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ABSTRACT OF THESIS
KNOWN DISCHARGE UNCOUPLED SEDIMENT ROUTING

A known discharge, uncoupled, sediment routing model, KUWASER has
been developed. The model sequentially solves the steady flow and
sediment continuity equations. This procedure allows for efficient
solution of sediment routing problems on large river systems. The
model can perform backwater calculations and sediment routing in
mainstem and multiple tributaries including divided flow reaches. The
user can determine river response to river management practices such as
channel improvement, realignment, dredging or tributary modifications.

The model was tested against two other models, a stage-discharge
relationship and a fixed bed model by comparing the frequency of model
errors in stage prediction. A sensitivity analysis was performed to
determine the sensitivity of the models results to variations in six
input parameters. The Yazoo River Basin in Mississippi was used as a
case study to demonstrate the model capabilities. The model can be an
effective tool in the prediction of river response.

Glenn Owen Brown
Civil Engineering Department
Colorado State University

Fort Collins, Colorado 80523
Summer, 1982
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Chapter 1

INTRODUCTION

Man's association with alluvial rivers extends back past the start
of recorded history. The civilizations in ancient China, Mesopotamia
and Egypt were all tied to the rivers they resided next to.
Unfortunately the relationship between man and rivers has not been
peaceful. It is the rule not the exception in alluvial river systems
that blanks will erode, channels will silt in and floodplains will be
flooded. Rivers follow the laws of hydraulics, not man's, thus many
times to the unintiated they seem to act in a capricious fashion. A
river may take years to make a small change in alignment, while a large
bendway can be cut off and abandoned overnight. This study is a very
modest effort toward improving our understanding of, and thus our
association with the rivers we depend on so much to transport us,
provide power, supply water, remove our effluent and to carry the rain
out of our backyards.

The method by which this thesis tries to improve the understanding
of rivers is in the prediction of river response. A river's response
can be determined by either physical or mathematical phvsical 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 (U.S. Army Corps
of Engineers, 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). The model KUWASER is the subject
of this thesis.

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 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. 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 utilize a trial and error standard step method to
calculate the backwater curve. However, KUWASER differs from these
models in that it wutilizes 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 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.

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 aggradation or degradation
in the cross section and estimates channel response more adequately
than a conventional one-dimensional model.

Chapter 11 presents a review of the literature and the governing
equations of sediment routing. Chapter II1 contains the model

formulation, while Chapter IV presents model applications and a model



sensitivity analysis comprises Chapter V. Conclusions are contained
in Chapter VI. The appendices present a user's manual for the model

KUWASER.



Chapter 2
GOVERNING EQUATIONS AND LITERATURE

Governing Equations

Many authors have presented the equations governing open channel
flow. The best general purpose presentations included Chow (1959),
Henderson (1966), and Liggett (1975). Chen (1973) developed the one-
dimensional differential equations of gradually varied, unsteady flow
applicable to non-uniform alluvial channels in their least restricted
forms. Chen's equations are presented here. In the equations the

following assumptions are made.

i The flow is one-dimensional
2. The vertical pressure distribution is hydrostatic.
3. The flow can be described by values that are averaged over

the cross section.

4. The momentum coefficient is equal to one.

5 The water surface slope is small.

6. The water sediment mixture is incompressible and of constant
density.

Figure 2.1 shows an alluvial channel where:
A' = the channel cross sectional area of total flow (water and
sediment)
Ab = the cross section bed area

D = depth of flow

o)
"

the stream total discharge (water and sediment)
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Figure 2.1. Open channel alluvial flow.



q' = the lateral total discharge (water and sediment)
Q_ = the stream sediment discharge
Qe = the lateral sediment discharge

g = acceleration of gravity

C = concentration of sediment in flow

S = bed slope

o]
Sf = friction slope
t = time

x = distance along channel
p' = deposited sediment density

Water Continuity

The equation of water continuity for sediment-laden water is:

on' . oA' o "h . o
3x T 3t T Bt qQ" =0 (2:1)

The first term on the left is the change in discharge along the
channel, or the "channel storage,” the second is the change in flow
area over time, or the ''rate of rise," the third is the change 1in
sediment eroded or deposited over time from the bed or the 'rate of
channel erosion," and the fourth is lateral inflow. This equation
assumes an incompressible fluid but allows for a nonhomogeneous
sediment content.

Sediment Continuity

The equation of sediment continuity is:

305 9A

—= + p 9

1

_b 1 - — b AL
5c ta; (A'C) = q, =0 (2.2)

%]

The first term on the left is the change in sediment discharge

along the reach, or '"the channel sediment storage', the second is the



change in sediment eroded or deposited over time, or the 'rate of

erosion,"

the third is the change in sediment suspended over time or
the "rate of suspension'" and the fourth is the lateral sediment inflow.

Equation of Motion

The equation of motion for sediment laden water based on momentum

principles is:

; V2
1 9Q 1 9 Q aD _ _
rrul il ot i e Bl el N (2.3)

The first term on the left is the force caused by the "local
acceleration,” the second is the force caused by the '"convective
acceleration," and the third is the pressure forces acting along the
channel or the "pressure gradient." On the right side of the equation
the first term represents gravitational forces or the "bottom slope"
and the second shear forces, or the "friction slope."

Manning's Equation

Many equations have been developed to determine channel resistance.
The Manning equation is the most well known and used, and is thus used
here. The Manning equation is an empirical, uniform, steady flow
equation. Errors are made when it is applied to non-prismatic natural
channels with unsteady flow. It 1is believed that these errors are
small when compared with those ordinarily occurring in the use of an
uniform flow formula in natural channels (Chow, 1959). Likewise, it 1is
believed there is no need to differentiate between total flow and water
flow.

The Manning equation is:

_ 1.486 2/3 S 1/2

£ (English units) (2.4)



where Q = water discharge
A = water flow area
R = hydraulic radius
n = Manning channel roughness factor

The channel conveyance K, is defined by:

K = 1{'1“9 A R%/3 (2.5)
Combining Equations 2.4 and 2.5 yields:
ES £ L (2.6)

Thus channel discharge is proportional to conveyance. Solving for

the friction slope:
- (Q\2 :
Equation 2.7 can be directly solved only for steady, uniform flow.

