DUTER 3DUNDARY
20 7T I=1eED
XX=X(T)
TF (XX4LZ.5(1)) 50 7D &
IF (XXeBGIa4(I)) 50O TI K
STORE IMITIA. PARAMETER VALUZIAR
X(E)+T)=XX
530 10 7
IF PARAMETZIQ VALJES NOT AITHIN 32UNDARY VALUZIS
P+INT ERRQ VESSASGE
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SUSROUJTINE INITIP

6 WRITE (6913) TeG(D)oX(D)eH(I) vV 510
SToP v 520

7 CONMTINJE v 530
DO 8 T=1+ED V 560
L=2#EnNns+] vV 550
5(L)=0.0 vV 560
4({L)=0.0 vV 570
<=EDe+1 vV 580
COMPYTE TINNER S0JNDAY VALUES vV 590
GOE=(H(I)=3(1))®0.0001 vV 600
G(K)=G(I)e+50F vV 610

8 H(X)=H(])=50F vV 620
ENTER A(I) = 0.0 INTD ARRAY vV 630

L=F0O+1 vV 6640

D0 Y I=1+F) vV 850
Ld=L#T .V 860
a(LJ)=1,0 vV 570
COMP JTE INITIAL STEP SI2% vV 680

J=0OPTNI(I) vV 6§30
A(I)=x(J)=*ZPSLN v 700

3 CONTINUJE v 710
JESCRIBE INFILTRATION SAMMETIRS v 720

WRITS (hels) vV 730
J=1 vV 740
T1EAC=n v 750

J0 1In I=1.20 vV 760
FMTR(7)=8uTRYI(10) v 770
EMTR(R)=F4TP]I (10) vV TR0
<=1 v 790

IF (1,3T.7) <=1=7 v 800

IF (T NFo32TNU(J)) 50 TO 10 v 810

IF (T.ZNe7) TEAC=1 vV 820
FMTR (T7)=F4TP] (8) v 830
EMTP (R)=FUTPY (9) vV 940
J=J+) Vv 850

10 WRITI (6eFMT2) [oeX(])eEMTPL(X) v 860
IF (Y (7)eNZel,0) 1ZAC=] v 870
NO=1) vV 880

IF (NK,FUe0) RETURN v 830
WNRITE (Hel5) vV 900
WRITE (6e19) (A(I)eI=14FD) vV 310
WRITE (AelT) NKGFPSLN vV 920
RETUIN vV 930

vV 940

11 FORMAT (316,F8,0) v 350
12 FO=MAT (3F10,0) vV 940
13 FORMAT (14 +27HANUNNARY CHECK JF PARAMETERWI3,3F10.3) v 970
14 FORMAT (1A1+24HINITIAL HARAMITER VAL JES92X+45H(PARAMETERS TO BE OP Vv 980
ITIMIZED AT VMARKED wITH Aeldn ¢)/) vV 9990
15 FORMAT (/7714 «2=HINITIA. STIP SIZE [NCRIMENTS/) v1000
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SUSI0UTINE INITOP

16 FORMAT (1Xs10F12.6) v101l0
17 FORYMAT (1M //1H +31HTHE MAXe NJMBER J)F ITEIATIONS= 4164//1H 4S58HINI V1020
1TIALLY AND AFTER EACH VECTOR MATRIX DJRTHOINIRMALIZATIONG/1H +40HTHE V1030
2 PARAMSTRIC VECTOR INCREVENT SIZE ISeFT7.,3+19H OF THE VECTOR SIZE/) V1040
19 FORMAT (4NI2) v1050

END v1060~-
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SUBIOQJTINE IPTIvZ

SUHROUTINE 02TIM7 .
PR GOB U R BB R RN R O RO RN R U R PR R RO RO R BB R RR R R RO RS RGN BB R R RO R LR B RNRBRERRRS

® MODIFIED QOSENRROCK J°PTIMIZATION ROUTINE *
BRB RN B LR G TR RN G R R R BB RN RN BB R R RN C SR BB BB RRRERRBRRRRRRRRR S
INTEGER ZOeFNsOPTNIe33¢TIYCTIEFoRITZWOPTIONIOPTHDELSP
REAL IvP
COMMOIN /CHB/ TleIKeTRYCTe<OUT(150)¢I4YD(150)PTIMEIND.OJTVOL (K0}
COMMON /217 334DAsZNsFDeNKeNNeND s IMR,<NNINDIIOPT,IOUT (2) + NDAYsNDEL
1SINOFEaNUPD ¢ ODELRITEWDELSPZPSLNeDPTTONSCIORF
COMMIN /227 A(200)eN(16)+E(16)sF (14)93(60)sH(40)sU(3)+IRTNO(]4)
COMMON /247 DE(T310)sUD(288B1)9X2(16)+sIDIMI(342)¢FPK(60)FVOL(60)+IP
1R(99) 4 INIP(45) s IRES(30) s NOUP(150) ¢y NDATE (6043) 9% (60)9sIF,IEAC
DATA 81/0,0/482/040/
JU=U (NN)
CHECK FOR IMPROVEMENT IN ORJUZCTIVE FUNCTION
IF (JUGT,IF) GO TI 6
NEW ORJECZTIVE FUNCTIJON LESS THAN OLD 03J., FUNCTION
DO 3 1=1+FD
Mz=O0PTNI(])
XX=X (M)
K=EQ+M
L=2¢Z0+M
CHIC< ON INNER LIOWER 8JJNDARY
IF (x¥,GE.53(«<)) GO 10 1
GD=(3(<)=XX)/(G(K)=((M))
H0=ul=3(.)
50 12 2
CHIZIC< ON INNER U2PER 30JNDARY
1 IF (XX LE.H(<)) GO T2 3
0= (XX=H(K) )/ (H(M)=4(K))
AD=UY=4(L)
2 JUSUJ+((=2.085D+4,N0)#06I=3,0) #GI#HD
IF (JUeGTLIFY G TO 9
3 CONTIMJIE
SET OF TO vFw 29, FCTT,
oF =1y
20 4 T1=14F)
STIRFE OLD 2aRAMETFE VALJE IN _AST THIR) OF MATRIX
M=OPTNI(T) .
XX=X (M)
Kz=EU+M
L=2¥4I0+M
X({L)=X¥
CHIC< ON INNZR RIOUMDARIES
IF (xxe6Te4(<)) RO 7D 6
IF (xX.LT«5(<)) 30 7D 4
ENTER CURRINT OHJ. FZTe IN G ¢ A AJRAYS
5(L)=u)
H(L)=U.)
& CONTINUJE
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SUBROQJTINE JIPTIMWZ

