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USER'S GUIDE FOR A GENERAL PURPOSE DAM-BREAK FLOOD 
SIMULATION MODEL (K-634) 

By Larry F. Land 

ABSTRACT 

An existing computer program for simulating dam-break floods 
for forecast purposes has been modified with an emphasis on general 
purpose applications. The modified version is documented in this 
report. The original program was formulated, developed, and 
documented by the National Weather Service. The model is based on 
the complete flow equations, that is, continuity and momentum, and 
uses a nonlinear implicit finite-difference method for solving the 
equations. The reservoir routing is separate and may be a hydrologic 
technique or the hydraulic technique used for streamflow routing. The 
dam fails gradually after the reservoir's water level rises to a 
specific elevation. A complete discharge hydrograph is computed at the 
dam before it is routed through the stream which may be nonprismatic 
and have segments with subcritical or supercritical flow. The 
results are discharge and stage hydrographs at the dam as well as 
all of the computational nodes in the channel. From these hydrographs, 
peak discharge and stage profiles are tabulated. The data requirements 
include (1) in the reservoir; surface area-elevation tables or 
channel geometry and roughness, (2) at the dam; breach shape, 
duration of breach development, structure stage-outflow ratings, 
and water-surface elevation when failure begins to occur, and 
(3) in the stream; channel geometry, roughness and state of flow 
(subcritical or supercritical). 

INTRODUCTION 

The U.S. Geological Survey has a responsibility to collect 
data and conduct investigations concerning floods. This includes 
developing and maintaining the expertise, as well as, the capability 
to make field investigations as needed. Most of the Survey's flood 
work in the past was related to natural causes; however, disasters 
in the last few years have brought attention to those floods resulting 
from dam failures. In contrast to the natural floods where the 
analysis is mostly statistical, the analysis for dam-break floods 
is made with deterministic digital models. To meet the new need 
in an effective manner, the Survey has conducted an investigation to 
select a general purpose dam-break flood model. The investigative 
procedure included (1) selecting four existing models for evaluation, 
(2) selecting three field data sets for model testing, (3) simulating 
the three reservoir-stream systems with the four models, (4) comparing 
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the computed results with the observed results, (5) comparing 
individual model features with desirable dam-break model features, 
and (6) selecting a model that would best meet the needs of the Survey. 
Reports describing the investigation were written by Land (1980a, 
1980b). 

The selected dam-break flood model was formulated, developed, 
and documented by Fread (1977) of the National Weather Service 
as a dam-break flood-forecast model. Minor modifications were 
made to the forecast model to meet the objectives of a general 
purpose model. This included eliminating the multiple dam-failure 
option, altering the computation of the time step, reorganizing 
data-entry and printout formats, preventing the model from switching 
from one state of flow to the other (supercritical to subcritical 
or the reverse) in a given subreach, and allowing for tributary 
inflow. The model formulation is based on the two open-channel 
(complete) flow equations, that is, continuity and momentum for 
shallow and unsteady conditions. The numerical analysis technique 
is known as a nonlinear implicit finite-difference method. The 
model first computes a discharge hydrograph at the dam and then 
routes it through the stream system. The breach is assumed to 
develop at a constant rate for a finite time span, generally greater 
than 5 minutes, and to take the shape of a triangle, rectangle, or 
trapezoid. The stream is subdivided into segments, as needed, to 
separate reaches of subcritical and supercritical flow. The model 
computes complete stage and discharge hydrographs at all nodes, 
tabulates the flood crests, and plots the specified discharge 
hydrographs. 

The purpose of this report is to document, in a user's guide 
format, this general purpose dam-break model (K-634). The discussion 
is limited on the mathematical representation of the reservoir-
stream system, the equations defining the hydrodynamics, and the 
numerical analysis techniques. The discussion is much more detailed 
on the mechanics of applying the model to a field case. 

MODEL DESIGN 

General Discussion 

The model is designed to simulate a dam-break flood in one 
computer run; however, the simulation is done in two distinct 
parts. One part is computing the reservoir's outflow hydrograph, 
and the other part is routing this hydrograph through the stream 
system below the dam. 

The model begins its first major task by routing an incoming 
flood through the reservoir. The routing is mathematically done 
with a hydrologic (storage-continuity) method or with the hydraulic 
(hydrodynamics) method that is used for the streamflow routing. 
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The initial characterization of the hydrologic event and the 
reservoir system has the water level below the elevation where the 
breach is to begin forming. During this time the water level is 
rising due to the incoming flood and the limited outflow of the 
dam's structures. When the water level at the dam reaches the 
preselected elevation, a breach in the dam begins to develop. The 
breach's base begins at the water level and has a zero width. 
For a specified time the breach develops by widening and deepening 
at a constant time rate. Its side slopes remain equal and constant. 
After the breach fully develops, it remains constant for the 
remainder of the simulation. The total flow past the dam is now the 
sum of the flow through the dam's structures and the breach. The 
discharge through the breach is computed by triangular- and rectangular-
shaped weir equations which represent a trapezoid. The computation 
of the outflow hydrograph continues in small time steps until the 
simulation period is complete. 

The second and last major task is routing the outflow hydrograph 
through the stream. The routing is mathematically accomplished with 
the Saint Venant flow equations and a nonlinear implicit finite-difference 
algorithm. If the stream has segments where the state of flow is 
different, then the flood wave is completely routed through one segment 
before being routed through the next. 

For purposes of this report, cross sections refer to the ones 
that were obtained by field surveys, computational cross sections are 
the ones that were used as primary input into the model and may 
or may not have been field surveyed, and computational nodes, or 
simply nodes, refer to the locations where discharge and water-
surface elevations are computed inside the model. The term reach 
refers to the stream, beginning at the dam and ending at the end 
of the study area, while segment refers to a length of stream used 
as one computational reach, that is, a length of stream where the 
state of flow (subcritical or supercritical) is constant. Subreach 
refers to the stream located between two computational sections. 

Routing Techniques 

Hydraulic Routing 

Hydraulic routing is based on the complete one-dimensional 
equations of unsteady, shallow open-channel flow, the Saint Venant 
equations. The complete equations are the conservation of mass 
(continuity) and the conservation of momentum (motion). Fread 
uses the form of the equations, in which the dependent variables 
are discharge (Q) and water-surface elevation (h). The continuity 
equation is 

c)(A + AQ) 
dx + + q = 
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where A and Ao are the active (conveyance) and inactive (storage) 
cross-sectional areas, respectively; t is time; x is distance along 
the channel; and q is lateral inflow per unit length along the 
channel. The motion equation is 

aQ 3(s22/A) dh 
at + ax ax Sf Sce) = ° (2) 

where Sf is the friction slope and Soe is the expansion-contraction 
slope. 

The selected numerical analysis technique for solving equations 
1 and 2 is a "weighted four-point" implicit scheme (Amein and Fang, 
1970; and Ponce and others, 1978). It has distinct advantages for 
uneven time and space intervals and exhibits good stability-convergence 
properties. In this scheme, the continuous x-t region is represented 
by a rectangular net of discrete points at which Q and h values 
are sought. 

Applying a finite-difference form of equations 1 and 2 to N 
nodes along the new time line defining a segment, 2N-2 equations 
and 2N unknowns can be formulated. Using boundary conditions at 
the upstream and downstream ends for subcritical flow or two 
upstream boundary conditions for supercritical flow, two additional 
equations are available, thereby making the system of equations 
determinate. A coefficient matrix of the two dependent variables 
is written for the resulting system of 2N equations. The matrix 
has a banded structure which allows the system of equations to be 
solved by a quaddiagonal Gaussian elimination algorithm and the 
Newton-Raphson (iteration) method. Fread (1971, 1974, and 1977) 
gives a detailed explanation of this hydraulic routing and numerical 
analysis scheme. 

Hydrologic Routing 

The hydrologic routing technique is based on the law of 
conservation of mass. The equation is 

I - 0 = dS/dt (3) 

where I is the inflow during the differential time (dt); 0 is the 
outflow for the same dt; and dS is the change in reservoir storage. 
The inflow is known while the outflow is a function of the 
reservoir's water level. To solve for the outflow and the water 
level at the new time step the Newton-Raphson method is again 
used. The time intervals are rather small to minimize the 
mathematical errors. 
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FLOOD-WAVE ROUTING 

Reservoir 

A reservoir outflow hydrograph may be obtained by either the 
hydrologic or hydraulic routing technique. For the hydrologic 
technique a stage-surface area table defines the necessary reservoir 
geometry, while the hydraulic method requires computational cross 
sections. The upstream boundary must be a known inflow hydrograph. 
The downstream boundary is a stage-discharge relation consisting 
of several components. They include flow through the breach, over 
the dam, over an uncontrolled spillway, through gates, and through 
turbines. The rating is automatically computed from data provided 
for each component. 

The instantaneous flow through the breach is approximated 
by broad-crested-weir equations for triangular and rectangular 
shapes. Together they can represent a trapezoidal shape. The 
equation for instantaneous flow through a breach (Qb) is 

Qh = C1(H-hb)1'5 + C2(H-h )2'5 (4) 

where C1 and C2 are the coefficients for the rectangular and 
triangular portions of the weir equations, respectively; H is the 
elevation of the water surface inside the reservoir; and hb is 
the elevation of the breach's base. The coefficients C1 and C2 
are defined by 

C1 = 3.08 CvCsb (5) 

and 

C2 = 2.44 CvCsz (6) 

where b is the width of the breach's base; z is the side slope 
(horizontal/vertical) ; Cv is a velocity of approach correction 
coefficient (Brater, 1959); and Cs is a submergence correction 
coefficient (Vennard, 1954). Usually Cv and Cs are 1.0, particularly 
during the time of maximum outflow. The breach develops gradually 
during a time period (T) and progressively takes the shape as 
shown in figure 1. The outflow from the breach is zero until the 
reservoir's water level reaches a specified elevation. 

The instantaneous outflow from the reservoir by means other 
than the breach is computed by 

1.5 1.5 0.5 
(7)Qs = Cs(H-hs) Cd(H-ho) C (H-h ) Qt 
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EXPLANATION 

I 1 1 ORIGINAL CHANNEL 
BOUNDARY 

TOP OF DAM 

INITIAL WATER SURFACE 

Figure 1.--Breach's shape as it gradually develops. 
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where Qs is the total discharge through the dam's structures; and 
Cs, Cd, and Cg are the complete discharge coefficients for the 
spillway, dam, and gates, respectively; hs, 110, and hg are the 
elevation of the spillway crest, dam crest, and center of the 
gates, respectively; and Qt is the discharge through the turbines. 
The total reservoir outflow at an instant in time is the sum of 
Qb and Qs. The flow through the dam structures continues as long 
as the water surface is higher than the structure's elevation, 
except for the turbine discharge. The latter remains constant 
until the breach is completely formed, then it stops. 

Using either the hydrologic or hydraulic routing methods 
discussed earlier, the inflow hydrograph is routed through the 
reservoir. At the beginning of a simulation run, the dam is 
assumed to be intact; therefore, no water is flowing through a 
breach. As the simulation continues, the water surface rises 
and finally reaches an elevation where the breach begins to occur. 
The simulation continues with the breach gradually developing for 
T hours and terminates when the specified simulation period is 
completed. 

Streamflow 

Routing the reservoir's outflow hydrograph through the river 
is accomplished with the hydraulic routing method. If the flow 
in the river remains subcritical or supercritical, the entire reach 
is simulated in one pass. However, if the reach has different 
states of flow, then the reach must be subdivided into segments 
having a constant state of flow. Simulations are completed for 
one segment before stepping to the next downstream segment. Each 
segment is treated as a reach, that is, it has a complete set of 
boundary conditions just as a total reach would. 

Boundary Conditions 

Upstream.--The upstream boundary during the streamflow simulation 
is always the outflow hydrograph that is automatically computed for 
the reservoir or for the adjacent upstream segment. A straight 
line interpolation scheme is used to compute the discharge at any 
instant of time. 

Tributaries.--The model allows inflow into a stream segment from 
two tributaries. The entry point is specified by a subreach number. 
The hydrograph ordinates for the tributary inflow are in hourly 
intervals, beginning at t=0. An exception occurs when the model 
is used for utility streamflow simulation. This option is discussed 
later. 

Downstream.--The downstream boundary condition is a dynamic 
stage-discharge relation that is computed from the nonuniform, 
unsteady flow equation. It is expressed in terms of the Manning 
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equation in which the friction slope is evaluated by a backward 
difference approximation of the motion equation (eq. 2). The 
approach reproduces the hysteresis effect, loop rating, found in 
unsteady stage-discharge relations. 

Channel characteristics.--The geometry of a channel is defined 
by a series of cross sections along the channel while the geometry 
of a cross section is described by corresponding pairs of elevations 
and top widths. To accurately represent the conveyance and storage 
areas of a cross section, the top width consists of an active and 
inactive flow portion. The channel friction (Manning n) may 
vary with depth and from subreach to subreach. Also included in 
defining channel characteristics is the Sce parameter in equation 2. 
It defines the loss of momentum due to expansions and contractions. 
The expression defining this parameter is 

2 (8)s = LT 
ce 2g Ltx 

where k is the expansion-contraction coefficient which varies from 
-0.5 to -1.0 for expansions and 0.1 to 0.3 for contractions, and 
iV2 is the difference between the square of the velocities at 
adjacent nodes which are separated by a node spacing of Lx. A 
k coefficient is assigned to each subreach and remains constant 
during the simulation. 

Occasionally, the model will have convergence problems that 
are related to irregular channel geometry. To help the model with 
these problems, a routine for "smoothing" the geometry is available. 
Two types of smoothing are available, that is, vertical or horizontal. 
For vertical smoothing, a value is smoothed with a corresponding 
value above and below it in the given cross section. For horizontal 
smoothing, a value is smoothed with corresponding values in adjacent 
cross sections. A smoothed value reflects 25 percent of each of 
the adjacent array values and 50 percent of its original value. A 
depth and distance weight is not used. As specified by the 
user the array describing the top width of the active and inactive 
flow element can be smoothei vertically and horizontally while 
the array containing the elevation data can only be smoothed 
horizontally. Care should be taken not to have major discontinuities 
in the elevation and top width arrays of the computational cross 
sections when this option is used. The upstream and downstream 
elevations are not changed. The smoothing operation is performed 
before additional computational nodes are inserted. 

Lateral inflow.--The q term in equation 1 allows a lateral 
flow to enter or leave the stream. This may occur when flood 
water infiltrates dry overbanks or an alluvial aquifer or is 
held in detention storage. The equation describing the lateral 
inflow is 
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Qi Qi+1 Qi Qi+1 

2 2 (9) 
q = max max 1 1 qmax 

Qi Qi+1 Qi Qi+1 
2 2 

where q is the lateral inflow in (ft3/s)/ft for stream between nodes 
i and i+1 and at time j; qmax is the maximum lateral flow (-) 
leaving and (+) entering the stream for the segment; Qi is the 
discharge at node i and time j; and QTax is an estimate at node 
i and is based on an expected exponential attenuation of the peak 
discharge through the reach. Equation 9 proportions the lateral 
inflow with time and space according to the current discharge 
in relation to the initial discharge and the expected maximum 
discharge. In other words, no lateral outflow occurs at base flow 
while the maximum outflow coincides with the peak discharge. 

Initial.--Establishing Q and h values at each of the computational 
nodes at t=0 is required to begin the simulation. Using initial 
discharges at the upstream and downstream ends of a stream segment 
with the initial tributary discharges, the computational node discharge 
is 'computed by a linear interpolation on the basis of the number of 
nodes, not distance. The h values may be computed by either normal 
depths or by running a step-backwater computation using the 
gradually varied equation of steady flow which is equation 2 without 
the aQ/at term. The latter option is required when the reservoir 
is simulated with the hydraulic method. The former option will not 
function where the streambed has a subreach with a negative, 
zero, or very mild slope. 

SITE CHARACTERIZATION 

Model Layout 

Representing a reservoir-stream system with a hydraulic model 
requires a grid schematization. The system is differentiated into 
discrete units. There are large discrete units for the reservoir 
and stream segments and small discrete units for subreaches. 
Engineering judgment is needed to determine a sufficient amount of 
subreaches for detail yet not so small as to make the computations 
and data requirements unrealistic. 

An example of how a site is laid out for use with computer program 
K-634 is given in figure 2. The example site shows a reservoir-stream 
system consisting of a reservoir, dam, two segments, and two 
tributaries. The basic data available are inflow into the reservoir, 
tributary inflow into the stream, reservoir area-capacity curves, 
structure ratings, topographic maps, and four cross sections. It 
has been determined that the stream between river mile 0.0 and 3.0 
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Reservoir 

• Computational Node 
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5.5 Miles Below Dam 

3 

ea 
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Figure 2.--Model layout for an example reservoir-stream system. 
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is hydraulically steep (supercritical flow) and the stream between 
3.0 and 8.0 is hydraulically mild (subcritical flow). Therefore, 
two segments are required. Computational cross sections at the 
beginning and end of a segment are required. Therefore, a minimum 
of four computational cross sections would be needed for this 
example. The second and third ones would share the same data. 
However, additional computational cross sections are needed, for 
illustration purposes, to accurately describe the stream. These 
computational cross sections are prepared from the surveyed cross 
sections and topographic maps. This layout shows that four computa-
tional cross sections are used for the upper segment and five for 
the lower segment. It should be noted that the simulated reach 
should be extended past the study reach in order to eliminate any 
irregularities of the self-setting downstream boundary. The final 
step in the layout is to estimate the concentration of computational 
nodes. The model uses the computational cross sections as nodes 
but allows nodes to be inserted, equally spaced, between the computa-
tional cross sections. The geometry of the nodes is interpolated 
from the adjacent computational cross sections. Note that the 
density of computational nodes increases toward the dam, where the 
flood peak is more pronounced. 

Selection of Ax and At 

As a general guide the computational node spacing (Ax) usually 
ranges from a few hundred feet to over a mile. Usually, shorter 
spacings improve accuracy and are needed when the duration of the 
failure is short. 

The time step (At) is computed automatically; therefore, it is 
not directly controlled. For hydrologic routing in the reservoir, 
At is selected on the following basis: (1) before the breach begins 
to occur, At is 0.1 hour; (2) during the duration of the breach 
development, T hours, and for three additional T time periods, At 
is 0.02T hours; (3) thereafter, At is increased by 10 percent 
each time step but not exceeding 0.25 hours. For hydraulic routing, 
At is generally defined by: (1-) initial At is 0.25 hour which is 
the maximum; (2) normal At during breach development and shortly 
thereafter is 0.05T; (3) At is increased by 1 percent between 3T 
and 10T hours after breach began, and by 2 percent thereafter, 
but not exceeding 0.25 hours, or At is increased by the position 
of the flood wave in the segment, that is, increase At by 1 percent 
when the flood peak is in the lower half of the segment and by 2 
percent when it has passed through the segment. If the iteration 
closure is not obtained in any time step, that step's computation 
is repeated with At cut in half. It is obvious that T is very 
important in the automatic selection of At. 

Experience with mathematical models has proven that if numerical 
instability is a problem, adjustments to either Ax or At will often 
permit stability to be obtained. In the use of this model the Ax 
values are the ones that are adjusted, or possibly the T value if 
it is not critical to the simulation. 
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SENSITIVITY TO SELECTED PARAMETERS 

As an aid to the user when selecting or changing certain 
parameter values and model operations, a limited number of sensitivity 
tests were performed. The parameters selected for analysis include 
(1) concentration of computational nodes, (2) computational cross-
section smoothing operations, (3) expansion-contraction coefficients, 
(4) variation of Manning n to maintain a state of flow, (5) designation 
of active and inactive flow areas, and (6) the duration of dam 
failure. For illustration and test purposes, the data set is 
hypothetical but includes many characteristics that a field case 
may have. The channel geometry and characteristics for this example 
are illustrated in figure 3. The upper sketch is a profile of the 
reach. It shows two segments: the first one is hydraulically steep 
and the second one is mild. The first and second segments have 
four and five computational cross sections, respectively. The 
middle sketch shows the cross-sectional geometry for the upper 
segment. The lower sketch shows the channel geometry for the stream 
reach between river mile 4.0 and 8.0. The subreach between computational 
cross sections 1 and 2 of segment 2 has a gradual transition between 
the two shapes. The layout in this data set closely corresponds 
to the example given in figure 2, except for the location of the 
computational nodes. The data deck used to make the base model run 
is given in Attachment D. The results of the sensitivity tests 
are presented in table 1. These results can be used only to show 
the relative influence of selected parameter and option changes. The 
percent of change would vary from case to case. 

STREAMFLOW SIMULATION WITHOUT A DAM BREAK 

The program, K-634, is designed so that it can also be used 
as a utility streamflow simulation model. Selecting this option 
bypasses the dam-break computations and goes directly into the 
hydraulic routing routine. This option allows the inflow hydrographs, 
that is, the upstream and the tributaries, to be in other than 
hourly intervals and causes the time step to be constant, as specified 
by the user. The upstream boundary is always a discharge hydrograph 
and the downstream boundary is always a self-setting stage-discharge 
relationship. A reach can be divided into as many segments as needed. 

COMPUTER PROGRAM 

K-634 is designed as a stand-alone program, that is, it does not require 
any special computer files or utility programs. All of the input data 
enter via cards and all of the results return via a line printer. 

The general model operational sequence is schematized with a flow 
chart in Attachment A. A source code listing is given in Attachment B. 
The data input and conversion, the executive part of the finite-differenpe 
algorithm and the printing of most results are performed by MAIN. There 
are 10 subroutines to perform special and generally repetitive computational 
tasks. Their titles and functions are also given in Attachment B. A 
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Figure 3.--Channel profile and the cross-sectional geometry of 
the example data set. 



		 	 	

	

Table 1.--Results of sensitivity analysis for selected parameters and model options. 

River Mile 
Parameters 

or 
Option 2.0 4.0 6.0 8.0 

Qmax Hmax Qmax Hmax Qmax Hmax Qmax 

Base 32,510 814.35 28,090 682.41 18,260 645.25 14,080 616.49 
Node spacing: 
0.05 mi 32,510 814.35 28,190 682.49 18,130 645.17 13,620 617.74 
0.25 mi* 
0.50 mi 31,860 814.35 27,980 682.46 18,620 645.45 14,450 617.42 

Smoothing: 
None* 
KSA=15 32,510 814.35 27,840 686.68 19,250 643.56 14,210 616.72 
KSA=1 32,510 814.35 27,600 687.47 19,350 643.60 14,240 616.74 

State of flow: 
Differentiated* 
Subcritical 32,510 819.24 28,280 682.43 18,240 645.24 14,090 616.49 

Flow areas: 
Differentiated* 
Totally active 32,510 814.35 29,900 683.58 21,740 647.06 16,700 617.95 

k coefficient** 
0.0 32,510 814.35 28,090 682.41 18,260 645.25 14,080 616.49 
-0.5* 
-1.0 32,510 814.35 28,090 682.41 18,260 645.25 14,080 616.49 

Duration of failure: 
5 min 37,650 815.56 29,600 682.79 18,540 645.37 14,240 616.58 
15 min* 
30 min 26,310 812.75 24,300 681.28 17,710 645.07 13,800 616.32 
60 min 17,840 810.23 17,430 678.41 15,200 643.94 13,170 615.95 

*Parameters and options used in base run. 
**k coefficient is applied only to subreach 1 of segment 2. It affected the stages in 

subreach 1 of segment 2 less than +0.10 ft. 



	 	 	 	

schematic data card deck that includes all the card sets, regardless of 
option, is given in Attachment C. A listing of sample data decks is given 
in Attachment D. Finally, selected parts of the program's output for a 
dam-break simulation with hydrologic reservoir routing is given in 
Attachment E. The program lists all of the input data, selected computed 
parameters, intermediate results, and stage and discharge crests. The 
program will also plot discharge hydrographs with the line printer. 

The computer program is written in Fortran IV programming language 
and was developed and tested on IBM 3033 and 370/158 equipment/. Some 
changes may be required when using other equipment. 

The program is dimensioned for 90 computational cross sections, 
200 computational nodes, and 600 time ordinates. For simulations 
requiring larger arrays the dimensioning must be increased. For 
the IBM 370/158 the program requires 500K bytes of core storage and 
about 40 seconds to compile. On the same machine execution time for 
the base run used in the sensitivity analysis required 250K bytes 
of storage and 60 seconds. These time and storage requirements are 
for the Fortran IV H-level compiler, Opt=2. For larger production 
or calibration runs, this compiler reduces computation time about 
40 percent in comparison to the Fortran IV G-level compiler. 

DATA INPUT SPECIFICATIONS 

Data input for the model is by computer cards. The information 
on the control cards is read with the NAMELIST command. Other data 
are entered in fields 10 columns wide with 8 fields per card. All 
variables are real (number with a decimal) or integer according to 
standard notation, that is, A-H, O-Z for real and I-N for integer. 
All integers and real numbers without decimals must be right 
justified. The variables in the NAMELIST name block have the form 

&name VALUE1=1.0, VALUE2=2.0, VALUE3=3.0 &END 

The first ampersand must be in column 2 and immediately followed by 
the NAMELIST name. List all variables with their values, then 
terminate the variable list with an &END. The variables must be 
separated by a comma. More than one card can be used. 

Input data requirements vary with the model layout and the 
selected options. As an aid to users of K-634 the schematic diagram 
in figure 4 is given to help the user select the correct sets. 

I/The use of brand names in this report is for identification purposes 
only and does not imply endorsement by the U.S. Geological Survey. 
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A description of the data input, sequence and arrangement follows. 
Discharge is in ft3/s, length is in feet, and time in hours, except as noted. 

Card Set No. Variable 

1A MRSVR 

MRVR 

MNAME 

1B MESAGE 

2 CARD2 

KKN 

KUI 

3 SA(K) 

4 HSA(K) 

5 CARD5 

YO 

z 

TEH 

YBMIN 

BB 

Description 

Name of reservoir, center in columns 1-20. 

Name of river, center in columns 21-40. 

Modeler's name and agency, center in 
columns 41-80. 

Comment, columns 1-80. 

Primary option controls. 

Number of reservoir and river segments with 
hydraulic simulations. For a run without a 
dam-break simulation add 8, making KKN > 9. 
This is the code to select the streamflow 
simulation option without the dam-break 
feature. 

Is the reservoir routing by the hydraulic 
method? For streamflow simulation only, 
use KUI = 0. 

0 = no 
1 = yes 

Table of surface areas, in acres, for 
reservoir. Code up to 8 values in descending 
order. Omit when KKN > 9 or KUI = 1. 

Table of elevation values corresponding to 
the SA array in card set 3. 

Reservoir parameters. Omit when KKN > 9. 

Initial water-surface elevation in reservoir. 
This value should be slightly less than HF. 

Side slope of breach in dam (horizontal/ 
vertical). 

Duration of simulation, in hours. 

Elevation of breach's crest at end of failure. 

Width of breach's crest at end of failure. 
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Card Set No. Variable 

TFH 

DATUM 

6 CARD6 

HF 

QT 

HD 

CD 

HSP 

CS 

HGT 

CG 

7 CARD? 

TEH 

DHF 

DT9 

8 QI(J) 

Description 

Duration of breach development, in hours. 

Reference elevation to the datum used for 
vertical control. Suggest using mean sea 
level (0.0). 

Structure parameters. Omit when KKN > 9. 

Elevation of water surface when breach 
begins to occur. 

Discharge through turbines. Can be used to 
establish base flow in river. 

Elevation of dam's crest. 

Coefficient of 'flow over dam' equation: 

Qdam = CD(H-HD)1.5 

Elevation of uncontrolled spillway's crest. 

