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AUTHORIZATION 

The program described here was developed for the U.S . Army Corps of 

Engineers, Vicksburg District, Lower Mississippi Di vision, under 

contract No. DACW38 - 76 - C- 0193. Larry Banks and Larry Eckenrod were the 

authorized Project Managers for the Vicksburg District and Daryl B. 

Simons and Ruh-Ming Li were the Principal Investigators for Colorado 

State University. 

The purpose of the contract was to determine the extent of sediment 

problems in the mainstem Yazoo - Tallahatchie-Coldwater River System and 

principal tributaries excluding the Big Sunflower River Basin. The 

fol l owing model, KUWASER, was developed for use in the study. 

In accordance with the contract this User's Manual describes the 

known discharge, uncoupled sediment routing model developed. 
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PROGRAM SPECIFICATIONS 

A. TITLE OF PROGRAM: KUWASER, known discharge, uncoupled, sediment 
routing. 

B. AUTHORS: Daryl B. Simons, Ruh-Ming Li, and Glenn 0. Brown 

C. DATE PROGRAM COMPLETED: July 1979 

D. PURPOSE OF PROGRAM: To compute the spatially varied flow profile, 
sediment transport, and aggradation-degradation in rivers. The 
program can be applied to a single stream or an entire river basin, 
accomodating divided flow rivers. 

E. EQUIPMENT REQUIREMENTS: 

Language: ANSI FORTRAN IV 

Central Memory Core Storage: Problem dependent (610008 on CDC 172, 
with arrays d-imensioned for 100 cross sections, 10 river reaches 
and 10 tributaries per reach.) 
Central-Processor Time: 0.01 to 0.05 c.p. seconds on CDC 172 for 
one time-space calculation. 

Peripheral Equipment: Minimum requirements are printer and one 
input device, such as a card reader. The program has refined 
input-output features which utilize up to three input devices and 
three output devices. 

F. SIZE OF OBJECT CODE: 2300 , 80 character lines. 

G. INPUT: Requirements include digitized channel cross sections, 
Manning's n values for channel and overbank, river system config-
urat ion, downstream stage control, point source tributary sediment 
rating curves and the known discharge at ea ch cross section. 

H. OUTPUT: Output is user controlled. Output options include 
aggradation-degradation at each cross section, maximum water 
surface elevations, minimum bed elevations, and cross section 
hydraulic properties (area, depth, conveyance, velocity, sediment 
transport, alpha, discharge and water surface elevation) for each 
time period. 

I. GENERAL EQUATIONS: The program solves the spatially varied flow, 
Manning's and sediment continuity equations. These equations are: 

Spatially Varied Flow equation 

dD d v2 
dx = so - sh - dx (a 2g) 
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Manning's Equation 

V = 1.486 R2/3 S 1/2 
n f (English Units) 

Sediment Continuity 

oQs oAb 
OX + (l - p) ot = 4sQ 

Where D 
channel, S 

0 

is the thalweg depth, 
is the bed slope, Sh 

X is the distance along the 
is the tota l head slope, a is 

the velocity 
gravity, V 
n-value · S ' f 

distribution coefficient, g is the acceleration of 
is the average flow velocity, n is the Manning's 
is the friction slope, R is the hydraulic radius, Q s 

is the volume rate 
deposit porosity, Ab 
t is time, and qsQ 
of channel . 

of sediment transport, p is the sediment 
is the area of bed area deposited or eroded, 
is the lateral sediment input per unit length 

J. RANGE OF APPLICATION: The program is presently limited to 
subcritical flow, and cannot predict channel armoring or two -
dimensional flow effects. The known discharge uncoupled 
formulation limits the model to cases where the change in the bed 
is small during any one time period, and the rate of change of the 
water hydrograph is small. 

K. ACCURACY: Governed by input data and calibration. 

L. DIMENSION SYSTEM: English or metric. 
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I. INTRODUCTION 

A problem of increasing importance for water resources planning and 

environmental impact analysis is determining the response of a river 

system to man's activities. Many rivers have been and continue to be 

developed for navigation, recreation, flood control, and environmental 

enhancement. Since rivers are dynamic systems, short- and long- term 

responses must be determined in order to evaluate the various develop-

ment alternatives and prevent potential disaster associated with man's 

activities. 

A river's response can be determined by either physical or 

mathematical physical process models. Physical models are limited by 

size and cannot model large systems or long periods of time . There are 

several process models presently in use such as RIVER (Chen, 1975) and 

HEC - 6 (Hydrologic Engineering Center, 1976). While mathematical models 

do not have a size limitation they are usually limited to simulation 

periods of a year or .two, because of computer costs. With complex 

problems involved in large basin analysis, it was necessary to develop a 

new model, KUWASER, in the Sedimentation Study of the Yazoo River Basin 

for the United States Army Corps of Engineers, Vicksburg District, 

(Simons, Li, Brown, Chen, Ward , Doung , and Ponce, 1978). 

In determining long- term river system response, sediment movement 

through a river system is of primary concern and detailed information on 

flood wave movement is of secondary importance. Except when lateral 

inflow occurs, it is reasonable to assume the discharge is constant 

along a river reach during an individual computational time - interval. 

In this case the complete flow routing equations of St. Venant reduce to 

the equation of spatially varied steady flow. This equation can be 
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solved along traditional lines provided significant changes in bed 

elevations are not occurring during the time interval. This approach, 

involving sequential (uncoupled) application of steady flow and sediment 

equations, is the basis of the present model, KUWASER . Programs of this 

type are called known discharge uncoupled sediment routing models. The 

known discharge, uncoupled sediment routing formulation has allowed 

development of an extremely fast and efficient model, that makes the 

long-term simulation of sediment movement feasible. 

Known-discharge formulation requires the user to identify for the 

mathematical model water discharge throughout the system for the entire 

modeling period. Water discharge is determined by either assuming 

steady flow or using a separate unsteady flow routing model. The model 

computes the water surface profile by assuming gradually varied steady 

flow. The time increment used in the input hydrographs may vary from a 

few hours to a month or longer, depending on the flow conditions and 

required accuracy of the results. Since it does not linearize the 

momentum equation, the model accurately simulates unsteady flow profiles 

when coupled with an acceptable unsteady flow water routing model. Most 

routing programs presently used, such as HEC - 6, utilize a trial and 

error standard step method to calculate the backwater curve. However, 

KUWASER differs from these models in that it utilizes channel geometry 

relationships in an analytical, first order Newton's approximation to 

solve for the backwater profile. This method is more efficient than the 

trial and error algorithm. 

The program can perform backwater calculations and sediment routing 

in mains tern and multiple tributaries including divided flow reac_hes. 
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With this feature it is possible to determine the response of 

tributaries to changes on the mainstem, such as channel improvement, 

realignment, or dredging and to determine response of the mainstem river 

to tributary modifications. Therefore, the most efficient tributary 

management procedures can be determined to minimize the mainstem 

sedimentation problems. 

Since the wa ter and sediment calculations are uncoupled, the 

computations are solved seq entially, i . e., the water surface profile is 

computed for the current t ime period as suming a fixed bed and then 

sediment routing i s performed at the end of the time period. Any chan-

nel cross sectional changes due to aggradation or degradation are deter-

mined before the start of the next time period . 

To save computer time, cross section geometry is not changed every 

time period to reflect increase or decrease of sediment volume at the 

cross sections due to sedi ent routing. After a significant amount of 

sediment has been aggraded or degraded at a cross section, the channel 

geometry is modified . When the bed elevation has changed more than a 

thresho ld value (for example, one - half foot), the area of degradation or 

aggradation is distributed through the cross section and new channel 

geometry relationships are calculated to reflect changes in the hy-

draulic properties of the channel. The model uses a method that relates 

the change in bed elevation at a point to the flow conveyance above the 

point. This method predicts more accurately the distribution of aggra -

dation or degradation in the cross section and estimates channel re -

sponse more adequately than a conventional one - dimensional model . 

Unlike other models, KUWASER was developed according to the 

modularity concept . The model consists of linked components that 

represent a specific phys i cal process or function. This modularity 
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allows a greater flexibility for updating and improving the various 

components of the model. The mathematical model is compatible with the 

data storage and retrieval system developed in the Yazoo Study (Simons, 

Li, and Doung, 1978). This makes it simple to obtain and format all 

data required to operate the model. 

The following sections describe the application theory of temporal 

and spatial design's development, program input and output, and an 

example application. The appendices contain program theory, flow 

charts, variable definitions, and listings. 



II. TEMPORAL AND SPATIAL DESIGNS 

GENERAL 

Spatial and temporal designs are necessary to provide a realistic 

representation of the space-time structure for the simulation model. 

Information on the river and its tributaries, the ir location, and the 

location of all pertinent gaging stations, structures and confluences 

allow the spatial design of a large river basin to be developed. 

Spatial designs should also consider the purposes of the study. 

Temporal design of a sys t em is made using the historic hydrologic 

records of the watershed or river basin. The records should include 

water flows, river stages, sediment transport, and effect of man's 

activities, such as reservoir construction, on the hydro logic record. 

Temporal designs must be compatible with the spatial design. Therefore, 

only those records pertinent to area s and river reaches included in the 

spatial design need to be analyzed. 

TEMPORAL DESIGN 

General 

Temporal design refers to the model's representation of changes in 

water and sediment input to the river system with time as well as the 

changes in water discharge and the sediment transport throughout the 

system. Temporal design should be as realistic as possible considering 

the system being modeled. Because river systems differ greatly in their 

temporal chara·cteristics and data availability, KUWASER was designed to 

require that the user supply the wa ter discharge at each cross section 

for each time period. While this requires additional user time and 

effort, it allows the user to more accurately model the system. 

5 
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While the user may define water discharge in any way he chooses, 

three methods described here to illustrate temporal designs are, 

constant discharge, flow continuity, and unsteady flow routing. 

The program also requires a reasonably accurate sediment rating 

curve for each point source tributary. Tributary sediment is determined 

by measurements or by an empirical method. In addition the relationship 

between the Manning n-value and the discharge is required. The follow-

ing describes the three methods of computing water discharge, two 

methods for determining the tributary rating curve, and an explanation 

of the determination of the Manning n-value relationship. 

Computation of Discharge 

Constant Discharge 

Figure 1 shows a typical river reach. The reach extends from A 

to C and has a point source of wa ter and sediment at B. When steady 

flow is assumed , the discharge is considered constant in a river reach 

except where lateral inflow occurs. In this example, if the discharge 

is known at two points, the discharge anywhere in the river can be 

computed. Thus, if QA, QB and QC are the discharges at the 

respective points and QA and QB are known, the discharge in the 

river from point A to B is equal to QA and the discharge from 

point B to C is equal to QC and is computed by 

(1) 

The flow at each cross section during each time period can thus be 

determined. 

Flow Continuity 

If the discharge is knowri at all three points in Figure 1 the 

system is over defined for the constant discharge assumption. Usually 
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C 

Point Source ~--------B Tributary 

D 

A 

Figure 1. A typical reach of river . 

in a natura l river QC + QB :f. QA. In these cases a non-point source, 

QNPS is defined as 

(2) 

The sign of the non-point source is either positive or negative. 

Non-point sources are usually distributed throughout the reach in a 

uniform manner based on the river distance. If XA and XC are the 

river distances of the respective points and XD is the river distance 

of a point D, between po i nts A and B, then the discharge at the 

point, QD is computed by 
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(3) 

This type of approach is used in the Sedimentation Study of the Yazoo 

River Basin (Simons, Li, Ward, and Duong, 1978), that also contains a 

detailed description of the temporal design used. 

Unsteady Routing 

Unsteady flow effects can be modeled if the known discharge model 

is coupled with an acceptable unsteady flow routing model. Acceptable 

unsteady models include but are not limited to simple storage routing 

models and kinematic wave models. 

When coupling an unsteady flow model to the known discharge model, 

the user uses a separate program to generate the discharge at each cross 

section, for each time period. These discharges are then fed to KUWASER 

which computes the water surface profile for the particular time 

interval. 

Tributary Sediment Rating Curves 

Measured Curves 

Each point source tributary requires a sediment rating curve of the 

form 

(4) 

where is the tributary bed mater ia l discharge, QQ is the 

tributary water discharge and at and bt are the coefficients of the 

rating curve. 

The best way to determine the rating curve for a stream is to take 

several measurements of the tr i butary water and sediment discharge, and 
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then determine by least squares analysis the coefficients of the rating 

curve . When the rating curve is determined in this manner care must be 

taken to ensure only bed material is included in the sediment discharge 

and that measurements cover the full range of tributary flows . 

Synthetic Curves 

When it is not possible to obtain tributary sediment measurements 

the rating curve for a particular stream can be determined by a theoret-

ical method using the tributary's cross-sectional shape, thalweg slope, 

bed material size and estimated Manning's n value. There are five basic 

steps to the process . First, the range of the tributaries' water dis -

charge is determined for at least ten flow levels over the whole range 

are selected. Second, Manning's equation is applied using the channel 

shape and slope, to determi e the depth, width, and velocity of flow for 

each flow level. Third, using a sediment transport equation such as 

Einstein's or a combination Meyer- Peter, Muller's and Einstein's the bed 

material transport is determined for each flow level. Fourth, a curve 

is fitted either by hand or least squares regression, to the computed 

sediment and water discharge values to obtain the coefficients and 

bt. Finally, the coefficient at is calibrated by running the model 

and observing the short term change in the mainstem bed elevation near 

the tributary. If the bed degrades then the coefficient at is prob -

ably too low. However, if the bed aggrades at should be decreased. 

Manning's n- Value Rating Curve 

Manning's n-value for an alluvial stream is not constant but is a 

function of discharge and depth of flow (Simons and Sentiirk, 1976). 

While there are complicated but fairly exact procedures to determine 

channel roughness in the program Manning's n-value is made a simple 

function of discharge. 



where n 

b 
n = n a Q n o n 

10 

is the actual Manning's n-value, 

(5) 

n is t he initial value of 
0 

Manning's n that is input with the cross sections, Q is the discharge 

and a and b are the coefficients of the relationship. The values n n 

of the coefficients are a function of the stream's hydraulics and range 

of discharge. 

To determine the values of a and b first estimate then-value n n 

for a high and low flow discharge. With the initial n-value, by solving 

simultaneous equations, the values of a n and b n can be determined. 

The program can then be run for several discharge levels that have known 

water surface profiles and the error for each discharge determined. New 

values of a and b can then be computed which reduce the error in n n 

the water surface profile through the whole range of flows. The new 

value of the coefficients may be either estimated or calculated by least 

squares analysis. The process is then repeated until no reduction in 

error is obtained. It should be remembered that the coefficient a n 

will be a small positive number and the coefficient 

negative. 

SPATIAL DESIGN 

General 

b n should be 

Spatial design refers to the model's representation of the physical 

characteristics of the river system. It includes relative information 

on the location of the various river reaches and tributaries, as well as 

data on channel properties. 

Data required for the spatial design are: 

1. digitized channel cross sections with over bank stations and 
Manning's n values; 
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2. division of river system into reaches; 

3. river distance between cross sections; 

4. tributary locations; and 

5. locations of any structures. 

In addition historical cross section measurements are necessary to 

calibrate the model. 

The following descries considerations to be made in data 

development of spatial designs. 

River Reaches 

For program operation a river system is divided into reaches. A 

river reach is used as a basic computational unit, and as such should 

represent a single channel with the following hydraulic and sediment 

properties almost constant : 

1. sediment transport, 

2. cross section size, 

3 . channel roughness, and 

4. discharge. 

The necessary reach divisions required for program operation are 

described in Section IV. 

Tributaries 

Tributaries supply water and sediment input to the mainstem river. 

The program allows for four different types of tributaries 

1. point source in, 

2. major tributary in, 
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3. point source out, and 

4. major tributary out. 

Point source tributaries are tributaries for which no backwater or 

sediment routing calculations are made. The water discharge (either in 

or out) is read, and the tributary sediment is computed using a rating 

curve. 

Major tributaries are tributaries to the mainstem that are separate 

river reaches on which backwater and sediment transport calculations are 

conducted. There is no limit on the level of tributaries that can be 

modeled. Therefore the mainstem may have major tributaries, that in 

turn have major tributaries, and so on. 

For divided flow sediment routing, the model assumes that two 

reaches act as tributaries to one another. The secondary reach will act 

as a major tributary out of the primary reach at the top, and as a major 

tributary into the primary reach at the bottom. Likewise the primary 

reach will act as a major tributary into and out of the secondary reach. 

The discharge for each point source tributary is read with the 

cross section discharges. Point source discharge locations are termed 

discharge sections and are defined by the user. Discharge sections do 

not have digitized cross sections associated with them, only a discharge 

value in the flow array. 

Cross Sections 

Geometry 

Channel cross sections are defined by (x, z) sets of coordinates. 

Figure 2 shows a typical cross section. To allow for different 

Manning's n-values across the section three subdivisions are made: 

Right Over Bank, Main Channel, and Left Over Bank. Subsections are 
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divided by two stations Dlob and D b, as shown in Figure 2. ro The 

Manning's n-value at each coordinate point is determined by its location 

in either the over banks or main channel . 

Hydraulic property relationships are computed to relate area of 

flow, conveyance, alpha, effective depth, and effective width to the 

thalweg depth. Two separate sets are calculated : one set for main 

channel flow and a second for overbank flow. The division between main 

channel and overbank flow is the user defined elevation Z
0
b. If the 

overbank elevation is different for the left and right banks the lower 

of the bank elevations should be used as Z
0
b. If the water surface is 

above a coordinate end point (first or last points), the area of flow is 

determined by extending a vertical line to the water surface from the 

end point. 

_J Drob D,eob 
Cf) 

~ Right Ma in Left 
Q) Over Chann e I Over > 
0 Bank Ba nk .0 
0 - lob 
Q) 
Q) -
C 

C 
0 -0 
> 
Q) 

w 
N 

X Dist an ce in feet from Datum 

Figure 2. Typical channel cross section with subdivisions . 
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Cross Section Spacing 

To help maintain numerical stability in the sediment routing, 

channel cross sections should be evenly spaced. Also it should be 

remembered that the present model cannot simulate differences among 

actual and potential sediment transport (calculated by Equation 6) as 

well as sediment dispersion and other processes particular to a small 

simulation space interval. Therefore the minimum cross section spacing 

should be based on the river hydraulics and bed material size. 

Dispersion effects are not usually significant when cross section 

spacing exceeds the average downstream distance when bed material 

particles settle if released from the water surface. 

following procedure can be used. 

Generally, the 

Figure 3 shows the principle used in estimating particle fall 

distance. First, estimate the average depth and flow velocity. 

Second, determine fall velocity for the d50 bed material particle size 

( the particle size for which 50% of the sediment mixture is finer). 

Sediment fall velocity can be determined by several methods (Simons and 

Suntiirk, 1977) but for this purpose Rubey's formula for particles less 

than 1 mm in size is adequate. 

w = J ~ g(Ss - + 36v2 -6v 
(6) 

where w is the fall velocity, g is the exceleration of gravity, S s 

is the sediment specific weight (2 . 65 for quartz sand), and v is the 

kinematic viscosity of water. 

computed by 

X = Q V 
w 

Particle settling length X, is then 

(7) 
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Bed Mater ial 
Partic le ( 050) 

w 

D 

--------- X ---------

Figure 3 . Particle settling length . 

The above procedure is only general and as such tighter spacing may 

be used with discretion. There is no numerical upper limi t on spacing 

but usua l ly for accuracy of the sediment routing , it is recommended tha t 

maximum spacing does not exceed 10 X. Cross sections should als o be 

located i n areas of int eres t , control points, and at locations of sudden 

water surface profile changes . 

Weirs 

Weirs are represented in the mode l by a double cross section in a 

reach wi th the same river mile . The program computes the water surface 
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elevation at the weir by both backwater and broad crested weir formula, 

and uses the greater of the two. 

The amount of sediment over the weir is computed as a percentage of 

the sediment transport at the next upstream cross section. 



III. INPUT DATA 

GENERAL 

This section lists important input variables by the data type along 

with suggested values, while the next section defines structure and 

format of actual input f i les. The suggested values for the input 

variables are presented to help the first time user in operating the 

program. With experience, the user should be able to determine the best 

values of the input for his p'roblem. 

The program can operate in either English or Metric (SI) unit 

systems. When using the English system dimensional input variables 

should be in feet and seconds, except for river distances of cross 

sections and tributaries that are in miles and time period lengths that 

are in days. When using the SI system input variables are in meters and 

seconds, wi th the exception of river distances that are in kilometers, 

and time period lengths that are in days. 

GENERAL DATA 

The following variable must be defined for each run. 

TITLE The job title 

IPRNT The print controls, see Section V 

MST Maximum number of i terations for backwater calculations 

EPS 

PORM 

CE 

cc 
IUNIT 

(MST ~ 10) 

The convergence limit for ba ckwater (EPS < 0. 10 ft.) 

The sediment deposit porosity (PORM : .3) 

The coefficient of expansion losses (CE: .3) 

The coefficient of contraction losses (CC : .1) 

The unit system: 1 - ENGLISH; 0 - METRIC 

17 
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COUNTERS 

The following counters must be defined. 

NSEC Number of cross sections 

NTIM Number of time periods 

NRIV Number of river reaches 

NQI Number of input discharges 

NCALL Number of subroutine calling sequence (see following) 

SUBROUTINE CALLING SEQUENCE 

The program requires the user to input the order in which the 

various backwater and sediment routing routines are called. The calling 

sequence is a function of spatial design and thus differs from river to 

river. To develop the calling sequence the user needs a basic under -

standing of the program operation. Figure 4 shows the gross program 

flow and the order that each operation should be carried out. For each 

subroutine call (NC) the following variables must be defined. 

ICALL(NC,l) Subroutine number code 

ICALL(NC,2&3) Dependent on subroutine 

Table 1 gives an explanation of the variable ICALL. 

CALLING SEQUENCE ORDER 

The following is a set of guidelines for determining the order in 

which the various subroutines are called. While the sequence of sub-

routine calls is not strictly order dependent, the user must have a 

through knowledge of the program operation before attempting to vary 

from these guidelines. 

1. FLOW is called first to determine discharges. 



FLOW .. • 

SUBPF . . . 
DIV DE 

SED ... 

WEIRS . . . 

TRIBS .. . 

SROUT . .. 

DUP . • . 

CUTI .. . 

DREG . .. 

Figu-::e 4. 

START 

READ IN 
CHANNEL GEOMETRY 

CALC ULATE INITIAL 
CHANNEL RELATIONSHIPS 

IT ERATE OVER EACH 
TIME I NCREMENT 

READ KNOWN DISCHARGES 

CALCULAT E WATER 
SURFACE PROFILE 
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CALCULATE SEDIMENT TRANSPORT 

CALCULATE WEIR SEDI MENT 

CALCULATE TRIBU TARY SEDIMENT 

ROUTE SEDIMENT , CALCULAT E AGGRADATION 
AND DEGRADA ION, AND 

UPDATE CHANNEL RELATIONSHIPS 

DUPLICATE PROPERTIES 
FOR DOUBLE SECTIONS 

OUTPUT RESULTS 

DREDGE CHANNEL 

I TERATION OVER 

YES 

STOP 

Subroutine used in operat i ons . 

NO 



Table 1. Subroutine calling sequence. 

Value of 
ICALL(NC,l) 

~ 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

nExplanation of codes 

Subroutine 
Called 

FLOW 

SUBPF 

DIVIDE 

SED 

WEIRS 

TRIBS 

SROUT 

DUP 

OUTl 

DREDG 

Operation Performed 

Determine discharge at each cross 
section 

Calculate water surface profile 

Compute divided flow reach 

Calculate sediment transport at each 
section 

Calculate sediment transport over 
weir 

Calculate all tributary sediment 
transport 

Route sediment for reach 

Duplicate properties at 
double cross sections 

Output results 

Dredge river reach 

A - Number of reach to compute water surface 

B - Number of primary reach in divided flow 

Value of .,. 
ICALL(NC, 2&3)" 

2 3 

A 

B 

D 

F 

G 

I 

C 

E 

H 

N 
0 



Table 1 . (continued) 

C - Number of secondary reach in divided flow 

D - Number of upstream weir cross section 

E - Number of cross section upstream of weir 

F - Number of reach to computer sediment routing 

G - Number of primary cross section 

H - Number of duplicate cross section 

I - Number of river reach to perform dredging 

N 
~ 
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2. The water surface profile is determined by calling SUBPF or 
DIVDE, starting with the downstream river reach and working 
upstream. The profile is calculated for the mainstem first 
and then for any tributaries. 

3. After determining the water surface profiles for all reaches 
SED is called to calculate sediment transport at each cross 
section. 

4. If there are any weirs in the system WEIRS is called after 
SED. 

5. After SED and WEIRS if there are any tributaries TRIBS is 
called to calculate sediment transport in tributaries. 

6. SROUT is called to route the sediment, starting with the 
downstream reach and working upstream. The sediment for the 
mainstem is routed first and then for any tributaries. In 
cases with divided flow route the sediment for the primary 
reach is routed first and then for the secondary reach. 

7 . DUP is called after all sediment routing for each duplicated 
cross section, if any. 

8. If routing results are desired OUTl is called, after SROUT 
and DUP. 

9. After calling OUTl, if any dredging is to be performed DREDG 
is called. 

10. DUP is called again for any duplicate cross sections in 
dredged reaches. 

RIVER REACH 

For each river reach the user must define the following variables. 

KUP, KDOWN 

NTRIB 

ICONT 

The numbers for the upstream and downstream cross 
sections 

The number of tributaries to the reach 

The type of downstream water surface control 

1. Stage- discharge relationship 

2. Stage-hydrograph 



KCONT 

IROUT 

AX, BX, ex 

AN, BN 

SB 

TRIBUTARY 
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3 . Downstream water surface 

4 . Greatest of #1 and #2 

5. Greatest of #1 and #3 

6. Normal depth 

The number of the downstream control cross section 
(enter O if ICONT f 3 or 5) 

The type of downstream cross section sediment 
routing 

1. Fixed section (use on lowermost reach and for 
secondary reach in divided flow, bed does not 
aggrade or degrade). 

2. Cross section downstream (use when there is 
another reach directly downstream). 

3. Floating section (use for lowest reach on major 
tributaries). 

The coefficients of the downstream control stage-
discharge relationship 

ws =ex+ AX TQBX 

where TQ is the downstream discharge (set to zero 
if ICONT f 1 or 4) 

The coefficients of the reach Manning's n-value 
function 

n = n AN TQBN 
0 

(set, AN = 1.0 and BN = 0.0 if the function is 
not known and calibrate on known data) 

Normal depth slope (use average bed slope). 

For each tributary the user must define the following variables. 

RDT The mainstem river distance at the tributaries' 
confluence 

ITRIB The type of tributary 

1. Point source in 

2 . Major tributary in 



KTRIB 

AT, BT 
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3. Point source out 

4. Major tributary out 

The tributary's water discharge section 

The coefficient of the point source tributary 
sediment rating curve 

QSL = AT TQBT 

(enter zeros for major tributaries) 

CROSS SECTION 

FLOW 

For each cross section the following variables must be defined. 

ND 

RD 

X 

z 
DROB, DLOB 

FROB, FMC, 
FLOB 

ZOB 

The number of cross section points (x,z pairs) 

The cross section river distance. Must be measured 
in upstream direction 

The array of cross section point stations 
(horizontal distance) negative values are allowed, 
but the stations cannot decrease in value from one 
point to the next 

The array of cross section point elevations 

Overbank stations. To define the start of overbank 
conditions, the stations do not have to correspond 
to points in the x array 

Manning's n-value for right overbank, main channel, 
and left overbank 

The overbank elevation used to divide main channel 
and overbank hydraulic properties relationships 

For each time period the following variables must be defined. 

Q 

QT 

DT 

STAGE 

The upstream discharge tons of each river reach 

The discharge tons of each point source tributary 

The time period length in days 

The stage at the downstream control(set to 0.0 if 
not used) 



I V. INPUT FORMATS 

All input data is read into the program from subroutines INl and 

FLOW. The input data are divided into three files to ease the task of 

assembling and debugging. When the user is evaluating several 

alternatives, usually only one or two of the input files need changing 

for each run. The three fi l es are: 

IS - General Data 

I7 - Cross Section Data 

IB - Discharge Data 

The user must define the device number for each of these files in the 

main program. 

While it is recommended that the input data are kept separate, all 

three files can be combined into one file as when cards are used as 

input. To accomplish this the user defines the three files as the same 

device and then assembles the data cards with the general data first, 

cross sections second, a_nd discharge data third. 

The following describes order and formats for data input. 

25 
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FILE I5--GENERAL DATA 

General Information Cards 

Three information cards are required for the title, the print 

controls, and the convergence limits. 

Card 
Number 

1 

2 

3 

Format 

20A4 

8I2 

I5 , 4F10 . 5, I5 

Description 

(TITLE (M2), M2 = 1, 20) 
Job Title. 

(IPRNT (Ml), Ml= 1, 8) 
Print control (see output section for 
explanation). 

MST, EPS, PORM, CE, CC, IUNIT 
Maximum number of iterations for the 
backwater curve (MST); maximum error 
in total head, (EPS). Sediment deposit 
porosity (PORM), expansion loss 
coefficient (CE), contraction loss 
coefficient (CC), and unit system flag 
(IUNIT). 

Example of General Information Cards 

~ -1-0--0-. ~i ~O~O~O~O-~I)~.--,:;--,, l)--,l),-.-J)~0-- 1,-).-~:3'"""'0'""0'""0,-.-0- --,:-0-. ,--1 I,-) ('""'1(,-.,1('1 - -.------ ----------.,_ 

i I) l O O l 0 

I: 
, ., 
' ' 

11 

lS 

• ) 
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Counter Cards 

The two counter cards give the number of elements (cross sections), 

time periods, river reaches etc.) of the system and the computation 

sequence . 

Card 
Number 

1 SIS 

Format Description 

NSEC, NTIM, NRIV, NQI, NCALL 
Number of cross sections (NSEC); number 
of time periods, NTIM; the number of river 
reaches, NRIV; number of input 
discharges, (NQI); number of subroutine 
(NCALL). 

2 3IS (ICALL (NC, NN), NN = 1, 3) 
Sequence of subroutine calls. 
The number of input cards for ICALL is 
the same as NCALL. 

Repeat card 2 for each subroutine call, 
NC. 

Example of Counter Cards 

9 I) I) 

7 0 
0 

2 1 ·~ -~ 2 (1 52 

" .. , _ , "' .. i , -, -.... L ,, ... , . L . ,. ""J,,, , . J. , . , ,,, , J, .,,. '" ., . J , " .... ,,. , 
, : • • r · :,· /1: . ·· - · : ·~ ·· · · u:.·•:_.: .. ;·~-~ 1·, ••• ·1 '•.· ., •• , .. ,··:,·-~ ·, l .. ,~;, ... •·

1 · · ·· ;·•,, ,~ 

1 1 ; I: I ! : 1! 1 I ! ' _ I ;· 1_1 : 1 1 1 1 1 I ' I .i i i 11 ., rG.d,-,...,...,,___ 11: Ii!: 1 i ! 11 11 1 ;II: 11 1 1 1: 1 1 "1' ' I 111 1 I I! ! J 4 -~:i1...,;-;;l ·.;;"!;-,.. I ) .. "' 2 2 2 / i 1 " " ; ., " .. .. ~,.. " ' "2 ; " 1 ) ,ti;'~ -.'fj. j_ - :, ,r ... .. ..,.~ .. ; ., " 1 7" ., ~ " 1 ~ " ] ., •, : , ., 2 7 2 •, 7 ., ' ? '" ? '" " 
• I - I I I • • • ' ' - "! . / • '. -~ .. ~\,~_;/ -1~\!'~~:·' '1 . ,. "'. ·1 .. '' 1· '.' . . ' .. / 

] 1 3·3·•3,·11., . .. ... , .. , ... , ... . ., -:11 , .. ,,-!.c:..·. ~ ,-·: (J 'l" : "'3 1;· 1 33 ,• 3 , ·31 ~1 l .. , 1.,, ,. 
• .J J ' • .., J " . J .... ·1 .J J ~ , f>r.'Ji~ i~ !:. )'' .... ... J • .. .., i • • J • . ~ .. •' J, > .... J 

~-~':) . ~ ~ ~ i 
1 ' , 14 ' , ; 4 1, • ·' ( .\ 1- I : 4 ; 'I ' 1 \ ,\ . ,: I ' 4 1 · :,J· l !'-=~.~ 'ij 'i'.'t/2 , '· ~ ' : , ; 41 44 J ; JI; , 4 , 4 4 ; ,j 4 ~, 1 4 i , : : I , 4 , I I r.,,. ·-~-. ,.. i ·~i i f;-" • I I 
; 5 :, j c i I 5 , ., ,, :, j \,,I~ i I j I '.,'., ),\· '. y .}~t'!}tfy) ) \~ ,:.') ;;~V '. l j I I ; I; I I,\;, 5 I '.• I I I', •,; ,, 5 I~ ' ' ; \ I c 
f ' [ •, ,, ,, r, € ;, I!' J f. ' " :, [, 5 J y sf GI: :. . { . ··~::1~r!.~~;n;;:1~? 's1r. ; s: : \ s s 6 + '. r, ., 's ' ' \'·I · ·.: ~:;~'>'.i f i; 

1 111 · 11 1 11, · - , , 11,.· 1 ,111 , ·, · • •·• • ·, • .--:. ,_; ,··· 1!.'c-'~':--~-;-._:·--, . . ··11,111, 11 • 11 ·' · 1 1 · • 111 , 1 • 11' 1 ·,, 1 I I I , ' • . 'I '. I I ·1· . . ,.;.z • •.. -· ;.!,• \ ·1 . ' , ;1 1 ! ,'. ,, I • , • I ' Cr:111 1•1:"-·· I I 
· ' ·I' & • s' ,., · ' ,. f ' 2 "" ' , "3 ·• • >" 1 ' · ' ' •' ' ' :·'' ' ' ' ' '· ' ·' • 'F . •'''<I•'"'' >' ' ' . ;'< 'f " " 'f 6' '" ' ' '""I".,' ,. " 1·· "' ' . ' ·, ., "" '. I .. ,'"" ,. '. '1 ' ,, . ' ' . ' I'' ., .. ' '' ' •: . . ' .. . 
!' 1 :: q 1'1 ., ' '1 '' J 1 1 ~ 1 G r. ·~ ' " -:- -' 9 ' C:: n " 9 ' •I ,J I 1 '1 9 ·: 11 ,: ·' 11 "I! ·• " ': '1 q O O S fl ::! 9 ~ ' r ~ o:. q 1 " '; '' ~ "' · ·· ~ ., q 'l ,J. 11 ., 9 1 "' ~ •• ·, • : ; ; •. ' ,·, 1°' :,:,,,'.!.l,~.,;"·I -~-: I '·r '' -~, ; !.,.:,:··· .,.;: , '1 ; . ' ''.·.: ~ __ , -.__; 

j I 
l 
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River Reach Cards 

The river reach cards give information on each river reach (number 

of cross sections, number of tributaries, etc.) and on tributaries. The 

number of river reach cards depends on the number of river reaches and 

tributaries. 

Card 
Number 

1 

2 

Format 

6IS, SF8 . 4, F8.6 

Fl0.2, 2IS, -
2El0.2 

Description 

KDOWN (NR), KUP (NR), NTRIB(NR), 
ICONT(NR), KCONT(NR), IROUT(NR), 
AX(R), BX(NR), CX(NR), AN(NR), 
BN(NR), SB(NR). 
Number of downstream cross section, 
(KDOWN(NR)); Number of tributaires, 
(NTRIB(R)); type of downstream control, 
(ICONT(NR)); number of downstream water 
surface control cross section, (KCONT 
(NR)); type of downstream sediment 
routing (IROUT(NR)); the coefficients 
of the downstream stage discharge 
relationship , (AX(NR), BX(NR), CX 
(NR)); coefficients of the conveyance 
equation, (AN(NR), BN(NR)), the normal 
depth slope, (SB(NR)) . 

RDT(NR,J), ITRIB(NR,J), KTRIB(NR,J). 
AT(NR,J), BT(NR,T) 
Main stem river distance of the 
confluence, (RDT(NR,J)); type of 
tributary, (ITRIB(NR,J)); number of 
discharge cross section for tributary, 
(KTRIB(NR,)). The coefficients of the 
tributary sediment input (AT(NR,J), 
BT(NR,J). 
(Repeated for each tributary in river 
reach.) 

Repeat cards 1 and 2 for each additional 
river reach. 
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Example of River Reach Cards. 

1-4 0. 3-+ 21 l . OOE-06 2.5E+OO 
21) l 0 l 0.33S O. SS7 1 72. 0200 1. 000 0 0. 0000 

j j 

'l 

i j 

- ----- ------------------------------------·- - --
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FILE I7--CROSS SECTION DATA 

Cross Section Cards 

The cross section cards give information on the river cross 

sections, including the number of cross section points, river distance, 

and elevation, and station of each point. 

Card 
Number 

1 

2 

3 

Format 

2X, 13, F7 .2 

8X, 6(F6.0, 
F6 .1) 

6F10.4 

Description 

ND(K), RD(K) 
Number of cross section points in this 
section, (ND(K)); river distance, (RD(K)) . 

X(K,L), Z(K,L) 
Horizontal distance of cross section 
points, (X(K,L)); elevation of cross 
section points (Z(K,L)) in pairs. 
(Card is repea ted for each set of six 
points . ) 

DROB(K), DLOB(K), FROB, FMC, FLOB, ZOB(K) 
Distance of right and left overbank, 
(DROB(K), DLOB(K)); Manning ' s n for right 
overbank, main channel, left overbank 
(FROB, FMC, FLOB); overbank elevation, 
(ZOB(K)). 
Repeat card 1 to 3 for each additional 
cross section . 
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Example of Cross Section Cards. 

lu • uuuu 

uu. 

C5 • :.;. 

U. 1J -:JU. c!. 1J bU. u:i. u Ub, l;S • • uu. 

'j, u 
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. J J3 3 3 3 J 3 1 511 3 3 3 3 l 3 3 J 3 J J 3 J J J J) ' ; J g1~.:1 Vii:->~- <~ 3 J J J J J J ,1 J J l J 3 3 l ; 3 J J J; J l J J  J l 3 J 3 ; 
.I 4 ( 4 4 4 4 4 I ,: 4 ( 4 4 4 I 4 ·I 4 '. t, 4 4 •I 4 4 4 '. 4 4 ,J:'f ~•) ~ ~~  ~. ~ ,;14 4' H 4 H ..:

1

',: I. 4 4 ', < 4 , 4 I, 4 4 4 4 4 4 I 4 4 4 
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FILE I8--DISCHARGE AND STAGE DATA 

Discharge and Stage Data 

The Following cards give the discharges (mainstream and point 
sources) and the stages (downstream station). 

Card 
Number 

1 

2 

3 

4 

Format 

8Fl0.0 

Fl0.2 

FlO.O 

Fl0.2 

Description 

(Q(K), K=l, NRIV) 
Upstream discharge for each river reach. 

STAGE. 
Downstream control stage. 

QT (NR, J), 
Tributary discharge for the first point 
source tributary. Repeat Card 3 for the 
other point source tributary; neglect 
major tributaries. 

DT 
Time step in days. 



V. RESULTS OUTPUT 

GENERAL 

Output is user controlled and may vary from no output to output of 

most intermediate results. Output is controlled by the array IPRNT 

discussed in this section. An example of the output is found in Section 

VI. Output is written to three files I6, I9, and IlO. File I6 is for 

printed output and files I9 and IlO are binary files. Binary files are 

designed so that the detailed intermediate results can be saved. Once 

the user reviews the printed results, the binary files can be accessed 

with a used supplied program and any additional information of interest 

is printed out. 

The user must define the device number for each of the output files 

in the main program. 

Print Controls 

The following output is controlled by the array IPRNT. The print 

controls are turned on by inputing ~ value of .!_ for the respective 

variables. In addition, if at least one of the following print controls 

IPRNT (1, 2, 3, 4, 5, 6 or 7) is turned on, the title will be printed 

out. 

1. If the print control IPRNT(l) is turned on, all the input data 
from File IS and I7 are printed out. 

2. If the print control IPRNT(2) is turned on, the following 
coefficients for the hydraulic properties equation are printed 
out for the effective width, the effective depth, · the total 
area, the total conveyance, and for alpha, for both flow 
situations, channel flow and overbank flow: 

the cross section number 
the coefficient A of the hydraulic properties 
equation 
the power B of the hydraulic property equation 
the correlation coefficient 
the standard error 

33 
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3. If the print control IPRNT(3) is turned on the final bed 
elevations and the change in elevation at each cross section 
point is printed out. 

4. If the print control IPRNT(4) is turned on, the maximum water 
elevation and the time period of occurrence at each cross 
section is output. 

5. If the print control IPRNT(S) is turned on, the final minimum 
bed elevation at each point is printed out. 

6. If the print control IPRNT(6) is turned on, following cross 
section properties are printed out for each cross section and 
each time period. 

time period 
effective width 
effective depth 
total area 
total conveyance 
alpha 
velocity 
water surface 
discharge 
sediment transport 
thalweg elevation 

7. If the print control IPRNT (7) is turned on, the following 
data are output in binary on file IlO. 

effective width 
effective depth 
total area 
total conveyance 
alpha 
velocity 
water surface elevation 
discharge 
sediment transport 
thalweg elevation 

Also the elevation of each cross section point at the end of 
each year is output in binary to File I9. 

8. If the print control IPRNT(8) is turned on, error messages are 
printed when the backwater or divided flow calculations do not 
converge. These messages include: 

the maximum error in total head 
the number of iterations 
the cross section number 
the time period of occurrence 
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The user should carefully select the desired output and turn off 

unnecessary output. Generally, print controls IPRNT (1, 2, 6, and 8 ) 

provide the best output for initial debugging while IPRNT (1, 3, 4, 5 

and 7) provide the best output for production runs. Print controls 

IPRNT (2 and 6) should not be turned on if a run has several time 

periods as voluminous amounts of printed output are produced. 



VI. EXAMPLE APPLICATION 

GENERAL 

The following is an example application of the program KUWASER. A 

portion of the Yazoo River Basin near Greenwood, Mississippi wa s 

selected and is shown in Figure 5. In the example, besides the mainstem 

calculations, there is a divided flow caused by a cutoff, a major 

tributary, the Yalobusha River, three-point source tributaries, and a 

weir. The example gives the step by step procedure necessary to model 

the case . To simplify the example actual temporal and spatial designs 

used in the Sedimentation Study of the Yazoo River Basin for the area 

were not us ed . 

Temporal Design 

The continuity approach is used in the example temporal design. 

Locations of known discharge are shown in Figure 6. The discharge at 

each section (except in divided reaches) is computed by summing all 

inflows above the section. Any difference between the inflows and the 

outflows at Belzoni is distributed between Abiaca Creek and Belzoni. 

Discharge at any cross section between Abiaca Creek and Belzoni is 

computed by an equation similar to Equation 2 . 

Point source sediment routing curves were determined by the 

empirical method. 

Spatial Design 

Figure 7 shows the example spatial design. The mainstem river is 

broken into three segments, Reaches I, II, and III. The cutoff where 

divided flow occurs is Reach IV and the Yalobusha River is Reach V. 

These divisions were made based on the consistent river characteristics 

in each reach with considerat ion of the computational sequence. 
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Belzoni O 

Figure 5. Example case. 
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Figure 6. Example temporal design. 
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Pe lucia Creek 

Abiaca Creek 

Figure 7. Example spatial design 
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Figure 8 shows the locations of selected cross sections. The cross 

sections are identified by river mile and number. The cross sections 

are fairly even spaced at two to three miles except in the cutoff where 

the short length of the reach has forced tighter spacing. Figure 8 also 

shows the discharge section location and number for each point source 

tributary . 