In all other cases it must be solved in an iterative process.

Sediment Transport

No theoretically exact equation for sediment transport has been
developed. The reason for this lack is two-fcld. First, the processes
by which flowing water imparts energy to sediment particles is poorly
quantified. Second, not all sediment particles are created equal.
They vary in size, shape, and density. Some particles in the clay
sizes are influenced strongly by ionic forces, some are not. In a
given flow some particles travel entirely in suspension, some entirely
by rolling along the bed, and others by a combination. Some particles
can be supply limited at a given moment while at the same time other
size particles are transport limited. Considering the complexity and
variability of alluvial systems a complete, theoretical solution to

the sediment transport equation may evade us for a long time. For the
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present, the engineer can select from numerous empirical equations.
Simons and Senturk (1977) present a review of the most widely known
equations. Laursen (1956) showed that several bed load formulas can be

reduced to the form:

Q =c V- D® (3.8)

s
where V is the stream velocity, and c is an empirical coefficient which
is a function of the characteristics of the channel and sediment. The
exponent r is assumed greater than 0 and s less than 0. In the most
widely used equations, 3 < r < 6, and -2 < s < -2/3. Equations such as
2.8 are only valid for particle sizes which are transport limited.

Solution Methods

The solution of Equations 2.1, 2.2, 2.3, 2.4 and 2.8 will provide
the characteristics of a gradually varied, unsteady flow in an alluvial
channel. An exact solution requires the simultaneous solution of
Equations 2.1, 2.2 and 2.3 with Equations 2.4 and 2.8 evaluated on a
continuous temporal and spatial basis. Because of the complexities
involved, no such complete solution has been accomplished. Application
of this theory requires the development of simplified solutions. There
are almost as many simplifying solution methods for these equations as
there are researchers in the field. This section will review the
different solution techniques that have been tried.

Solution metheds can be classified by three criteria: (1) the
number of terms that are solved in each of Equatons 2.1, 2.2. and 2.3;
(2) the order in which Equations 2.1, 2.2 and 2.3 are solved; and
(3) whether Manning's equation is linearized in the solution of the

equation of motion.
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Reducing Terms

Equation 2.1 can be rearranged to show an overview of the
different approximations:

dA' .
d , oA' ,9Q" _  _
‘steadg flow
unsteady flow
uncoupled sediment
unsteady flow
coupled sediment

With all terms the equation considers unsteady flow of water and
sediment. By dropping the first term the sediment continuity is
"uncoupled" from the water continuity. The variables A' and Q', total
flow area and volume are reduced to A and Q water flow area and volume.
The errors made in the uncoupled form are reduced by decreasing
sediment concentration. Dropping the second term reduces the equation
to the simple steady flow formulation. In the last case the partial
derivative becomes a full derivative. The errors made in the steady
flow form are reduced as 6A'/0t decreases.

Equation 2.2 rearranged to show an overview of the different
approximations appears as follows:

8Ad BQS

a ' ' e -

lreduced continuity
strict continuity

Dropping the first term which accounts for the change in volume of
sediment in motion reduces Equation 2.11 from strict continuity to a
reduced continuity form. The errcr made in the reduced continuity form
decreases as the time increment in a finite difference solution

increases.
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Equation 2.3 can be rearranged to show an overview of the different

approximations.
1 9aQ' 1 3 QLE oD
S ot T ahtom Grate TSt e =0 (2.12)

steady uniform flow

steady nonuniform non-inertial flow
steady nonuniform flow

unsteady nonuniform flow

The momentum contribution of lateral inflow has been dropped for
clarity, but it can be added to either of the first two forms. Again
as in the water continuity equation, by uncoupling the water and
sediment the variables Q' and A' are reduced to Q and A. Dropping the
first term of the equation yields the steady nonuniform flow equation.
The errors made using this approximation decrease with decreasing
9Q/ot. Dropping the second term yields the steady nonuniform non-
inertial form. This form assumes the inertia term is negligible when
compared to the pressure gradient, friction and gravity terms.
Dropping the third term vields the steady uniform flow form. This form
assumes only the friction and gravity terms are important.

Order of Solution

The order by which Equations 2.1, 2.2 and 2.3 are solved directly
affects the solution. The three equations are solved most accurately
by simultaneous solution. Sequential or '"uncoupled" solutions which
solve the equations one or two at a time greatly reduce computation
effort but reduce accuracy.

The sediment continuity equation is often uncoupled from the water
continuity and motion equations. When this is done the solution of
Equations 2.1 and 2.3 (in whatever form) is used to calculate the

sediment transport and continuity for a given time period. Thus the



13

stream channel is considered to have constant geometry during a time
period.

Coupling of the various forms of the equations of motion and water
continuity yield several approximations. Table 2.1 presents the
different approximations. Garbrecht (1981) explains each of the
unsteady methods. Two combinations are not named. While the combina-
tions are possible no application of them is known.

When the equations of motion and water continuity are uncoupled
the solution is classed as a "known discharge" method. The term known
discharge refers to computation order where water continuity is solved
before the equation of motion. In known discharge solutions the equa-
tion of motion can be coupled or uncoupled with the sediment continuity
equations. Known discharge solutions can be unsteady if the local
acceleration term is used in the equation of motion or steady if
it is deleted.

Manning's Equation Solution

The equation of motion requires the solution of Manning's equation
for the friction slope. In finite difference method the friction slope
term is replaced by Equation 2.7. For exact solutions the friction
slope must be evaluated at each time-space point. The friction slope
is a quadratic function of Q and K and contributes a considerable
amount of computations to any method. Exact solutions are sometimes
dropped for computing savings. In the linear-implicit scheme (Chen,
1973), the friction slope is evaluated only on a specific time line

and is estimated on the next. This is required to assure stability.
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Table 2.1. Approximations Yielded by Various Combinations of the

Equations of Motion and Water Continuity

Water Continuity

Equation of Motion Unsteady Flow Steady Flow
Unsteady Nonuniform Flow Dynamic Wave S
Steady Nonuniform Flow Quasi-steady Gradually Varied,

Dynamic Wave

Steady Nonuniform
Noninertial Flow Diffusion Wave

Steady Uniform Flow Kinematic Wave

Steady Flow

Steady,
Uniform Flow
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Literature

As stated above there are almost as many solution methods for the
three basic equations of alluvial flow as there are researchers in the
field. This section will outline solutions that are known.

