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AUTHORIZATION

The program described here was developed for the U.S. Army Corps of
Engineers, Vicksburg District, Lower Mississippi Division, 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
following 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

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

AUTHORS: Daryl B. Simons, Ruh-Ming Li, and Glenn O. Brown
DATE PROGRAM COMPLETED: July 1979

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.

EQUIPMENT REQUIREMENTS:
Language: ANSI FORTRAN IV

Central Memory Core Storage: Problem dependent (610008 on CDC 172,

with arrays dimensioned 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.

SIZE OF OBJECT CODE: 2300, 80 character lines.

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

OUTPUT:  Output is wuser 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.

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

Spatially Varied Flow equation
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Manning's Equation

_ 1.486 p2/3 ¢ 1/2

v n ¥

(English Units)

Sediment Continuity

8Qs 8Ab
sx T (1 -P)5p =ag

Where D is the thalweg depth, x is the distance along the
channel, S0 is the bed slope, Sh is the total head slope, a 1is

the velocity distribution coefficient, g 1is the acceleration of
gravity, V is the average flow velocity, n 1is the Manning's
n-value, Sf is the friction slope, R is the hydraulic radius, QS

is the volume rate of sediment transport, p is the sediment
deposit porosity, Ab is the area of bed area deposited or eroded,

t is time, and I is the lateral sediment input per unit length
of channel.

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.

ACCURACY: Governed by input data and calibration.

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



solved along traditional 1lines 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 mainstem and multiple tributaries including divided flow reaches.



With this feature it 1is 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 water and sediment calculations are uncoupled, the
computations are solved sequentially, i.e., the water surface profile is
computed for the current time period assuming a fixed bed and then
sediment routing is 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 sediment 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
threshold value (for example, one-half foot), the area of degradation or
aggradation 1is 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 physical process or function. This modularity



allows a greater flexibility for updating and improving the wvarious
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.



IT. 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, their 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 system 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 hydrologic record.
Temporal designs must be compatible with the spatial design. Therefore,
only those records pertinent to areas 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 characteristics and data availability, KUWASER was designed to
require that the user supply the water 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.



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 water 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 1is equal to QC and is computed by

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

determined.

Flow Continuity

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

system is over defined for the constant discharge assumption. Usually



Point Source
B Tributary

Ae

Figure 1. A typical reach of river.

in a natural river QC + QB - QA' In these cases a non-point source,

QNPS is defined as

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 points A and B, then the discharge at the

point, QD is computed by



X, = XA

) D
Qp = Qg+ Q + ST Qups (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
=a,Q, (4)

where ng is the tributary bed material discharge, Q2 is the
tributary water discharge and a, 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 tributary water and sediment discharge, and



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 determine 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 a and

t

bt‘ Finally, the coefficient ag 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 ag is prob-

ably too low. However, if the bed aggrades a, 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.
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b

n
n = a
nOﬂQ

(5)
where n 1is the actual Manning's n-value, n is the initial value of
Manning's n that is input with the cross sections, Q 1is the discharge
and a and bn are the coefficients of the relationship. The values
of the coefficients are a function of the stream's hydraulics and range
of discharge.

To determine the values of a and bn first estimate the n-value
for a high and low flow discharge. With the initial n-value, by solving
simultaneous equations, the values of a, and bn 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 bn can then be computed which reduce the error in
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

will be a small positive number and the coefficient bn should be

negative.

SPATIAL DESIGN
General

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;



11

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 describes 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,
5 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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B 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 fﬂe 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 Drob’ as shown in Figure 2. 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 Zob' If the
overbank elevation is different for the left and right banks the lower
of the bank elevations should be used as Zob' 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.

-~ Right Main Left
Over Channel Over
Bank Bank

zob .’,,f’.

Z Elevation in feet above MSL

X Distance 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 wusually significant when cross section
spacing exceeds the average downstream distance when bed material
particles settle if released from the water surface. Generally, the
following procedure can be used.

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

than 1 mm in size is adequate.