The value of the var i ables associated with each river reach is 

shown in Table 2. 

The subroutine computation sequence for the example is 

1. call FLOW 

2. call SUBPF for Reach I 

3. call DIVDE for Reach II and IV 

4. call SUBPF for Reach III 

5. call SUBPF for Reach V 

6. call SED 

7. call WEIRS 

8. call TRIBS 

9. call SROUT for Reach I 

10. call SROUT for Reach II 

11. call SROUT for Reach IV 

12. call SROUT for Reach III 

13. call SROUT for Reach V 

14. call DUP for cross sections 19 and 32 

15. call DUP for cross sections 28 and 38 

16. call OUTPUT 



3 1 (192 .90) 

30 (188 .24) 

29 (185 .64) 

28 ( 183.52) 

27 ( 180.52) 

26 

38 

36, 37 (0.50) 

35 (0.39) 

34 (0.28) 

33 (0 .1 6) 

32 ( 0 .00) 

18 (160.96) 

17 (158.60) 

16 (154.24) 

15 (150.18 ) 

14 (147.70) 

13 ( 146.50) 

12 ( 144.42) 

II ( 141. 60) 

10 (139 .90) 

9 ( 138.20) 

8 (133 .98) 

7 (131 . 10) 

6 ( 128.50) 

5 ( 126.50) 

4 ( 124.20) 

3 ( 121.80) 

2 (119 .30) 

I (116 .20) 
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40 (3.05) 

23(170. 19) 

22 ( 168.70) 

21 (166 .00) 

'26 (163.90) 
19(162.50) 

Pe lucio Creek 
42 (155 .70) 

Abioco Creek 
41 (140 .34) 

Weir Location 

X Discharge Section 

Cross Section Location 

( ) River Distance 

Figure 8. Example cross section locations. 



Table 2. Input variable values for example. 

Rea ch KIJOWN KUP NTH"! ll JeONT KeONT AX, BX , ex, AN, BN IRO\JT SB TRTB\JT/\RY RDT ITRIB KTRIB AT BT 

19 2 1 AX= 0.0336 AN = 1.0 1 .00005 1 140 . 34 1 41 - 8 2 . 4 --- 1.5 X 10 

BX= 0 .6868 BN = 0.0 2 155 . 7 1 42 7.5 X 10 -8 2.3 

ex = 76 .02 

II 19 25 3 3 19 --- AN = 1.0 2 . 00007 I 162 .51 2 33 

BN = 0.0 2 169 . 0 2 39 

3 173.9 4 37 

III 25 31 0 3 25 --- AN = 1.0 2 .000 1 4 

BN = 0.0 

IV 32 38 2 3 19 --- AN= 1.0 1 .0002 I 0 . 01 2 20 

BN = 0.0 2 0 .59 4 24 --- --- +" 
N 

V 39 40 1 3 22 AN = 1.0 3 .0002 1 1.05 1 43 1.0 X 10 -8 2.4 

BN = 0.0 
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Example Input 

Figures 9, 10 and 11, and Table 3 show input data for the example. 

Example Output 

Figure 11 shows the output generated by the example run. 
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E X A M F' L E F 0 R F' R 0 G R A M K LI w A s E R 
0 0 1 1 1 1 0 0 

1() 0 , 10000 0,30 000 0 , 30000 0,10000 1 
40 1 5 43 16 

1 0 0 
2 1 0 
3 2 4 
2 3 0 
2 ·~ " 0 
4 0 0 
5 37 38 
6 0 0 
7 1 0 
7 2 0 
7 4 0 
7 3 0 
7 ~ _, 0 
8 19 32 
8 25 38 
9 0 0 
1 19 2 1 0 1 0,0336 0 , 6868 76 ,0200 1,0000 0 . 0000 , 000050 
140,34 1 41 1 , 50E-08 2,40Et00 
155 , 70 1 4 '') k 1, ~iOE-08 2,40E+oo 

19 25 3 3 19 2 0.0000 0 .0000 0,0000 1.0000 0,0000 ,000070 
162 , 51 2 33 o . oo o .oo 
169 , 00 2 39 o . oo o . oo 
1 73 , 90 4 37 0,00 o . oo ,.,~ 

k..J 3 1 0 3 25 2 0,0000 0 . 000 0 0,0000 1,0000 0 . 0000 , 000 100 
;52 38 2 3 19 1 0,0000 0 , 000 0 0 . 0000 1, 0000 0 , 0000 . 000200 

0 , 0 1 2 20 0 , 00 o.oo 
0 . ~i9 4 24 0 , 00 o.oo 

3 9 40 1 :{ 22 3 0,0000 0,0000 0,0000 1. 0000 0,0000 .000200 
1. 05 1 43 1.0E- 08 2 , 4E+OO 

Figure 9. Example input data for File IS. 



45 

s~ 22 110~5g6 _ 18aJ u 
9':J4t!.. lO!J.2 9S50 • 111 • 0 9S9tl. J HJ. 5 9':J9tl. l lti. ':, 9607. l Hl.4 

f' I <;,oS8. 99."7 96ti2. 9n.S 9736• au.9 9/iUb. (6.9 9HJb. I':,. 7 993':J. ti u. ':, 
PT 9',i46 • t:14 • l 9946. t:16.t:1 9966· 92.u 99fUo 99.6 9979. J 04 • 4 99(9. l 04 • 4 
PT l OU t!.b. l05.9lUOJ4. 101.210045. 98.SllSt16. 98.5 

9660000 997'1.UO .1suoo .03000 .15ouu 104.00 cs 22 ll'I.JU 3 t!.9 72 
f' I . -1s1u. 110.0 -2uo. 110.0 - Jo . 1 F· u 60. 105.0 7':,. 106.0 as. 1ou.o f'T . 119. 1uu.o 160. 7 6. U 2Jo. 3.U 2':,U • 73.0 2!JU • ·ro. o 290. 19.U 
PT JUO. 19.0 310. a1.u Jl8• 8t1.u 3bt!.. y9.o J80o 9tl.O 390. 100.0 
f'f '+t!.5. ',14. 0 4 ts. 105.0 100. 104.0 1990. 104.0 

ll9oUO 38':J. UO • l !:>O O 0 .03000 .1souo 104.00 cs 2t!. lc:l.8U J t!.7 u. 
f' I -b9c . 1u1.o -':Jl:lU • 101.0 -J7o. l Otl. U -.340. 101.0 -Jcl:lo 104.0 -310. 103.0 
f' l - t!.( C. • d2.0 -t!.bc.. 1:12.u -215. 7S • U -l9t!.. 74.0 -120. 79.0 -110. I ti. 0 
f' I -95. l:l l • 0 -1:15. 81.0 -(7. 84.u -2s. 95.0 -':J. 106.0 1s. 109.U 
PT 40. 110.0 l/5. 106.U Joo. 109.0 JUl:l • 109.0 

-Jl v .uu - u .uo .!SUOO .03000 • l':JUUO 106.00 
cs ct!. l t!.4 • t!.U 3 t!.J 72 
1-'1 -1 lv':S. 108.U -sou. l 08. U -550. 101.u -53t!.. 99.0 -Sot!. 100.u -475. 86.U 
f' r -<+bU. t1S.O -445. 72.u -425. 6H.O -415. 68.0 -4U':J. 6 I• 0 -380. fl:l.U 
PT -J':JS • t:19.0 -J<+O. 42.0 -JlA• 100.u -28S. 104.0 -260. 99.U -240. 98.U 
PT -cc.':>. ')S. u -t!.US. 100.u -190. 110.0 l:l'IS. 110.0 

-',00.00 -J2u.uo .l5UUO .03000 .l5UUO 100.00 cs t!.U lco.so I t!.6 o2 
Pl -l!:>t!.O. lOH.O -':JU O • 108.0 -460. 110.0 -440 • 104.0 -420. 102.0 -400. 1us.o 
Pl -Joo. t12. U -J!:>O. H9.0 -Jlo. 80.o -Joo. 80.0 -260. 71:!.0 -220. If. 0 
f' I -ltlO. -1:!4 • 0 -140. lOb.O -120. 105.0 -100. 108.0 -ou. l Otl • 0 -40. 109.0 
Pl o. lUH.O l Otl O • 108.U 

- 4UO .UO -140.UO .15000 .03000 .1suoo 104.00 cs 19 l t!.tl • !:>U I t!.b oc 
f' T - 1 l ',15. 1 l l • 0 -200. l l 1 • U -9o. 109.U -40. 110.0 -40. 101.0 o. lOtl.O 
PT l u. 110.0 40. l 11. u 90• 75.0 lt!.Uo 75.0 140. T6.0 220. 11.0 
Pl 210. 99 .0 3ou. lOc.O 320. 110.0 3<+0. l 08. 0 40Uo lOtl.O 460. lit!.. u 
Pl l 4 U!:> • 11 t!.. 0 

40.UU 27u .uu .15000 .03000 • l ':,O O 0 104.00 cs 16 l.Jl.10 J 14 72 
f' I -lJO. 111 • 0 -lJO. 111.0 -120. 1oa.o -oo. 108.0 -30. 110.0 20. l U!l. 0 
f' I JU. 1ur.o 1:10. 90.0 t!.Oo • ao.u 2 Ill. 75.0 J5Uo 100.u 350. llt!..O 
f' T JIU. 110.0 600. 116.0 670. 123.u 610. 123.0 

30.uo Jsu.uo .1suoo .03000 .15000 108.00 cs 16 J.JJ.98 l l t!.J (3 
f' I -lb4i::?. 1~6.4 -s2s. 116.4 -357• l H: ~ -344. 107.7 -306. l}0.5 -263. 84.6 
PT -2t!. l. 7.0 -lt1J. IS.':, -103. -142. /3.3 -111. ':,. 8 -101. tit!.. 2 
Pl - I l. 92.6 -.J 7. 11:>.S 201. llo.u l 3':,l:l. 116.0 

-306.UU -31.uO .1sooo .03000 .1souo 108.UO cs lJ I.Jl:l.t!.U 11 t!.9 73 
f' T -1167. lU4.l - (:>16. 104.l -34 l • 118.2 -261. 79.l -141· 86.3 -67. 91.4 
~l -1':>. 110.~ 25. 11 !:>. 4 2q. 113.7 162. 113.7 169. llS.4 264. 115.2 

lcJJ. l '.:,. 
-341.Ull -1!:>.UO .1suou .03uuo .1suoo 11!:>.40 cs 18 1.J'l.',10 J 3 1c 

f'l -llJU. lt!.4.U -10. 124.U 20. 111;. u -.o. 119.U 100. 114.0 130. 115. u 
PI cl u. llJoO 240. .96. 0 no. 9!:>. U 3(0. 75.u 410. i,c,,.u 440. 1:19 • U 
PT 4oO. <;I:!. 0 4(0. 11s.o S6o. 113.u ':J9U • 115.0 oou. 120.0 lt17U. 120.0 

?.lU oUU 470 .uo .15000 .03000 • l':>000 11s.oo cs 11:1 141.60 J 2 /2 
1-'J -1 h':>0. 123.0 -J9U. l2JoU -370• l l 4. U -330. 113.0 -Jou. 102.0 -2so. 95.o 
f'f - l l:IU. 83.U -170. 85.U -loo. 81.u •l4Uo 1:11.0 -140. t,4 • U -110. !:!5. U 
Pf -10. <;J.O o. 'H • U Jo. 111.u ru. 115.0 140. 114.U 1350. 114.0 

-t!.f',.OU Ju.uo .15000 • 031.100 .1soou 105.00 
C'.:> l 7 144.4c t!. t!.S 7c 
f'J -lcUb. l1 (.3 -J7. 11 T.J SA• l l 4. 7 l O':, • 97.9 110. 93.6 26!!. 75.8 
Pl 2/t!.. /8.8 211. (8.6 294. 75.6 J4b. 101.3 364. 104.5 371. lUJol 
f' l Jt,6. 109.4 41 7 • 101.1 4S l • llYo2 ':,4J. 11 7. J l (94 • l lT • 3 

ou.uo 346 .uO .1suoo .u3uuo ol!:>UOO ll u. uu cs l!:1 l4bo':JU " cJ 72 
Pl - I ci:'O. I<! I. 0 -100. 121 • o -10. 121.u u. 1 t!.4 • 0 ':,. l ;!4-. 0- 10. 12.3.U 
I-' I lu. llJ.O lUU. ll':,.U 140• llc.u 210. 8S.o c4Uo lj' . u 260. tl4.U 
f' I t!.tlU. i,J .o JlOo U':, • U J9o. 96.U 4t!.U • 114.0 Sf:>U. 118.0 1rau. 118.0 

1.:.u.00 42U.UO .15000 .03000 .1suuu ll5oUU cs l':> l'+f.lU 11 !4 T3 
f'T -1 t!.42 • I t!.2. H -96. 122.H -2q. 122.6 -ctl. 125.3 64. 115.8 159. 113. 7 
1-'l t!. 0 I • l l I. 2 t!.Sl:l • 1:u. 7 32q. 86.1 J89. 83.8 4 l 4 • t:14 • 8 49J. 11 7.-. 
f' I b46. l t!. l • 6 IC. f. 121 • ':J l T SA• 121.s 

2u1.oo 49.J.UO .!SUOO .03uoo .15000 l 13.70 cs lb l':JU .11:l l l 13 13 
I-' T -1J76. l t!.3. 4 -l ',16. l2J.4 -16 • 124.l 't!.t!.. 114.7 6':Jo 116.l 124. !!4.2 
I-' T t!.UU. tlh. '.:, t!. I 9. au.6 290. 8!:> .6 j':, (. 116.8 42t!.. 117.':J 450. 11!:>.6 
f' T ':,UJ • l 2 l • '.:> ':,43 • 122.2 ':,95. 114.0 l 6t!.4 • 114.0 

6S.UO 35 I. u 0 o l!:>UUO .03000 .15000 114.70 cs 1 t1 l ::,4 • t!. 4 t!. 11 (2 
PT -1670. 1a.o -':> lO. 122.0 -4ao. 118.0 -460 • 116.0 -420. 116.0 -360. 94.U .,, - ; l 11. ~4.U -_ilJ (). '-' l . 0 -IHn. Y3.0 - I /U. YI. 0 - • .,u. 92.U •140. 9c?.o 
pj -100. 101:1.0 - I u. 116.0 -5o. 115.0 -20. 118.0 o. 12!:>. 0 1330; 12s;u -4 20 .00 -100.uo .1suuo .03000 .1souo 116.00 
C'.:, IJ l ::,1:1. 60 2 4 7t!. 
1-'l - I S4U • 117.U -'.:>UU. l u. u -380. 116.0 -J':JUo 121.0 -320. 120.u -310. 11 7. u 
PT -Juu. 116.0 -240. 100.0 -4o. 92.u -10. 1u1.o cu. 114.0 JU. 124.U 1-'T 1460. l t!.4 • 0 

-2 50 .00 20.00 .1soou • OJU\)f) .1souo 11s.uu 

Figure 10. Example input data for File 17. 
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cs 13 • :,U 
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PT -:,U • 
f'l c::. l. 

-1s o .uo cs ls I.I• bU 
f' l 2 l. 
I-' T 2211. 
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wt:lH 
l.H.9 -261. 131.9 -209. 132.8 -169. 119.9 -109. 
110.0 Jl. 110. o 86 • 110.0 lJJ. 110.0 1su. 
1.rn. 4 

211.uo .15000 
wUH 

.03000 .15000 120.00 
lJl.9 -2til. 131.9 -209. 132.tl -169. 119.9 -109. 
11u.o Jl. 110.u 86• 110.u 1J3. 110.0 150. 
lJu.4 

21,.uo .l:,000 .03000 el:,000 120.uo 
J l tl 77 

lcS.2 :,3. l 21 • l tts. 121.9 124. 108.8 l3J. 
'i4e0 244 • 96. S 291• 97 ... 3!1. 101.9 320. 

120 • 7 Jl:11. 120.2 406• 124. 7 
3ttl.UO el5UOO .03000 e l!:JOOO 12s.oo 

j r.3 77 
lcCJ.l JO. 121. 6 Sq. 121.3 88 • lUS.4 l Otl • 

') 7. ' lb2. 1us.1 l 7 fl• lObetl lY2. 106.6 19 f • l lb .:, ,'!:)0 . 11 7. 2 259. 120.7 UJ. 122.0 28J. 
t'5 'J . uo .1::. uoo .03\JOO .15000 l 0!:). 4 

';) 19 ('j 
Uh,0 -bllll. 12 <,. U - '•HS • 126 .0 -4::.0. 123.0 -370. lcJ,U -c t,U • lc4,U -2:,0. 124.U -204. 126.0 -l9Ue i u tl . 0 - .. l. l c /. u !:>Q. 1..:0. u 150. 123.0 2su. cb.U 7 tl5. l2b.U 

-41.uo ,l!:>OUU .u3uuo .1suuu 124.00 

Figure 10. (Continued). 

6560,0 
92.9 

1400,0 
40.0 

240.0 
30.0 

3120.0 3720.0 o.o 2600.0 

l lJ. 2 
110.0 

113.2 
110.u 

lOtl.8 
101.2 

104.2 
l U'il • 2 
126.2 

123 .0 
l lf. 0 
12-2.0 

Figure 11. Example input data for File I8. 

-74. 11J.J 
217. l JU. It 

-74. 113.3 
217. lJU.4 

161. 95.5 
364. 120.-J 

l}tt. 99.8 
214. 110.!:> 
371. l.U.b 

- 325. 122.u 
-1!:IU . l l 4 • 0 

350. 1 ,:'.:, • U 
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Table 3. Example input data for file I8 (* the values of the unformated 
data appear in this column). 

Water,'• 
Discharge Discharge 
or cross in cfs 

Reach Section Name (and time) Comments 

I 1 116. 20 11335 
2 119. 30 11423 
3 121. 80 11494 
4 124.20 11561 
5 126.50 11626 NPS = -671 cfs 
6 128.50 11683 

. 7 131.10 11757 = 28.3 cfs/mile 
8 133.98 11838 
9 138. 20 11958 

10 139. 90 12006 
<-- Abiaca Creek 

11 141. 60 11529 
12 144.42 11529 
13 146.50 11529 
14 147.70 11529 
15 150.18 11529 

<-- Pelucia Creek 
16 154. 24 11321 
17 158.60 11321 
18 160.96 11321 

II 19 162.50 11321 
20 163.90 

n 21 166.00 Divided flow 
22 168.70 discharges set 
23 170.19 to zero 
24 173. 00 

III 25 173. 91 8145 
26 176.20 8145 
27 180.52 8145 
28 183.52 8145 
29 185.64 8145 
30 188.24 8145 
31 192.90 8145 
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Table 3. Continued. 

Water;', 
Discharge Discharge 
or cross in cfs 

Reach Section Name (and time) Comments 

IV 32 0.00 11321 

33 0.16 0 
34 0.28 0 Divided flow 
35 0.39 0 discharges set 
36 0.50 0 to zero 
37 0.50 0 

38 0.60 8145 

V 39 0.00 3176 
<-- Big Sand Creek 

40 3.05 2884 

TRIBUTARIES 41 ABIACA 477 
42 PELUCIA 208 
43 BIG SAND 292 

DT 7.0 

ADDITIONAL STAGE 0.0 
DATA IDRG 0 
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l(UWASER 
JC;NO"WN OISCHA,RGE SEOJHENT RQU TJ NG 
OEVELM-'[U 8l' G. D. HROWN ANO R.H. LI 
AT COLOkAOO ST.H E UlilVEHSJJY , FOQ THE 
u .s. AMMY CORPS or E~GINEfRS , VICKSHUHG OJSJQJC I 

:······························· ·················································· 
(<AM PLE F O R fJHOGAAM 

·········································· ··················· .................... : 
C H O S S E C T I 0 N p R 0 P E R T I f. s 
TJH( l J O ,00 

SlCT I ON Err EC II VE EffECTI VE TOT AL TCJT AL ALPHA VEL OCIIY WA. T ER SEn I MENl FL OW 
WI D TH DEPTH AREA co-..v(YANCF. su,ff ACE fkAN ', PO~ I 

1 2 ) 4 . 1 IJ. I J 169 . 8 4 )4 2A • I. I 5 00 2, SZ• 7 9? . ll tl . 2J l 6 b7 Atl OO • UU 
2 J b V,8 17 , 9 ) 2 4 7. 97bHH. I . 2h• l 2 . H,3S Q) . )4 • ? Oli ', ~}. 1,uuc, . no 
J 208 , O lb• 2 3532 . 1 04 4) 116 . 1. 150 a 2. 265] 1;4 . ? ) • I 7t4Q!', I "l.10'1 . 00 
4 •• • 2 22 . s 2425 , HJ9 5 10 , I. 2, 19 3 . ?~ Rb 'l4 . Q7 . ]U)HUl Jol ll0,1 . 0 11 
5 1&7 .8 15 . 9 JI 23 , q c, 8QH) . 1 .1 5 •5 ?, Sbl J Y'1 . 07 . ? l"SJ q 14 110n . DO 
b I 70 , 7 Jq. 7 35 09. l l 45 Q20 • 1, 2 176 2,270 & Qh . 74 • 1 HU c? ~I ; Puou .ou 
7 Zl9.o 15.9 3680 . lOH72l. 1. 1 ~)· 2 . 1 h2 q 7 . • I • 16 J OH I RUU11 . UtJ 
ft ld5 , 5 zo ,s 3%3. 13700Q6 . 1. I , oo 2, 0 1 ~· Iii H o u·r , I 3 ~711 ROD11.o o 
9 22S , 7 )4.) )56 4. BJ 0 701 , I. 5 0 00 2. 2445 9 9 . ?2 .lh~ Q4 ~ Hoon.o o 

10 169 . 2 15,J 2bA8, 770fH1 . 1, 15 00 2. 91 6 0 l no . O!:> • J26a u I ROU f• • OU 
11 235,b I J • 7 )449 . RQSRQS . 1. 191 I I, 9 I J S I oo . 71 • l 011 W, 7 i'i"IO n . 0 0 
12 111 . 0 17 . 6 3309 , 1n nRI J6 , 1. lh91 l , 9 1H7 I o I, 42 , 1 I U 1 J4 ,,..., 011 . on 
IJ JH 2 , I 15 ,4 2976, 79ttR J 4, I, Z9 0H 2 , 21 so l IJ 1, 99 , l "i'D I ) ..,~u o.uu 
14 198,2 16.J 3360, 9812 87. I, 186 0 I. 96 •5 102 .42 .1 09356 6600.00 
IS 206 . 7 15.6 )4 Jb . 940701. 1, 255 0 l, 9320 103,0 ) .103845 6600. 00 
16 240, 7 10,9 2728 , 617949, 1. 1518 z. 4194 104.SJ , l 74060 6600,00 
11 2 4 0, l 10.6 2610, S9646J, I, 1500 2. 5 134 10 7. lZ , 1910 06 6560 . 00 
IA 241 .J 14 , 5 3695, 999 6 43, 1,lHb I, 77 5 2 108. 02 • 086488 6560 , 00 
19 198,4 22 , 2 4605 . l 69b62b , I, 1500 1. • 245 108. 24 • 05JJJJ 6560 . 00 
zo 195.0 9, I 1830, 36460 4, 1 . 156 • 2. 1083 108,27 .0 7b5JJ JA57 , JJ 
21 182 . 8 14, 0 279Z, 600766 , I, 500 0 1, 3817 109 , 02 .0 28687 3857, JJ 
22 l 72 , 7 25 ,5 4805, 1746795, 1. 3667 • 8028 I 09 .J 7 , 00 8656 3857 . JJ 
23 130 .7 8 , 8 l 224, 2366 10 , I. 1902 , 8310 109 , 17 , 002620 1017,Jl 
24 14 5 ,4 IJ . o I 971 , 512664, I, 1500 , 5161 l 09 . 29 , 000947 1017 • JJ 
25 I 75,0 12.8 2339, 603973 , 1.1 500 I . 5903 109,55 , 039325 3720,00 
26 154 .J 16· 0 2555. 770726. 1. 1500 1, • 559 110 , 00 , 032493 J7ZO,OO 
27 177,6 12 .4 2275, 566261 , 1. 150 0 1,6352 11 o . 70 , 0 4 2100 3720.00 
Z8 145.5 IJ , J 2093, 4 86587 , l, 4 078 I, 7776 11 1, J 9 • 04 8243 3720,00 
29 156, 1 I 1 ,8 1909 , 471 396 . 1 , 1500 l, 9482 112. 0 4 ,061743 3720 , 00 
JO 128,5 17 . 4 2397 • 6858 96 , 1, 325 8 1. 5518 112,61 ,03587 4 372 0 .00 
JI 148.J 14,2 2192, 603461 , 1.1 50 0 1, 6972 11 J ,45 , 04 5086 3720. 00 
32 I 98. 4 22 . 2 4605 . lb9 6b26 . 1. 150 0 1. , 245 108,2• ,05JJJJ 65b0,00 
JJ 206, 4 Jg. 7 4 296, 143633 1. I. 157 7 , 6292 108 , 2 4 ,003740 2 702,67 
3 4 230 . Z 9,8 2338 , 4978Jb . 1 .1 so o 1.1 56 1 l 08 , 2 • , 014568 21oz . 67 
JS 151 ,4 1408 23 8 b . 633882 . 1.1 50 0 1.1 328 108 , 2b , 013403 2702.67 
36 168 ,2 2· 7 462, 4 3336 , 1. 1500 s . 8488 I 08 , 8 2 , 00 4 028 2702,67 
37 168 . Z 2 · 7 4 6 2, 4 3336. I . I SOD 5. 8488 108 , 8 2 , 004028 2702, 67 
38 I 74,8 12,8 23 3 1, 60 1057 , I , 150 0 1, 595 6 109, 51 ,03961 1 J7ZO, 00 
39 77 , 5 8 , 0 659 , 120300, l, l b) 6 4, 3085 109 ,17 ,257744 28 4 0 , 00 
40 109.S 6• I 681. l 09686, 1, 1500 J,8202 11 7 • 48 • 192739 2600 .00 

MAX TIME 
WATE R OF 

SECTI ON ELEIIATION MAX 

l 92,08 l 
2 93,34 l 
3 94,23 l 
4 9/t , 97 l 
5 96, 07 l 
6 96,74 l 
1 97,41 l 
8 98 , 0 7 l 
9 9 9 , 22 l 

1 O 100 , 0 5 l 
11 100,71 l 
12 101,42 1 
13 101.qq I 
14 102,42 l 
15 103,0l 1 
16 104,53 l 
17 107, 12 l 
18 108, 02 l 
19 108, 24 l 
20 108,27 l 
21 109,02 l 
22 109,17 l 
23 109 , 17 l 
24 109,29 l 
25 109,55 l 
26 110,00 l 
27 110, 70 l 
28 111, 39 l 
29 112, 04 l 
30 112,63 l 
31 113,45 1 
32 108,24 l 
33 108,24 l 
34 108 ,24 l Figure 12 . Example Output. 35 108, 2 6 l 
36 108,82 l 
37 108 , 82 1 
38 109,51 1 
39 109.17 l 
40 117,48 l 

T•O. L "'Ett 
FL • •JATIJN 

1., . ,u 
1,! . ... ~ 
74 . i• 
ii.. ~ . /Q 
7'> . 11 4 
74 . •h 

"; . uo 
11 . J } 
7" · 2~ 
,c; .r,7 
R J . IQ 
7',, '>1 
Fl;) , .., c;, 
83 .6 8 
8 4, 24 
91. OJ 
91 , 93 
8 6. 90 
81 , OJ 
9b , OJ 
AQ , 96 
78 . 4 9 
97 , 17 
80,98 
q4, 01 
91 , 51 
97 , O 1 
Q5 . 03 
Q7 .46 
92 , 00 
Ob . 70 
81 , OJ 
q 1. JI 
95 , 76 
79.4 l 

106 . oo 
I Ob , 00 

Q4 . 01 
97 .59 

108,00 
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MIN 
BED 

SECTION ELEVATION 

1 75.70 
2 72.95 
3 H.24 
4 66.79 
5 76.8" 
6 74.94 
7 75.00 
8 73.32 
9 79,22 

1 O 75.67 
11 81.19 
12 75.63 
13 82.95 
14 83.68 
15 a ... 24 
16 91.0J 
17 91.93 
18 86.90 
19 Bl.OJ 
20 96.0J 
21 89,96 
22 78,49 
23 97,17 
24 89,98 
25 94,0l 
26 91, 51 
27 97,01 
28 95,03 
29 97,'+6 
JO 92,0!' 
31 96,70 
32 81,03 
33 81,31 
3'+ 95,/6 
35 79,41 
36 106,00 
37 106,00 
38 94,01 
39 97,59 
"0 108,00 

F I N A L B E 0 E L E V A T I 0 NS, A N o, 
T 0 T A L C H A N G E A T c A C H p 0 I N T 

CROSS SECTION NOi l 
POINT HORIZONTAL; ELEVATION DELTA ELEV. 

l 8086, 108,2 o.o 
2 9542, 108,2 o.o 
J 9550. 111.0 0,0 
4 9598. 118,5 o.o 
5 9598, 118,5 o.o 
6 9607, . 118,4 o.o 
7 9658, 99,7 0,0 
8 9662, 96,5 0,0 
9 9736. 80,9 o.o 

10 9806. 76,9 o.o 
11 9836, 75,7 0,0 
12 9935, 80,5 o.o 
13 9946. 84,l 0,0 
14 9946, 86,8 0,0 
15 9966, 92,0 0,0 
16 9970, 99,6 0,0 
17 9979, 104,4 0,0 
18 9979. 104,4 C,O 
19 10026, 105,9 o.o 
20 10034. 101,2 0,0 
21 100"5, 98,5 0,0 
22 11586, 98,5 0,0 

Figure 12. Example Output (continued). 
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CROSS SECTION NOi 2 
POINT HORIZONTAL: ELEVATION DELTA ELEV. 

l -1s 10 . 110.0 o.o 
2 -2 00. 110.0 o.o 
3 -30. 112.0 o.o 
4 60. 1os.o o.o 
5 75. 106.0 o.o 
6 as. 100.0 o.o 
7 119. 100.0 -.o 
8 160. 76.0 -.o 
9 230. 73.0 -.o 

10 250. 72.9 - .1 
11 280. 76.0 •• o 
12 290. 79.0 -.o 
13 300. 79.0 -.o 
14 310. 81.0 -.o 
15 318. aa.o -.o 
16 362. 99.0 •• o 
17 380 . 98.0 o.o 
18 390. 100.0 o.o 
19 425 .. 94.0 o.o 
20 475. 1os.o o.o 
21 700. 104.0 o.o 
22 1990. 104.0 o.o 

CROSS SECTI ON NO~ 3 
POINT HORIZONTAL: ELEVHION DELTA ELEV; 

l -692. 101.0 o.o 
2 -sa o. 101.0 o.o 
3 -370. 1oa.o o.o 
4 -340. 101.0 o.o 
5 -328. 104.0 o.o 
6 -310. 103.0 .o 
7 •272. 82.0 .o 
8 -262. 82.2 .2 
9 -215. 75.2 .2 

10 -1 92 . 74.2 .2 
11 -1 20. 79.2 .2 
12 -110. 78.2 .2 
13 -95. 81.2 .2 
14 - as. a1.1 • 1 
15 -11. 84.0 .o 
16 -2s. 95.0 .o 
17 -s. 106.0 o.o 
18 15. 109.0 o.o 
19 40. 110.0 o.o 
20 175. 106.0 o.o 
21 300. 109.0 o.o 
22 308. 109.0 o.o 

CROSS SECTION NOi 4 
POINT HORIZONTAL: ELEVATION DELTA ELEV. 

l -1705. 1oa.o o.o 
2 -560. 1oa.o o.o 
3 -sso. 101.0 o.o 
4 -532. 99.0 o.o 
5 -sos. 100.0 ..o 
6 •475. 86.0 -.o 
7 -460. 84.9 -.1 
8 •445. 71.8 -.2 
9 -425. 67.8 -.2 

10 •415. 67.7 -.3 
11 -405. 66.8 -.2 
12 -380. 77.9 •el 
13 -355. 89.0 -.o 
14 .34·0 • 92.0 •• o 
15 -318. 100.0 -.o 
16 -2as. 104.0 o.o 
17 -260. 99.0 o.o 
18 •240. 98.0 o.o 
19 -225. 9s.o o.o 
20 -20s. 100.0 o.o 
21 -190. 110.0 o.o 
22 895. 110.0 o.o 

Figure 12. Example Output (continued). 
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CROSS SECTION NO~ 5 
POINT HORIZONTAL! ELEVATION DELTA ELEV• 

1 -1520. 108.0 o.o 
2 -500. 108.0 o.o 
3 •460. 110.0 o.o 
4 •440. 104.0 o.o 
5 •420. 102.0 o.o 
6 -400. 105.o -.o 
7 •360. 82.0 -.o 
8 -350. 88.9 -.1 
9 •320. 79,9 -.1 

10 •300. 79.8 -.2 
l l •260. 77.8 -.2 
12 -220. 76.8 -.2 
13 -180. 83.9 - • l 
14 •140. 106.0 -.o 15 -120. 105.0 o.o 16 -100. 108.0 o.o 
17 •60. 108.0 o.o 18 •40. 109.0 o.o 19 o. 108.0 o.o 20 1080. 108.0 o.o 

CROSS SECTION NO~ 6 
POINT HORIZONTAL; ELEVATION DELTA ELEV• 

1 •1195. 111.0 o.o 
2 -200. 111.0 o.o 
3 •90. 109.0 o.o 
4 •40. 110.0 o.o 
5 •40. 101.0 o.o 
6 o. 108.0 o.o 
7 10. 110.0 o.o 
8 40. 111.0 -.o 
9 90. 75.0 -.o 

10 120. 74.9 -.1 
11 140. 75.9 -.1 
12 220. 77.0 -.o 
13 270. 99.0 -.o 
14 300. 102,0 o.o 
15 320. 110.0 o.o 
16 340. 108.0 o.o 
17 400. 108.0 o. o· 
18 460. 112. 0 o.o 
19 1405. 112.0 o.o 

CROSS SECTION NO~ 7 
POINT HORIZONTAi: ELEVATION DELTA ELEV• 

l •130. l 11, 0 o.o 
2 •130, 111.0 o.o 
3 -120. 108.0 o.o 
4 •60. 108.0 o.o 
5 •30. 110.0 o.o 
6 20. 108,0 o.o 
7 30, 107,0 -,o 
8 80, 90,0 -.o 
9 200. 80,0 -.o 

10 270. 75,0 -.o 
11 350. 100.0 •• o· 
12 350, 112.0 o.o 
13 370, 116. 0 o.o 
14 600. 116.0 o.o 
15 670. 123,0 o.o 
16 670. 123.0 o.o 

CROSS SECTION NO~ 8 
POINT HORIZONTAi; ELEVATION DELTA ELEV• 

l •1642, 116.4 o.o 
2 •525. 116.4 o.o 
3 -357, 111, 0 o.o 
4 •344, 101.1 o.o 
5 •306. 110.s .o 
6 •263. 84.6 ,0 
7 -221. 77.0 .o 
8 •183. 75.5 .o 
9 •163. 77, l .o 

10 •142. 73.3 ,0 
11 -111. 75.8 .o 
12 -101. 82.2 .o 
13 -11. 92.6 .o 
14 •37, 115.5 .o 
15 201. 116. 0 o.o 
16 1358. 116. 0 o.o 

Figure 12. Example Output (continued). 



54 

CROSS SECTION NO~ 9 
POINT HORIZONTAL! ELEVATION DELTA ELEV• 

l •1767. 104.l o.o 
2 -516. 104.l o.o 
3 •341. 110.2 .o 
4 -267. 79,2 ol 
5 •141. 8604 • l 
6 •67. 91.5 • 1 
7 •15. 116.3 .o 
8 25. 115.4 o.o 
9 29. 113.7 o.o 

10 162. 113.7 o.o 
11 169. 115.4 o.o 
12 264. 115.2 o.o 
13 1233. 115.2 o.o 

CROSS SECTION NO~ 10 
POINT HORIZONTAi: ELEVATION DELTA ELEVo 

l •1130. 124.0 o.o 
2 -10. 124.0 o.o 
3 20. 118,0 o.o 
4 40. 119,0 o.o 
5 100. 114, 0 o.o 
6 130. 115.o o.o 
7 210. 113.o .o 
8 240 • 96.0 • 0 
9 270. 95.5 .5 

10 370. 75.7 . •. 7 
11 410. 89.6 ,6 
12 440. 89,3 .3 
13 460. 98.1 • l 
14 470, 115,0 .o 
15 560. 113.0 o.o 
16 590. 115.o o.o 
17 600. 120,0 o.o 
18 1870. 120.0 o.o 

CROSS SECTION NO~ 11 
POINT HORIZONTAi: ELEVATION DELTA ELEV. 

l -1650. 123.0 o.o 
2 -390. 123,0 o.o 
3 •370. 114.0 o.o 
4 •330. 113.0 o.o 
5 •300. 102.0 .o 
6 -250. 95,0 .o 
7 -180. 83,l • 1 
8 -110. 85,2 .2 
9 •160. 81.2 .2 

10 •140. 8 l • 2 .2 
11 •140. 84.l • l 
12 -110. 85,l • 1 
13 -10. 93.l • l 
14 o. 97.0 .o 15 30. 111.0 .o 
16 10. 115.o o.o 17 1400 114.o o.o 
18 1350. 114.o o.o 

CROSS SECTION NO~ 12 
POINT HORIZONTAC ELEVATION DELTA ELEV. 

1 •1206. 117.3 o.o 
2 •37. 117.3 o.o 
3 58. 114.7 .o 
4 105. 97.9 .o 
5 170. 93.6 .o 
6 268. 75.8 .o 
7 272. 78,9 • l 
8 277. 78.7 • 1 9 294. 75.6 .o 

10 346. 101.3 .o 
11 364. 104,5 .o 
12 371. 103.l o.o 13 386. 109.4 o.o 
14 417 • 101.1 o.o 
15 451 • 119.2 o.o 
16 543. 117. 3 o.o 
17 1794. 117.3 o.o 

Figure 12. Example Output (continued). 
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CROSS SECTION NO~ 13 
POINT HORIZONTAL: ELEVATION DELTA ELEVe 

1 -1220. 121.0 o.o 
2 -100. 121.0 o.o 
3 -10. 121,0 o.o 
4 o. 124,0 o.o 
5 s. 124,0 o.o 
6 10, 123,0 0,0 
7 70, 113,0 0,0 
8 100. 115,0 0,0 
9 140, 112, 0 -.o 

10 210, 85,0 -.o 
11 240, 87,0 •,O 
12 260, 84,0 -.o 
13 280. 83,0 •,O 
14 310. 85,0 •,O 
15 390, 96,0 •,O 
16 420, 114, 0 •,O 
17 560, 118,0 0,0 
18 1780. 118,0 0,0 

CROSS SECTION NO! 14 
POINT HORlZONTAt ELEVATION DELTA ELEV• 

1 •1242. 122,8 0,0 
2 -96. 122,8 0,0 
3 •29. 122,6 0,0 
4 -28, 125,3 0,0 
5 64, 11s.8 0,0 
6 159, 113,7 0,0 
7 201. 117,2 •,O 
8 258, 83,7 •,O 
9 329, 86,7 •,O 

10 389, 83,8 •,O 
11 414, 84,8 •,O 
12 493, 117,4 •,O 
13 646. 121, 6 0,0 
14 727, 121.5 o.o 
15 1758. 121, 5 0,0 

CROSS SECTION NO~ 15 
POINT HORIZONTAL: ELEVATION OELTA ELEV, 

1 -1376, 123,4 0,0 
2 •196, 123,4 0,0 
3 -16, 124,l 0,0 
4 22, 114, 7 0,0 
5 65, 116,l ,0 
6 124, 84,2 .o 
7 200. 86,6 • I 8 279, 88,7 • 1 
9 290, 85,6 .o 

10 357, 116,8 .o 
11 422, 117, 5 0,0 
12 450, 115,6 0,0 
13 503, 121,5 o.o 
14 543, 122,2 0,0 
15 595. 11't,O 0,0 
16 1624, 114, 0 o.o 

CROSS SECTION NO~ 16 
POINT HORIZONTAi; ELEVATION OELTA ELEV, 

l •1670. 122.0 0,0 
2 -570, 122,0 o.o 
3 -480, 118,0 0,0 
4 -460, 116, 0 o.o 
5 •420, 116, 0 .o 
6 -360, 94,0 • 0 
7 -310, 94,0 .o 
8 -300, 93,0 ,0 
9 •180, 93,0 ,0 

10 -170, 91,0 .o 
11 •160, 92,0 ,0 
12 -140, 92,0 .o 
13 -100. 108,0 ,0 
14 •70, 116, 0 o.o 
15 •SO, 115,0 0,0 
16 •20, 118,0 0,0 
17 o. 125,0 0,0 
18 1330. 125,0 0,0 

Figure 12. Example Output (continued). 
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CROSS SECTION NO~ 17 
POINT HORIZONTAL: ELEVATION DELTA ELEV. 

l -1540. 117. 0 o.o 
2 -500. 117. O o.o 
3 -J80. 116.0 o.o 
4 -350. 121.0 o.o 
5 -320. 120.0 o.o 
6 -310. 111.0 o.o 
7 -Joo. 116.0 -.o 
8 -240. 99.9 -.1 
9 -40, 91,9 -.1 

10 -10, 101,0 -.o 
11 20. 114.0 -.o 
12 Jo. 124,0 o.o 
13 1460, 124.0 o.o 

CROSS SECTION NOi 18 
POINT HORIZONTAL: ELEVATION DELTA ELEV• 

I -1700, 133,0 0,0 
2 -560, 133,0 o.o 
3 -480, 119.0 o.o 
4 -420, 118.o -.o 
5 -360. 95.o -.o 
6 -320, 94.9 -.1 
7 -270, 93,9 - • l 
8 -260, 91.9 -.1 
9 -240. 90,9 -,1 

10 -230, 92.9 ... l 
11 -200, 86,9 - • l 
12 -170, 94,9 -,1 
13 -140, 96,0 -.o 
14 -90, 117, 0 -.o 
15 -10. 121.0 o.o 
16 -40. 119. 0 o.o 
17 -20. 124.0 o.o 
18 0, 127,0 o.o 
19 1300, 121.0 o.o 

CROSS SECTION NO~ 19 
POINT HORIZONTAL; ELEVATION DELTA ELEV. 

l -1230. 130,0 o.o 
2 o. 130.0 o.o 
3 10, 129,5 o.o 
4 IS. 125,0 o.o 
5 120. 119,0 .o 
6 160. 100.0 .o 
7 200. 89,0 • 0 
8 230. 83,5 .o 
9 260, 81.0 .o 

10 280. 81,0 .o 
11 340, 90.0 .o 
12 360. 91,0 .o 
13 380, 99,0 .o 
14 395, 114,0 .o 
15 405, 119.0 o.o 
16 1770. 119.0 o.o 

CROSS SECTION NO~ 20 
POINT HORIZONTAL: ELEVATION DELTA ELEV• 

l -1764. 121,9 o.o 
2 -443. 121. 9 o.o 
3 -432, 120.1 o.o 
4 -415. 112.1 o.o 
5 -406. 109.8 -.o 
6 -375. 98.8 -.o 
7 -316. 99,3 -.1 
8 -264, 96,0 -.1 
9 -245, 99,0 -.1 

l 0 -213. 99,8 -.1 
11 -201. 97,9 -.o 
12 -157. 107,4 -.o 
13 -HO. 120.8 -.o 
14 1236. 120.8 ---o ~ 0 -

Figure 12. Example Output (continued). 
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CROSS SECTION NO~ 21 
POINT HORIZONTAC ELEVATION DELTA ELEV. 