Chen (1973) developed an unsteady, uncoupled, sediment routing
model which used a linear implicited, finite difference solution.
Sediment transport, was calculated by Einstein's (1950) bed 1load
function and Toffaleti's (1969) method. Erosion and deposition were
distributed uniformly across a section. The effects of bed armoring
were considered. The model was successfully applied to the Neuse,
Mississippi and Missouri Rivers. The applications covered less than a
year each. Chang and Richards (1971) presented a similar model using a
method of characteristics solution.

Dass (1975) developed an unsteady, uncoupled, compound stream
model. The model was applied to Pool 4 of the Mississippi River.
Simons and Chen (1976) developed a unsteady, coupled model using a
linear implicient sclution also applied to Pocl 4. Mahmood (1975) and
Mahmood and Ponce (1976) used a unsteady, uncoupled, linear implicit
method to model simple bed transients.

The U.S. Army Corps of Engineers (1976) developed a known
discharge, steady flow, uncoupled, sediment routing model, HEC-6.
Sediment transport is calculated by the Toffaleti method and erosion
and deposition are distributed evenly across the wetted channel. The
effects of bed armoring were considered. Amar and Thomas (1976) used
the model on the Atchofalova River. Approximately 150 miles of channel
were modeled for ten years. The model gave good results but requires

excessive computer time.
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Chang and Hill (1976) developed a known discharge, steady flow,
uncoupled, sediment routing model. The water surface profile was
calculated by a variation of HEC-2 by the U.S. Army Corps of Engineers
(1973). Erosion and deposition were distributed by a shear stress
weighted function. The model was applied to a small drainage channel
with success. Since the model uses the HEC-2 backwater calculations it
requires excessive computer time.

Owens (1977) developed an unsteady, known discharge, coupled water
and sediment model. His model included the rate of rise term in the
equation of motion and coupled the sediment continuity and motion
equations. The model allowed for compound stream geometry where main
channel and overbank flows were differentiated. The model was applied
to Pool 4 in the Upper Mississippi and Lower Chippewa Rivers, (approxi-
mately 10 miles). Sediment transport was calculated by an equation
similar to Equation 2.8. Owens concluded that the known discharge,
coupled, solution 1is mnearly the same as Simons and Chen (1976)
unsteady, coupled solution. Computation time was about the same. Two
methods for distributing erosion and deposition were evaluated, one
conveyance weighted and one velocity weighted. The conveyance weighted
was generally better.

Garcia (1977) developed a known discharge, unsteady, coupled bed
transient model. The model used an implicit solution of the sediment
continuity and motion equation. The model was applied to a simple,
prismatic channel for short time periods. While successful, no real

world applications were proposed.
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Selection of Model

The only model formulation which has been applied successfully to
a case study near the size and duration required for this research is
the known discharge, uncoupled, sediment routing model (the U.S. Army
Corps of Engineers, 1976). The known discharge uncoupled formulation
is not as elegant as other models but Owens (1977) has stated there is
no evidence available to show one model superior to another. Because
of its simplicity the known discharge, steady flow, uncoupled method is
the easiest to apply, most economical to use, and possibility the most
accurate, since it does not have the numerical solution problems of
unsteady or coupled methods and it does not linearize the Manning's
equation. Since water routing 1is of only secondary concern the
unsteady known discharge formulation does not impose any severe limita-
tions. However with uncoupling the equations of motion and sediment
continuity care must be taken that the bed change during any single
time period does not effect the water surface profile. In the
necessary application to a large mild slope river, that limitation
would not be a hinderance.

None of the previously mentioned models are very computationally
efficient. HEC-6 has a very slow backwater methed and it is felt that
the sediment routing methods can be improved. It was therefore
concluded that a new known discharge, steady flow, uncoupled, sediment

routing model would be developed.



Chapter 3

MODEL FORMULATION

Water Surface Profile Computations

General

The water surface profile is computed assuming one-dimensional,
spatially varied, steady flow. This implies the following 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 assump-
tion 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 is used in the program.
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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.

Continuity Equation

Figure 3.1 shows an incremental length dx of an open channel
with a spatially varied flow profile. The continuity equation for the

increment is:

(3-1)

Q1Q-
x 1O
I
[i=]

where (Q is the channel discharge and q 1is the lateral inflow per

unit channel 1length. Considering the incompressibility of water,
Q = VA and:
d(VA) _ ¥
dx =q (3 2)

Dynamic Equation of Spatially Varied Flow

The total hydraulic head above a selected datum at the upstream
section is given by

Vz
H=2Z +d cos B+ q EE (3-3)

where H 1is the total head above the horizontal datum, Z is the
elevation of the channel bottom above the datum, d is the depth of

flow, o is the velocitv head correction factor, defined as ~l§ il v3 da,
Av

where v is the local mean temporal velocity of flow, 6 is the bottom
slope angle, and g 1is the acceleration due to gravity. By taking the
bottom of the channel as the x axis and differentiating Equation 3-3

with respect to X, the following equation is obtained:
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' Horizontal Line

Horizontal Datum

Figure 3.1 Incremental length of channel.
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2
o dz d,d v i
Ix “gx T 0080 kg (o Zg) (3-4)
The total head slope Sh is then defined as:
- . dd -
Sh il - (3-5)
and the bed slope, S0 is expressed as:
- _dz 6
S0 E = (3-6)

Substituting Equations 3-5 and 3-6 into Equation 3-4 and solving for

dd/dx yields:

2
1 d v
cosH [(So B Sh T dx (a Eg)] (3-7)

dd _
dx
which is the general differential equation for spatially varied steady
flow derived from the total head. It represents the slope of the water
surface with respect to the channel bottom. In most cases the angle 6

is so small that cos 6 © 1, and d < D. Placing these approximations

into Equation 3-7 results in:

2
dD _ - .4 v .
dx ~ So Sh dx (023 ) (3-8)

where D is the depth of flow measured vertically from the bed. In
irregular channels D 1is the thalweg depth. Chow (1959) and Henderscn
(1966) present additional spatially and gradually varied flow theories.