"IF (NO.ER.0) GO TO &

Ww 310

F(I)=z]l IF NFW PARAMETER VALUZ| IMPRIOVES 03J, FCTe W 520

F(NO) =] W 530
Z(NUY=9 W 340
COMPJTE CUMULATIVE STEP SIZE W 550
DINO)=D(NO) +a(NO) W 550
COYPJTE NEXT FDRwWARD STEP SI2E w 570
A(NU)=3,0%#4(NO) W 580
WRITE (6+33) TRYRTHy(2) W 590
WRITE (6435) W 600
WRITE (6437) (X(I)alz=lyEMN W 610
IF (TRYCT.NE.NK) 63 TO 9 W 620
33=1 i 630
RITE=] W 640
RETJRIN W 650
IF NEW 0RJ, FCT. EXCZIEDS OLD 234 FCT, W 660

SET SARAMETF< TO PREVIIJS VA_UE W. 670

Mz=2#€E(Q W 580
D0 7 I=1,F2 W 590
x=0PTNI(T) w 700
LK=KeM w710
X(K)=X (LX) w 720
30 T 15 W 730
ROJTINE TO COMIUTE NZw PARAMITER VaALJE W 740

IF (TRYCTLNEJNK) G TO 9 W 750
G0 T2 A W 760
TRYCT=TRYCT+] 4 770
OPTINN=IJUT (2) w 780
IF (ND.FEQJ.50) GO TD 10 W 790
NO=ND+ ] w B00
30 1) 11 w 810
NO=1 . W 820
20 14 I=1.70 W 830
<=0PTND(]) w 840
IFO=FO#l+vND W B50
XX=K(«€)+A(IFD) #A(ND) W 860
IF (XX elEo3(€)e0Re XX GEL4(X)) 32 7D 12 w 370
X(")=xX . 4 83830
50 TN 14 W 830
L=2#70n w 900
IF (1.3Q.1) 30 TH 15 W 310
I1=1-1 W 320
70 13 Tu=ls11 w 930
12=11+1-10 W 960
<=0PTNI(I?2) W 350
LK=L+K W 960
X (K)=x (LX) W 370
530 T2 15 W 980
CONTINJE W 390
RETUIN w1000
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15

18

17

19

19

2n

21

2?

23

SUBIDJTINE 2IPTIUZ

COvYPJTES BACK STEP LINGTH(WHIN NEW 08Je FCTe > OLD)

IF (TRYCT.NE,NK) G) TO 15
33=1
RITE=]
RETURN
COMPUTE NEXT BAC<WAR) STEP SIZE
A (ND)==0,5%A(NO)

E(I)y=1 INDICATES CARAMETER VALUE CHANGED BY 3ACKWARD
STEP SIZE
E(ND)=E (NO) +1
DETERMINE IF BOT4 3ATKWARID AND FORWARD STEP SIZE
ADJUSTMENTS FAILZED T IvM2R0VEIi 0BJe FCT,
D0 17 I=1l.F0
LJ=E(I)*F (])
IF (LJsLE.O) GO TO R
CONTINJE
VECTIR ORTHONORMAL IZZD wHEN I72EF,6T.N FOR ALL I
D0 18 I=1+Fn
L=FO®(I+]1)
A(L)=D(FI) %A (L)
K=FOwy
IF (FO.EQs1) GO TN 19
LJ=FI=1
20 18 _K=]l,sL)
J2=Fl=_K
L=Ke+ g2
AtL)=D(J2)RA(L)+A(_»])
NOIMALIZE VECTOR LEN3THS TO 1.0
3D=0,0
D0 21 I=1+70
LJ=FD#]e]
ID=A(LJ)**2+43D
31=572T(3))
20 21 1=1.%0
L=FOeTe]
AtL)=A(L)/31)
RECOVMPUTE STEP SIZE INCREMENT
SF=u,0
20 22 I=1+°0
<=0PTNI(D)
L=FO#Te)
SF=SF+ARBS(A (L)) ®Y (<)
A(l)=SFaEPSLN
30=0,0
20 23 I=1,"0
IK=FO#]«2
3D=A(1<)*#2+3D
32=57RT (3D) /31
WRITE (Ae34) R1.Q72
J=2
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w1080
w1090
W1100
Wl110
Wll20
w1130
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w1150
wlled
Wll70
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26

25

26

27

24

3In

3

32

33

36

35
35
37

IF (FO.LT«J) GO TO 32

<=1

30=0.0

IF (K,3E.J) 530 TN 2R
)0 2% I=1470
L=FO#]Y

LJd=L+J

K=Le+K
3D=8N+A(LJ) #A (LK)
DO 27 I=1,70
L=FO%T+J

Ld=L=-J+X
A(L)=Aa(L)=Aa(LJ)*RD
K=K+]

30=0,0

30 T2 25

20 23 I=1.+.70
LJ=FO#ls+J
3D=A(LJ)#%#2+3D
AN=SIRT (4D)

20 30 I=1.°n0
L=FuUsT+y
a(lL)=A(L)/3D
SF=0,.,0

N0 31 I=1,70
K=NPTNI ()
L=FO®T+y
SF=SFsa45(A (L)) #X(K)
A(J) =SF#E SN
J=Jd+1

50 TY 24

WRITE (6433)

20 33 I=1.70
LJs[#FDe]
LK=I#FJeF)

SUBROJITINE IHPTIMZ

wRITZ (6440) (A(TJ)1Jd=LILK)

MO=0

WRITE (he4l) (A(I)eT=14FD)

DO 34 I=14F0
J(I)=0.0
F(D) =0
X=DPTNI(])
LJ=ED+K
X(LJ)=X(X)
RITE=]

RET J3IN

FORMAT (1rDe16HAT ITERATION NOsoT134274 03JZCTIVE FUNCTION=,F11l.6)
FORMAT (1A «20HPARAVETER VALJES ARE)

FORMAT (lH +7F12.6714

v 7F12.5)
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38
39
40
41

FOSRMAT
FORMAT
FORMATY
FORMAT
END

(1H
(14
(1H
(14

SUBROUTINE IOTIwZ

16HBl =9F3.693X96482 39FDB,5)

¢ PHHNEW ORTHONORMAL BASIS )

«16FB8.5)