1 -1016. 120.J o.o 
2 340. 120.J -.o 
J 364. 108.4 -.o 
4 395. 106.l -,o 
5 407, 104,l -,o 
6 437, 104,l -,o 
7 484; 90,0 -.o 
8 508, 92,8 -.1 
9 526. 90,6 -,l 

10 545, 97.2 -.o 
11 578, 98,9 -.o 
12 616. 98,l -.o 
13 636, 99,0 -.o 
14 669. 112,8 -.o 
15 674, 121,1 0,0 
16 683. 123,4 o.o 
17 1984. 123,4 o.o 

CROSS SECTION NO~ 22 
POINT HORIZONTAi! ELEVATION DELTA ELEV. 

1 -1797. 125,5 0,0 
2 -so2. 125,5 o.o 
J -468. 122,5 o.o 
4 -461. 112.e ,0 
5 -436. 1os.2 .o 
6 -396, 95.3 .o 
7 -386. 94,7 .2 
8 -381. 91,1 .3 
9 -347, 84,3 ,3 

10 -337, 83,7 ,4 
11 -324. 80,1 ,5 
12 -297, 78,5 ,5 
13 -267, 82,5 .4 
14 -229, 94.7 • 1 
15 -193. 106,0 .o 
16 -165, 108,5 .o 
17 -163, 119,8 .o 
18 -110. 119,8 0,0 
19 -eo. 126,l 0,0 
20 -1. 127,8 0,0 
21 1203, 127,8 o.o 

CROSS SECTION NO~ 23 
POINT HORIZONTAL: ELEVATION OELTA ELEV. 

l -1650. 120.6 o.o 
2 -299, 120,6 0,0 
3 -290, 120,6 ,0 
4 -250, 105,9 .o 
5 -232. 103,0 ,0 
6 -204, 105,6 • l 
7 -112. 97,9 • l 
8 -150, 97.2 .2 
9 -122, 103,5 • 1 

10 -109, 103,6 • l 
11 -90, 102,2 • l 
12 -Bl, 104,2 • l 
13 -12. 104,2 .o 
14 -21, 120,3 ,0 
15 -5. 119,2 0,0 
16 1350. 119,2 0,0 

CROSS SECTION NO~ 24 
POINT HORIZONTAL: ELEVATION DELTA ELE\lo 

l -1149. 129,0 0,0 
2 -302. 129,0 o.o 
3 -286, 121.1 o.o 
4 -265. l 16,3 o.o 
5 -246. 114, 7 ,0 
6 -217. 99,8 • 1 
7 -149. 90,0 ,1 
8 -105, 100.1 .o 
9 -66. 104,6 ,0 

10 -34, 112.s ,0 
11 -25, 120.2 0,0 
12 -is. 123,3 0,0 
13 o. 122,8 o.o 
~4 851 • 122,8 o.o 

Figure 12. Example Output (continued). 
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CROSS SECTION NO~ 25 
POINT HORIZONTAL: ELEVATION DELTA ELEV. 

l 21 . 12s.2 o. o 
2 SJ . 121.1 o.o 
J as . 121.9 .o 
4 124 , 108,8 ,0 
5 lJJ. 108,8 ,0 
6 161 , 95 , 5 ,0 
7 228. 94 , 0 .o 
8 244 . 96.5 , 0 
9 291 • 97,9 . o 

10 311 , 101.9 , 0 
11 320 . 101.2 . o 
12 364. 120, J . o 
13 374, 120,7 0,0 
14 38 l . 126,2 0,0 
15 406. 124 , 7 o. o 

CROSS SEC ION NO~ 26 
POINT HOR I ZONTAL: ELEVATION DELTA ELEV• 

l - 1040 , 126.5 0 . 0 
2 295 , 126,5 0 , 0 
J 310 , 122,0 o . o 
4 360. 122,0 o . o 
5 380. 119 , 0 o . o 
6 390 , 115.o . o 
7 400 . 107,0 .0 
8 440 . 95.0 ,0 
9 460. 91 . 5 , 0 

10 500. 92 . 5 , 0 
11 520. 92 . 5 .0 
12 540 . 95,0 , 0 
13 560 . 95.5 • 0 
14 58 0, 1 12,0 . o 
15 610. 121 . 0 o . o 
16 1960. 121.0 o.o 

CROSS SECTION NO~ 27 
POINT HORIZONTAL: ELEVATION DELTA ELEV . 

l -1 65 0. 126 . 0 o . o 
2 - 5 00, 126 . 0 0 .0 
J -39 0. 127,0 0 . 0 
4 - J1 0 . 125.0 . o 
5 - 295 . 108 , 0 .o 
6 -2so. 99,0 .o 
7 -170, 97.0 , 0 
8 -1so. 98,0 . o 
9 -130 , 97,0 . o 

10 - 110 . 99 , 0 . o 
11 -75, 118 , 0 . o 
12 -so. 122,0 0 . 0 
13 - 40, 120.0 0. 0 
14 0. 132.0 0 .0 
15 100 , 132 , 0 0 . 0 
16 1350, 132.0 0 , 0 

CROSS SECTION NO~ 28 
POINT HORIZONTAL: ELEVATION DELTA ELEV . 

l -1100 . 136,0 0 . 0 
2 -20 0, 136,0 0 ,0 
3 -100 , 135,0 0 , 0 
4 0 , 134 . 0 0 , 0 
5 140 , 124,0 0 , 0 
6 16 0 . 120 . 0 0 ,0 
7 200 . 119.0 0 , 0 
8 235. 122.0 .o 
9 31 0, 98,0 .o 

10 320. 95,0 . o 
11 390 . 99,0 . o 
12 4 l O • 98,0 ,0 
13 430. 100,0 .0 
14 48 0. 122 . 0 , 0 
15 500 , 122,0 0 ,0 
16 530, 128,0 0,0 
17 600. 121.0 0 . 0 
18 1820. 127,0 o. o 

Figure 12. Example Output (continued). 



59 

CROSS SECTION NO~ 29 
POINT HORIZONTAi; ELEVATION OELTA ELEV. 

l •1338. 124.8 o.o 
2 -16. 124.8 o.o 
3 l. 125.5 o.o 
4 22. 118.4 -.o 
5 63. 100.1 -.o 
6 111 • 100.4 -.o 
1 162. 97.5 -.o 
8 192. 99.l -.o 
9 222. 115.2 -.o 

10 233. 125.8 o.o 
11 252. 125.9 o.o 
12 210. 124.7 o.o 
13 1662. 124.7 o.o 

CROSS SECTION NO~ 30 
POINT HORIZONTAi; ELEVATION DELTA ELEV. 

l -1210. 135.o o.o 
2 -150. 135.0 o.o 
3 o. 132.0 o.o 
4 30. 126.0 o.o 
5 90. 126.0 o.o 
6 120. 122.0 .0 
1 160. 95.0 .o 
8 190. 99.0 .o 
9 210. 92.0 .o 

10 250. 92.0 .o 
11 290. 109.0 .o 
12 Joo. 108.0 .o 
13 330. 124.0 .o 
14 400. 129.0 o.o 
15 430. 125.o o.o 
16 440. 130.0 o.o 
17 470. 130.0 o.o 
18 500. 129.0 o.o 
19 1 no. 129.0 o.o 

CROSS SECTION NO~ 31 
POINT HORIZONTAL; ELEVATION DELTA ELEVe 

l •1323. 130.8 o.o 
2 -2. 130.8 o.o 
3 35. 127.6 0,0 
4 36, 125,5 o.o 
5 49. 125.9 0,0 
6 65. 119,2 0,0 
1 75. 115, 7 o.o 
8 127, 96,9 o.o 
9 177. 96,7 o.o 

10 195, 99.6 o.o 
11 230. 99.8 o.o 
12 264. 115, 7 0,0 
13 286. 120,4 0,0 
14 294, 127,5 0,0 
15 336, 126,6 0,0 
16 395, 130,0 0,0 
17 407, 132.6 0,0 
18 1677. 132,6 o.o 

CROSS SECTION NO~ 32 
POINT HORIZONTAi! ELEVATION DELTA ELEVe 

l •1230, 130.0 0,0 
2 o. 130,0 o.o 
3 10. 129,5 0,0 
4 15, 125,0 0,0 
5 120. 119,0 ,0 
6 160, 100,0 .o 
1 200. 89,0 .o 
8 230, 83,5 ,0 
9 260, 81,0 .o 

10 280, 81,0 ,0 
11 340, 90,0 ,o 
12 360, 91,0 .o 
13 380, 99,0 .o 
14 395, 114. 0 .o 
15 405, 119,0 0,0 
16 1770, 119,0 0,0 

Figure 12 . Example Output (continued). 
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CROSS SECTION NO • 33 
POINT HORIZONTA~ ELEVA TION DELTA ELEVo 

I -6 07. 129.9 o.o 
2 -192, 129 ,9 .o 3 -1s1. 99.6 • 1 
4 -101, 81. 3 .4 
5 - 28 , 88.4 ,4 
6 -s. 97,2 • l 
1 33. 1os.o • 0 
8 75, 104,0 ,0 
9 96, 95, l ,2 

10 131, 93,2 ,2 
11 156, 94,2 • l 
12 224, 131,5 ,0 
13 246, 130,3 o.o 
14 393, 130,3 o.o 

CROSS SECTION NOi 34 
POINT HORIZONTAL: ELEVATION DELTA ELEVo 

l -393. 127.6 0,0 
2 -210. 127 ,6 o.o 
3 -1 63, 11s. 1 ,0 
4 -111. 101.1 ,0 
5 - 5 1, 99,0 • 0 
6 -8, 98,9 .o 
1 so. 98.l • l 
8 107, 95.8 • 1 
9 130. 97,7 .o 

10 151. 112. I .o 
11 194, 126,3 o.o 
12 607. 126.3 o.o 

CROSS SECTION NO~ 35 
POINT HORIZONTAL: ELEVATION DELTA ELEVo 

1 -491. 131,9 o.o 
2 -261, 131,9 o.o 
3 -2 09, 132,8 0,0 
4 -169. 119.9 0,0 
5 -109, 113,2 0,0 
6 -74. 113, I -.2 
7 9. 79.4 -.3 
8 31. 94.8 -.3 
9 86, 101.0 -,I 

10 133. 102.0 -.1 
11 ISO. 99.l -.o 
12 217. 130.4 -.o 
13 251. 130.4 o.o 
14 509 . 130.4 o.o 

CROSS SECTION NO i 36 
POINT HORIZONTAL: ELEVATION DELTA ELEV, 

I - 491, 131,9 o.o 
2 -261, 131,9 0,0 
3 - 209, 132.8 o.o 
4 -169. 119,9 o.o 
5 -109. 113.2 o.o 
6 -74, 113,3 o.o 
1 9. 106,0 o.o 
8 31. 106.0 0,0 
9 86, 106.0 0,0 

10 133. 106.0 0,0 
11 150, 106.0 o.o 
12 217, 130,4 o.o 
13 251, 130,4 o.o 

CROSS SECTION NOi 37 
POINT HORIZONTAL: ELEVATION DELTA ELEV, 

I -491, 131,9 o.o 
2 -261, 131,9 0,0 
3 -209, 132,8 0,0 
4 -169, 119,9 0,0 
5 -109, 113,2 o.o 
6 -74, 113,3 o.o 
1 9. 106.0 o.o 
8 31, 106.0 0,0 
9 86. 106.0 0,0 

10 133, 106.0 0,0 
11 150. 106,0 0,0 
12 217, 130.4 0,0 
13 251, 130,4 0,0 

Figure 12. Example Output (continued). 
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CROSS SECTION NO~ 38 
POINT HORIZONTAL; ELEVATION DELTA ELEV. 

1 21. 125.2 o.o 
2 53, 121,1 0,0 
3 85. 121.9 .o 
4 124. 108.8 .o 
5 133. 108.8 .o 
6 161. 95,5 .o 
7 228. 94,0 .o 
8 244. 96.5 ,0 
9 291. 97,9 .o 

10 311. 101.9 .o 
11 320, 101.2 .o 
12 364. 120.3 .o 
13 374. 120.7 o.o 
14 381. 126,2 o.o 
15 406. 124.7 o.o 

CROSS SECTION NOl 39 
POINT HORIZONTAL; ELEVATION DELTA ELEV. 

1 -737, 129,l o.o 
2 1. 129,1 o.o 
3 30, 121,6 0,0 
4 59. 121,3 -.o 
5 88. 105,4 -,o 
6 108, 104,2 -.o 
7 l I 8, 99,7 -,l 
8 138, 97,6 -.1 
9 162. 105,0 •,1 

10 178. 106,8 -.o 
11 192. 106,6 •,O 
12 197. 109.2 -.o 
13 214. 110, 5 o.o 
14 231. 116.5 o.o 
15 250, 117.2 o.o 
16 259, 120,7 0,0 
17 273, 122,0 o.o 
18 283, 126,2 0,0 
19 371, 127,6 0,0 
20 1013. 127,6 0,0 

CROSS SECTION NOl 40 
POINT HORIZONTAL; ELEVATION DELTA ELEV, 

l -965. 126,0 o.o 
2 •600, 126,0 o.o 
3 -485, 126,0 o.o 
4 •450. 123,0 o.o 
5 -370. 123,0 0,0 
6 -325, 122.0 o.o 
7 -Joo. 123.0 0,0 
8 -280, 124,0 0,0 
9 -2so. 124,0 o.o 

10 -204, 126.0 o.o 
11 -190. 1n.o 0,0 
12 •180, 114,0 0,0 
13 -90, 108,0 0,0 
14 -41, 127,0 0,0 
15 so. 126.0 0,0 
16 150, 123,0 0,0 
17 250, 122,0 0,0 
18 350, 125,0 o.o 
19 460. 126,0 0,0 
20 785. 126.0 o.o 

Figure 12. Example Output (continued). 
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APPENDIX A 

PROGRAM THEORY 

A-1 



A-2 

A-1 WATER SURFACE PROFILE COMPUTATIONS 

General 

The water surface profile is computed assuming one-dimensional, 

spatially varied, steady flow. This implies the fol l owing assumptions: 

1) the hydraulic characteristics of flow remain constant for the time 

interval under consideration; 2) the flow streamlines are practically 

parallel, i.e., a hydrostatic pressure distribution prevails over the 

channel section, and 3) the secondary flow (lateral or cross-stream) is 

negligible ·when compared to the longitudinal flow. A further assumption 

is that the frictional loss at a section is the same as for uniform flow 

with the same velocity and hydraulic radius. In addition to these basic 

assumptions, others will be made when appropriate, the most important 

being that the slope of the channel is so small that the depth of flow 

is assumed the same whether vertical or normal to the channel bottom. 

Dynamic equations for spatially varied flow can be obtained for 

three different approaches. These approaches are: 1) momentum, 2) 

total head, and 3) energy. While the water surface profiles computed by 

each method are identical, the derived equations themselves are only 

identical for the special conditions of steady, uniform flow. Because 

of difficulties in using the momentum and energy equations on non-

prismatic channels, the total head approach i s used i n the program. The 

following is a brief derivation of the one dimensional dynamic equation 

for spatially varied flow from the total head equation. Yen and Wenzel 

(1970) and Li (1972) contain completed derivations of the spatially 

varied flow equations by all three methods and comparison of the 

results. 
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Continuity Equation 

Figure A.I shows an incremental length dx of an open channel with 

a spatially varied flow profile. The continuity equation for the 

increment is 

dQ = q 
dx (A-1) 

where Q is the channel discharge and q is the lateral inflow per 

unit channel length. 

Q = VA and 

Considering the incompressibility of water, 

d(VA) 
~=q 

Dynamic Equation of Spatial l y Varied Flow 

(A-2) 

The total hydraulic head above a selected datum at the upstream 

section is given by 

v2 
H = Z + d cos 0 + a -2g (A-3) 

where H is the total head above the horizontal datum, Z is the 

elevation of the channel bottom above the datum, d is the 

a is the velocity head correction factor, defined as 

depth 

_l_ f 
Av3 

of flow 

3 
V dA, 

where v is the local mean temporal velocity of flow, 0 is the bottom 

slope angle, and g is the acceleration due to gravity. By taking the 

bottom of the channel as the x axis and differentiating Equation A-3 

with respect to x, the fol l owing equation is obtained: 

dH 
dx 

dZ 0 dd + d v2 
= dx + cos dx dx (a 2g) (A-4) 
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Figure A.l Incremental length of channel. 
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The total head slope Sh is then defined as 

S = _ dH 
h dx 

and the bed slope, 

s = 
0 

dZ 
dx 

S is expressed as 
0 

(A-5) 

(A-6) 

Substituting Equations A-5 and A-6 into Equation A-4 and solving for 

dd/dx yields 

dd 1 -dx cos8 
d v2 

[(S - S - - (a-)] o h dx 2g (A-7) 

which is the general differential equation for spatially varied steady 

flow derived from the total head. It represents slope of t he water 

surfa ce with respect to the channel bottom. In most cases the angle 8 

is s o small that cos 8 : 1, and d: D. Placing these approximations 

into Equation A-7 results in 

dD = S - S - !_ 
dx o h · dx 

v2 
(a-) 2g (A-8) 

where D is the depth of flow measured vertically from the bed Figure 

A. l). 

Chow (1959) ind Henderson (1966) present additional spatially and 

gradually varied flow theories. 

Manning's Equation 

Total head slope Sh is computed by Sh= Sf+ SQv where Sf is 

the friction slope, and SQv is the slope of head losses due to other 

factors. · 
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The friction slope is evaluated using the empirical Manning 1 s 

equation 

S = ( Qn )2 
f 1.49A R213 (English uni ts) (A-9) 

where R is the hydraulic radius of flow and n is the Manning 1 s 

coefficient of channel roughnesi. 

Manning's equation was developed for uniform steady flow, 

therefore, using Equation A-9 for spatially varied flow produces errors, 

However, the errors are believed to be small compared with those 

ordinarily incurred using the uniform-flow formula and in the selection 

of the roughness coefficient (Chow 1959). 

Manning's n-value for alluvial streams is not constant but is a 

function of discharge and depth (see Simons and Senturk, 1977). While 

there are complicated procedures to determine channel roughness, which 

are fairly exact, in the mathematical model Manning's n-value is made 

b 
a simple function of discharge, n = n a Q n where a and b are o n n n 
empirically determined coefficients, and 

Manning's n. 

The channel conveyance is defined by 

K = 1. 49 A R2/3 
n 

n 
0 

is the initial value of 

(A-10) 

where K is the conveyance. Combining Equations A-10 and A-11 yields 
2 

sf = C~) 

Eddy Losses 

(A-11) 

The slope SQv is the slope of the head losses due to all factors 

except friction and is nominally referred to as the eddy loss slope. 
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No rational method is available to evaluate eddy losses. Eddy loss 

depends mainly on velocity head change and may be expressed as a part of 

it or 

where C is an empirical coefficient. e 

Standard Step Method 

(A-12) 

The mathematical model uses the finite difference standard step 

method to solve Equation A-8 for the water surface profile. The compu-

tations are carried out moving upstream cross section by cross section 

from a known water surface. Figure A.2 shows a typical channel reach. 

The total head and head loss between the two cross sections are 

equated 

(A-13) 

where HQ is the friction l oss and may be written as: 

where !J.X. is the horizontal distance between cross sections, and HQv 

is the loss due to all other factors. HQv may be written as 

(A-15) 

The average of channel conveyance at the two cross sections is used 

to compute the friction loss. 

results in 

Thus combining Equations A-11 and A-14 
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Figure A.2 Channel reach for standard step method. 
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(A- 16) 

The continuity equation can be written 

Q = VA (A-1 7) 

Total head at the downstream cross section, H1 , is known and is 

determined by 

(A-18) 

Combining Equations A-9, A-12, A-16, A-17 and A-18 yields 

1 
2g 

2 2 
a2V2 - alVl 

Ce ( 2g ) = Hl 

(A-19) 

By starting at a known downstream water surface and proceeding upstream 

one cross section at a time, the water surface profile is computed . 

Computation of Hydraulic Properties 

The solution of Equation A-19 requires determination of channel 

hydraulic properties, area, conveyance, etc., at various depths. In 

backwater computations the hydraulic properties are computed with 

relationships developed usi g digitized channel geometry. 

Coordinate Points 

Channel cross sections are defined by (x, z) sets of coordinates. 

Figure A.3 shows a typical cross section. To allow for different 

Manning's n-values across the section three subdivisions are made: 

Right Over Bank, Main Channel, and Left Over Bank. The subsections are 

divi ded by the two stations Dlob and Drob. The Manning's n-value at 

each coordinate point is set according to its location. 
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Figure A.3 Typical channel cross section with subdivisions. 

Area 

Area of flow for a given water surface elevation is computed by 

summing incremental areas between consecutive coordinates of the cross 

section. Figure A.4 illustrates this technique. Total area of flow is 

the summation of the increment areas, a . . 
l 

N 
A = I 

i=l 
a. 

l 
(A-20) 

where N is the total number of cross section i ncremental areas . 

Incremental areas are computed by 

a. = Xb D i a 

where is defined in Figure A.5 and 
1 I I 

Da = 2 (D 1 + D 2) 

D a is defined as: 

(A-21) 

(A-22) 
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Surface 

Figure A.4 Incremental areas in a cross section. 

where D 1 and D 2 are defined in Figure A. 5. If the water surface 

intercepts the cross section between coordinate points as shown by 

increment 4 in Figure A.4, straight line interpolation between the 

points is used to compute the triangular area. If the water surface is 

above a coordinate end point (first or last points), the area of flow is 

determined by extending a vertical line to the water surface from the 

end point as shown in Figure A.6. 

In many rivers, especially those with small gradients, man-made or 

natural levees reduce the area of flow until they are topped. Overbank 

flow area is not considered until the water surface exceeds the 

elevation 2
0

b shown in Figure A.3. 

Wetted Perimeter 

The wetted perimeter p . 
l. 

is the length of the cross section below 

the water surface and is computed in increments by 
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Surface 

Figure A.5 Incremental cross section area. 

Water Surface 

VeD~~I l~.~1111'~~.: ~:t9Jltdff!ll1· .1w•-
t 
End Point 

Figure A.6 Flow area at end of cross section. 
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J 2 2 
Pi= xb + 2b (A-23) 

where Zb is defined in Figure A.5. 

Hydraulic Radius 

The incremental hydraulic radius, ri, is calculated by 

a. 
1. r = (A-24) 

i p . 
1. 

Conveyance 

The total cross section conveyance is computed by summing the 

i ncremental conveyance 

N 
K = I 

i=l 
k. 

1. 

where k . is the incremental conveyance and is computed by 
1. 

k. = 
1. 

1.49 
n a. 

1. 

a. r. 
1. l 

2/3 

(A-25) 

(A-26) 

where n is the average Manning ' s n value at the two coordinate points a. 
1. 

which define the increment. 

Alpha, the velocity distribution factor, is used to account for 

distribution of flow across the cross section and not vertical shape of 

the velocity profile. Alpha is calculated by 

N k.3 
I ( - 1.-) 

i=l 2 (A-27) a . a = 1. 

K3/A2 
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Effective Depth and Effective Width. Two conveyance weighed 

parameters, effective depth, D, and effective width, W, are used in e e 

the sediment transport calculations to represent the average hydraulic 

properties and are calculated as 

N D 5/3 a 
2 a . i 1 

i=l n (A-28) a. 
D 1 = e N D 2/3 a. 

I 1 a. 
i=l 1 

n a. 
1 

N 2/3 
I D a. 

i=l a. 1 (A-29) w 1 = e D 5/3 
e 

The effective depth and effective width values are not used in the 

water surface profile calculations. 

Channel Hydraulic Property Relationship. Hydraulic property 

relationships are computed to relate area of flow, conveyance, alpha, 

effective depth, and effective width to the thalweg depth. Two separate 

sets are calculated: one set for main channel flow and a second for 

overbank flow. The hydraulic property relations are 

Main Channel Flow (D ~ Z
0

b) 

w bl 
= al D e 

D 
b2 

= a2 D e 

A 
b3 

= a3 D 

K 
b4 

= a4 D 

(A-30) 

(A-31) 

(A-32) 

(A-33) 



A-15 

bs 
(A-34) a = a D 5 

Overbank Flow (D > 2ob) 

w b6 
(A-35) = a6 D e 

D 
b7 

(A-36) = a7 D e 

A 
b8 

(A-37) = a8 D 

K 
b9 

(A-38) = a9 D 

blO 
(A-39) Ci = alO D 

where D is the thalweg depth and al to alO and bl to blO are 

computed coefficients. The overbank relationship includes both the 

overbank and main channel flow for depths greater than Z
0
b. 

Coefficients of the hydraulic properties relations are determined 

by 1) calculating the hydraulic properties of each cross section for ten 

evenly spaced incremental depths of flow in the main channel and for ten 

increments of depths above the overbank elevation, Z
0
b. Then 2) 

coefficients of the relations are computed by a least squares 

regression. To maintain continuity in the backwater computation, 

overbank relations for area and conveyance are forced to have the same 

value as the main channel relations at the overbank elevation. 

Newton-Raphson Solution for the Total Head Equation 

The model solves the equation of spatially varied steady flow by 

using an analytical first order Newton-Raphson (N-R) method to give 

successive approximations in the standard step calculation. Combining 

Equations A-17, A-32, A-33 and A-34 yields the spatially varied flow 

equation as a sole function of D2 
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as Q2 
- 2b3) + D 

4b.X Q2 
(1 - C ) _l D (b5 2 

e 2 2g 2 2 
(K 2 

b 2 2b4 a3 + 2K1 a4 D 4 + a4 D2 ) 1 2 

2 
+ C 

alvl 
22 - Hl 0 (A-40 ) --+ = e 2g 

From the Taylor series expansion of an arbitrary function F(ljJ), 

the first order N-R approximation to F(ljJ) can be obtained by 

(A-41 ) 

where ljJ,', is the root of F(ljJ) and ljJ0 is the estimate of /'. When 

applying Equation A-41 to the solution of the backwater equation ljJ is 

the depth of flow, D2 , at the upstream cross section, and F(ljJ) is the 

total head equation evaluated at that location as computed by Equation 

A-40. For the N-R solution the first derivative of the total head 

equation must be obtained. 

Differentiating Equation A-40 with respect to D2 yields 

+ (A-42 ) 

I 

Equation A-42 is F (ljJ) in the first order N-R. When Equation 

A-40 is evaluated at depths other than its roots, the equation is not 

equal to zero, but is instead equal to the error in the total head. 

Figure A. 7 is a qualitative plot of Equation A-40. The shape of the 

curve can be verified by consideration of Equation A-19. As the depth 
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approaches zero the area of flow goes to zero and the velocity goes to 

infinity. With a large velocity the velocity head term dominates the 

equation and causes a large positive error. Conversely, as the depth 

becomes large the depth itself dominates, and again the error becomes 

large and positive. At critical depth the specific head is at a minimum 

and the error is negative. 

Care must be taken in using Equation A-41. If the total head 

equation is not exactly convex, it takes many interactions to converge 

to a root. Also, if the initial guess is on the supercritical side of 

the curve, the N-R method drives the solution to the supercritical root, 

even if the flow is subcritical. By using simple logic the convergence 

of the N-R method has been greatly improved. 

The curve in Figure A. 7 is broken into four different regions 

according to the signs of the error and first derivative. These regions 

are: 

1. error positive, first derivative positive, 

2. error negative, first derivative positive, 

3. error negative, first derivative negative, and 

4. error positive, first derivative negative. 

The computer program's simple logic statements can detect in which 

region the estimate of D2 is. 

In most applications the subcritical root is desired, and logic in 

the computer program insures it will be found. If the estimate is in 

region 1 or 2 the N-R method finds the subcritical root, but if it is in 

regions 3 or 4, the N-R method is forced to the subcritical root. In 

region 3, simply taking the negative of the first derivative forces the 

solution to the subcritical root. In region 4, a new estimate is 
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determined by computing critical depth and adding a constant to insure 

that the new estimate of D2 is in region 1 or 2. 

Divided Fl ow 

In cases where divided flow occurs, the program has the ability to 

determine the percentage of the total flow going down each of the 

divided flow reaches . Using an initial guess of the percenage of total 

flow in each reach the program calculates a water surface profile up 

each reach. If the upstream water surface elevations match within the 

defined backwater accuracy tolerance the calculations stop. If not the 

program uses a numerical second order curve fitting routine developed by 

Li (1972) to determine new estimates of the flow percentage. The 

program then repeats itself until the upstream stream water surface 

converges. 

The second order curve fitting routine efficiently and accurately 

finds the solution to divided flow problems when the flow down the 

smaller reach is an appreciable percentage of the total flow. In cases 

when the smaller reach does not carry at least 5% of the total flow the 

routine may inaccurately set the discharge in the reach to zero. There -

fore in cases where this occurs often, the user may wish to modify or 

replace Subroutine Divide. 

Weir Flow 

Two flow conditions can occur at a single weir. If the weir height 

is small compared to the depth of flow the weir has no significant 

effect and the water surface profile is computed with the standard 

backwater curve. If the weir is not submerged the depth at the weir is 

computed by a broad crested weir formula 



D = Q 
W I 1 

A-20 

(A-43) 

where I 1 and I 2 are constants depending on the shape and surface of 

the weir. 

In the program the depth at the weir is computed by both methods 

and the greater of the two is used. 
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A- 2 SEDIMENT ROUTING 

General 

Once the backwater profile is determined for a given t{me period, 

sediment is routed through the system. Sediment routing is accomplished 

in three separate steps. The first step is calculation of the sediment 

transport at each cross section in the river, which requires knowledge 

of the velocity, depth, and width of flow obtained by the backwater 

calculations . The second step is routing of the sediment to determine 

change in cross section area due to sediment movement. The third step 

is distribution of the change in area through the cross section to 

obtain a new channel geomet ry. 

Sediment Transport 

In the mathematical simulation of stream bed aggradation-

degradation, conventional algorithms for calculating sediment transport 

such as Einstein's procedure require large amounts of computer time. 

This excessive use of computer time makes these methods impractical. It 

is also difficult to calibrate conventional methods for observed data. 

Therefore, empirical relationships are often used in mathematical 

modeling. In the Sedimentation Study of the Yazoo River Basin (Simons, 

et al., 1978) a relationship of the following form was used 

Q = 4.48 x 10 - 6 v3 ·16 D 0 ·94 w s e e (A-44) 

where Qs is the bed mater i al sediment transport in cfs. Although this 

equation is not applicable to other rivers, it fits data for the Yazoo 

River Basin. The coefficients in Equation A-44 were determined by: 

1) taking suspended sediment measurements, 2) applying the Modified 
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Einstein procedure to obtain the bed material load, and 3) using 

standard least squares regression to obtain the coefficients. 

It is important to note that Equation A-44 is only for the bed 

material load. In most cases the wash load is supply limited and all 

wash load entering a system will pass through it. An exception to this 

is when sedimentation behind a large dam is of interest. In this case, 

calculation of the wash load is required. It is also interesting to 

note in Equation A-44 that the bed material size does not enter into 

sediment calculations. This is due to the limited range of data from 

which the equation was derived. In cases when there is insignificant 

data to develop relationships such as Equation A-44, Colby's and 

Meyer-Peter, Mueller's methods have been used with success at minimal 

cost in computer time. 

Sediment Routing 

Channel aggradation-degradation is determined by solving the 

sediment continuity equ~tion. 

aQ aAb 
_s + (1 - p) ax at = qsQ (A-45) 

where Ab is the cross-sectional area of the bed, qsQ is the lateral 

tributary sediment inflow and p is the porosity that is the volume of 

voids per unit volume of sediment in place. The first term in Equation 

A-45 represents the change in sediment transport along the river, while 

the second term represents the change in bed area with time. A negative 

value of the second term signifies degradation while a positive value 

signifies aggradation. 
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Interior Sediment Routing 

Figure A. 8 shows a typical interior sediment routing condition. 

Equation A- 45 is solved by a two step, finite difference algorithm . The 

first step is calculation of change in sediment volume between cross 

sections . The change in volume is computed by 

6.V . 
l 

= (Q 
si+l 

(A- 46) 

where 6.V. is the change in sediment volume between sections i and 
l 

i +l. The second step in the sediment routing is determination of change 

i n area at each cross section, that requires knowledge of the location 

of sediment erosion or deposition between cross sections. Modeling of 

sediment dispersion is required to compute exactly where in the reach 

between sections the sediment is eroded or deposited. Unfortunately, 

modeling of sediment dispersion requires excessive amounts of computer 

time, and considerable effort to calibrate. Therefore, an empirical 

distribution based on physical reasoning is used. A triangular 

distribution weighted downstream as shown in Figure A.8, is used. 

One - quarter of the volume is deposited or eroded in the upstream half of 

the segment between sections, while three - quarters of the volume is 

deposited or eroded in the downstream half. This simply places more 

weight of sediment transport rate at the downstream section for 

determining the degradation and aggradation. With this assumption the 

change in bed area at a section is equal to 

1 
(1 - p) 

3 
+ 4 6.Vi 

+ 6.X. 1) 1 -

(A- 47) 
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Figure A.8 Finite difference sediment routing scheme. 
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where .C11\. is the change in bed area at the cross section. The 
1 

physical significance of triangular distribution is seen if Equation 

A-46 (neglecting lateral sediment inflow) is substituted into Equation 

A-47. 

1 - Q ) + l (Q - Q ) 4CQS. 
1 si-1 4 si+l s. 

1 1 dt = (A-48) -iii\. (1 p) 1 
(liX. 1 +liX.) 1 2 1 - 1 

cl Q - Q 
1 2 si+l s. 

Mb . 
1 = (1 p) - liX. 1 + liX. 

1 1- 1 

As expected, the multiplying factor 

positive and the factor for the outflow 

1 ) - - Q 
2 s. l 1- dt 

for sediment inflow, 

(A-49) 

Q 
si+l 

is 

Q is negative. 
si-1 

An import -

tant fact to note is that the multiplying factor for the sediment 

transport at the cross section is negative. This is physically logical. 

If the upstream and downstream transport is held constant, a reduction 

in the sediment transport at the section causes the section to aggrade 

while an increase in the transport causes it to degrade. 

Boundary Sediment Routing 

At the upstream and downstream boundary cross sections Equation 

A-47 cannot be used to compute the change in area at the section. This 

is usually not a problem since the upstream boundaries are always fixed, 

i.e. unchanged with time, and downstream boundaries are usually fixed to 

maintain numerical stability in the model. But in cases when a major 

tributary flows into the mainstem, the tributary's downstream cross 

section can be allowed to "float". Change in bed area for a downstream 

tributary section is computed by 



1 
(1 - p) 

b..V. 
1 

\llX . 
1 
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(A-50) 

Distribution of Erosion and Deposition Across the Cross Section 

Once the change in area at a cross section is computed the area 

must be distributed across the section to determine the new channel 

geometry. With a one dimensional model the exact location of scour or 

deposition can not be determined since the program does not compute the 

lateral flow effects. Therefore, empirical procedures are used to 

distribute the bed area change. One method of distribution is to raise 

or lower the whole cross section a uniform amount, as shown in Figure 

A. 9. This method is unrealistic because . it changes the overbanks as 

much as the main channel regardless of flow conditions. A method that 

relates the change in bed elevation at a point to the hydraulic property 

of conveyance is used in the model. This method as shown in Figure A.IO 

is considered appropriate because conveyance is directly related to 

velocity and sediment tiansport. 

A qualitative analysis was performed to test the validity of the 

sediment distribution scheme based on conveyance (which is directly re -

lated to depth if Manning's roughness is the same across the whole cross 

section). Three cross sections were taken from the Greenwood Bendway of 

the Yazoo River. At several points in each cross section the percent of 

maximum depth of flow, and the percent of maximum change in bed 

elevation (from February 2 to February 18, 1977) were determined. The 

results are plotted on Figure A. 11. As one can see, change in bed 

elevation is roughly proportional to depth. The sediment distribution 

method based on the hydraulic properties at each point in the cross 

section more accurately represents the natural cross-sectional changes . 
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Figure A.9 Uniform sediment distribution. 
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Figure A.IO Sediment distribution based on depth of flow. 
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Figure A.11 Percent bed elevation change compared to 
percent of maximum. 
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The model computes change in elevation for each cross section point 

by 

/J.Z. = 
J 

(A-51) 

where ~Zj is the change in elevation for point (j), kQ and kQ+l are 

the conveyance of the incremental areas to the right and left of the 

point, and and X. 1 r are the horizontal coordinates of the cross 

section points adjacent to (j) and K. 
1. 

and 

ance and bed area change at the ith cross section. 

are the total convey-

To save computer time sediment is not distributed at a cross 

section until a significant change in cross section area has occurred. 

This threshold can be determined according to the physical environment 

and the objective of study. 

Weir Sediment 

The sediment transpor t over a weir is assumed to be a percentage of 

the upstream sediment transport. The concept used in determining the 

percentage is shown in Figure A-12. A suspended bed material curve at 

the cross section directly above the weir is shown. The material in the 

shaded portion of the curve is assumed to pass over the weir. The 

percentage is computed using the Lane-Kalinske' s relationship (Simons 

and Senturk, 1977) for sediment concentration 

where C y 

C y 
(

6w 
-- C KU •• _ exp " 

a 

y~a) 

is the concentration at an arbitrary depth Y, C a 

(A-52) 

is a 

reference concentration at a depth a, K is the von Karman constant, w 

is the particle fall veloci t y, and U* is the shear velocity. 
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Figure A-12 Sediment transport over weirs. 
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By assuming a depth a which is close to the bed and much smaller 

than y, Equation A-52 reduces to 

(
-6w y_) 

C C KU_,. D = exp " y a 

Integrating Equation A-53 with respect to y yields 

fC d = C y y a 

(
-6w y_) 
KU.,. D exp " 
-6w 
KU;',D 

(A-53) 

(A-54) 
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Evaluating Equation A-54 for the shaded portion of the suspended 

sediment curve results in the percentage of upstream sediment transport 

P , which passes over the weir. 
C 

where 

p = 
C 

D 
f C d 

(D-D )y y 
w 

D 
J 
0 

C d y y 

D w is the depth of flow at the weir. 

concentration C cancels from the equation. a 

(A-55) 

The reference 

The shear velocity is computed using the Darcy-Weisbach resistance 

formula. 

U.-k = 
V 

~8/f 
(A-56) 

The von Karman constant has a value much higher than in uniform 

flow, since the weir causes a large vertical turbulence. In the 

Sedimentation Study of the Yazoo River Basin, K was set equal to 0.70 . 
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A 

Ab 

a 

a. 
1. 

a n 

al - alO 

b n 

bl - blO 

C 

C e 
D 

D a 
D e 

Dlob 

D rob 
D 

d 

g 

H 

H.Q. 

H.Q.v 

Il, I2 

K 
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cross section area of flow 

cross section bed area 

reference depth 

incremental flow area 

coefficient of Manning's n-value relationship 

coefficients of hydraulic property relationships 

coefficient of Manning's n-value relationship 

coefficients of hydraulic property relationships 

sediment concentration 

coefficient of eddy loss 

vertical depth of flow, thalweg depth 

average depth for incremental are a 

effective depth 

left over bank sta tion 

right over bank station 

depth of coordinate point 

depth of flow normal to the bed 

acceleration of gravity 

total hydraulic head 

friction head loss 

eddy head loss 

weir coefficients 

flow conveyance 



k. 
l. 

N 

n 

n a. 
l. 

n 
0 

p . 
l. 

Q 

q 

r . 
l. 

t 

u;'r 

V 

V 

w 

w 
e 

X 

y 

z 
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incremental conveyance 

number of cross section area increments 

Manning's n-value 

average Manning's n-value 

initial Manning's n-value 

increme tal wetted perimeter 

water discharge 

lateral discharge 

sediment transport 

lateral sediment inflow 

hydraulic radius of flow 

increme tal hydraulic radius 

friction slope 

head loss slope 

eddy loss slope 

bed slope 

time 

shear velocity 

mean flow velocity 

local temporal mean velocity of main flow 

particle fall velocity 

effective width 

width of incremental area 

distance along channel bottom 

depth to channel bottom 

channel bottom elevation 

change in depth for incremental area 



K 

p 

8 

~ 
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over bank elevation 

velocity head correction factor 

change in bed cross-sectional area 

change in sediment volume between cross sections 

horizontal distance between cross sections 

specific weight of fluid 

von Karman constant 

sediment deposit porosity 

bed angle to horizontal 

arbitrary variable 



A-35 

A-4 REFERENCES 

1. Chow, V. T., 1959, Open-Channel Hydraulics, McGraw-Hill Book Co., 
New York, New York. 

2. Henderson, F. M., 1966, Open Channel Flow, Macmillan, New 
York, New York. 

3. Li, R. M., 1972, Sheet Flow Under Simulated Rainfall, Thesis (M.S.) 
Department of Civil Engineering, Colorado State University, Fort 
Collins, Colorado. 

4. Simons, D. B., and Sentiirk, 1977, Sediment Transport Technology, 
Water Resources Publications, Fort Collins, Colorado. 

5. Simons, D. B., Li, R. M., Brown, G. 0., Chen, Y. H., Ward, T. J., 
Duong, N. , and Ponce, V. M., 1978, Sedimentation Study of the Yazoo 
River Basin, Phase I, General Report, Department of Civil Engineering, 
CER77-78DBS-RML-GOB-YHC-TJW-ND-VMP48, Colorado State University, 
Fort Collins, Colorado. 

6. Yen, B. C., and Wenzel, H. G., Jr., Dynamic Equations for Steady 
Spatially Varied Flow, Jour. Hydr , Div., ASCE, Vol. 96, No. HY3, 
March, pp. 801-814. 



APPENDIX B 

PROGRAM FLOW CHARTS 

The following are subroutine flow charts for the program KUWASER. 

To aid the user in understanding the program the flow charts have been 

designed to show the overall program operation and not the actual 

FORTRAN statements. 

alphabetical order. 

The flow charts are presented by subroutine in 

:S-1 
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Program KUWASER 

This program is a known discharge, water and sediment routing 
model. 

START 

DEFINE DEVICE NUMBERS 

READ SEO IMENT AND GEOMETRY DATA 
CALL IN I 

SET CONSTANTS ACCORDING TO UNIT SYSTEM 
CALL UNIT 

~NVERT RIVER DISTANCES TO APPROPRIATE UNIT L CALL RIVDS 

SET INITIAL VALUES TO ZERO 

SET ORIGINAL BED ELEVATION INTO ARRAY 

COMPUTE HYDRAULIC PROPERTIES OF 
EACH CROSS SECTION 

CALL CHNGM 



D 
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Program KUWASER (continued) 

ITERATE OVER EACH TIME PERIOD 

COMPUTE BED SLOPE OVER EACH RIVER REACH 

I TE RATE OVER EACH SUBROUTINE CALL 

DETERMINE FLOW AT EACH CROSS SECTION 
CALL FLOW 

COMPUTE WATER SURFACE PROFILE FOR REACH 
CALL SUBPF 

COMPUTE FLOWS AND WATER SURFACE PROFILES 
FOR DIVIDED FLOW REACHES 

CALL DIVDE 

COMPUTE SEDIMENT TRANS PORT AT EACH CROSS SECTION 
CA L L SEO 

=I 

=2 

=3 



B-4 

Program KUWASER (continued) 

C B 

- COMPUTE SEDIMENT TRANSPORT OVER THE WEIR = 5 
CALL WEIRS -

COMPUTE TRIBUTARY SEDIMENT DISCH AR GE =6 
CALL TRIBS 

ROUTE THE SEDIMENT IN THE RIVER REACH =7 
CALL SROUT 

~ 
DUPLICATE PROPERTIES AT DOUBLE CROSS SECTIONS - =8 

CALL DUP 

- PRINT OUT RESULTS - =9 
CALL OUT I 

~ 
DREDGE RIVER REACH _ =10 

CALL DREDG 

ITERATION OVER SUBROUTINE CALLS NO 

OVER? 
- D 

lYES 

ITERATION OYER TIME PERIODS NO 

OVER? 
E 

lYES 

STOP 
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Subroutine BKWAT 

This subroutine calculates the water surface elevation at a cross 
section once the conditions at the downstream section are known. The 
routine uses a first order Newton-Raphson solution to solve the total 
head equation . 