Manning's Equation

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

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

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

equation:
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n 2

1.49A R

S (English units) (3-9)

g * X 373

where R is the hydraulic radius of flow and n is the Manning's
coefficient of channel roughness.

Manning's equation was developed for uniform steady flow,
therefore, using Equation 3-9 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 (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
a simple function of discharge, n = noanan where a, and hn are

empirically determined coefficients, and n, is the initial value of

Manning's n. The channel conveyance is defined by

K = 1‘29 A R%/3 (3-10)

where K is the conveyance. Combining Equations 3-10 and 3-11 yields:
2

= ¢8 _
S¢ = ) (3-11)
Eddy Losses
The slope ng is the slope of the head losses due to all factors

except friction and is nominally referred to as the eddy loss slope.
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:
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- 28 )
Spy = Co [(a,V5 = a,V])/28] dx (3-12)

where Ce is an empirical coefficient. For gradually converging and

diverging reaches, Ce =0 to 0.1 and 0.2 respectively.

Standard Step Method

The mathematical model uses a finite difference standard step
method to solve Equation 3-8 for the water surface profile. The compu-
tations are carried out moving upstream cross section by cross section
from a known water surface. Figure 3.2 shows a typical channel reach.

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

equated:

22 + D2 + 0’2 E—* = Z} + Dl + 0’1 E + HB + HEV (3"’]3)
where Hjz is the friction loss. HB may be written as:

Hﬁ = Sf AX (3-14)

where AX 1is the horizontal distance between cross sections, and Hﬁv

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

HEv = Sﬂv AX (3-15)

The average of the friction slopes at the two cross sections 1is
used to compute the friction loss. Thus combining Equations 3-11 and

3-14 results in:

.D—‘M
[ S S

(3-16)

~E
'P!"I =]
k2

—
ro

The continuity equation can be written

Q = VA (3-17)
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) Datum

AX

Figure 3.2 Channel reach for standard step method.
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Total head at the downstream cross section, Hl’ is known and is
determined by:

V.2

= 1 »
Hy =2, +D) +a; & (3-18)

Combining Equations 3-9, 3-12, 3-16, 3-17 and 3-18 yields:

2 2 2\ 2 2
o (%) 1_ + D + Z - g ..Q_] + E‘g - C (a—zvz alvl) = H
2 A2 2g 2 2 2 \K K e 2g 1
1 2
(3-19)

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 3-19 requires determination of channel
hydraulic properties, area, conveyance, and velocity coefficient at
various depths. In backwater computations the hydraulic properties are

computed with relationships developed using digitized channel geometry.

Coordinate Points. Channel cross sections are defined by (x,z)

sets of coordinates. Figure 3.3 shows a typical cross section. To
allow for different Manning's n-values across the section three sub-
divisions are made: Right Over Bank, Main Channel, and Left Over Bank.

The subsections are divided by the two stations D and Dro . The

lob b

Manning's n-value at each coordinate point is set according to its
location.

Area. Area of flow for a given water surface elevation is computed
by summing incremental areas between consecutive coordinates of the
cross section. Figure 3.4 illustrates this technique. Total area of

flow is the summation of the increment areas, a,:
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Figure 3.3 Typical channel cross section with subdivisions.
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Figure 3.4 Incremental areas in a cross section.
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N
A= 2 a, (3-20)

where N is the total number of cross section incremental areas.
Incremental areas are computed by:

a; = Xb Da (3-21)
where Xb is defined in Figure 3.5. Da is defined as:

_ 1 ! 1 _
Da =5 (D i ¥ D 2) (3-22)

where D ) and D ) are defined in Figure 3.5. If the water surface

intercepts the cross section between coordinate points as shown by
increment 4 in Figure 3.4, 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 3.6.

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 ZOb shown in Figure 3.3.

Wetted Perimeter. The wetted perimeter P; is the length of the

cross section below the water surface and is computed in increments by:
P; =N Xt (3-23)

where Zb is defined in Figure 3.5.

Hydraulic Radius. The incremental hydraulic radius, r., is

calculated by:
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Figure 3.6 Flow area at end of cross section.
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a.

1
l'i=‘—
Py

(3-24)

Conveyance. The total cross section conveyance is computed by

summing the incremental conveyance:
N
K= 2 k. (3-25)

where ki is the incremental conveyance and is computed by:

k. = = O (3-26)

where n, is the average Manning's n value at the two coordinate points
i
which define the increment.
Alpha. Alpha, the wvelocity distribution factor, is wused to

account for distribution of flow across the cross section and not

vertical shape of the velocity profile. Alpha is calculated by:

N k.
(=)
o = i=1 a, (3-27)
Ka/Az
Effective Depth and Effective Width. Two conveyance  weighed

parameters, effective depth, De’ and effective width, We, are used in
the sediment transport calculations to represent the average hydraulic

properties and are calculated as:

N Da

2 1 1

i=1 n (3-28)
4

B 2/3

N D a

- d. 1 |

& 1

i=1 n
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1 % 3 (3-29)

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 )
b]
We = a D (3-30)
b
D, = a, D (3-31)
b3
A=ayD (3-32)
b,
K = a, D (3-33)
bS
a=a D (3-34)
Overbank Flow (D > zob)
Ré
W, = ag D (3-35)
b?
D_ = a, D (3-36)
bg
A = a D (3'3?)
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(3-38)

@ =a,. D (3-39)

where D 1is the thalweg depth and a, to a,, and b] to b10 are
computed coefficients. The overbank relationship includes both the
overbank and main channel flow for depths greater than zob'

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, zob' 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 mazin channel relations at the overbank elevation.