Zo(s -1) a3, +36vF  -6v
_ 3 S 50
“ = i )
5

where w is the fall velocity, g is the exceleration of gravity, SS
is the sediment specific weight (2.65 for quartz sand), and v is the
kinematic viscosity of water. Particle settling length X, is then

computed by

vV (7)
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Bed Material
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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 limit on spacing
but usually for accuracy of the sediment routing, it is recommended that
maximum spacing does not exceed 10 X. Cross sections should also be
located in areas of interest, control points, and at locations of sudden

water surface profile changes.

Weirs

Weirs are represented in the model by a double cross section in a

reach with 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.



ITI. 1INPUT 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 files. 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 problem.

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, with 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 iterations for backwater calculations
(MST < 10)

EPS The convergence limit for backwater (EPS < 0.10 ft.)

PORM The sediment deposit porosity (PORM ~ .3)

CE The coefficient of expansion losses (CE < .3)

ccC The coefficient of contraction losses (CC =~ .1)

TUNIT 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,1) 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.
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Table 1. Subroutine calling sequence.

Value of g

Value of Subroutine ICALL(NC, 2&3)°
ICALL(NC,1) Called Operation Performed 2 3

1 FLOW Determine discharge at each cross = C i
section

2 SUBPF Calculate water surface profile A -

3 DIVIDE Compute divided flow reach B C

4 SED Calculate sediment transport at each B R
section

5 WEIRS Calculate sediment transport over D E
weir

6 TRIBS Calculate all tributary sediment L R
transport

7 SROUT Route sediment for reach F i

8 DUP Duplicate properties at G H
double cross sections

9 OUT1 Output results e =

10 DREDG Dredge river reach I <

1.

"Explanation of codes
A - Number of reach to compute water surface

B - Number of primary reach in divided flow

02



Table 1.

(continued)

Number
Number
Number
Number
Number
Number

Number

of secondary reach in divided flow

of upstream weir cross section

of cross section upstream of weir

of reach to computer sediment routing
of primary cross section

of duplicate cross section

of river reach to perform dredging

12
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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.

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

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

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

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.

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

If routing results are desired OUT1 is called, after SROUT
and DUP.

After calling OUT1, if any dredging is to be performed DREDG
is called.

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

H

ach river reach the user must define the following variables.

KDOWN 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

TIROUT

AX, BX, CX

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 0 if ICONT # 3 or 5)

The type of downstream cross section sediment
routing

yIE 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 Fleating section (use for lowest reach on major
tributaries).

The coetfficients of the downstream control stage-
discharge relationship

WS = CX + AX TQEX

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

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

n=n AN TQBN

(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

ITRIB

The mainstem river distance at the tributaries'
confluence

The type of tributary
i Point source in

2. Major tributary in



KTRIB

AT, BT

CROSS SECTION

FLOW
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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)

For each cross section the following variables must be defined.

ND

RD

4

DROB, DLOB

FROB, FMC,
FLOB

Z0B

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)



IV. INPUT FORMATS

All input data is read into the program from subroutines IN1 and
FLOW. The input data are divided into three files to ease the task of
assembling and debugging. When the wuser is evaluating several
alternatives, usually only one or two of the input files need changing
for each run. The three files are:

I5 - General Data

I7 - Cross Section Data

18 - Discharge Data

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, and 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 Format Description
1 20A4 (TITLE (M2), M2 = 1, 20)
Job Title.
2 812 (IPRNT (M1), M1 = 1, 8)
' Print control (see output section for
explanation).
3 15, 4F10.5, IS 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
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Counter Cards
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The two counter cards give the number of elements (cross sections),

time periods, river

sequence.
Card
Number Format
1 5I5
2 315

Example of Counter Cards

reaches etc.) of the

system and the computation

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) .

(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.
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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 Format Description

1 615, 5F8.4, F8.6 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)).

2 F10.2, 2I5, RDT(NR,J), ITRIB(NR,J), KTRIB(NR,J).
2E10.2 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.
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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 Format Description
1 2X, 13, F7.2 ND(K), RD(K)
Number of cross section points in this
section, (ND(K)); river distance, (RD(K)).
2 8X, 6(F6.0, X(K,L), Z(K,L)

F6.1) Horizontal distance of cross section
points, (X(K,L)); elevation of cross
section points (Z(K,L)) in pairs.