¢ ISHSTART OF STAGZ STEP SIZE INCREMENTS/IA ¢13F10.6)
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SU3ROJUTINE SEQ(DA,DIuP)

SUSROUTINE SEQ(DA+IIMUP)
THIS SUBROJTINE SETS UP COMPJTATIONAL SEQUENCE
REAL ISESeIURIILAT
REAL DIMP(3,2)
INTEGER JELS
COMMON /Cl/ NSEGsISEG(99)eTU(9393) s NPARWKISET(99) 4 IMETH(99)
COMMON /C3/ TPRNTeT«AR(11)4BFL(60) +F BTH(9I) ¢KSEG(99) 4NDX(99)+Q2,+Q
1SUM IS IML«STN(99)
COMMON /C4/ NELS+ISVE+QCH e ILAToILAT(39¢4)+ITESTI(99)sITYPE(99) sJLAT
1(9904)¢JJP(99¢3)eP(28814+3)9PARAM(99+42) ¢RLCOEF(9343)UAR(BHE3)
COMMIN /C5/7 ALPHA(39) sEM(99) oFIN(99) 9 AMAX(39) oSLIPE(99) ¢ ALPADY
NUMRER CONTRIBUTING SEGMENTS (IUPILAT) USINSG SUBROUTINE
ITIAN WHICH SIVES THZ CONTRI3IJTING SEGVENTS THE SAME
VUMARER AS THE ORDER JF THE SIGMENTS (I4Ese I)
70 2 T1=1+NSEAR
ITEST(I)=n
20 1 J=1,3
X=[UP(Ted)
JUP(T4J)=[TRAN(X)
CONTINJE
30 2 U=leb
X=ILAT(T«J)
JLAT(IeJ)=TTRAN(X)
CONTINJE
II=0
JRIER OVER_AND F_OW SEGMENTS TIRST
3O 7 I=1eN3ES
IF (ITYPZ(I)=5) 34643
IF (ITYPE(1)=6) Tobol
20 6 J=1+3
IF (JU(1e2)) 64Khe5>
G0 T1 2%
CONTINLUF
11=1%+]
«SFu(Il)=1
ITEST (1) =]
CONTINJE
NONCH=T1
CHEIC< EACH SEGUENT TI SZE IF IT +HAS 8FEN SEQJENCED
I=1 '
NIT=0
IF (ITEST(I)) 1241243
I=1+)
CHICC IF SZSMENT SFEQJUENCING IS COMILETED AND FOR ERRORS
IF (T=NSE5) 848,10
I1=1
NIT=N]T+]
IF (MIT=3#NS7G) 11411424
IF (TI=NSF3) ARelNe20
N=9
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00

00

O O

O

(@}

(@]

13
le
15

16

17
18

19

20

2l

22
23
24

25

26
27
28

29

SUSROUTINE SEQ(JA4DIuP)

CHECK SEGMINT FO UUPSTREAM SIGMENTS wWHICH HAVE NOT
IEEN SEQUENCED YET

J0 15 J=1e3

IF (JUR(IeJ)) 15415,13

K=Ju2(1+J)
IF (ITEIST(K)) l4el4sl5
N=1
CONTINJE
CHECK SEGBMINT FOR ANY LATERA_| INFLOW SESMENTS wHICH
44VE . NOT BIFN SEQUENCZED YET
D0 19 J=let )
IF (JLAT(IsJ)) 1Rs18.15
<K=JLAT (I+J)
IF (ITZST(<)) 17.17,18
N=1
CONTINUJE
IF SEGMENT 4AS NO UNSEQJENCE) UPSTIEAM OR LATERAL INFLOW
SESMENTSSINJENCE IT NEXT
IF (N) 1341949
II=11+]
XSEG(I1) =1
ITEST(I) =1
IF (TI=NSES) 942020
OUTP JT COM2TATION SIQUENCE
N=0

WRITZ (6+30)
JO 27 1=]14NSE6
K=KSEG(I)
IF (ITYPZ(X),EQ,%) BI TU 2]
IF (ITYPE(<)=4) 21471926
CHEICK FOR CHANNELS WITH MISSING INFLOW SEGMENT
NN=()
20 24 J=1.3
IF (JLAT(XeJ)) 22022423

IF (JU2(KeJ)) 264424423

\NN=]

COMTINJE

IF (NN) 235425426

N=1

WRITE (6+31) KeISES(X)

GO0 T2 27

ARITE (He32) KeISES(X) «ALPHA(K) ¢EM(K)

ChECAK FOR INPUT DATA ERRIR
CONTINJE
IF (M) 294¢29.28
WRITE (6033)
STOP
CONTINJE
CALL AREA(DANDIMPNONCH)
RETURIN
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)

30 FORMAT (1H191010204C0M°UTAf13N SEQUENCEs 16X+ 264KINEMATIC WAVE PAR
1AMETERS/ /12X «SHINDZX ¢3X ¢ THSESMENT ¢ 19X e5X e SHALPHA96X s 1 HY)
(32XeT306X90696Xe22HMISSING INFLOW SEGMENT)

3
32
33

FORMAT
FORMAT
FORMAT
END

SU3ROUTINE SEQ(DA,DIvP)

(13XeT395XeAGeF3le2eF10.3)
(1HD 4 29HERRIR IN DJRDERINS OF

SEGMENTS)
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SUBROUTINE AREA(DA,JIIMP,NONCH)

‘SUBROUTINE AREA(DADIMPNONCH) Yy 10
1. CHECKS CZOMPUTED DIAINAGE QEA VERSUS FURNISHED y 20
DRAINAGE AEA, 2. NDETERMINES SERVIJUS AND IMPERVIOUS Yy 30
ARZAS COVEIED BY EACH RAIN GASE FOI EAGCH SOIL TYPE Y 40