Newton-Raphson Solution for the Total Head Egquation

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 3:)3} 3-32, 3-33 and 3-34 yields the spatially varied flow

equation as a sole function of Dz:

2 2
-y S % o B 5 Y o o 40X Q)
e T2 ;" 2 b, > o
3 (K.© + ?.K1 a, D2 + a, D2 )
2 2
I e L B (3-40)
3 32 e 28 7 “ K
1
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From the Taylor series expansion of an arbitrary function F(¥),

the first order N-R approximation to F(¥) «can be obtained by:

F ()
y =g - - (3-41)

0 F ()
where ¢w is the root of F(Y¥) and wo is the estimate of ¢J. When
applying Equation 3-41 to the solution of the backwater equation ¥ is
the depth of flow, D2, at the upstream cross section, and F({¥) is the
total head equation evaluated at that location as computed by Equation

3-40. For the N-R solution the first derivative of the total head

equation must be obtained.

Differentiating Equation 2140 with respect to D2 yields:
(1-c) 95 ) (b - 26, 0,5 7 371 414 axp 95 D -(2?gji;)
e’ 2g a2 5 37 72 - a2 2

3

Equation 3-42 is Fl(w) in the first order N-R. When Equation
3-40 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 3.7 is a qualitative plot of Equation 3-40. The shape of the
curve can be verified by consideration of Equation 3-19. As the depth
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 3-41. If the total head

equation is not exactly convex, it takes many interactions to converge
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Figure 3.7 Error in total head equation as a function
of depth of flow.
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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 3.7 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. 1f the estimate is in
region 1 or 2 the N-R method finds the subcritical root, but if it 1is
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
determined by computing critical depth and adding a constant to insure
that the new estimate of D2 is in region 1 or 2.

This approach differs from the Newton-Raphson outlined by
Henderson (1966). The use of the hydraulic property relationships in
this method improves the next estimate since it incorporates the change
in the hydraulic properties with depth. Henderson's method uses only
the conveyance and area at the estimated depth in computing the next

guess.
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Divided Flow

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.

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 signifi-
cant 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= S (3-43)

where I1 and 12 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.

Sediment Routing

General
Once the backwater profile is determined for a given time

period, sediment 1is routed through the system. Sediment routing is
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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 geometry.

Sediment Transport

In the mathematical simulation of stream bed aggradation-
degradation, conventional algorithms for calculating sediment transport
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 Sedi-
mentation Study of the Yazoo River Basin (Simons, et al., 1978) a

relationship of the following form was used

0‘6 v3.16 D 0-94 "u. (3_&4)
e (s

QS = 4.48 x 1
where Qs is the bed material 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 3-44 were determined by:
1) taking suspended sediment measurements, 2) applying the Modified
Einstein procedure to obtain the bed material load, and 3) using
standard least squares regression to obtain the coefficients. Data
does not always fit theory, as the exponent for De should be negative.

It is important to note that Equation 3-44 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
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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 3-44 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 3-44, 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 equation:

BQS dA

b _
ox +(-p) 5t~ Ys¢ (3-45)

where Ab is the cross-sectional area of the bed, Agp 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 3-45 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.

Interior Sediment Routing. Figure 3.8 shows a typical interior

sediment routing condition. Equation 3-45 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 1is
computed by

AVi = {Qs, - Qs. * qsﬂ.)dt (3-46)
1+] 1 1
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Figure 3.8 Finite difference sediment routing scheme.
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where AVi is the change in sediment volume between sections i and
i+l. The second step in the sediment routing is determination of
change in 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 a non-potential
transport equation, excessive amounts of computer time, and consider-
able effort to calibrate. Therefore, an empirical distribution is
used. A triangular distribution weighted downstream as shown in Figure
3.8, 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 e 3 iv
T S o Rl B

b, (1 -p) 1
i 5 (AXi + ﬂXi_l
where AAb is the change in bed area at the cross section. The
i
physical significance of triangular distribution is seen if Equation

AA

(3-47)
)

3-46 (neglecting lateral sediment inflow) is substituted into Equation

3-47:
1 3 5
1 Z(Qsi Qsi—l) i (Qsi+1 Qsi)
Ad = G -7 dt (3-48)
1 3 (Qki_l + ﬁxi)
3 1

g QSi+] ) Qsi 2 Qsi—l)

MM = ; . dt (3-49)
b, - (T -p) A _ +AX
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As expected, the coefficient for sediment inflow, Qsi+] is positive and
the coefficient for the outflow Qs. is negative. An important fact
to note is that the multiplying faz;ir for the sediment transport at
the cross section is negative. This is physically logical. If the
upstream and downstream transport is held comnstant, a reduction in the
sediment transport at the section causes the section to aggrade while
an increase in the transport causes it to degrade. If a triangular
distribution weighted upstream were used the coefficient for sediment
transport at the section would be positive. Thus as sediment transport
at the section increased the section would aggrade. If a rectangular
distribution were used the coefficient would be =zero, and sediment
transport at a section would have no effect on aggradation or

deposition at the section.

Boundary Sediment Routing. At the upstream and downstream boundary

cross sections Equation 3-47 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 1s computed by:

AV.

= 1 e -
Mpi T T Y, S

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
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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. 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 3.9 is considered
appropriate because conveyance is directly related to velocity and thus
sediment transport.

A qualitative analysis was performed to test the validity of the
sediment distribution scheme based on conveyance (which is directly
related 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 deter-
mined. The results are plotted on Figure 3.10. As one can see, change
in bed elevation is roughly proportional to depth. The sediment dis-
tribution method based on the hydraulic properties at each point in the
cross section more accurately represents the natural cross-sectional
changes.

The model computes change in elevation for each cross section

point by:

AZ. = ' ‘ (3-51)

where &Zj is the change in elevation for point (j), k£ and k2+1

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

the point, and xj+1 and xj_] are the horizontal coordinates of the
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Figure 3.9 Sediment distribution based on depth of flow.
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cross section points adjacent to (j) and Ki and ﬁAb. are the total
convevance and bed area change at the ith cross section%

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 transport 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 3-11. 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:

bw y-a

KU, D

C_=C_ exp (3-52)

y a
where Cy is the concentration at an arbitrary depth vy, Ca is a
reference concentration at a depth a, Kk 1is the von Karman constant, w
is the particle fall velocity, and U, is the shear velocity.