START 

COMPUTE TOTAL HEAD DOWNSTREAM 

ESTIMATE UPSTREAM WATER SURFACE ELEVATION 

NO 

YES 

COMPUTE HYDRAULIC PROPERTIES 
OF CROSS SECTION 

CALL HYDPR 

WATER ELEVATION= 
THALWEG + FET 

COMPUTE VELOCITY HE AD, HEAD LOSSES, TOTAL HEAD 

AND ERROR (ER) FOR ESTIMATE 

MAXI MUM YES 
NUMBER OF ITERATIONS 

REACHED 

RETURN 

CRITICAL DEPTH 
ASSUMED 

RETURN 
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Subroutine BKWAT (continued) 

® 

® 

YES 

COMPUTE FIRST DERIVATIVE (DER) AT 
ESTIMATED DEPTH USING MAIN CHANNEL 

RELATIONSHIPS 

COMPUTE FIRST DERIVATIVE (DER) AT 
ESTIMATED DEPTH USING OVERBANK 

RELATIONSHIPS 

YES 

COMPUTE NEW DEPTH ESTIMATE 
USING NEWTON-RAPHSON 

COMPUTE NEW DEPTH = 
CRITICAL DEPTH + FET 
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Subroutine CHNGM 

This subroutine computes power re l ations that are used to calculate 
effective depth (ED) , effective width (EW), alpha (ALP), total area 
(TA), and total conveyance (TK), for a cross section, as a function of 
the water surface elevation (WS). 

C START 

l 
ITERATE OVER EVENLY SPACED WATER 

SURFACE ELEVATIONS IN MAIN CHANNEL 

i 
DETERMINE CROSS SECTION PROPERTIES AT 

GIVEN WATER SURFACE ELEVATIONS 
CALL GEOM 

i 
ITERATION OVER 

NO 

~YES 

COMPUTE MAIN CHANNEL HYDRAULIC RELATIONSHIPS 
CALL LSQ 

i 
ITERATE OVER EVENLY SPACED WATER 
SURFACE ELEVATIONS ON OVERBANK 

i 
DETERMINE CROSS SECTION PROPERTIES AT 

GIVEN WATER SURFACE ELEVATIONS 
CALL GEOM 

i 
ITERATION OVER NO 

i YES 

COMPUTE OVERBANK HYDRAULIC RELATIONSHIPS 
CALL LSQ, CALL LSQF 

i 
C RETURN 
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Subroutine CONT 

This subroutine is used to compute the water surface elevation at 
the downstream control. 

RETURN 

START 

DETERMINE TYPE OF 
DOWN STREAM CONTROL 

(a} STAGE-DISCHARGE CONTROL 

(b} STAGE-HYDROGRAPH CONTROL 

= 1,4,5 

=2 

RETURN 

TAKE GREATEST OF (a) AND (b) 

RETURN B 



B-9 

Subroutine CONT (continued) 

B 

=3 

=6 

le) DOWNSTREAM 
WATER SUR F ACE CONTROL 

NO 

TAKE GREATEST OF lo) AND le) 

COMPUTE NORMAL DEPTH 

RETURN 

RETURN 

RETURN 
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Subroutine DIVDE 

This subroutine determines the fraction of the total flow going 
down each side of divided flow reaches. 

START 

CALCULATE WATER 
SURFACE PROFILES FOR 
DIVIDED FLOW REACHES 
WITH THE RATIO "p" 

CALL SPLIT -

CALCULATE DIFFERENCE 
BETWEEN UPSTREAM 

WATER SURFACE ELEVATIONS 

ESTIMATE NEW VALUE 
OF RATIO "p" USING 

SECOND ORDER CURVE FIT 

RETURN 

RETURN 
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Subroutine DREDG 

This subroutine simulates dredging by lowering each cross section 
in a reach to its original elevation (ZO). Only cross section points in 
the main channel are lowered. 

START 

ITERATE OVER EACH CROSS SECTION IN REACH 

ITERATE OVER EACH CROSS SECTION POINT 

SET IFLG=O 

YES 

YES 

YES 

SET ELEVATION OF POINT EQUAL TO ORIGINAL ELEVATION 

SET I FLG = I 

ITERATION OVER EACH CROSS SECTION POINT OVER 
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Subroutine DREDG (continued) 

YES 

COMPUTE THALWEG ELEVATION 
CALL THAL 

COMPUTE HYDRAULIC PROPERTIES OF CROSS SECTION 
CALL CHNGM 

ITERATION OVER EACH CROSS SECTION OVER 

RETURN 

WRITE TO BINARY FILE 19 THE ELEVATION OF 
EACH CROSS SECTION POINT IN THE REACH 

RETURN 
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Subroutine DUP 

This subroutine is used in divided flow problems when a cros s 
se ction is used by two different river reaches . It changes t he bed 
elevation of the duplicate cross section, K2 , to match the bed elevation 
of the original section, (K1), after sediment rout ing. 

START 

SET THE DUPLI CATE CROSS SECTION , K2, TO 
MATCH THE BED ELEVATION OF THE 

ORIGINAL SECTION, Kl 

SET ALL THE COEFFI CI ENTS AND POWERS 
OF THE CHANNEL RELATIONS EQUAL 

RET URN 
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Subroutine FLOW 

This subroutine calculates the wa t er discharge at each cross 
section. 

Start 

Read Discharge Data, 
Downstream Stage and 
Time Step in Days 

Calculate the Discharge 
at each Discharge Point 

Return 
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Subroutine GEOM 

This subroutine ca lculates the exact hydraulic properties of a 
cross section, once given the channe l geometry and the water s ur fa ce 
elevation. 

START 

SET INITIAL VALUES TO ZERO 

ITERATE OVER EACH CROSS SECTION POINT 

COMPUTE DISTANCE AND MANNING'S n 
BETWEEN CROSS SECTION POINTS 

COMPUTE AREA OF FLOW, WETTED PERIMETER, 
HYDRAULIC RADIUS, AND CONVEYANCE 

BETWEEN TWO CROSS SECTION POINTS 

SUM THE AREA INCREMENTS AND THE 
CONVEYANCE INCREMENTS 

ITERATION OVER 

YES 

COMPUTE ALPHA, EFFECTIVE DEPTH AND EFFECTIVE WIDTH 

COMPUTE THE PERCENTAGE OF TOTAL CONVEYANCE BETWEEN 
TWO CROSS SECTION POINTS FOR THE WHOLE CROSS SECTION 

RETURN 
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Subroutine HYDPR 

This subroutine calculates the hydraulic properties of the (K)TH 
cross section given the water surface elevation (WS). 

START 

COMPUTE DEPTH OF FLOW 

NO 

USE OVERBANK FLOW EQUATIONS 

COMPUTE EFFECTIVE WIDTH 

COMPUTE EFFECTIVE DEPTH 

COMPUTE AREA 

COMPUTE CONVEYANCE 

COMPUTE ALPHA 

COMPUTE VELOCITY 

RETURN 

USE CHANNEL FLOW 
EQUATIONS 
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Sub routine IN1 

Thi s subrout i ne r eads i n the sedi ment and geometry da t a. 

START 

READ TITLE 

READ PRINT CONTROLS 

READ THE MAXIMUM NUMBER OF ITERATIONS FOR THE 
BACKWATER CURVE, THE MAXIMUM ERROR IN THE TOTAL LOAD, 
THE SEDIMENT DEPOSIT POROSITY, THE COEFFICIEN T S OF 

EXPANSION AND CONTRACTION LOSSES AND THE UNIT 
SYSTEM FLAG 

READ THE NUMBER OF CROSS SECTIONS, THE NUMBER 
OF T I ME PERIODS, THE NUMBER OF RIVER SEGMENTS, THE 

NUMBER OF INPUT DISCHARGES AND THE NUMBER OF 
SUBROUTINE CALLS 

READ THE SEQUENCE OF THE SUBROUTINE CALLS 



B-18 

Subroutine INl (continued ) 

ITERATE OVER EACH RIVER SEGMENT 

READ THE NUMBER OF THE DOWNSTREAM 
CROSS SECTION, THE NUMBER OF THE 

UPSTREAM CROSS SECTION, THE NUMBER OF 
TRIBUTARIES, THE TYPE OF DOWNSTREAM CONTROL, THE 

NUMBER OF THE DOWNSTREAM WATER SURFACE CONTROL 
CROSS SECTION, THE COEFFICIENTS OF THE DOWNSTREAM 

STAGE DISCHARGE RELATIONSHIP, THE COEFFI Cl ENTS OF THE 
CONVEYANCE EQUATION AND THE COEFFICIENT 

OF SEDIMENT TRANSPORT 

FOR EACH TRIBUTARY READ THE MAIN STEM 
RIVER DISTANCE OF THE CONFLUENCE, THE 
TYPE OF TRIBUTARY, THE NUMBER OF THE 

DISCHARGE CROSS SECTION FOR THE TRIBUTARY 
AND THE COEFFICIENTS OF THE TRIBUTARY 

SEDIMENT RATING CURVE 

ITERATION OVER NO 
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Subroutine INl (continued) 

ITERATE OVER EACH CROSS SECTION 

READ THE NUMBER OF SECTION 
POINTS AND THE RIVER DISTANCE 

FOR EACH SECTION POINT READ THE HORIZONTAL 
DISTANCE AND THE ELEVATION 

READ THE DISTANCE OF THE RIGHT ANO LEFT OVERBANKS, 
THE MANNING'S n FOR THE RIGHT OVERBANK, MAIN CHANNEL, 

AND LEFT OVERBANK AND THE OVERBANK ELEVATION 

ITERATION OVER EACH CROSS SECTION OVER 
NO 
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Subroutine INl (continued) 

NO 

PRINT TITLE 

NO 

PRINT OUT THE INPUT DATA FROM 
FILE 5 AND FILE 7 

PRINT TITLE FOR CHANNEL 
RELATION OUTPUT 

RETURN 

RETURN 

RETURN 
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Subroutine LSQ 

This subroutine derives the coefficients of the hydraulic power 
functions, by using a least squares regression. 

C START 

l 
SET INITIAL VALUES 

TO ZERO 

l 
SUM FOR x, y, xx, xy ANO COMPUTE 

AVERAGE VALUE - -X, y 

l 
COMPUTE COEFFICIENT AND INTERCEPT 

OF LEAST SQUARES EQUATION 

l 
COMPUTE COEFFICIENT OF CORRELATION 

l 
COMPUTE STANDARD ERROR OF ESTIMATE 

l 
C RETURN 
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Subroutine LSQF 

This subroutine derives the coefficients of the hydraulic power 
functions, for overbank flow, by using a least squares regression forced 
through the point (XO, YO). 

START 

SET INITIAL VALUES TO ZERO 

ITERATE OVER EACH DEPTH INCREMENT 

COMPUTE XP AND YP VALUE 
CONSIDERING X ANDY AT OVERBANK ELEVATION 

SUM THE X AND Y VALUES 

SUM THE XP · XP AND XP·YP VALUES 

ITERATION OVER 

YES 

COMPUTE COEFFICIENT AND INTERCEPT 
OF LEAST SQUARES EQUATIONS 

COMPUTE COEFFICIENT OF CORRELATION 

COMPUTE STANDARD ERROR OF ESTIMATE 

RETURN 

NO 
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Sub r outine NVAL 

This subroutine calculates the 
equation for the current discharge. 
function of discharge . 

coefficient of the conveyance 
This allows Manning's n to be a 

START 

IT ER ATE OVER EACH CROSS 
SECTION IN THE REACH 

YE S 

COMPUTE CORRECTION VALUE FOR 
COEFFICIENT OF CONVEYANCE EQUATION 

YES 

SET CORRECTION VALUE 
TO BOUNDARY VALUE 

COMPUTE CORRECTED COEFFICIENT AND 
POWER OF POWER FUNCTION FOR THE 

CONVEYANCE EQUATION 

ITERATION OVER 
NO 

YES 

RETURN 
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Sub routine OUTl 

This subroutine outputs the various re sul t s of the simulation 
model. 

ST ART 

NO 

PRINT TO FILE 16 CROSS SECTION 
NUMBER, EFFECTIVE WIDTH , EFFECTIVE DEPTH, TOTAL A REA, 

TOTAL CONVEYANCE, ALPHA , VELOCITY , WATER SURFACE 
ELEVATION , SEDIMENT TRANSPORT, D ISCHARGE AND 

MINIMUM BED ELEVATI ON FOR EACH TIME PER IOD 

PRINT TO FILE 16 MAX IMUM WATER SURFACE 
ELEVATION AND TIME PERIOD OF OCCURANCE FOR 

EACH CROSS SECTION 

PRI NT TO F I LE 16 MINIMUM BED 
ELEVATION FOR EAC H CROSS SECT ION 



B-25 

Subroutine OUT 1 (continued) 

FOR EACH CROSS SECTION PRINT TO FILE I6 
THE BED ELEVATION AND THE CHANGE IN 

BED ELEVATION AT EACH POINT 

RETURN 

WRITE IN BINA RY TO FILE IIO CROSS SECTION 
NUMBER, EFFECTIVE WIDTH, EFFECTIVE DEPTH, TOTAL AREA, 

TOTAL CONVEYANCE, ALPHA, VELOCITY, WATER SURFACE 
ELEVATION, SEDIMENT TRANSPORT, DISCHARGE AND 

MINIMUM BED ELEVATION FOR EACH TIME PERIOD 

RETURN 

FOR EACH CROSS SECTION WRITE TO FILE I9 
THE BED ELEVATION AT EACH POINT 

RETURN 
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Subroutine RIVDS 

This subroutine converts the river distance of each cross section 
and tributary to proper unit. 

NO 

START 

ITERATE OVER EACH REACH 

ITERATE OVER EACH CROSS 
SECTION OF THE REACH 

CONVERT MILE TO FEET 
OR KILOMETER TO METER 

ITERATION OVER 
CROSS SECTIONS OVER 

YES 

ITERATION OVER 
EACH REACH OVER 

YES 

RETURN 
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Subroutine SED 

This subroutine calculates sediment transport using the generalized 
formula developed for the Yazoo River. 

START 

I TE RATE OVER EACH RIVER REACH 

ITERATE OVER EACH CROSS SECTION 
IN THE REACH 

YES 

COMPUTE THE SEDIMENT DISCHARGE 
FOR THE CROSS SECTION 

SEDIMENT TRANSPORT= 0 

ITERATION OVER CROSS SECTION OVER 

YES 

ITERATION OVER RIVER REACH OVER 

YES 

RETURN 

NO 
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Subroutine SPLIT 

This subroutine i s used i n divided flow prob l ems to split the 
discharge between two channels. 

COMPUTE FLOW IN THE FIRST REACH 

NO 

ADO TRIBUTARY FLOW 

SET UPSTREAM ANO DOWNSTREAM 
DISCHARGE OF BOTH REACHES EQUAL 

COMPUTE FLOW IN THE 
SECOND REACH 



B-29 

Subroutine SPLIT (continued) 

NO 

ADD TRIBUTARY FLOW 

COMPUT E WATER SURFACE 
PROFILE IN BOTH REACHES 

CALL SUBPF 

COMPUTE THE ERROR IN THE 
WATER SUR FACE ELEVATION OF 

BOTH REACHES 

RETURN 
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Subroutine SROUT 

This subroutine routes the sediment, calculates the approximate bed 
elevation change, and if necessary, distributes the aggradation or 
degradation through the cross section. 

START 

ITERATE OVER EACH CROSS SECTION 
IN THE RIVER SEGMENT 

COMPUTE THE VOLUME OF SEDIMENT DEPOSITED 
OR ERODED ABOVE CROSS SECTION 

ADD LATERAL SEDIMENT IN- OR OUTFLOW IF ANY 

ITERATION OVER EACH CROSS SECTION OVER 

YES 

ITERATE OVER EACH CROSS SECTION 

NO 
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Subroutine SROUT (continued) 

NO 

COMPUTE BED AREA CHANGE WITH NORMAL 
INTERIOR ALGORITHM 

COMPUTE BED AREA CHANGE WITH FLOATING 
SECTION ALGORITHM 

COMPUTE THE APPROXIMATED BED 
ELEVATION CHANGE SINCE LAST 

DISTRIBUTION OF SEDIMENT 

=I 

=2 

=3 --~ 
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Subroutine SROUT (continued) 

USE WEIGHTED AVERAGE OF 
WATER SURFACE ELEVATION FOR 

DISTRIBUTING THE SEDIMENT 
CALL GEOM 

DETERMINE THE NUMBER OF DISTRIBUTIONS 
REQUIRED AT CROSS SECTION 

ITERATE OVER EACH REQUIRED DISTRIBUTION 

ADD CHANGE IN BED ELEVATION AT EACH 
PO I NT, TO CROSS SECTION GEOMETRY 
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Subroutine SROUT (continued) 

B 

COMPUTE NEW THALWEG 
CALL THAL 

ITERATION OVER 
DISTRIBUTIONS OVER 

YES 

COMPUTE POWER FUNCTIONS FOR 
THE CHANGED SECTION 

CALL CHNGM 

ITERATION OVER EACH 
CROSS SECTION OVER 

YES 

RETURN 

NO 

NO 
A 
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Subroutine SUBPF 

This subroutine calls the various other subroutines needed to 
calculate the subcritical water surface elevation at each section. 

START 

DETERMINE COEFFICIENT OF CONVEYANCE EQUATION 
FOR CURRENT DISCHARGE 

CALL NVALUE 

COMPUTE WATER SURFACE ELEVATION 
AT DOWNSTREAM CROSS SECTION 

CALL CONT 

COMPUTE HYDRAULIC PROPERTIES 
CALL HYDPR 

COMPUTE CRITICAL SECTION FACTOR 

COMPUTE CRITICAL DEPTH 

SET HYDRAULIC 
PROPERTIES TO 

ZERO 

COMPUTE HYDRAULIC PROPERTIES 
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Subroutine SUBPF (continued) 

ITERATE OVER THE REMAINDER OF THE 
SECTIONS BY WORKING UPSTREAM ONE SECTION AT A TIME 

SET THE LAST SECTIONS HYDRAULIC 
PROPERTIES AS THE DOWNSTREAM CONDITIONS 

YES 

SET HYDRAULIC 
PROP ERTi ES TO ZERO 

COMPUTE HYDRAULIC PROPERTIES 
CALL HYDPR 

COMPUTE WATER SURFACE ELEVATION AT UPSTREAM WEIR SECTION 
CALL WEIR 



B-36 

Subroutine SUBPF (continued) 

COMPUTE WATER SURFACE ELEVATION AT SECTION 
CALL BKWAT 

COMPUTE CRITICAL DEPTH 

COMPUTE HYDRAULIC PROPERTIES 
CALL HYDPR 
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Subroutine SUBPF (continued) 

CO MPUTE NORMAL DEPTH 

COMPUTE HYDRAULIC PROPERTIES 
CALL HYDPR 

COMPUTE FLOW DEPTH WITH 
LIMITING VELOCITY 

COMPUTE HYDRAULIC PROPERTIES 
CALL HYDPR 

SET CROSS SECTION HYDRAULIC 
PROPERTI ES INTO ARRAY 

ITERATION OVER CROSS SECTIONS OVER 

YES 

RETURN 
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Subroutine THAL 

This subroutine determines the cross section t halweg elevation. 

START 

ITERATE OVER ALL CROSS SECTION POINTS 

YES 

MINIMUM ELEVATION 
= ELEVATION 

ITERATION OVER 

YES 

RETURN 

NO 
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Subroutine TRIBS 

This subroutine determines the sediment discharge for each 
tributary . 

A 

START 

ITERATE OVER EACH RIVER SEGMENT 

ITERATE OVER EACH TRIBUTARY 

COMPUTE SEDIMENT DISCHARGE BY RATING CURVE 

SEDIMENT DISCHARGE EQUAL SEDIMENT 
TRANSPORT AT DOWNSTREAM TRIBUTARY SECTION 

FOR POINT SOURCE OUT COMPUTE SEDIMENT 
DISCHARGE BY RATING CURVE 

FOR MAJOR TRIBUTARY OUT THE SEDIMENT 
DISCHARGE EQUAL THE SEDIMENT 

TRANSPORT AT THE UPSTREAM TRIBUTARY SECTION 

NO 

ITERATION OVER EACH TRIBUTARY OVER 

YES 

ITERATION OV ER EACH RIVER SEGMENT OVER 

YES 

RETURN 

=I 

=2 

=3 

=4 
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Subroutine UNIT 

This subroutine assigns the correct values to the constants 
according to the unit-system used. 

START 

NO 

CONSTANTS IN SI UNIT-SYSTEM 

CONSTANTS IN ENGLISH UNIT-SYSTEM 

RETURN 
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Subroutine WEIR 

This subroutine is used to calculate the greater of the downstream 
water surfaces or the critical depth at the weir. 

START 

COMPUTE DEPTH 
WITH WEIR FORMULA 

TAKE GREATEST OF WATER SURFACE ELEVATION 
AT WEIR OR DOWNSTREAM OF WE IR 

COMPUTE HYDRAULIC PROPERTIES 
CALL HYDPR 

SET HYDRAULIC PROPERTIES EQUAL AT 
THE DOUBLE CROSS SECTION OF THE WEIR 

RETURN 
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Subroutine WEIRS 

This subroutine calculates the percentage of the upstream sediment 
transport (G(KU)), which is transported over a weir. It uses the Lane-
Kalinske sediment distribution. 

START 

NO 

COMPUTE SHEAR VELOCITY 

COMPUTE THE SEDIMENT DISTRIBUTION 
USING LANE-KALI NSKE APPROACH 

RETURN 

COMPUTE SEDIMENT TRANSPORT OVER THE WEIR 
IN PERCENTAGE OF THE UPSTREAM 

SEDIMENT TRANSPORT 

RETURN 



APPENDIX C 

LIST OF PROGRAM VARIABLES 

The following is a list of the variables used in the program 

KUWASER. For each variable there is a definition, common block name 

(if applicable) and array size. If the variable is not in a common 

block, the subroutine(s) in which the variable is used is shown in 

brackets under the definition. Terms in the definition which appear 

in parentheses are other variable names . If a variable's dimension is 

problem dependent, the array size is given as the name of a program 

variable that the array size should equal or exceed. 

C-1 



Variable 

A 

A 

AALP 

AD 

ADO 

ADZ 

AED 

AEW 

ALP 

ALPK 

AN 

AT 

ATA 

ATAO 

ATEMP 

ATK 

ATKO 

Array 
size 

10 

10 

10 

10 

C-2 
Common 
block 

HYD -

NSEC SECl 

NRIV RIV 

NRIV, NTRIB RIV 

10 

10 

Definition 

Area between two cross section 
points. (GEOM] 

Value of intercept. (LS Q] 

Log value of alpha (ALP). (CHNGM] 

Log value of depth. [CHNGM] 

Log value of overbank depth. 
(CHNGM] 

Absolute value of approximate bed 
elevation change. (SROUT] 

Lo g value of effective depth (ED). 
(CHNGM] 

Log value of effective width (ED). 
[CHNCM] 

Velocity head correction coeffici-
ent, for the given cross section 
and for the given water surface 
elevation. 

Storage array for velocity head 
correction coefficient. 

Coefficient that changes Manning 's 
N value as function of discharge. 

Coefficient of tributary sediment 
rating curve. 

Log val ue of total area (TA). 
[CHNGM] 

Log value of area at overbank 
elevation. [CHNGM] 

Temporary value used in equation 
of first derivative in Newton-
Raphson approximation. [BKWAT ] 

Log value of total conveyance (TK). 
[CHNGM] 

Log value of conveyance at over-
bank. [CHNGH] 



Variable 

AX 

Al 

A2 

A3 

A4 

AS 

A6 

A7 

A8 

A9 

AlO 

B 

BDEN 

BN 

Array 
size 

NRIV 

NSEC 

NSEC 

NSEC 

NSEC 

NSEC 

NSEC 

NSEC 

NSEC 

NSEC 

NSEC 

NRIV 

Common 
block 

RIV 

SECl 

S:SCl 

SECl 

SECl 

SECl 

SECl 

SECl 

SECl 

SECl 

SECl 

RIV 

C-3 

Definition 

Coefficient of stage-discharge 
relationship. 

Coefficient of hydraulic power 
function for effective width in 
main channel. 

Coefficient of hydraulic power 
function for effective depth in 
main channel. 

Coefficient of hydraulic power 
function for total area in main 
channel. 

Coefficient of hydraulic power 
function for total conveyance in 
main channel . 

Coefficient of hydraulic power 
function for alpha in main channel. 

Coefficient of hydraulic power 
function for effective width for 
overbank flow . 

Coefficient of hydraulic power 
function for effective depth for 
overbank flow. 

Coefficient of hydraulic power 
function for total area for over-
bank flow. 

Coefficient of hydraulic power 
function for total conveyance for 
overbank flow. 

Coefficient of hydraulic power 
function for alpha for overbank 
flow. 

Slope of the least squared regres-
sion (log value). fLSQ] 

Temporary value for calculation 
of first derivative in Newton-
Raphson approximation. [BKWAT] 

Power that changes Manning 's N 
value as function of discharge. 



Variable 

BNUM 

BT 

BX 

Bl 

B2 

B3 

B4 

BS 

B6 

B7 

B8 

B9 

BlO 

C 

cc 

CCE 

CE 

Array 
size 

Common 
block 

NIRV, NTRIB IRIV 

NRIV RIV 

NSEC SECl 

NSEC SECl 

NSEC SECl 

NSEC SECl 

NSEC SECl 

NSEC SECl 

NSEC SECl 

NSEC SECl 

NSEC SECl 

NSEC SECl 

INF 

INF 

C-4 

Definition 

Temporary value for calculation of 
first derivative i n Newton-Raphson 
approximation. [BKWAT] 

Power of tributary sediment rating 
curve. 

Power of stage discharge relation-
ship. 

Power of hydraulic power function 
for effective width in main channel. 

Power of hydraulic power function 
for effective depth in main channel. 

Power of hydraulic power function 
for total area in main channel. 

Power of hydraulic power function 
for total conveyance in main channel. 

Power of hydraulic power function 
for alpha in main channel. 

Power of hydraulic power function 
for effective width for overbank 
flow. 

Power of hydraulic power function 
for effective depth for overbank 
flow. 

Power of hydraulic power function 
for total area for overbank flow. 

Power of hydraulic power function 
for total conveyance for overbank 
flow. 

Power of hydraulic power function 
for alpha for overbank flow. 

Conveyance. [GEOM], [CONT], [SUBPF] 

Coefficient for contraction head 
loss. 

Coefficient for contraction or 
expansion losses. [BKWAT] 

Coefficient for expansion loss. 



Variable 

CONV 

CORDS 

CRT 

ex 

D 

D 

D 

DA 

DA 

DEPTH 

DER 

DEX 

DEXUP 

DF 

DIS 

DLOB 

DO 

DROB 

Array 
size 

NRIV 

C-5 
Common 
block 

UNITS 

UNITS 

RIV 

SYS 

Definition 

Constant for English or metric 
units in Manning's N equation. 

Correction factor to convert river 
distances from miles or kilometer, 
to feet respectively meters. 

Critical section factor 
CRT= Q/lg/2. [SUBPF] 

Constant of stage discharge 
relationship. 

Depth used in first derivative 
calculation in Newton-Raphson 
approximation. [BKWAT] 

Critical depth. [SUBPF], [WEIR] 

Normal depth. [CONT] 

Average depth between cross section 
points. [GEOM] 

Change in bed area. [SROUT] 

Cross section depth used in cal-
culations for hydraulic properties. 
[HYDPR] 

Temporary derivative value. 
[BKWAT] 

River distance between two cross 
sections. 

River distance between cross sec-
tion and next cross section up-
stream. [SUBPF] 

Darcy-Weisbach fiction factor. 
[WEIRS] 

River distance. [KUWASER], [RIVDSJ 

Station of left overbank. [INl J 

Depth at overbank. [CHNGM] 

Station of right overbank. [INl] 



Variable 

DT 

DV 

DWS 

DX 

DXDWN 

DXUP 

DZF 

DZMAX 

EA 

ED 

EDK 

EO 

EPS 

ER 

ERROR 

EW 

EY 

Array 
size 

NSEC 

ND 

NSEC 

C-6 

Common 
block 

INF 

UNITS 

HYD 

SECl 

INF 

HYD 

Definition 

Time period length in days. 

Change in volume between cross 
sections. [SROUT ] 

Increment of water surface eleva-
tion. [CHNGM] 

Horizontal distance between cross 
section points. [SROUT] 

River distance to downstream sec-
tion. [SROUT] 

River distance to upstream section. 
[SROUT] 

Change in cross section point ele-
vation. [OUTl] 

Maximum change in bed elevation 
allowed before distributing change. 

Intercept of the least squared re-
gression (log scale). [LSQ] 

Effective depth for the given cross 
section and for the given water 
surface elevation . 

Storage array for effective depth 
at cross section. 

Temporary value. [WEIRS] 

Maximum allowable error in total 
head used in backwater calculations. 

Error in total head for estimation. 
[BKWAT] 

Difference in water surface elevation 
in divided flow situation. [SPLIT]. 

Effective width for the cross sec-
tion and for the given water surface 
elevation. 

Temporary value. [WEIRS] 



Variable 

F 

FET 

FLOB 

FM 

FMC 

FROB 

FX 

FY 

G 

GRAV 

HL 

HLV 

I 

ICALL 

ICALl 

ICAL2 

ICANT 

ICONT 

Array 
size 

NSEC, ND 

NSEC 

(NCALL, 5) 

NRIV 

C-7 

Common 
block 

SEC2 

UNITS 

SEC2 

UNITS 

RIV 

RIV 

Definition 

Manning's N for point in a cross 
section. 

Increment of water surface elevation. 

Manning's N for the left overbank. 
[INl] 

Average Manning's N between cross 
section points. [GEOM] 

Manning's N for main channel. [INl] 

Manning's N of right overbank. [INl] 

Average x values in linear regres-
sion. [LSQ] 

Average y values in linear regres-
sion. [LSQ] 

Sediment transport in cfs. 

Value of gravitation acceleration. 

Head losses. [BKWAT], [BRIDGE] 

Head losses due to contraction and 
expansion. [BKWAT] 

Increment and loop counter. 

Sequence of subroutine calls. 

ICALl = ICALL (NC, 1). [KUWASER] 

ICAL2 ICALL (NC, 2). [KUWASER] 

ICANT 
\ ICONT (NR). [CONT] 

Type of downstream control . 

= 1 stage-discharge relationship. 

2 stage-hydro graph. 

= 3 downstreaN water surface. 



Variable 

ICRI 

IDUMB 

IFLAG 

IFLG 

II 

IMAX 

IM1 

IPRINT 

Array 
size 

NSEC 

8 

C-8 

Common 
block 

SECl 

PRT 

Definition 

= 4 greatest of #1 and /12. 

= 5 greatest of #1 and /13. 

= 6 Normal depth. 

Critical flow flag. [BKWAT], 
[SUBPF] 

ICRI = 0 subcritical flow. 

ICRI = 1 supercritical flow. 

Dumbie variable. [KUWASER] 

Flag for over bank flow. [ GEOM] 

Flag for dredging. [DREDG] 

Increment and loop counter. 
[GEOM] 

Time period of maximum water 
surface at section. 

Increment and loop counter. 
[GEOM] 

Print controls. IPRINT (Ml)= 0 
or 1. If equal Ono printout, 
if equal to 1 printout. 

(1) All input data read from 
files IS and I7 are printed. 

(2) Coefficients, correlation 
coefficient, and standard error 
of each of the hydraulic 
property equations are printed 
for each cross section. 

(3) The fina l elevation and 
change in elevation at each 
cross section point are printed. 

(4) Maximum water surface 
elevation and the time period 
of occurrence are printed for 
each cross section. 

(5) Minimum bed elevation at 
each cross section is printed 
at the end of simulation. 



Variable 

IROOT 

IROUT 

ITIME 

ITRIB 

ITRYB 

IUNIT 

IZMIN 

IS 

I6 

Array 
size 

NRIV 

NRIV,NTRIB 

NSEC 

Common 
block 

RIV 

INF 

RIV 

UNITS 

SEC2 

PRT 

PRT 

C-9 

Definition 

(6) Cross section properties 
(time period, effective width, 
effective depth, total area, 
total conveyance, alpha, 
velocity, water surface, 
elevation, discharge, sediment 
transport and thalweg level) 
are printed. 

(7) Binary output for all data. 

(8) Error messages are printed. 

IROOT = IROUT (NR). [SROUT] 

Type of downstream cross section 
sediment routing or river reach. 

IROUT = 1 fixed, no routing. 

IROUT = 2 cross section down-
stream, normal routing. 

IROUT = 3 floating, no section 
downstream . 

Current time period. 

Type of tributary. 

= 1 point source in . 

= 2 major tributary in (considered 
as a segment). 

= 3 point source out. 

= 4 major tributary out 
(considered as a segment) . 

ITRYB = ITRIB (NR, J) . [TRIES] 

Value for selecting unit - system. 

IUNIT = 1 English. 

IUNIT = 2 Metric-SI. 

Cross section thalweg point. 

File used for general data input. 

File used for output to printer . 



Variable 

17 

I8 

19 

110 

J 

JT 

K 

Kl 

K2 

KCONT 

KD 

KDOWN 

KDPl 

KDPl 

KDl 

KD2 

KI 

KMl 

KOUNT 

Array 
size 

NRIV 

NRIV 

Common 
block 

PRT 

PRT 

PRT 

PRT 

RIV 

RIV 

C-10 

Definiti on 

File used for cross sectional 
data input. 

File used for discharge data 
input. 

File used for binary output. 

File used for binary output. 

Increment and loop counter. 

Increment and loop counter. 

Increment and loop counter for 
cross section number. 

Cross section number. [DUP] 

Cross section number. [DUP] 

Number of section which controls 
water surface. 

Number of downstream cross 
section. [KlJWASER], [CONT], 
[FLOW], [NVAL ] , [SUBPF] 

Downstream cross section for 
river segment. 

KDPl = KD + 1. [SPLIT], [SUBPE], 
[SROUT] 

KDPl = KD + 1. [SPLIT], [SYST] 

Number of downstream cross 
section of first river segment 
in divided flow situation. 
[SPLIT] 

Number of downstream cross 
section of second river segment 
in divided flow situation. 
[SPLIT] 

Increment and loop counter. 
[OUTl] 

KMl = K - 1. [SUBPF], [WEIR], 
[SROUT] 

Iteration counter. [BKWAT] 



Variable 

KPl 

KT 

KTR 

KTRIB 

KU 

KUMl 

KUP 

KUl 

KU2 

KW 

KWMl 

L 

M 

HST 

Ml 

M2 

N 

NAP 

Array 
size 

NRIV ,NTRIB 

NRIV 

Common 
block 

RIV 

RIV 

WF 

c.,...u 

Definition 

KPl = K + 1. [SUBPF], [SROUT] 

KT= KTRIB (NR, J). [FLOW], 
[SPLIT] 

Discharge cross section for 
tributary. 

Number of upstream cross section. 
[KUWASER], [FLOW], [NVAL], 
[SUBPF], [SED], [SROUT], [WEIR] 

KUMl = KU - 1. [SPLIT], [SROUT] 

Upstream cross section for river 
segment. 

Number of upstream cross section 
for the first river segment in 
divided flow situation. [DIVDE], 
[SPLIT] 

Number of upstream cross section 
for the second river segment in 
divided flow situation. [SPLIT] 

Weir cross section number. 
[WEIRS] 

KW - 1. [WEIRS] 

Increment and loop counter for 
cross sectional points. 

Number of cross section points 
M = ND (K). [IN1], [CHNGM], 
[KUWASER] 

Maximum number of iterations for 
backwater curve. 

Loop counter. [ IN1] 

Loop counter. [ IN1] 

Increment and loop counter. 

Number of water surface eleva-
tions used for linear regression 
of hydraulic-properties relation-
ship. [ CHNGM] 



Variable 

NC 

NCALL 

ND 

NDIS 

NDS 

NN 

NP 

NQI 

NR 

NRIV 

NRl 

NR2 

NR2 

NRMl 

NR2 

NSEC 

NT 

NTIM 

Array 
size 

NSEC 

Common 
block 

INF 

SEC2 

INF 

RIV 

INF 

INF 

c~12 

Definit i on 

Increment and loop counter. 
[KUWASER] 

Number of subroutine calls for 
each time period. 

Number of points in each cross 
section. 

Number of sedi ment distributions. 
[SROUT] 

Loop counter. [SROUT] 

Increment and loop counter. 
[INl] 

Number of incremental subareas. 
[GEOM], [SROUT] 

Number of discharge sections. 

Increment and loop counter for 
number of river segment. 

Number of river segments. 

Number of first river segment in 
divided flow situation. [DIVDE], 
[SPLIT] 

Number of second river segment in 
divided flow situation. [DIVDE], 
[SPLIT] 

Number of second river segment in 
divided flow situation. [DIVDE], 
[SPLIT] 

NRMl = NR - 1 . [KUWASER], [NVAL] 

Number of second river segment in 
divided flow situation. [DIVDE], 
[SPLIT] 

Number of cross sections. 

NT = NTRIB (NR). [ IN1] , [FLOW] , 
[KUWASER], [SPLIT], [TRIBS] 

Number of time periods. 



Variable 

NTRIB 

OA4 

OA9 

p 

p 

PC 

PNR 

Q 

QSL 

QT 

R 

RC 

RCK 

RD 

RDT 

RI 

RN 

RNMAX 

RNMIN 

Array 
size 

NRIV 

NSEC 

NSEC 

NRIV 

10 

NRIV,NTRIB 

10, 15 

10 

NSEC 

NRIV,NTRIB 

Common 
block 

RIV 

SECl 

SECl 

RIV 

SECl 

RIV 

C-13 

Definition 

Number of tributaries f or each 
river segment. 

Initial value of A4. 

Initial value of A9. 

Wetter perimeter. [ GEOM] 

Distribution factor for divide 
flow situation. [KUWASER], 
[DIVDE], [SLIT] 

Percentage of sediment going over 
the weir . [WEIRS] 

Distribution factor for divided 
flow situation. [KUWASER] 

Given discharge at upstream 
station of each reach. 

Tributary sediment discharge. 

Discharge of point source 
tributary. 

Hydraulic radius. [GEOM] 

Correlation coefficient of 
hydraulic properties relationships. 
[ CHNGM], [LSQ], [LSQF] 

Correlation coefficient for 
hydraulic properties relation-
ships. [ CHNGM] 

River distance for cross section. 

Main stem river distance for each 
tributary. 

RI= FLOAT (I). [OUTl] 

Coefficient used to correct the 
conveyance for the current dis-
charge. [NVAL] 

Maximum value for RN. [NVAL] 

Minimum value for RN. [NVAL] 



Variable 

SB 

SEAR 

SD 

SDA 

SMADA 

SMZWS 

STAGE 

SUMA 

SUMB 

SUMC 

SUHD 

SUMDA 

SUMDZ 

SUMDl 

SUMD2 

SUMD3 

SUM.WK 

SUMX 

Array 
size 

NRIV 

10 

NSEC 

NSEC 

NSEC 

Common 
block 

RIV 

SEC2 

SEC2 

RIV 

SEC2 

C-14 

Definition 

Average river segment slope. 

Standard error of the estimate 
for hydraulic properties rela-
tionship. (LSQ] , [ CHNGM] , [LSQF] 

Estimate standard error [CHNGM] 

SDA = SUMDA/NDIS. (SROUTJ 

Sum of absolute bed area change. 
[SROUTJ 

Sum of water surface elevations. 
ISROUTJ 

Value of stage used for downstream 
control. 

Sum used in least squares regres-
sion 1: (xi - ~) ·(Yi - y). [LSQ] 

Sum used in least squares regres-
sion E (xi - ~) 2 • (LSQ] 

Sum used in least squares regres-
sion E (yi - y) 2 • (LSQ] 

Sum used in least squares regres-
sion E(yi - A+ Bxi) 2 or 
E(yi - Yicorr ) 2 • [LSQ] 

Sum of the bed area change. 

Approximate change in bed 
elevation. [SROUT] 

Sum used to compute effective 
depth. [GEOM] 

Sum used to compute effective 
depth. [GEOM] 

Sum used to compute effective 
width. [GEOM] 

Sum used to calculate alpha. 
[GEOM] 

Sum used in least squares regres-
sion. (LSQ] 



Variable 

SUMXX 

SUMXY 

SUMY 

TA 

TAK 

TEDl 

TED2 

THD 

TITLE 

TK 

TKA 

TKD 

TKK 

TQ 

u 

Array 
size 

NSEC 

20 

NSEC 

NQI 

Common 
block 

HYD 

SECl 

HYD 

SYS 

SECl 

SEC 

C-15 

Definition 

Sum used in least squares regres-
sion. [LSQ] 

Sum used in least squares regres-
sion. [LSQ] 

Sum used in least squares regres-
sion. [LSQ] 

Total area at the cross section 
and for the given water surface 
elevation. 

Storage array for total area at 
the cross· section (K). 

Temporary value used for derivation 
of Newton-Raphson approximation. 
(BKWAT] 

Temporary value used for derivation 
of Newton-Raphson approximation. 
(BKWAT] 

Total head downstream. [BKWAT ] 

Array for the title of the program 
run. [INl] 

Total cross section conveyance at 
the cross section for the given 
water elevation. 

Average conveyance used in head-
loss calculations. (BKWATJ 

Total conveyance at downstream 
cross section. 

Storage array for total convey-
ance at cross section. 

Storage array for total discharge 
at cross section. 

Flow velocity. [WEIRS] 



Variable 

us 

V 

VH 

VHD 

VK 

WE 

WID 

ws 

WSA 

WSB 

wsc 

WSD 

WSK 

WSMAX 

X 

XB 

XO 

XP 

.XX 

Array 
size 

NSEC 

NSEC 

NSEC 

NSEC 

NSEC, ND 

10 

C-16 

Common 
block 

HYD 

SYS 

SECl 

SECl 

SYS 

SECl 

SECl 

SEC2 

Definition 

Shear velocity. IWEIRSJ 

Velocity . 

Velocity head. [BKWATJ 

Velocity head at downstream cross 
section. 

Storage array for velocity at 
cross section. 

Storage array for effective width 
at cross section. 

Width of the weir. IWEIRJ 

Water surface elevation. [BKWAT], 
[ CHNGM] , [CONT] , [ GEOM] , [HYDPR] , 
[SUBPF], [WEIR] 

Water surface elevation of stage 
discharge relationship. [CONT ] 

Water surface elevation of stage-
hydrograph. [CONT ] 

Water surface elevation at down-
stream cross section. [CONT] 

Downstream water surface elevation. 