Coefficient of 'flow over spillway' equation: 

Qspillway = CS(H-HSP) 1.5 

Elevation of center of gate openings. 

Coefficient of 'flow through gate' equation: 

= CG(H-HGT)0.5 Agate 

Streamflow routing parameters. Omit 
except when KKN > 9. 

Duration of simulation, in hours. 

Time interval between all input 
hydrograph ordinates, in hours. 

Time interval of computations, in hours. 

Upstream discharge hydrograph. The inflow 
must be great enough to cause the initial 
water level YO to rise above the elevation 
of failure HF. First value is at t=0. 
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Card Set No. Variable 

9 CARD9 

NS 

NTT 

JNK 

KSA 

10 

11 

KSUPC 

NTBT 

NT(L) 

NTB(L) 

Description 

Intervals are hourly for dam-break 
simulations and DHF for other simulations. 
Code only as many as needed to span the 
simulation, maximum = 600. 

Cross-sectional parameters. 

Number of computational cross sections 
defining this segment. Include the uppermost 
computational cross section even if it repeats 
the lowermost computational cross section of 
the upper segment. Minimum = 2, maximum = 90. 

Number of discharge hydrograph line-
printer plots, maximum of 6. 

Code to select the quantity of printout. 
1 = very limited; input data, crests and plots, 
2 = as 1 plus limited results at each time line, 
3 = as 2 plus results of data manipulations 

and more results at each time line, 
9 = most extensive. 

Code for cross-section smoothing. A 
smoothed value in an array is equal to 
50 percent of its original value and 
25 percent of each of the two adjacent 
original values. See text for more 
information. 
-1 = smooth BS and BSS arrays vertically, 
0 = none, 
1 smooth BS and BSS arrays vertically 

and horizontally plus the HS array 
horizontally, 

14 = smooth BS array horizontally, 
15 = smooth HS array horizontally. 

Is the flow supercritical for this segment? 
0 = no 
1 = yes 

Number of tributaries entering this segment, 
maximum of 2. 

Computational cross sections where discharge 
hydrographs are to be plotted, maximum of 6. 
Omit if NTT = 0. 

Subreach number where tributaries enter 
stream, maximum of 2. Omit if NTBT = 0. 
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Card Set No. Variable Description 

12 QTB(L,J) Tributary discharge hydrograph(s). 
Complete the coding of one tributary 
before starting second on a new card. 
See card set 8 for more details. Omit 
when NTBT = 0. 

13 Cross-sectional geometry. The number of 
sets equals NS. There are 4 cards per 
set. Code in downstream direction. 

-1 XS(I) Stream distance from some upstream 
reference point, generally the dam, in 
miles to computational cross section I. 

-2 HS(K,I) Elevation array at cross section I where 
top widths are defined. Code in ascending 
order. The number of values and their 
vertical spacing intervals should be 
nearly constant or have smooth transitions 
from one computational cross section 
to the next. This is desirable when 
automatically inserting computational 
nodes and smoothing the elevation and 
top width arrays. 

-3 BS(K,I) Top width of the active flow (conveyance) 
portion of channel cross section 
corresponding to elevation HS(K,I). 

-4 BSS(K,I) Top width of the off-channel (dead 
storage) portion of channel cross section 
corresponding to elevation HS(K,I). 

14 CM(K,I) Manning n corresponding to the elevations 
HS(K,I) and HS(K,I+1) for each subreach. 
The value represents the effective 
roughness up to the corresponding elevation. 
Maximum of 8 values per subreach. One 
subreach per card. Number of cards equals 
NS-1. 

15 DSM(I) Distance in miles, between computational 
nodes for subreach (I). The value is 
rounded to give a constant Lx between the 
computational cross sections. The total 
number of nodes must be less than 200. 
One value is required for each subreach.' 
Code 8 values per card and use as many 
cards as necessary. 
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Card Set No. Variable Description 

16 FKC(I) Contraction-expansion coefficient. 
Contraction values vary from 0.1 to 0.3, 
expansion values from -0.5 to -1.0. If 
considered to be negligible use 0.0. A 
value is required for each subreach. 
Code 8 values per card. And use as many 
cards as necessary. 

17 CARD17 Downstream flow parameters. 

QMAXD Estimated discharge at downstream end 
of segment. If 0.0 is coded, the value 
is estimated automatically. Used to 
estimate lateral outflow. 

QOD Initial discharge at end of segment. 
Used with the sum of the flow through the 
dam's structures or the initial outflow 
from the upstream segment to establish 
initial discharges along the segment. 
Not used when KUI = 1. 

QLL Maximum lateral inflow in ft3/s/ft of 
segment length. When water is lost from 
the stream system into the ground, QLL 
is negative (-) because the water leaves 
the stream. 

DTHM Code to select the method of computing 
the time step. 0.0 selects At on the 
basis of TFH. 1.0 + selects At on the 
basis of TFH and the location of the 
flood wave in the stream segment. 

YDN Initial elevation of water surface at 
downstream end of segment and selects 
a backwater routine to compute initial 
conditions. 0.0 selects a routine that 
computes the normal depth at each 
computational node for the initial conditions. 

18 CARD18 Downstream submergence parameters. Omit 
except for a dynamic reservoir segment 
(KUI = 1). 

UPSH Critical depth at upstream computational 
cross section of reservoir. 
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Card Set No. Variable Description 

SOM Slope of channel below dam, feet per mile. 

CMN Estimated effective Manning n value for 
channel below dam. 

NOTE: If the simulation has more than one segment with hydraulic routing, 
repeat card sets 9 through 17 for each segment. 

HINTS FOR CORRECTING MODEL RUN FAILURES 

Although K-634 is designed to accept major channel irregularities, 
abrupt changes in flow, and a wide variation of problems, it will fail 
to perform for a variety of reasons and circumstances. Hints for diagnosing 
and remedying common failures are given below. First, run the model with 
JNK = 9 to obtain the most detailed printout. 

Failure Diagnosis and Remedy 

All Check for errors in the coding of field data and 
miscellaneous information. To aid the model user, 
the program usually prints the information of each 
card set before moving to the next card set. With 
this program design errors can often be found by 
reviewing the printout. Also, the results of each 
time line are printed before moving to the next 
time line. It is usually helpful to get a computer 
listing of the data cards when checking for data 
errors. 

To start The most common reasons for the model's failure 
to start are errors in the initial conditions and 
different states of flow in the segment. To correct 
these problems, try (1) using the expansion-contraction 
coefficients, (2) smoothing the elevation top-width 
arrays with the KSA parameter, (3) smoothing the 
thalweg elevations and abrupt geometry changes outside 
the model, (4) selecting a different computational 
node spacing, usually smaller, (5) increasing 
the base flow, (6) changing the Manning n value, 
(7) changing the TFH value, if possible, and (8) using 
the alternate routine for computing the initial 
conditions. At least the first 3 lines in 
the results section are for t=0. The first 
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Failure Diagnosis and Remedy 

one is for the initial conditions. The others 
are the results of hydrodynamic simulations 
which are trying to remove any inconsistencies from 
the initial conditions, before the actual simulation 
begins. 

Nonconvergence The most common cause of the problem is the model 
computing different states of flow, either with time 
or space, in a segment. This problem can be identified 
with JNK = 3 or 9. Items 1-7 in the To Start section 
are applicable for this problem. Also, try the 
alternate method of computing the time step size. 

Irregularities 
along the 
surge front 

Often in front of a sharp surge, the discharge and 
water level will have a considerable dip. A small 
amount is normal; however, a major dip can 
usually be reduced by decreasing the computational 
node spacing. 

As a suggestion to reduce the computer costs in getting the 
model operational, try routing the dam-break flood through each 
segment before assembling all of the segments for a complete 
simulation run. This eliminates unnecessary computations in trying 
to get a run for one of the lower segments. 

SUGGESTIONS FOR EMERGENCY SIMULATIONS 

One of the first liberties that a user takes in making an 
emergency simulation is the use of a sketchy data set. The design 
of K-634 allows the modeler to exercise this prerogative by limiting 
the refinement of the reservoir and channel geometry data. If 
need be, the reservoir's geometry can be represented by two pairs of 
elevation and surface area values; a river segment can be represented 
by two computational cross sections. The geometry of a computational 
cross section can be defined with two sets of elevation and active 
and inactive top width values. If more than one segment is needed, 
the computational cross -ection that is common to the two segments 

can be reused. 

Quick preparation of a data set can be greatly facilitated 
with topographic maps. The modeler can use the maps as an aid in 
laying out the model and to determine the values of the parameters 
that define the geometry. A suggested procedure of laying out the 
model and preparing channel geometric data include at least the 
following steps: plot the streambed profile using information from 
the maps; attempt to identify the segments where supercritical and 
subcritical flow occur; select as few cross sections as possible 
for coding but include the ones where the elevation of the flood 
crest is of importance; adjust the bottom elevation of the 
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computational cross sections so that the streambed profile is 
reasonably smooth; and if the slope gradually changes between two 
segments, adjust the bottom elevations of the computational cross 
sections so that the slope trends of the two segments are maintained. 
Other suggestions include omitting such refinements as tributaries, 
lateral inflow, contraction-expansion coefficients, and dam outflow 
structures, except the turbines (QT) which should be used to establish 
the base flow in the stream. 
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A. GENERALIZED FLOW CHART 

27 



Start 

Read names 
and information 
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Read reservoir 
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parameters 
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parameters 
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datum 

Read upstream 
hydrograph 

Read routing 
parameters 
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Read cross-sectional 
parameters 
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Read plot 
locations 
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locations and discharges 

= 1 NS 

Read computational 
cross-section geometry 
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Smooth cross-
sections 

Read Manning 
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Read computational 
node spacing 

Read expansion-
contraction coefficients
i
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I 
Add intermediate 
computational nodes 

Read downstream 
flow parameters 

r 

Read downstream 
conditions 

Compute initial 
conditions by normal 
depths or step-
backwater 

4, 
Initialize parameters 
and arrays 

Compute time 
step limits 

Yes 

4 
/ Read 

submergence 
parameters 

Yes 

Computes outflow 
< Call DAMBRK hydrograph by 

hydrologic routingi 
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Compute time 
interval 

ITER = 1, ITMAX 

Call BDARY 

Call INTER 
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0 

0 

eo 

Yes 

Adjust discharges 
and water surface 
elevations 

Convergence 
reached? 
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Make adjustments for 
non convergence or errors 

and try again 

Call MATRX 
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Compute matrix 

coefficients at boundaries 
H 

Compute matrix 
coefficients at interval 
nodes 

Solve system of 
equations for 
supercritical flow 

Solve system of 
equations for 
subcritical flow 
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Compute lateral 
outflow 

Print results 

Save plotting 
data 

Yes 

Prepare for 
next time step 

Plot discharges 
on printer 

-4 

( Stop ) 
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B. COMPUTER PROGRAM 

Subprogram Name 

MAIN 

BDARY 

DAMBRK 

FRICT 

INTER 

INTERP 

MATRX 

MATRXC 

PLOT 

SECT 

SURFAR 

Description 

Executive program with instructions for data 
input, primary computations, and output of 
results. 

Computes: (1) inflow into reservoir or stream 
segment from known information; (2) other 
boundary conditions for new time step. 

Computes the discharge hydrograph from a 
reservoir that may have a failing dam by 
the hydrologic routing method. 

Computes the Manning n from the elevation 
and subreach number. 

Computes the coefficients of the system of 
equations used in the nonlinear implicit 
finite-difference algorithm. 

Computes the parameters needed to interpolate 
the discharge at any instant of time from a 
given discharge hydrograph. 

Algorithm to solve the quaddiagonal system of 
equations for subcritical flow. 

Algorithm to solve the quaddiagonal system of 
equations for supercritical flow. 

Plots designated discharge hydrographs. 

Computes the areas and top widths from a 
given elevation and node number. 

Computes the surface area of a reservoir from 
an elevation and an elevation-surface area table. 
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C 
****************************************************************C 

C * * 
* *C Kb34 -- SIMULATI)4 Or A )A4 iRE.AK FLOOD JSIN3 A 

C * NO\ILINEA4, IMPLICIT =INITE-DIFFERENCE MODEL. * 
C * BASIC MODEL NAS DEVE_OPED 3Y: * 
C * JAVNY _. F-<EAD * 

aC -111 )14034AP-11C R=SEARC4 LA3JRATO4Y * 
C * VOAA - Ntsi * 
C * SI,-VEq SP-4146, MARYLAND * 
C * * 

C * M3O1FICATID4-7, HAVE 3EEN MADE 3Y: * 
C a LARRY =. LAAD * 
C * 3UL.F CDAST HYDR3SCIENCE C:NTER * 
C * JS3S - NRJ * 
C * NSTL STATID4. MISSISSIPPI * 
C * * 
C )ATE uF LAT -<EVISIDN: 'td 12, I'/11* * 
C * * 

********************************0*******************************C 
C 

COMM3N/SjPC/ 
COMMDN/STM/ D(DOU),TI(500),..iI(503),YD,SUm,C4N9Y8AIN.3B9Z,TFH,TrH 

1 ,NJ,JVK9uU9).44X,04I(230),/JI( 7 00),OLL.D1,KDI 
d ,HF,HD,HSP,1;iT,CS,Cri9:20,:iiT,TP, ,<K,KTMAX 

COMMON/SjkA/ SA(n),mSA(S) 
COMMON/41/ Uil(20u).w.)(200),YJ(200)+YD(200),)DX(d00),FKC(200)+6,DT 

1 ,TT,ITER,ocIT.NSFSv 
COMmUN/SS/ HS(1,e00).S(1,200).83S(b.200),45(13,200),ASS(89200),NCS 
coAmJN/FRIc/cm(s,doo) 
co4m0N/mTA/ o(50u,4),xx(s00),L;(500),v,KJ,NIT 

1 ,NL.K<N,urti1,)T1II,DTD,)1- 1,TF), 
COMMjN /;RAF/ .4C(b00,5),YC(50096),TTP(500) 
COAmON /NAMES/ myAME(10).M4SVR(5),mRVR(o) 
COMMJA /NECiA/ YN:o.NELII 
COMMDN /TkId/ Tili(20)0(1),TJ(500),NTd(2),QT31,Td2,NT3T 

C 
DIMENSION XS(90),X(200),NT(5)9NN(90) 

1 sT(9,90).1ST(d,90).HST(1,93) 
2 ,Y1(200),DX4(4U),C4T(9200),F=KC(90) 
3 ,Y1(200)94MX(d00),TA(e00),YmQ(200)9')S(60U) 
DIMENSION MESA3E(20) 
DIMENSION OCm(50U,5) 

C 
DATA LJb, K!Yel, ITUIm /5,1.500/ 

C 
C 
C UJTIoNS AVAILA.3LE T) DA4dREAK PRUk3RAm 
C ***********************0********************* 
C 
C 4ESt4VDIR ROJTINS: 
C A FLUOD RYDRO3RAP1 AT THE )AM CAN dE CUMPJTED bY EITHER 
C STURALIE-CJNTIVUITY ('‘JI=0) DP DYNAMIC (KUI=1) COMPUTATIONAL 
C MFTHUUS. 
C 
C CHANNEL RUUTINa: 
C T-IE CHANNEL bELOW THE qES=-0/0IR CAN JE DIVIDED INTU 
C EIGHT (1) UR LESS SEJMENTS. ANY SE34ENT MAY HAVE 
C SitiCkITICAL (tJPC=0) 3JPERCRITICAL (KSUPC=1) FLO*, 3UT 
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C NIT HOTH. IF THE RESERVOIR ROUTING IS BY THE DYNAMIC 
C METHOD, IT COJNTS AS ONE Dz THE SEGMENTS. A STREAMFLOW 
C SIMULATION CAN dE MADE WITHOUT TIE RESERVOIR. 
C 
C *************************************************************** 
C 
C DEINITION (1= INPUT ;14RA4ETERS 

**************************** 

C 
C *************** CAkJ SET IA *************** 
C MRSVR NAME OF RESERVOIR 
C MRVR NAME OF RIVER 
C MVAME MODELER'S NAME AND AGENCY 
C. *************** CAR) SET Id *************** 
C MESAGE COMMENT 
C *************** LA .) SET 2 *************** 

C KKN TOTAL NOM3E4 OF RESERVOIR AND RIVER SEGMENTS WITH DYNAMIC 
C SIMOLATIJN. FOR A. WITHOUT A DAM-34EAK SIMULATION 
C 4)0 EIGHT (3), MAKING KKN .GE. 9. 
C KJI DYNAMIC RESERVOIR ROUTIN3 MET-IOD WAVTEU? NO(0), YES(1). 
C *************** CA-0 SET 3 *************** 

C SACK) SURFACE AREA, IN ACRES, OF RESERVOIR. 
C CODE IN UECENDING UiJER. 
C *************** ctkr.) SET 4 *************** 
C HSA(K) CORRESPONDING ...E.VATION VALJES OF SA. 
C *************** CARD SET 5 *************** 
C Y3 INITIAL ELEVATION OF wATER SURFACE IA RESERVOIR. 
C Z SIDE SLOPE OF BREACH IN JAM (1/V). 
C TEH DURATION OF OYMANIC 5IM_P_ATIO49 IN HOURS. 
C Y3MIN ELEVATION 0= dREAC-1 CREST AT END OF FAILURE. 
C B3 wIDTH OF dR=ACH dASE 4T END 0= FAIL.JRE. 
C T=H DURATION OF DAM FAILURE.' IN HOURS. 
C DATJM ELEVATION OF REzERENCE MARK, MAY dc SEA LEVEL (0.u). 
C *************** CA N ) STET 5 *************** 

C HF ELEVATION Uz WATER WHEN dREACi BEGINS TO OCCUR. 

C GT DISCI-14RA THROJ3H TjqdINES. 
C H) ELEVATION OF JAM'S CREST. 
C C) COEFFICIENT OF 'FLOW OV 7R JAM' EQUATION. 
C HSP ELEVATION 0= UNCUNTROLL 7 D S'L-LWAY CREST. 
C CS COEFFICIENT JF 'FLOW DV=R SPILLWAY' EQUATION. 
C H3T ELEVATION OF CENTzR JF 3ATE OPENINGS. 
C C3 COEFFICIENT OF 'FL'JA THROUGH 3ATL' EUUATIjN. 
C *************** Ciat.0 SET 7 *************** 

C TEM SEE AilVt 
C D=H TIME INTERVAL BETWEEN HY)R03RAPH ORDINATES. 
C DT9 TIME STEP', IN HOURS 
C *************** CAN) SET y *************** 

C 01 (J) UPSTREAM DISCHARGF HYDR)CiRAPH. HOURLY INTERVALS 
C EXCEdT wlEN KKN .GE. NINE (9).
C *************** CAR) SET 9 *************** 
C NS NUMBER OF COARJTATIONAL CROSS SECTIONS DEFINING SEGMENT. 
C NTT NUMdER OF HYJR03RAPH PLOTS. 
C UNK CODE TO IDENTIFY aJANTITY OF INTERMEDIATE OUTPUT. 
C KSA CODE =OR CROSS SECTION SMOOTHING, NONE(0). 
C KSUPC SUPERCQITICAL F-OW =UR THIS STREAM SEGMENT? NO(U) YES(1) 
C NTT NUmER JF TRIBUTARIES ENTERIN3 THIS STREAM SEGMENT. 
C *************** CAR) SET IU *************** 
C NT(L) C. CRDSs SECTION NJ4dERS WHERE HY)ROGRAHS ARE PLOTTED. 
C *************** CAR') SET 11 *************** 

C NTB(L) SUldREACH NUMBERS AT WHICH TRHJTARIES tATER STREAM. 
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*************** CAR) SET 12 *************** 
C OT8( ,J)TRI6UTARY DISCHARGE HYDROGRAPH(S), HOUR INTERVALS. 
C *************** CAri) SET 13 *************** 
C SUiSET 1 
C XS(I) STREAM DISTANCE FROM SOME UPSTREAM REFERENCE, IN MILES. 
C SU3SET 2 ----- ---
C HStK,I) CORRESP3VOIN1 TU X-SECT TOP WIDT4S. 
C SU3SET 3 
C BS(K,I) ACTIVE FLOW TOP WI)THS CORRESPUNDING TU HS(K,I). 
C SU3SET 
C BSS(K,I)DEAD STjHAUE TUB 4IOTHS CORRES ,JUNDIN(i TO 1S(K,I). 
C *************** CAR) SET 14 *************** 

C C4N,I-1) mANVINU 'N' CORRESPONOING TO EACH HS(K,I). 
C *************** CA R) SET 13 *************** 

C DXM(I-1) MINIMJM DX DISTANCE, IN MILES, 3ETwELN LiIVEN X-SECT. 
C *************** CAR) SET is *************** 
C F,<C(I-1) CONTkACTIOA - EXPANSION COEc'FICIcNT. 
C *************** CA) SET 1/ *************** 
C OMAXL) ESTIMATED MAX DISCHARE 4T LAST X-SECT )URINE SIMULATION. 
C O_L MAXIMJ4 LATEkAL OJTFLOW (CFS/FT). 
C OTH4 CODE 0.0 TO COMPUTE. OTH ;-ROM SIX (b) INSTREAM HyDROGRAPHS 
C (+) TO COMPUTE STRICTLY ON BASIS OF TFH. 
C NON CODE 0.0 NORMAL DEPTHS AS INITIAL CONDITIONS; 
C (+) IAITIA_ DOWNSr4EAM DEPTH FOR BACKWATER ROUTINE. 

*************** cAR) SET 16 ***************C 
C UPS4 CRITICAL DtPTH DF .JSTR=A4 3OJNDA R Y TO RESERVOIR. 
C SDM SLOPE OF CHANNE_ Ockm. 
C C4N MANNIN3 I N / OF CMVOILL 3ELU4 )AM. 
C 

***********************0***************M.*********************#C 
C 
C 
C 
C 

NAMELIST 
NAMELIST 
NAME_15T 
NAmEL1ST 
NAMELIST 
NAMELIST 
NAmELIST 

C 

NCOILLIST l'ATL4CNTS 
**4.0*****#00.******* 

/CA r02/ KKNI. ,<J1 
/CARD5/ YD,Z,TEltY34I\193739TF,19)ATJ4 
/CARDS/ hP7.1T91),C),P1SP,CS,HbT,CG 
/C40407/ TEr1,OHF•DT4 
/CARO/ NS,\ITT,JNK,KS4t.CSJPC,VT3T 
/CARD17/ ".4mAxD,J0),:ILL,OTHm,Y)N 
/CARD1/ JPSH,SOm,CMN 

*************0.0*********0*******04*******************************#C 
C 
C **** 

C READ 
C **** 

READ 
**** 

READ 
C 

****C 
C 

(_07)9109E4J=130) 14SV494RV4.94NAM 

10, MESAGE 

(_WitCA1402) 

10 FO4MAT(20A4) 
PRINT 15. MRSV401RVH,M4A4E0iESAG: 

15 FORMAT (1H1,90(11*),//,1X, 
1 27X,IDAm-bwE4K FLu3J SIMJLATIU‘0,/,1K, 
2 37X0By A'9/9 1X, 
3 18XONONLINE44, IMPLICIT FINITr-DIFFERENCE MUUEL',/,1X, 

31X,'LAST kEVIst) FEARJARY 12, 1461 1 ,///,1X, 
4 23X0FL000 RESJLTEJ FROM DAM FAILURE OF',/,31X,5A4,/,1X, 
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5 38X00\09/,31X95A49///91X, 
5 35WANALYSIS 1 9/91X, 
7 38)(08Y.9/91X,19X,10A40////t1X, 
8 1X000MMENT: '920A49/92X97(1M*),////91X,90(1M*)) 

C 
PRINT 25 
PRINT 25 

C 
PRINT 20. MRSVR,K1,'CUI 

20 FO4MAT(21X924HIN.4UT CONTROL ARAMETERS FOR ,5A4,//, 
I 10X99HPARAMETER,42X981VARIAL=46X951VALJE,/, 
2 9X951(1H*)92X96(1.1*),5X,7(1H*),//9 
3 10X933HNUMHER OF DYNAMIC ROUTING REACHES,20X93HKKN910X9I2,/, 
4 10X,25HTYPE OF RESERVDIR ROUT14.3928X03H<J1911)(9119//) 

C 
25 FORMAT(////) 

NCs=6 
KTMAX=ITOIM-2 
IF(KKN.GE.9) KcM=9 

C 
C ***************************************************************** 

C 3EGIN 5TE1NU TRjO3r1 STREAM SYSTEM BY SEGMENTS 

C 
DO 1250 KK=KKM,KKN 
IF(KK.EU.9) GO TJ 125 
IF(KK.3E.2) GO Ti 190 
IF(KJI.EQ.1) (3) Tu 97 

C 
C READ. RESE4V1IR SURFACE A4EA - ELEVATION TAlLE 
C 
C **** 

READ 1300, 5A 
C **** 

READ 1300, nSA 
C **** 

PRINT BS. PARS- V4 
ti5 Fo?mAT(31X,5A4,1UM R=SERVOI4,//, 

2 27A,37HELEVAT1UN (FT) SJRFACE AREA (ACES),/, 
3 31X+6.111SA(K)914X9314SA(K),/, 
4 2E0,16(1H*)91A,22(1+0)•/) 

DRINT (HSA(I),SA(1),I=loB) 
90 Fo4mAI(30X,FH. 2 ,10X,;7 10.1} 
95 COVTINJE 

C 
C READ 4ESL-(V9IR PA4AvitTt45 
C 
C **** 

READ (_U5,CARD3) 
C **** 

READ ('...A,CA4D5) 
C **** 
C 

PRINT 1295 
PRINT lon, mr4syR,Y0,L,TE1,Y141y.3.3,TFH,jATJm 

100 ro4mAingx,5A4,3er, REsERVUIR AND 3REAC1 PARAMETERS,//, 
I 10A990/ARAMET:H93DA,IDHJNITS VARIA3LE96X95HVALjE,/, 
2 9X,43(1M*),1X,7(11*),2A,5(1,1*),2X,11(1110.),//, 
4 10X,25HELEVATION OF MATER SJR=ACE,19X, 

2HrT,6X,2-1Y0,5X,F10,2,/, 

b 10(920HSIDE SLOPE OF 34EAC1933X911Z95X9F10.2,/, 
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10X929HTIME FLOOD HOUTINFo TERNINATES916X, 
6 211H96X93H1E.194X9F10.29/9 
/ 10X929HELEVATIUN OF 33TTDM OF 3REAC.1916X9 
A 2HFT9bX95HYB4I492X9F10.29/9 
8 1UX923HWIDT1 OF BASE OF 3REAC1122X92HFT9bX92H3695X9F10.29/9 
C 10X9P7HTIME TJ MAXIAJI 34EACH SIZE918X. 
D 21+496X93HTF11,4X9F10.29/9 
E 10X93PHELEVATIO4 (MSL) OF BOTTOM OF OAM913X9 
F 21rT96X954jATU492X9F10.29//) 

PRINT 1059 HF9T91-09C091SP9CS9HGT9C6 
105 FORMAT(10X932HEIEVATION1 OF MATER 4HEN 3REACHE0913X9 

1 2HF196X92HMF95X9F10.29/9 
E 10X923HDISC1A-0:7E TIRO TUq3I4E39 22X, 
F 3HrFS95X921UT95X9F10.2 9 / 9 
2 10X923HELEVATIO4 OF TOP OF 0AA922X9 
3 2HP'79bX9211095X9F10.29/9 
C 10)(947HDISClAqUE COEF. FOR UN:ONITROLLED wEIR FLOW, 
0 11)(92mCD95X9F1U.29/9 
4 10X940HELEV4T1ON JF 04CONTROL_ED SPILLWAY CRLST9 
5 5X,2HFT95X931HSd94X9F10.29/9 
8 10X941HDISC1A ,qUE CUEF. FOR jN23NTROLLED SPILLWAY, 

12)02HCSe5X9r10.2./9 
b 10X936HELEVAT1UV OF CENTER OF 3A1E OPENINGS, 
7 9X 9 2HFT,5X931H3T94X,P10.2,/, 
A 10X•PQHDISC4A -q7E CJEF. FOR :ATE FLUW9 
8 24X92HCG95X9F10.29/) 

C 
00 115 I=job 
1X=HiA(I) 
PiX=HX—DATUM 
HSA(I)=HX 

115 COVTIVJE 
C 

YO=YO-DATUM 
YBAIA=Y84IN-OATJ'I 
HF=HF-)ATU4 
4D=HJ-DATUM 
HSP=1SP-1ATU'A 
HGT=1L2T-IATU..1 
DH 7=1.0 

TO 135 
C 
C HEAD VALJES NEEDED ot- 7 N HOJTIV:i WITAOJT RESERVOIR 
C 
C **** 

125 READ (-U59CARDNO=1.350) 
****C 
PRINT 25 
PRINT 130, TEH9)1F.ur/ 

130 r04MAT(10X,9HPARAmETER,35X,15HUNITS VA;4IA3LE96X951VALUE,/, 
1 9X943(1H*),IX97(11*)92X95(1,141 )92X911(1H*)9//9 
2 10X92gHTIME FLOOD ROUTIV:i TER4IVATES9 
3 16X92HHR95x93HTtri94X9 7 10.39/9 
4 10X943HINTE4VAL 8ETWEEN 01PJT -1Y04U3RAP4 ORUIVATES, 
5 2X,2HHR95X93HU1F94X9F10.3 9 / 9 
b 10X9ITIME STE",36X9 1 1R 9 95A0)T9 9 94X9F10.3) 

C 
135 NU=TEH/DHF+1.01 

IF (NJ. _E.1) NU=2 

38 

https://NU=TEH/DHF+1.01
https://TEH9)1F.ur
https://24X92HCG95X9F10.29
https://21rT96X954jATU492X9F10.29


	

	

	

	

	

	

	

	

	

	  
	

	
	

.