By assuming a depth a which is close to the bed and much smaller
than vy, Equation 3-52 reduces to

6wy

€ =0C exp " D (3-53)

Yy a
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Integrating Equation 3-53 with respect to y yields

6w y
~ e~ KU, D
jed =¢p SR (3-54)
VYV a -bw
KU,.D

Evaluating Equation 3-54 for the shaded portion of the suspended
sediment curve results in the percentage of upstream sediment transport

Pc’ which passes over the weir:

D
J cad
(D—Dw)y y
P= —5— (3-55)
cd
{ vy

where Dw is the depth of flow at the weir. The reference
concentration Ca cancels from the equation.
The shear velocity is computed using the Darcy-Weisbach resistance

formula:
By = —— (3-56)
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, Kk was set equal to 0.70.



Chapter 4

MODEL APPLICATIONS

General

This section presents applications of the model KUWASER. All
of the applications described here were performed as part of the
Sedimentation Study of the Yazoo River Basin (Simons et al., 1978).
The following sections present examples of model calibration on two
different river reaches, a comparison of model performance (as measured
by stage prediction) between KUWASER, a stage discharge relation, and
a fix bed model and the results of two of the actual Yazoo design
alternative runs. The results are presented to demonstrate the wide
range of information that can be determined through use of KUWASER.
Calibration

Description of Calibration Reaches

Two reaches of the Yazoo River were calibrated in the Sedimenta-
tion Studv of the Yazoo River Basin. The reaches were the Ft.
Pemberton cutoff at Greenwood Bendway and a reach on the Tallahatchie
River from Swan Lake to upstream of Locopolis. These two reaches and
the cross section used in the model are shown in Figure 4.1 and shown
schematically in Figures 4.2 and 4.3.

These two reaches are quite different since the Swan Lake-
Locopolis reach is stable and experiences little bed profile change.
The Ft. Pemberton reach, however, is unstable and experienced a

20-foot degradation during 1973 and 1974.
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For the Ft. Pemberton reach, backwater computations were carried
upstream, starting with a known stage-discharge relationship at the
Belzoni gage continuing to the Ft. Pemberton gage. It was also
necessary to carry computations a short distance up the Greenwood
Bendway to obtain the correct sediment input from the bendway. For the
Swan Lake-Locopolis reach, backwater computations were carried upstream
starting with a known stage-discharge relationship at the Swan Lake
gage to upstream of Locopolis gage (river mile 231.44).

Procedure

Fort Pemberton. In the cutoff there were two sets of measurements.

The model was calibrated to reproduce these values. These measurements
were the stage at the Ft. Pemberton gage (Yazoo-Tallahatchie) and the
bed elevation at four sections directly downstream of the weir in the
cutoff.

Bed elevation was calibrated by adjusting the sediment transport
over the weir at the upstream section, and the water surface elevation
was calibrated by adjusting Manning's n. Since the two quantities are
not independent, an iterative method was used where only one of the
quantities was adjusted at a time.

First, Manning's n was calibrated by multiplying the estimated n
value for the main channel and overbanks by a constant. Then, the
model was run with the flows from April 12, 1973 to February 23, 1974
(318 days), and the error between the observed and computed water
surfaces was minimized until no further reduction in error could be
obtained. During these rums the sediment transport was set to zero,

therefore, the bed was assumed fixed.
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The model was then run for the same time period with the sediment
transport in the river set to its normal value. With the initial bed
profile of April 12, 1973, the sediment transport over the weir, which
was computed with the same relationship as the river's, was adjusted by
changing a constant until the computed bed at the end of the time
period was matched as closely as possible with the observed value.
Manning's n was then readjusted.

Results of the calibration suggested the Manning's n values of
0.030 for the main channel and 0.150 for the overbank flows. With
these values of n, the average error between observed and computed
stages at Ft. Pemberton for the calibration period was 0.87 foot with
a maximum error of 3.72 feet. Figure 4.4 shows a plot of the observed
and computed stage hydrographs for the calibration. Figure 4.5 shows a
plot of observed and computed bed elevations at the four cross sections
downstream of the weir. As indicated, the computed bed profile for
February 23, 1974 closely matches the observed bed profile. Even
through this was only calibration, the model was able to simulate the
large degradation at Permanent Range (P.R.) 162.50, Station 16450 and
Station 4490, and the hump that was formed at Station 10+20 by
adjusting only one parameter describing sediment input to the cutoff.
Sediment input to the cutoff should be modifid because of the presence
of the weir. In addition, simulated changes in cross-sectional shapes
are compared with measured changes (Figures 4.6 to 4.9). The model
simulated the changes in the cross sections adequately.

Swan Lake-Locopolis. Tn the Swan Lake-Locopolis reach there

was not enough cross-sectional data to calibrate sediment transport,

therefore, only Manning's n was calibrated and sediment transport was
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assumed equal to its normal value. In this reach it was necessary to
allow Manning's n to vary with discharge since there appears to be
large differences in the headloss from Swan Lake to Locopolis for
different flow levels. The period used for calibration was January 1,
1971 to December 31, 1972 (731 days). Results of the calibration are
shown in Table 4.1. Manning's n varies as a power function of
discharge. As indicated in the table, Manning's n is about 0.02 for
the extreme high flow and approximately 0.042 for low flows. These
values are very reasonable considering the hydraulics of the fluvial
system. With these values of n, the average error between observed
and computed stages at Locopolis for the calibration time period was
0.34 foot, with a maximum error of 2.12 feet. Figure 4.10 shows the
observed and computed stage hydrographs for the calibration. As
indicated, the error between the two is quite small.