(Card is repeated for each set of six
points.)
3 6F10.4 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.
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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 Format Description
1 8F10.0 (Q(K), K=1, NRIV)
Upstream discharge for each river reach.
2 F10.2 STAGE.
Downstream control stage.
3 F10.0 QT (MR, J),
Tributary discharge for the first point
source tributary. Repeat Card 3 for the
other point source tributary; neglect
major tributaries.
4 F10.2 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 16, 19, and I10. File 16 is for
printed output and files I9 and I10 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 a value of 1 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(1) is turned on, all the input data
from File I5 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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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.

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.

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

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

- vwvelocity

- water surface

- discharge

- sediment transport
- thalweg elevation

If the print control IPRNT (7) is turned on, the following
data are output in binary on file I10.

- 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.

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 was
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 used.

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 examplé 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 consideration of the computational sequence.
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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 wvalue of the variables associated with each river reach is
shown in Table 2.

The subroutine computation sequence for the example is

L call FLOW

Z. call SUBPF for Reach I

B call DIVDE for Reach II and IV

4. call SUBPF for Reach III

2 call SUBPF for Reach V

6. call SED

s 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
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31 (192.90) 4
30 (188.24)
29 (185.64) 1
28 (183.52) 1
27 (180.52) +
26 (176.20) +

38 ( 0.60) x25(173.91)
R\\ 24 (17300) 23(170.19)
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35 (0.39)
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21 (166.00)
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17 (158.60) T
¥————— Pelucia Creek
16 (154,24) + 42 (15570)
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l¢——————— Abiaca Creek
10 (139.90) + 4] (140.34)
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Figure 8. Example cross section locations.



Table 2. TInput variable values for example.

Reach  KDOWN ~ KUP  NTRIB  ICONT KCONT AX, BX, CX, AN, BN IROUT SB  TRIBUTARY  RDT ITRIB  KTRIB AT BT
1 1 19 ] 1 --- AX = 0.0336 AN = 1. 1 .00005 1 140.34 1 41 1.5 x 10~ 2.4
BX = 0.6868 BN = 0. 2 155.7 1 42 7.5 x 10~ 2.3
CX = 76.02
11 19 25 3 3 19 - AN = 1. 2 .00007 1 162.51 2 33 - -
BN = 0. 2 169.0 2 39 - -
3 173.9 4 37 --- ---
111 25 31 0 3 25 - AN = 1. 2 .0001 4
BN = 0.
v 32 38 g 3 19 - AN = 1. 1 .0002 1 0.01 2 20 - ——-
BN = 0. 2 0.59 4 24 i _—
v 39 40 1 3 22 AN = 1. 3 .0002 1 1.05 1 43 1.0 x 10° 2.4

BN

(A
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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.



EXAMHPLE FOR

00111100

10 0.10000

40 1
1 0
2 1
3 2
2 3
2 3
4 0
9 37
& 0
7 1
T 2
7 4
7 3
7 S
8 19
8 25
b 0
1 19
140,34
155.70

19 25
162.51
1462.00
173.90

2s 31

32 38

0.01
0.59
37 40
1.05

HEMRRODRKNNWERROODNOCOCOCSCOTOTCHOOWU

0.30000 0.3
43 14
1 0 1

41 1.50E-08
42 1.850E-08

3 19 2
33 0.00
39 0.00
37 0.00

3 23 2

3 1% 1
20 0.00
24 0.00

3 2% L]
43 1.0E-08

Figure 9.
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FROGRAM KUWASEHR

0000 0.10000 1

0.03346 0,48468 76,0200 1.0000 0.0000
2.40E400
2.40E400
0.0000 0.0000 0.0000 1,0000 0.,0000
0.00
0.00
0.00
0.0000 0.,0000 0.0000 1.0000 0.0000
0.0000 0.0000 0.0000 1.0000 0.0000
0.00
0.00
0.0000 0.0000 0,0000 1.0000 0.0000
2.4E4+00

Example input data for File I5.

000050

+000070

+000100
+000200

000200
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