INTEGER DJE.S+TRYCToFsF+02TNO Y S0

REAL DIMP(342)4DT(20095+2) 9 ISEGeIUPsI_AT Y 60

DIMENSION <S(99) . Y 70

COMMON /C1/ NSEGISES(39)+IU2(9993) ¢ NPARVKISET(99) 9 IMETH(99) Y 80

COMMON /C3/7 TPRNTsToAR(11)e47L(50)+F_BTH(99) +KSEGIF9) oNDX(99)+Q2+Q Y 90

1SUM IS UML¢STN(99) Y 100

COMMON /C4/ DELSeISVEsICWHeALATIILATI(3944)2ITEST(99)2ITYPE(99)+JLAT Y 110

1(99964)eJJP(9993)sP(2881+3)¢PARAV(9942) ¢yRCOEF(99+3)4UPR(BHS]I) Yy 120

COMMOIN /CT/ ECOMPy<SINIToNOUTINR390ST ¢ JPUNIKINsATyDALl9DA2sDA3 Y 130

COMMON /CB/ T1eIXKsTRYCTs<OUT(150)¢IHYI(150)sPTIMEWND+OJTVOL(60) Y 140

COMMON /227 A(200)90(16)eF(16&)eF(16)45(60)4(40)sU(I)IPTNO(]1S) Y 150

DAl1=0,0 Y 160

DA2=z=0,0 Y 170

DA3=0,0 Y 180

20 1 J=ls2 Y 190

00 1 I=1e9 Yy 200

DIMP(14J)=0,0 vy 210

<LL=NSZG+100 Y 220

00 4 L=1sN3AR% Y 230

90 3 I=1leK.L Y 240

DO 2 J=1le6 Y 250

DT(ledel)=0,0 Y 260

CONTINJE Y 270

CONTINJE Y 280

DAT=0,0 Y 290
CA_CULATE 2ERQVIOJS AND IMPERYIDUS DJRAINAGE AIEA FROM Yy 300
JVIRLAND F_NW SESMENTS INTO ZACH CHANNEL FOR EACH RAIN Yy 310
SA5E AND SITL TYRE Y 320

JO 9 T=1eNSES Y 330

IF (ITYPE(I) NE.S5«ONDJITYPE(TI) NZ46) 3D TO 9 Y 340

DO 8 K_=1¢NSEG Y 350

NO 7 K¥=le6 Y 360

<L1=XL+NSES * vy 370

IF (I NEJJLAT(KLeKM)) 530 TO 7 Yy 380

RK=0,0 ' Y 390

JO 5 KvM=] ¢NG Y 400

RK=RCEAICIET (T o KMM) Y 410

IF (3K elLTeN 38.0ReICeGTaleN2) wRITE (5423) Y 420

DO 6 K<=],4\NPAR Y 430

2K=0.,0 Y 440

IF (<PSET(I) EQuKK) 2K=],0 Y 450

DO 6 xvM=] 43 Y 460

KMM] =K MUM+ 3 Y 470

DTEMP=FL FTA(CL)®FLITH(I)*RCOSF (I oKUM) #PKHPARAM(IV]) Y 480

OT (KL o MUY yKK)=DT (L oKMM] o« KK) ¢ DTEMPRIARAM(]2) Y 490

DT (KLY oKMML 4 XKK) DT (KL1oKUML s <K) +ITEMI® (] ,0-PARAM(Iv2)) Y 500
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SU3ROUTINE AREA(DA+JIMPeNONCH)

IJTEMD=)TEM2/RK

DT (KL o KMMy KK} =DT (K_y XMMeXK) +ITEUI*PAIAM(T ¢ 2)

DT (KLY o KUMeKK)ZDT (L1 9 KMUXK) +DTEMPH (] ,~PAJIAM(T.2))

CONTINJUE :

CONTINJE

CONTINJE

CONTINJE
AGGREGATE DJQAINASE AIEA FOR ZACH CHANNEL SEGMENT FOR
EACH RAIN 3AGE FOR EACH SOIL TYPE

KM1=NSZG-NINZH

IF (<M1,EQes)l) GO T2 15

DO 10 I=14%<M]

NONCH=NONCH+1

KS(I)=<SEG(NONCH)

CONTINJE

KM]l=xM]-]

N0 14 <I=z]1.xu]

KJ=KS (<)

KJJ=XJ*NSES

KPl=<]+]

K=KM]+]

J0 13 I=XPlyx

JK=KS ()

JKK=JK+NSES

20 12 <MX=1.3

IF (JUP(JKeKUK) NELxJ) 6D TO 12

20 11 <Mv=],\NRG

CMM]=KWMe+ 3

20 11 <K=]1sN2AR

DT (I 9 S<MM<K)=DT (JC e KMM e <K) +DT (K Jy KMy KK)

DT (UK g AMM] oK) =DT (JK9KMM] oKX ) ¢ DT (< Jo CMU] e K<)

DT (UKo KUMeKC) =DT( UK g XM KK) ¢DT (K JJe {MMeK()

IT(JIKK o KUM] ¢ KK )=DT( JSKK oK ML o <K) DT (K J )y XUM] 4 KK)

CONTINJE

CONTINJE

CONTINUJE N

CONTINJE
Ca_CJLATE THATAL JRAINAGE AREAQ AND TOTAL PERVIOJS AND
IvERVINUS AREA FOR ZACH RAIV 3AGE aND SOIL TYPE

K=KSEG(NSES)

KP=K+NSF 3

OTEMP1=0.0

20 17 <MM=]1.3

KMP=XMu+ 3

KMQ=A MU+ 5

JO 18 <K=]1eN2AR

DAT=DAT ¢ DT (Ko KMUGKC) +DT (KP ¢ XMy <X)

DTEMO 1 =DTEMP 1 ¢DT(KeKUP KK) +DT (X9 KUP, <K)

DIMP (KMo €<) =DT (Ko {MMy<K)

IIMP (KPP oK) =2DT (KP ek MMy KK) /RAT
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SUBROUTINE AREA(DAIIMPeNONCH)

DIMP (KMQeKX)=DT (KP e KUM KK ) =DIMP ((MP, <(K)
16 CONTINJE
DIMP(KMMe1)=NIMP (K4Mel) ¢DIIMP (KMM,42)
17 CONTINUJE
DO 18 III=1,\RG
KMP=T11+3
KM=XM3+3
JA1=DAY«IDIvP(]ITI1+1)/D0ATH100,
DA3=NA3¢(DIMI(KMP41)+DIMP (KUI42))/DAT®*#]100.
DA2=DA2+(DIMD (KMRe]) +DIMI(KMI92))/IAT#]100,
18 CONTINJE
CHEC< COMPJTED DIAINAGE AREA 4ITH SURNISHED DRAINAGE AREA
DAT=DAT/(5280,%#5280,)
DAT1=DAT/DA
DAT2=DA/DAT
WRITE (6420) DADATY
IF (DAT1eLTala0)oANNDJDAT2,LT41.01) B) TO 139
ARITE (6+21)
19 WRITE (he22) DALl+DAD4DA3
DA=0AT
Dal1=DAl%#JA/100.
DA2=)A2#DA/100.
DA3=DA3#DA/1N0.
RETUIN