Model Verification

To verify the applicability of the model, an additional run was
made for each reach using the calibrated values of Manning's n and
sediment transport equations. These runs were made for time periods
immediately following calibration. At Ft. Pemberton the verification
was from February 24, 1974 to December 31, 1974 (311 days). At
Locopolis the period used was from January 1, 1973 to December 31, 1974
(730 days). At Ft. Pemberton the average error between the computed
and measured stage for the verification period was 1.10 feet with a
maximum error of 2.48 feet; and at Locopolis, the average was 0.74 foot
with a maximum error of 2.21 feet. Figures 4.11 and 4.12 show plots of

the measured and computed stages at Ft. Pemberton and Locopolis. In
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Table 4.1. Manning's n Calibration for Swan Lake

Discharge at Manning's n
SWED LA ke Main Channel Overbank
2,000 .042 .210
10,000 .035 .175
35,000 .020 .100

addition, Figure 4.13 shows measured and computed bed elevations for
June 1, 1974 between Swan Lake and Locopolis. As seen in Figure 4.14,
the two bed profiles match adequately. The prediction is for the
entire period January 1, 1971 to December 31, 1974. A summary of the

calibration and verification results for KUWASER is given in Table 4.2.

Table 4.2. Calibration and Verification for KUWASER

Reach Calibration Error Verification Error
Mean (£t) Max Mean (ft) Max

Fort Pemberton 0.88 3.60 0.45 1.78

Locopolis 0.34 2.12 0.74 2.21

Comparison with Other Models

General

In this section, frequency and magnitude of error associated with
KUWASER and two other models are examined. The first comparison model
is an empirical stage-discharge relationship or rating curve model.
The second model is a steady, spatially varied flow rigid boundary
model. The comparison of the three models provides more than a
verification of the model developed here. The comparison also provides

guidelines for application of each model
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Description of Comparison Models

Empirical Stage-Discharge Relationship Model. The relation-

ship between stage and discharge is often called a rating curve.
Generally, a rating curve is obtained by plotting the observed stage
data against measured discharge. In reality, experience indicates that
measurements of stage and discharge do not form a single valued
relationship. Many rivers, especially those with a flatter gradient,
display a hysteresis loop in the stage-discharge relationship due in
part to dynamic effects and changing bed forms. Since these relation-
ships can normally only be determined using water and sediment routing
models, the following relation is commonly used to determine the stages

at a given location along the river from the corresponding discharges:

b
Q= ax(s-c) " (4.1)

where Q = discharge, s = stage, c¢ = constant, usually gage zero, and
a, and bX are time-variant coefficients. The unknown coefficients a,
and bx are evaluated by least-squares regression techniques based on
historical records.

Rigid Boundary Model. A known discharge, spatially varied flow

model written by the author was used in the comparison. The model is
identical in theory and operation to the model developed here except
for the exclusion of sediment routing.

Calibration of Comparison Models

The comparison models were calibrated for the same locations and
periods describe in the previous section. These are Ft. Pemberton from
April 12, 1973 to February 23, 1974 (318 days) and Locopolis from

January 1, 1971 to December 31, 1972 (731 days).
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Empirical Stage-Discharge Relationship. Measured discharge and

observed stage data from the two test reaches for the specified times
were used to estimate the unknown parameters, a and bx, that minimized
the mean-square-error of the estimates. Regression constants and the

coefficient of correlation, Rc, are as follows:

0.901

Ft. Pemberton: a_ = 1783 , b. = 0.7538 and R
X X C

I

Locopolis: a, = 0.2872 , bx = 3.140 and Rc 0.991
The observed and computed stage hydrographs for the calibration periods
are shown in Figures 4.14 and 4.15.

It is clear that the stage-discharge relationship is very easy to
calibrate and use, but the figures show that even for the calibration
periods the stage discharge has large errors. Thus, while the correla-

tion coefficients are high, the model has a poor fit to the data.

Rigid Boundary Model. The river stage computed by this rigid

boundary model was calibrated by adjusting the estimated channel
roughness coefficient, Manning's n. Manning's n was calibrated by
multiplying a constant with the estimated n value for the main channel
and overbanks cross sections. The model was run with flow data from
the calibration periods and error between the observed and computed
water surface was determined. The process was repeated with different
values of the constant until no reduction in error resulted.

Manning's n for the Fort Pemberton reach was determined to be
0.031. At the Locopolis reach it was necessary to allow Manning's n to
vary with discharge, since there appeared to be large differences in
headloss in the reach at different flow levels. The calibrated
Manning's n varies as a power function of discharge, and is about 0.018§

for the extreme high flow and approximately 0.040 for the low flow.
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These values are reasonable considering the frictional characteristics
of the system. Figures 4.16 and 4.17 show the observed and computed
stage hydrographs for the calibration period. As can be seen the rigid
boundary model fit is much better than the stage-discharge and is
similar to the sediment routing model.

Verification of Comparison on Models

To test the three models, an additional run wutilizing the
comparison models was made for each reach using the calibration
results. These runs were made for the same periods described in
Section 4.2. At Fort Pemberton, the verification period was from
February 24, 1974 to December 31, 1974 (311 days). At Locopolis, the
period was from January 1, 1973 to December 31, 1974 (730 days).
Figures 4.18 through 4.21 show plots of the measured and computed stage
at Fort Pemberton and Locopolis for the verification period.

Comparison of Methods

For comparison purposes, model error is defined as the difference
between observed and predicted stage for each day. Figures 4.22 and
4.23 show the relative frequency distribution of error for the verifi-
cation periods and Table 4.3 lists the statistics of the absolute error
for each method.