ITEN=NJ 
DO 14U K=1,NO 
TI(K)=(K-1)*DHF 

140 TJ(K)=TI(K) 
C 
C READ JPST4EAM HYDROoHAP1 
C 

LB=1 
LE=8 

C **** 
150 READ 1300, (UI(K),K=L1,LE) 

C **** 
DO 136 K=L6,LE 
1=K 
IF(I.E.ITEH) iD TD 170 
IF(QI(I).LE.0.001) k'D TO 150 

155 CONT1NJE 
0.3=1..3+5 
LE=LE•S 
IF(LE.3T.1TEH) 
SO TJ 150 

C 
160 L=1•1 

DO 155 K=L,1rE1 
1=K 
:J1(1)=0.00 

165 CONTINJE 
C 

170 COVTINJE 
',J0=UI(1) 
D(1)=40 

C 

PRINT 175, mRSV4 
175 PO4mAT(//////,10x,214INF_OW 1YDR3GRAPH TO ,6A4,/, 

9X,43(1H*),/) 
PRINT 180, (w1(K),K=1,ITI.H) 

180 FOR 44T(1Px,bF8.0) 
C 
C READ CRjSS-SECTIONA.,_ PARAME TEAS 
C 

190 CONTINJE 
C **** 

READ (...U5,CARD4,ENj=1350.ER-4 =140) 
C **** 

IF(NS.EQ.0) 60 Tj Pot) 

PRINT 1295 
IF(KJI.Eg.0) PRINT 192, MRVR,MRSv4 
IF(KUI.E0.1) PRINT 144, MR5vR 
PRINT 195, NS,NC3,NTT,J1<,KSA,KSPC,NT3T 

192 FORMAT(20X,32MC. CROSS-SECTIDN PARAMETERS FJR ,5A4,/, 
1 46X,6-18ELOw ,3A4,//) 

194 FO4mAT(20X,32HC. CROSS-SECTION PARAMETERS FJR ,544,/) 
195 FoRmAT(10X,9HPARAmETER,4?X,ttlVARIA3LE,5X.5.1VALJE.,/, 

3 9X,51(11-1*),2)06(1-1*),5X,7(14*),//, 
4 10X,39MNU4HER OF CUMPJTATIUNA.J CROSS-SECTION3,13X,2MNS,10X,I5, 
5 ,10X,2qHMAXI4x4 Nu4rIER OF rJo 41DT4S, 25X,3HNCS,9X,15,/, 
6 10A,29HNuMHER OF -4YOROGRAPH5 TO PLOT, 
7 24x,3HNTr,9X,13,/, 

10X,14HTYPE OF OUTPUT,28X, 

39 
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9 ' 11x0HJNK,.4x9159/9 
A 10x935HCROSS-SECTIO4A_' 54301-H14G PARAmETE4913x9 

5x.3HKSA99x9159/9 
C 10X925HSUPE4Ci.(ITICAL =L04 OR VDT, 
D 28x95mKSJPC97x91S9/9 
E 10)(921NNUmBER OF TRIdJTAqIE, 
F 32x94HNTJT98X9159//) 

C 
DO 202 K=19ITE1 
JT3(1“)=0.00 

202 Q•N(29<)=0.00 
VT3(1)=0 
NTJ(2)=0 

C 
IF(NTT.ED.0) (i3 TO 212 

C 
C READ C. C4OSS-SLCTIJN NJ13EqS AT wHICH HY),40uRAPH PLOTS ARE UISIRED. 
C 

READ 12909(NT(09 ,C=19\ITT) 
C **** 

PRINT 210, (NT(09,<=1,NITT) 
210 rO4mAT(10X9 1C. CqUSS-SECTIDy Aum3ERS wlERE riYDKU3RAPH uEsIRED1,/, 

1 19)(931H(mAX NJP43E-( jF HyJRJ5RADHS = 5)9/99X950(1,1*)9//9 
2 20)(961'5) 

212 IF(NTdT.a-6).0) 30 TO 222 
C 
C READ SUiREACH NJM3FR AT orlICH T4Id1TAqIES EXIST 
C 
C **** 

gEAO 12909(NTB009.(=1+NI3T) 
C 0.*** 

PRINT 25 
PRINT 214, (NT3M9K=19ATHT) 

214 FORMAT (10X9411NJM3ER OF S s.)4EAC1 wriERE TRIJJTARY ENITERS 9 /9 
1 19)(.31-1(viAx vw.HER J= TRIiJTARIES = 2)9/9 
2 9X90(1-0°)•//420)(9215) 

C 
C READ T4IUTARY 14F_UW -1Y0k)6RAPH(S) 
C 

DO 222 M=1,NT8T 
LB=1 
LE=8 

C **** 
21b READ 1300, (4T3(49K),K=L39LE) 

** ** 
DO 211 K=LB,LE. 
I=< 
IF(I.(E.ITEH) 30 TD 220 

C 

IF(:lTH(M,I).LE.0.00) 50 To eid 
217 COVTINJE 

LB=L3•6 
LE=LE•3 
IF(LE.3T.ITEH) Li=ITEH 
30 TO 215 

C 
218 L=I+1 

DO 21/ K=LoITEA 
I=< 

219 3T3(49I)=0.0 

40 
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C 
220 COVTINJE 

PRINT 2219 NT8(4) 
221 FORMAT (////910X9e5HTHI3JTARY IN=LOW IV SU3REACM,I39/9 

1 9X938(1H*)9/) 
PRINT 18n, (OT3(49K)9K=19ITEA) 

222 COVTINJE 
C 
C READ COMPJTATIDNA_ CROSS-SECTIONS 
C 

PRINT 1245 
PRINT 224 

224 FORMAT(15X925HCROSS-StCTIUVAL. VA?IAbLES,//9-
2 10X99APARAM=TiR935X951011T592)(94HVARIABLE9/9 
3 9X942(1M*)92X,7(1-4*)92X96(1H*),/) 
PRINT 225 

225 FPRMAT(10X928H_OCATION Ur: C. CROSS-SECTION917X921MI96X95HXS(I)9//9 
7 10X935HELEV CJHRESPONOIVa TO EACH TOP WIDTH, 

9x,2MFT,DX971HS(K.1)9/9 
9 10X93611TUP WIJTH CURRESPJ\JOIN3. TO EACH ELEV99X9 
A 2Hc1.95X97HJS(K9I)9/91X921-i(ACTIVE PURTION)9 /9 
d 10X935HTUP NIDT4 CLNRESPj4j1N3. TO EACH ELEV99X92HFT9 
C 4x,8HtiSS(K.I)9/915X921-1(Or=rCHANNIEL PURTIO4).//9 

1UX934MNUmB74 CUMPJTATIjNA_1 CROSS-SECTIONS915X91mI 9 /9 
I 10X92511NUMB;4 OF =LEVATI34 LEVEL928X91HK) 

C 

DO 305 I=19NS 
C **** 

READ 1300, XS(I) 
C **** 

READ 13009(HS(K.1)9<=19qCS) 
C **** 

READ 130o, (is(K,I)..(=1,vcs)
C **** 

4E40 1300, (dss(c,I),K=I.Acs)
C **** 

DO 230 K=2,NCS 
If(HS(K,I).E.W.0.(1) MS(K9I)=15(K-191)+10.0 
IF(65(<91).Ef).0.0) dS(K9I)=JS(K-1,I) 
IF(6SS(K,I).E0.0.0) i5S(<9I)=6SS(K-19I) 

230 COVTINJE 
PRINT 2359 I.XS(1)

235 Fp4MAT(1,10X+144L;HOSS-SECTI:P4 9IP92X96(1H.)92X9d1XS(I) = ,F7.3) 
PRINT 245.(HS(<91),K=19y2S)

245 FO-04AT(10X98HMS 98F- .1) 
PRINT 295, (dS (K,I),K=19NCS)

295 FP4MAT(10X9bH65 .8E3.1) 
PRINT 3009 (dSS(K91),K=19NCS) 

300 FORMAT(10X98H8S5 98E1.1)
C 

305 COVTINJE 
C 
C CDMPUTATIONAL CHU -SMOOTHI43 OPERATIONS OF SS-SECTIONS 
C KSA • • • ND sMJUTHIV3 
C KSA • SMTJT-1 bS ARRAY VERTICALLY 
C KSA • • • 

• • 

SMOOTH 3S ARRAY VERTICALLY AND ALUN3 CHANNEL, 
C ..US 16 ARRAY ALONJ3 CHAVVLL 
C KSA = 14 S40JT-4 3S ARRAY AL043 ClAVVEL 
C KSA = 15 SMOUT1 1S ARRAY AL0\13 CAAVVEL 
C 

41 



 
	

	

DO 310 I=1.NS 
DO 310 K=1.NCS 
1ST(K.1)=NS(K.I) 
3ST(K.I)=8S(K.1) 
3SST(K14)=BSS(.(.1) 

310 COVTINJE 
C 

IF(KSA.GT.O.AN).KSA.l.T.15) 30 TO 315 
30 TO 360 

C 
315 DO 350 I=1.NS 

IF(I.Ej.1) GO TO 320 
D TJ 330 

IF(I.ED.VS) GO TJ 340 
320 DO 325 K=1.NCS 

8ST(K.1)=0.75*3S(K.1)+0.26*1S(K.2) 
3SST(K.1)=0.75 0 4SS(Ks1)+0.26*8SS(<.2) 

325 COVTINJE 
30 TO 350 

330 DO 435 K=loNCS 
3ST(K,I)=0.25*3S(K.1-1)+0.50 11. 85(<11)+0.2541 15.I,:) 
SST(K.I)=0.25*!455(K.1-1)+0.5U*53S(A.I)+0.25iat:(,9 -1+1, 

435 CONTINJE 
'40, TA 35n 

J4U JO :j45 K=i9NCS 
8ST(K.NS)=0.25*.0(K.NS-1)+0.75*83(KIINS) 
8SST(K.N5)=0.25*55S(.C.AS-1)+0.7503SS(K.4S) 

345 COVTINJE 
350 COVTINJE 

C 
DO 355 1=1.N5 
DO 355 K=1.NCS 
8S(K.1)=4ST(K.I) 
3SS(KtI)=8SST(K.1) 

355 COVTINJE 
C 
360 IF(KSA.LT.14) 30 T3 365 

30 TO 405 
365 IF(KSA.E.0) GD TO 405 

C 
C SMUOT4 TOP WIDTHS 
C 

FKSA=KSA 
FAC=ABS(FKSA)*50. 
DO 370 I=1.NS 
DO 370 K=2.NCS 
9X=FAC*(AS(K.I)-HS(K-1..1)) 
BT=8ST(K-1.I)+3X 
IF(8T.37.8S(K,I)) so TO 370 
BST(K,I)=BT 
8SST(K.I)=8SS(.(.1)+8S(K.I)-3T 

370 COVTINJE 
C 

PRINT 375 
375 FORMAT(//////.11X.35-64ODT-IED CRISS-SECTIONAL TOP WIDTHS,/11X, 

1 35(11*),/) 
DO 395 I=1.NS 
4=1 
PRINT 385, M. (3sT(K,I),<=1,4c5) 

385 FO4MAT(140,10X•ICROSS SECTION '.13.3X,41.1ST .8F8.1) 

42 
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PRINT 390, (9SST(K,1),K=1,NCS) 
390 FORmAT(31X,9HB55T ,978.1) 
395 CONTINJE 

C 
405 IF(KSA.EQ.15) 30 TO 410 

IF(KSA.GT.0.AN).KSA.LT.14) GO TO 410 
GO T3 445 

C 
C SMOOTI ELEVATIONS 
C 
410 00 420 I=1,NS 

DO 420 K=1,NCS 
IF(K.GT.I) GO TO 415 
IF(I.E2.1) HST(1,1)=-6(1,1) 
IF(I.bT.1.AND.I.L.T.NS)HST(1,I)=0.2*1-6(1,I-1)+0.3*15(1,I)+0.25* 

1 HS(1,T•1) 
HST(1,NS)=HS(1,1S) 

GO TO 420 
415 HST(K,I)=HST(K-1,I)+0.6(<,I)-HS(<-1,I)) 
420 CONTINJE 

C 
PRINT 25 
PRINT 42S 

425 Fo4mAT(14 +10,351-6r4DuT1ED CRJSS-SECTIONAL ELEvATIJvS,/.11X, 
1 35(14*),/) 
00 435 I=1,NS 
4=1 
PRINT 430, M, (.,T(1\91),<=10405) 

430 *F0RmAT(lR ,10x,IL.ROSS SECTION ,dF8.1) 

435 COVTINJE 
ENO SmuJT1146 oPE4AT1DVS )F COmPJTATIJNAL CROSS-SECTIONSC 

C 
C READ 4AvNING N COARESPoNuIv3 TJ EACI ELEVATION 
C 
445 PRINT 1295 

PRINT 455 
455 FoRmAT(15X,ISU34L-.ACm vARIA3LES 1 .//, 

* 10x,20H4ANNIN3 40J31NESS 

1 37HCOPFFICIENTS F31A TIE 3IVEN SUBREACHES,/, 
2 17X,43H(CM(<,I),K=1.NCS) 0-4ER:i I = SJ3REACr1 Np4dER,/, 

3 9x,59(1H*),/) 
C 

460 454=vS-1 
00 470 I=1,ASH 

C **** 
READ 1300,(C4(N,I),K=1,NCS) 

C **** 

DO 463 K=?,NCS 
IF(C4((.1).E.W.O.u) C4(K,I)=C4(K-1 ,I) 

463 CONTINJE 
4=1 
PRINT 465, m.(:4(K,I),K=1,1CS) 

465 F0- MAT 0 910)(991SW34EAC1 ,1295M 03(F5•392X)) 

470 CONTINJE 
C 
C READ 1) DISTANCE JLTwEEN :04.)JTATIOVAL NJDES 

C 2) C1NTRACTIDN LAP4NS134 C)EFFICIENTS 

**** 

BEAU 13n0, (ox4(1),I=1,vs4) 

43 

C 
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C **** 
REAL) 1300, (F<C(1).1=1,464) 

C **** 
PRINT 25 
PRINT 475 

475 FO4mAT(1H .10XOCUMPJTATIO4AL 40)E SPACINGI.19X.2HNI, 
5 5X,5HDXM(I),//, 
b 10)(93(IMCONT=4ACTIOU - EADAVSIU* COEFFICIEVT5917X,6HFKC(I),/, 
7 9)(959(1H*),//, 
8 18X.15HSUBREA:..H NJA8ER.BX.bHDOI(I).4X,6AFC(I)./. 
9 17X.17(1H*).5x.B(1H*).2X.9(1H0 )) 

C 
DO 435 I=1,NSM 
4=I 
PRINT oin, m.DK4(m),FKC(4) 

480 FO4MAT(I 1 ,46X.I2.13x,F5.3,4X.F6.3) 
485 CONTIVJE 

C 
DO 445 K=1.NCS 

495 Cm(K.45)=CM(K.4Sm) 
PK:(4S)=L-KC(NS4) 
DO 500 I=I,NS 
FFKC(1)==KC(I) 
DO 500 K=1,NCS 

500 CmT0c.I)=CM(K.I) 
C 
C ADJ I4TEk4EDIATE ST4TIuNs 
C 

44(1)=1 
X(1)=XS(1) 
I=1 
00 52u K=2. NS 
TL=XSN)-XS(K-1) 
NX=TL/Dxq(K-1)+0.501 
IF(Nx.EU.0) vX=1 
PNX=TL/Nx 
DO 515 L=1,Nx 
I=I+1 

515 X(I)=x(I-1)+FNx 
NN(K)=I 

520 CONTINJE 
4=1 
PRINT '3.59 N 

535 PO4mAT(////910WNDmiEq 1F CDAJUTATIDNAL NODES (4) =1 ,149 
5X9IMIN = 5 AAX = 200') 

C 
PRINT 25 
IF(N.oT.200) P4I\AT 53H 

538 FO4MAT(10XOTOO MANY COm'UTATIDNA- NODES. INCREASE DXM SO THAT TOT 
1AL NJm3E9 IS LESS THAN 200') 

C 
IF(JNK.Lr.2) GD lu 540 
PRINT 25 

C 
PRINT 534 

539 c'04mAT(30A.33(1i*),/.30X.33(11*),/, 
1 3Ux.3(1H*),27A.3(1H*)./, 
2 30X.33H*** EXPAVUEJ CiANNEL DATA 
3 30X.3(1H*).27A.3(1.1*)./, 
4 30X,33(1M*),/,i0X•33(111*)) 

44 



	

	
	
			

			

	
	
			

	

	

		

		

		

	

 

PRINT 25 
C 

540 CONJINJE 
DO 550 L=1,NTT 
KL=0 
DO 545 K=1,NS 
IF(NT(..).EU.K) KL.=1 
IF(NTLI.EU.K) VT(L)=NV(K) 
IF(KL.EG.I) GO ID 550 

545 CONITINJE 
550 CONTINJE 

C 
IF(NT6T.c(i.0) 30 TO 554 
DO 553 L=1,NT4T 
KL=0 
DO 552 K=1,NS 
IF(NTd(L).Ew.K) 'cL=1. 
IF(NTd(L).EU.K) N.N(L)=N01(() 
IF(KL.E0.1) GO TJ 553 

552 COVTINJE 
553 COVTINUE 

C 
554 30 555 1=1,NSM 

NU=N4(I) 
DO 555 K=1,NCS 

555 CM(K,VJ)=CMT(K•I) 
C 

DO 550 K=I,NC5 
550 CM(K,N)=CmT(K•NS 4 ) 

As(1,1)..n.0 
Ass(1,1)=0.0 

C 
DO 570 I=e,Ns 
NIJ=NN4(1) 
)0 566 K=1,NCS 
3S(K,NJ)=8ST(K,I) 
HS(K.NJ)=H5T(K.I) 

565 3S5(K.NJ)=8SST(K.I) 
ASS(1,1J)=0.0 

570 AS(19NJ)=0.0 
C 

DO 575 I=1,NS 
NJ=N04(I) 

575 FKC(NU)=PFKC(I) 
C 
C IYU:RPULATE C. CRJ5S-SECTIJ4 D-iDPEkTIES FJR COMPUTATIONAL NODES 
C 

DO 590 I=I+NSM 
NIO=NNI(I) 
\11=N0+1 
42=N4(I+1) 
FKC(10)=FTKC(I) 
IF(N1.77.Q.N2) GD TO 590 

C 

DO 555 L=N1,N2 
FX=(X(..)-X(NO))/(AS(I+1)-XS(I)) 

C 

DO 560 K=1,NCS 
DELHS=45(K9N2)-R5(K,NJ) 
DE,_85=3S(K,N2)-.35(K00) 

45 
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DEL8S5=8SS(KoN2)-855(K,N)) 
H5(K,L)=HS(K,N))+UELHS*FX 
3S(K,L)=S(N.N3)+UELFX 
3S5AK,L.)=8SS(K01))+DEL3SS*FX 
DELC4=CM(K9N2)-C4(<940) 
CM(K,L)=CMCK,ND)+DELCM*FX 

580 COVTINJE 
C 

AS(1,L)=0.0 
A5S(1....)=0.0 
IF(LeNE.42) FC.:(L.)=F.cC(ND) 

685 COVTINJE 
590 COVTINJE 

C 
VM=N-1 
)0 596 I=1,NM 

695 )0X(I)=A3S(A(I+1)-X(I))*5280. 
C 

)0 600 1=19N 
DO 600 K=e,Ncs 
L=<-1 
As(K,I)=As(L,I)+0.D,, ols(_41) - (<,I))*(i5(K,I)-ti5(L,I)) 

600 ASS(K,I)=ASS(L9I)+0.;)*(3SS(L,1)+35S(K,I))*(15(K,I)--15(L'I)) 

C 
1F(JNK.LF.2) G) 10 64, 
PRINT 510 

610 PO4MAT(7X91H194X94.1A(1).5X917d(H5(K,I),!C=1,NCS),/, 
1 4X96(1,1*)91X,/(1,1*)94X,19(1.1*),/) 
)0 616 I=1,N 

615 PRINT 520, I.X(I),(mS(K,I),K=19N:S) 
620 FO4MAT(5X913.F3.392A,F10.1) 

C 
PRINT es 
PRINT 5?1; 

625 P.04MAT(7X91H1.4X.41A(1)95A917ThiS(K,I),K=1,NC5),/, 
1 4X95(1ii*),1X.I(1m*),4491/(1"1*),/) 
DO 63u I=19N 

630 PRINT 520, 1.X(1),(riS(K,I)“=10425) 
C 

PRINT 2S 
PRINT 535 

635 FO4mATC7X.1111,4X0fiA(1),5X,Ii,WiSS(K,I),K=1104CS),/, 
1 4X95(1M*),1X,7(1m*),4X920(.1.,1*) ,/) 
)0 640 I=19N 

(140 PRINT 520, I9X(I),(0SS(K,I),'(=194CS) 
C 

PRINT 
PRINT 655 

655 F°44AT(7)0.1HI95x06HC(I)910X,H)X9/9 
1 4X,6(1H*),2(1A911(14*)),/) 

JO 650 1=1,NA 
DX=A35(X(If1)— X(1)) 

660 PRINT 56ti, I9FC(I).)DX 
665 FO4M41(6)(913,1X9r-10•2,2X9F10.3) 

C 
PRINT 25 
PRINT 570 

670 FORmATC7X,1H194X94-9((1).5)(917,1(C4“,I),K=1,NCS),/, 

1 4X95(1H*),1*,7(19*),4X,1*4(1'1*),/) 
DO 6T5 T=iioN 

46 
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675 PRINT 580,I,X(I),(CM(K,I),K=1,NCS) 
680 FORMAT(5x,I3,F8.392X,8F10.4) 

C 
PRINT 25 
PRINT 685 

685 FO-2MAT(7X,1mI,4)04-4X(1),5X,17H(AS(K,I),K=1,4CS),/, 
1 4X,5(1H*),1X,7(1H*),4K,19(1 .1*),/) 
DO 690 I=1,N 

690 PRINT 520, I,A(I),(A5(K,I)“="1,NC5) 
PRINT 25 

C 
C READ 30oNSTPEAM F_004 PARAMETERS 
C 
695 CONTINJE 

C **** 
READ (_U5,CARU1/) 

C **** 
NDTH=0 
IF(DTHM.ST.0.0001) N)TH=1 
PRINT 1285 
PRINT 59g, ...4MAxj,w00,uLL,OT14,YD* 

b98 FO4MAT(2OX,000NyTRtAm 3)UNDAqY FLOiv PARAMETERS',//, 
2 10X,9.1PAtqAMETik,35A.51UNITS,2X,8NVA41A8LE,6A,DHVALUE,/, 
3 9x,42(1H*),ex,7(1,1*),2X,b(1 -1 *),2X,13(1.1*),//, 
4 10A,37mmAx DIC1A-4:3E 4T JOwNST4EAA EXTRE4ITY,9A, 

3HCF5,4X,51,JtMAX0,2K,F . .1,/, 
b 10X,41HINITIA_ DISCHA40E AT 0)WNSTEAM EXTqEM1TY, 
7 5x.3HCF-5,4A,3t1Jo0,5X,Fi.1,/, 

10X,35HMAX _AILRAL OUTFLOW PRODJCIN3 LOSSES, 
9 5X.6HLFS/FT,3A,3H4_L,X,F13.3,/, 
A 10X,25HINITIA. SI7t Or T14E .STEP, 
3 21x,2MHR,s3A,4H)r.11,9x,r3.3,/, 
C 10A,42HINITIA,_ WATtIR ,04ACE ELEVATION DOwN5T4EAM, 
U 4X,2mFT,5x,3AY)V,6x,F3 , e , ///) 

C 
C CAL.. 5UHROUTIvt 1:1-t COMPJTI46 DJTFLOw FROM dr(EACHED DAM 
C 

4=N/3 
IF(M.LE.)) M=2 
504=(15(1,1)-H5(1,4))/A3S(x(1)-*(4)) 
CM4=0.333*(Lvi(1,1)+C4(142)+04(1.3)) 
IF(KK.E0.1.ANU.IcJI.L.J.U) CALL JA434K 

C **** ****** 

700 CONTINJE 
C 
C READ INITIAL CuNDITIoNs FOR uYNA4IC 4ESERVOIR qOUTI4G 
C 

IF(KK.3E.9) GU To 7? 
IF(KJI.ED.0) GD fu 731 

C **** 
READ ( Wi,CA,4 D18) 

C **** 
PRINT e5 
PRINT 715, mR1/404HSV4.UPSH,S3%.4, C0 

715 FO4MAT(24X,e3HIN1TIA_ COVUITIJAS W O4 9,A49/9 
1 41)(06016E-OW ,44,//, 
2 10A,9-IPARAMETER,3X,51U41TS , 2 )08MVARIABLE , 6X , 5riVALUE,/, 
3 9X,42(111*),2X,/(14*),2X,6(1 -4*),2X,13(14*),//, 
4 10X,35HCRITICAL 0EPT1 OF JPTREAm 8DjyD4RY911x, 
5 

47 



	
	
	
	

	

	
	

	

	
	

5 10)4.27HSLOPE JF uj44sTkEA4 CHA44EL.17X, 
7 3,4=T/mIx,J163m95X9F11.4./9 
b 10X938HAVE 4A4NIN3IS 4 FJR 0044STREAm CHANNEL913X, 
9 3HCmN,5X,F11.4) 

C 
DO 725 K=1,N 
-.)MI()=9000000. 