20 FORMAT (//1HN,25HF JANISHZD OIAINAGE 8IEA =4FB.4¢2Xy 12HSQUARE MILES
1714 +25HCOVP ITED DJRAINASE AIEA =,FR,442Xs12HSAVARE MILES)

21 FORMAT (14 o¢38H THEIGE DISFER BY MORE T4AN ONE PERCENT)

22 FORMAT (1H0,22HTHE NRAINAGE 3ASIN IS oFeele29H PERCENT EFF. IMPERV
1I0US AREA/IH ¢22XeT6a1e32H4 DTRCENT NINEFF, IMPERVIQUS AREA/L1H +22X
2eF4414224 PEQCENT 2ERVIOJS AREA/IX)

23 FORMAT (1H0s3I3NTHEISSEN COEFS. FIR NDVERLANDI=FLOW.2TH SEGMENTS SHOU
ILD SUM T2 1,m)

£NN
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SUBIOUTINE ADJST(EAC»2AC)

SURRJUTINE ADJST(EACPAC)

ADJUSTMENT TO AREAS 03 EaAC

COM4IN /C7/ ECOMPy<INIToNOUTINRSs0SL s JPUNs<INeATeDAL+DA2¢DA3

JIFF=(ZAC=-1.0)*DA]
DALINEW=DAL+DTFF
NDA2NEW=DA2-DTIFF

JA3NEW=DA3

IF (JA2ZNEWGT.N.0) 30 TU 1
DA3INEW=DA3+NAPNEW
DAZNEWN=0.0

IF (DA3NEW.EN.O0.N) 3 TO 2
RAT=(NA2NEN+IAINEW) /DAINZ W
IF (JA3.EQ.N,0) RFTY3IN
PAC=)DA3NEW/DAS

RETUIN

WRITZ (644)

STOP

FORMAT (140431HUPPZR LIMIT ON EAC
END

1S TJO0 LARSE)
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FUNCTION ITaN()

FUNCTION [TRAN(X)
THIS FUNCTION NUMRBRERS LATERA_| AND JOSTIEAM INFLOW
SESMENTS TO COIRZSPOND TI TH:ZI ISEG*S

REAL ISES.1y>

COMMIN /C1/ NSEGeISES(99)sTU2(9393) 9 NPARIKISET(99) 4 IMETH(99)

1=1

IF (X=ISZG(I)) 3¢243

ITRAN=]

RETUIN

I=1+1

IF (I=-NSEG) 1lsleé

ITRAN=0

RETUIN

END
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SUBRIUTI

INTEGER

SJBIOJTINI AM

NE awv

THIS SUBROJTINE COMPJTES THE 2ARAMETERS ALPHA AND EM

AND THE FU_L~-SEGMENT FLOW FO3U EACH SEGMENT
JELS

REAL ISESsIUS.ILAT

COMMON /C1/ NSEG«ISES(99)«IU3(33¢3) o NPARIKISET(39) 4 IMETH(99)
COMMON /C4/ DELS«ISVEsQCWeQLATIILAT(3944) s ITEST(99) 4 ITYPE(99) o JLAT
1(994¢4)4JUP(99,43) 4P (2881+3)4PARAM(99+2)¢RCOEF(99+3)4sUR(B643)
COMMON /C57 ALPHA(39)4EM(99),FRIN(99),3MAX(39)+SLOPE(39)+ALPADY

20 8 1=1
N=ITYPZ(

o NSFESG
D

IF (NeGEe8) N=7

GO 17 (1

0203640547 96) 0 N

1 SIDE=SIRT(PAAM(T 1))/ (1e+SAAT(1e+2AMM(Te])#e2))

ALPHA(I)

=1s1A/FRN (1) *SQRT(SLOPZ (1)) *SIDE#®(2,/3,)

EM(I)=1,33
QMAX (I)=100000,

50 19 3
2 A"AX=3¢1

QFULL=1e49/FIN(T) #AMAX® (DARAM(I9])/4,) 8% (2,/3,) *SART(SLOPE(I))

ALPHA(])
EM(I)=1.
IMAX(T) =
350 TO 4

3 SIDE=SIRT(2A4AM(Te1) +PARAV(]42)) /7(SQIT(1e*2ARAM(T+]1)##2)¢SART (1 4¢P

4%2a2AM(Te])882/6,
=@TYLLZAMAX

AIFJLL

1ARA4([42)%%2))

ALPHA(T)
QMAL () =

ZlelQ/FRN(T) ®SIRT(SLIPE (1)) #STIDE**(2./30)
100000,

EM(I)=1.33

50 T2 4

6 ALPHA(T)=zPARAM(IW])
EM(])=24AM(T.°2)
IMAX(T)I=1G0000.,

50 T2 5
S ALPHA(I)=1449/FRN(I)#SIRT (SLIPE (1))
AMAX (112100000,
EM(I)1=1.57
"0 17 3
5 QMAX(1)=100000.
ALPHA (1) =0,
EM(1)1=0,
50 T7 A
7 QMAX(1)=100000.
ALPHA (1) =6.964,49S_02E(1)/(FIN(I)*#,0900161)
EM(I) =3,
9 ALPHA(I)=A_P4A(])®aL2ADY
RETJIN
END
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SJBROJTINE PUNCH(LLoNDATEsNDELSsCORF«PTIME2sJPUN+ I ICNT)