Storage array for water surface 
at cross section. 

Maximum water surface elevation 
at each cross section. 

Array of horizontal distances for 
each cross section. 

Increment of channel width. (GEOM] 

X-value for forced point. [LSQFJ 

Temporary value. (LSQF] 

XX= AD array of log values of 
depth used in least squares regres-
sion. (LSQ] 



C-17 

Array Cormnon 
Variable size block Definition 

y 10 Array used in least squares regres-
sion. (LSQ] 

YB 10 Array used in least squares regres-
sion. (LSQ] 

YO Y-value for forced point. (LSQF] 

yp Temporary value. ILSQFJ 

z NSEC, ND SEC2 Array of bed elevation. 

ZB Increment of channel depth. (GEOM] 

ZDIF Difference between maximum and 
minimum elevation for each cross 
section. [CHNG~I] 

ZDIFM UNITS Increment of water surface eleva-
tion, for the calculation of the 
hydraulic properties relations. 

ZHIN NSEC 11 Minimum elevation for cross 
section. 

ZMP3 ZMIN + 3. 0. (SROUT] 

zo NSEC, ND SEC2 Original bed elevations. 

ZOB NSEC SEC2 Overbank elevation. 

ZSQ Computed section factor. 
[SUBPF] 



APPENDIX D 

LISTING OF PROGRAM KUWASER 

The following is a list of the prngram KUWASER. The listings are 

presented by subroutine in alphabetical order. 

D-1 



D-2 

Program KUWASER 

*UECK 

C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

t-'KUGKAM r<:uw ASl:.R 
l([Nt-'Ul,UUlt-'ul=b5,TAt-'t6=UUIPUr,rAt-'t~=b~tTAt-'t.l=b5,TAt-'Eb=Sl3,fAt-'E9=51 
cJ, fAt-'t.l0=:,13) 

IHlS PKOGKAM 15 A KNOWN UlSCHARGE, WAltM ANU SEU I MEN f RUU f!NG 
MUlJt.L, 
fHlS MUDEL ~AS lJt.LvtLUt-'t.U t:,Y Glt.NN u. dHUwN ANO HUH-MlNb Ll, 
Al fHt ENGINt.tRlNG Mt.StAKCH CtNfEH, CULUHAUU SfATE UN1Vt. RS1IY, 
rUHT C0LL1 N5 , CULUMAUU, 
COMMUN /S t.CJ/ WU(ccl 

l WSK(IUO) , Wt.(IUU) 
2 Al(lVV) t A2(1UO) 
J A5(lVll) t Ab(!UO) 
4 A9(IU0) , A1U(100) 
5 dJ(JUU) rl4(1UO) 
6 t:l/(}UU) t:H!(U)U) 
7 UA4(!00) , UA',1(100) 
8 TKK(lllOl ALt-'K(lUU) 
9 lMAXllOOl 

COMMUN /St.C Z/ 
l ULUHllOO l 
2 SUMQA(lOU) 
J bCIQUl 

l.UMMOI~ / UN 1 TS/ 
l bHAV 
2 OLMA~ 

COMMUN /! 'IF; 
l lUKG 
2 sTAGt 
3 1CALL(30,J) 

COMMUN /HIV/ 
l NfMJt:,(10) 
2 tlA (lU) 
j KfHIU(lO,S) 
4 lfWUT<lOl 

COMMUN /f-' MT/ 
l 1/ 

UlMENSlON 
UAIA IOUM~/0/ 

1.(lOO,Ul 
t UHUl:l ( 1 U U) 
, !:>MAUA(IUO) 

lUNII 
, VVAL 

NSt.C 
, Ct 

l I l ME. 
MSI 
NK!V 

, lCU NT (lO) 
CA l l U) 
Af(l0,5) 

' !:>l:l ( l u) 
lt-' HN I (H) 

, . l H 
t-'NH ( l U) 

UtFlNt. Otvlct NUMutHS 

, -<U( 100) 
, lM l ,~ ( l O O l 
, AJ(lOO) 
, A7(100) 
t dl(lULI) 
, d:, ( l 00) 
t o9(1UU) 
, i:.011.(l UU) 

VK(lUU) 
l(lOU,221 
r <1uu,2c1 

, :,M£Ws(lOU) 

, COHUS 
, rt r 
, ~ r 1 ,., 
' cc ~Ul 

cY::i 
KUI"' ( 10) 
;.i::,i:, ( 1 U, 5 l 
-<U I ( 1 LI, 5) 

, t:H < 10,51 
, AN ( l U l 
, 15 
' 1 '1 

lNt-'UT UEVICE FOM GENERAL UAfA F lLt 
DEVICE fUH t-'HlNltU UUft-'UT 

' f lol ( le~) 
, lUt:l(l UV l 

A4(lU ) 
Atl(lU O) 
dc(lU U) 
tlt>(lU Ul 

t dlU(l UU) 
, IAl<.(l UU) 

,;:j'IA1.(10U) 
llJ(l0 0 , 22) 
_ljLJ ( l UUl 

, lLMl N(lOU) 
, LUIFM 
, CONY 
, 0 I 
, 1"0-IM 
, NCALL 
, KOUwN(lOl 
, A1. ( 1 U l 
, ll >Hd<lU ,~l 
, KCUNI (10 ) 
, !:!N ( l U) 
, 16 
, 110 

15 
lb 
I 7 
18 
19 

110 

lNt-'Ul U[vlCt rUH c~uss st.Cf!UN FILE 
lN~UT UE VI Ct. . rUK U[SCHAKbt. rlLE 
oul~UT UtVICt. FUk Yt.AHLY l.HUSS SECflON ELt.VAflONS, 
(f3I NAHY UUl~UI) 
Uult-'Uf litVICt. FUH CHOSS St.CllUN rlYUHAULlC t-'H>'E.MTIE.S, 
(f31,~AHY UUlt-'Uf) 

l~ = ~ 
lb= b 
17 = 7 
ld = d 
1 '>' = .., 
110 = 10 

HEAU IN THE St.OIMENT ANU GtUMt.TKY DAfA, 

CALL lNl 

• ' . 

t-'Uf5 CUHMt.CT VALUt!:> ru IHE. CONSTANT~ ACCUHOl NG TU IHE UN1f-5YSTEM. 

lUO 

110 

lcU 

CALL UNI I 
CONVtHI HlVEH OI51~NCt.5, 
UU lJU NH= l,NRlV 

t-'NK (NH) : V •:, 
KU= KIJt-'(NHl 
Ku . = I\UUw,~ (NH) 
Ir (NH,t Q, l) b\l TU lVO 
NKM l = NR - l 
Ir <K U,tQ,KUP (,~HMl)) KU = KO + l 
l/U llu K = KU,I\U 

UIS= l'<U(K) 
CALL RlVOS (1~H,Ul!:>l 
HU(I\) = UIS 

CUN I l NU t 
NI = NIHil:l(NH ) 
11' (NT . t.Q ,V) l>U ru lJV 
UU l2U J: l,Nf 

Ul5 = KOf( l~H,J) 
CALL HlV05 (NH,lll!:>) 
MDT (N R•-'> = Ul!:> 

CUN I l NUt. 

00 10 
UU20 
VU.HJ 
0040 
U050 
llUoO 
0070 
001:,0 
Ull'iO 
UlVO 
Ol!U 
0120 
0130 
01 .. u 
UbU 
UloO 
0 l / 0 
UldO 
0 l t;U 
UcUO 
0210 
0220 
UcJO 
Oc40 
02:,0 

,Ocoo 
02/0 
OcdO 
02-,,0 
UJvO 
OJlu 
OJcO 
03Jll 
0340 
l)J:,O 
0360 
03/U 
OJdU 
03t;O 
U4UO 
0410 
U42U 
04JO 
0'+'+0 
0450 
04t>O 
U4/U 
04dl) 
04';0 
u5uu 
0~10 
0 52\) 
O~JU 
0540 
05~0 
05b0 
05/0 
U5d0 
05'iO 
06UO 
0610 
V620 
ObJO 
0640 
06:,v 
U6oU 
06/U 
Ut>t!U 
06'>'0 
U7UU 
U71U 
0/20 
UlJO 
0 / '+ U 
U 7 :,o 
U 7 bO 
07/0 
U7d0 
07'-IU 
UtlVO 
OtllO 
Utlt:'.0 
UdJO 
0840 

- Ud::>0 
Ut!t>O 
Ud/0 
UddO 
\Jd'10 



Program KUWASER continued 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

lJu LONllNUt. 

l 4!J 
l :>U 

SU lNITIAL IIALUt.S 
UU l:>U K = l•NSEC 

WSMAX(K) : O.U 
SMLwS(K) : O.U 
!:>MAUA(K) : O.U 
SUMUA(K) : O.U 
WSK (Kl : U.O 
IU(rO : Q.U 
1/1'\(K) : OoU 
t:.UK(K): !J.0 
;lt.(K) = O•U 
AU'K(K) : ,J.O 
T KK ( K) : U • 0 
[ AK (K) : U. 0 

!>ET UMIGNAL 8£0 EL!:.VAI lUNS 1~10 ZU(K,Ll AMHAY. 
M : l'W(K) 
00 lJ+U L : 

LU!K,L> 
CUN I [NUI:. 

CUNT !IWE 

l, M 
: L(K,L) 

CALCULATE THt. INlflAL HfUMAULlC PMOf'EHllt.S UF EACH CROSS SECTION 
UU lbU K = l•NSt:.C 

C~LL !HAL (K) 
CALL CHNGM (K) 

lt>U CUN f INUE 
ll EHAlt. UIIER 1:.ACH TIM[ PERIOD. 
lF (1~T1M.Nl:. 0 U) c;o IU · l/U 
wM!rt: (lb,J}U) 
ST JP 

l/U UO JuO I : },NllM 
lflME = [ 

11!:.MA[t UIIER SUBMUUTlNI:. CALLS 
OU c9U NC= l,NtALL 

lCALl : [CALL( NC ,ll 
l,U ru (lH0,1~u,2uu,21u,22u,2Ju,24U,cSU,260,tBU), lCALl 

Ul:.f!:.HMlNE FLUW AT EACH CMOSS SECTl UN 
ldU CALL FLOW 

c;u TU c 'JO 

CALCULATE WAIER SlJMFACt: PM FILE FU R ~EACH 
l~U CALL 5UdPF (lCALL( NC,c)) 

uu ru c~u 
COMPUII:. FLUW!:> ANU wAfEH SU HFACE PMUflLiS ~OH OIVIUE~ FLOW REACHl:.S 

200 1CAL2: ICALL(NC,2) 
f': t-'NM<ICALcl 
!FLAG= 0 
CALL OlllUE (ICALL(NC,c)tlCALL(~C,J),IOUMB,IOUMd,lFLAu,P) 
t-'NM(1CAL2) : P 
uo ru c90 

CALCULATE SEUlMENT TMAN!:>PUMT AT EACH CHOSS St:CflON. 
210 CALL Sl:.U 

uo r u .:~o 
CALCULATE SEUIMENT fHANsf'UHT UVER THE WElHIS) 

?.tu CALL wt.IRS (ICALL(NC,c),ICALL(~C,J)) 
c;u ro c90 

CALCULATE TRldUTAMY SEulMt.Nf UISCHAHGt:. 
c3u CALL TMlBS 

uo ru 290 
MUUTE IHE SEUIMENT IN IH~ MlVt.R Rt.AC~ 

c4U CALL 5MOUT IICALL<NC,2ll 
c,o ro t9o 

OUPLICATE PRUPfRTlt:S Al UUUBLE CRUSS S~CIIONS 
2SU CALL QUP (ICALL(NC,c),lt.ALL(NC,J/) 

GO TO 290 

u~uu 
0910 
U9cU 
09JU 
09 .. u 
09:,0 
U91>U 
09/U 
U9d0 
U99U 
lUUU 
lOlU 
1020 
lUJO 
lU40 
lUSO 
lUt>U 
10/U 
lUdU 
10'10 
lluu 
lllU 
llcO 
llJO 
ll<+U 
lbO 
1160 
ll /0 
11 till 
1h10 
lcUO 
121U 
1220 
UJU 
1 c'+U 
1 c:>O 
l2t>U 
Jc/0 
l<'dO 
12¥0 
lJuO 
1310 
l3cU 
1330 
13'+0 
1 J:,O 
lJoO, 
lJ/U 
l3d0 
lJ',IU 
J4uU 
1410 
14<::0 
l4JO 
l 4 .. 0 
14 :,U 
l 4t>O 
l" I 0 
l4dU 
l .. ',10 
lSUU 
blO 
1:,co 
l :)j\) 
l~-+U 
15:,0 
l~t>O 
l:, I U 
lSbU 
1~90 
lbUU 
lblO 
lbcO 
lt>jO 
10 .. u 
l b:,O 
lbt>O 
lb/0 
lbtiO 
lb~U 
17UO 
171 U 
l"fcU 
17j0 
l , .. u 
lbU 
l 7b0 
l 7 / 0 
lft!U 
17.,,u 
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Program KUWASER continued 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 

C 
C 
C 

JEST FUR MAXIMUM WATl:.R SUMfAC~ AT EACH CMOjS SECTION 
cbO uo c7o r< = l,NSEC 

lF (wSr< (r<).Ll.W SMA1-(r'i.)l GO IU cfll 
wSMAA(r<) = WSr'i.(r'i.) 
lMAA(t<) = lllMt. 

2fU CUNllNUE 

29u 
300 

PklNI OUT lHt. RESULTS. 
CALL ()Ufl 
uO TO c<,10· 

UkEDut MlV£R MEACH 

LALL ()Ml:.Ou 
CON f INUE. 

CUNrlNUI:. 
STllP 

(lCALL(NC,c)I 

JIU ~UMMAT (//,1ux,J1:1Hf HI:. NUMHEM UF Tl~t. Pt.MIUUS EUUAL Lt.MU,,/,l01',42H 
lNU wAfl:.M UM St.OlMENT MUUl1Nu 15 Pl:.MfUMMl:.U.I 

t.NU 

ll:IUO 
11:110 
ll:lcO 
l 1:130 
l 1:1-.0 
l d:,O 
ldt>U 
!l:lfO 
ll:ldO 
l d<,1\) 
1900 
1910 
l 9cu 
1930 
19-.o 
l<,1:,0 
l9b0 
19 /, 0 
l 'JdO 
l 9'1U 
cOiJ o 
2010 
2oco 
<::UJO 
20-.0 
20:,0 
20bO 
20 /U 
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Subroutine BKWAT 

SUBROUTINE BKWAT <K,WS,ICRI) BW 0010 
C BW 0020 
C THIS SUBROUTINE CALCULATES THE WATER SUR FACE ELEVATION AT A BW 0030 
C CROSS SECTION ONCE THE CONDITIONS AT THE DOWNSTREAM SECTION BW 0040 
C ARE KNOWN, THE ROUTINE USES A FIRST ORDER NEWTON-RAPHSON BW 0050 
C SOLUTION TO THE SOLVE THE TOTAL HEAD EQUATION, BW 0060 
C BW 0070 

COMMON /SEC1/ WDC 22 ) , RD C100) , TG(125) BW 0080 
1 WS KC 100) , WE <lOO> , ZMINC100l , ZOBC100l BW 0090 
2 A1(100) , A2(100> , A3(100) , A4C100) BW 0100 
3 A5(100) , A6 ( 100) , A7(1 00 ) , A8C100) BW 0110 
4 A9(100) , A10(100) , B1(100) , B2(100) BW 0120 
5 B3C100) , B4 (100 ) , B5(100) , B6(100) BW 0130 
6 B7(100) , B8 ( 100> , B9C100) , B10C100) BW 0140 
7 OA4C100> , OA9(100) , EDKC100) , TAK(100) BW 0150 
8 TK KC 100) , ALPK(lOO) , VKC100) , WSMAX(lOO> BW 0160 
9 IMAXClOO> Bw 0170 

COMMON /UNITS/ IUNIT , CORDS , ZDIFM BW 0180 
1 GRAV , VVAL , FET , CONV BW 0190 
2 DZMAX BW 0200 

COMMON /INF/ NSEC ' NTIM , DT BW 0210 
1 IDRG , CE , cc , PORM BW 0220 
2 STAGE , ITIME , NCH , NCALL BW 0230 
3 ICALL<30,3) , MST , EPS BW 0240 

COMMON /SYS/ VHD , WSD , TKD BW 0250 
1 DEX BW 026 0 

COMMON /HYD/ V , ED , EW BW 0270 
1 ALP , TK ., TA BW 0280 

COMMON /F'RT/ IPRNT(8) . ; 15 I6 ,. BW 0290 
1 17 , I8 , I9 , I10 BW 0300 

C BW 03 10 
C CALCULATE THE TOTAL HEAD DOWNSTREAM, BW 0320 
C BW 0330 

THD = VHD + WSD BW 0340 
C BW 0350 
C ESTIMATE THE UPSTREAM WATER SU FACE ELEVATION BASED ON THE BW 0360 
C DOWNSTREAM CONDITIONS, BW 0370 
C BW 0380 

KOUN T = 0 BW 0390 
WS = WSD +DEX* CTllCK)/TKDl * <TG<Kl/TKD) BW 0400 

100 KOUNT = KOUNT + 1 BW 0410 
C BW 0420 
C DETERMINE IF ESTIMATE IS GREATER THAN THALWEG, ~w 0430 
C BW 0440 
C BW 0450 

IF CWS,LE,ZMINCK>> ws = ZMINCKl + FET BW 0460 
CALL HYDF'R CK,WS> BW 0470 
IF (KOUNT,GT,MST) GO TO 140 BW 0480 

C BW 0490 
C CALCULATE VELOCITY HEAD, CVH>, BW 0500 
C BW 0510 

VH =ALP* V * V/ (2 , * GRAV> BW 0520 
CCE = CE BW 0530 
IF <VH,LT,VHD) CCE cc BW 0540 

C BW 0550 
C CALCULATE THE HEAD LOSS, ( HU, BW 0560 
C BW 057 0 

TKA = <TKD + TKl/2, BW 0580 
HLV = ABS<VH - VHD> * CCE BW 0590 
HL =DEX* < <Tll(K) * TG<K> )/CT ··A * TKA> > BW 0600 

C BW 0610 
C CALCULATE THE ERROR, BW 06 20 
C BW 0630 

ER= VH + ws - HL - THD HLV BW 0640 
C BW 0650 
C TEST FOR ERROR TOLERANCE, BW 0660 
C BW 0670 
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Subroutine BKWAT continued 

C 

C 
C 
C 

IF <ABSCER>,LE,EPS) GO TO 150 
IF (KOUNT,GT,HST) GO TO 140 

CALCULATE THE FIRST DERIVATIVE AT THE ESTIMATED DEPTH, 

BW 0680 
BW 0690 
BW 0700 
BW 0710 
BW 0720 

D = WS - ZMINCK) BW 0730 
IF <WS,GT,ZOB<K>) GO TO 110 BW 0740 
TED1 = B5(K) - 2,0 * B3CKJ - 1,0 BW 0750 
ATEMP = <TO <K > * TO<Kl/(2, *GRAV))* ((A5(K)/(A3(K) * A3(K))) * BW 0760 

1B5<K> - 2,0 * B3<KJ)l * D * * TED1 BW 0770 
ATEMP = (1, - CCE> * ATEMP BW 0780 
TEDl B4CK) - 1,0 BW 0790 
TED2 2,0 * B4<K> - 1,0 BW 0800 
BNUM (4,0 *DEX* TO<K> * TO<K>> * (2,0 *TKO* A4CK> * B4(K) * BW 0810 

lD * * TEDl t <A4(K) * A4CK)) * 2,0 * B4<K> * D * * TED2> BW 0820 
TED1 B4<K> BW 0830 
TED2 2,0 * B4(K) BW 0840 
BDEN <TKO* TKD > t 2,0 *TKO* A4< K> * D * * TED1 + <A4CK) * * BW 0850 

l 2) * D * * TED2 BW 0860 
GO TO 120 BW 0870 

110 TEDI= B10CK) - 2,0 * B8CK> - 1,0 BW 0880 
ATEMP = <TO(K) * TO<KJ/(2, *GRAV>>* <<A10(K)/(A8(K) * A8(K))) * BW 0890 

1(B10(K) - 2,0 * B8(Kl)) * D * * TED1 BW 0900 
ATEMP = (1, - CCE) * ATEMP BW 09 10 
TEDI B9(K) - 1,0 BW 0920 
TED2 2 ,0 * B9(K) - 1,0 BW 0930 
BNUM (4,0 *DEX* TOCK) * TO<K>> * (2,0 * TKD * A9<K> * B9(K) * BW 0940 

1D * * TED1 + <A9<K> * A9<K>) * 2,0 * B9<K> * D * * TED2> BW 0950 
TEDI B9CK> BW 0960 
TED2 2,0 * B9(K) BW 0970 
BOEN <TKD * TKD> + 2,0 *TKO* A9CK) * D * * TEDI t CA9(K) * * BW 0980 

1 21 * D * * TED2 BW 0990 
120 DER= ATEMP t 1,0 t (BNUH/CBDEN * * 2)) BW 1000 

C BW 1010 
C ESTIMATE CORRECT WATER SURFACE BY NEWTON-RAPHSON METHOD BW 1020 
C BW 1030 

. --- ___ ___ IF HIER,U,O,O_,l\ND,ER~G.L.O .. OL .GO _T_D_.l..3.Q..._ _________ --- - _ _______ aw .10'90 

C 
C 
C 

WS = WS - ER/ABS<DER> BW 1050 
GO TO 100 BW 1060 

130 D =(TOCK>* TO<K> * A5(K)l/(A3(Kl * A3(K) * GRAV) BW 1070 
D = D * * <1,/(1, t 2, * B3(K) - B5(K))) BW 1080 
WS = D + ZHIN<Kl t FET BW 1090 
IF (WS,LT,ZOB<Kl) GO TO 100 BW 1100 
D = (Ta(K) * moo * AlO(K) )/(ABCK) * A8CK) * GRAV) BW 1110 
D = D * * Cl,/Cl, + 2, * BBCK> - B10CK))) BW 1120 
WS = D + ZMINCK) t FET BW 1130 
GO TO 100 BW 1140 

140 ICRI = 1 . BW 1150 
IF <IPRNT(8),NE,l> GO TO 150 BW 1160 
WRITE CI6,160) EPS,MST,K,ITIME BW 1170 

150 IF CWS,LT,WSDJ WS = WSD BW 1180 
RETURN BW 1190 

160 FORMAT C/10X,41HBACKWATER CALCULA TION DID NOT CONVERGE TO,F4,l,4H 
lIN ,I3,11H ITERATIONS,/,10X,16HAT CROSS SECTION, I4,1 9H DURING TIME 
2 PERIOD,I5, / ,10X,26HCRITICAL DE~TH IS ASSUMED,> 

END 

BW 1200 
BW 1210 
BW 1220 
BW 1230 
BW 1240 
BW 1250 
BW 1260 
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Subroutine CHNGM 

C 
C 
C 
C 
C 
C 
C 

C 
C 
C 

C 
C 
C 
C 

C 
C 
C 
C 
C 

C 
C 
C 
C 

C 
C 
C 

C 
C 
C 
C 
C 

100 

llu 

l 

SU~HUUTINE CHNGM (Kl 
THIS SU~HUUTINE CUMPU TtS PU~E~ HELAflU~S fH Af AME JSc.U IU 
CALCULATE EF~"f.CflVt. Ut:YIH (tOl, t.FFc.Cfln ,odUfrl (£w), 
ALPH;1 (ALP), IOfAL AHl:A lrA), ANU lUIAL CUNVtYANCE (IKl, 
~UM A LHUSS :,£CTION, AS A r UNCTIUN UF IHt lo/All:M SUMFACI: 
t.Ll:VAIIO"< 1\,/::>l. 
CUMMUN /SEC[/ 1110 ( 2tl • MU(lUOl I Y 11 c!:,l 

wt(lUU) wSK ( lUO) • lM1Nt!UOl lUt:i(!UUl 
c Al(lUU) At(l UUl A3(1U0) A'>l!UUI 
j A~([UU) • Ab(l UUl AfllUUl AtHiUUl 
4 A'i([llU) · • AlllllUUl • dl(lUUl dt(lUU) 
5 t;J(lUU) • t!'>(l UU) ~!:, ( l u u) db(lUUl 
b 1:H(lUUl • tHsllUO) ci~(lUUl • t!lU(lOVl 
7 • UA9(1UUl tlJ .~(lUUI OA'+ ( l U()l IA K(lOOl 8 TKK(lUOl ' AU'K l IUU) • VK(lUUI liS ."IAl'..1100) 
'I l ,1A X ( l U U l 
l c 
1 
1 
1 
c 

CUMMUN /UNITS/ l u,~ IT 
GHA V ' VVAL 
UtMAA 

COMMUN /HY U/ V 
AU' ' IK 

COMMON lr'Mf / lPf<Nr (8) 
1 r ' 11:1 UlME_ ,,jSlOI~ At:W(lOl 
ATA(lU) ' AIK(1U) 

UATA 
StJ ([Ul 

NAf'/lU/ 
CALCULATI:. THt RELAllONSHIP:, FOR 
ZOIF = ZOHIKl - LMlN(Kl 
IF <LlJIF .LT .L UIFM I LUU- = LUffM 
UwS = LOl~/FLUAT(N;1PJ 
WS::: LMlN(KJ 

' CO,<US • lUIFM 
' Fl:.I • CUNV 

• EU ' Elol 
' IA 
• 15 ' 16 

l 'i 11 U 
AALP(lOl AtU ( l O l 

• AU ( l U l ' MCK ( 1 ll l 

THE "IAIN CHANNEL. 

CALCULATE THt EJI. Acr HYUHAULlC PHOf'EHI Ic.S Al (NAf'l EVENLY SPACED 
WAf EH SUH~ACt ELtVAllUNS. 
UU lUU N::: l•NAf' ws::: ws. uws 

CALL lltll~I <K,WS) 

IAKI:. fHt. LUG UF IHI: HYUMAULIC PMOPl:Mllts. THESE VALUE S wILL t!E 
USEU IN Trll:. LlNEAH Hl:GHtSSlUN SUHHUU ll NI:., SU [HAT A PUwl:H 
FUNCI lUN WILL ~t. UblAlNtU. 

AEwlN) ::: ALOGIEwl 
AfU(N) ::: ALOG(~Ul 
AIA(N) = ALUGIIA) 
AfK(N) ::: ALOG(TK) 
AALP(N) : ALOlll;1LPl 
AU(Nl = ALUG(,.5 - LMIN(K)) 

CUNTINUt: 

CALL LtAST SLIUAkt.S LINC.AK H£GHE5510N SUt:IMUUllNE TO CALCULATE. 
IH t: HYUKAULIC POwEk FUNCf lO NS . 
CALL LSQ (NAl-'tAU,Al:.WtAl (Kl ,dl (K) ,KCK(ll tSU(l)) 
(.ALL LSGI (NAP,AU,At.U,Ac(K) ,ti 2(Kl , HCK (c) ,SO(c) l 
CALL LSQ (NAf',AU,AfA,AJ(K) ttU(K) ,KCK(3) ,:,U(j)) 
CALL L:;u (NAt-'tAUtAIK,A'+(K) , ti41K l ,HCK(4) ,SU('>)) 
C.ALL L::>LI ("<Af-',AO,AIILi-',A:>(K) , ~!:, ( Kl , HCl\(:>l ,SU(!:>)) 
UA'+(K) = A'+(K) 
lF (HCK (4) . r,I .u.8) GO ru 110 
A!:,IK> = 1.cs 
t:1!::,(K) ::: OeUl 
LALCULATt: Irle. RE LAIIU NSH IP:, FUR UVt:Mt:IANK FLUIII. 
UU ~ ZUBIK) - ZM!N(K) 
I~ (UU.Lc.. O.ul UU::: O.l 
AUU = ALUu(QU) 
AIAU = ALUG(AJ(K) ~OU• • dJ l~l > 
;1JKU: ALUu(A'+(K) • UU • • t:l'+(K)l 
LUff = ZUIFM u~s = LUIF/FLUAT(NAf') 
UU lcO N : l HIAP 

WS = WS + UWS 
CALL lll:UM ( K, wS) 

!AKE lHE LUG UF THE HYUHAU IC PHOPf~IItS. THESE VALUES ~ILL t:IE 
USc.U IN IHI: LINEAR Hl:.GKc.SSIUN SUt!HUUll~t, SU frlAT A ~Uwl:R 
~UNCllUN WILL PE OdfAlNtU. 

AtW(N) ALOGIEwl 
AtU(Nl ALOGltU) 
AIA(Nl ALOGI IA) 
AIK(N ) ALOG<fK) 
AALP(N) ::: ALOG(ALP) 
AUIN!::: ALUG(•S - LM!N(K)) 

CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG cc; 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
Cli 
CG 
CG 
CG 

' CG 
CG 
CG 
CG 
CG 
CG 
Cl, 
CG 
CG 
CG 
CG 

UUlO 
OOcO 
UUJO 
UU40 
UU!:,U 
OUt>U 
UU/0 
UUt:10 
uu~o 
0100 
Ullo 
OlcO uuo 
u l '>0 
Ul:>O 
u 1 oO 
0110 
Olt!O 
Ol<JU 
UcUU 
OclO 
U2cO 
tRJO 
Oc4U 
Uc:>0 
U2oU 
Oc/U 
UctiO 
02-JO 
U3UU 
U310 
U3tO 
0330 
03'>0 
U3!:>0 
UJt>O 
U3/0 
U3dO 
03',10 
04UO 
U410 
04cU 
U'+.JU 
04'>0 
V'>:>U 
0'>o0 
U'>/0 
U4t!U 
0'>'i10 
USl.10 
OS10 
O!:>cu 
U!:,JO 
US<+O 
OSSO 
05oO 
US/U 
0St!U 
U5<JO 
06UO 
0610 
ObcO 
UbJO 
06'+0 
06!::,U 
0660 
06/0 
Ul'>t!U 
Uo-:,O u7uo 
0 fl 0 
01to 
0730 
U7'+0 
0 /!:,O 
U/t>O 
O 710 
07t!O 
07',10 
Ul:lUO 
Utl 10 
Ot!cO 
Ut!JO 
Ut!'+U 
U8Su 
U8t>U 
Otl/0 
U8ti0 
Ut:l'ilO 
0900 
0',1 l 0 
09t0 
O'ilJO 
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Subroutine CHNGM continued 

C 
C 
C 
C 

C 

C 
C 
C 

120 CONflNUt 

CALL LtAST 5UUARtS LlNtAR HEGHESSlON SUHHOUllNE TO CALCULATE 
IHE HYURAULIC POWl:.H FUNCTIUNS. 

CALL LSU ( NA ... •AD,Al:.W,Ab(r() ,t!olK) ,HC:<.(6) ,:,U(6)) 
CALL LS<J (NAt-',AU,AtU,A((I\) ,tHIK) tHCrl.( fl ,:,t)(I)) 
CALL LS<Jt- (NM',AlJ,ATA,Al:l(l\l , 1-3 1:l(I\) ,RCrl.(l:l) ,:,01 1:l l ,AOU,AIAO ) 
CALL LSLJf (NAt-',AlJ,AIK,A't(rl.) t t!':1(1\l ,RC'\(':ll ,SU( <; ) ,AOU,AII\U ) 
CALL LSIJ (NAt-'tAU,AALf',Alu(K) ttllO(I\) dC ,'\( l\J) t:>U(lO)) 
UA':l(Kl : A':l(r\l 
if IRCKl'J).GI.O.H) GU ru !JO 
AlU(r\) : lo2!:> 
tllU(K) :: o .ol 

lJO H (it-'f<NIIZ)ol'IE.ll HEIURN 
WHIT!:. (lb,14\J) K,Al(l\)otll(l\l,HCK(l),jLJllloA2(K),tl2(Kl,HCK(2),SU(2) 

l,1d(K) ,bJ(K) ,HCI\IJ) ,SUU) ,A4(K) ,rl'+(rl.) ,HCrl.( 1+) ,SU(4) tA:>lrl. ) ,c:,(I\) ,HCK 
2 I:, l , SU (:, l 

wH!Tc. llb,l4U) K,Ab(l\lttlblr<.l,HCK(bl,SO!bl,A/(K),t:l71r<l,HCl<(7l,S0(7l 
l,AH(Kl ob/j(r\) ,HCK(t!J ,SUIH) ,A9(t<) ,t:l9(t<l ,HCrl.(9) ,SUl9) tAlU(r<.J ,t:l!O(Kl ,H 
21.:K l lU) ,SU<!Ol 

HETUHN 

140 fUHMAT (2X,I3,lX,fbo2,lA,F4o2,lX,t-4,2,1X,f5,J,lX,lrll,FT.2,lX,f4o2, 
llX,f4.2,1AtfS.3,lA,1Hl,f ,.2,1x,F4.2,lA,F4.2,lX,f5.3,lX,lrll,F7.o,1x 
2,f4.2,lX,f4 0 2,lX,fS,J,lX,lHl,f7.J,lX,f4.2,lX,F4o2,lX,F~.3,lX,1Hll 

tNU 

CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 

0'140 
U't!:>O 
U9oO 
09(0 
09,jO 
U':190 
1000 
1010 
1020 
l U.iO 
l 0<+0 
l U:,O 
lOoO 
10/0 
lObO 
1090 
1100 
1110 
1120 
l l .iO 
11'+0 
11:,0 
1 1 bO 
11/0 
1 1 tl U 
1190 
1200 
1210 
1220 
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Subroutine CONT 

SUt:HWUI lNE ( UNT (.''4HtW5) CN 0010 
C CN 0020 
C IH!S SUckOUr!NE IS usrn I U COMl-'UfE I r1t. WAT EH Svl-!FACE ELt.llAflON CN UOJO 
C AT THE. OUWNSIHEAM CUNIHUL CN U040 
C (N ooso 
C UE.F 1N IT l UNS OF TYl-'t.S Ur CUNIRIJL CN OUt>O 
C CN 00/0 
C lCUNl(NH) TYt't. UF CONTHOL CN UUoO 
C CN 00-,10 
C 1 s r AGt.-u I SCt1AI-H,E Hc:.L.AI lUNSHH' CN UluO 
C c SfAl>t. HTtJ><OG~Al-'H CN 0110 
C j UU,iNSIKt.A-1 wATt.K :,Jki'"ACt. CN 01co 
C 4 l>Kt.Alt.SI OF #l ANU Uc!. CN UlJO 
C 5 l>Ht.Alt.Sf UF Ill ANU 113 CN Ul<+\J 
C () NOK1~AL Ut.1-'TH CN Ul:,O 
C CN Olt>U 

COMMUN /SE(1t wu<cc> ' -lO 11 UU l ' I U < 125> CN Ul/0 
l lriSK(lUO) ' Wt. ( l UO) ' lMlNllUO) • lUBllOO) CN Ult10 
2 Al ( l(JU) ' Ac(lUUJ • AJllUO) ' A4(1UU) CN 01..,,0 
J AS<lUU) ' Ab ( l UU l A/(!UU) ' Atl ( l UU) CN U2UO 
4 A<.J ( l llU) AlUllUOJ dl(lUU) ' t'lc < 1 u u > CN UclU 
5 _t:!J(jUU) t,4 I l Ull) o5 (1UU) ,•db(lUU) CN ozco 
0 ti/ljUU) ' t:Hl(lUU) cl9 ( l uu J ' dlU(lUO) CN Uc.30 
7 IJ/14(100 ) ' UA91100l c:.Ul\(lUO) TM(lOU) CN 0240 
t:I rKK(lOO) ' ALl-'K(lOU) Vr<. ( 1 OU l 11S~lAl!. ( lUUl CN 02:::iO 
9 l ,"IAX 1 l OU) CN 02t>O 

CO~l,'10N /1-!lV/ N>! IV ' ~Vl"l10 l ' I\OOWN(lO) CN U2/U 
l 1'IIK{ti(!U) ' lCUNI ( 10) ~Si..llU,Sl ' AAllU) CN Uct:10 c t:! X ( 1 LI l ' CA ( 1 U) HUI <!U,SJ ' ll Hll:Hl0 , 5) ' CN Oc<.JO 
j Kll-!{UIL0,5) Al(lU,5) ' :,J (lU,5) KCuNl(lO) CN OJuo 
4 lHOLJI ( 10) St:! I l u) AN ( l U) t!N ( 10) CN UJlO 

CUMMUN / !l'IF / NSt:.C 'I I 1 M or CN UJcO 
1 lUf-lG ' Ct: cc f'OiH1 CN 0330 
2 ST AGi:. l I l ME 'l(H ' NCALL CN UJ'+O 
j lCALLl30,3) MSI ' c.t-'S CN 03:>0 

C CN UJbO 
C UE fEHM l Nt: ht'E Of UOWNS TRt:AM CONTl-!01.... CN 0370 
C CN UJoU 

!CANT = lCONllNrll CN UJ.,,O 
GU ru 11uu,11 u ,120,1uu,1uu,11u>, l CA '4 T CN U4UU 

C CN 0410 
C SfAGt::-OISCHAHGE CUI~ rHUL CN U'+cl) 
C CN U4Jil 

lOU 1\0 : KOOW"4 (NH) CN U'+ .. U 
WSA: CX(Nk) • Al.(NH) • Tu (KO) • * ell!. (N>!) CN U'+:,O 
H (1C0Nf lNRl . EU .4) l,I) Ill 110 CN 04o0 
1r ( !CUN f INRI o E.ll o':>) l,L) I u 12U CN 0'+ 70 ws = wSA CN U41:l0 
HE.[U>!N CN 04',10 

C CN 0500 
C Sf AG!:. HYOkOG>!APH CUNI HUL o CN US10 
C CN U520 

11\J WSd = STAGt. CN OS_jQ 
lF ( !CUN! lNRl .EQ.4) GO 10 130 CN l)':,41) ws = wsu CN O::iSO 
Ht.TUKN CN USt>U 

C CN U5/U 
C OOWNS TREAM WAfEH SUHFACE. CONTKOL. CN 05dO 
C CN U':>'ilO 

120 KO = KCONTlNH) CN oouu 
.. sc = \<4SK lKnl CN 0610 
H l lCONT (NRl .EQ.S) Gu ro l :,0 CN U6c0 
wS = wsc CN iJoJO 
Ht. TUHl'I CN U640 

lJU H (wSt:1. G l o\lSA) GO TO l 4U CN Uo:,O ws = WSA (N Uot>O 
Ht.lUHN CN Uo /l) 

l '+U w:, = wSB CN Oi:>dO 
Ht.fUHN CN 06',10 

lSU If (WSC.GT.i,/SA) GO TU li:>U CN U(UO 
w!:, = wSA CN OflO 
Ht. fUHN CN 07.::0 

l6U 1~S = •SC CN U7JU 
>It. I Ul-!N CN 0740 

C CN 07:,o 
C NUK MAL DU'TH CALCULAI (Ur~s. CN 07b0 
C CN 0770 

llU KU = I\OOwN ( r~H) CN U7d0 
C = Tll( KU)/(St:!(NK ) * • u.s) CN U 7'10 
u = lC/A4(1\l))) .. * (lo/t:!4(K())) CN U8UO 
<I':> : L M 1 I~ ( KI) ) + 0 CN Ul:llO 
lF (wS.L t. .Ll)tj(KUl l I-It. I IJHN CN U8c0 
C = fU(KU)/(Sd(NK) .. * u.s> CN U8.3U 
U = (C/A'il( KQ)) * .. llo/b'il(KO) l CN 0840 
wS = LM !Nll\Ol + D CN OtbU 

C CN Ul:lt>O 
Ht:IUKN CN Ul:l/U 
t.NO CN ot:100 
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Subroutine DIVDE 

C 
C 
C 
C 

C 
C 
C 

C 
C 
C 
C 

C 

l u (/ 

11 O 

12u 

130 

140 

1 :>U 

1 bU 

l7U 

ll:lO 

SUtlRUUTINE DlVDE. (NH1,Nr<2,f') 

IHlS SUt:lHUUTINE USES A StCUND ORUtR CURVt: FlfTING ALGORIIHM 
IO F !NU r,1£ HAT ro uF F L OwS "f'" IN Dl VI LltU FLOW HEACH:,E.S 

COMMUN /INF/ NSEC 
1 I UHG , Ct 
2 SIAGt lllMt:: 
J ICALL(30,3) MSI 

COMMON /f'HI/ lf-' e<N l< !H 
1 Ir , ltl 
UIMtNSION t(J) 
UATA XLOL,X 1Jl-'L/O.O,l.U/ 
XA :::: f-' 
NC= U 
UA = U.2 
LALL Sf-'LJT (NHl,NH2,VALUE,AA) 
f-' = AA 

, 'H lM cc 
'Wl 

' c.f' ::i 
' l:, , 19 
' '( ( j) 

IF (VALU E .LE.tEPS <> tf-'S)) \>CJ 10 2(0 
A = VALLJt 
At:l = XA + Ux 
IF (,\h.LE.xuf-'U GO TO 110 
At:l: AU,'L 
CALL Sf-'LlT (NHl,NHc,VALUE,Xt:l) 
f' :::: Xt:l 
lF (vALUt.•LE• <EPS " E:YS)) \>CJ TO 2f0 
tl: VALUt 

, D T 
, l"U~M 
, •'KALL 

lb 
I l 0 

UEIEt-<MlNt fHt:: TtilHU POINT HEQUIHEU FOH A,'f'HUXl~AllCJN 

H- (A.GT .t:l) GO TO 150 
AC= XA - UX 
If (XC.Gt..XLUU GO TU lJO 
,\C = XLOL 
CALL Sl-'L!T ( NtH,NH2 ,VALut,AC) 
P = AC 
H (\IALUt::.LE• <EPS <> U'S)) uCJ TO 270 
C = \IALUt 
Y(l) = XC 
Y ( 2) = AA 
'( ( j) = )\t:J 
E < 1l :::: C 
E(2> = A 
E. ( j) = 8 
l F ( C •LT• A) GO TO 14 0 
XlNF = XA 
fJNF = A 
uu ru lijo· 
XlNf:::: XC 
r I NF = C 
GU TU 180 
XC:::: XA + 2, * OA 
Ir (!.C..Lt.xut->U (,(J TU lt>O 
AC = XUPL 
CALL Sf'LJ T ( 1-t~ l, NH2, \I ALUt., XC) 
f' = XC 
IF (VALUE..LE• (F.:PS • EPS) l GCJ TO 2f0 
C :::: VALUt 
'( ( l) :::: XA 
Y( 2) :::: Xt:l 
'f < .:ll :::: .'C 
r. < 1l "' 
I,: ( 2) = t:l 
t<Jl = C 
lr (C,LT . i:;) uU TO l 7U 
)(.lNF = X8 
FINF = ti 
GO TO ltJU 
lUNr :::: XC 
F l NF = C 

ELIMINAT E PRtMATURt:: TtHMlNATlUN UUE 10 E~UAL VALUES Af T~O ENO 
f-'OlNIS lN THt. FIRST SEAHLH 

YUEF = Y(J) - 2. * Y(2) + 'f(l) 
tUc.F = E(ll - E<Jl 
lF (1~C.G1.o.ut-<.At:lS(YU£F).Ld.Ef'S.UH.At!S(tUEF).GT.EPS) GO ru 190 
UA = o.:, <> OX 
'f ( 2) = Y < l > + DX 
IF ('f( 2).G l 0 !.UPL) Y(2):::: XUPL 
CALL Sf-'LJI (l~Hl,NH2,VALut::,Y(2)) ... = (12) 