725 CO4TINJE 
C 
728 DO 73U K=1,4j 

(.4('()=wI(K) 
TI(K)=(K-1)*LP4= 

730 COITINJE 
TP=TF1 

735 COVTINJE 
C 

X)=(,)(1) 
C 

IF(KJI.E1.1) (33 Tu 73n 
310 TJ 75o 

755 S,J=.0.00 
gGT=0.00 
(J03=0.00 
IF(Y)N.GT.(HSP+0.01)) g5'=CS*(Y01-45P)**1.5 
IF(Y)4.GT.(-ibT•0.01)) IL,T=C'0*(YDv-HGT)**0.5 
IF(Y3N.GT.(HD+0.01)) 401=C3i,(YJN--0)**1.5 
Q0)=:JT+Gc1J+(oT+QJ1 

760 CO4TINJE 
IFOJJJ.LT.0.1) QJO=uj 

C 
:JC)=0.00 
:41=UJJ-(116(1,1)+(T(2.i)) 
DO 75n I=1,0i 
:4DI(I)to3-(t)0-J1)/At-6(x(v)-x(1)),:iscx(i)-x(1)) 
IF(I-I.E0.NTk(1)) J(4,,,I)+JT(1.1) 
IF(I-I.E1.NT,4(2)) 

765 xm(1)=01I(1)+)Q 
C 

PRIIT ?5 
h'RINT 25 
IF(KJI.EO.0) P4141 170, ARv.1 
IF(KJI.10.1) P4I4T 7/0. 4-rtSv4 

770 FORmAT(10X.IINITiAL CJvOITIJ1S IV 1 ,!1A4) 
IF(Y)4.GF.0.01) iu TO 750 
DRINT 772 

772 FORMAT (I 9 9204,1 MET-WO: NDefAL DEPT-61 ./910X,10(11*),//9 
1 10A+IPARAmETE41 ,42x.evARIA3LEt,/, 
2 9X,40(1H*),12x,3(11*),/,' 
3 10X.ICOmPUTATIONAL CRO5S-SECTI)1 NJM4E41 ,19X.III9/, 
4 10X9INJMBEk ITERATIONSI,J3X00./, 
b 10X0LnCATIO1 OF CROSS SECTIONI.2bX0X(I)0 4/9 
5 10X0ELEV OF 4ATEri SJR7ACc:0 .32K.IYD(I)1 9/. 
7 10X.IDISCHAN3E 0 944X0.4)I(I)1 ,/, 
d 10X0C-4ANNEL SLU.)E ,940)(9 1 341 ,//9 
9 14x.II1,9X.I.C,99X.11 X(I)1 ,4X0Y)(I)0.4X.1 0JI(1)1 ,9XOSOMI.19 
A 13x.3(1H*),7x,i(liA*),7K.5(11*),7x,7(11*),,X98(101*)97X,5(1M*)) 

780 CO4TINJE 
C 
C 

IF(YON.LT.0.01) .../0 TO 310 
48 
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C 

YD(N)=YD4 
DY=0.U0 
NSI=V-1 

PRINT 78? 
782 FORMAT(' 1 ,20X,IMETHDO: STEP - 8ACKWAT 7 4',/,10X,70(14*),/, 

1 10X0PARAMETER',42)(OVARIA3LE',/, 
2 9X,40(14*),12K98(14*),//9 
3 10X000MPOTATIJNAL CROSS-SECTI)N NJM3ER, 1119X01',/, 
4 10X,' NUMBER jF 1Tt4ATIJNSI•33X9 0 K 1 9/9 
5 10XOLOCATIO4 jF C40S5 SECTION 1 928X,IX(I) 1 9/0 

10X0ELEV OF wATEk SUk 7 ACE 1 932X0YO(I) 1 9/9 
7 10X0DISCHAR5E 9 ,44X0.4)I(1) 0 9//9 
9 14X0II99)(0 .0,9X0X(I) 0 ,4X0Y)(1) 1 99X9IDA(I)',/, 
A 13X,3(11-10 )97X,J(1H*)97X96(11*)97X97(11*)97X,8(IN*)) 

C 
C 
C 

APPLY STEP-5ACKwATE4 R3JTINE (CONSERVATION jF MOMENTUM) 

LL =N 
.t=. 0 
DRINT 55n, Li...‹.4(LL),YLALL),I(_L) 
JO mo'D 
LR=N-L+1 
LL=Lq-1 
YL4=YO(LR) 
CA_L SECT(YLq,_R0A989039AT,JT) 
CALL FRICT(YLR,L1_,CmJ) 
4A=0.5*(1.01(Lk)+4OI(LL)) 
FA=-JJ1(LL) 4, 40I(_L) 
F8=16.1 
-C=32. 2 / 1 4,1*UDX(-L)*CMU*CMJ*:,)A*(44 
FD=OJI(LR)*,401(L)/A 
IF(KJ1.E1.0) Y-L=YLH+(r1S(19LL)-HS(19LR)) 
IF(YLL.LT.YLP) 
IF(KJI.E).1) Y_L=YLk+0Y*1.0 

C 
DO 790 K=1,25 
CA_L 5ECT(YLL,_L'AJ,Jki,J3.AT96T) 
AP=A+AJ 
iP=8+5J 
F...:;"A/AJ+Fb*A 0*(Y.H-YLL)+ 7C*P**(4.0/3.0)/A."44. (7.0/3.0)+FD 
FP=-FA*8j/AO/AJ+8*(3J*(YLR-YLL)-AP)+ 

1 FC/3.0*8i4 **(1.0/3.0)/AP**(10.0/3.0)*(4.0 43. 08*AP-7.0*80*8P) 
YLLN=Y-L-F/FP 
IF(A3S(YLL-YLIA).LE.0.001) TO 7.45 

790 YLL=YL .,A 
795 YD(LL)=YLLN 

OY=Yi(LL)-YO(L4) 
PRINT d5n, LL,.c,x(LL),Y9(LL),4Dic_L) 
IF(K.5E•75) PRIV( 300 

800 FOiMAT(1.1+970XONIO SjLUTIONI) 
C 
805 COVTIVJE 

:30 TO 860 
C 
C APPLY NORMAL )EPT"I CJW-) JTATIO4 AT EAC1 40)E 
C 
810 SOA1=SjM 

C 
)0 855 I=19N 
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Q0=UJI(I) 
SOM=(15(1,I)-15(1,I+1))/AB5(X(1)—X(I+1)) 
SOM=(15(1,N-1)-45(19N))/A65(X(N-1)-X(V)) 

IF(SOM.GT.0.) 5011=S)4 
IF(5DM.LP.O.) 504=5041 
FK=1.496*5QkT(SO4/5?.30.) 

620 H=45(19I)+1. 
C 

)0 825 K=1,2000 
CALL PqICT(H.I,C4U) 
CALL SECT (.191.11989073,AT.8T) 
r.4=FK*A**(5./3.)/6**(,?./3.),C4U 
1F((tj.3E.U0) G3 TU 630 

825 1=1+0.1 
630 151=4 
835 CO\1T1NJE 

5=504/5240. 
C 

DO H4U K=1.en 
CALL F-RICT(r0)1.I9C4U) 
PK=1.486/CMU*S).(T(S) 
CALL SECT (151,I.A98,0Ti.4T.T) 
F=,i0*6**(2./3.)-rK*01-0(8./3.) 
FP=2./3.*WO*OH/.3**(1./3.)-5./3.*:0<*A**(2./3.)*6 
152=Hs1-P/Fod 
YD(I)=152 
IF(AS(NS2-r61).1-T.0.001) SJ TJ 445 

840 151=152 
845 CONTIvJE 

PRINT 850+ I.K9X(I)915241.SO4 
8,0 c.0-imAT(10A9IstIlu.F14.3,714.29F15.0.;- 12.2) 

PRINT .353 
853 F04mAT(1-1+98',X,,yu SJLUTIO0) 
85.5 COVTINJE 
8b0 COVTIVJE 

C 
DO 890 I=1.N 
"40(i)=JOI(I) 
:4U(1)=JU(I) 
YU(I)=YD(I) 

890 YI(I)=YU(1) 
C 

IF(CK.q..9) b0 TJ 895 
3MAX=U.0 
DO 894 K=1.ITE1 
IF(:44AX.L.T.UI(<)) DMAX=JI(K) 

894 COVTINJE 
896 CONITINJE 

IF(KJI.E/.1) G) TU 913 
JMAXJ=JMAX 
IF(Q4AXD.LT.0.1) W4AXO=.14AXJ/10 
DO 900 I=19N 
QMI(I)=Q4AXO+U4AXu*NX(4)-X(I))/X(4))**4 

900 COVTINJE 
C 

PRINT 25 
IF(J4K.E1.9) P4IVT 910. ((C4I(I),I=101) 

910 FO4MAT(10A91 (U4I(I),I=194),.4X0(ESTIMATE0 4AXIMJM FLUW) ,,/, 
1 9A,44(1H*).//,(10X,8F1e.2)) 

915 3=32.e 

50 
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Q0=0(1) 
ITERR=0 
ITMAx=10 
EPSY=0.01 
Ef:, Q=100. 
1KAx=0.0 
KIT=0 
.UIP=u 
KES=U 
4ITT=0 
IF(KSuPC.E0.1) s:P1=(y0(1)-yJ(2))/43SfX(2)-X(1)) 
IF(KJI.ED.O.AN).KSJPC.E.J.0) SJ4=fY0(\J-1)-YD(V))/AbStx(N)-x('-1)) 
4P4T=1 
IF (N.01-.20 .AN). N.LT.4u) v.141- =2 
IF(N.'0E.40 .AN). N.LT.60) vP4T=3 
IF(N.0E.50) NPRT=N/20+1 
<TiME=0 
AS7Sv=0 
J=1 
VOIN=0.0 
v0DUT=0.0 
VQ_LT=0.0 
vOTI1T=0.0 
VCiLS=0.0 
VC1LE=0.0 
TT=0. 
IF(KK.LT..)) 6U TJ 9,10 
)(1)=I(1) 
,P..11=.1(1) 

C 

00 yep K=2,ITE1 
925 (<)=.1I(K) 

C 

TF1=1.0 
Tp=99999. 
TFJ=99999. 
DTJ=DT/ 
)T1m=JT4 
SIA4=.1(1)00.001 
4DTH=1 
30 TJ /5n 

930 celyTIvJE 
TFJ=TP-Trm 
IF(TFJ.LT.O.u) T=U=0.J 
)1-.)=0.25 
IF(KUI.E1.1.4N),JrHM.LT.9.00001) )Tri4=TFH/1U 
IF(DT14.GT.0.000u1) -,;() T) 950 
cim=83.L*y0 
1R=d1/3S(2.1) 
YmAx=4./9.*Y()*34+115(1,1) 
CALL SECT fY4AK,i9A,3906,AT93T) 
BmAx=d 
YOJ=YI(1) 
CA_L SECT (Y00,1,A04,0,3.4T,T) 
i0J=J 
DT1m=1.0*TFm*(n*b4AK/4m4X/33J)**0,b0 

C 

IF(J4K.LP.2) 63 fU 9,0 
PRINT 1243 
PRINT 25 
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PRINT 25 
PRINT 940. (409344x,614Ax.3009)T44 

940 FORMAT (25x0PARAmETEr6 JSEJ 14 TI4E CLP4PUTATIO.1,9//.1X. 
• 10X.94PARAmETEH.33x,15HJAITS vARIA3LE.6x,5mvALJE9/. 

9x943(1H*),1x97(1,1*).2X.5(1m*).2x911(1-4*),//, 
3 10X,12HINITIAL FLO4,41A,21J0,3X,F12.2,/• 
4 10X,13HMAX TJP wI)TH.40x.4Htim4X.3X9.7 10.29/. 
5 10x+8,4mAx F_D4.45x,4r1:4A4x,IX,=12.29/. 
b 10A,9HTUP WIDTN.44x.31HDJ94X9=10.2.,, 
7 10x.32HTImE IN4TEHVAL iETriErA ITENATIDNS,21x.4.10T-04,6x,F8.3) 

950 VDTH4=TFH/DTHm 
IF(NDT1m.E.U.0) NJTIm=1 
DT1=TF1i\IDT1-1.1 
IF(DTN.GT.Tp,r1/20) DT1=TF1/20 
IF(KK.GE.9) OT1=JT9 
DTilr-OTH 
DT1I1=)T-41 

C 
C PRIVT OJT TIME PA4AHETtqS ) 7 OJTFLU4 iYOND;;RAP1 IMMEDIATELY 
C DO4NST4EAM OF )A4 

PRiNT 25 
PRINT 25 
IF(JVIS.GE.2) P4INT 9=in, TF ,4,TFD.TJ.DTmI 

955 FO4mAT(10X.i7HTIft. PARAMETE45 OF OJTFLON HYJK061.0.-41,//, 
e 10x,4HPARAMET:A-4.35x.1 5Hj\IITS VARIAiLE,5X,HVALJE,/, 

9X.43(111*).1A.7(111*) 92)(95(1H*),2X,11(14*),//, 
4 1UA•19HDUqATIJN uF FA ILjqE,27)02M-04,5X,31TFm,4X,F10•39/, 

10A.4?mTI4E TJ STA4T LIs4H jF iYDRUo.RA;),4, 
b 4x.2.41.1k.6X,31T ,7 u94 ,0, =10.39/. 
7 10A•1PMTIAE TJ 0EAK,3 4x92.11,65x,2HTD,5x.i.. 10.3,/, 
6 104,14rai1E STLP SIZE .32x92*-4.6X,4-01- 111.3x,F10.3) 
IF(J4K•GE.2 .AN). .0) P.4INT 436. ,̀1VP 
IF(JAK.G.E.2 .AND. POJI.EJ .1) P -iINT 455. YikSvq 

956 FORMAT (11-11.///,35x.1 5JLTS 3F STqt4MFLOw SIMULIATION ALOAG • 
1 544./.1x,12(1.4).1///) 
IF(J4K.E1.2) r,'41-4 -1 95/ 

957 FO-tmAT(10x,IPAAALTL-0,4 2A9 t VAIAJLt 19 / 9 
1 9X.40(1H.4 )912x,s(11*) 'I/9 
2 10X fOTI4E',',OxOTTI,/ 
3 lUX 9/1URATIi4 uF TI4E STE 31 933X9 IDT .1 99 / 9 
4 10x • , \JUM'JEk ITEP4AT IONS'934X9 t ITE4q 9 9/9 
5 lox,,JPSTqEAA 0ISCr1A430936X9 1 4j(J) / 9/9 
5 10X 9 0 JHSTREA4 wATER S JRFACL E_EV 1 .2/X,0 YJ(J) 0 ,/, 
7 10x 9 1 1OWNST4EAM ARSE 1 ,34X.tuJ(N) 0 9/, 

lux sIDOwNST4EAM 4ATER SJ-(P- ACE ELEV'ileSX,IYU(N) 1 .//, 
9 5x, ITTI./X,I)THI.7X.9 ITE44'.9X.' ,JJ(J) 1 ,104. 0 YJ(J) 0 . 
A lox.1 1U(N) 0 .1uXOYU(N ) 0 9/. 

4x,l****,.5x..*****1. 3x•7(1,1*),7x.7(1P1*).SX,7(11*), 
6x,7(1m*).8X,/(1H*),/ 

IF(J\IN.E,1.3) P;t1',41 931 
958 FO:imAT(10X.IPA4AmtTE-0,42X.IVA4I41LEI./. 

1 4X.4.0(1M*).12X.3(1,1*).//. 
2 10XotTIMto.i0XOTTI,/, 
3 10X,IDURATI)N OF TI4E STEP 1 ,33x9I)T4 1 ,/, 
4 10X,INUM0EN OF ITERATIUN51 ,34x0ITE4-0./. 
• 10A.I4IN AN) MAX FROU)E NJA6E 4 1 .2-4x0FH)P4ACie,/, 
• 10A0DISCHAR3t Jr LATE A.. JUT =1...Jr4 (CF5/7) ,91/x. 1 .4LLTI./, 
• 10x, ,TUTAL DF TRIdU TARIES 1 .24x. 1 4TdT 1 ,/, 
• 10x.sjPSTRE44 015C-14q:3E 1 936x, 9 JJ(J) ,,/, 
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C 

C 
C 
C 
C 

C 
C 
C 

C 
C 
C 

b 10X9fuPSTREA4 WATEq SJRFACE E_Ev',27X,'YJ(J)',/, 
7 104,1/DOWNSTREAM OISCH4RGE$934x0UU(4),,,, 

b 10x9 0 10wNST4EAM wilkTER SuqFACE ELEVe,25X,IYU(N) 1 ,//, 
9 5x9ITT097x.IDTml.4X0ITE.W97x0F4DR\131,9x9 ,61"LT#98X.IQTBT I , 
A 10X01U(J)1 .10XOYu(J)0 ,10X,0 )J( 4) 0 910X0YU(N)1,/, 
8 4X9 1 ****0 ,5X,1 *****1 .2A,7(1.1*),4X+10(1H*)96X96(111*)96x,6(1H*), 
C 8X97(1H*),8X,7(1m*),8)(97(1ri*),8x9 7(11*),/) 

DO 950 1=19N 
YI(I)=Yu(I) 
Ym(I)=0. 
.,4r4x(1)=0. 
TM(I)=0. 

960 CO4TI4JE 
DT=DT1*3600.0 
DO 953 K=1,NU 
IF(TI(K).LT.TF)) t.70 TO 953 
ZJAM=J(K)*0.001 
JO TJ 964 

963 CO4TINJE 
964 Co4TI4JE 

30 TJ 104J 

I41T1AL CONJII1014 LAsTEADY FL)4 SOLJTION4 WITH 8DUNIOARY 
CONDITI)Ns CJNSTANT 

965 KIT=KIT+1 
ICE4=0 
KSIT=u 

)T4.3T.(TF-i/40.0)) )TH=TFm/40.0IF(KSUDC.EQ.1 .4 w. 
IF(KSLPC.E61.1 .A4U. ‹K.3E.9) 0TH:)T9*O.D 
DT=DTH*3c00. 
DO '9T5 1=1,N 

975 YI(I)=YU(I) 
GO ID 995 

u4sTEAOY FL)A 53LJTID4 3E3145 

9b0 KI T=KIT+I 
'CE4=0 
KSIT=U 

DETERmINt Tim:. STEP 'ILE 

DT1=J111 
IF(TT._T.(TFO—JTJ)) )TH=)T0 
IF(KJI.E1.1.A14J.TT.bT.(TrO+TP-()) )TH=1.01*)T1I 
IF(KJI.E1.1) GJ TO 9.4 
IF(NDT1.ru.0) 30 TO 961 
IF(TT.5E.(TF0+?*TPH).Ald.TT.LT.(T.70+10*TFH)) OTH=uT41*1.01 
IF(TT.3E.(TF0•100TFri)) 0TH=JTHI*1.02 
30 TJ 985 

981 IF(TT.L.T.(T1-04.?“1—i).JUI.E.A.1) GU TD 985 

DO 98.3 L=1,6 
K=5—L•1 
Kmx=0 
t.tAXI=24flAm 

KX=O 
DO 982 KL=1,KTPAc 
IF(ULNI(KL,K).(iT.MAAI) 
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IF((CM(KL,K),GT,JMAXI) (J4AXI=CMCCL,K) 
IF(61CM(KL,K)6GT,2*'JA.1.AN),KX,E.).0) KX=<L. 

982 CONJTIN1JE 
IF(KX.E.Q.0,0R,“Xo3ToKTIAE 2) GO TO 983 
30 TD 984 

983 CO\ITINJE 
984 )741.=(TTP(KMX)..•7TH(SX))/20 

IF(DTHT.LToOTHII) DT4T=OTHI1 
IF(DTH.L7oUTHT) 37.1=DTHT 
IFIK4.6E.36ANOLT.h) 01.1=1.01*0T-1 
IF(K.E1,40 UTM=1.02*)TH 

985 CONOINJE 
IF(OTH.GT.D70) DEM=OTO 

98b T7=7T+DT.-1 
990 DT=UTH*3500.0 

IF(DT1oL7o0.00001) GO TO 121:40 
C 
C ofiTER4INt 1= ;:UMNJTATIDVS ARE TO TERMINATE 
C 

IF(TT.3T.TEd) 39 TJ 1150 
C 
C S3LJTION 
C 
995 )0 1003 ITE0f=191TMAk 

ITik4=ITH/ 
NIT:0 
CALL dDARY(D) 
IF((4.1).LE.3) 33 TO 1147 
NITT=NITT+NIT 
IF(NIT.E1.1) 6) To 1010 
CA—L INJER(J) 
NITT=NITT+NIT 
IF(NIT.E1o1) 63 iu 1010 
IF(KSLP)C.t.U.1) CULL 4AT-0(C 
IF(KSLPC.t.U.0) CALL MAT-1X 
ICIT=U 
II=O 

C 
30 1000 T=3,\I 
II=1I+1 
QU(I)= -JU(I)+XA(I1) 
IF(AIS(XX(II)).Gc..E0JS3) ICIT=I 
II=II+1 
YU(I)=YU(I)+XX(I1) 
IF(A3S(XX(I1)).3.,:oEPSY) ICIT=1 

1000 CONITIN1JE 
C 

IF(TT..T.TFu .A\JJ. ICIT.E(4.0) '00 TO 1040 
IF(IC1T.Ew.O.A40.KER.E.4.0) JT11=)T4 
IF(ICIT.74).0) 30 T3 1040 

1005 CON71\13E 
KSIT=KSIT+1 
IF(KS1ToEU.e) 30 IJ 1040 

C 
1010 CO4TI\/JE 

IF(1ITT.st.5) 30 TO 101)3 
IF(KER.E1.0) DTHi=3-11 
IF(KER.E1.0) KERS=KER5+1 
T7=TT)TH 
IF(TT..E.060) T7=0.0 
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C 
)0 1015 /=,),N 
JO(I)=JD(I) 

1015 YU(1)=0(1) 
C 

3T1=DT1*0•50 
IF(KERS•PQ• S •ANU. E.14•EU•0) OT1I=DT1 
IF(KERS.PU.10 .ANU. <t4•EU•U) DTiI=DTH 
KER=1 
IF(TTo-E•1•00,AVioDTHeGE0UT1I1) )TH=OT1II*0•5 
IF(KERS•LT•5•AND.TT•EW.0) 33 Ti 440 
IF(KERS•LT•15) GJ Tu 946 
PRINT 1017 

1017 FO4mAT(////.5X,3DHT03 AA NY NJ SO_OTIDNS HAvE OCLJRRED.//) 
PRINT 102b 
PRINT 1030 
GO T3 124U 

C 
1018 PRINT- 10?0, NE3I,YNE:i 

PRINT 10P.5 
PRINT 1030 
30 Ti 12'40 

1020 FORMAT (////,!5K,10(114.),' TiE WATER SURFACE lAS SEEN COMPUTED 3ELO 
1W THE STEAIA TOu MANY TINES. 1 ,10(11*).//.1A, 
2 15x.1 THE LAST ONE 3CLJR4) AT C.-WSS-SECT1ONI,I3, 
3 4ITH AN :LEVATIUN 0= 9.F10.20.1 ) 

1025 FO4m4T(//91,A.P81ClECK 14PJT DATA FOk ERRORS. ) 
1030 FORMAT (//.1JX,,SU36=STE) CiAA3E3 INCLJDE:o./.1A. 

1 .20)(01) RUN CR3SS-SECTION SAOOTHINS OPTIONS'./.IX, 
2 20)(0?) TkY A j1FFERENT T=4 VA_OE 1./.1X. 
J 20x03) AuD Ivrt4-4E0IATE C.R3SS-SECTIDNSI,/.1A, 
4 20X04) INCREAst BASE =LOo 3Y ICREASING ',/.1x. 
3 'THIS AAY 4L.J.JIkE INCR7ASIN4G JI T30'./.1X, 
b 20X.0 5) CHECK FO4 )IFFEkENT STATES 0= FLOol./,1X. 
7 20X05) USE CoEFFICI7NT, 1 7; APPLICAHLti,) 

1040 CONTINJE 
C 

C PRINT STAGE. vtLuC1TIiS, )1SCiARGES, ETC. AT (KITPR) TIME STEP 
C INTEKVALS UJRIN3 Tic COAPJTATIJN5 
C 

JO 1065 T=1,N 
IF(CJI•E•0•AN)•YU(1)•LTI(I)) YJ(I)=Y1(I) 
IF(QJ(I).67.',1mK(1)) Ym4(I)=YJ(I) 
IF(0J(I).6T.umK(1)) 44K(I)=.iJ(I) 
IF(YU(I).GT.Ym(I)) Tm(I)=TT 
IFCYJ(I).GT.Ym(I)) YI(I)=YJ(I) 
IF(UJ(I).GT.(4K4x) QN1*7-.43(I) 

1065 CONTINJE 
EPSQ=.1.(MY*0.001 

=aS:1=1.0 
IF(EPS:J.3T.I00.) EPS.J=100. 
)1(4X-mu.0 
FR3MIN=1000. 
FR)mAx=0.0 
30 1066 I=J,N 

SECT(YU(1),I.A.1.0d,AT,3T) 
=R)=(jJ(I)/A)/51kT(G*(A/1)) 
IF(F4U.GT.FROMAx) PR)mAx=F4) 
IF(FRO.LT.FRDMIN) FP)MIN=FRJ 

1066 CONTINJE 
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IF(TI.3I.U.o) 30 TO 106 
VC4LS=0.0 
CA:A. SECT(YU(J),J,A939J9AT196T) 
J1=J+1 
JO 1067 I=J19N 
CALL SECT(YU(I),I9493908,AT29dT) 
VC1LS=VCHLS+ODA(1-1)*(Ar1+4T2)/2. 