SUBROUTINE PINCH(L _ie NDATZoNDILSsCORF4ITIME«JPUNS Il ICNT) AC 10
DIMENSION X2(12)« IDAYS(12)y NDATE(6Q43) . AC 20
INTEGER STAD14+STAD AC 30
COMMON /C2/ STAD1+STAD AC 40
COMMON /F1/ TCTeR(1442)¢(1462)9IPL(150) eKX AC SO0
DATA T1JAYS5/3)1,28¢31930¢31030031931932431430.31/ aC 60
NCN=120.1/2TIME Al 70
IPUN=0 . AC 80
IP=PTIVE AC 90
1CODE=> - AC 100
350 T 2 aC 110
LL=LL-NDELS AC 120
IF (LLeGT4NNELS) G) TO 1 AC 130
IMO=NDATE(TI141) AC 140
IDY=NDATE(I142) aC 150
IYR=NDATCZ (I143) AC 160
CONTINJE AC 170
DO 6 IsleNIN AC 180
IF (IPUNJEQALJICNT) 50 TI 1 AC 190
112=12#%1 aC 200
IF (_LLeGT&I12) GO TN 6 AC 210
112=112-12 AC 220
DO 4 J=1l.12 AC 230
X2(J)=0.0 AC 240
IF (IPJUNJEQLICNT) 39 TO 4 aC 250
112=112+1 AC 260
IF (LLeGT&I12) GO TN & AC 270
IPUN=T2UN+] AC 280
X2 (JY=RR(IPUN) AC 290
CONTINJE aC 300
IF (COF32,5.0) 6I TO S AC 310
WRITE (J2PUNe9) STAD1eSTADIYI IUDeINVY IPyle(X2(<)eKxl,o12)0¢ICODE AC 320
30 T2 5 aC 330
WRITE (JPUNG10) STAD19STAD s IYRsIMIWIDIVeIPeIa(X2(X)9K2])e12)s]CODE AC 340
CONTINJE AC 350
LL=o AC 360
10v=10v+l aC 370
IF (IDAYS(IMY) ,GE.INY) G2 TO 3 AC 380
IF (IMJ.NEW?) GO TD 7 aC 390
IF (MOD(IYR46)oNESD) G TO 7 AC 400
IF (INDY..Ce?3) GO TH 3 AC 410
IMO=TMIe} AC 420
10vY=1 AC 430
IF (IMJ.LEe12) GN TO 3 AC 440
™MD=1 AC 450
Iv’=Iv3+1l AC 460
50 T 3 AC &70
CONTINJE AC 480
RETURN AC 490

’ AC 500
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SJUBROJTINE PUNCH(LLsNDATESNIELSeCORF4ITIME 9 JPUNSI14ICNT)

3 FORMAT (24496412¢13412F5.1011) AC 510
10 FORMAT (2A645]291275,1412) AC 520
END AC 330-
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SUBRIUTINE COIR(NOTESFP<FPX)

SUBROUTINE CORR(NOTE+SFPXFPK)
DIMENSION SFOK(60)e FP<(90)

AN=0,

SUMX =0,

SUMY=0,

SUMXXx=0,

SUMYY=0,

SUMXy=0,

D0 1 I=1eNIFE

X=SFox (1)

Y=FPK (1)

IF (X g Ee0e000]eNReYelLELD,0001) 30 TX ]
AN=AN¢],

SUMX=S JMX + X

SUMY=z§ MY+ Y

SUMXX=SUMXX ¢ X#X

SUMYYsSUMYYeynyY

SUMXYsSUMXYe+x#Y

CONTINJE

IF (AN.LT,3,) RETURN

VAR= (ANOSUMXX=SUMXBSJMX) / (AN® (AN=]1,))
SD1=SAIT(VvaRr)

VAR= (AN®SUVYY=SUMY RS JMY) /7 (AN® (AN=-1,))
SD2=SNAT (VAR)
COV=(AN®SUIXY=SUMX#SUMY) /-(AN® (ANe],))
COR=COV/(SJ1#SD2)

WRITE (/s2) COR

RETUAN

FORMAT (14 +29HCORIELATION CIEF. FOR 2EALS =.FQ,.3)
END
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SUBIOUTINE

SURRJUTINE FILES

CIEATES S2aCE ON THZ DIRECT ACCESS FILE FOR THE
NJMIER OF RECIORDS RZIQUESTED

TILES

(JRECIS),

INTESER HEAD1(120) «~EAD2(60+2)94SAD3(50)

COMMON /F37 IFILESIFILEDWIFI_E?s JRECIS, IRECOINIECDSs»HEADLsHEADZHE

1AD39NSTRMUSy UPERM

IFILE=25

IF (JRECIDS.LE.50) 350 TD 2
IF (JRZCIS.LEL100) GO TO 3
IF (JRECDS=500) 1+7.8

160=JRICIS/100¢)1=(1=MIND(IsMID(IRECDSS100)))
GO TO (3449S4697)e 1350

CONTINJE
DEFINE FILE
50 TJ 2R
CONTINJE
DEFINE FILZ
50 T 28
COvTINJE
JEFINE FILE
50 7O 28
CONTINJE
JEFINE FILE
50 T2 28
CONTINJE
DEFINE FILZ
50 1D 28
CONTINJE
DEFINE FILZ
30 T2 28

25(5004800Ls IREC)H)

25(100+44804.Ls1REZD)

25(200+480+L+1RECD)

25(30044804Le1EZ2D)

25(40044804LIRECD)

25(50044804L 4 [ETD)

160=JRECIS/500=(1=4IND (1 +MID(JECIS+3500)))
IF (JRECIS.6T,10000) 6D TH 23

50 T7 (901001101201 301491541991761801342002192202392%925426427)
130

CONTINJE
DEFINE FlLEZ
50 TJ 28
CONTINJE
JEFINE FILEZ
50 1D 24
CONTINJE
DEFINE FILE
50 T3 ?¢A
CONTINJE
JEFINE FILE
50 7O 28
CONTINJE
DEFINE FILZ

25(100044800_¢132CD)

25(150044804_4132CO)

25(2000,4804LeIRZCD)

25(25004804_133CD)

25(300044H0eL e IRECD)
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15

16

17

18

19

20

21

22

23

26

26

27
2R

23

30

SUBRWOUTINE

50 TO 28
CONTINJE
DEFINE FILE 25(3500,6804L4IRECD)
G0 10 28
CONTINJE
DEFINE FILZ 25(4000,480,L+1RECD)
G0 TO 28
CONTINUE
DEFINE FILE 25(64500.480+L9IRZCD)
50 T) 28
CONTINJE

DEFINE

FILE 25(5000,680+L+IRECD)

60 TO0 28
CONTINJE

DEF INE

FILE 25(5500,4804L9 IRECD)

GO T) 28
CONTINJE

DEFINE

FILE 25(600044804L4IRZCD)

50 TO 28
CONTINJE
* IJEFINE
GO TI 28
CONTINJE

DEFINE

FILE 25(6500,6804_9IRZCD)

FILZ 25(700046809L¢1=3CD)

G0 TO 24
CONTINJF

JEFINE

FILE 25(7500,46804L41ECD)

GO T2 24
CONTINJE

DEF INE

FILZ 25(80004680sL«IRECD)

GO TO 2R
CONTINJE
DEFINE FILZ 25(A500,4809.41R2CD)
50 Th 24
CONTINJE
DEFINE FILZ 25(900044804L+IR2CD)
G0 T0 28
CONTINJE
DEFINE FILE 25(950044800LsIRICD)
GO TD 24
CONTINJE