IF (V LU E .LE• ([PS O c.PS> > GO TO 270 
t (2) \/ALU[ 
Y(.:l) Xl NF 
t:<3) FJ •'l t' 
tUff E < 1l - E <J) 
IF <1:: c . Gr .nNF ) uO TU l9u 
)(lNr i (2) 
fl ,~F t(2) 

ov 
UV ov 
0\1 ov 
0\1 ov 
DV 
DV ov ov 
l)V ov 
DV ov 
UV 
ov 
D\I 
DV 
DV 
UV 
D\I 
DV 
DV 
DV 
DV 
UV 
DV 
DV 
DV 
DV 
DV 
DV 
DV ov 
DV ov ov ov 
DV 
D\I 
DV 
DV 
DV 
0\1 
ov 
DV 
DV 
DV 
DV 
DV 
DV 
DV 
0\1 
DV 
DV 
DV ov 
DV 
DV 
uV 
0\1 
DV 
LJV 
i.;v 
UV 
U\I 
DV 
0\1 ov 
l)V 
DV 
UV 
DV 
DV 
0\1 
DV 
DV 
UV 
0\1 ov ov 
UV 
DV 
DV 
DV 
DV 
DV ov 
DV 
0\1 

0010 
0020 
00.:lO 
0040 
00:,0 
UObO 
0070 
'JOtsU 
tl090 
0100 
0110 
0120 
Ol.:lO 
0140 
0 l :,Q 
UlbO 
01(0 
OldO 
U 1 ',10 
0200 
02lU 
u22u 
02JO 
Oco+O 
U2SO 
U2oO 
02/0 
021:lO 
02'>10 
U300 
0310 
0320 
03.:lO 
034U 
UJ:,O 
03bU 
03(0 
03d0 
03'>10 
04UO 
0410 
0420 
U'+ :.10 
U440 
U4:>0 
O,. t>O 
04/U 
041:lO 
04',10 
osuo 
0510 
U:>20 
US.:lO 
os,.o 
U5:,0 
0St>O 
os,o 
O:>l:lO 
US',10 
oouo 
'\16 lU 
Ut>c'O 
Ut>.:lU 
Jt,«U 
Ub:>U 
Obt>U 
Ub/U 
Ot>tl U 
Ut>":10 
u I U U 
UflU 
U f c.U 
u 7 .rn 
Of<+U uho 
U7oU 
U7/0 
U7tlU 
07":IU 
U8UO 
0810 
01:l<'.O 
UtlJO 
0840 
U8:,U 
08t>O 
01:l f 0 
Ul:ll:lO 
01:l'i() 
09UO 
U~lU 
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Subroutine DIVDE continued 

C 
C CHECK THE CONVEXITY OF THE UUADMAIIC FUNCTIUN 
C· 

C 
C 
C 

C 

l9U Al:: (Y(l) - '((2)1" (YI.:'.) - Y(3)) • (Y(l) - Y(J)) 
u-· (AtiS(All.E<J.O.) uU IU iUU 
At!.: t.(l) <> (Y(2) - Y(J)) • E12) "IY(J) - Yll)) • t::(3) <> IY(l) -

l Yl2) I 
SA:: A2/Al 
lf (SA.Gt:.O.Ul Gll TU 2IU 
UX = Yl3l - Ylll 
XA :: Y < l I 
A: £(1) 
Xti = YUi 
tj = t:<Jl 
IF (t.UE.F.GT.u.) GO TO l!:>U 
uU TU lZU 

ZOU /\SfA = XINF 
fSIA = FI NF 
l.W TU 270 
UETEHMINE THE MINIMU M U~ I HE UUAUHAflC FUNCliON 

21U Stj = (t:(1) - E<2))/(Y(l) - Y(2ll - ::,A• (Y(l) • Y(2ll 
XSfA = - SA/12• • SAi 
fF (XSIA.ul: 0 /\LOL.ANU • .<Sft1•LE.XUr'Ll uU )U 2JU 

F (t.UtF.G1.u.01 uU IJ 22 U 
II.STA= 11.LUL 
ulJ TU 2 3U 

22U 11.S I A = /\Ul-'L 
2JU NC= NC+ l 

CALL Sl-'LIT ( NH l,NH2,VALUE,A5fA) 
P = ASIA _.- · 
IF (VIIL lft: .LF:• <EPS <> EYS) I uO TO ZfU 
FSfA = VALUf:-
11.Tt.M = XSTA 
r f t.M = f SI A 
IF (FSTA.Lt.. f lNF) GO TO 2<tU 
XTEM = .>.lNF 
flEM = Fll~F 

2 .. u lF (AUS(!. - FSTA/l'!NF) .Gr.EPS) GU liJ 2SO 
AST A= XIEM 
rSl'A = FTEM uu ru 210 

2SO lF (NC.u .Ms l l GU f O 2ou 
lf (lr'HNTIH)• NE .ll HETUHN 
WtHTt. (lo,2au1 NHl,1'H<2dflME 
Ht. ru,m 

26U UL= AtjS(XlN~ - II.SIA) 
H (UL.Lr.ux) DX= UL 
AA= Al EM 
uu TU IOU 

C A MINIMUM HA::, BEEN FUUNU 
C 

C 
C 
C 

270 HETUHN 

t!.~U FUHMAI (/,lQA, 42HulVIUt.U FLOW CALCULAllUNS 010 NUI CUNVEHGE,/,IOX 
l, llHfOH Ht.ALrlES,IJ, '+H ANU,13, ltlHJUH!NG ilME PEHlUU,lJ) 

t.NU 

ov 
DV 
DV ov 
DV 
DV 
ov ov 
DV ov 
DV ov 
DV ov 
i)V ov 
DV 
DV 
DV 
DV 
DV 
DV 
DV 
DV 
8~ 
DV 
DV 
DV 
DV ov 
DV 
DV ov 
DV 
DV 
DV 
DV 
DV 
DV 
DV 
DV 
DV 
DV 
DV 
DV 
DV 
DV 
DV 
DV 
DV ov .ov 
DV 
UV 
DV 
DV 
DV 
DV 
OV 
DV 

09c0 
0930 
O'il<+U 
U9~0 
O'ilt>O 
U9(U 
09110 
0990 
IOUU 
1010 
1U20 
l 0.$0 
10<+0 
10~0 
lObO 
1010 
lOtlO 
lU~O 
llUO 
111 O 
1120 
llJO 
11'+0 
ll::,O Hn 
11 tlO 
ll'ilO 
1200 
1210 
1220 
l2JU 
12'+0 
12!:>U 
l2bO 
l,UO 
l2t1U 
12~u 
l3UU 
131 U 
1320 
lJJU 
lJ<+O 
iJ:,u 
l3b0 
13(0 
13~0 
13-;o 
14uO 
l 41 0 
l4co 
l'tJO 
14<+0 
14~0 
l'+bO 
1470 
l 4tl0 
14',10 
lSuo 
1510 
lS20 
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Subroutine DREDG 

C 
C 
C 
C 
C 

C 

100 

l l u 

SUdROUllNE QHtOG (NH) 

fHlS SUHH OU Tl NE SlMULAIES UREUGING cY L.OWEMI~G EACH CHOSS 
SE.CTlON li'J A MEACh IU 115 UMIGlNAL t.L.t:.VAllON (lO). UNLY 
CHUSS SE Cf!ON POlNIS IN lNt MAIN CHANNt.L AMt LOWEHED. 

COMMUN /SEC!/ WU(22l •WIIOU) , 1Ull25l 
l W::, K (l OO l , Wt(lUUl lMJ.N(lOO) lUdllOU) 
2 Al([U II ) , A2(J.uU) , A3(1ULI) A4(J.Olll 
J AS(l UJ) , Ab(lUU) , llf(lVLI) Ad(lLILII 
4 A',lliJU) , AlV(ll)OI , dlllUU) d2(10Lll 
5 dJ(lUu) , c4(1VU) , d5(lVLI) t d6(1UV) 
6 Hf(\UO) , dd(JULI) d9(1Llu) t dlU(lOU) 
/ Ul\4(lu0) OA-;(100) t.Or<.(lUO) , IAl\(lUU) 
8 IKK (l UO l AU'K(lOU) , VK(lUUl , w::,"1AX(J.UO) 
9 !MAX(l0Ul 

COMMON /StC?I 
l ULUR(lOO) 
2 5UMOA(l0Ul 
J IJ ( l ()U I 

COMMUN /RIV/ 
l N fRlb(lO) 
2 8-'\ ( 1 U) 
3 KI Rfd(l 0,5) 
4 lt-<UUI ( 10) 
KU= KlJl"( NH) 
KU = KUOw i~ ( W~) 
UU llll K: KUtKU 

l~LG = o 
M = l'<U (I\) uu 1uo L = l,M 

X(lOU,ccl 
, UMUH(ll)U) 
• SMAUA(lOO) 

NHlV 
ICU,~ 11101 
ex 11 u l 
Al(JU,Sl 
Sd ( 10 l 

lllUU,22) 
F (J.ULl,221 

, ::,MlWS(llJU) 

, r<lH' ( I ill 
, :..lSL.(lUtSl 
, ~UI (J.O,::,J 
, d T I J. U, !:> l 
, AN ( l O l 

IF (X("•Ll.LT.UMUd(Kl) 
IF (X(K,U.GT.Ll LUtHK)) 
IF (l (KtU •Lt..LU (K,L)) 
l(K,L) ::: ZU( t\ ,Ll 

GO TU lUO 
uO TO 100 
GO ru lUU 

lFLG: l 
CUNT ! NUt 
If (IFLG.tU.Ol \JO TO llU 
CALL [HAL IK) 
CALL CHNGM (Kl 

CONTINUE 
WMl[t (19) (ll(K,U,K = KU,r<.U),L = lt22) 
HtlUHN 

tNU 

, lU(lOU,22) 
, ,',jlJ(lOVl 
, ILMINIJOOl 

, r<.UiJwN(lO) 
, AX ( l O l 

ITM!tl(J0,5) 
r<.CONl(lUl 

, dN(lO) 

OR 
OR 
DR 
DR 
UR 
DR 
OR 
DR 
DR 
UR 
DR 
DR 
UR 
DR 
DR 
DR 
UR 
DR 
UR 
UR 
DR 
DR 
UR 
DR 
DR 
DR 
DR 
UR 
Dk 
UR 
UR 
DR 
DR 
UR 
DR 
UR 
OR 
DR 
DH 
DR 
DR 
DR 
DR 
DR 
UR 

001.0 
OOt!O 
OUJO oo .. u 
OV::,U 
OO oO 
00/0 
0080 
0090 
OlVO 
0110 
u l <:IJ 
OlJO 
0 l <tO 
0 l:>O 
Oleo 
0 l f 0 
OldO 
0190 
02VO 
0210 
0220 
02.rn 
U2<t0 
02::,0 
02o0 
Ll2f0 
02d0 
Uc.'10 
OJUO 
0310 
OJcO 
U3JO 
UJl+O 
OJ::,O 
03oO 
03(0 
03dO 
U3'10 
U4VO 
0410 
Ol+cO 
Ll4JO 
li440 
o•:,o 
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Subroutine DUP 

C 
C 
C 
C 
C 
C 
C 

C 

C 

1 
2 
3 
4 
s 
6 
7 
8 
9 

1 
2 
j 

SUbRUUflNE ouP (Kl,K2) 
IHlS SUBMOUTl~E lS USEO IN OlVIOE FLOw PKOBLEMS WHEN 
A CMUSS ~tCTIUN I~ USEU t!Y rwu UirFt~E.~f MlVtR MtACHES. 
If CHANGES THt t!tU ELEVAflU~ UF THE UU~LICAIE CMUSS 
StCTl\JNt (K2lt TU 11AlCH THt BED E.LEVAliUN OF THE UMl(;lNAL 
SE.CTI UN, (I\Jlt ArTtM StulMtNT ROUl!Nl,. 
COMMUN /SECi/ 

WSt<.(lUO) 
Al(lUU) 
A~ ( l VII) 
A9( }l!U) 
l:U ( J UU > 
t:H I p!U) 
0A4(1UO) 
I KK ( I UI)) 
lMAXllOO) 

COMMUN /StC2/ 
ULUA(lOOl 
SIJMQA(lOOJ 
G<lov> 

N : ND (Kl) 
00 lUU L = lt N 

Z<K2,L>: L(Kl,Ll 

WLl(22) 

' Wt.(lUUJ 
' Ac(LUU) 

A6(1UU) 
AlO(lOOJ 
t!'+ ( l UV) 
t!n(lVU) 

• UA9(10\ll 
' AU'K ( l\lU) 

XllUU,22) 
LlKUtjllOV) 
SMA UA(LU\l) 

t •W ( lUUl t ll,1(125) 
lMI N(lOO) lUd(lOO) 
A3 ( LUU) A4llOU) 
A7 IIUU) AB(lUU) 
cl l 11 uu) c12 11 uo, 

' c1:; ( ! U\l) ' cit> ( l U\l l 
' d'il I 1 uu) tllU(lUU) 
• t:u~ l lllOl fA ~llUO) 
' VK ( l UU) wSMAX(lUO) 
t l(l00,22) lO(lOU,22) 

f(lU0,22) NU 1100 l 
:,MLWS(lOU) t !LMlN(lUO) 

lUII CONllNUt: 
LM!N(t<.2) : ZMIN(Kl) 
ILM!N(l\cl = 1Lr-1IN(Kl) 
Al(K2): A[(I\I) 
A2(K2) = A2(KJ) 
AJ(Kc) : A3(~1) 
A'+IK2) = A4(Kl) 
A~lKc) : Al:>(Kl) 
At>(K2) : A6(Kl) 
A((Kc) = A7(Kl) 
At:l(K2) : At:1(1'\l) 
A'i (Kc) = A9 (K ll 
AlU(K2):: Al\l(Kl) 
t!l(K2) tll(Kl) 
1:12(1<.2) tl2(1\l) 
b.HK2) t!J (KI) 
d'+(Kc) tH(Kl) 
U5(K2) dSp\l) 
Ut>(Kc) t!6(Kl) 
t!T(K2) t! 7(Kl) 
t:rn(K2) rlt3(1\l) 
d'i(l<.2) rl9(Kl) 
t!l0(K2) = HlU(Kl) 
l)A'+(Kc):: UA4(Kll 
UA9(K2) = UA~(Kll 
Mt.fUMN 
tNU 

DP 0010 
OP 0020 
OP UOJO 
OP UO'+O 
OP UOSO 
DP OOt>O 
OP 0010 
OP UUdO 
OP U0':10 
DP UlUO 
OP 0110 
l)P 0120 
OP O 130 
DP O l '+0 
OP Ul50 
OP UloO 
OP UlfO 
OP OlbU 
Of' 01':IU 
OP U200 
OP 0210 
OP U220 
OP U2JO 
OP 02 .. 0 
OP 02SO 
OP U2ou 
OP U2IO 
OP U2d0 
OP 0290 
OP OJUO 
OP UJlu 
OP U3cO 
OP 033U 
OP 0340 
OP 03::.0 
OP OJoO 
l)P UJIO 
OP 03dO 
DP V3'll0 
OP 04UO 
OP i/410 
OP 0420 
DP U4JO 
DP 04'+0 
DP u .. ::.O 
OP 04oO 
DP 041\l 
OP 04d0 
DP 04'llO 
DP USuo 
OP 0Sl0 
OP U520 
OP U~JO 
DP US4U 
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Subroutine FLOW 

SUBROUTINE F'LOW 
C 
C. TtHS SUBROUTINE CALCULATES THE WATER DISCHARGE AT EACH 
C CROSS SECTION. 
C 

COMMON /SECl/ 
1 WO (22) ' RO(llOl 
2 T0<2UOl , WSK(llOl ' WE(llOl 
3 208(110) 
4 Al(llOl ' A2(110l 
5 A4(ilOl ' A5(110) ' Ab(llOl 
6 AB(llO) ' A9(110) ' AlO(llO) 
7 82(110) , 133(110) ' H4(110) 
8 136(110) ' 87 l 110 l ' H8(110) 
9 810(110) , 0A4 ( 110) , OA9(110) 
0 TAK ( 110) ' TKK(llOl ' ALPK ( l'lOl 
l WSMAX(llQ) ' IMAX ( 110) 

COMMON /INF/ NSEC , NTIM 
1 CE ,cc, PORM ' STAGE 
2 NQl , NCALL.: ' ICALL(30,5> 
3 EPS 

COMMON /RIV/ NRIV , KUP(lO) 
1 NTRitHlO) ' ICONT(lO) , GC(lOl 
2 AX ( 10) • BX(lO) ' ex< 1 o > 
3 IHHd l 10, lOl, KTIHB(10 ·fl0h AT(l0,10) 
4 KCONl (10) ' IROU,!, ( 8) , S.B ( l O >· 
5 BN(lO) 

COMMON /PRT/ IPRNT ( B) ' 15 
l 17 ' 18 ' 19 

DIMENSION 0(10),QT(l0,5) 
C 
C READ UPSTREAM DISCHARGE FOR EA6H RIVER REACH 

READll8,l00) (Q(NR) ,NR=l,NRIV) 
C 
L R~AO STAGE DATA 

READ(l8,l00)STAGE 
L 
C READ POINT SOURCE TRIBUTARY FL8W DATA 
C 

DO 20 NR=l,NRIV 
NT :tNTRIB (NR) 
lflNT.EO.O)GO TO 20 
DO b J=l,NT 
I T:al TR lb (NR,Jl 
IF<IT.E0.2.0R.IT.EQ.4lGO TO 6 
READ(l8,lOOlOTlNR,Jl 
KT:aKTRll:l(NR,J) 
Tl.l(KT):CJT(NR,Jl 

b CONTINUE 
20 CONTINUt 

C 

' ZMlN(llO) 

' A3(110l 

' A7(110l 
' l:l l ( 110 l 

' l:!5 ( 11 U l 

' 89(110) 

' EDK l 110 l 

' VK(llO) 

, DT,IDRG 

' IT IME 

' MST 

• KDOWN ( l U) 

' QSL(l0,10) 
, RDT(lOtlO) 

' IH(lO,lOl 

' AN ( l 0) 

' 16 
' 110 

' 

C INITIALIZE THE DISCHARGE AT EAC~ SECTION WITH THE UPSTREAM DISCHARGE 
C OF TH£ REACH 

lJO 30 M:l.,NRIV 
NR:.NRIV-M•l 
KU=KUP(NRt 
Kl)aKQOWN (Nf<) 
DO 30 K=KO,KU 
f(J (K) :Q (NR) 

30 CONTINUE 

F'L 0010 
FL 0020 
F'L 0030 
F'L 0040 
FL 0050 
FL 0060 
FL 0070 
FL 0080 
F'L 0090 
FL 0100 
FL 0110 
FL 0120 
FL 0130 
FL 0140 
FL 0150 
FL OlbO 
FL 0170 
FL 0180 
FL 0190 
FL 0200 
FL 0210 

0300 
0310 
0320 
0330 
0340 
0350 

FL 0220 
FL 0230 



·subroutine FLOW continued 

C 
C AUU rHIBUTARY FLOW 

OU 50 M=l .. NHlV 
N!ONRIV-M+l 
Nr:aNfRl~(NRI 
JFINT.EY.OIGU TO 50 
KU:aKUP(NH)' 
KU:aKL)O\IIN(NRI 
I OU= o 
KUl)::Kl) 
OU 45 l=l,NRIV 

45 IF(KO.EQ.KUP(IIIIDD=l 
IFIIDD.EU.llKDD=KD+l 
KUl=KU-1 
DO 40 K=KDD,KUl 
DO 40 J::1,NT 

D-15 

KT=KTR!H(NR,J) 
JF(RD(KI.LT.HDT(NR,JIITQ(Kl=TQIKl+TO<KTI 

40 CONTINUE 
Sri CONTINUE 

C 
READ(IB,1071 OT 
RETURN 

100 FORMAT(8Fl0.0) 
105 F0RMAT(l6I51 
107 FORMAT(BFl0.21 



D-16 

Subroutine GEOM 

C 
C 
C 
C 
C 

C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 
C 

C 
C 
C 

LUU 

110 

12U 

lJ(J 

l '+0 

lSO 

100 

:,UbMUUfINE Gt.UM <K,.iS ) 

IHIS SUBM UUTL ~E CALCULAf ES fHE EXACf HYUMAULIC PRUPE~fIES UF 
A CMUSS St.CrlUN, UNCt ulVt.N THE CrlAN~EL btOMt.lMY ANU fHE 
wATEM SUt-<FAct ELtVAllUN. 
COMMUN /SEC}/ WU(22) 

l WSK(LUO) , Wt.(lUUl 
2 Al(IUU) Ai:'.(lUO) 
3 A:,(l\JU) Ao(lUU ) 
~ A~(lOO) , AlUllOOl 
~ dJ(l UO) , t:!4(1 0 01 
o t:!7(1UU) , t:!t:!(luOl 
f UA<+(l UO) , UA9(l00l 
t:! I KK(lUO) , ALPK(lUU) 
9 {MAX(lOU) 

CUMM t.m /S t:: Czl 
l UL UH(!OO) 
c SUMQA(lUU) 
3 G<lo u > 

COMMUN /U NIT~/ 
l GRAV 
2 ULMAA 

CUMMt.JN /lNF/ 
l lUMr, 
2 SfllGt. 
J 1CALL(30,3) 

CU ,'1MUN /HY O/ 
l ALP 
N: NU(Kl 
:'<f' N - l 
IFLAG = 0 
IA= u. 
I K = o. 
SUMWK = O. 
SU MUl = O. 
SU"1Uc = Ue 
SU,'1t).j : 0 • 
OU LUO I :: ltl'IP 

WU(l) :: 0• 
CU •'I Tl NUE 

X(1UU,2cl 
Ut-<Ut.ill UU) 
::i 11AUA(lOOJ 
l!JNlf 

, VVAL 

NSEC 
' Ct. , 11 l Mt 
, M~I 

V 
, I K 

, ,w11uo> 
lMlN(lOO) 
A3llUU) 

, Af(lUU) 
, dl(lOO) 

oS(lUU) 
d':l(lUU) 
c.Ui<. < 1 UO l 
VK(lUU) 

, i:11uo,2c> 
F(!UU,cc) 
SMlwS(lUU) 

, cu~us 
, r·t I 
, 'H lM 
, LC 
' 'llJ l ' t. ,.,::, 

i:. I) 
, I A 

ITEt<Aft OVER EACH CMUSS SECTION PUINI 
OU l/0 I = 2• N 

, TlH12Sl 
, lUtHlUOl 

A'+ ( l UO l 
Ad(lOOl 

, t:!c(lOOl 
, t!o( ·lOU) 

tHU(lOOl 
IM ( lUUl 

, wSMAX.(lUOl 

lU(lUU,2cl 
NU ( l O O l 
lUH ,'l(lOO) 

, ltHrM 
, Ct.JNV 
, DT 

PU~M 
NCALL 
EW 

CALCULATE OI~TANCE ANU MANNI NGS N Bt.lwEEN CMUSS SECflO POINTS. 
Xd:: (X(Kd) - J\(K,1 - 1)) + l.Ot. - o 
FM:: u.~ <> (F(K,l - !) • F(K,ll) 
If- (l(K,I). Gt::.w:,J GU IU 12U 
IF <Z<K,I - ll.1.,t.>1:,) GU TU llU 

CALCULAlE ARt.A OF FLOW, wETTEU PEMIMt::lc.M, ANO DEPTH, 
OA = WS - o.5 • (l(K,I - ll + L(i<.,l)) 
A :: Xt:! • UA 
Ztl = At:!S(l(K,l) - l(r<;,I - 1)) 
P = S~t<T(At.i • Xb • Lt:! 0 Lt!> 
Gu 10 Loo 
Lt:!= wS - L(Ktll 
Xt.i = Xts <> Lt:V<l(K,i - 11 - Z<K,l)) 
GU TO 1So 
It-' (L(K,I - 1).1.,f..wS) GU TU 170 
IF <I.Lf.lLMIN(KJ.ANU • .iS.Ll.(Zt.JB(~l + .001)) GU TU 130 
Zt:! = WS - l(K,I - 11 
Xt1 =Ml• LBl<l<K,ll - L<K,I - 1)1 
IF <wS.LT• (ZQ!j(I\) •• oull) IFLAG = l 
GU ro ISO 

SEf UVER HANK FLOW~ ro LEMU If WATEM SUHFACt. IS NUT At:!OVE 
UVl:M UANI\ i:.Lt.VATLON. 

TA= 0 
Tl\ :: O. 
SUMWK = O• 
SUMtJl :: O• 
5UMU2:: O• 
SUMUJ = O• 
!Ml I 1 
OU 140 II = l,IMl 

wU<Il) = o. 
CUN I ! NU I: 
GU TO l 7 O 
A= u.S •AB* Lt:! 
P = SUMf (Arl O Xt:! +Lt:!• lBI 
DA = 0. ':> * Lt:! 
M = A/'r' 
C: l.<+86 *A* R * • <2.13.l/FM 

SUM FLOWS HETWEEN tHUSS SfCfION PU!Nrs. 

GM 
GM 
GM 
GM 
GM 
GM 
GM 
GM 
GM 
GM 
GM 
GM 
GM 
GM 
GM 
GM 
GM 
GM 
GM 
GM 
GM 
GM 
GM 
GM 
GM 
GM 
GM 
GM 
GM 
GM 
GM 
GM 
GM 
GM 
GM 
GM 
GM 
GM 
GM 
GM 
GM 
GM 
GM 
GM 
GM 
GM 
GM 
GM 
GM 
GM 
GM 
GM 
GM 
GM 
GM 
GM 
GM 
GM 
GM 
GM 
GM 
GM 
GM 
GM 
GM 
GM 
GM 
GM 
GM 
GM 
GM 
GM 
GM 
GM 
GM 
GM 
GM 
GM 
GM 
GM 
GM 
GM 
GM 
GM 
GM 
GM 
GM 
GM 
GM 
GM 
GM 
GM 
GM 

0010 
UOcO 
0030 
00<+0 
0050 
OUbO 
00/0 
OOhO 
OO~ll 
UlUO 
0110 
Oleo 
OlJO 
0 l '+0 
O 1 :,0 
OloO 
0110 
OldO 
Ol~O 
OcUO 
UdO 
02co 
0230 
0c'+0 
0250 
u2uo ono 
OcdO 
Oc'JO 
03\JO 
0310 
0320 
0330 
OJ'+U 
UJ:>U 
0300 
U3/0 
0380 
03'-JO 
O'+UO 
0410 
U4c0 
0'+30 
04'+0 
04::>0 
U'+t>O 
0'+ f 0 
U'+dO 
U4~0 
0500 
l)':, i 0 
0520 
OS.jQ 
05'+0 
0550 
0500 
u~,o 
05t:!O 
OS'-10 
OoUO 
0610 
uoco 
Ut>.jO 
U6<+0 
Ub~O 
OooO 
UbfO 
U6d0 
Oo'lO 
U7UO 
0 710 ouo 
U730 
0740 
ObO 
07oO 
U770 
07d0 
07~0 
Ut:!UO 
0810 
1.18cO 
Ud.jO 
0840 
U8:,0 
Ut:!oO 
Od/0 
081:!0 
Ot:!'-10 
U<,lUO 
0910 
0<,120 
0930 
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Subroutine GEOM continued 

TA = fA + A GM 09'+0 
r I\ :: TK + C GM 09:JO 
SUMwK = SU MWI\ + C .. * 3o/A * • c. GM 09b0 
::.UMUl = SU MUl + UA * * 1.0066 * A/i'"M GM 09(0 
5UMU2 = 5U M02 + UA • .. o.ooot> * Alf'M GM U9tl0 
SU MUj = SUMU3 + UA • .. u.c,ot,o * A GM 0990 
WU(l - l ) = C GM lOUO 
It- < IFLAG.t:Q. l) uu TU I tlO GM 1010 

lfO CUN [ lNUE GM lOcO 
l tlU ALP = ::.uMwK .. TA * * Co/lK • * 3. GM 1030 

t.U = 5UM 1J l1SUM02 GM l 0'+0 
t.w = SUM UJ/EU * * lobbbb GM l 0:,0 
UU l ~O I = I , NP GM lOoO 

WU(!): 1,'U(l)ITK GM 10(0 
190 CUN f l NUE GM I Ot,O 

C GM lU9U 
KETUt<N GM lluo 
t.NU GM 1110 
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Subroutine HYDPR 

C 
C 
C 
C 

C 
C 
C 

C 
C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
. C 

C 

C 
C 
C 

C 
C 
C 

C 

SUl:lROurINE HYUPR (r<,wS) 

fH! S SU8k0UTlNE CALCULAlt:S IH E HYORAuLlC PMUPEMflES OF THE 
(K)TH CRUSS ~tCTlON GlVtN fH E WATtM ~u~~ACE ELE VAT!UN (w~,. 
COMMUN 

l 
2 
3 
4 
5 
t:, 
7 
8 
9 

COMMUN 
1 

/St:C11 
wSK(lOO) 
Al(lUO) 
A5(lUO) 
A9(1UO) 
l:l3(1UO) 
H/(lUU) 
UA4(lU0) 
fr<.K ( l 001 
IMAX(lOUI 

/ HYU/ 
AU' 

WU(ccl 
t wt(lUU) 
, Ac<luUl 
, Af>(lUOI 

AlU(lUOI 
l:l4 ( l uo) 
l:lti< l <JU) 

t UA9(l00) 
t AU'KllOU) 

V 
' r" 

CALCULAIE THE DEPTH 0~ FLUW 
UEPTH = WS - LMlN(I\) 

, ~UllOUI 
t lMlN(lUOI 
, 113(1001 

A7llUUI 
olllOU) 

, o5(lUU) 
:l9 ( l uu) 
EUI\C lUO) 

, VK(lUUI 

' t.U , I A 

lF THt WAT ER SURfACt: IS A~UVE THE OV~kdANK 
USE Tnt UvtRl:lANK EUUAflUN~. 
lf (wS.Gf.lQd(K)) uU TU lUO 

CALCULATE t:FFt:CT!Vt WlUIH 
t:w = Al (I\) • UEPTH * * Bl lK) 
CALCULATE EF~tC TIVt UEPIH 
t::U = Ac(K) • UEPIH ,, • l:lc(i<.) 

CALCULATE ARtA 
TA= AJ(KI • UEPTri,, * l:lJ(r<l 
CALCULATE THt CONVt:YA NCt 
IK = A'+(K) • UEPIH * * o4(K) 

t:ALCULATE ALPHA 
ALP = A5lr0 * Ot:f'TH * " l:l::>(t<I 
IF (ALPol>Toi•S) Alt-'= 1.5 
If (ALt-'.LToi•l5l ALP= lol::> 

t:ALCULATt THt VELOCITY 
V = flJ(K)ITA 
Mc.TUMN 
CALCULATc. EFFECTlVc. WlUTH 

100 EW = Ab(K) • UEPlH * * bt:>IK) 
CALCULATE tfFECTlVt UEt-'TH 

c.0 = A/ ( K) • Uf.P I H * * b 7 ( r<) 
C..ALCULATt ARtA 
IA= Ati(I\) • UEPfH * * b8(K) 
CALCULATt THt CONVEYANC[ 
IK = A9(Kl • OEPIH * * t!\l(K) 
CAL CUL A TE AV'HA 
ALP= Alu(K) "Ot~TH" * l:llO(K) 
lf (AU>.uf.[.5) ALP= lo!:> 
lF (AL~.Lro}ol5) ALP= lol5 

LALt:ULATE THt VELOCITY 
V = IY(r<llfA 
MtTUMN 
tNU 

, flJ(l2Sl 
, LUd(lUUI 
, A'+(lOU) 

Ali ( l OU I 
tic ( l UU I 
tit:, ( l 001 

, t!lU(lOU) 
, IAi<.(lUOl 
, WS .''1A.Jl, (l00) 

' bl 

HY 0010 
HY 0020 
HY OOJO 
HY 00<+0 
HY 0050 
HY OOt:,0 
HY 0070 
HY 001:lO 
HY 0090 
HY 0100 
HY 0110 
HY 0120 
HY OlJO 
HY OhO 
HY 0150 
HY OlbO 
HY Ol/0 
HY OltlO 
HY Ol<,10 
HY U200 
HY 0210 
HY 0220 
HY 0230 
HY 0240 
HY 0250 
HY Ob,O 
HY U270 
HY 021:lO 
HY 0290 
HY 0300 
HY 0310 
HY 0320 
HY 0330 
HY 0340 
HY U3Su 
HY 0360 
HY 03(0 
HY U3tl0 
HY OJ<,10 
HY 0400 
HY 0410 
HY 0420 
HY 04.jQ 
HY U4 .. o 
HY 04::>0 
HY 04b0 
HY 04(0 
HY 04dU 
HY U4<,10 
HY USUU 
HY 0510 
HY 0520 
HY 0530 
HY US40 
HY U5SO 
HY 05b0 
HY OS(O 
HY U5tlO 
HY 05'10 
HY oou o 
HY Ot:, ! 0 
HY Ut:,d 
HY OoJO 
HY Uo,.O 
HY Ot:,:,O 
HY 06b0 
HY l)t:, f 0 
HY ObtlU 
HY Ut:>':/U 
HY ll7UO 
HY U7lO 
HY o7cu 
HY U7JO 
HY 074U 
HY 0750 
HY 0760 
HY 0770 
HY U 7ci0 
HY 07'10 
HY 08UO 
HY UIHO 
HY U820 
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Subroutine INl 

C 
C 
C 

C 
C 
C 

E 
C 

C 
C 
C 
C 
C 
C 
C 

C 
C 
C 
C 

E 
C 
C 
C 

C 
C 
C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 
C 
C 
C 
C 

::.uoRUUI INt. INl 

IHIS SUHHUUTlNE HEAUS IN THE SEDlMENf ANO Gt.CJMEIRY UAfA. 

wu l2cl , ~UllUU) , f 1,j ( 125) CUMMUN /St.CJ/ 
1 W!:>K(lOOl 
2 A 1 ( I UU l 

, Wt.(iUUl 
, At. (IOU) 
, Ab(]UUJ 

, lMlN(lUOI 
, A3l1UU) 

, lOdllUU) 
, A411001 

J AS ( 1 UU J A1ll00) 
dll!OUJ 

, AtlliOOJ 
4 A9(1UU) 
5 t;J(lUO) 

AlU(lUO) 
t;<+ ( l OU) 
t;d(lUO) 

d2(100) 
dbllUUJ 
tHU(lUO) 
IM l 100) 
w!:,MAX.(100) 

, d5l1UllJ 
o t:lf([OO) , d911UO) 
7 UA4(100) , UA9ll00) c:.l)f<. ( i uu) 
d IKK(lOO) · , ALt-'f<.llOU) Vf<. l 1 OU) 
'J lr1AX(IOOl 

COMMUN /St.CZ/ 
1 ULUi:,liOOl 

XllOU,22) 
UHUt:lllOO) 
SMAUAllUO) 

, l ( lvO,t!.21 
, F(lUU,t!.2) 

, lOll00,221 
, ,.,.UllUOI 

2 SUMOA(l0U) , :>Mlw!:> ( lUO) , lLMlNllOU) 
3 G ( 1 ov> 

COMMUN /IN~/ N!:>t:C ' Ll I 1 lUI-IG 
t!. Sf AGt. 

' Ct. 
lll r1t. 
M!:> r 

'11 lM 
cc , i'UHM 

3 lCALLl30,3l 
COMMUN /PHT/ 11-'HN I (8) 

• 'I l,I 1 
t:.1-'::i 
l '.> 
19 

, NCALL 

, Io 
l l 7 ' l d 110 

f<.UUw ,-..(101 
, Al. l i O I 

CU ,"1MON /HIV/ NHlV II.Ur' ( l U) 
l NfMid(lO) , lCUllll(lOI 

, CXllU) 
, "1SL.ll0,'.>I 
, HU I ( l U, '.>I 
, dl(lU,51 

2 t;X([U) 
3 i<.IHid(l0,51 

, llHld(l0,51 
, f<.CO ,~ f < 101 

4 it-WU I ( l O) 
(,CJMMUN /UNITS/ 

, Al ( lU,SI 
, St; ( l u I , l'..N l l O) , dN(lO) 

, COHUS 
l GHAV 

lUi\111 
, VVAL , rtl 

lUlFM 
CON\/ 

2 ULM AA 
U 1 Mf.,~S I ON llTLt:(2UI 

HEAL) Tl TU:: 

Ht:AU (15,2001 (TlTLE(Mcl,Mc::;: 1,20) 

HEAD THE PH1Nf CONIHOL. 

HEAU (15,2701 (!PHNT(Mll,Ml::;: l,til 

HEAD IN IHI: MAXlMUN NUMt:lfH UF IIEKAIIONS FOH THE dACf<.IIATEH 
CUHVt.t (MSTJ, THt MAXlMUN t.HHUR IN IJTAL HEAD, (Et-'51, 
IHI: ::.tDir-itNT lJEPUS1 I 1-'UHU!:>l T'I', (1-'UHM), IHt. cuEn IClt:NfS Of 
UO-'ANS!ON ANU corHHACflUN Li.lS!:>ES, (Cc:.,CCI, ANU TH£. U•"HT SYS1£.M 
FLA(,, (lU l~l f) • 

Ht.AU (15,t.tiol MST,t.l-'S,1-'UHM,CE,CC,lUNlT 

HEAU IN IHt NUMtH:R UF . CHUS!:> St.CTIUN::,, lN!:>c.CI, THE .... UMtjER 
Uf !!Mt. PF. RJUUS,(Nfll-11, fHt. NUMt;fH Ur ~ll/t.H SfGMt::NIS, 
lN,HVI • THE ,~UMtlt.H Ut- lNPlJI DlSCHAH\,t.S, (N (,li), ANO Int: 
NUMdt:H Of. !:>UtlHOUI !Nt. CALL!:>, (NCALLI • 

HEAD 115,2901 NSt::C,l~TlM,NHIV,NQl,NCAL.L 

HEAU !N THE !:>t:.QUt.NCE. OF THE SUBHUUll~E CALLS, (lCALLINC,NNlle 

OU lUO NC::;: 1,NCALL 
Ht.AU (lS,290) (lCALLlNC,NNl,NN::;: l,J) 

100 CUNT !l~Ut:: 

1 
110 

lit.RAil:. OVlR EACH HlVc.H !:>t.(,MENT. 

UU 120 NH::;: 1,NHIV 

FOH EACH Hlvt.H Sc.GMt:NT, Rt:AO IN TH£ ~UMdt.R UF THE L)UwNSTHEAM 
c~uss SECrioN, (KDUWN(NH) l , THE NUMdt.R UI' THE Uf-'SfRt.AM 
CHUSS ~E.CflQN, (f<.Ul-'INHII, IHE NUMtiE.H Uf IHltWTARlt::5, 
(NIHlt!lNH)), HiE TYl-'t. UF UUwNSTHEAM CU'iTHOL, (!CONl(NHllt 
fHE NUMbt.H OF THE UUWN'.:>IHE.AM WAIEH ::,UHFACE. CONTROL CROSS SECTION, 
(f<.CUNI INRI I• fHt. CUt.FflClt.NfS OF IHt. ~U)'IN'.:>THtAM ~fAGC:: UbCHAHuE 
Ht.LATlON::.H!p, (AX(NHl,tlX(NHl,CX(NH)), IHt. CUt.fflCltNIS OF THt. 
CUNVAYt.NCE EYUAflON, (AN(NHl,bN(NH)I, ANU fHt. NURMAL UEPfH 
~LUl-'t., ISl::llNH)). . 

RE.All (l:i.JOOI t<UCJIIN(NHl,r<UP(NKl,NIHld(NHl,ICONf(NHl,KCUNT(NHl,l 
ROUI (NR) ,AX(NH) ,tM(NH) ,CX(NH) tAN( -IIH) ,oN(NH) ,SHl,.HI 
Nf = NfRld(NRI 

FUH EACH TR(UUTAqY REAU I~ fHt. MAIN'.:>IEM HlVE.R DISTANCE 
UF THI-. CO NFLUt:NCE, (HU[ (NH,J) I, THE I Yr'E UF IRltlUTAHY, 
lllRlt:l(NH,JJI, THE NUMdt.H UF fHE UJ::,CHAH(,E CHUSS SECl!ON 
rUH !HE fHlt3UfAH'I', (KTHltl(NH.JI J, ANU lrlt. CUt:.FFlClc:.NJ::, OF THt: 
IHldUIARYS St.Ui~lt:.NT HAIJ. 1'1G CUHVE, (Al(IIH,JltdT(NH,Jlle 

IF INT .tQ• 01 GO TU 120 
UU 110 J ::;: l,NT 

. HE AU ( l :, ,J l Ii ) RO I l NH , J ) ,I f H 1 B ( .11 H , J I , II. I R I d ( NH , J I , A I ( NH , J I , d T ( 
NR,J) 

CUNTlNUt. 

11 0010 
11 UUcO 
11 OO_jl) 
11 00'+0 
11 lJO'.>U 
11 OObO 
11 00"/0 
I l OUt!O 
II 00'-JO 
11 OlUO 
I 1 0110 
11 Olt.O 
11 0 lJO 
11 Ul40 
11 Ul:,0 
11 UloO 
l l UllO 
ll OloO 
Il O l 'JO 
Il 0200 
11 Ut!.10 
11 0220 
11 02JO 
11 Ut!.'+0 
11 02:,u 
11 0200 
11 0210 
11 U2dO 
11 02'-JO 
11 U300 
11 OJIO 
11 03t.O 
11 U3JO 

l 11 03'+0 
UJ'.>O 

Il 03b0 
11 03(0 
ll OJtlO 
I l UJ'JO 
ll 04UO 
11 0410 
Il 04cU 
11 04JO 
I 1 0440 
11 04:,0 
11 04b0 
11 0410 
11 04tl0 
I l 04'-JO 
11 usoo 
11 U:>J.O 
11 ust.o 
11 O:>_jQ 

Ill 05'+0 
05':,0 

11 0!:>bO 
11 0510 
I 1 O:it!O 
I l 0:>'JO 
11 UbUO 
Il 0610 
ll Ub~O 
11 UbJO 
11 Ub'+O 
ll UbSO 
I l llobO 
11 0670 
11 Oot!O 
11 Ub<JO 
11 07UO 
ll 0710 
11 U 7 t:!O 
11 07JO 
Il Ol'+O 
Il 07:.o 
11 OfoU 
11 u no 
11 orno 
I 1 u 790 
11 0800 
11 OtiJ.O 
I l Utit!.O 
11 Oti_jO 
11 Od'+ 0 
11 UlbO 
11 OtibO 
11 Oti(O 
11 08tlU 
11 Uti'JO 
11 U<JUO 
11 U'H 0 
11 09cU 
I 1 O<JJO 
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C 
C 
C 
C 

C 
C 
C 
C 

C 
C 
C 
C 
C 
C 

C 
C 
C 

C 

E 
C 

lcu CUNTINUE 

13U 

l4U 
bu 
l bU 

l 7 U 

11:lu 

l9U 

l 
2UO 
2lu 

au 
cJU 
c4U 

FOM t.ACH CHOSS St.CflON Ht.AU IN THt. NUMdt:M OF SECTlUN POINTS, 
(NU(Kll• AN[) rHE HlVt.H UbfANCE, CHUCK)). 

UU lbU K: 1,NSt:C 
Ht:AU ({/,JcOI NU(K),HO(K) 
M = Nu CK) .. 