1067 AT1=AT2 
VC1LS=VC-iLS/43660. 
60 ID 1075 

1069 COVT1NJE 
VOIN=vJIN+0.5*(4J(J)+4J(J)))T/43360.0 
VUOuT=V(43UT+0.5*(uJ(N)+J)(N))*JT/4350.0 

1075 CONT14JF 
IF(J4K.E1.2) PIT 10779 

1 TI,DIm9ITE-?4,k4J(J).YJ(J),JJ(09YJ(N) 
1077 FOmAT(1-4 9FH.3,2A,v7.494A,1592X,;-15.09F15.2,F15.09F15.2) 

IF(J1K.E.2 .AND. PqINT 1073 
1078 ;- 04mAr(1.14.995X4 0 1u OL.JIIJNy) 

C 
IF(Jwc.NE.9) (3) TO 109 
NNaKT=4PRT 
IF(KSIT.c 1.4.2) Noi'jHT=1 
DO 1085 I=J,N94Nr)HT 
Y=Y0(I) 
4AVE4T=YJ(I)-Y1(1) 
CA_L SECT(Y,I,A,J,Db.AT,3T) 
JO=0.001*oU(I) 
V=40(1)/4 
DH=A/3 
FR)=V/SWT(O*D1) 
CA_L FICT(Y.I,CiM) 
IF(1.c.j) PqI\J 1040+ TT,)T-1,11-7,-<R9F1-01IN,Fq0MAA 

1080 FO4M41(1.4 +10X+31TT=0.-7.3910K,4H)T-i=.F7.491UXtbMITERR=9I39 
1 10x, 4AHF-OuJE RAN6E=,;'5.294-i TJ .F5.2) 
IF(I.LJ.J .A10. DRIAT 1082 

1082 FO4mAT(1.1+980X, 1 40 )OLOTIONI) 
1F(1.t.J) PqIvI 1085 
PRINT 10B/, x(I),Y9v949896I,,CAm,F ,(C(1),p4AvEmT,01,FRD 

C 
1085 CONTINJE 
1086 F0-4,1A1(140,0X,4-1A(1),7x,1Hy,4x,11v99x91-44,9x,lmb99X, 

1 2181,4x,9,1 A 1000•4X9310119K9iriFKC96X95HWAVHT, 

2 5X9eH)1194X.3.1.-- r1)94X,/, 
3 4X97(11*).1X,-)(1m*),3497(1H*).2)(03(1.1*)92X98(1H*)93X„. 
4 7(11*)92X+9(11*).2X9S(11*),JX,7(1.1*)93A•7(1H*),1X, 

6(14*).1A.6(11*)) 
1087 P'04mAr(2x,F8.392A,P8.2.4x,P5.2,3x.P7.09.1X, 

1 F7.0,4A9F6.0,JA,F8.393x, ,7 7.4,4)(9P6.2,3X, 
2 F7.2,2X9i;D.1,2X,F3.293x9F7.0) 
JO=UJ(V)/1000. 
IF(1-NRT.NL.N.440.J4n.E.4.4) .J.-<14T 10869 X(V),YU(N)9QU 

1088 rO-OMAT (2X,F1.39eX,F3.2943X,=.3) 
C 
1089 IF(JAK.E1.4) PRINT 

C 
SvOL=0.0 
NZ=N-1 
)0 1090 I=J,NZ 
1QA=0.5*(.4u(I)+ -4J(I+1)) 
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41DA=0.5*(u01(I)+.101(1+1)) 
W1A=0.5*(uM1(I)+JmI(I+1)) 
A.T=(u:4A-0DA)/(;,14A—w)A)*.ILL 
IF(A6S(14)LT).6T.A(wLL)) 
IF(uLl.GT.0.0) 
VO_=4)LT*DOX(I)*DT/43360. 
5VDL=sVOL+VUL 

1090 CONITINJE 
C 

IF(TI.3T.0.0) V.:461.T=V4LLT+SOL 
)T3T=UT814.(T-12 
IF(KIT.E.0) uT3T=;;IT(1,1)+JT6(2,1) 
IF(TT.-3T.O.u) c4TriT=VITT+V3T*DT/43560. 

C 
IF(JNIK.E1.3) MINT 1045, TT,)TH,ITERR,FriDmIV,FRU4Ax“JLT,QT8T, 

0J(J),YJ(J),J(N),YJ(\J) 
1095 F044AT(1A 

1 F15.2,F1.6.F15.2) 
IF(J4K.E1.3 .4\40. KSIT.E.4.2) .aql\fr 109.3 

1098 Po4mAt(1A ,14X,Iyu 71DLJTIOV) 
C 
C STU4E STAGE Avu bI.3CH4Gi i= j1-4 
C 

IF(KT14E.(27.191) 63 TJ 11(DO 
KTIME=<TImE+1 
"UN(K1Im.7)=T7 
QS(KT14E)=61u(N) 
\INP=v/c, 
IF (\IND.L.E.0) vy.J=1 
II=J 
DO 11u3 <=1.6 
4C4(KTImE,K)=t4J(11)*0.001 
II=II+yrsP 
IF(I1.:iT.N) 11=4 

1103 COVTINJE 
C 

1105 CO\IT14JE 
IF(NTT.E1.0) 6) iu 11?(.) 
DO IUD <=1,NTT 
JO 1110 I=J,N 
IF(I.NE.vT(K)) 5.) Tu 1110 
YC(KTIME.K)=YU(I) 
C(KTI4E.K)=uU(I)*0.001 

1110 COVTIvJE 
1115 COVTIvJE 

C 
1120 CONTIvJE 

C 
FACI=u.5 
DO 1145 Tr-J,N, 
DQ=UJ(I)—w1)(1) 
DY=YJ(1)—YD(I) 
V=6,J(I)+DU*FACI 
YP=YJ(I)+1)Y*FACI 
YD(I)=YU(1) 
YU(I)=YP 
Wo(I)=:Ju(1) 
Qu(I)=JP 

1145 COVTIvJE 
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C 
C 4ETuqN FOP.< AVOTmER TIME STEP 
C 

IF(KIT•LF.1) G) TU 
30 TO o7V) 

C 
C END sJLJTION ROJTINE 

1147 PRINT 1148 
1148 FoqmAT(1H0,////91UX•iNc)T ENDJijH 23mPOTATIUNAL NoDtS1 MINUmUM OF 3. 

* REDJLE )(M Ok PJSSIILY JPS1.1 ) 
30 TD 1350 

1150 COITIvJE 
VC1LE=0.0 

5ECT(YO(J),J,A,J,06,ATI,31') 
J1=J+1 
.30 1157 I=J1,N 
CA_L ,E.CT(YU(I),1,4113d•ATeT) 
VC1LE=VCHLE+DDX(i-1)(ATI+AT2)/2. 

1157 AT1=AT?. 
VC1LE=VCHLE/4356ii. 
PRINT 25 
VE.RkOm(7.— 1. ,,A *(VINi+VwTHT+t,,ILLT—V,4)JT 4.(VC4LS—VCILt)) 
IF(J4K•GF.3) PINT 11n8. VC1L-S,V2HLE,VIV,V.49UT,VuLLT,V4T8T,VERROmi 

1158 FO4MAT(1nX.I,AASS dALAACE'9/99A914(1m*),/.4X0AL-FT',/, 
1 10X.IONANNE_ vULU4t AT STA-<T 1 ,1X071?.1./9 
2 10x,,%7mANNE_ VULU4E AT END 1 ,13X,F12.1•/, 
3 lUX• 'INFLOW vJLJmEl•13x•F1e.1,/, 
4 10X, 0 1UTFLON VULUArL/417W'-12019/9 
• 10A , 'LATtqA_ _USS VOLJm.7,912x9=11,/, 
• 1UX,ITk1ooTA41ES VOLJm=lo,b)(9712.19//, 
7 10X,IvOLumE. Ee(RJkl•1x.,F12.1) 
IF(JNK.L7 .2) 6J TO 1170 
PkINT 25 

1160 PRINT 116n, P4T14:..,TT 
1165 F0-4MAT(//10x,61KIIIL=1, I3,5x,1.41A_LO*A8LE KTIAt=o00,10X,3HTT=IF5.1) 

C 
C PRINT PRO= ILL OF )041NSTHEAm C4!.-_STS AND TIMES. 
C 

1170 CONTI -4JE 
PRINT 1245 
PRINT 119J 

1180 FO4mAT(///910x,I.,,RDFILE iF C-2ETS AND TIMES',//, 
e 7X•4?-4RVk MI Lt MAX EL:.V MAX DEPTH MAX 
3 .3)0,30ATIME Agx MAX v;L. AAA VE ,...9 /9 
4 7X,42HFRom )AA ( ,7 1) (FT) (0- 5) • 
n 34,30AELEV(-14) (VT/SEC) (AI/HP‹), /, 
a 6X910(1,1*),2x99(11*),2x,4(1.1*)92X.10(1H*),2A9(1.1*), 
I 2X,10(1h*),2X•9(1-(*),/) 

1185 CONTINUE 

DO 1200 I=1,N 
Y=YmJ(I) 
CA_L SECT (Y,I,A,d,u3•AT•HT) 
VM=1,)1x(I)/A 
IU=Q4X(I) 
VMM=Vm*0.6818 
JEJm = Y4(I) — H5(1,I) 
PRINT 11Q5, X(I),Ym(I)99Ei-'49IW,TA(I),V49VMm 

1195 F0:4AAT(7X,F8.394x9F7.2,4X9F7.2+4K+194X9F6.e.5A,=b.295X,F6.2) 
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1200 CONTINUE 
C 

1F(NTT.EU.0) GJ TO 1245 
C 
C TABJLATE ANU PLOT DESIGNATE) HYDROGRAPHS (MAX OF 6) 
C 

PRINT 1285 
PHINT 25 
PRINT 1210 

1210 FURMAT(5A,ISTAGE HYUROGRAPHS AT SE...ECTED CROSS SECTI3NS 0 ,//,1X, 
* 6X,1HK,4X,6HTTP(K),6X,1bHYC(K,I),I=1,NTT),/, 

1 4X,5(1H*),1X,8(1H*).4x,18(11*),/) 
JU 1220 K=1,<TIME 
PRINT 1215, K,TTP(K),(YC(K,I),I=1,4TT) 

1215 FURMAT(5X,I3,2X,F7.3,6(F12.2)) 
1220 CONTINUE 

PRINT 25 
PRINT 25 
.4RINT 1225 

1225 FuRMAT(5X,IDISCHARGE HYDR05RWHS AT SELECTED CROSS SECTIONS',//, 

* 7x,1MK,4)0611TTP(K),6X•16HOC( K,I ),I =1,NT T),/, 

1 4X,5(1H*),1X,8(1H*),4X,18(1.4*),/) 
DU 1230 K=1•KTIME 
PRINT 1216, K,TTP(K),(0C(K,I),I=1,NTT) 

1216 FORMAT( 5X, 13, 2X, F7.3, JP6F12.1 ) 
1230 CONTINUE 
1235 CONTINUE 

JU 1240 K=1,NTT 
NiSNT(K) 
XmI=X(NTS) 
SAZERO=HS(1,NTS) 
FLDST=0.0 
JJ4K=JNK 
CALL PLOT(K,KTIME,NTS,XMIOAZERU,F_UST,JJNO 

1240 CONTINUE 
C 
1245 Ou 1250 K=1,“ImE 

:4(K)=(,)S(K) 
r1(K)=TTP(K) 

1250 CONTINUE 
C 

4mAX=U(1) 
Ju 1260 K=2,KTIME 
IF(Q(K).GT.OMAX) TD=TI(K) 
1F(C)(K).GT.UMAX) (44AX=6,(K) 

12b0 CONTINUE 

1F(JNK.GE.3) PRINT 1265+ TP,QmAX 
1265 FURMAT(/////,5X,5HTP = ,=.10.2,10X,7HOMAx = ,F12.2,/////) 

C 

Nu=KTIME 
KUI=0 

1280 CONTINUE 
PRINT 1265 

1285 FuRMAT(1H1) 
iu TO 5 

C 

1290 FURMAT(8110) 
1300 FuRMAT(8F10.0) 
1350 STOP 

END 
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SUI-(JuTIvt 6DARY(u) 

BJARY CuAPJTL:S: 
1)INFO,/ DISCHAR6ES FOK CJRREVT TIME STEP 
2) JTHER djJNDARY C)NDITIDNiS FJR CURRENT TIME STEP 

CONMUN/SJPC/ K5j'C 
CO4mUN/SIM/ (4(500),T1(600),..i1(b00),YO,SjM,C4N,Yd414,d89Z,TFH,TEH 

I ow,j4K9w0,J4AX,w41(200),JJI(200)*(hLtUDS1,KuI 
2 40F9H1,ISPII1GT,CS,CG,C9,JT,TP,<K,KT4Ax 

COMMON/M1/ JU(200),(40(200),YJ(200).YD(200),JOX(200),FKC(200),(2,DT 
1 ,TT+ITER,KITo4SFSV 
COAmON/SS/ HS(3,dU0),.3S(392U0)9d5S(9200),AS(89e00),AsS(8,200),NCS 
COvimDN/MTx/ 1(50094)9xX(500),C(600),A,KJ,NIT 

I oiLowiguTHI,JT1II,JT),DT-19TF1 
COAMON /flab/ ITd(2.500),TJ(50))400. 6(2),:4T319UT1329NTBT 

:JT11=0.0 
:JT12=0.0 
<L=0 
NL=2*4 
IF(KJI.LF.0) (3) lu 5 
IF(YJ(J).LE.(hS(1,J)+JoS1)) J=J+I 
IF(J..0T.1) uu(J)=wi(J) 
IF(J.6T.1) C(I)=u.0 
IF(J.JT.1) bo TD 6 

5 CA_L 1NTEpiP(TI4P+IT1,IT2,TT,<L) 
JU(1)=.4(IT2)+(JIIT1)-(1T2))*1INP 
IF (Ju(1).LT.U)I(1)) iJ(1)=:JJI(I) 

d 30 TJ 10 
<L=I 
CA_L IVT=RP(TINP+11191T29TT,<L) 

-31=JT8(1,1T2).(wTo(1,1T1)- D T-i(1,IT2))*TlyJ 
TT32=61TH(2,IT2)+WT-(2.ITI)-QT-1(29IT2))*TIV-) 

10 C(I)=0. 
D(1,1)=1.0 
)(192)=0. 
IF(KJI.E).1) 63 Tu 
SO Ti 40 

20 IF(TT._E.U.Uul) 1=0.0o 
julY=u. 
)04U=0. 
Y=YUly) 
IF(TT.LE.U.01.4AJ.Y.L.T.Hr) yFAIL=0 
IF(NFAIL.t.J.I) 5J TO 25 
IF(Y.:JE.(HF-n.5) .AN). Y.LE.-$F) TFD=TT 
IF(Y.:3E.(r1F-0.5) .AN). Y.LE.1F) )TO=JT1II 

.AN). Y.LE.1F) )THI=OTHII 
IF(Y.0E.(HF-0.5) .ANJ. Y.LE.1F) )T1=JTHII 
IF(Y.5E.HF) NF4I._=1 
IF(TT.LE.0.U01 .100. 4FAIL.E1.1) J4=Q(1) 
IF(NFAIL.E0.0) yi=Hu 
IF(NFAIL.E0.0) 4,4=0.0U 
IF(NFAIL.LU.0) Tu iU 

25 IF(ITt4.07(J.1) T=T+JT/JS00.0 
RB=A4141(mF,HD) 
YB=111-(H-Y8mI4)GT/T.TH 

Y6=YJ414 
IF(Y1.._E.YWAIN) JT=0.00 
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IF(Y.LE.YB) GU TJ 30 
CA_L sECT(Y01940,D89AT,31) 
FK=CIN/(1.46b*S)qT(S3A/5280.0)*,3) 
DD=(.iy*FK)**0.50 411S(194) 
IF(UJ.E.Y8) SJ.i=1.00 
IF(DJ._E.Yd) SJ6I=1.00 
IFUDD-Y).(2T..61*(Y-Y3)) SJ3=1.-27.8*((DO-Y6)/(Y-Y8)*0.61)**3 
IF(Sthi.GT.SU61) SUB=SU'il 
SLH1=SJH 
C1=3.UB*Rb*SUH 
C2=2.44*7*SU 
aW=C1*(Y-Yri)**1.D+C?*(Y-Y1)**2.5 
D(44Y=1.5*C1*(Y-Y71)**0.n+2.5*C2*(Y-Y6)**1.5 
Dc c-0. 

JU aNSP=U. 
L4N3T=0. 
aNDB=O. 
DOSP=U: 
)03I=0. 
DUH=0. 
IF(Y.3T.HSP) 04S.J=CS*(Y-1S0)**1.5 
IF(Y.67...(SP) DJ)SJ=1.*CS*(Y--isP) 1**0.3 
IF(Y.i3T.HGT) rivGT=C6*(Y-1(.7T)**u.5 
IF(Y.bT.16T) Od'o T=0.D*C5/(Y-10T)**0.!i 

`4N)4=CJ*(Y-1))**1.3 
IF(Y.(T.-10) DuiR=1.tl*CJ*(Y-1))**9.5 
JN=C4w+".,a+uNs1J+J)N0T+,,olj.3 
DU\IY=1).ANy+1)uSP+DJuT+J.4J1 
)0\1:9=u. 
30 Ti 0 

'+0 44=1 
IF(KsdJC.E.,4.1) A=1 
Y=YU(vi) 
CA_L SECT (Y.M,A9d,u394T,6T) 
CA_L FqICT (Y.4,L.MJ) 
YP=Y.)(4) 
CA_L SECT (YP,%i0AP,1.) +9.-.4-1,AT',3T 3 ) 
IL=M-1 
IF(m.t).1) ML=? 
YPJ=Yo(mL) 
CALL SECT (YPU,4_,APJ9-3PJOATJ9t3TU) 
IF(m.c.j.1) SF=(YJ(1)-Y0(2))/)JA(1)-1./3/JT*04U(1 )/4-.,10(1)/AP)-1./3 

1/Dix(1)*10(1)/Af)le(a0()/4r, j-)0 ( 1 )/AP ) 
IF(m.r0T.)) sF=AYJ(40-YO(M))/JJX(4L)-1./S/3T*(UU(m)/A-UD(M)/AP)-1. 

1/G/D)x(4L)*ut)(1)/AP*(00(A)/A P- 40 ( 4 L)/A ;),J ) 
PSY=0. 
IF(KSLPC.EU.1) SF=Soli523u. 
IF(KIT.G7.9) 6) IU 4D 
IF(KSuDC.E.J.1) 3J T.) 4'D 
IF(0J(4).6T.(1.1*w9I(-4))) VSrSV=1 
IF(UJ(V).LT.( 0 .41w)1 ( 4))) NSr:S%/=1

45 IF(NSFSV.Lj.1) S'P7 =504/Dd0.0 
IF(SF.3T.U.) S 71=5F 
IF(SF._E.O.U0) S1= =Sf- 1 
IF(A.LE.0.00.(R.J.LE.0.00) vIT=1 
IF(A.LE.0.00.04.3.LE.0.00) -ETJR\J 
R=(A/t3)**(2./3.) 
DR=?./3.*,.?*( ►3/4-Jd/h) 
DO\JU=0. 
0 N1=U. 
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QN=1.486/CMU*A*R*5JHT(SF) 
DO4Y=604*(0R/R*1/A+0,5/SF*PSFY+PN1) 
IF(KSUDC,E(J.1) ../u ID 55 

50 NL=2*(4—J+1) 
C(4L)=—M(N)—)N) 
D(1Lei)=1.0-00W11 
D(4L94)=—LANY 
30 TO 50 , 

55 C(2)=—(01)(1)—uv) 
)(291)=1.-0(44U1 
D(2,2)=-1uNY 

60 RETuptiv 
EN) 



	
	
	

	
	

	

	

	

		

	

	

 
 

 

SUJR:JUTIvE uArvip.s 
C 
C )A4d4K MO NO C040 JTES THE FLJDO WAVE NI.Y)ROUR4PH FROM A RESERVOIR 
C THAT MAY HAVE A =AILING DAM. THE ALGORITHM 
C JSES Trit PRINICIo_E OF STORA'6E-CUyTINJITY. 
C 

CO4mJN/SIm/ D(50u),TI(b00),JI(600),YO,S0m,C4N9Y641N1.88.Z,TFH,TEH 
1 olu,,AIK,up.J4AA,Gimi(eoo),1(200),QLL.uDsHowl 
e ,HF,H7,H5P,isr,cs,c3,co,JT ,TP,<K ,KT 4 Ax 

CO4M3N/SJRA/ 54(3),HSA(6) 
COMMON/SS/ HS(..1,?u0),ISAti,200),d5S(8 , 200),AS(bile00),ASS(89200),NCS 

C0,40404. /vAMLS/ 41A4t(10).A4SVR(5)9'1vR(D) 

DIvIEASION TTP(s00) 
C 

SV)L=0. 

DO 5 N=2.,ti 
SVOL=SVOL+0.`)*(Si4(K-1)+5A(K))*(HSA(K-1 ) 

-01=R4+(rISA(N-1)-1S4(rn 

Y1=Yj 
CA_L SJR:rAk (Y1,m1901) 

10 Y2=Y1-1.0 
•IJRrAR (Y?0A2,o1) 

VO_=V()_+().5*(A1+A2)*(Y1-Y2) 
IF(Ye....T.(HSA(i)+1.)) Lit.) TO 1n 
Y1=Y2 
A1=A2 

30 T:.) 1() 
1D IF(AS(4-1-Yu)._T.1.00) vDL=SViL

C 

IF(JVK.L.7 .1) 6) IU Jo 
14INT 25, MRSVq.vU: 

— HSA (rn 

25 F0 4 4AT(5x93?AT3T4L VDLL.P4= Iv -017S=-4VOIR 3Er11 iDs//9 

e 14A,544,JH = 0- 10.1.101 ACRE-=EET) 
C 

30 TI(1)=0.0 
ITEH=ri. H+1.61 
DO 3D <=2.ITEH 

35 TI(K)=TI(K-1) 4.1. 
VU=ITt.1 
DT1=TF1*0.02 
DISVJL=0. 
SUil=1.00 
I=1 
TT=0. 
T=U. 
<T=0 
SU3=1.0 
vCiR=1.0 
11=YJ 
TTJ(1)=0. 
Y0=(15(2.1)+1S(1,1))"60 
CA_L SECT (Y091.49u.)-3,AT, T) 

PK=C4N/(1.466*5')-4 T(SJ,4/3?.b0.)) 

12=YJ 

:J S'=0. 
:4GT=0. 
:4DJ=0. 
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IF(H2.3T.HSP) 45,4=CS*(12-mSP)**1.5 
IF(m2.3T,HGT) JGT=C6*(-12-m3T)**0.5 
IF(112.3T,HD) 0)O=CD*(-42-40)**1.5 
0(1)=LISP+UGT+0)0+uT 
@I1=JI(1) 
J1=0(1) 
Q2=u1 
YB=HO 
3=(02*7K/b0)**0.00 
K=0 
NFAI,_=0 
IP(Hd.UF.HF) A=AIL=1 
IF(NE4IL.E(4.0) J1m=o.1 
IF(NFAIL.EQ.1) )Tri=0.J2 ,;.TF1 

IF(JNK.LF.1) u) iu YU 
40 PRINT 55 
45 FORMAT(/////) 

PRINT DO 
50 FO-immT(lx,241.1)Ei'INITIOv JF V4.4143LES 

241IN RESE-4VOI-4 oEjLwTI01 T 1173LE./i.. 
e 1OA,9-.4pmqAAET:,1,35x,31uvir,?KivA4lAbLt,/, 
3 9x,42(111*),2x,/(114),2A,5(11*),//, 
4 1oA,37riTIME START U ANIALYSIS,23X,11I,/, 
• lUx,44HITEHATIuys vECEssA4Y SULVE FLOW EwuATIO1S,11x,1-4K,/, 
b 10A,35HELAPSEi TIME F404 START OF ANALYSIS. 
7 10x.3r1HRS.4A.51TT.J(1)./. 
d 1UX9igHOUTF_).: FkTA 1.1tAC49(!6)(93r1CFS,5)(94"W(11,/, 
9 10x,33HELEVaTiuN JF *4TE1 5JR=ACE AT DA,41,13A+2riFT,EIX,2HH2,/, 
A 10X,21HELEV4TIJN 01; 3OTTO4 OF 3qEAC1.17x.i.I.HFT,6A,2MYB,/, 
• 1ux.40HEST )g ,sT1 OF F_UW INI4E)1ATELY 00w4STHtA4, 
C Sx,2riFT,/x,i40,/, 
O 10x.23mSu-ImE64 0t4C::: C0EFP'ICIENT.31)(.3-isu./.. 
E 10x,1;HVr.LOCIfY CJ-NECTIO\J.34x.i.HvC)-(,/, 
F 10(.4 ,44ToTA_ vuLumL JISCiA-(A), FqOm TIME OF bqEACH AC-FT, 

3x.6muuTlij_) 
55 FO-GMAT (1111) 

PRINT 50 
60 Fo4mAr(////.?dx,c51,-(i5E-0/0Iq TAki_E,//, 

1 5X.11H1,3x.H.0 TTd(1),5X,4H)(1),bx,2H,12,7x,2mY4,6X,1H0, 
5)(.3ms..)H,?)(.4hyCJr.o.4x,5rijUTVOL ,./. 

• 4)(9311***,2x,?1**.ix.5(14*).?x,(1.4*),2x./(111*).2)(.7(111*). 
4 ?)(97(1H*)e2X.4r1****92)(94 -1****•2X94(1-1*),/) 

I0=w(I) 
PRINT 55. 

65 PC)-4m41(4x,Ii.2x,1ege-7.3.110.3F.4.2,2F6.2,F11.1) 

70 H2=H1-(M1-11?) 
IF(He,3E.HF) N=AAL=1 
IF(NFAIL.LU.u) 30 Tu /5 
IF(KT.E0.0) dr1=u.02*TFri 
IF(T.UT.(4.0*T=-1)) r,T=1 

OT1=oT1*1.1 
IF(DTH.6T.0.?5) iT1=u.20 
IF(T.L7E.TEH) GO lu e0i) 
IF(I.bE.398) Go iu do() 

T=T+JT 1 
75 TI=TT+)I-( 

IF(TT.ST,(1.,i*TF-0) 3u T) 200 
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C 

85 

90 

95 
C 

100 

-18=A4I41(MO,HF) 
IF(NFAIL.E0.1) y=-16-(1J-Y4IN)*T/TF-1 
IF(Yd...E.Y8MIN) Yri=Y1A1v 
CAUL IVTFP (TIN.J9Irl,IT2,TT) 
QI2=11(IT2)+0,11(111)-JI(IT2))*TI4' 
IF(T.(/T.TFH) qT=u. 
FcON=.1-D11-(42+.)T 
DTS=JT1*1600. 
CA_L SJP."-- Art (m1.A19)AH1) 

00 96 
FSa=0. 
FIDSP=0. 
IF(112.3T.HSP) = Se=CS 0- (12-elS")**1..-i 
IF(42.3T.1-61-') .7 ;3 i.J=1.!1*CS*(12-.1SD)**0.5 
FGr=0. 
FP3T=0. 
IF(Hd.3T.m(T) 1- '31=C(3*(H.?-riGT)**0.5 
IF(012.3T.HGT) 700T=0.7*C3/(12-16r)**0.5 
FDj=0. 
FP )0=u. 
IF(H.3T.HD) FiJ=C3.4 (12-1u)**I.S 
IF(12.3T.HD) F'DJ=1.5*C30 (-12-HO)**0.5 
FF=FS+F;T+frOu 
FpD=FIJSP+FP(3T+FiU 
IF(-12....E.(Yr3M1v+0.1)) 33 TD 141 
CA_L .11=t7Alq (Ht?.14?,)A-le) 
JS=(141+5A2)*(-12-m1)*O.D0.43p5u. 
ODSm=((SAl+sA2)*U.D+(12-11)*0.3*)AH2)41. 43560. 
IF(NFAIL.LW.1) 3J Tu d5 
P7=d.*OS/DTS+FC)A 
PP=2./)TS*DJSm 
30 TJ 90 
F8=m2-Yri 

;.- 1=0.0001 
3F=3.0S*Jbli.v::uq 
FF=2.4441 7*SiPi*1/CJH 
F=2*JS/DTS+0F*;1**1.64. EF*F**2.54 7CON 
FP=2./7T5*Dlmm+1.5*DP*F1**0.5+2.5*EF*F**1•D 
F=F+FF 
FP=F-)+FPP 
H2\4=r12-F/FP 
IF(AJS(H2N-m2).L:_.0.0001) 3J fj 100 
i2=WeN 

.12=Hd.v 
gSJ=0. 
'AGT=0. 
403=0. 
IF(r12.3T i mSH) JS-'=-CS*(H?-.62)**1.D 
IF(He.3T.riGT) 431=000.(.1e-M5f)**0.5 
IF(ld.3T.H0) w).:)=C0-4(r1-10)**1.5 
IF(NFAIL.E‘J.0) le=0. 
IF(NFAIL.EW.1) Q2=JP*(12-Y)**1.5•EFil.(42-Y)**2.5 
IF((4SP.GT.0.0.34.U5T.3T.0.0) ,33 T) 105 
IF(U2.3T.O.U.04.4u3.3T.0.0) 3J T1105 
IFWT.GT.0.0) 30 13 106 
GO T3 145 
CONTINJE 
32=32+jT+3S+U3T+u)0 
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FK=1.486/CMN*(S(JqT(5),1/5260.)) 
YD=HS(191)+0 
IF(1.E).1) ;.41,1=CJC+4(1))/2.0 
IF(I.L7T.1) . U0=(@2+,;1(I-1)+w(I))/3.0 

C 
30 110 K7=1,10 
CA_L aECT (Y0910.4939)ta,AT93T) 
F=JU*d**(2.0/3.0)-;=K*A**(5.0/3.0) 
FP=(2.0/3.0)*(1:4*Jd/H*il.(1.0/3.0)-(5.0/3.0)*Ft(*d*A**(2.0/3.0) 
YO1=YU-F/FP 
IF(Y)1.L.MS(1,1)) b) TJ 11 
IF(A6(YD1-Y0).Lt1.0.01) 30 T3 115 

110 YO=YJ1 
C 

115 )=YU1-4S(191) 
IF(O.LE.0.00) )=W4/(FK*0.5*(dS(191)+h5(291))))**0.60 
IF(U.LE.Yd) SU3=1.0 
IF(D.LE.Yel) GU TJ 120 
IF(0.bi.0./d*H2) 63 TJ 120 
IFt(J-YR).bT..D7ia'(12-Y!3)) S.3=1.-27.€3*((0-)/(112-Yi)-0.67) 

120 YR=HS(191)+m? 
IF(SJ.GT.S0d1) sU3=5Ui1 
S(J1=SJd 
CA_L SECT (Y-491,49.39)J9AT93T) 
IF(NP- AIL.EW.0) vZU-2=1.0+0.023 4<06/(H*J*H2*-12*(-12-1SP)) 
IF(NFAIL.L.1) qCU=1.04.0.023*.400.4:;)/(61**H20.H2*(12-Y)) 
IF(VCj4.3T.1.15) VCJI-=1.n 
1=1+1 
IFN2._T.!4(1)) )e=„1(1) 

TT(I)=TT 
-i1=H2 
411=41? 
41=(42 
IF(T.E4.0) u1SVj_=U.0 
IF(T.t. J.0) GO TJ 12, 
DI5V3L=DISVjL+U.D*(u(1)+J(I-1))*)T4*-3600./4i560. 