JEFINE

FILZ 25(10000+4804L+1€ECI)

CONTINJE

RETURN
WRITE
STOP

FORMAT
END

(6930)

{1140+ 645H###28ERIOR-=JIECIS IS SIEATER THAN 10000%ssns)

ILES
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SU3IROUTINE P_T(QsReICNTIIENDs YHAX)

SUBROUTINE PLT(QeReICNToIENDsYMAX)

THIS SUBROJTINE SETS UP FOR _INE PRINTER PLOTTING

DIMENSION J(ICNT) e RUICNT)
INTEGER TRYCT

COMMON /C8/ [19IKsTRYCTsKOUT(150)sIHYDI(150)+PTIMEIND4OJUTVOL (60)

LOGICAL *1IMAGE(5200)
GO TO (l94e5), IEN)D
IXx=Q(1)
IY=sQ(ICNT)
XMIN=IX
XMAX=TY+]
DIV=10.
IF (YMAX.LTe10s) DIv=0.1
IF (YMAX.LT,0,0]1) JIV=0,001
AJ=YMAX/DIV
IAJ=AY
YMAX=(1AJel,) DIV
WRITZ (6+7)
FOR FINAL 2L0TS
IF (2TIME._T.,70,) 30 7O 2
XMIN=0,0
XMAX=YMAX
50 70 3
WRITE (646) 11
CALL P_OT2(IMAGFE ¢ XMAX o XMINeYMAX90400¢5)
CALL PLOT3(14CeQeRsICNT)
IF (OTIME.3T.70,) ZalLlL PLOT&(2¢24 )
RETURIN
CALL P_OT3(1409W+sReICNT)
RETURN
CONTINJE
CALL PLOT@(114114F_OW IN CFS)
RETUQN

FORMAT (30X¢15H®# STORM VUMY3IR,I3)
FOR4AT (1H1)
END
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SU3IIOUTINE 2R8LOT

SURROUTINE PRPLOT
IMPLICIT LOGICAL*1(w)sLOSICA_M] (X)
OIMENSION NSCALE(S), ABNIS(29)s X(1)»

LOGICAL
LOGICAL

Y(1)

BINOS(10) /790090104020 ,030,0404050,080,0T70,8808,800/
#1IMAGE (1) oCHoLAZEL (1) +sEIR]»ZIRRIVEIINRS

LOGICAL ®1VCsHCeFORL(19)sFOR2(15)+FOAI(]19) ¢NCrBLINFsHF]
REAL #8FOX1(3)+FOX2(2)+FIXI(3)
INTEGER #2vCR

EQUIVALENCE (FOR1(1)sFOX1(1))o

1)s (VCeVCR)
INTEGER FI_E

DATA
DATA
DATA
DATA
NATA
DATA
DATA

HC/ 8=/ oNC/V+8/4BL/Y Y/ qHF/'F /4 (F /0 0/

FOX1/70(1XAleF3t0 48,2y 121%00A1)
FOIX2/7% (1XA1s F09tX121A1) ¢/
FIX37* (1HOF etot o F tot, )
VCRZZ26F00/

K2LOT1/ . FALSE ./ +KPLIT?/.FALSE./
KABSCyKIRDeXBITSL/3®,FA_BE/

ENTRY BOLOT]1(NSCALE ¢NHL +NS3HeNVL e NSSV)
IFL=FILE

ERR]l=
ERR3=
ERRS=

«TALSE,
«TALSE,
«FALSE,

KPLOT1=.TRUE,
KPLOT?2=,FALST,
NH=1a85(NAL)
NSH=TA3S (NSRH)
NV=14RS(NVL)
NSV=TA3S (NSRV)

NSCL=

NSCALZ (1)

IF (NH®NSH®*NVENSV,NF.0) 30 TO 1
KPLOT=.FA(SE.

ERR]=

«TRUE.

RETUIN

KPLOT=.TRUZ,

IF (NV.LZ.25) GO TD 2
KPLOT=.FALSE,
ERW3=,TRJE.

RETURN .

CUNTINJE

NVMz=Ny -]

NVP=NV e+l

NOH=NH®NSH

NOHP =

NIOH+1

NDV=NVENSY

NDVP=
NIMG=

NOVe1l
(NDHP#NDVP)

IF (NDV.LE.120) GO TD 3
KPLOT=.FALSE,

(FOR2(1)+F0X2(1))

L

L4
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ERRS5=,TRJUE.
RETURN
CONTINJE

IF (NSCL4ER.D0) GO TO 4

FSY=10.%#NSCALE (2)
FSX=10,#*NSCALE (4)

SUBIOQUTINE 2RPLIT

IY=MINO (TA3S (NSCALZ(3))e7)¢]
IX=MINO(IA3S(NSCALZ(5))99) ¢}

60 T0 5

FSY=1],

FSx=1,

1Y=4

Ix=a
FORL(10)=NIS(IY)
VASMINO (IXsNSV) =)

NS=NA=YINO (NAs120=NDV)

NB=11-NS+NA
I1=N3/10
12=N3=71#10
FOR3(6)=NOS(T1+1)
FOR3(7)=NOS(T12+1)
FOR3(9)=NOS(NA+]1)

IF (NW.GT.0) GO TO 7

Do 6 J=11,18
FOR3(J)=3L

60 7O 8

Il1=nv/10
I2=Nv=T1%*]10
FOR3(11)=N0S(11+1)
FOR3(12)=N0S(12+1)
FOR3(13)=HF
I11=NSv/100
I3=NSv=-11¢10n
I2=13/10
13=13-12#10
FOR3(16)=NIS(I1+1)
FOR3(13)=NJS(12+1)
FOR3(15)=3NJ3S(13+1)
FOR3(17)=2H7]
FOR3(13)=FJIR3I(9)
IF (XP.O0T1) WIWETURN
XPLUTI=.TRUIE,

ENTRY SLOT2(TMAGE 9 XMAX o XYINoYMAXs YMINWFILE)

IFL=FI_E
KPLOT?=,TRJUE,

IF («PLOT1) 50 10 3
NSCL=0

NH=5

NSH=10

158

AG 510
A8 520
AG 530
AB 3540
A8 550
A5 560
AG 570
AG 580
AG 530
AG 600
AG 610
AG 620
AG 630
AG 640
AG 550
A5 660
AS STO
AG 680
A5 690
A5 700
AG T10
A3 T20
AG 730
AG 740
A5 750
A3 760
AG 770
AG 780
AG 790
AG 800
AG 810
AG 820
AG 830
AG 840
AG 850
AG 860
AG 870
AG 880
A5 890
AG 900
aG 310
AG 920
AG 930
AG 940
AG 350
A3 960
A5 370
AG 380
A5 990
A31000