FOR t:ACH sEcllON 1-'UlNT HEAD IN THE HJHlLUNIAL OISIANCE, 
IACK,Ll) t ANU THE t.Lt.VAllUN, CZ(K,Lll • 

MEAO Cl"/,J30) (X(K,Lltl(K,Ll,L = l,l'll 

rOM EACH CHo::,S St.CT ION tit.AU IN THE UlSIANCE OF THE HlbHT Ai'W LErl 
UVEMdANKS, (UHOU,ULUUlt THE MANlNbS "FUM fHE RlGHI 
UVEHdANK, MAIN C~ANNt.L, ANU Lt.Fl uv~~UANK, " (FMOB,Fl'ICtfLOd). 
ANU IHt. UV£14UANK EL~VAI lUNt (LUB(K)) • 

HEAD ( !7,J40l UHOB(Kl tULOH(K) ,Ff·HJd,l'MC,FLOB,LOBIKl 
- DU15UL=l,M 

lf (A(K,Ll,bl,UMOti(KII bO TO lJO 
FIK,L) = FMUti 
GU ru lSO 
IF H(Ktll ,GE,UL UB(Kll GO 10 l4U 
f " IK,L) = FMC 
bO TO ISO 
F CK,L) = FLOti 

CONTINUE 
CONTINUE 

~RINI OUT IN~UT UAlA 

lF Cl~•mr c 1, .t:a. ll Gu ru uu 
lF (11-'HNI Cc) ,C:Q.ll bU IU l7U 
lF 111-'HNl(J),t:Q,l) bO IU lfU 
If' 111-'HNf( '•)•t.Q.l) GU IU lfll 
lF ( 11-'HNf (6) ,t.Q. l l GU IO 170 
bu IU 180 
WHift. CI6,3<;U) 
WHITi:. Clt>,J6U) Hlllt:.(Mcl,1'12 = 1,201 
LU i~I lfWE 
lF (ll-'HNT(l)o 0NE,ll GU ru c'+U 
WRITE l!o,JlU) MST,t.l-'S,1-'UHM,CC,CE,IU"ll 
WHl TE CI6, 38 U) NSEC,Nl lMtNHlV,N1H ,NLALL. 
WHlTt:: ll6,J9UI 
UO l~O NC= l,NCALL 

wfolllE CI6t400l ,,C ,llCALLI NC ,NN), ,,...., = 1 , 3> 
CUNllNUE 
UU clU NM= l,NRlV 

WHl a : (l6•4lU) l~H,KlJUWN(NRl ,KUl-'(N~) tNIHlBCNH) .ico,-..,r (NH) ,KCONT ( r,j 
t·O dHUUTc , .... o tAX(NK) tUX(NH) ,CA(NM) tAN(NH) ,dN(NR) ,Scl(NH) 
NI = ,,. , H p1 ( NR l 
It- ( N r • EQ. l)) (j() r u Cl ll 
OU cOO J = l,NT 

wR l Tt. ( 16, '+cO) J t KU I (NM, J l , l T Kl U I NH, J l , KPH 8 (NM, J l , A f (NH, J), 
Bf ( ,~H ,Jl 

CON I 1 NUt. 
CUNllNUE 
UU cJU K = l•~SEC 

WHifE (16,430) K,NU(Kl tHO(Kl ,ZUHl"-l 
WMllE ll6t'+40l 
M = NO(K) 
lJO 22U L: l,M 

wfHTE (16,4SUl L,AIK,Ll,Z(K,L),f(K,Ll 
CON I li~UE 

CUI~ Tl NUt: 
CUN fl NU£ 
H 111-'HNI (2) ,NE.ll GU ru 2SU 
WHlTE II6,46UI 
WHllt. (lo,'+7U) 

cSU HETUHN 

260 rUe<MAf lcOA4) 
2ru ru,mAI <tlici 
cdU fUHMAT (lS,4rl0.5,iSl 
290 fUHHAT (SIS) 
JUU FUHMAI (blS,~f8,4,f8,6l 
Jiu fUHMAT (fl0,2,2lS,2t.l~,2l 
J2u rOHMAI (2AtIJ,F7,c) 
JJU fOKMAT ((tlX,b(F6,0,F6.ll)) 
J'+U rUHMAI (bflQe4l 
JSU fOHMAI (lHl,/,lUA,lJHK U WAS E HtltlUA , 2SHKNOWN OlSCHAHGf SEOlME 

lNf ,fHHOUTlNb,/,lOA,JSHUt.V~LO~EU tiY b.O, tiHUwN ANU HeMe L.lt/,lOA,j 
2(HA1 CULUHAUU STAT~ UNlVtHSlTYt FUH IHt,/,lUA,41:!Hu,s. AHMY CO~PS U 

Il U9<+U 
11 09SO 
11 0%0 
I 1 09 r o 
11 U9tl0 
I 1 09'iU 
11 lOUO 
11 1010 
Il lOcO 
11 l llJO 
11 lUt+O 
1 l 1 USO 
11 1 Ot>U 
11 10/0 
l l l OdU 
11 lO<tO 
11 llUO 
11 1110 
11 11cu 
11 l lJO 
Il 1140 
11 l bu 
If 1160 I 11 / o 
ll lltiO 
11 11~0 
11 1200 
11 1210 
1 l 1220 
11 l cJo 
Il 12'+0 
11 12':>U 
11 l2t>O 
11 12/0 
11 1280 
1 I 1290 
I l l JOO 
11 1310 
11 l 320 
11 13JO 
11 13'+0 
I 1 13::>U 
I 1 l 3ou 
11 !3(0 
11 l3d0 
I l lJ<tO 
11 l4UO 
II 1410 
1 l 1420 
1 l 14.jO 
l 1 1'+'+0 
11 14':>0 
11 l4t,U 
11 14(0 
11 l4d0 
11 l4'i0 
1 l l Suo 
ll l51U 
11 1 Seo 
1 l 1 s.;o 
11 l S'+U 
1 l l S50 
Il lSoO 
11 15fU 
11 l 5d0 
I 1 lS<tO 
11 1600 
11 lf:>10 
11 l b2U 
Il lo.JO 
11 10 .. 0 
1 l H>':>0 
H tin 
11 H>tlO 
11 lo9o 
11 uuo 
11 1'10 
I 1 l7 cU 
11 17JO 
11 17'+0 
11 l 7SU 
I l lfoo 
II 1710 
11 1 Tdo 
11 17~0 
11 11:lOU 
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3f ENG I NEERS , VlCKStiURG UlSIRICT) 11 1810 
360 fORMAl (///,lOX,dc(lH"),/,lOX,lH",80X,lH",/,lOX,lH 0 ,20A4,lHO,/,lOX 11 1820 

l,lH <> , dUX,l~10 ,/,lOX,d2(1H") ,///) 11 ltUO 
J1u FORMAT (lOX,41HMAXlMUM NUMdEH OF lltMAIIUNS FUR CALCULATIONS, ,oHM 11 ld40 

ISi = ,15,,/, lOX,4cHACCUHACY Of dACK~A IEH CALCULAIIUNS , EP~ = ,FlO, 11 1850 
2~ .. l,l OX , JdHt'UROSITY Ut' StU!MtNT UEr'uSllS, 1-'UHM = ,t' 10 . s .. 1,1ox, 5 11 ld60 
3JHCOEt' F lCIENI OF CUNIHAllUN VtLOClTY H~AO LOSSES, cc= , F10 .s,1,1 0 11 18/0 
4X, 52HCOEFFJLIENf OF EXPAN~ION VELOCllY HEAO LOSSES, CE= ,Fl0,5/, 11 1Bd0 
SlOX, cbHUi~lr ~YSIE.M I-LAG, lU NlT = ,!:,,//) 11 18~0 

380 FUHMAT (lUX,31HfHE NUMdEH UF H!VEH ~~CllU NS = ,15,/,lOX,29HTHE NUM 11 1900 
ldEH Uf TIME r'ERIOUS = ,1s,,1 ox , 2dHTH~ NUMdtH OF HIVE~ SE GMENI S,JH 11 1910 
2= , 15 ,/, lOX ,J JHTHE NUMdtH OF !Nr'UT UlSCHAHGES = ,1s,1,1ox, JJHIHE N 11 1920 
JUMdtH UF SUHMUUTINE CALLS= ,15) 11 l9JO 

390 FUHMAT (l,lOA ,22HNCALL ICALL (l ICJ J),) 11 1940 
400 fUMMAI <dX,4(,:X ,15)) 11 1950 
4lu FUKMAT (//,1UX,l4HKIVtH StGMENT , 15, /,1 0X,34HOOWNSTHEAM CROSS SECT 11 l9o0 

llON NUMdEH = ,rs,/,l0A,32HUr'S1HEAM c~o~s SE. Cf ION NUMdEH = , rs ,1,1 0 11 19/a 
2X,c4HNUM dEH Ut' fKldUIAKltS: ,I S,/,1UX , J9HIYr'E OF WAltH SUHFACE CO 11 l9dO 
3NIHOL , !CUN T= ,15,/,lOX,JSHNUMdEH Uf CUNfRUL SECTION , KCONf = ,r s 11 1990 
4,/,luX,44HTyr'E Of- UOWNSIHAM StOIMtNI ROUIING, lHOU I = ,IS, /,l0X t4 S 11 20UO 
SHCUEFflCIENTS Of STA0E UlSCHAHGE KtLAIIUNSHlr>,,/,lJX ,SHAX = , f8 ,4, 11 2010 
6/,lJX,SHdx = ,F8,4,/,1JX,SHCX = .~ a.4 ,/,l OX ,4 0HCUEFF1ClENfS Of MAN 11 2020 
7NINGS N HE LAflONSHlP ,,/,l3A, 5HAN = ,F8,4,/,13X,5Hd~ = , Fa •• ,1,1ox, 11 2030 
8 2S111~UMMA L (ltl-'TH SLUl-'E, Sd = ,Fd, b) 11 2040 

420 FUHMAI (/,15x,!OHfHldUIAH ,1~,/,l5X,17HMIVtM DISf ANCE: , F1 .2,1,1 1 1 20~0 
l:>X,2/HfYPt. O~ fHlHUTAHY , l~ld = ,l~,/,i~X,4/HNUMdEM UF IHldUfAHY 11 20b0 
2U1SCHAK GE SECfION , KIHld = ,1s,1,1sx,4/HCU~rF!ClEN1S Uf lHlHUIAHY 11 2010 
JStUl ,"l t.NI M!:LAflONP ,/,ldX, SHAI = .~,o.J,/,ldX,5HcH = , FI0,2) 11 20d0 

4JO rUHMAI (///,lUX ,l SHSt.CllUN ~UMHEH .,.,,,1ux,4 0H IHE NUMdEH UF CHUSS 11 c09U 
l SECTIUN PU[ NfS 15 = ,lc,/,iOX,24HIHf MIVtH UISTANCE IS: ,fl0,2,/ 11 2100 
2,lOX,25HTHt. uvEMdANK E.LtVATION: , F IU,2) 11 2110 

440 ~UHMAI (/,loX , 4dHPUlNf HOMllUNTAL E.LEVATlO~ N VALUE, 11 2120 
l/) 11 2130 

4SU FOHMAT (lUX,l':>,3(5/\,t'l0,4 )) 11 2l4U 
4bu ~UMMAf (1Hl,/,4H NU ,, 4X ,lSHEFFECTIVt w10TH ,6X,1Hl,4X,15HEFF ECTIVE 11 21~0 

lUEPIH,SX,lHI,bX,lOHIOTAL AHEA , BX,lH l•4 X,lbHIUTAL CUNVEYANCt,4X,!H 11 2lb0 
2,8A,~HAU'HA,liX,1Hi/c9X,lH1,4(24X,lH1)) - 11 21/0 

470 fCJHMAI (5X ,5l 4X ,lHA, 4X ,1Hd, 2X,l3HCO CO~f !:MH l)/29X ,1 HI,4(24X ,1Hl ) 11 2 l d0 
ll 11 ZHU 

tND 11 2200 
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Subroutine LSQ 

C 
C 
C 
C 

C 

C 
C 
C 

C 
C 
C 
C 

C 
C 
C 

C 
C 
C 

C 

lUO 

llu 

SUtlMUUTINE LSU (N,AX,Y,t.A,tl,HC, SBAH l 
THIS SUt:!HUUJlNE UEHIV ES Trl£ CUEFFlClENfS UF THE HYUHAULIC 
f>Uwt.H ~UNCT!UNS, t:!Y USlNb A LEAST S~JAHES Ht.bHESSlON. 
UlME,'IISlON 
SUMX = O. 

XX ( l U) 

SUMXX = u. 
SUMY = O. 
SUMXY = O. 
SUMA= ll. 
SUMd = O. 
SUML = 0 • 
!:>UMU = 0 • 
uu l U o I = l • "' SUMA= SUMX + XX(l) 

SlJMY = S tJM'I' + Y(l) 
SUMA)(= SUM)()(+ XX(Il ., 
SlJMAY = SUMXY + XX(l) * 

CUN r I ,~uE 
~X = SUMXIFLUAT(N) 
f-Y = SUMYIFLUAT(N) 
UERlvt. THE [UUATIUN. 

Xx ( I l 
Y(ll 

, Y ( l O l , Ytl(l Ol 

t:! = (SUMXY - FLOAT(Nl * f-X * l'Yl/(SU "IXX - FLUAT(N) *Fl(.* f'Xl 
A = r·Y - tl ., r )( 
HAISE t. ro THE (A) f>UwEr<. THE. VALUt., (t.A). WILL tlE USEU IN 
[HE ~U~EH ruNCTlONs. 
t.A = t.Xf> ( /\) 
CALCULATE THt. COEFFlClENI UF CORRt.LAllUN. 
uu llU I = l • N SUMA = SUMA + ( XX ( I l - f )() • (Y(!) - fl') 

SUMtl = SuMtl + ( )(,J. ( l) - F x l • .. c 
Ytl Ill = A + tl .. )( )( ( l ) 
SUMt. = SLJMC + (Y(!l - FYl .. • 2 

CUNllNUE 
HC = SUMA/ SQH T ( SUMt::1 • SUMCl 
CAL CUL A ft:. THt. STANLJAHU Er<HUH UF EST1'1AIE. 
UU 120 I = l t N 

SUMO = Su MU + ( Y ( 1 l - Y tl ( I l ) * • c 
120 CUNT !I-Wt. 

StlAH = ::>l.l lH(SUMU/(f-LUAl(N) - 2 .ll 
HETUHN 
t.NU 

LS 
LS 
LS 
LS 
LS 
LS 
LS 
LS 
LS 
LS 
LS 
LS 
LS 
LS 
LS 
LS 
LS 
L5 
LS 
LS 
LS 
LS 
LS 
LS 
LS 
LS 
LS 
LS 
LS 
LS 
LS 
LS LS 
LS 
LS 
LS 
LS 
LS 
LS 
LS 
LS 
LS 
LS 
LS 
LS 
LS 
LS 
LS 
LS 
LS 
LS 
LS 
LS 

0010 
0020 
OOJU 
0040 ou~o 
OObO 
00(1) 
OOtlO 
00'-JO 
OlUO 
0110 
OlcO 
OlJO 
0140 
01~0 
UlbO 
U l f 0 
011:lO 
Ol'JO 
02UO 
0210 
0220 
02JU 
oc40 
02~0 ucou 
U2"fO 
021:!0 
Oc'JO 
03\JO 
0310 
0320 
03JU 
0340 
03:>0 
03bO 
037U 
U3d0 
OJ'JO 
0400 
0410 
0420 
U4JO 
0440 
04SO 
U4b0 
04/0 
04tl0 
04'-JO osoo 
0510 
0520 
05-'0 
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Subroutine LSQF 

( 
C 
C 
C 
C 

C 

C 
C 
C 

C 
C 
C 
C 

C 
C 
C 

C 
C 
C 

C 

lOU 

ll U 

SUdRUUTINE LSUF (N,XX,Y,EA,~,MC,SdAM,XO,YO) 
THlS SUBHUUTINE OEMlVES THt CUEFF!ClENIS UF THE HYUHAULIC 
~UwtM FUNCTlUNS, FUH OV~H~ANK FLOW, ~y · usIN~ A LEAST 
SUUAKtS KEURt.SSlUN fUHCtU IHRUU~H THt t'OlNT IXO,YUlo 
UlMt.NSlON XXllU) , T(lU) , T'tillO) 
SUMX = O. 
SU MXA: o. 
SU'1Y: O. 
::iUMXY = U. 
SUMA: Oo 
:,UMr:l = 0 • 
SU MC = O. 
SUMO: O. 
UU l U O I : l, N 

XI' = XX I I l - XU 
YP = Y(IJ - YU 
SUMX = SUMX + XX(l) 
SUMY = SUMY + Ylll 
SUMXX = 5UMXX +XI'• XP 
SUMXY = 5UMXY + XP • YP 

CONTINUE 
rx:; SUMX/fLUAT(N ) 
~y: SUMY/fLUAT(Nl 

UtKIVt. THE EUUATlUN. 
t:j = SUMX~ISUMXX 
A= YU - U • .\0 

t-lAlSE E TU THt (Al PUwtH. I Ht VALUt., ltAl t WILL BE USED IN 
THE t'UwEH FUNCTIONS. 
t.A : t. XPIA) 
CALCULATE 1Ht. COEFrlCIENT UF CORHELAIION. 
uu 110 I = 1, r1. 

SUMA= SUMA+ (,'1.X(ll - FX)" (Y(ll - J'Y) 
SUM~ = SUMH + ( .'U ( l) - r" X) " " ~ 
Yti(l) = A + 8 " XXlll 
SUML = SuMC + I Y ( l) - FY) " * 2 

CUNTINUE 
MC= SUMA/SQHl(SUMd • SUM() 
CALCULATE fHt STANUAKO ~R MUR OF ESfl'1Alt.. 
OU l c U l = l, 1~ 

SUMO= SUMO+ (Yll)- - Yt:j({))" • 2 
CONTI NUE 
SdAH = SUMT(::iUMO/lfLUAl(N) - 1.)l 

Kl:.TUHN 
t.NU 

LF 0010 
LF OUcO 
LF UUJU 
LF 0040 
LF UOSU 
LF 0060 
Lf" U0/0 
LF OOdu 
Lf 00':#0 
Lf OlUO 
LF O 11 U 
LF Oleo 
LF O lJU 
LF Ul<+U 
LF UlSU 
LF Olt>U 
LF U l f 0 
LF UldO 
LF 01'10 
LF 0200 
LF UclO 
LJ' 02c0 
LF 0230 
LF 0240 
LF 0250 
LF Oct,U 
LF UcfO 
LF 02dU 
LF Oc'10 
LF UJUO 
LF OJlU 
Lf OJcO 
LF OJJO 
LF OJ<>O 
LF 03SO 
LF OJoO 
LF OJfO 
LF U3d0 
Lf 03'10 
LF 040<, 
LF 0410 
LF 04~0 
LF 0430 
Lf 0440 
LF U4SO 
LF U4o0 
Lf 04(0 
Lf U4d0 
LF 04'10 
LF U5UU 
Lf 0510 
LF UScu 
LF USJO 
LF os .. o 
LF USSU 
LF USoO 
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Subroutine NVAL 

SUl:lHuUTlNE NIIAL (NH) NV 0010 C NV 0020 C IHJS SU8HUUT1NE CALCULAft:.S IHE COffflClt.NT UF THE NV 0030 
C CUNVAYtNCE El.JUATlUN FUN f Ht: CURkENT ul:iCHARuE. NV 0040 C NV 00!:>0 
C THIS ALLOWS MANN1f11G 11 S N TO HE A FUNCflON OF UlSCHA;.IGEe NV UOoO 
C NV 00/U 

CUMMUN /St:.C II Wl)(,!2) 1<U( JOU) f l.J ( 125) NV ouc:10 
l wSK(100) • wt. ( I uu) lMlN(lUUJ lUb<IUO) NV OO'tO 
2 Al quu) • A2(JUU) • A3(lUU) • A'+ ( l O O) NV 0100 J A~(JUU) • Ao<JOU) • Af(!UU) Ad(lUOl NV 0110 
4 A'-l(JlJU) AlU(IUOJ ti l ( l u O) d2(1UU) NV 0120 s bJ(}U O) ' l:l4 I l uu) dS<JUU) ' db(lUU) NI/ OlJO 
6 l:l f (1 OU) ' l:lt1(1UU) ' d911UU) ' tl!U(lUUl NV 0140 
7 UA4(IU0) UA9(100) ' t.UK11UU) I Ar< 11 U U) NI/ 01:,0 
ti TKK(l~O) ALt"K(lOO) ' 1/K ( l 00) wSMAX(lOU) NV 0100 
9 !MAX<IOO) NI/ OlfO COMMUN /HIV/ NHlll ' KU~(lO) ' r<DUw <IO) NV 0 l tlU 
l NfHi tl (lO) ' ICUNT(lO) ..ISC.<10,~l AX ( 1 0) NI/ Ol'iU 
2 l:lx (lO> • 0.(10) ~Uf (10,:il ll'HtHIU,5) NI/ 02UO 
3 KfHIU(l0,5) , Af(JU,5) ' d I ( l O, :,J ' r<C0 ,~1<10) NV 0210 
4 IHUUl<}O) , :>t;llU) ' ANllO) ' t!N ( 1 U) NV 0220 

UATA MNMAXtRNM Nll.4,0,07/ NV 02JO 
C NV 02<t0 

r<u = I\UOll' N(NH) NV 02:,0 I\U = KUP(NM) NV 0200 
C NV 02/0 
C IIEHATt. UVl:.R EACH CHOSS SECTION IN lHt MEACH NV 02t1U 
C NV 02'70 uu !OUK = KLJ,KU NV UJUU 

JF 11 <.,<r<. J .ta.o.o) GU TU 100 NV OJlO 
C NV 0320 
C CALCuLATE CQHMECIIUN F AC l UM NV OJJU 
C NV OJ<tO 

RN= AN(Nr<) • Al:lS(Tl.J(K)) • .. HN ( ~M) NV 03:,0 
C NV 0360 C It.ST FOH VALlit WITHIN LIMITS NV 03/0 
C NV UJdO 

lF (MN Gfer<NMAX) MN = r<NMAX NV UJ',10 
I~ (MN LT.r<NMIN) MN : r<NMJN NV 0400 
A'+ ( rd OA4(K)/HN NV 0410 
A9 (K) QA9(t<)/r<N NI/ 0420 

lOU CUNT J. 1~UE NV 04JO 
C NV 04<t0 

ME TUH1~ NV 04::,0 
tNl) NV 0400 
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Subroutine OUTl 

C 
SUUHOUT !NI: ouri 

C THIS SU8HUUT1NE UUfl-'UTS !'Ht. VARIUUS -<E.:,ULTS UF IHE SIMULATION 
C MUUl:.L. 
C 

CUMMUN /St:::Clf wu(a> -<O 11 VO I • TlH US) 
1 WSK(lUO) • Wt.l!VO) lMlN ( 1001 • lUd(lUU) 
2 Al(!UU) Ac(lUU) • AJ(lUU) • A4 ( l OU) 
3 AS(lVO) At> ( I VU) • A/ ( l OU) • A8 ( l U U) 
4 A9<!UJ) • AlU(iUO) • dl (!UU) tic< 1 o u > 
5 ti3(1UU) • ti4(1UU) ' :,5 ( l UU) t:16 ( l OU) 
6 H/(lVO) • Utl ( l 00) :l9 ( l O O l t!lU(lOlll 

' UA'+ ( l OU) UA9(100) t.U/\ ( l UO l I A/\ ( 100) 
t! TKK(luO) ALl-'K(lOU) • yr;.< 1 OU l • IISMA,((100) 
9 lMAX(lOU) 

CUMMl)o,i /Sl:.C?./ ,.11uo,2c> l(l00,2c) • lU(l00,221 
1 ULUfl(lOU) UHU ti ( l 00) F' (IUO,cc) • NU ( l O V) 
2 SUMQA(lOU) SMA A ( l VO) • :,MlWS(lOO) • llMIN(lOOl 
3 (j(iOU) 

COMMUN /lN~/ NSE . • "l lM • u r 
l lUHG • C.I:. • cc • iJUHM 
c STAGt. l T ! Mt:: • 'H.11 • NCALL 
3 ICALL(30,J) M:> I • c.r'S 

COMMUI', /H[V/ NtHV • "-U" ( l O) • o<UUWN(lO) 
l NTHIH<lO) • ICU I < 1 U) ;.,sL ( IV,::,) • AX l l O) 
c t:P( (} U) ex ( 1 u > ~Ul(lO,::.l • lTHld(lU,5) • 3 Kif< o:,(lU,51 Af(lU,5) • cl I ( l O, SI • !<.CUNT(lU) 
4 lMUUf(lO) • Sti(lUl • AN l l U) • dN(lO) 

COMMUN /1-'Hl/ 11-'R ~ I l 8) ' 15 • 16 
1 !7 • Hl • 19 • 110 

U l Ml:.NS lON Ulf(c2) 
C 
C 1-'HINT CROSS SECTION NUMtil:~,EFfECTlVt. wlUIH,t:::FFECTivt::: UEPIH,TUIAL 
C AMEA,TUTAL (UNVEYANCl:.,ALl-' rl A,Vt.LUCllY,WAll:.H ~UMFACI:. l:.Lt.VAllUN, 
C Sl:.OIMl:.NT IHAl•SPOHI ,UISCHAK\JI:. ANl) MlNlMI.IM t:1EU EU:VAI !UN FOK EACH 
C llMt:. 1-'1:.HIOU. 
C 

IF (Il-'RNl(o).NE.l) GU IU IOU 
w,nTt: llo,cou> Il!Mt.,UI 
Wt-llTE (Io,c1U> I lK, ·,.t.(I\) ,t.Uo<(K) ,TAl\(I'.) ,T/\K(K) ,ALPK(K) ,VK(K) ,wSK(K) 

l,G(K) t fQ(K) ,LMJNlK) ,K = l,NSt::L)) 
100 H (lllMt.,N[.NTIM) GU IU l:>U 

C 
C 1-'t-lINT MAXlMlJM WAIER SUHfACt. £LEVAi lU" ANll fH[ TIME. 1-'Et-lIUD UF 
C UCCUHANCE. FOH EACH CROSS Sl:.CllUN. 
C 

C 
C 
C 
C 

C 

110 

1 cv 

IF (ll-'RNf(4). NE.1> C,U IU llll 
WH l Tl:. ( lo, 2;,U) 
flHITE (Io,cjU) (K,wSMAX(K) ,IMAX(Kl ,K = ltNSt.Cl 

PHINT MINIMUM BEU t.LE\/All N FUR EACH CHOSS SECTION Af THE ENU Of 
!Ht. SlMULAf!UN. 

ff (11-'RNl(S).NE.l) GO TU lcO 
lit-II Tl:. ( l6,24UI 
wHITt. (16,cSUl (K,LMIN(K) ,r< :a: l,NSEC) 
CONT lNUE. 

C f't-lINI OUI THt:. 8E.D t::LEVATlUN ANO THE CHANGE lN 8ED ELEVATION 
C Af EACH 1-'UlNI• 

C 

!Jll 

140 
C 
C 
C 

l':>U 
C 
C 
C 
C 
C 
C 

C 
C 
C 

lr ( 11-'KNT <JJ .1~E. 1) (j0 IU 1:,0 
.,t,11 ft. ( Io, l<1Ul 
uu l<+O I\= l•NSEC 

N : NI) (K) 
lJU l 3ll L :a: l t N 

UZI- IL) = ll1~,U - l U (o<,Ll 
CUNT I l~UE 
\o/HllE (16tl701 K 
WHITE (l6tl80) (L,X<K, l,l<K,Ll,Ull-(Ll,L = ltNl 

CONTINUE 

tllNAHY OlJTl-'Ul. 

lF (lPHNfU)er~E.ll HETUHN 

1-'H!Nf CRUSS SECTIUN NUM~EM,EFFECTIVE wlUfH,EFFECTIVE OEPTH,TOTAL 
AHt.A,IUTAL CU NVt.YANCE,ALl-'HA,Vt:.LUCllYtWA[t:.H ~UHFACE t.Lt:.VATIUN, 
:,t.ul1'1t.NT i HA•6PUHf,U1SLr1At-lut ANU MlNlMJM UEU !:.Lt.VAT !UN FUH t.ACH 
I lMI:. t-'E.RlOLJ. 

WH!Tt:: ([10) l(WE(Kl,t:::UK(Kl,TAK(K),TK,<;(:<),ALPK(Kl,VK(Kl,WSK(K),G(K) 
1 t l '1 Ir~ ( K l t K = l t N st: C) ' ( r \,I (" l) • 1\[ = 1 • "\,I l ) ,< ( l,I s L ( N t J) • J = l t 5) • ill = 1 
2,NHIV)) 

UETE.t-1MlNt. IF THE CUHHENI TIME PERIOU I5 IHE ENU OF A YEAH 
Ml FLOAT(yfIME) 
HI t-11/:>c.jtl 
t-1 l H l - A I ,~ I ( H I I 
Ir Hl.GT.U.9904eUH,HJ.LT.v.00958l \JO 10 160 
MET HI~ 

01 0010 
01 OUcO 
01 0030 
01 ou"o 
01 0050 
01 OUt>O 
01 0070 
01 UOtlO 
01 0090 
01 uluo 
01 0110 
01 UlcO 
01 0130 
01 Ul<+O 
01 UbO 
01 OlbO 
01 0170 
01 OltlO 
01 019() 
01 OcllO 
01 0210 
01 0220 
0 l 02JO 
01 Uc4U 
0 l Oc50 
01 Ocoo 
01 Uc70 
01 02tl0 
01 0290 
01 03UU 
01 - oJlU 
0 l OJcO 
0 l 0330 
01 03'+0 
01 03:>0 
01 03o0 
01 03/U 
oi oJuo 
0 0390 
01 04UO 
01 0410 
01 0420 
01 U4JO 
01 04<+0 
01 04:>0 
01 04t>O 
0 l 04 / 0 
0 l 04tlO 
01 0490 
01 osuo 
01 0510 
01 U5cO 
01 OSJO 
01 05<+0 
01 ussu 
01 05t>O 
01 05 / 0 
01 05tl0 
01 0590 
01 OoUO 

01 0610 
01 00co 
01 06JO 
01 u0 .. o 
01 Uo:>O 
01 0660 
01 06/0 
01 0680 
01 U6'JO 
01 0700 
Ul 0710 
01 U7c0 
01 07JO 
01 U'fi+O 
0 l V 750 
01 UfoO 
01 0770 
0 l U /t)l) 
01 Uf'IO 
01 UtlUO 
01 08!0 
01 U820 
01 0830 
01 U8<+0 
01 Otl':>O 
01 oaoo 
01 08/0 
01 0880 
0 l 0890 
0 l U9VO 
01 U91U 
0 l 09cU 
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Subroutine OUTl continued 

C 
C 
C 

C 
C 
C 

1-'M!Nf UUI !Ht BEU tLt.VAI !UN AT EACH i>UlNT 
l6U CON! lNUt:: 

wtHlt. (l'll (<L(K,U,K = l,NSECl,L = 1,22) 
t-<C: TUHN 

170 FOMMAI (//,;uX,l/HCHUSS SECTIUN Nu.,15,/,20X,17HPUINI HOMIZUNTAL, 
124H ELEVATiUN UELIA t.Lt.V.,/l 

11:10 rUHMAI (21X,12,5X,r6.0,~X,r6.l,5X,Fb.l) 
190 rUMMAT (lHl,l ·U,<+6Hr' IN AL BED t. LE.VAT I UN St AN U,/ 

l ,20X,'+(H f O I A L C H A N u t. A T t A C H P O l ~ T) 
200 rUHMAT (//,1ox,t+(HC HU 5 ~ 5 t C I 1 UN ' PROP E ~ I l ES, 

l/tlLlX,4HllMEtl5,Hu.2,ltl2XtlUl3H::itCllU,~ Ent::cf!Vt. EFFECIIVt:: TUI 
cAL TOIAt " ALl'HA Vt.LOCIIY WAit.tr · SEO IMC:Nf FLUW 
3 lrlALWt::G,/,~JX,37HwlUIH UtPIH AHtA CONVtYA~CE,22X,17HSUH 
4rACt. IHAN~PQt-<l,l~X,9HtLtVAl10N,/) 

2lu FORMAi (lJX,IJ,3X, 2rlU ,l,2rl 0o0 ,2rlUo'+, FlU ,c,FlU,6,Fl0,2,Fl0,2) 
22u f OMMAT (lHl,HX,JHMAX, (X,4Hl l~t.,/,9X•~HWAltH,~X,2HuF,/,BH StCflUN,l 

lX,9HtLt::VAf IoN, 1x,Jt1MAX,/) 
2JU rOKMAT (lH ,lt+,rl0.2,2Xtl4) 
2'+U rUMMAT (1Hl,nx,JHM1Nt/t9X,JH8t.D,/,ll:IH StCllUN ELEVATION,/) 
2jU t"UHMAI (lH ,I'+,J.l.,rlOoc'.) 

t.NU 

01 09 .. rn 
01 0940 
01 09~0 
0 l U9t>O 
01 0'1(0 
01 09130 
01 09',10 
01 1000 
01 1010 
01 1020 
01 lOJO 
01 1040 
01 1050 
01 1060 
01 10/U 
01 101:10 
01 l0<,10 
01 llUO 
Ol lllO 
01 llcLl 
01 l lJO 
01 11<+0 
01 11:>0 
01 1160 
01 l lfO 
Ol 111:10 
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Subroutine RIVDS 

SUtHWUI !NE RlVDS (,~r!, UIS) RD 0010 
C RO OucO 
C IHIS SUl:HWUT 11•E CONVt.r!IS fHE r! I VEr! UISIANCE FROM MILES TO FEt::T, RO OOJO 
C UH f-r!UM I\ILQMt.TEr!S f() Mt.Tt:r!S . RO 004+0 
C RO OU:,O 
C I T MAY t3E usrn TO COr!RECf FOR CUTI OFFS Ori CHANGES lN rliVER RD OUbO 
C ALIGNMt.Nf tiy ADO 1 Nt, SPt.ClAL LUlJ!C. RD LIU I U 
C RO OOt10 

COMMUN /UNITS/ 1 UN l T • COrlUS • lUlFM RD (J\)-10 
1 uH Av • VVAL • FU ' CU NV RU U 1 VO. 
2 ULMA/\ RO 0110 

C RD 0 1co 
UIS = UIS .. CURDS RD OlJO 

C RO 0140 RE fUl-<1\J RO 01:,0 
t.NU RO OlbO 
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Subroutine SED 

C 
C 
C 
C 

C 
C 
C 

C 
C 
(. 

C 
C 
C 

C 

lUU 
llU 
12 u 

SUtjMUU TI Nt:: St.U 

THIS SUHH OUTI NE CALULATt:S St::DIMt.NT l~ANSPOHT USING THE 
Gt:Nt:llAL!ZE O FUR MUL A UEllt.LllPt.U FUR THE. l'AillO Hlllf:.R. 

CUMMUN 
l 
2 
j 
4 
5 
6 -, 
ti 
9 

CUMMUf, 
1 
2 
J 

CU MMUl-1 
l 
2 
J 
4 

CUMMU1, 
l 
2 
J 

/SE C ti 
\ol'.::) t<. (1 0 0) 
A I ( l OU) 
AS ( 1 UU l 
A9(t0U) 
1:jJ(tU U) 
tl7(t UU) 
UA4(lUO) · 
TKK (l UO) 
! MAX(!IJU) 

/S t::c 21 
UL UR (lOOl 
SlJ Mf) ,.(100) 
G Cl OU l 

/HIV/ 
NT Mitj(lUl 
t:IA ([ U ) 
Krfq to (l0,5l 
IfW uT < lOl 

/I N~/ 
! UHG 
SfAGt. 
l CALL(30d) 

WU (cc) 
, 111ft. < I uo l 
, A2(1UU) 

Ao ( lvUl 
AlU(lUUl 

' tl'> ( l uu) 
, tH!(lOOI 

UA9(l00) 
ALt-'r<:(lOUl 

X<!UU,22) 
t UH Utl (lUU) 
, SMAUA( lUOl 

NI-< l V 
, lCUNl(IOl 

()( < 1 u l 
A I < 1 U, ':i l 

, Stl < l u l 
N'.::)t.C 
Ct. 
l r l Mt. 

, M::> f 

IIEHAIE:. UI/EH EACH Hll/EH Ht:ACH 

UO 120 NH= l,NHlV 
KU = K UI"' ( Nt'I) 
KU = KU0,,1 N ( NH l 

, ~U(lUOl 
, lMlN(lOO) 

AJ(lOU) 
II ( ( l U O) 
131 < 1 u u l 
tlS(lUOl 

, d9(lUUl 
, t.UI\ < l UO l 
, 1/K(lUO) 

, l(lOU,22) 
, F C!U0,22 ) 
, ::,~llWS(lUU) 

/\UI"' ( I U l 
"1SL(lU,:il 

, ~UI <lU,:i l 
, cH I I U, :il 

ANl!Ul 
-.. I l M 

' cc 
',j(J 1 
EP::, 

llEHAlt. OVt. R t.ACH CHUSS St::CTION IN THt: MEACH 

OU llU K = KO,KU 
lF (TQCK ) .t.l.l.U. OI GO TO 100 

TQ(lc:>l 
LUtlllUOl 

, A4(1UU) 
Atl(lOU) 
tl2 ( l OU l 
tl6 (IOU I 

, tllO(l UOl 
I Ar<:< l OU l 
WSMAX(lUOl 

, lU(lUU,22) 
NU ( I U U I 
lLMlN(IUUl 

l(UOwN(IOl 
AX I l U l 

, 1 r,-11a c 1u,s1 
, l(CUNT(lUl 
, tlN I l U l 
' UT l"'ll~M 

,'\l(ALL 

CALCLATE THE SEDIMENI IHA NSPOHT FUH IHt. CROSS SECTION 

G(KI = ABS(VK(K)) 0 11 J.16 o EUi<.(Kl II o Oo96 11 WECK) 11 4o4 
bE - oo 
1 F ( T Cl ( K l • L T • 0 • 0 ) G ( K ) = - 1 • " G I K l 
GO TU 110 
G( K ) = u. 

CU N I l NUt: 
CUN f I NUE 

HETUHN 
t. NU 

SD 
SD 
SD 
SD 
SD 
SD 
SD so 
SD 
50 
SD 
SD 
SD 
SD 
SU 
SD 
SD 
SU so so so so 
SD 
SD 
SD 
SD 
SD 
SD 
5 0 
SD 
Sil so 
SD 
51) 
SD 
SD 
SD 
SD 
SD 
SU 
SD 
SD 
SD 
SU 
SU so 
SD so 
SU 
SD 
SLI 
SLJ 

0010 
0020 
OOJO 
0 0<+0 
00:iO 
UObO 
UU(O 
UOdO 
00'10 
OlUO 
Ul!O 
0120 
UlJO 
U l '+0 
U 1 ::,0 
lllt>O 
u 1 f tJ 
UldO 
0 l "10 
02UO 
0210 
uao 
UcJO 
02'+0 
02:,0 
UcoO 
02, 0 
02tJO 
02'10 
UJUO 
OJI 0 
0320 
0330 
03<+0 
OJ!'JU 
UJo\/ 
03(0 
OJtlO 
0390 
O<+UO 
04!0 
04C:U 
04.jU 
04'>0 
04::>0 
04b0 
\)'+ ( 0 
U'+tlO 
04"10 
vsuo 
us1 0 
os20 
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Subroutine SPLIT 

SUBROUTINE SPLIT (NRl,NR2,NR3,NR4,IfLAG,P,ERROR) 
C 
C THIS SUBROUTINE IS USED IN DIVIDED FLOW PROBLEMS TO SPLIT THE 
C DISCHARGE BETWEEN TWO CHANNELS~ 
C 

COMMON /SECl/ 
l WDl221 , RO ( 1101 
2 TQ(200l , WSK(llO) , WE(llO) , ZMIN<llO) 
3 ZOB<llOI • 
4 Al<llOI , A2 ( 1101 , A3(ll01 
5 A4(ll0) , AS(llOI , A6(1101 , A7(110> 
6 A8(110) • A9(ll0) • AlO(llO) , 81(1101 
7 82(1101 , 83(110) , 84(1101 , BS< 11 O I 
8 86(1101 , 87(110) , 88(110) , 89(110) 
9 810(1101 , OA4(ll0) , 0A9(1101 , EDK(llO) 
0 TAK(llO) , TKK(llO) t ALPK ( 110) , VK(llOI 
l WSMAX ( 1101 ' IMAX ( 110) 

COMMON /RIV/ NRIV , KUP(lO) t KDOWN(lOI 
l NTRIB(lO) ' I CONT< 10) , GC(lOl , QSL<l0,10) 
2 AX ( 10) ' BX ( l 0) ' CX(lOl , RDT(l0,10) 
3 ITRIB ( 10, 10), KTRIB(lO•lO), AT(l0,10) , BT(l0,101 
4 KCONT(lOI ' IROUT (81 , 58(10) , AN ( 10 I 
5 BN ( l 0) 

COMMON /PRT/ IPRNT(81 ' IS ' 16 
l I7 ' 18 • 19 • Il0 

COMMON /HYO/ V , ED , EW 
l ALP , TK , TA 
COMMON/TRI/EPS,MST 
KDl = KOOWN(NRl) 
KUl "' KUP (NRU 
K02=KDOWN(NR21 
KU2=KUP(NR21 
KUMl=KUl-1 
KUM2=KU2-l 
NTl=NTRIB(NRl) 
NT2=NTRIB(NR2) 

C 
r CHECK THE UPSTREAM DISCHRGES OF NRl AND NR2 EQUAL OR NOT 

IF ( TQ <KUl l .EQ. TQ (KU21 I GO TO 310 
PRINT 121,NR2,NR1 
TQ(KU2l•TQ(KUll 

C 
r: CHECK If THE USER COUNTS REACH NRl AS THE TRIBUTARIES Of, 
r: REACH NR2 ANO VISE VERSA 

IFINT1.LT.2.0R.NT2.LT.2> PRINT 131,NR1,NR2,NR1 
C 

310 CH Pl isTQ ( KUl I *P 
QTP2sTQ(KUll*(l•P) 
NTll•NTl•l 
NT2l=NT2-l 

C 
r. CALCULATE THE DISCHARGE AT EACH SECTION Of REACrl NRl 

DO 111 K=KDl,KUMl 

C 

TQ(Kl•<HPl . 
IFINTll.LT.2lGO TO 111 
DO 101 J•2,NT11 
KT=KTRIB(NRl,J) 

101 IF(RO(KI.LT.RDT(NRl,Jl)TQ(KlaTQ(Kl+TQ(KTI 
111 CONTINUE 

r CALCULATE THE DISCHARGE AT EACH SECTION Of REACH NR2 
00 222 KzKD2,KUM2 
TQ(Kl=QTP2 
QTRIB2=0. 
If(NT21.LT.2lGO TO 222 
DO 202 J::2,NT21 
KT:sKTRIB(NR2,JI 
If(K.EQ.KD2lQTRIB2•QTRI82+TQ(KT) 

202 IFIRDIKI .LT.ROT(NR2,Jl ITQ(Kl•TQ(Kl+TQ(KTI 
222 CONTINUE 

SP 0010 
SP 0020 
SP 0030 
SP 0040 
SP 0050 
SP 0060 
SP 0070 

• SP 0080 
SP 0090 

• SP 0100 
• SP 0110 

' SP 0120 

' SP 0130 

' SP 0140 

' SP 0150 
SP 0160 
SP 0170 

' SP 0180 

' SP 0190 
SP 0200 

' SP 0210 

' SP 0220 
SP 0230 

' 0360 
0370 

• BW 0280 
BW 0290 

SPL 0230 
SPL 0240 
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Subroutine SPLIT continued 

C 
r CORRECT DOWNSTREAM DISCHARGES 

TQ(KDll=TQ(KDll+QTRIB2+QTP2 
TQ(l<D2l•TQ(l<Dll 

C 
r. 