125 COVTI4JE 
C 

IF(JNA.L=.1) 6J to /0 
IO=U(1) 

140 PRINT 55, 1,K,TT-'(1).119-12 9 Y39),SJ39VCD-i,DISVOL 
C 

SO TJ 70 
145 IF(T.ST.Ttri) (ii lu 20u 

1=1+1 
IF(I.or=.9/6) GD lu 1/1 
:4(1)=4(I-1)*o.-on 
IFw(1).LT.w(1)) 1 (1)=.)(1) 
TT."(1)=TT 

. s _ U*T;',1)) UTI=JT11*1.1IF(T.bl e (4e 

T=T+jTi 
TT=TT+)TA 

C 
IF(J4K.L;:.1) GD lu 14D 
I0=(,)(I) 
PRINT 165919K+TV) (1),1'49)15V3L 

165 FO4mAT(4X91.3924,1e0.7.3.11093/x9=11.1) 
C 

6C1 Ti 145 

66 

https://IF(VCj4.3T.1.15
https://S.3=1.-27.�3*((0-)/(112-Yi)-0.67
https://IFt(J-YR).bT
https://IF(U.LE.Yd
https://W4/(FK*0.5*(dS(191)+h5(291))))**0.60
https://IF(O.LE.0.00
https://IF(A6(YD1-Y0).Lt1.0.01
mailto:U0=(@2+,;1(I-1)+w(I))/3.0


	

 
	
	

	

	

195 4)(I)=-(I-2) 
TTJM=T!ri 

200 COVTINJE 
QM=6)(1) 
VU=I 
DO 21u K=1,NJ 
TI(K)=TTP(K) 
IF(Q(K).1T.wvi) Tr'=-TTa(K) 
IF(W(K).1-T.WA) '.11=J(<) 

elu COVTINJE 
41MAx=,,i4 

IF(J\IK.LE.2) RETJHV 
PRINT 45 
PRINT 220, u(1),.4m..4(1U),TP91.),JIiVOL 

220 FO-4mAT(2RX,IRESw-(v014 SJIMAY 1 ,//,1X, 
* 1uX94-4PAI./AmiT:IH,33A9ID1JVITS VArtIALE95X,mVALJE9 /9 
1 9A943(1m*).1A9/(1m*)92X,5(101*),2X911(11*),/, 
2 1uA,12mINITIA,_ FLO4933A,31CFS,X,4H(1)3X.F10.09/9 
• 10A,HilmAA F_.)0493/X9312F595X,2-i.)4,5X,F10.09/9 
4 10X+101.1FINA_ I;LJA935X93HO WS95)(93r0(VJ)92X,FlU.09/9 
• 10A915mTIME TJ AAX FL3W924X,31ARS95X92HT-1 99X9F6.2,/, 
O 1UX,20mNUvini-:4 OP TlviE STi:25933)(92-iNJ911X9I49/9 

7 10A+3Rr1ToTA_ vo.,o4E JI;CiArtJE) FkOm qESEAVOIk, 

5x,5mAC-7 T•iX.51015V0_92x ,=10.0) 
4ETUqN 
EN) 
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SU3PUuTINE FRI:T(Y91.C4m) 
C 
C ;:kICT COmajTES THE 4ANNI\iii V FR;JM THE ELEVATION 
C AvO SJ34E4C4 NIJA67 . 
C 

CO4MJNI/FPIC/Cm(89200) 
-co4mJN/ss/ Hs(i,eu0),3s(3,200),3ss(b,200),A6(8,e00),Ass(8,200), 

C 
IF(Y.L.E.-6(1•I)) C4m=C4(19I) 
IF(Y.Li.-6(1,I)) 60 TJ 15 
IF(Y.6E.-6(NCS,I))Cm4=C4(NC91) 
IF(Y.UE.HS(vCS.I)rou ru 11 

C 
DO 5 J=?.NCs 
K=J 
IF(Y.LE.-4S(K,I)) uJ T) 10 
CONT1N4JE 

C 
10 L=K-1 

)C47-(CAN.I)-C4(6.9I))/(-6(.(II)-11S(L91)) 
CM4=CM(L.I)+DC‘i*(Y-n-,(L9I)) 

15 gETUql 
ENi 

68 



	

 

	
	

	

	

C 

C 
C 
C 
C 

10 
15 

C 

eo 

25 

30 

35 

40 

C 

45 

C 

55 

SLHRJJTI4t INJTE(J) 

INTER -- COmPUTE5 TiE COEFFICIENTS OF THE SYSTEM OF EAJATIONS 
USED IN THE NONILIvE44, IMDLICIT SULJTION. 

co4m3N/siipc/ Ksjp-c 
co4mLY4/ 1 m/ J(50u),TI(bo0),-..41(00),yo,som,c4N,yeuv,6ts,z,TFH,TEH 

ow,J4K,uo,)m4A0441(290),oi(no),uLL'uD51owl 
e ,HF,HpoisP,itir,cs,c3,ca,..;J,To,“,KT4Ax 
colmowmi, 4lu(eo0),,43(2oo),Y.J(200),yi(200),Jox(e00),Ficc(2u0),60T 

oT.Irtk,KIT,NsPsv 
co4mJN/mTA/ 0(500,4),xx(so0),c(609),N ,.(J.NIT 

gyLocKN,OTHI,JTHII.JT39DTH,TF) 
00,4mON /p Id/ 'J)(2,500),TJ(500)011m(2)“,, T319'jT132,4TJT 

L1=2 
L2=1 
L3=4 
L4=3 
NS=N-1 

JO 90 I=J045 
L=I+1 
)T4H=0.00 
IF(I.EJ.s.am(1)) 
IF(I.c.J.4Tm(d)) 
IF(I.6T.)) br) T:.) 10' 
11=2 
IF(Ku'CstW.1) 11=3 
30 TJ 15 
II=I1e+1 
IId=II+1 

DO m0 c=1,4 
Go TO(20,25930.3D),,,‘ 
Y=YD(1) 
IS=I 
30 TJ 40 
Y=Yo(1) 
IS=I 
30 TJ 40 
Y=YO(L) 
IS=L 
'60 TJ +0 
Y=Yo(L) 
IS=L 
CALL , 3,AT,T):ECT(Y,IS,401.10. 
1F(A.LE.0.00 .JR. N1T=1 

IF(A.LE.0.00) J-01NT 47), _4‘c,Y,A 
PO4mAT(///,5x00.11NE6ATIvE 11-4EA EvCOJNTERED IV SoiwJJTINE INTER(J), 
1 /ipluX.7mNo)E = 91497x.4mK = ,14,x.141wATER LLVEL- = ,F10.2, 
2 5X,7r1AkEA = 9F10.1) 
IF(A.LE.0.00 •_,4A• 1.LE.0.00) RELF.01 

30 TJ(55.60,65,/u),N 
ATJL=AT 69 
9T3L=mT 
A0,=A 

https://1.LE.0.00
https://IF(A.LE.0.00
https://IF(A.LE.0.00
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3CIL=d 
GO TO 75 

60 AUL=A 

3U-=d 
OBJL=J3 
ATJL=AT 
iTJL=dT 
30 TJ 75 

65 Anq=AT 
BT)H=r1T 
AD-4=A 
3D-4=d 
30 TJ 75 

7U AUg=4 
8U 4=3 
3 .T.J1q=bT 
ATJ14=AT 
DBJ14=J:4 

75 CONITINJE 
HO COITINJE 

C 
YJJ=0.5*(YU(1)+YJ(L)) 
YOJ=0.3*(YD(1)+YJ(L)) 
CA_L F4ICT (YNJ.19CmJ) 
CA-L FqICT (Yw),19C1J) 

1.=U4,60 
IF(Ku-IC0-61.1) F1=1.00 
'N_=0. 
PN4=u. 
Dx=uJA(1) 
)U_=.),)(I) 

JD_=JJ(I) 
QD-?=.;rd(L) 
FE=FKC(I) 
PXT=U.D*DA/0T 
gAJ=0.5*(uUL+uJ4) 
:,)A)=0.D*(1,)U1_4.0).4) 

/,4J=0.5*(dUL+HJ4) 
3A)=0.5*(d0L+8)4 ) 
AAJ=u.5*(AUL+AJ4) 
AA)=k).5*(ADL+A)ql 
4AJ=(AAU/BAu)**(e./.3.) 
RA)=(AAD/bAD)*;*(e./3.) 
5FJ=CAJ*CmU*AdIAJ)*4AJ/(AAJ*AAJ*.4AJ*4AO*2.2Uti) 
SF)=C•i)*CmO*A8SCJA9)*JAJ/(AA)*AA)*qAJ*4A0*2.206) 

S c- f-i.,-=24GSFu*(.3 v,..-5.*JJL/6./A4J-4. )dJL/3./dAJ) 
PSPH.4=2.*SFU*(.)N-/-5.*HU4/6./AAJ+JiJq/3./dAJ) 
PS=JL=SFJ/Qmj 
aS 7=4-(=FJ/QA0 
Vil_=:Ju_/AUL 
VU4=Ju4/AUR 
VD_=,40_/AUL 
VD4=a04/ADR 
ALJ=(VJL-VUR)**?/64.4*F .C.:(I) 
HL)=.(v)L-VD-0**/64.4*FK:(I) 
HOJ=YU(L)= -1-
iD)=YU(L)- :.1 

=0.3*(1DI(L)•%01(I)) 
:P.14X=U.5*(Wm1(_)•kJ41(I)) 
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/ (.4,44A—k4.3))*J_L 
IF (AdS (i)LT) .6T S RiLL) ) ULT1='1 /44LL 
C ( II )=— (Plii(UU4—:JuL) + (1. —Fl ) i4D4—:,WL) +F X T*( ATUL+A TJ%-t—ATOL—ATDR) 

1—()_T*L.)X-11- R1r1) 
(II,L1)=F XT*BTJ,-

3(II,L2)=-,F1 
D(II91_3)=FXT*Hrjq 
D(II,L4)=F1 
C (112) =— (FXT* ( :31,1:_+CJW4—QD_P-1J4) +Fl # (GiJR#QiUK/AU ►-t—LiJL#QUL/AUL+G*AAJ 

I* ( -11.)J+ )X* SFU ) ) + (1 . —F1 ) 41. ( jOR*C4DR/C)R—;;UL*JU,./43L+G*AAD* (ri3D+ 

dDX*SF0) ) ) 
( I '21_1)=FI*( ur.h..*.4UL 08J,_/AJL/AJL+G*AAWI( -1.+)A* ;-)SEHL ) + 

10.54'644.3'y *(HDU+)x* SPJ) ) 
.)( I )=FAT+ 1- 1 0 (-2. *.9Jb_/AJL+3*AAU 0 Dx* -1 SFLIL ) 

D ( I I 29_3) =F1*( — :)(i-e4 1•0 3J-2/;4/Auq+3*AAJ*(1.+JX* PSFriti ) + 

10.30. 6*3u4*(tiOu+)“ 5.7 U) ) 
D ( II29_4 ) =FXT+'7 1*( *11UR/AJP-t+3*AAJ*)x* PF- 61rq ) 

CON T I NUE 
4E Tliq 
ENJ 
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SUiRjUTINIE INTE4(TIV,IT191T2,TT,KL) 
C 
C INTtRP Co4PLJTE6 THE PA-(A1ET 7 qS NEEDED TO INTERPOLATE 

UISCHAq3E AT 4\1Y INSTANT OF TIME FROM 
C A oP)CHA,C,IE HYJR)3qAPH. 
C 

COAmDA/STm/ 14(501)),TI(600),JI(00)9fa,SJM9C -Iy9Y64I4,389Z,IFH,TEH 
1 04j9J\JK9u09Pikx,(41I(200),"JOI(?00),(4'..L'UDSH,KUI 
2 ,HF,H3,risP94GI,C.,,C6920,..0. 9T 0 ,<K9KI4AX 

COAmj1 :4IJ(29500),IJ(500)0Tri(2),,9UT62114IT 
C 

IF(KL.iU.1) GO I'D 30 
C 

)0 D 1=1.NLJ 
<=1 
IF(TT...E.TI(K))3J Tu 10 

5 CONTINJE 
10 IT1=K 

IT2=K-1 
IF(ITe.GT.0)6u T.) 1' 
IT?=K 
TI\W=U. 
0 TJ 20 

15 TIvP=(TT-II(172))/(TI(IT1)-TI(IT?)) 
20 qETO4v 

C 
30 DO 33 I=1,%) 

KLTI 
IF(TT.-E.TJ(K)) au TJ 40 

35 CONTI4JE 
'+0 IT1=K 

IT2=K-1 
IF(ITe.C/T.0)00 TJ 4t) 
IT2=K 
TI vP=0. 
0 TJ ,0 

45 TI\JP=(TT-TJ(ITe))/(TJ(ITI.)-rJ(If?)) 
50 ;-?ETU.4N 

EN) 
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SUJqOUTIVE mAT4X 
C 
C MAT-ix -- AL(304I1H4 Foq THE SJLUTION OF THE 4UAU-DIA6IONAL 
C SYSTEM uF EwJAT1ON3 FU,4 SJdCR1TICAL FLOw. 
C 

CO4MJN/MTA/ D(50U94),XX(500),C(hD0)919'W,N1r 
I oNL,KKN'UTHI,JT-III,JTD,DTH,TFI 

C 
NP=NL 
4m=N2-2 
K=0 

C 
DO n 1=2.mm,r! 
Im=1-1 
IP=14.1 
1.1=K4.1 
L2=K+e 
-J=-0(191)/0(1,1.,1) 
D(192)=1*u(Im+_)+)(1.?) 
C(I)=1*C(IA)+C(I) 

j(11J,c)=-1*0(1m.Le)+0(1"),2) 
CCIP)=J*C(I4)+;(11J) 
▪-7--o(1.),?)/u(19?) 
)(1P,J)=A4,0(1.3)+1.)(1,).3) 
)(1P94)=R*0(I.+)+u(I-1,4) 
C(1w)=3*^(I)+C(IJ) 
K=? 

5 CC:1 ,171\4.)E 
C 

1=y2-1 
'.1=-U(4?,3)/u(1,3) 
D(N294)=R*D(I,4)+O(N,94) 
C(N2)=3*c(I)+C(ve) 
xx(N2)=C(N2)/u(Ne94) 

10 xx(I)=(C(I)-)(I,<+2)*Ax(1+1))/J(I.<+1) 

15 II=I-1 
Xx(II)=(c(Ii)-)(11,4),-“(II+2)-J(11,3)*xX(I1+1))/0(1192) 

W(I-1)20,20,1J 
20 <=0 

30 TJ 10 
25 CONTIvJE 

REruqN 
EN) 
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SU3ROUTIvE MAT-)(C 
C 
C mATqAC AL6341THM FJ)K THE 5ULJTIOV OF Trit UUA)-0IALilONAL 
C SYSTt1 OF EJAT101S FOR SoPEqCRITICAL FLOW. 
C 

COIMJWMTA/ 0(50014),XX(500),C(690),N,KU,NIT 
1 OJLOCKN,DTHI9iFHII•DTD,DT -19TF1 

C 
\JP:=NL 
3=-o(e,1)/o(1.1) 
D(2,e)=6*u(1,2)+)(2,e) 
C(2)=3*C(I)+C(2) 
mM=Nd-1 

C 
)0 5 K=3.mm, 
L=1 

IF(K.cr.3) L=3 
IF(K.61-.3) J=4 
K2=K-e 
<1=K-I 
KK=K+1 
1=-0(,c,1)/0(,c29L) 
D(K.e)=4*o(K2,o)+L)(K,e) 
C(K)=*C(K2)+C(.0 
3=7-D(KK.1)/J(6?._) 
D(KK.e)=Ritu(K2.j)•)(“.>) 
C(.<6)=*c(Ke!)+2.(K) 
C(K)=-)(K.2)/1)((19o)*,-(K1)+:.(K) 

+L 
1=-D(N<,1)/o(K,i) 
D(“.4)=4*0(.c,4).u(KK,4) 
C(K)=J*c(K)+C(“) 

5 CONT14JE 
C 

)0 10 1=1,.4e.2 
Te-i+1 

IF(L.t.1.2) '6;.) TD 15 
J=L-1 
xx(L)=C0 l/LAL.4) 
xx(J)=(C(J)-o(J.4)*Ax(L))/)(J.3) 

10 COvTlyJE 
C 

15 xx(2)=C(7)/u(2.?) 
xx(1)=(C(1)-0(1,c)*Ax(e))/)(1.1) 
qEILJ4v 
EN) 
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SU314JUTIVE PLOT('c.KTIAE.4TS.XAI.34ZE40.FLOST,JNK).. 
C 
C SUtiROJT1NE TO PLOT JtS13AATEU HYOUi-RAP1S 
C 

COIMjNi /;RAF/ ;IC(600.6),YC(500.6)1TT(500) 
CO4MJN /VAMtS/ 44A.it(10),mq5Vq(5).4kVig(5) 

C 
DI4EASIONJ NIPLOT(n1) 

C 
INTE6t,4 BLANK.EY:..STA-e-
DATA m_A\lm,EYE,sTA/lm .1m1,1-1*/ 

C 
C DETER41\lt C REST F_Ow, AvD TIviE TJ C-1E5T 
C ALSO JETFHMINE A dikai FL)4 
C AVt F1451 FL")4S IN 
C 

1=0.00 
CRTJ=J.0 
CRSTL=0.00 
CI4TS=0.0 
Ci4TET=0.00 
CRST4T=0.00 
JO In I=1,KTImE 
J=JC(1.K) 
IF(I.0T.5) Tl 

+ D.2o * mvE 

S=YC(I.K) 
T=TTP(I) 
IF(O.Li'.7RSVA 
CRST.J=4,1 
CI4TJT=T 

10 IF(S.Li.^HSTr- ) 
CPTE=S 
CRTET=T 

15 CO'JT1NJE 

Tu 11 

Tu 1 

CPST=CksTE—;,A/:u 
1=1.204(-1/n.00) 

C 
C DETERAINt BEbINNIv3 m\au 

C 
I4.3.4=1 
JO 2U II=1.6Tlvit-
I=II 

IF(j.0E..4) Ou TD 23 
20 CovTI4JE 
25 I-33N=ITp(1) 

Ii01\4=1 
-183N=li5v 

-ILAST=TT(KTImi) 
IE\10=kTI\dt 
)0 30 II=1,,\TIAE 
I=Ity) 

IF(E.=4) I) JD 
IEv0=IEN1-1 

30 CO\ITIVJE 
35 HE4U=FTP(IEN0) 

75 
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C 
C DEIER4Iqt INCkEmENTAL mjuR 3F 1YaRO3RAP1 
C 3ESIRE. Max OF 44 LINE IV THE HY)RObRA 01 
C 

HDIF=HiND-HdbN 
IF(H)1z.ST.I'42.0) HINC4=5.00 
IF(1-0F.LT.193.0) HINCq=4.0U 
IF(HAz.IT.145.0) HINCq=3.00 
Ir(HDIz.LT.97.0) HINCR=e.00 
IF(HDF.LT.4H.0) mINCq=1.00 
IF(HDIz.IT.6.0) HINCR=0.10 
IF0-01.7.LT.12.0) HI' CR=J.25 
IF(0-13F.LT.10.D) HINCq=0.20 

1INC4=0.10 
IF()Iz.IT.e.5) 11Nc.4=0,0 
IF(H)Iz.!_T.o.b) HINc-<=0.01 
IF(HEN).LT.(r1INCR*4-4.J)) HEN)=HI1C4*49.0-HB:A 

C 
C DETER4INt scALL Oz HYDr(J0-44a1 
C 

4AKFh_u=CRST‘4*1)00.04.0.5 
IF(MAX%L.O.GT.?n000000) ISCL=MAxF_O/D 
IF(MAX7L1.Lt.2i0U0000) I3CL=D000300 
IF(MAA =1:).LL.10000000) ISCL=2U00000 
IF(M4A7LO.LL.1100J000) I:L=10U0000 
IF(M4X=1.1.LE.2,00000) IL)CL=D00000 
IF(MAA7L1.Lt.100J000) I5:L=200000 
IF(m4)C.- Ll.LE.,100000) I:)::_=1U0U00 
IF(MAx;'Ll.Lt.2D0000) ISC_=5U000 
IF(MAA:=L1.Lt.100000) IiC_=?.0000 
IF(MAALO.Lt.530UU) 
IF(mAX=LO.Lt.?.30uU) I-1CL=-3000 
IF(MAA7L1.Lc.10000) I-,CL=d000 
IF(MAAzL1.1..c.'100!)) ISCL=100u 
IF(m4AzL1.Lt.?30o) i-CL=500 
IF(mAx =11.LE.1300) IiCL=290 
IF(mAA.7L1.Lh.500) NCL=130 
ISI=IsCL 
IS2=I1+ISI 
IS3=152+ISI 
IS4=IS.3•IS1 
ISD=14•Ts1 

C 
C PRI\JT HELOINC6 UN ilYU-2W,RAdi 
C 

PRINT 40 
40 FO4AAT(1-41) 

C 
PRINT 5U. Mroi,-(9\41S,V...).9kN4I 

60 FO4mAT(///,/x..?pluP)CHAq --iE 1YJR03qA,H .DA4, 
1 20m STATIJN NJ ^3E4 9139/, 
e 2ux,6-4,JELuw .DA4.)1 AT ,7D.?,/) 

bc), 34/E43,C-)Tt: 
65 FO-tioAF(7Y,1&th4:31 ZLqJ = 

1 3H-4MAx E_,'".VAT1j4 -tiA4C1EJ zCJO) wAv:. = ,7 i.e) 
aRINT 30. CRSTS,..HSTET,14xF_39CRSTJT 

)3() Foqm4T(20x,1eHAAA srA, = ,w7.e,3A,IoH4T TImE = ,F1.2,6H 
1 20A,12,1mAx = 91:4,4x91oHAT TIME = ,FD.29501 HOURS) 
PRINT 85. Is1else,I53,1s4,1D 

j5 FO4mAT(/.6A,1214-1 STAJi I'L)4 0+3110) 

76 
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C 
C PLACE GRAPHING SY4iiULS JI 1YDq33RAP1 JNE L 1NE AT A TIME 
C 
C 

P1=-1H6N 
LIVE=0 
JO 125 I=1,KTIAE 

90 T=TTP(1) 
S=YC(19K) 
)=..:4C(19,r) 
IC)= 41'1000.0+0.3 

C 
TJ v5 

IF(T.LT.H) o) ri 1?2, 
C 
C T .31 • 1 INTERPJLATi TJ 09TAlq VALUES CrN .11NC4 1UJrS 
C 

Im1=1-1 
Tm1=TTP(Tm1) 
IF((T-TMl).tJ.O.iU) Ti 1r2D 
SL'=(1-TA1)/(T-TA1) 
.P.11=.1C(I419K) 
Y.11=YL(I41,K) 
r1=....i1M1•SL*(J-041) 
S.=14.SLD*(S-S4I) 
ID='441000.0+0..) 

C 
95 JO 100 A=1,D1 

mPLuT(m)=HLANK 
100 CONTI4JF 

C 
DO 10: m=1,,,1.10 
MP_OT(4)=tYt 

105 CONJTINLJE 
C 

SCALE=1SCL 
\1=1*1000.0*10.0/.)CALE+1.5 
IF (N.LT.1) 4=1 
4P ,...0T(4)=TAq 

C 
S=S-'0ALEu 
IH=H 

...1!-IINJT 1109 ifeS91,:94H_:JTIF(HINCR,tf,).0.31) 
IF(H14CR.E.U.0.0s) Pr<14T 110. I.S.P.19mP_JT 
IF(HINICR,EU.0.10) 'KIST 11,9 1.‘),P,49mP_JT 
IF(HINCR,L6).0.,?0) 0-41 NT 1159 1.s .1'.194PLjT 
IF(HINCq.1-6).0.?1) JrqvT 1109 19S 9 IJ9,0"..JT 
IF(HINCR.EJ.n.50) -SKINT 1159 19S9IQ94P....JT 
IF(HIN:.14.(,T.0.30) PrelAT 1c09 1-19--)9I.J.mPLDT 

110 FoqmAlt3K9F6.29;'7.19 1 /9 eX951 41 ) 
115 FoqmAT(4K9F5.19Pi.1.149ex95141. ) 
12U Fo4mAr(5x9I.59.19Iv.2x951A1) 

C 
IF(LINE.1T.44) ‘41TJ-0N 

LINE=LINr+1 
IF(H.OE.HtNy) 4E1U40 

IF(T.0T.A) GU T-D 90 
125 CO4T1NJE 77 

4ETUR4 

https://IF(LINE.1T.44
https://IF(HIN:.14.(,T.0.30
https://IF(HINCR.EJ.n.50
https://IF(HINICR,EU.0.10
https://IF(H14CR.E.U.0.0s
https://IF(HINCR,tf,).0.31
https://m=1,,,1.10
https://IF((T-TMl).tJ.O.iU


	
		

	

	

	
 

	

	

SU:it,'JJTIvt '3;ICT(Y9194.1.),4T+1T) 

C StCT -- Tl= ;.4tAS AV.) TOrI wIDTHS i--RUM A GIVEN 
C iLz.vmilOV ANJ VJJE \IJmdE. 
C 

CO1MJN/SS/ ,- 5(,e00)9r1S(111210).835(b9200),AS(692°0),ASS(8,200),NICS 
COAMUN /\1t6g/ 

C 
IF(Y.o.i.-1S(1.1)),(3) T.) 1 
IF(HS(1.1).C.J.0.1.) H=u.D:1- (3(1,1)+S(291)) 
IF(76(1.1).(iT.0.0) H=iS(1,I) 
A=(11S(1,T)-Y)*3 
:1'1=6 
AT=A 
014=0. 