10

11

12

13
14

17
18

19
20
21
22

SUSQUTINE 3RPLOT

Nv=10

NSvV=10

50 10 1

CONTINJE

IF («PLOT) GO TO 10

IF (ERI]Y) ARITE (ITLe30)
IF (ERI) WRITE (I5L931)
IF (ER3S) WRITE (ISL32)
RETURN

YMX=YMAX
DH=(YMAX=YMVIN)/FLOAT (NDH)
DV= (XMAX=-XMIN)/FLOAT (NDOV)
DO 11 I=leNve

ABNOS (T) = (XMIN+FLOAT((I=1) #NSV) #*IV) e 6X
20 12 I=14NIVG

IMAGE (I)=d_ )

20 16 [=14NDHP

12=1#NJVP

11=12-NDV

KNHOQ=M0D (I=]aNSH) «NELD
IF (<N40R) GO 7O 14

20 13 J=11l.12
IMAGE (J) =HC

CONTINJE

20 15 JsI1e124NSV

IF (XNHOR) G2 TO 15
IMAGE ( J)y=NT

30 7O 1A

IMAGE (J)=ve

CONTINJE
XMINI=XMIN=NV/2,
YMIN1I=YMIN=N4/2,

RETUIN

ENTRY PLIT3("HeXaYeN3)
IF (<P.0TZ2) 30 TO 18
WRITE (IFL.33)
CONTINJE

IF («NITLK2LOT) RETUIN
IF (N3.6T.0) GO TO 13
XKPLUOT=.FALSE,

ARITE (TFLs36)

RETURN

00 2% I=1+N3

IF (Jv) 21420,42)
Ju4l=0

30 T3 22

CONTINJE
JUML=(X(T)=XUMIN1)/DV
IF (DH) 24.423,24
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AB1010
AB1020
AB1030
ABl1040
AG1050
AG1060
AG1070
AG51080
431090
AGll00
AGl110
ABll20
AG1130
AG1140
461150
A31160
AGl170
A51180
AG1190
431200
461210
ag1220
AG1230
AGl240
AG1250
AG1260
4G1270
AG128R0
481290
451300
AGl13]0
AG1320
A31330
AG1340
AB1350
AGl1350
AG1370
A31380
451330
AG1400
AGl4l0
AGle20
A31430
431640
A31450
4Gle60
AG51470
A5)14R0
431450
AG1500



SUBROUTINE 2RPLOT

29

DuUM2=0 AGl1510
50 T2 25 AG1520
CONTINJE ’ AGl530
DUM2=(Y(I)=YVIN]L) /DN AG1340
CONTINJE AG1550
IF (DUM1eLTo0ee0ReIUM24LTe04) 30 TO 25 © AG1560
IF (DUV14GE,NDVP.0,DUM2.GE.NDH?) GO TO 26 A31570
NX=1+INT(DUM]) AG1580
NY=14INT(DUM?) AG1590
J= (NOH2=NY) #NDVP ¢NX 4G1600
IMAGE (J) =CH 451610
CONTINJE aG1620
RETURN AG1630
AG1640
ENTRY 2L0T6(NLeLABZL) AGL1S50
ENTRY FPLOT4(NL.LA3EL) AG1660
IF (oNDOTeK3LOT) RETURN A51670
IF (,NJT.K2LNT2) G) TO 17 AGl680
DO 29 I=1.NDHP AG1630
IF (I.2QeNDHP,AND.<RITS3L) GO TD 28 AG1700
wl=4L agl710
IF (T._EeNL) wWl=LA3EL(]) 451720
I2=1#N)DV? A31730
Il=12-NOV ' A51760
IF (M0DX(I=14NSH) oF2,044M)¢eNIT,<IRD) 30 TO 27 A51750
WRITE (IFLsFOR2) W_ i (IMAGE(J) 9 JzI1412) AGl760
50 79 28 a31770
CONTINJE a51780
ORONO=(YMX=FLOAT(I-1)#DH) #FSY A31790
IF (I,SQ.NJH2) ORDNO=YVIN AG1800
WRITE (IFLsFIRL) W_isORDND. (IMAGBE(J) ¢ J=11012) AG1810
CONTINJE AG1820
IF (xXA3SC) 6N TH 73 AG1830
WRITE (IFLeFIR3) (AR3NOS(J)eJ=14NVR) A31860
RETURN AG1850
AG1860
ENTRY JOMIT(LSwW) A51870
KABSC=MNI(LSW+2),EQ,1 AG1880
KORD=MID (LSWed) e GE,? A51890
KBOT3L=LSWeG a4 461900
RETUN AG1910
aG1320
AG1930
A31360
FORMAT (T5¢'SOME P_OT1 ARG. ILLE3ALLY 0"} A51350
FORMAT (T5+tNQ. OF VERTICAL _INES >253') AG1960
FORMAT (TS5«*4IDTH JF GRA24 >121") A31970
FORMAT (TS54'2L0T7? vuST BE CA_LED") AG1380
FORMAT (TS,¢3L0T3. aRG2 ) N') 461990
END 462000~
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ATTACHMENT H
SAMPLE RUNS

Three example computer runs of DR3M are shown on the following pages. For
each of these runs the input data deck is listed followed by the output from
the program. The first two runs are an optimization and routing run, respectively,
for the Sand Creek tributary basin near Denver, Colorado. In the optimization
run the watershed has been discretized as a single overland-flow segment draining
to a channel segment. In the routing run the watershed is discretized into 18
segments as shown in figure 10.

The third run includes a reservoir segment and is used to semipermanently
store the segment flow files on disk for future access by DR3M-QUAL. A
distributed DR3M-QUAL run using these flow files is included in Attachment F of
the DR3M-QUAL users manual (Alley and Smith, report in preparation).
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1000
J

EXPLANATION
PR Drainage Basin Boundary

FO2 Overland-Flow-Segment Boundary and Number
CH23 Channel Segment and Number
s Non-Contributing Area within Drainage Basin
— General Direction of Overland Flow

Figure 10.--Schematic of Sand Creek tributary basin at
Denver, Colorado, showing segmentation for
rainfall-runoff modeling.
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INPUT FOR RUN NUMBER 1
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OUTPUT FOR RUN NUMBER 1
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