C 

CALCULATE THE WATER PROFILES IN BOTH REACHES. 
CALL SUBPF (NRll 
CALL SUBPF (NR2) 

r COMPUTE THE ERROR IN THE UPSTREAM WATER SURFACE ELEVATION OF· 
C BOTH REACHES. 

ERROR s WSl<(KUl) • WSK(KU2) 
C 
C RESET UPSTERAM WATER SURFACE E~EVATION OF REACH NR2 EQUAL TO THAT 
C OF NRl, IF THE CONVERGENCE CRITERIA HAS BEEN SATISFIED. 

lf(ABS(ERROR).GT.EPS)GO TO 320 
If(WSK(KU1).LT.WSK(KUM2))GO TO 315 

C 

( 

WSK(l<U2)=WSl<(KU1) 
TAK(KU2)•TAl<(KU1> 
EOK(KU2)•EOK(KU1) 
TKK(l<U2)•TKK(KU1) 
ALPl<(KU2)=ALPK(KU1) 
VK(KU2):VK(KU1) 
WE(KU2)cWE(KUl) 
GO TO 320 

315 CONTI NUE 
WSK(l<Ul)•WSK(KU2) 
TAK(l<Ull•TAl<(KU2) 
EDK(l<Ull•EOK(KU2> 
TKl<(l<Ul)=TKK(KU2) 
ALPK(KUll=ALPK(KU2) 
VK(l<Ull=VK(l<U2) 
WE(l<Ul)cWE(KU2) 

320 CONTINUE 

121 FORMAT(* RESET UPSTREAM DISCHARGE Of REACH*,I4,• TO BE*• 
••THE SAME AS THAT OF REACH•,I4) 

131 FORMAT(* DID YOU NUMBER REACH•+I4,• AS THE FIRST INFLOW TRIBU•, 
l*TARY ANO•,/,• THE LAST OUTFLOW TRIBUTARY OF REACH•,14,•· 1•, 
2,/* ALSO CHECK THE TRIBUTRIES Of REACH*,141 

RETURN 

SPL1 0390 
SPLI 0400 

SPL 0430 
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Subroutine SROUT 

C 
C 
C 
C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 
C 

SUi:!HUUflNE SMUUT ( NM) 
IHlS SUt!MOUflNf HOUftS THt SEU!MENT, CALCULATES THf 
APPMUAlMATE rtED ELEVATlUN CHANGE, ANO I~ Nt.CESS ARY, 
UlSfHll:IUfES IHE AGGHAUAllUN OH UEGHAU All UN IHHOUbH 
IHt. CHUSS SECTION. 
COMMUN /St.Cl/ 

l wSK(lOO) 
i!. Al ( 1 UO l 
3 AS([UU) 
4 A':l(}UO) 
S l:IJ(}UO) 
6 1:17(pJO) 
7 UA4(100) 
8 fKl\(lOOl 

WU (c2) 
t Wt. ( l UO) 
, A~(lUO) 

A6(1UU) 
AlOllUO) 

, t:141100) 
l:lt! 110 0 l 
UA':11100) 

, AU'K(lOU) 

, ~UllOU) 
, lMlt~(lOUl 
, ,UllUU) 
, AfllUO) 
, t!lllUU) 
, dSllOOl 
, t!9 ( l U O l 
, !:.011.(100 ) 
t Vl\(lOU) 

\I !MAXI I OD) 
CUMMVN /SEC2/ X(l00,2~) l(I00,2~) 

l ULUAllOOl , UHiJl:lllOOl r <IOO,~~l 
2 SUMQ~(!OO) , SM~UA(!OU) , :,MLWS(lUU) 
3 i; ( lQUl 

COMMOI~ /UNI fS/ 
l (;~/AV 
2 UlMAA 

COMMUN /IN~/ 
l !UR(, 
i!. SI AGt. 
3 lCALLIJO,Jl 

COMMUN /RlV/ 
1 NlHil:l(lOl 
2 l:IX ( 1 U) 
J KTRfi:1110,Sl 
'+ I HUU I I l O l 

UIMENS!UN 

!VNlT 
t VVAL 

NSt.C 
' Ct. , 11 I Mt. 
, MSf 

NHlV 
, lCUNf(lO) 
, CA(IO) 

Afllu,5l 
Su I l U l 
UV(lUO) 

, COHOS 
' rt.I 

,'H lM cc 
'l lH 
t.P:, 

, i<.u,> 11 ,) l 
JSL(lO,SJ 
HU I ( I U, SJ 
dT(lU,::>) 
AN ( l U) 

, fQ(l25) 
, ZUd 1100) 

A41lOU) 
A81100I 

t t!2(1UUJ 
, t! 6(i0Ul 

81U(lUOI 
IAK(lOUJ 

t WSMAXllOU) 
, lU(l00,22) 

,'W ( IOU) 
!LMlNClOOl 

, lOlFM 
, CU ,'1\/ 

' u T PUHM 
NCALL 

, ,c;uuwNClOl 
, AXCIU) 
, 1fH113ClU,5) 
, KCCJ ,'4 I I l O) 
, BN C 1 U l 

lfEkAlt. UVER !:.ACH CMUSS SECTION IN lrlE RlVEH SEGMENT. 
r<U = KUP(NH) 
KU::;: KLlOWN(NH) 

l 
IOU 
ll U 
l~O 

KUfJ l = KU + l 
KUMl = KU - 1 
UO lcU K = KU,KUMl 

Kr'l =I(+ l 

CALCULAfE THE VOLUME Of St.UIMENT Ut.PO :>lTEU, UR EHOU~U. 
UVCK.l::: (G(KPll - G(Kll • tl640u. • UT 

AUU IN LATERAL SEUlMt.NI l ~LUW IF ANf. 
JI = NTRftl(NH) 
If (Jl.t () oUl uU fU 110 
uo 1 o u J = 1 , J T 

If CH(Jl (NH,Jl . GE oKU(K) .ANO.HOT CN~,Jl oLl'.RU(KPl) l 
K) + QSL(N+'<,J) • t1640U.o • ur 

CUNllNUE 
01/(K) = (UV(Kl/CloO - r'CJHM )I 

CUN I lNUE 
UAUr' = HU(KOPl) - RUC~Ul 
UU c lO K.::: KU,KUMl 

If (AdS(fl.l(K)) .Eu.o.ul l>O IU clU 
KMl = I( - l 
Kr' l = K. + l 
UXU>IN: QAUP 
UAUP = KQCKPll - HU(K) 

ft.ST FUR wtrHS 
IF I (OXU,1 +'4/COHUS) .u.0.0011 i;o TU 210 
IF ( (U.i.Up/CORUS ).L[.U.ooll GO JU clU 
ff (K.GI .K u) bO ro l'+O 
(MUUT = IHUUTINM) 
(;I) TO (21u, l4U, 130), lHCJOT 

CALCULATE TH!:. CHANGE IN THt. AHEA AT THt. CHOSS SECTIUN 
lJu OA = o.5" OV(K)/UXUP 

Gu ru 1so 
14U UA: 11 .s • OV(I\) + u.:, • UV(KMl))/IUXUfJ • OXUWN) 
l:JO SUMUA(K) - = SUMUA(K) + UA 

CALCULATE THt. APPRUXlMAIE 1:1EO ELEVAIIU~ CHANGE 
SlNCt. fHt. LAST UIS)HldUllUN U~ SEU!M~NI. 

SUMUZ = SUMOA(K)/W[(KI 
SMLWSIK) = SML\iS(K) + wSK(K) "At!SIUAl 
SMAUAII\) = SMAUldK) + AdS(UA) 

01/ (Kl = UV( 

SR 
SR 
SR 
SR 
SK 
SH 
SR 
SH 
SR 
SR 
SH 
SH 
SR 
SR 
SR 
SK 
SR 
SR 
SR 
SR 
SR 
SR 
SH 
SR 
SR 
SH 
SH 
SR 
SR 
SR 
SR 
SR 
SR 
SR 
SR 
SR 
SR 
SR 
SR 
SR 
SR . SR 
SH 
SR 
SR 
SR 
SR 
SR 
SH 
SR 
SR 
SR 
SR 
SR 
SR 
SR 
SK 
SR 
SH 
SR 
SR 
SR 
SR 
SR 
SR 
SR 
SH 
SR 
SH 
SR 
SR 
SR 
SR 
SR 
SR 
SR 
SM 
SR 
St-I 
SR 
SR 
SR 
SH 
SR 
SR 
SR 
SR 

0010 
OOcO 
UOJO 
0040 
00::>0 
OOoO 
UO(U 
OOdO 
0090 
0100 
0110 
o I ell 
UIJO 
0140 
01::,0 
0160 
UlfO 
OldO 
0 l '10 
OcUU 
UclO 
U2c0 
UcJO 
0240 
02::>D 
U2oO 
Oc(O 
021:!0 
Oc'ilU 
U3UO 
OJiO 
OJcO 
0330 
0340 
OJSO 
OJoO 
0310 
OJdO 
OJ':10 
U4ll0 
0410 
U4c0 
O'+JO 
0440 
04::,0 
U4o0 
04/0 
041:!0 
04<;0 osuo 
0:JlO 
OScO 
OSJO 
USt+O 
os::,o 
OSoO 
o::, I 0 
OSt!O 
OS<;O 
OoUO 
0610 
06i!O 
U6JO 
Ob40 
06SO 
0660 
Ob/0 
06d0 
Ob':lll 
0700 
0710 
07cO 
0730 
0740 
07SO 
o 1oo uno 
07d0 
0790 
OtlUO 
OdlO 
0820 
OtlJO 
Ut!•O 
Od::,O 
01:160 
Utl/0 
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Subroutine SROUT continued 

C 
C 
C 
C 

C 
C 
C 
C 

C 
C 
C 
C 

C 
C 
C 
C 
C 
C 

C 

IEST TU SEE IF THE HtD tLEVATlUN HAS CHANGEU ENOUGH ru 
HtWUlkt UlSTHlBUTING rHt StUlMENT IH~UU~rl !HE CHUSS StCllON 

AUl : Al:iS ( SUMlJ/l 
IF (AOL.GI . l)l"IM) GU TU l6U 
ff (llIHE•tu.NT!M.ANU.SMAUA(K).GI.Oe) GO TO 160 
GU IO do 

USE THt WElGHIED AvtHAGt OF WAr EH SU~FACt ELEVATIONS FOR 
UlSTHll:iUTING IHE StUlMtNI. 

l6v NUIS = IFl~(AUL/(UlMAX * 4e)) 
If (NUlS.Ll.ll NlJlS: l 
SUA = ~UMUA(Kl/fLUATlNU lSl 

l 'u 

11:iU 

l9U 
ZOU 

clU 

WS = SMLwS1KJ/SMAUA(KI 
UO 20\J NOS: l,NlJIS 

LMP.i = LMIN (I\) • 3. 
IF (wc, . t.T .L MPJ) wS: L"11"3 
CALL GtUM (K,115) 
N = NQ(K) 
Nil= N - l 

AUU IN CHANGt IN cltU ELtVAtlON, Ar tACH POINT, TO 
CHUSS StCrioN GEUMtlHY. 

OX= XIK,2) - X(Ktll 
IF <Ux .tu .u.1 GO JU lfO 
l(K,l) : L(/\,l) • (:jUA O WlJ(lll/l)X 
00 180 L = 2,NP 

UX = X(K,L • ll - X(K,L - ii 
IF IUX .tu.O.) GO 10 18\J 
LIK,L) = Lll\tLl + (SUA O («!J(L.) + IIIU(L - 1)))/UX 

CON 1 I 1,iUt: 
OX: X(K,N) - X(K,N - l) 
if <Ux .ta .u.) GO IU 190 
L(K,N) = llK,N) + (SUA * WU(N - 1))/DX 
CALL JriAL (Kl 

CON I lNUE 
CALCULATE PowER FUNCTIONS FOH THE CHANGEU StCTION. 

CALL CHNGM (K) 

SEr SMAUA ,~, ,SMZ~s (Kl, ANO SUMOA(K) , 1:iACK 10 ZEHO. 
SMAUA(K) = 0, 
5•'1L"S lK) = o. 
SUMUA(KI = o. 

CUNT lNUE 
HE!UHN 
t.NU 

UEIAlLS UIAGNQSIS UF PHOtlLtM 

SR 0880 
SR UINO 
SR 0900 
SR 0910 
SR 0920 
SR U9JO 
SH U'J•O 
SR 09SO 
SH 09oO 
SR 0910 
SR 091:iO 
SR 0990 
SR 1000 
SR lUlO 
SR lU<'.0 
SH lOJO 
SR 10 .. 0 
SR l O:>O 
SR lUt>O 
SR lOfO 
SR 1080 
SR 1090 
SR 111.10 
SR l llO 
SH 1120 
SR 1130 
SH ll<+O 
SR 11:>0 
SR 1160 
SR 11 (0 
SR lloO 
SR J.l 9\J 
SH 1200 
SR l 2 l O 
SR lUO 
SR l.:!.rn 
SR 12<+0 
SR 12:>U 
Sf.I l2t>O 
SR 12 I O 
SR 1280 
SH 1290 
SR 13uu 
SR 1310 
SH 13.:!0 
SH 13JO 
SH 13<+0 
SR 13:>0 
Sf.I l Jt>O 
SR l J f u 
SR 13tl0 
SH 1390 
SR !4\JU 

AN IF SJAfEM~NT MAY~~ MOHE E~F!ClfNf THAN A 2 u~ 3 dHANCH COMPUTED GOT 
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Subroutine SUBPF 

C 
C 
C 
C 

C 
C 
C 
C 

C 
C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 
C 

C 
C 
C 
C 

l UU 

110 

lcO 
lJO 

SUtlHUUIINt §UbPF (NH) 
!HIS SU~ HU UTl NE CALLS THE VARIOUS OfrltH SUbHUUTlNES NEEUEO TU 
CALCULAT E THt SU!:ICKlflCA L WATER SURFACt ELt.VATlUN AT EACrl SECllUN. 
COMMUN /SECt/ WU(c2l , ~D<lUO) IU(ll5) 

1 ~SK(lOOl Wt(lUOl , lMlN(lOO) lUtl(lOO) 
c Al(IUO) Ac(lUU) AJ(lOO) A4(10Ul 
J AS(IUU) Ao(lUU) Al(lUU) Atl(lUO) 
4 A'l(lUU) AlO(lOOl tll(lOO) t!c(lUU) 
5 c13(1UO) , !:l'+(lUO) , dSllOO) t!6(1UUI 
o tH(1 Uu) , btHlUU) 09(100) 810(100) 
f UA'+(lUO) UA'i(lOO) t.Ul\(lUOl [AK(lOO) 
!:I TKK(lUO) AU'K(lOU) , VIUlUUl , •SMAl(.(10 01 
'J IMAXllOU) 

COMMUN /U NITS/ 
l GHAV 
2 L)ZM ~Jr. 

COMMUN /rl'l'U/ 
l AU' 

COl"IM UN /HlV/ 
l NIH{8(1Ul 
2 l:j,I(. ( l u > 
J KIHI~llU,5) 
4 HWU I I lOl 

CUMMUN /SYS/ 
l Ut::.x. 

!UNIT 
, VVAL 

V 
, TK 

NHlV 
, lCUN[(lU) 

Cl\ ( l u l 
Al(lU,5) 

, Sb ( i U) 
VHU 

, CUHUS 
, Ft I 

' c::u , I A 
, KU~(iOl 

.ISL(i0,5) 
~Ul(lO,:,) 

, cH(lU,:,) 
, AN ( l O) 
' .. su 

, lUlFM 
, CUNV 
, Ew 
, KUUWN(lOl 
, Al(. I l U l 
, llHl!:1(10,5) 
, KCON[(iUl 
' t:,1~ ( !I)) , I KU 

Ut.fEKMlN~ THt. COt.FFIClt.NT UF IHE CONVAYENCE EQUATION 
FUH THE CUKR~NI UlSCHAHuE, 
CALL NVAL (NH) 

CALCULATE THt. WAIEH SUHFACt ELEVAlfU~ AT THt. DOwNSfHEAM 
StCT!UN, tlY USlNb !Ht. CUNJHOL CU NU liUNS , 
CALL CUNT (NH,lo/5) 
I\:: I\UUwN(NR) 
i f (wS,LE,lt-dN(Kl) GU TU 100 
CALL HYUl-'H (K,WSI 

IESI FOH CHI! lCAL FLOW, 
CHf:: IQ(/'0/((GrlAV/AU'l • • , 5) 
LSl.l :: l"A O ( ( fA/t.W) o • ,:, ) 
lF (CH] , Lf,z::,u) (;U TO 130 
CALCULATE CRITICAL UEl-'IH, 
1 r < TlJ (Kl , b T, U, 0 l GU I U l l u 
wS = IOISl) 
t..U = U . 0 
tW: 0,0 
I A :: 0 • 0 
I K :: 0. U 
AU' :: 0, 0 
V :: U, 0 
U:: <fU(Kl • fQ(K) • A5(1\))/(A3(K) • AJ(K) * GRAV) 
U _= U • o (1,/(l, + c, • t!J(:\) - t:j:,(I\))) 
ws = U + lMI I~ (K) 
H (WS,LT,ZQ!:l(K)) I.JO TU lcU 
U = (lldK) o TQ(I\) 0 AlO(l\))/(Atl(K) • Atl\K) • GHAV) 
U:: U" • (l,/(1, + 2;;, tl8(1\l - tl lU(I\))) 
wS = U + LHIN<K) 
CALCULATE THt HYUHAULIC ~HUPEHTIES OF IHE St.CTIUN, 
CALL HY OPR (K,WS) 
wt(K) :: Ew 
w::,K(Kl = wS 
I AK (Kl = l" A 
t.LJI\ (I\) :: t.U 
r KK (I\) = r K 
AU'K(I\) = ALP 
VI\ (I\ l :: V 

lTEHATE OVER THE KEMAlNUtH OF THE S~Cl l ONS , dY WO~KlNG 
Uf'::,[KtAM UN£ SE~TlUN Al A llM~, 
KU= KUP(NH) 
Kc= KUOWN(NH) + 
uu 2cU K:: Kc,KU 

ICHl = 0 
SET [Ht LAST SECTIUNS HYUHAULlC PHU~~Hll~S AS THE UUWNSTHt.AM 
CUNUll IO NS , 

SB 
Sl:$ 
SB 
SH 
SH 
S!:I 
SH 
58 
Stl 
SB 
Sb 
Stl 
SB 
Stl 
51:l 
SB 
SH 
SH 
Sf:l 
Stl s f:l 
SH 
58 
Stl 
SB 
SH 
SB 
SH 
58 
Stl 
Stl 
Stl 
51:l 
58 
SB 
SB 
SB 
SB 
SH 
Stl 
Stl 
Stl 
Stl 
Stl 
Stl 
SB 
58 
Sl:$ 
Stl 
51:l 
Stl 
Stl 
Stl 
SB 
SH 
Sf:l 
SB 
Stl 
SB 
SB 
SB 
SH 
51:l 
SB 
SB 
SH 
SH 
SH 
58 
SB 
SH 
SH 
Sf:l 
SH 
SH 
58 
58 
SH s~ 
SH 
SH 
SB 
SH 
SH 
SH 
SH 
SB 

0010 
UOcO 
UUJO 
UO<+U 
UO:,O 
0000 uoro 
OOtlO ou~o 
UlUO 
UllO 
UlcO 
UlJU 
0 l <+U 
Ul:,O 
OlbU 
0 l f 0 
OltiO 
Ol~O 
OcOC 
0210 
u2cu 
02JC 
02'+0 
Uc:,0 
02oU 
Oc70 
02UU 
Uc~O 
UJOO 
UJ l n 
OJcO 
UJJO 
UJ<+O 
03:,0 oJou 
OJ/0 
UJtlO uJ~o 
04UO 
0410 
04cO 
04JO 
04<+0 
04:,0 
04oO u4ru 
04tl0 
U '+<iU 
U5UU 
0510 
OScO 
USJO 
05'+0 
(J5:,U 
usoo 
US(U 
U5tlO us~o 
U6UO 
0010 
ObcU 
Ub.JO uo .. v 
uoso 
U6o0 
Ub/0 
ObtlO 
Ub-,l.:l 
u7UU 
0 7 l 0 o7co 
vfJU 
Oft+O 
0 7:,U 
OlbU 
OTTO 
U7tl0 
O 7~l· 
0800 
OtHO 
OHcO 
OtlJO 
Otl<+O 
Otl:>O 
UtlbO ouro 
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Subroutine SUBPF continued 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 

140 

1:,0 

l oO 

lTO 

l ti lJ 

l9U 

too 

clU 

ao 

KU= K - l 
Ut.~: HU(K) - RU(KU) 
VHU = ALP O V O V/(c. * GHAV) 
wsu = ws 
TKU = fl\ 
H lf\J( KJ .uT.0.0) GO 10 lSO ws = wsu 
Ir l«S.L[.LMIN(I\)) uU 10 140 
CALL HYUPrt (K,WSJ 
Gu ru clo 
t.w = u.u 
EU= u . o 
IA= O. O 
TK = o.o 
AU' = 0 . Q 
V = O.U 
Gu To 210 

rtsr fUM Wt.JH SECTION 
IF <OU.GI .o.oouol) GO TO l6U 

CALCULATE THt. WATEH SUHFACE Al THE U~lHt:AM WEIH SECTION 
CALL WE.IH lK,wSJ 
GU I() c 1 Q 

CALCULAlE fHt. WATEH SUH ~ACt. ELEVAflU~ AT SECTION(Kl, 
CALL l:lKWAI (K,ws,ICHl) 

ri::sr ~UR CHI1 ICAL ~Luw. 

If llCHl.~ l.1 .1) GU TO 170 
CHT = flJ(K) /(( uHAV /AU') o * .:,) 
l'.:>l.l = fA" ((11\/t.w) * o .~) 
I f (CHT.Lt..ZSU) GO ru clO 

CALCULATt. CR1TICAL UtPTH, 
0 = (f!J(K) * TU(KJ * AS(K)l/(AJ(K) "A31K ) * GHC.V) 
U =D O "(l./11. + c, "l:l3( Kl - l:l::>(K))) 
W'.:> = U + LMI NlKJ 
H lW'.:>.LT.LOtllK) J GU TO l 8U 
U = (I U(Kl o TUlK) 0 AlU(KJl/(A 81 '<.l "A8(K) "GHA\IJ 
U = U" ~ (1./llo + c, 0 tl8(KJ - 810\KJ)) 
WS = U + lMIN(KJ 
I f (WS.LJ.wSUI wS = WSU 
CALL HYUPH ( i< ,WS) 
If (V.Lf.VVAL) GO T.O dU 

CALCULAIE NUHMAL UtPTH 
C = TU(KJ/SB(NH) o o .S 
U = (C/A4(K)) * * ll./o4(K)) 
WS = LMINlK) + U + 0001 
IF (wS.Lr.wSO) wS = wsu 
If (W:>.LJ.l()d(K)) GU ru 190 
0 = (C/Ag(K)) * * <l./d9(K)) 
w:, = LMIN(K) + U + .001 
IF (WS.LJ.wSUI wS = W'.:>U 
CALL HY UP H (K,W:,) 
H <v.Ll.VVAL) GU TU clU 

Vt.LOCIIY LlMilEU 
D = ( TQ(K) /(VVAL O AJ(K))) o o 11.0/t:13(K)) 
WS: U + LMIN(I\) u · (w S . LT.WSU) .. s = wSU 
If- (W :>.LT .LO LilK) J GU lU 200 
U = (llJ(K)/(VVAL * Ati(KJ)) * o (i.U/tl d (K)) 
W:,: U + LMIN(K) 
I F (W S .LToWSU) wS = WSU 
CALL HYUPH (K,WS) 

str CHUSS SECTION HYDRAULIC PHOPEHlltS INTO ARRAYS 
wt ( K) : 
W:>K(KJ 
IAK(K) 
t.UK(KJ 
f KK (K) 
ALl' K (K) 
Vl\( K) = V 

EW ws 
I A 
t.U 
I K 

: ALP 
CUNT l1~uE 
Ht.TUHN 
t.NU 

SB 
58 
SB 
58 
58 
58 
58 
58 
SB 
58 
Stl 
S!:i 
58 
SB 
Stl 
SB 
56 
SB 
SB 
SB 
S!:i 
58 
SB 
58 
58 
SB 
SB 
SH 
58 
SB 
58 
SH 
SI:! 
58 
58 
SB 
SB 
58 
58 
58 
SH 
SB 
58 
SB 
SB 
SB 
SB 
SB 
58 
SB 
SB 
S8 
SH 
SB 
51:l 
SB 
58 
58 
SB 
58 
58 
SB 
58 s ti 
58 
58 
SB 
58 
St:1 
SB 
S!:i 
St3 
SB 
S!:i 
SB 
58 
SB 
SB 
SI:! 
58 
58 
SB 
SB 
SB 
SB 
SB 
SB 
58 

OddO 
Od~O 
O'iUO 
0910 
09to 
U9JO oc,i .. o 
U9:,0 
U',loO 
09(0 
0980 
U9~0 
1000 
1010 
lOcO 
10JO 
10 .. 0 
l 0:>0 
10uO 
1070 
l Ot!O 
10~0 
1100 
1110 
l l cO 
llJO 
11 .. 0 
11 :,0 
llbO 
11 f 0 
11 dO 
1190 
lcuo 
1210 
12co 
l2JO 
li:!40 
12~0 
1260 
1270 
l 2tl0 
lc'iO 
1300 
1310 
1320 
1330 
1340 
l3SO 
lJou 
13(0 
IJdO 
13~0 
l4UO 
1410 
14cO 
HJO 
1440 
14:>0 

t4oO 4(0 
l4d0 
l 4-iO 
1500 
l:, l 0 
l5cO 
lSJO 
l:,,. 0 
l S:,O 
lSou 
lSfO 
lStlO 
1:,~o 
lbuO 
lblO 
loco 
lbJO 
1640 
lb::,O 
lboO 
16(0 
lbtlO 
lb',lO 
1700 
1110 
11co 
l/JO 
1 74U 
l"T:>O 
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Subroutine THAL 

SUdHuUTI NE THAL (Kl 
C 
C 
C 

IHIS SUBHOUflNE OEltHMlNt. S THE CHUS~ S~CllUN THAL•Eu ELEVATION 

C 
C 
C 
C 

100 
C 

CUMMUN . / StC 11 WUC22l ' ~l)(lUUl ' l WSl\(1 0 0) ' wt.(lUUI ' lMlNClOU) 
2 Al(tU \J ) A2l1UU) ' AJ 11 UU) 
J A~(tUU) Ab ( I UV) A 111 lJO) ' 4 A911 UU) ' AlVllOO) olllUU) ' 5 dJ(tUU) d4ll0Ul ' d~llUUI ' 6 d/(tlJU) tHH IUU) ' :;9 l l OU) 
7 UA4(1 0 0) UA9llUO) c.Ui<; I l UO) 
d I KK Cl VO > ALr'KllOU) Vl\(lU O) ' 9 lM, Xl lOO) 

COMMUN /St.CZ/ J\ClOU,?21 ' l(lU0,22) ' l ULUH llOOI UHUdll OU) f (lUU,2c) 
t!. SUHOA l l 00) SMAUA(lUO) :iMl,.SllUU) 
3 U ( l QU) 

rt.S T E.ACH CRU S S SEcr ION r'Ul NT TO f!NU I Ht. Mlo'HMUM 
ILMlN II\))• 

H = NUIK) 
lMlN(I\) = Z(K,l) 
!LMIN II\) : l 
UU lUU L = l•H 

If IZCl\tL>. GE.lMIN(K)) l,L) ro lUO 
Z"ll N IK ) : /.CK,U 
lL Ml N lrO = L 

CONT H~UE 

Ht.TUHl'I 
t.NU 

fQl12!)) 
lOollO OI 
A'+llUU) 
At!Cl OUl 
Bt!. 11 u lJ l 
dbllUO) 
dllJl!OO) 
lA r<.CJUO) 
WSMA.t.1100) 

lUl1UO,c 2l 
NU I l U u) 
lllH N(lUO> 

f.L EV td ION, 

0010 
OOt!.O 
OUJO 
0040 
00~0 
OUbO ou,o 
UUdO 
00'70 
UlUO 
0110 
0 l t!.O 
UlJO 
0140 
0 l ::,o 
Ult>U 
U l /0 
OltlO 
U l '70 
0200 
0210 
0220 
U2Jn 
Ut!.'+0 
02:>0 
U2b0 o,uo 
02oU 
Ot!.90 
UJUU 
0310 
OJt!.O 
OJJO 
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Subroutine TRIBS 

SUoRUUflNE rt"l!BS TS 0010 
C TS 0020 
C fHlS SUBkOUTINE OEltkMlNt:S fHf:. SEO I MEN I UISCHARGE FUR TS UU.JU 
( tACH t'HIBUl'AriY . TS 0040 C rs oo::,u 
C Utr! 1HrlUNS UF fYi'tS OF lRlllUTAKlt.S rs OOt>O 
C TS 00/0 
C l f ri Il:J ( NH,J) TYt>f:. 0~ TiHBUTARY TS UOt:10 
C TS U0',10 C 1 f'Ol NT SUUt<CE IN TS 01uo C c MAJUK IHldUIAKY IN TS UllO C ,j POI NT SUUt<CE uu r TS UlcO C 4 MAJUri fRlt:JUfAKY UUI TS UlJO C TS 0140 CUMMUN /SECt/ liU(2c) ' -!UllOO) ltJIU5l TS 01::,0 

l w::,K!lUO) ' Wt(!UOI llHN(lOU) lUt:J l l Oil) rs U l t>O c Al ( UU) ' Ac(lUU) A311UU) ' A411UU) TS 01/0 J A::,qu u 1 Ao ( l UUl ' A711UU) ' At:l ( l U U) TS UldO 4 A~ ( 1 UU) AlUl!UUl ' :H 1100 > ' t.lc 11 OU l TS U l '10 
5 t:U(tUUl ' t::!4 ( 1 uu l ' d::,(lUU) ' t:10 ( l OU l TS 02\JO 6 t:l / ( l uu) d8 ( l uu I ' ~9 l l OU) tHU(lOUl TS 0210 
7 UA4(1UO) OA',1(100) C:Oi<.(IUOl TM(lOO) TS 0220 
8 fKK(lUOl ' AL l-'l\ ll UU) VK(lUU) ' WSMAX(lUO) TS 02.JO 9 IMAX(lOU) TS Uc'+O CUMMUN /St:C21 .IUlU0,22) • t. ( lOU,22) ' LU<lOU,22) IS U2SO 
l OL URllOOl ' Ur<U t:J I l OU) ' f-" 11UU,2cl ' "<U < I UO l TS UcbO c SUMQA(lUUl ' ::,MAUA(lUO) ' ::,Mlw::,(100) ' lt.MlN ( lUU) TS UcfO 
J (; ( l ou) TS 021:JO COMMUN /I N~/ NSEC ' ,'l I l M ' OT TS Uc',10 
l l UH G ' Cc. ' cc ,,Ul'(M TS OJUO 
2 ST AGt ' 11 l Mt. 'l(,I l IIICALL TS O.J!O 
3 1CALL(3U,3l ' MSI t:YS TS 0320 COMMUN /HIii/ Nr<lll i<.U,, ( l Ol ' i<.UOl'IN(lO) TS 0330 
l NlH{tl ( 10) IL. UNI I lU) ' JSL.(lU,::, J ' Al\ ( l U l TS 0340 
2 t:ll\ (l \J) Cl\ ( lUl -!Uf(lU,::, J ' lT,lld(lU,Sl TS o:.bo J Klfqd(IU , S) ' Ar < 1 u, s > d 1 < l U,::, l ' KCONTl!Ol TS UJoO 
4 uwur 110> ' Stl ( l O) ' A/~ ( l O) ' dN(lO) TS UJ7U 

C TS UJi:,O 
C II ERA rt: UlltR t:ACH r<!Vt:K St:GMENT • TS OJ',10 
C rn 0400 uu l ::>U Nri = l,NKlll 0410 

NT :: Nlkyt.J(NRl TS U4cU 
IF ( l'l T • t.Q • t)) GU TU 150 TS 04JO 
OU 140 J ;; l,NT TS 0440 

K :: tqr<iB (NH,J) TS 04'>0 
C rs 04<>0 C Ut. rt)~M l Nt. T Ht. TYPE OF fKlt!U[AKY. rs 04/1) 
C TS 04t>U !THYU:: ITHli:J(NK,Jl TS 04':'U 

GO ru <100,110,1cu,1Ju>, IrHYd TS 0500 C rs 0::,10 
C CALCULATE SEUIMt:Nr UlSCHAKGE FOK i'Ul'\jf SUUKCE BY HATING CURii!: TS U5cO 
C lS OSJO 

100 tJSL( NA, J) :: AT INK , Jl • rQ (Kl • • di (N K, J) TS US<+O <>u ru l<+O TS os::,o 
C TS 05t>I) 
C FUK MAJOri TRlt:1UIARlt:S SU St:.OlMENI UlSCrlAHGt:: TO SEDlMt:Nl TS 05/0 
C 1 riANSi-'UH T AT UOWNSIRtAM THltJUIAriY St.CT lU N. TS U5dll 
C TS U!:i~O 110 USL(NR ,J) ;; <,(K) TS Ot>OO 

l,l) ro 140 rs 06!0 
C TS u0cO 
C ,,Ol NI ::,uuHCE OUT TS UbJO 
C TS 06<+0 

lcO I.ISL ( NRtJ) :: AT( NK,J) • 1 Q (Kl .. • ti [ (N~, J) TS U6::,U 
(,ISL ( NR, J) = - lJ::,L( NK,Jl TS 0660 1,u ru l'+O rs Uf> 10 

C TS U6t!O C MAJOH PHtlUTARY our rs Oo'l/0 
C TS U7u0 

!JU ll SL(NR ,J) ;; - GIKl TS 071\J 
l 4 lJ CUNr!riUE TS 01co 
l '> \J CON I lNUE TS 01.;o 

C TS 0 740 
>If:. TUHN TS u 7:,0 
t ,~u TS 07b0 
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Subroutine UNIT 

SUdHUUllNE u,~ IT UN 0010 C UN OOlO C fH!S SUjjHOUT!NF.: ASS!uNt.S !HE CORRE.Cf VALUt:S TU fHt. UN OOJO 
C CU NSIANTS AcLORD1Nu 10 f Ht. UN!T-SYSIE.M U!:>t.D. UN 0040 
C UN 00:,0 
C IUN (l UN I 1 S UN OObO 
C UN 00/0 
C l t.NGLISH UNif-SYSTEM UN UUtiO 
C c ME TK IC.. SYSTt.M lSL> UN UO<;O 
C UN 0100 C UN 0110 

COMMUN /U ,'4ITS/ iUN!f ' CUrlU~ ' lU1F'1 UN 01co 
l uHAV ' I/VAL ' Ft. I ' CUNV UN UlJO 
2 ULMA ,\ UN 0140 

C UN 01:>0 
lf' (lUNIT.NEoll GO ru 100 UN Olt>O 
CURll~ = ~2dO • UN U 1 f 0 
lUlFM: !Oo UN U l dO lJKAI/ :; Jc . 2 UN 0 l '/0 
VI/AL = l O. UN 02UO 
I' t.r = :, •. UN OclO CiJNV :; lo4 tl6 UN 0220 ULMA/\ = o.~ UN OcJO Kt.lUHN UN Uct+O 

100 LUKU!:> = 1000. UN 02~0 
lUHM = J . O UN Oc bO lJKAI/ = <;. Ii l UN Oc(O 
VVAL :; 3.J UN Uc.tiO 
ft.f = l • :, UN Oc'IU CU,~V = 1.0 UN OJUO 
ULMA!\ = u .15 UN 0310 

C UN 0320 
HE TUK o'~ UN 03JO 
t.NU UN UJ'+O 
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Subroutine WEIR 

C 
C 
C 
C 

C 
C 
C 

C 
C 
C 

C 
C 
C 

C 

StJdfWtJ f ! Nt wt.tR (K,WS) 
IHIS StJHHOUTINE IS USEU ro CALCULATt THE GHtATEH OF IHE OUWNSfRtAM 
wAfEH SUHFACt OR THt CHIT!CAL Otl-'IH Al IHE WElH, 
COMMUN /StCi/ WU(22) t MU(lOO) 

l ic:iK(ILlO) , Wt(lUO) lMIN(l00) 
2 Al(lUO) Ac(IUO> A3(lOU) 
J A~(lUU) Ab(lOU) ·, A((lUU) 
4 A'i(lOU) AIU(IOO> , dl(lOU) 
5 dJ(p.lU) tl4(lUO) , d51lUO) 
b ~,<1uo1 , t!U(IUU) , d.,IIUU) 
7 U.14}100) UA'i(IOO) c:.0!<.(IUOI 
tl fr<.K(lUOI ALl-'KIIUUI VKllUU) 
9 lMAX(IOO) 

COMMUN /SYS/ 
l Ut X 

VHU 
COMMUN /HY O/ 

l AL,-, 
V 

' I I\ UATA WIO/tOQ,U/ 

CALCULATE OEl-'fH dY WtlH tYUATION 

, 1'i5U 

EU 
IA 

U = (lll(Kl/(,o/10 * c,d511 * * O,bbbbbb 
wS = U • LM[N(K) • U,OUl 

, l<.1(1251 
, lUd(IOO) 
, A4(!0UI 

Ad ( IUUI 
tic ( I UO) 
clb(IOUl 
t!IU("! OO l 

, I AK ( I UO) 
, #!:>MA1d l0U) 
, I KU 
• bi 

TEST ~UR GR EATEST Uf OUWNSTHEAM UH WEIH WAltH SURFACE ELEVATIONS 
H (',jS,L I .w5U) wS = wsu 
CALL HYOl-'H (K,WSI 
!:>ET HYUHAUL[C PHUl-'tRTltS ElltJAL AT THt WEIR CHUSS SECIIU NS 
KM! = I\ - 1 
WSK(r<.Ml) = W!:> 
VK(KMll : V 
TAK(KMl) = JA 
fKK(KM!l = JI\ 
tUK ( KM I I = EU 
WE(Kr1l) = bl 
ALl-'K ( KM 11 = ALP 
HETUHN 
tNU 

WR 
WR 
WR 
WH 
WR 
WR 
WR 
WR 
WR 
WR 
WR 
WR 
WR 
WR 
WR 
WR 
WH 
wR 
WR 
WR 
W H 
WR 
Wk 
WR 
Wk 
WR 
WR 
WR 
WR 
WR 
WR 
WR 
WR 
WH 
WH 
WR 
WR 
Wk 
WR 
WR 
WR 
WR 
WR 
WH 

0010 
OllcO 
OOJO 
UU40 
00~0 
OUbO 
00/0 
00110 
OO'iO 
ll l 00 
0110 
OltO 
OlJO 
o I 40 
Ol~O 
OlbO 
o I I 0 
0 l t!O 
0 l '>0 
uzuo 
0210 
U2,:0 
UcJO 
0240 
02~0 
U2b0 
02/0 
02UO 
U2'i0 
U3UO 
OJIU 
oJcu 
UJJU 
UJ4U 
U3~0 
OJbO 
0310 
03UO 
u J',\) 
0400 
U4!U 
04co 
U4JO 
0440 
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Subroutine WEIRS 

C 
C 
C 
C 
C 

C 
C 
C 
C 

C 
C 
C 

C 
C 
C 
C 

C 

!:>UdHUUII Nt: wt.IRS (Kw,r<Ul 

IHIS SUf:!MUUTI NE CALCULAfES fHt: 1-'t:HCE~TAGE Of THt: UPSTHt.AM 
!:>t.UlMt:NT THA NSPOMT ({j(KUll, WHICH l::> l~ANSPU~IEU UVt.H A WEIR. 
II Ust.S TnE LANt.-KALlNSKt. St:01Mt.NI UlSIHldUIIUN. 
CUMM1.M 

l 
/St:(l/ 

,.SK(IUO) 
AlllUU) 
A'J(tUU) 
A9( t(JU) 
dJC1uu, 
tH C !UUl 
UA4(1UO) 
Tr<r; c1uu> 

WU (22) 
Wt. ( l UO l 
A2ClUUl 
Ao l l U U l 
AlU(lOUl 

, ~DllUU) 
lMl N(lUUl 
A31100) 

, fl.1112:,) 
t lLldllUUI 

A4(10UI 
Ad(lUUI 

, f:!211UUI 
2 
j 
4 
s 
6 
7 
8 
9 

CUl'IMUN 
2 

lMAXllOU) 

' d 1• ( l u u) , db(lUO) 
, UA<:;ilOO) 
, ALl-'K(lUUl 

/St.C2/ ~(lUU,22) 
UL v 81lOO) , UHuUClOU) 

, A/llUUJ 
, dlClOUJ 
, d:>llUOl 
' "" ( l u u) t.OKIIUOI 

VK I l U U l 

, l(lUU,22) 
, r(lU0,221 
, :>Mlw!:,< lUUI 

doll OOI 
r:HU ( lUUl 

t TAK ( l OU J 
, WSMA.a.(100) 

, lU(lOU,22) 
t NLlllUU) 
, IlMINClOUl 

3 
UAfA 

!:>UMOAClOU) , SMAUA(lOU) 
G ( l OU) 

U~/ 0 .04t,W/U.07S/ 
lf THt Ul-'SfRtAM BEU IS HIGHER THAN IHE Wt.IM, THE THANSPUHT 
UVEM THE WtIH IS E~UAL ru IHE POTt:NllA~ 
I\WMl = KW - l 
lf Ct.UK (KU) .LE.EUK (KW) l H£TUHN 
U = t.UK( KU) 
U = ll.llKU)/JAK(KUI 
US= U/ld.lOrl • • Oo=> 
A= I - l.O • 8.:>7 • ~1/(U::, • DI 
'( = EUK(KU) - EUK(KWI 
t.VALUATE THE INTt.GHAL 
tu= 1.0/A 
t.Y = t..a.1-'(A • '()/A 
EU= t.~PCA • U)/A 
~C = <EY - EUl/(t:U - t:UI 
AUJUST THt: THANSPUHT UVt.H THE Wt:IH !:>t.CllUNS dY THt CUMPUlt:O 
Pt.HCt.NTAtit: 
IJ(KWl = ~C • (j(l(W) 
1.>CKwMll = ti(KW) 
HETUHN 
t.NU 

ws 0010 
ws 0020 
ws 0030 ws uu.-.o 
ws 00:,0 
wS OOt>O 
WS 00/0 
WS OOdO ws uu"o 
WS 0100 
WS O 110 
WS Ul20 
ws ouu 
WS Ul<+O 
ws 01::>0 
WS Olbil 
WS Ol /0 
WS OldO ws 0190 
W5 0200 
WS U210 
WS U2c0 
lilS 02JU 
\115 02.-.0 
W5 02:,0 ws 0260 
WS 02/0 
WS 02dO ws 0290 
WS OJUO 
\115 0310 
WS OJ20 
W5 03JO ws 03'+0 
WS OJ::,Q ws 03b0 
WS 03/0 
WS 03d0 
WS UJ<:;O 
W5 04UO 
lilS 04 I U ws 0420 ws 04J() 
\IIS 044U 
WS 04::>U 
WS 04b0 ws 04(0 
W5 04d0 
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