YN7j,=Y 
VE31=1 
30 1-.) 

C 
D JO 1U K=7,qcs 

IF(Y.Li.AS(K,1))0U TJ ID 
10 CONTIAJE 

Klm\JC') 
Dr4=0. 

30 TJ ?0 
15 L='(-1 

D5=(1(K.1)-(, 
DriS=(S(K91)--15( ,...•1))/NiS(<91)--iS(L,I)) 

20 =dS (L. I) +Do* ( 
A=AS(L,I)+0.,*(-i+dS(...1))*(Y-1S(_I,I)) 
'.35S=SS(L•l)+.).-c,*(Y-r1S(_•1)) 
ASSS=AS(L91)*).14, ( -5SS+i -S('...91))*(Y-riS(L,I)) 
•T=t14. 1- SS 

AT=A+ASSS 
25 -1ETU-tv 

EN) 
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Sl.Hr4JuT1,t. 5jK=4-< 9A,D41) 

SJ-(FA co,A-).jTt5 SUqwAGE 4- EN Ow A Rr_SEr<VJI4 FqUA 
Av ciwVATI9V AV) 4AT1NG TARE. 

CColmJN/SHA/ SA(-.5).-54(-_4 ) 

JO 5 I=2.ti 
.<7.1 

IF(m.oE.HSA(.)) ou f) 10 
CONTlyJw 

10 J.=<-1 
JA1=(54(1)-5AM)/(riSm(J)-1SA(K)) 
A=SA(.)-)mm,i-(HA(J)---1) 

.RF1U-cy 

EN) 
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C. SCHEMATIC DIAGRAM OF COMPLETE INPUT CARD DECK 



	  

	

	

 

	

	

	  

	

Submergence parameters 18 

Downstream flow parameters 17 

/ Expansion-contraction coefficients 16 

/ Node spacing 15 

Manning 'n' values 
14 

13 

,• 13 

Inactive flow top widths -4 

/----
/--Cross-sectional geometry 

Active flow top widths 

Elevations 
13 

-3 

2 

/---- Stream station -1 

,0 

Tributary discharges 
12 

/ Tributary locations 11 

/ Printer plot locations 

Cross-sectional parameters 

/, 
f/ 

Upstream hydrograph 

/ Routing parameters 

Structure parameters 

./. Reservoir parameters 

/ 
7-- Reservoir table 

-

Elevation 

Surface Area 

10 

9 

8 

7 

6 

5 

4 

3 

Primary option controls 

/ Names and comment 

2 

1 

/ 
INFORMATION CARD SET 

81 



D. LISTING OF SAMPLE INPUT CARD DECKS 
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a. Dam-break simulation with hydrologic reservoir routing. 

lyPotmETICAL DAM EXAMPLE qIVER LARRY F. LAND USGS - WRD 
FAILURE OF HYPOTHETICAL OAM DV EXAMPLE RIVER HYDRJLOSIC kESERVOIR ROUTING 

&CARDe KKN=2, twi=n ei,L4D 
100. 80. 70. 55. 40. 25. 10. 1. 

1045. 1025. 1000. 1050. 1040. 1035. 1020. 1030. 
&CARD, Y0=1035., L=0.509 TF1=3.09 YdMI4=1000., 86=50.0. 

TFH=0.25, JATOm=0.0 NEND 
NCARD0 HF=1036.09jT=0.09 13=1050.09:0=0.u, 4SP=1038.9CS=0.0. 

HGT=1010.,C6=250. &ENID 
1000. 5000. 000 . 

JNK=3
000. 1500. 

&CARD/ N5=4, ATT= 13, <SA=0. KSJPC=1, ATIIT=1 NEND 
1 
-1 

100. 100. 100. 100. 100. 
0.000 
1000.0 1010.0 1030.0 
:0.0 

1025.0 
70.0 100.0 150.0 

u.0 0.0 0.0 0.0 
1.JO0 
900.0 950.0 
:0.0  

*410.0 925.0 
70.0 100.0 150.0 

u.0 0.0 0.0 J.0 
2.000 
800.0 810.0 825.0 d50.0 
50.0 70.0  
0.0 0.0 

100.0 150.0 
U.0  0.0 

3.000 
700.0 710.0 72,.0 /30.0 
:0.0 70.0  
u.0 0.0 

100.0 150.0 
U.0  0.0 

0.030 0.030 0.030 0.030 
0.030 0.030  0.030 
0.030 0.030 

0.030 
0.030 

0.25 
0.030 

0.25 0.25 
0.0 0.0 0.0 

&CAIRN, QMAX0=0.0,JU)=1350.94,=0.0. iTH4=0.0. YUNI=0.0 
&CARD/ 

NS=59 NTT=0, JNK=3, 

200. 

.CSA=0, 

200. 
3.000

K5UPC=0, NTOT=1 
2 

200. 200. 200. 

700.0 710.0 725.0 750.0 800.0 
50.0 70.0 100.0 150.0 250.0 
0.0 0.0  0.0 .0.0 0,0 

4.000 
6b0.0 670.0 685.0 710.0 760.0 
50.0 120.0 140.0 155.0 200.0 
u.0 0.0 250.0 

S.000 
160.0 220.0 

640.0 650.0 665.0 640.0 740.0 
50.0 120.0 140.0 155.0 200.0 
0.0 0.0 160.0 220.0 250.0 

6.000 
62.0 635.0 650.0 b75.0 725.0 
50.0 120.0 140.0 155.0 200.0 
0.0 0.0 160.0 220.0 250.0 

8.000 
600.0 700.0 
50.0 

625.0 blJ.0 610.0 
120.0 140.0 155.0 200.0 

0.0 0.0 
0.050 0.050 

160.0 220.0 
0.0505.0 

0.060 0.050 
0.060 0.060 

U.060 0.050 
0.050 0.050 

0.060 
0.060 0.060 0.050 
0.060 0.050 0.060 0.060 0.050 

0.25 0.25  0.25 0.25 
-0.5 0.0 U.0 0.0 

‘CARD1 / WMAXO=0.0.6)0)=1550.0.0. JTAm=0.0. Y04=504.5 

&LAO 
%ENID 

NE:\ID 



		 	
	

			
	 	 	
	

	 	 	
	
			 	
	 	

			
			
			

			
			
			
			

	
		
		 	

			

			
			
			

			
			
			

			
			
			

			
			
			
			
			
			
		
		
	
		 	

		

		
		
		

		
		
		

		
		
		

		
		
		

		
		
		
		
		
		
		
		
		

b. Dam-break simulation with hydraulic reservoir routing. 

mY'OrmETICAL OAm AMPLE RIVER LARRY F. LAND US3S - WRD 
FAT_u-IE OF HYPOTHETICAL DAM ON EXAMPLE RIVER HYDRAULIC RESERVOIR ROUTING 

LCARD2 KKN=3, KuI=1 ‘END 
r,.CARDo Y0=1035., L=0.50, TE-1=3.0, Y8414=1000., 5B=50.0, 

TFH=0.25. DATum=0.0 &END 
6CARD5 HF=1036.0,JT=0.0, -0=1050.0,20=0.09 HSP=1038.,C5=0.0, 

HGT=1010..CG=250. &END 
1000. 5000. 3000. 2000. 1500. 

%CARD9 NS=2. NTT=0, JNK=3. KS4=0, K5JP0=0, NT8T=0 LEND 
-1.000 
10e0.0 1330.0 1045.0 1070.0 1120.0 

20.0 70.0 100.0 150.0 250.0 
0.0 0.0 0.0 0.0 0.0 

0.0000 
1000.0 1010.0 1025.0 1050.0 1100.0 

Du.0 120.0 140.0 155.0 200.0 
u.0 0.0 0.0 0.0 0.0 

0.030 0.030 0.030 0.030 0.030 
U.10 

-0.30 
.CARni/ P.iAXD=0.0,30)=1250..)LL=0.0. )TH4=0.0. YDN=1035. SEND 
k.cARnil uPsH=z.o, 5Jm=100.0. CMN=0.030 LEND 
&CARD N5=4, 4TT=1, JNK=2, KSA=0. KSJPC=1, NT8T=1 LEND 

1 
3 

100. 100. 100. 100. 103. 
0.000 
1003.0 1010.0 1025.0 1050.0 

5u.0 70.0 100.0 150.0 
0.0 0.0 0.0 0.0 

1.000 
900.0 910.0 925.0 950.0 
pu.0 70.0 100.0 150.0 
0.0 0.0 0.0 0.0 

2.u00 
gUu.0 810.0 825.0 850.0 
D0.0 70.0 100.0 150.0 
0.0 0.0 0.0 0.0 

3.000 
700.0 710.0 725.0 730.0 
30.0 70.0 100.0 150.0 
u.0 0.0 0.0 0.0 

0.030 0.030 0.030 0.030 
0.030 0.030 0.030 0.030 
0.030 0.030 0.030 0.030 
U.25 0.25 0.25 
0.0 0.0 0.0 

6CARD17 siAXD=0.0.:JOD=1350..JL,=0.0, )TH4=0.0. YDN=0.0 6E40 
6CARn4 45=5. 41r=2, J4K=9, KS4=0, K5UPC=0. NTEIT=1 LEND 

1 
2 

5 

200. 200. 200. 200. 200. 
3.000 
700.0 710.0 725.0 750.0 800.0 
30.0 70.0 100.0 150.0 250.0 
0.0 0.0 0.0 0.0 0.0 

4.000 
650.0 670.0 685.0 710.0 760.0 
50.0 120.0 140.0 155.0 200.0 
U.0 0.0 160.0 220.0 250.0 

5.000 
6,.0.0 650.0 665.0 6g0.0 740.0 
30.0 120.0 140.0 155.0 200.0 
u.0 0.0 160.0 220.0 250.0 

6.000 
6e5.0 635.0 650.0 675.0 725.0 
Du.0 120.0 140.0 155.0 200.0 
0.0 0.0 160.0 220.0 250.0 

9.000 
600.0 610.0 625.0 650.0 700.0 
30.0 120.0 140.0 155.0 200.0 
u.0 0.0 160.0 220.0 250.0 

0.060 U.050 0.060 0.060 0.050 
0.050 0.060 0.060 0.060 0.050 
0.u60 0.060 0.060 0.060 0.050 
0.050 0.050 0.060 0.060 0.050 
0.25 0.25 0.25 0.25 
-0.5 0.0 0.0 0.0 

LCARD17 aMAxD=0.0.30)=1550.0.0, 3T44=0.0, YDN=604.5 &END 
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c. Streamflow simulation without dam-break. 

HYPOTHETICAL DAM EXAMPLE RIVER LARRY F. LAND US3S - WRD 
EXA4H_E OF STREAMFLDW ROUTING OPTION WITHOUT )AM-BREAK 

&CARDe KKN=109 KA=0 
&CARD/ TEN=2.0, OHF=0,50, )T9=0.10 

1000. n000. 3000. 2000. 1500. 
&CARD/ NS=4, NTT=1, JNK=3, A=0, KSJP:=1, NT6T=1 

1 
3 

100. 100. 100. 100. 100. 
0.000 
1000.0 1010.0 1025.0 1050.0 

50.0 70.0 100.0 150.0 
0.0 0.0 0.0 0.0 

1.000 
900.0 910.0 925.0 950.0 
50.0 70.0 100.0 150.0 
0.0 0.0 0.0 0.0 

2.000 
800.0 810.0 825.0 850.0 
7)0.0 70.0 100.0 150.0 
0.0 0.0 0.0 0.0 

3.000 
700.0 710.0 725.0 750.0 
50.0 70.0 100.0 150.0 
U.0 0.0 0.0 0.0 

0.030 0.030 0.030 0.030 
0.030 0.030 0.030 0.030 
0.030 0.030 0.030 0.030 
0.25 0.25 0.25 
0.0 0.0 0.0 

Fs,0A0iD1/ QMAXD=.0.0,U)=- 1350...=-0.09 0T-14=0.0, YDN=0.0 
&CARD/ N6=5, NTT=2, j\JK=9, KSA=0, KSJPC=0, NT6T=1 

1 5 
2 

200. 200. 200. 200. 200. 
3.000 
700.0 710.0 725.0 750.0 600.0 
D0.0 70.0 100.0 150.0 250.0 
U.0 0.0 0.0 0.0 0.0 

4.j00 
660.0 670.0 685.0 .710.0 760.0 
n0.0 120.0 140.0 155.0 200.0 
u.0 0.0 160.0 220.0 250.0 

5.000 
640.0 650.0 665.0 690.0 740.0 
50.0 120.0 140.0 155.0 200.0 
0.0 0.0 160.0 220.0 250.0 

6.000 
62.0 635.0 650.0 615.0 725.0 
50.0 120.0 140.0 155.0 200.0 
0.0 0.0 160.0 220.0 250.0 

610.0 
120.0 
0.0 

0.060 
0.060 
0.050 
0.050 
0.25 

-0.5 0.0 
&C"Dit 'JMAXD=0.0.J0)=1550.,)L-=0.0, )TH4=0.0, YDN=504.5 

8.000 
600.0 
D0.0 
0.0 

0.050 
0.060 
0.050 
0.050 
U.25 

625.0 
140.0 
160.0 
0.060 
0.060 
0.060 
0.060 
0.25 
0.0 

650.0 
155.0 
220.0 
0.060 
0.060 
0.060 
0.060 
0.25 
0.0 

700.0 
200.0 
250.0 
0.050 
0.050 
0.050 
0.050 

&E ND 
&END 

&END 

&END 
&ENID 

&END 
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**************************************************************************************** 

DAM-BREAK FLOOD SIMULATION 
BY A 

NONLINEAR, IMPLICIT FIVITE-DIFrERENCE MODEL 
LAST REVISED FEBRUARY 12r 1981 

FLOOD RESULTED FROM DAM FAILURE OF 
HYPOTHETICAL DAM 

ON 
EXAMPLE: RIVER 

ANALYSIS 
BY 

LARRY Ft. LAND USGS - MR0 

COMMENT: FAILURE OF, HYPOTHETICAL DAM ON EXAMDLE RIVER HYDROLOGIC RESERVOIR, ROUTING
******* 

,,,,,,,,,,,,,,,,,,,,****************************************************************************** 

INPUT CONTROL PARAMETERS FOR HYPOTHETICAL DAM 

PARAMETER VARIABLE VALUE 
**,,,,,,,, w,,,,,,,,,,,r************************************* me** *weir*** 

NUMBER OF DYNAMIC ROUTING REACHES KKNI 2 
TYPE OF RESERVOIR ROUTING KUI 0 

HYPOTHETICAL DAM RESERVOIR 

ELEVATION (FT) SURFACE AREA (ACRES) 
1SA(K) SAM) 

114,11.41,11*********0 ********************** 

1050.00 100.0 
1045.00 80.0 
1040.00 70.0 
1035.00 55.0 
1030.00 40.0 
1025.00 25.0 
1020.00 10.0 
1000.00 1.0 

87 



	

	
	

	

			 		

		  
	
	
	
	 	
	
	

	

			

HYPOTHETICAL UAM RESERVOIR AND BREACH PARAMETERS 

PARAMETER UNITS VARIABLE VALUE 
******************************************* ******* ****** *********** 

ELEVATION OF WATER SURFACE FT YU 1035.00 
SIDE SLOPE OF BREACH 0.50 
TIME FLOOD ROUTING TERMINATES HR TEH 3.00 
ELEVATION OF BOTTOM OF BREACH FT YENIN 1000.00 
WIDTH OF BASE OF BREACH FT B8 50.00 
TIME TO MAXIMUM BREACH SIZE HR TFH 0.25 
ELEVATION (45'..) OF BOTTOM OF DAM FT DATUM 0.0 

ELEVATION OF WATER WHEN BREACHED, FT HF 1036.00 
DISCHARGE THRJ TURBINES CFS UT 0.0 
ELEVATION OF TOP OF DAM FT HU 1050.00 
DISCHARGE COEF. FOR UNCONTROLLED WEIR F_OW CD 0.0 
ELEVATION OF UNCONTRO...LED SPILLWAY CREST FT HSP 1038.00 
DISCHARGE COEF* FOR UNCONTROLLED. SPILLWAY CS 0.0 
ELEVATION OF CENTER OF, GATE OPENINGS FT HGT 1010.00 
DISCHARGE COEF. FOR GATE FLOW CG 250.00 

INFLOW HYDROGRAPH TO HYPOTHETICAL DAM 
******************************************* 

1000. 5000. 3000. 2000. 



	

	

	

	

	 	
	

	 	

	 	

	 	

	 	
	 	

	 	

	 	

			

C. CROSS-SECTION PARAMETERS FOR 
BELOW 

EXAMPLE RIVER 
HYPOTHETICAL, DAM 

PARAMETER VARIABLE 
0************************************************** ****** 

VALUE 
******il 

NUMBER OF COMPUTATIONAL CROSS-SECTIONS 
MAXIMUM NJMdER OF TOP WIDTHS 
NUMBER OF HYDROGRAPHS TO PLOT 
TYPE OF OJTPUT 
CROSS-SECTIONAL SMOOTHING PARAMETER 
SUPERCRITICAL FLOW OR NOT 
NUMBER OF TRIBUTARIES 

N UMBER OF SUBREACH WH=RE TRIBUTARY ENTERS 
(MAX NUMBER OF TRIBUTARIES = 2) 

q ************************************************* 

3 

T RIBUTARY INFLOW IN SJBREACH 3 
**********o*************************** 

100. 100. 100. 100. 

NS 4 
NCS 8 
NTT 0 
JN‹, 3 
KSA 0 
KSJPC 1 
NTBT 1 
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CROSS-SECTIONAL VARIABLES 

PARAMETER UNITS VARIABLE 
****************************************** ******* ****** 

LOCATION OF C. CROSS-SECTION MI XS(I) 

ELEV CORRESPONDING TO EACH TOP WIDTH FT HS(K,I) 
TOP WIDTH CORRESPONDING TO EACH ELEV FT BS(K,I) 

(ACTIVE FLOW PORTION) 
TOP WIDTH CORRESPONDING TO EACH ELEV FT BSS(C,I) 

(OFF-CHANNEL PORTION) 

NUMBER OF COMPUTATIONAL CROSS-SECTIONS 
NUMBER OF ELEVATION LEVEL 

CROSS-SECTION 1 XS(I) = 0.0 
HS 1000.0 1010.0 1025.0 1050.0 1060.0 1070.0 1080.0 1090.0 
BS 50.0 70.0 100.0 150.0 150.0 150.0 150.0 150.0 
BSS 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

CROSS-SECTION 2 *woe XS(I) = 1.000 
HS 900.0 910.0 925.0 950.0 960.0 970.0 980.0 990.0 

50.0 70.0 100.0 150.0 150.0 150.0 150.0 150.0 
BSS 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

CROSS-SECTION 3 XS(I) = 2.000 
HS 800.0 810.0 825.0 950.0 860.0 870.0 880.0 890.0 
BS 50.0 70.0 100.0 150.0 150.0 150.0 150.0 150.0 
BSS 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

CROSS-SECTION 4 XS(I) = 3.000 
HS 700.0 710.0 725.0 750.0 760.0 770.0 780.0 790.0 
BS 50.0 70.0 100.0 150.0 150.0 150.0 150.0 150.0 
BSS 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
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SUBREACH VARIABLES 

MANNING N ROU3HNESS COEFFICIENTS FOR THri GIVEN SUBREACME6 
(C4(K.I).KRI.NCS) WHERE I is SUBREACH NUMBER 

ww,i.ww.w.twwwwwww f.wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww 

SUBREACH 1 ... 0.030 0.030 0.030 0.030 0.030 0.030 0.030 0.030 
SUBREACH 2 ... 0.030 0.030 0.030 0.030 0.030 0.030 0.030 0.030 
SUBREACH 3 ... 0.030 0.030 0.030 0.030 0.030 0.030 0.030 0.030 

COMPUTATIONAL, NODE SPACING MI DXM4I) 

CONTRACTION — ExPANSION COEFFICIENTS FKC(I)
ww..1wwwwwwwwww.wwwwwwwwwwwwwwwwwwwwwww•wwwwwwwwwwwwwwwwww 

SUBREACH NUMBER UM(I) FKC(I) 
wwwwwwww.wwwwwwww www•wwww wwwwwwww 

1 0.250 0.0 
2 0.250 0.0 
3 0.250 0.0 

NUMBER OF COMPUTATIONAL NODES (44 = 13 MIN = 5 MAX = 200 



	 	

	 	
		

	 	
	

	 		 	
	 	
	 	

	 	 	
	 	 		

	

	

DEFINITION OF VARIABLES IN RESERVOIR )EPLETIDN TABLE 

PARAMETER UNITS VARIABLE 
****************************************** ******* ****** 

TIME STEP FROM START OF ANALYSIS I 
ITERATIONS NECESSARY TO SOLVE FLOW EQUATIONS K 
ELAPSED TIME FROM START OF ANALYSIS -IRS TTP(I) 
OUTFLOW FROM BREACH CFS 0(I) 
ELEVATION OF WATER SURFACE AT DAM FT H2 
ELEVATION OF BOTTOM OF! BREACH FT Y3 
EST DEPTH OF FLOW IMMEDIATELY DOWNSTREAM' FT O 
SU8MERGENCE COEFFICIENT SJB 
VELOCITY CORRECTION VCOR 
TOTAL VOLJME DISCHARGED FROM TIME OF BREACH AC-FT OUTVOL 

RESERVOIR DEPLETION TABLE 

I 
*** 

K TTP(I)
** ****** 

(I) 
******** 

H2 
******* 

YB 
******* 

D 
******* 

5,16 
**** 

VCOR 
**** 

OUTVOL 
********* 

1 0 0.0 1250 1035.00 1050.00 1.95 1.00 1.00 0.0 
2 2 0.100 1250 1034.99 1050.00 2.16 1.00 1.00 0.0 
3 3 0.200 1251 1035.04 1050.00 2.16 1.00 1.00 0.0 
4 3 0.300 1253 1035.16 1050.00 2.16 1.00 1.00 0.0 
5 3 0.400 1258 1035.33 1050.00 2.16 1.00 1.00 0.0 
6 3 0.500 1263 1035.55 1050.00 2.17 1.00 1.00 0.0 
7 3 0.600 1270 1035.83 1050.00 2.17 1.00 1.00 0.0 
8 3 0.700 1278 1036,16 1050.00 2.18 1.00 1.00 0.0 
9 2 0.705 1411 1036.18 1035.28 2.23 1.00 1.00 0.6 
10 2 0.710 1606 1036.20 1034.56 2.34 1.00 1.00 1.2 
11 2 0.715 1852 1036.21 1033.84 2.52 1.00 1.00 1.9 
12 2 0.720 2143 1036.22 1033.12 2.74 1.00 1.00 2.7 
13 2 0.725 2472 1036,24 1032.40 2.98 1.00 1.00 3.7 
14 2 0.730 2836 1036.24 1031.68 3.24 1.00 1.00 4.8 
15 2 0.735 3233 1036.25 1030.96 3.52 1.00 1.00 6.0 
16 2 0.740 3660 1036.25 1030.24 3,80 1.00 1.00 7.4 
17 2 0.745 4116 1036.25 1029.52 4.08 1.00 1.00 9.1 
18 2 0.750 4598 1036.25 1028.80 4.38 1.00 1.00 10.9 
19 2 0.755 5106 1036,25 1028,08 4,67 1.00 1.00 12.9 
20 2 0.760 5639 1036.24 1027.36 4.96 1.00 1.00 15.1 
21 2 0.765 6195 1036.22 1026.64 5.26 1.00 1.00 17.5 
22 2 0.770 6773 1036.21 1025.92 5.56 1.00 1.00 20.2 
23 2 0.775 7373 1036.18 1025.20 5.85 1.00 1.00 23.1 
24 2 0.780 7994 1036.16 1024.48 6.15 1.00 1.00 26.3 
25 2 0.785 8633 1036.13 1023.76 6.45 1.00 1.00 29.7 
26 2 0.790 9292 1036,10 1023.04 6.74 1.00 1.00 33.4 
27 2 0.795 9969 1036.06 1022.32 7.03 1.00 1.00 37.4 
28 2 0.800 10663 1036.01 1021,60 7.33 1.00 1.00 41.7 
29 2 0.805 11374 1035.96 1020.88 7,62 1.00 1.00 46.2 
30 2 0.810 12100 1035.91 1020.16 7.90 1.00 1.00 51.1 
31 3 0.815 12840 1035.85 1019.44 8.19 1.00 1.00 56.2 
32 2 0.820 13595 1035.79 1018.72 8.48 1.00 1.00 61.7 
33 3 0.825 14363 1035.72 1018.00 8,76 1.00 1.00 67.5 
34 2 0.830 15144 1035.64 1017.28 9.04 1.00 1.00 73.6 
35 3 0.835 15937 1035.56 1016.56 9.32 1.00 1.00 80.0 
36 3 0.840 16740 1035.47 1015,84 9.59 1.00 1.00 86.8 
37 3 0.845 17554 1035.38 1015.12 9.86 1.00 1.00 93.8 
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210 
211 
212 
213 
214 
215 
216 
217 
218 
219 
220 
221 
222 
223 
224 
225 
226 
227 
228 
229 
230 
231 
232 
233 
234 
235 
236 
237 
238 
239 
240 
241 
242 
243 

244 
245 
246 
247 

2 1.710 
2 1.716 
2 1.723 
2 1.730 
3 1.738 
2 1.747 
2 1.757 
2 1.768 
2 1.780 
3 1.793 
2 1.807 
3 1.822 
3 1.840 
2 1.859 
2 1.880 
3 1.903 
3 1.928 
3 1.956 
3 1.986 
3 2.020 
3 2.057 
3 2.098 
3 2.142 
3 2.192 
3 2.246 
3 2.305 
3 2.371 
3 2.443 
3 2.522 
3 2.610 
3 2.706 
3 2.811 
3 2.927 
3 3.055 
3 3.196 
3 3.350 
3 3.520 
3 3.707 

3739 1008.05 1000,00 
3726 1008.03 1000.00 
3713 1008.01 1000.00 
3697 1007.99 1000.00 
3681 1007.97 1000.00 
3662 1007.94 1000.00 
3642 1007.91 1000.00 
3621 1007.88 1000.00 
3596 1007.85 1000.00 
3570 1007.81 1000.00 
3541 1007.77 1000,00 
3509 1007.73 1000.00 
3474 1007.68 1000.00 
3436 1007.62 1000.00 
3394 1007.56 1000.00 
3347 1007.50 1000.00 
3297 1007.42 1000.00 
3241 1007.34 1000.00 
3179 1007.25 1000.00 
3115 1007.16 1000.00 
3054 1007.07 1000.00 
2998 1006.98 1000,00 
2944 1006.90 1000.00 
2989 1006.82 1000.00 
2831 1006.73 1000.00 
2770 1006.64 1000.00 
2703 1006.53 1000.00 
2631 1006.42 1000.00 
2551 1006.29 1000.00 
2464 1006.15 1000.00 
2367 1006.00 1000.00 
2261 100•82 1000.00 
2145 1005.62 1000.00 
2017 1003.40 1000.00 
1876 1005.16 1000.00 
1721 1004.87 1000.00 
1550 1004.55 1000.00 
1363 1004.19 1000.00 

4.14 
4.13 
4.12 
4.11 
4.10 
4.09 
4,08 
4.07 
4.05 
4.04 
4,02 
4.00 
3•98 
3.95 
3.93 
3.90 
3.87 
3.83 
3,80 
3.75 
3.71 
3.67 
3,63 
3.59 
3.55 
3.50 
3,46 
3.41 
3.36 
3.29 
3.23 
3.15 
3.07 
2.97 
2.87 
2.74 
2.61 
2.45 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

1001.4 
1003.2 
1005.3 
1007.5 
1C1C0 
1012.7 
1015.6 
1018.8 
1022.3 
1026.2 
1030.4 
1034.9 
1039.9 
1045.4 
1051.2 
1057.6 
1064.6 
1072.1 
1080.2 
1089.0 
1098.4 
1108.6 
1119.6 
1131.4 
1144.2 
1158.0 
1172.9 
1188.8 
1205.8 
1223.8 
1243.0 
1263.2 
1284.3 
1306.3 
1328.9 
1351.9 
1374.9 
1397.4 

RESERVOIR SUMMARY 

PARAMETER PUTS 
******************************************* ******* 
INITIAL FLOW CFS 
MAX FLOW CFS 
FINAL FLOW CFS 
TIME TU MAX FLOW 'IRS 

NUMBER OF TIME STEPS 
TOTAL VOLjME DISCHARGED FRON RESERVOIR AC-FT 

VARIABLE VALUE 
****** *********** 
(4(1) 1250,
(..1M 35386. 
p(VU) 1363,
TP 0.95 
NU 247 

DISVOL 1397, 
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INITIAL CONDITIONS IN EXAMPLE RIVER 
METHOD: NORMAL DEPTHS 

********************************************************************** 

PARAMETER 
0.*************************************** 

COMPUTATIONAL CROSS-SECTION NUMBER 
NUMBER OF ITERATIONS 
LOCATION OF CROSS SECTION 
ELEV OF WATER SURFACE 
DISCHARGE 
CHANNEL SLOPE 

I K 
41, 43, 43, *** 

1 2 
2 2 
3 2 
4 2 
5 2 
6 2 
7 2 
8 2 
9 2 

10 2 
11 2 
12 2 
13 2 

X(I)
**me 
0.0 
0.250 
0.500 
0.750 
1.000 
1.250 
1.500 
1.750 
2.000 
2.250 
2.500 
2.750 
3.000 

YD(I)
******* 
1002.16 
977.16 
952.16 
927.16 
902.16 
877.16 
857.16 
827.16 
807.16 
777.26 
752.26 
727.26 
702.26 

VARIABLE 
********. 

X(I) 
YD(I) 
WDI(I) 
SO4 

QDI(I) SOM 
******** *****. 

1250. 100.00 
1250. 100.00 
1250. 100.00 
1250. 100.00 
1250. 100.00 
1250. 100.00 
1250. 100.00 
1250. 100.00 
1250. 100.00 
1350. 100.00 
1350. 100.00 
1350. 100.00 
1350. 100.00 

94 



	
	

	
	
	
	
	

	

		
		
		
	 	

PARAMETERS USED IN TIME STEP COMPUTATION 

JVITS VARIABLE VALUEPARAMETER 
#,****************************************** ******* ****** *********** 

UU 1250.00INITIAL FLOW 
BMAX 150.00MAX TOP WIDTH 
UMAX 35386.05MAX FLOW 
BUD 54.32TOP WIDTH 
DT1M 0.062:IME INTERVAL BETWEEN ITERATIONS 

ME PARAMETERS OF OUTFLOW HYDR3GRAPH 

UVITS VARIABLE VALUEARAMETER ******* ****** ***********k***************************************** 

HR TF'H 0.250JRATIUN DF FAILURE 
HR TFO 0.700IME TO START OF RISING LIMB OF HYDROGRAPH 
HR TP 0.950T IME TU PEAK 
HR DTHI 0.012

IME STEP SILE 

9 5 

https://35386.05


	

	

	

	

	

	

	 	

	

	

	

	
 

 
	
	
	
	
	
	
	
	  

	

	

	

	
	
	
	  
	
	
	
	

	

	

	

	  
	
	
	
	
	
	  
	
	  
	  
	

	

	

	

	

	
	

	

	

	

	

	

	

JNK = 2 

RESULTS OF STR=AMFLOW SIMULATION ALONG EXAMPLE RIVER 
wwww*****.wwwwwwitmeowwwww.o.***********************weeweee********************************************************************Afir 

PARAMETER VARIABLE 
w4.4.4.******************weloweeeeitw******** wwwwwwww 

TIME TT 
DURATION OF TIME STEP UTrt 
NUMBER OF ITERATIONS ITERR 
UPSTREAM DISCHARGE (4.1(J) 
UPSTREAM MATER SURFACE ELEV YJ(J) 
DOWNSTREAM DISCHARGE UJ(N) 
DOWNSTREAM WATER SURFACE ELEV YJ(N) 

TT OTH ITERR UU(J) YU(J) OUT YJ(4)
..1, 4010 4.rnio '04.4.4.4.4.* 4.4.***** ******* *4.4.41, ** *wit*, 

0.0 0.0125 0 1250. 1002.16 1350. 702.26 
0.0 0.0062 1 1250. 1002.16 1349. 702.26 
0.0 0.0062 1 1250. 1002.16 1355. 702.26 
0.250 0.2500 1 1253. 1002.16 1353. 702.26 
0.500 0.2500 1 1264. 1002.17 1358. 702.26 
0.512 0.0125 1 1255. 1002.18 1363. 702.26 
0.525 0.0125 1 1255. 1002.18 1367. 702.26 
0.537 0.0125 0 1256. 1002.18 1369. 702.26 
0.550 0.0125 0 1257. 1002.18 1370. 702.26 
0.562 0.0125 0 1258. 1002.18 1370. 702.26 
0.575 0.0125 0 1259. 1002.18 1371. 702.26 
0.557 0.0125 0 1270. 1002.18 1371. 702.26 
0.600 0.0125 0 1271. 1002.18 1371. 702.26 
0.612 0.0125 0 1272. 1002.18 1371. 702.26 
0.625 0.0125 0 1273. 1002.18 1371. 702.26 
0.637 0.0125 0 1274. 1002.19 1371. 702.26 
0.6,0 0.0125 0 1275. 1002.19 1371. 702.26 
0.662 0.0125 0 1276. 1002.19 1371. 702.26 
0.675 0.0125 0 1277. 1002.19 1371. 702.26 
0.657 0.0125 0 1278. 1002.19 1371. 702.26 
0.700 0.0125 0 1279. 1002.19 1372. 702.26 
0.712 0.0125 2 1730. 1002.62 1372. 702.2b 
0.725 0.0125 2 2473. 1003.24 1372. 702.26 
0.737 0.0125 2 3447. 1003.94 1372. 702.27 
0.7,0 0.0125 2 4599. 1004.67 1372. 702.27 
0.752 0.0125 2 5917. 1005.41 1371. 702.27 
0.775 0.0125 2 7374. 1005.15 1371. 702.26 
0.757 0.0125 2 8953. 1005.89 1370. 702.26 
0.800 0.0125 2 10654. 1007.62 1371. 702.26 
0.812 0.0125 2 12470. 1008.34 1372. 702.25 
0.825 0.0125 2 14354. 1009.04 1377. 702.27 
0.837 0.0125 2 16339. 1009.73 1397. 702.24 
0.8,00.0125 2 18377. 1010.41 1475. 702.36 
0.882 0.0125 2 20471. 1011.07 1747. 702.61 
0.875 0.0125 2 22604. 1011.70 703.25 
0.857 0.0125 2 24764. 1012.32 704.29 
0.90u 0.0125 2 26935. 1012.92 705.57 
0.912 0.0125 2 29101. 1013.49 (9::::
o.qa.3 0.0125 1 A1247._ 1014.04 12011. 770068.8192 
(N.ct-Al il.l\l?.. N - -1-Vi 141 lilli....4, 14941- 7114.73 



	

	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	

	

	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

LINK = 3 

RESULTS OF STREAMFLOW SIMULATION ALONG EXAMPLE RIVER 
• ***** rir* ***** siiPormwmo.,*iap ***** dvipap ***** 4,iivoomapireAperiprnowww4temmipmiosipakernmornmiornamelpitimmirmmilwilmoo4mwernitArsim 

PARAMETER VARIABLE 
wwwwwwwwwwwww...wwwww•wwwwwwwwwwmwww wwwwwwww 

TIME TT 
DURATION OF TIME STEP DTH 
NUMBER OF ITERATIONS ITERR 
MIN AND MAX FROuDE NUMBER FRDRN6 
DISCHARGE OF LATERAL OUTFLOW (CF6/FT)
TOTAL DISCHARGE OF TRIBUTARIES 

OLLT 
QTBT 

UPSTREAM DISCHARGE 
UPSTREAM WATER SURFACE ELEV 
DOWNSTREAM DISCHARGE 
DOWNSTREAM WATER SURFACE ELEV 

QU(J)
YJ4J) 
QU(N)
'W(N) 

TT
*Iv.* 

DTH 
•wwww 

ITERR 
***we.** 

FRDRNG 
wwwwwwwwww 

QLLT
ww•www 

QTBT 
wwwwww 

QU(J)
*sm., 

YU(J) 
wwwwwww 

QU(*) 
www, ww.41. 

YU4N)
••••••• 

0.0 0.0125 0 1.36 1.37 0.0 100. 1250. 1002.16 1350. 702.26 
0.0 0.0062 1 1.3 1.37 0.0 100. 1250. 1002.16 1349. 702.26 
0.0 
0.260 

0.0062 
0.2500 

1 
1 

1.34 
1.34 

1.37 
1.37 

0.0 
0.0 

100. 
100. 

1250. 
1253. 

1002.16 
1002.16 

1355. 
1353. 

712.26 
702.26 

0.500 0.2500 1 1.34 1.38 0.0 100. 1264. 1002.17 1358. 702.26 
0.512 0.0125 1 1.34 1.38 0.0 100. 1265. 1002.18 1363. 702.26 
0.525 0.0125 1 1.34 1.38 0.0 100. 1265. 1002.18 1367. 702.26 
0.537 0.0125 0 1.34 1.39 0.0 100. 1266. 1002.18 1369. 702.26 
0.550 0.0125 0 1.34 1.39 0.0 100. 1267. 1002.18 1370. 702.26 
0.582 0.0125 0 1.34 1.39 0.0 100. 1268. 1002.18 1370. 702.26 

..0 
-,3 

0.575 
0.587 
0.600 

0.0125 
0.0125 
0.0125 

0 
0 
0 

1.34 
1.34 
1.34 

1.39 
1.39 
1.39 

0.0 
0.0 
0.0 

100. 
100. 
100. 

1269. 
1270. 
1271. 

1002.19 
1002.18 
1002.18 

1371. 
1371. 
1371. 

702.26 
702.26 
782.26 

0.612 0.0125 0 1.34 1.39 0.0 100. 1272. 1002.18 1371. 702.26 
0.625 0.0125 0 1.34 1.39 0.0 100. 1273. 1002.18 1371. 782.26 
0.637 0.0125 0 1.34 1.39 0.0 100. 1274. 1002.19 1371. 702.26 
0.660 0.0125 0 1.34 1.39 0.0 100. 1275. 1002.19 1371. 702.26 
0.662 0.0125 0 1.34 1.39 0.0 100. 1276. 1002.19 1371. 702.26 
0.675 0.0125 0 1.34 1.39 0.0 100. 1277. 1002.19 1371. 702.26 
0.687 0.0125 0 1.34 1.39 0.0 100. 1278. 1002.19 1371. 702.26 
0.700 0.0125 0 1.34 1.39 0.0 100. 1279. 1002.19 1372. 702.26 
0.712 0.0125 2 1.34 1.40 0.0 100. 1730. 1002.62 1372. 782.26 
0.725 0.0125 2 1.34 1.45 0.0 100. 2473. 1003.24 1372. 702.26 
0.737 0.0125 2 1.35 1.49 0.0 100. 3447. 1003.94 1372. 702.27 
0.750 0.0125 2 1.35 1.53 0.0 100. 4599. 1004.67 1372. 702.27 
0.762 0.0125 2 1.35 1.57 0.0 100. 5917. 1005.41 1371. 702.27 
0.775 0.0125 2 1.35 1.60 0.0 .100. 7374. 1006.15 1371. 782.26 
0.787 0.0125 2 1.35 1.63 0.0 100. 8963. 1006.89 1370. 702.26 
0.800 0.0125 2 1.35 1.65 0.0 100. 10664. 1007.62 1371. 702.26 
0.812 0.0125 2 1.35 1.67 0.0 100. 12470. 1008.34 1372. 702.26 
0.825 0.0125 2 1.35 1.69 0.0 100. 14364. 1009.04 1377. 702.27 
0.837 0.0125 2 1.36 1.71 0.0 100. 16339. 1009.73 1397. 702.29 
0.850 0.0-125 2 1.38 1.73 0.0 100. 18377. 1010.41 1475. 702.36 
0.862 0.0125 2 1.42 1.74 0.0 100. 20471. 1011.07 1747. 702.61 
0.875 
0.887 

0.0125 
0.0125 

2 
2 

1.46 
1.53 

1.76 
1.77 

0.0 
0.0 

100. 
100. 

22604. 
24764. 

1011.70 
1012.32 

2505. 
4026. 

703.25 
704.29 

n.onn A.Al2% 2 1_59 1.7A n_A Inn. 24415_ 1012.9? &Pg... 7115,.57 



	

	 	 	

			 				 				
	 	

	 		
			
			
			
			
			
			
			
			
			
			
			
			

							
		 					
			 				
		 					
						 	
		 					
							
							
						
						
			 				
			 			 	
		 				 	

	

		 	

	 		
			
			
			
			
			
			
			
			
			
		 	
			
			

	

	 				 	
		 	
							
							
			 				
		 					
			 				
							
			 			 	
						 	
						
					 	
			 			 	
			 				
							

	
	
	

		 	 	 	 	 		 			
	 	

		 	
			
			
			
			
			
			
		 	
			
			
			
			
			

		 					
							
		 					
						 	
			 				
			 			
							
							
					 	
					 	
			 			 	
			 				
			 				

JNK = 9 

RESULTS OF STR=A4FLO0 SIMULATION ALONG EXAMPLE RIVER 

TT= U.0 )7-(= 0.0125 ITER4= U FROUDE RANGE= 1.36 TO 1.37 

x(1) Y V A B dT w x 1000 CMM FKC WAVHT OH FRO 
 •••••••••••r•r• ••rrrr• •••••• 

0.0 1002.16 11.09 113. 
0.230 977.16 11.09 113. 
0.300 952.16 11.09 113. 
0.750 927.16 11.09 113. 
1.000 902.16 11.09 113. 
1.250 877.16 11.09 113. 
1.300 852.15 11.09 113. 
1.750 827.16 11.09 113. 
2.000 802.16 11.09 113. 
2.250 777.26 11.42 118. 
2.3u0 752.26 11.42 118. 
2.150 727.26 11.42 Ild. 
3.000 702.26 11.42 118.  

54. 54. 1.250 0.0300 0.0 0.0 2.1 1.36 
54. 54. 1.250 0.0300 0.0 0.0 2.1 1.36 
54. 54. 1.250 0.0300 0.0 0.0 2.1 1.36 
54. 54. 1.250 0.0300 0.0 0.0 2.1 1.36 
54. 54. 1.250 0.0300 0.0 0.0 2.1 1.36 
54. 54. 1.250 0.0300 0.0 0.0 2.1 1.36 
54. 54. 1.250 0.0300. 0.0 0.0 2.1 1.36 
54. 54. 1.250 0.0300 0.0 0.0 2.1 1.36 
54. 54. 1.250 0.0300 0.0 0.0 2.1 1.36 
55. 55. 1.350 0.0300 0.0 0.0 2.2 1.37 
55. 55. 1.350 0.0300 0.0 0.0 2.2 1.37 
55. 55. 1.350 0.0300 0.0 0.0 2.2 1.3/ 
55. 55. 1.350 0.0300 0.0 0.0 2.2 1.37 

TT= 0.0 )T1 0.006? 

x(1) Y V A 

0.0 1002.16 11.09 113. 
0.250 977.16 11.09 113. 
0.300 952.16 11.09 113. 
0.750 927.16 11.09 113. 
1.000 902.16 11.09 113. 
1.250 877.16 11.09 113. 
1.300 852.16 11.09 113. 
1.750 827.16 11.09 113. 
2.000 802.16 11.09 113. 
2.250 777.27 11.28 119. 
2.500 752.26 11.43 118. 
2.750 727.29 11.33 119. 
3.000 702.25 11.41 118. 

ITER4= 1 FROUDE RANGE= 1.35 TO 1.37 

BT U X 1000 CMM FKC WAVHT DM FRO 
 ••r••••••  r•••rr• ••••••• ••N•• 

54. 54. 1.250 0.0300 0.0 0.0 2.1 1.36 
54. 54. 1.250 0.0300 0.0 0.0 2.1 1.36 
54. 54. 1.250 0.0300 0.0 0.0 2.1 1.36 
54. 54. 1.250 0.0300 0.0 0.0 2.1 1.36 
54. 54. 1.250 0.0300 0.0 0.0 2.1 01.36 
54. 54. 1.250 0.0300 0.0 0.0 2.1 1.36 
54. 54. 1.250 0.0300 0.0 0.0 2.1 1.36 
54. 54. 1.250 0.0300 0.0 0.0 2.1 1.36 
54. 54. 1.250 0.0300 0.0 0.0 2.1 1.36 
55. 55. 1.338 0.0300 0.0 0.01 2.2 1.35 
55. 55. 1.352 0.0300 0.0 0.0 2.2 1.37 
55. 55. 1.350 0.0300 0.0 0.02 2.2 1.35 
55. 55. 1.349 0.0300 0.0 0.0 2.2 1.37 

TT= 0.0 )T-1= 0.0062 ITERR= 1 FROUDE RANGE= 1.34 TO 1.37 

X(I) Y V A d BT U X 1000 CMM FKC WAVHT OH FRO 
 r••••••* •••r••• ••••r•• •••••• 

0.0 1002.15 11.09 113. 
0.250 977.16 11.09 113. 
0.300 952.16 11.09 113. 
0.750 927.15 11.09 113. 
1.000 902.15 11.09 113. 
1.250 877.15 11.09 113. 
1.300 852.16 11.09 113. 
1./50 827.16 11.09 113. 
2.000 802.15 11.09 113. 
2.250 777.29 11.25 119. 
2.D00 752.26 11.44 118. 
2.70 727.29 11.33 120. 
3.000 702.25 11.46 118.  

54. 54. 1.250 0.0300 0.0 0.0 2.1 1.36 
54. 54. 1.250 0.0300 0.0 0.0 2.1 1.36 
54. 54. 1.250 0.0300 0.0 0.0 2.1 1.36 
54. 54. 1.250 0.0300 0.0 0.0 2.1 1.36 
54. 54. 1.250 0.0300 0.0 0.0 2.1 1.36 
54. 54. 1.250 0.0300 0.0 , 0.0 2.1 1.36 
54. 54. 1.250 0.0300 0.0 0.0 2.1 1.36 
54. 54. 1.250 0.0300 0.0 0.0 2.1 1.36 
54. 54. 1.250 0.0300 0.0 0.0 2.1 1.36 
55. 55. 1.339 0.0300 0.0 0.00 2.2 1.34 
55. 55. 1.353 0.0300 0.0 0.0 2.2 1.37 
55. 55. 1.358 0.0300 0.0 0.00 2.2 1.35 
55. 55. 1.355 0.0300 0.0 0.0 2.2 1.37 



	 	 	

		

	

	

	

	 	 	

		

	 	

		

	

TT= 0.2,0 )T1= 0.e500 1TER4= 1 FqGUDE RANGE= 1.34 TO 1.37 

X(1)
******* ********* 

V 
******* 

A 
******** ******** 

dT 
******* 

W X 1000 
********* 

CMM 
******** 

FKC 
******* 

WAVHT 
******* 

DH 
****** 

FRD 
****** 

0,u 1002.15 11.10 113. 54. 54. 1.253 0.0300 0.0 0.00 2.1 1.36 
0,250 977.15 11.10 113. 54. 54. 1.252 0.0300 0.0 0.00 2.1 1.36 
0.500 952.16 11.10 113. 54. 54.. 1.252 0.0300 0.0 0.00 2.1 1.36 
0.750 927.16 11.10 113. 54. 34. 1.252 0.0300 0.0 0.00 2.1 1.36 
1.000 902.16 11.10 113. 54, 54. 1.252 0.0300 0.0 0.00 2.1 1436 
1.20 877.15 11.10 113. 54. 54. 1.252 0.0300 0.0 0.00 2.1 1.36 
1.3uo 852.16 11.10 113. 54. 54. 1.251 0.0300 0.0 0.00 2.1 1.36 
1.70 827.15 11.09 113. 34. 54. 1.251 0.0300 0.0 0.00 2.1 1.36 
2.odo 802.15 11.09 113. 54. 54. 1.251 0.0300 0.0 0.00 2.1 1.36 
2,250 777.29 11.28 120. 55. 55. 1.351 0.0300 0.0 0.02 2.2 1.34 
2.3uo 752.25 11.43 118. 55. 55. 1.351 0.0300 0.0 0.0 2.2 1.37 
2.10 727.29 11.31 120. 55. 55. 1.352 0.0300 0.0 0.0 2.? 1.35 
3.000 702.25 11.44 118. 55. 55. 1.353 0.0300 0.0 0.0 2.2 1.37 

TT= 0.500 iTd= 0.2500 ITER.4= 1 FROUOE RANGE= 1.34 TO 1.38 

X(1)
******* 

Y 
********* 

V 
******* 

A 
******** ******** 

dT 
******* 

0 X 1000 
********* 

CMM 
******** 

FKC 
******* 

WAVHT 
******* 

DH 
****** 

FRD 
****** 

0.0 1002.17 11.14 113. 54. 54. 1.264 0.0300 0.0 0.01 2.1 1.36 
0.250 977.17 11.13 113. 54. 34. 1.263 0.0300 0.0 0.01 2.1 1.36 
0.300 952.17 11.13 113. 54. 54. 1.262 0.0300 0.0 0.01 2.1 1.36 
0.750 927.17 11.13 113. 54. 54. 1.261 0.0300 0.0 0.01 2.1 1.36 
1.000 902.17 11.13 113. 54. 54. 1.260 0.0300 0.0 0.01 2.1 1.36 
1.250 877.17 11.12 113. 54. 54. 1.260 0.0300 0.0 0.01 2.1 -1.36 
1.500 852.17 11.12 113. 54. 34. 1.259 0.0300 0.0 0.01 2.1 1.36 
1.750 827.17 11.12 113. 54. 54. 1.258 0.0300 0.0 0.01 2.1 1.36 
2.000 802.17 11.12 113. 54. 54. 1.258 0.0300 0.0 0.01 2.1 1.36 
2.250 777.30 11.30 120. 55. 55. 1.357 0.0300 0.0 0.02 2.2 1.34 
2.500 752.25 11.49 113. 55. 55. 1.358 0.0300 0.0 0.0 2.2 1.37 
2.750 727.24 11.33 120. 55. 55. 1.358 0.0300 0.0 0.01 2.2 1.35 
3.000 702.25 11.49 11d. 55. 55. 1.358 0.0300 0.0 0.0 2.2 1.38 

TT= 0.512 DTd= 0.0125 ITE4k= FROUDE RANGE= 1.34 T3 1.38 

X(1)
******* ********* 

V 
******* 

A 
******** ******** 

3T 
******* 

W X 1000 
********* 

CMM 
******** 

FKC 
******* 

WAVHT DH FRO 
******* ****** ****** 

0.0 1002.13 11.14 114. 34, 54. 1.265 0.0300 0.0 0.01 2.1 1.36 
0.250 977.17 11.13 113. 54. 54. 1.263 0.0300 0.0 0.01 2.1 1.36 
0.500 952.17 11.13 113. 34. 54. 1.252 0.0300 0.0 0.01 2.1 1.36 
0.750 927.17 11.13 113. 54. 54. 1.252 0.0300 0.0 0.01 2.1 1.36 
1.000 902.17 11.13. 113. 54. 54. 1.261 0.0300 0.0 0.01 2.1 1.36 
1-250 877.17 11.1? 113. 34. 54. 1.260 0.0300 0.0 0.01 2.1 1.36 



	 		
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	 	

PkOFILE OF CRESTS AND TIMES 

•t MILE MAX ELEV MAX DEPT.4 MAX FLOW TIME MAX MAX VEL MAX VEL 
FkOM DAM (FT) (FT) (CFS) ELEV(HR) (FT/SEC) (MI/4R) 

********** ********* ********* ********** ******** ********** ********* 

0.0 101.04 1.04 35385 0.95 36.16 24.66 
0.250 989.80 14.80 34380 0.96 35.84 24.44 

24.380.500 964.71 14.71 34029 0.96 35.75 
24.290.750 939.63 14.63 33695 0.97 35.62 

35.491.000 914.55 14.55 33318 0.99 24.19 
1.250 889.50 14.50 33145 0.99 35.44 24.16 
1.500 864.45 1 4.45 32908 1.00 35.35 24.10 
1.750 839.38 14.38 32650 1.00 35.27 24.05 
2.000 814.35 14.35 32511 1.01 35.22 24.01 
2.250 789.36 14.36 32402 1.02 35.07 23.91 
2.500 764.27 14.27 32218 1.02 35.13 23.95 
2.750 739.24 14.24 32081 1.04 35.06 23.90 
3.000 714.20 14.20 31885 1.05 34.99 23.86 

TP = 1.05 liMAX = 31885.38 
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)ISCHARGE HY)RDGRAPH FOR EXAMP_E RIVE ► STATION NUMBER 1 
8ELOw HYPDTIETICAL )A4 AT NILE 0.0 

3A3E ZERO = 1000.00 MAX ELEVATION REAC1ED iY FLOOJ WAVE = 1015.04 
MAX STAGE = 15.04 AT THE = 0.95 ,40Ur45 
MAX FLOW = 353d6 AT THE = 0.95 IOURs 

Hr( STAGE FLDW 0 10000 20000 30000 40000 50000 
0.0 2.2 1250 I* I I ' I I I 
0.1 2.2 1251 I* I I I I I 
0•e 2.2 1252 I* I I I I I 
0•J 2.2 1255 I* I I I I I 
0.4 2.2 1259 1* I I I II 
0•b 2.2 1264 I* I I I I I 
0.6 2.2 1271 I* I I I I I 
0.1 2.2 1e79 I* I I I I I 
0.d 7.6 10664 I I* I I I I 
0.9 12.9 2b935 I I I * I I I 
1.0 *13.8 30260 I I I I I 
1.1 11.0 20248 I I * I I I 
1.e 7.4 10024 I * 1 I 1 I 
1.i 5.4 5971 I * I I I I I 
1.4 4.7 4689 I * I I I I I 
1•b 4.5 4250 I * I I I I I 
1.b 4.3 3981 I * I I I I I 
1.1 4.1 3761 I * I I I I I 
1•a 4.0 3555 I * I I I I I 
1.9 3.9 3353 I * I I I I I 
2.0 3.7 3154 I * I I I I I 
2.1 3.6 2996 I * I I I I I 
2•e 3.5 2880 I * I I I I I 
2.3 3.5 2776 I * I I I I I 
?.4 3.4 2675 I * I I I I I 
2.5 3.3 25 74 I * I I I I: I 
?•b 3.2 2474 I* I I I I 1 
2./ 3.2 2374 I* I I I I I 
2.d 3.1 2273 I* I I I I I 
2.9 3.0 2173 I* I I I I I 
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