As indicated in the figures and table, all three methods have
approximately the same mean error for Locopolis, but the process models
have much lower maximum errors than the stage-discharge relationships.
Since there are few channel changes in this reach, the results of the
two theoretical models, rigid boundary and movable bed, are essentially

the same. At Fort Pemberton the sediment routing model is clearly
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Table 4.3. Statistics of Absolute Model Errors

Error in Feet

Calibration Verification
Mean Maximum Mean Maximum

Stage-Discharge Model

Fort Pemberton 2.56 10.38 3.47 1.27

Locopolis 0.33 2.56 0.80 5.48
Rigid Boundary Model

Fort Pemberton 0.30 3.97 0.92 2.39

Locopolis 0.29 2.7 0.62 1.91
Sediment Routing Model

Fort Pemberton 0.88 3.60 0.45 1.78

Locopolis 0.34 2.12 0.74 2.21

better than the simple backwater model and superior to the empirical
one. The reason for this is that the model can predict and adapt
itself to changes in river conditions related to sediment movement and
deposition. In contrast the empirical and rigid boundary models assume
an invariant setting and hence they cannot detect and adapt themselves
to a changing environment.
Application

General

This section presents the results of two Yazoo River Basin
sedimentation study design alternative runs (Simons et al., 1978).
These results are presented to demonstrate the models complete capabili-
ties and to show the wide range of information that can be determined
through use of the model. Figure 4.24 shows the Yazoo River Basin.
The basin is divided into two regions. The first region is the delta.
The delta extends from the loess bluffs to the east to the natural and
artificial levies of the Mississippi River to the west. The delta is
characterized by numerous old river channels, natural levies and mild

slope streams which experience severe flooding and sedimentation. The
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main stem of the Yazoo River lies completely in the delta region. The
second region is the uplands. The uplands extend from the loess bluffs
to the west to Pontotac Ridge in the northeast. The uplands vary in
age and composition but are characterized by relatively steep streams
which experience severe erosion and sedimentation problems. The
majority of the Yazoo River tributaries originate in the uplands.

The Yazoo Basin Sedimentation Study involved an analysis of the
main channel and its tributaries from which water and sediment is
routed through the main channel. The purpose of the analysis was to
determine the effectiveness of the proposed system considering flood
control, navigation, and the location of aggradation and degradation
problems in the main channel and its tributaries. Methods of
minimizing operation and maintenance problems were also evaluated. The
analysis provided a method for evaluating the Upper Yazoo Project
system and the various design alternatives outlined by the U.S. Army
Corps of Engineers (1975).

In the Phase I study the emphasis was to evaluate the river
response to the various design alternatives on the main stem Yazoo-
Tallahatchie-Coldwater River system and principal tributaries such as
the Little Tallahatchie, Yocona, and Yalobusha Rivers. The Sunflower
River Basin was excluded from the analysis. Utilizing the model, the
effects of channel enlargement on flowline, sediment depositional
rates, and other aspects of river response were evaluated.

Alternative Runs

Thirteen alternative study runs were made using the known
discharge sediment routing model. These alternative study runs were

conducted by routing sediment through the tributaries and the Yazoo
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River main stem for a selected hydrograph utilizing the various
alternative plans. Two of the alternative study runs are described
here.

Run No. 1. Simulation run utilizing a 50-year synthetic hydrograph
(11 years of recorded data and 39 years of generated data with natural
(existing) river conditions. The Greenwood Cutoff was assumed closed
for flows less than 25,000 cfs and open for flows greater than 25,000
cfs. It was further assumed that Abiaca Creek would only deliver about
20 percent of the sediment inflow at the hill line to the Yazoo River.
Figure 4.25 shows the spatial design use in the run.

Run No. 2. Simulation run utilizing a 50-year synthetic hydrograph
with Plane E conditions and Greenwood Cutoff operated as in Run No. 1.
It was assumed that Abiaca Creek would be a leveed floodway that would
deliver all of the sediment contributed at the hill line to the Yazoo
River. Figure 4.26 shows the spatial design use in the alternmative
run.

Results

The spatial designs for various study runs differed. Neverthe-
less, it is worthwhile to identify the river segments utilizing the
same designation system. Hence, referring back to Figure 4.25, River
Segment No. 1 extends from the mouth of Big Sunflower to Belzoni.
River Segment No. 2 extends from Belzoni to just below the Greenwood
Bendway. River Segment No. 3 includes the Greenwood Bendway, and River
Segment No. 4 extends from immediately upstream of the Greenwood
Bendway to Arkabutla Dam. The Yalobusha River is identified as Rver
Segment No. 5. River Segment No. 6 includes the Little Tallahatchie

and the P-Q Floodway. The Yocona River is defined as River Segment
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No. 7 and the Greenwood Cutoff is identified as River Segment No. 8.
Simulated results for different river conditions for a 50-year

synthetic hydrograph are summarized in Table 4.4.

Table 4.4. Summary of Net Degradation and Aggradation for 50 years.

Alternative Net Degradation and Aggradation in 103 cubic yards
Runs No. Reaches

1 2 3 B 5 6 7 8

1 -- 1,941 445 8,097 1,242 =-2,078 908 -48

2 -- 22,075 2,846 16,909 4,181 -2,809 658 3

Run No. 1. For the main stem from Belzoni to Arkabutla Dam (River
Segments No. 2, 3, 4, and 8), the estimated rate of net filling (net
degradation and aggradation) is about 210,000 cubic yards per year with
natural conditions. Figure 4.27 shows the beginning and final bed
profiles after 50 years under natural conditions.

The maximum water surface elevations at each cross section are
also plotted in Figure 4.27. These maximum water surface elevations
are the maximum values at each cross section considering the 50-year
simulation period. These values do not necessarily occur at the same
time for all of the cross sections and may not take place during the
period of maximum discharge. The downstream water surface elevations
and the long-term sediment movement in the system will dictate local
water surface elevations.

The cumulative net aggradation volumes in the main stem for the 50
years of simulation are shown in Figure 4.28. Generally, the main stem
segments, except the Greenword Cutoff, are. depositing for the 50-year

simulation cycle. River Segment No. 4 (from Greenwood to Arkabutla
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Dam) is filling, particularly below the P-Q Floodway. This is due to
severe degradation in the P-Q Floodway.

The cumulative degradation and aggradation in the major
tributaries (River Segments No. 5, 6, and 7) is shown in Figure 4.29.
As indicated by model results, the Yalobusha River (River Segment
No. 5) is aggrading which agrees with observations by the U.S. Army
Corps of Engineers (Design Memorandum No. 41). This river has been
filling with sediment since the enlargement of the channel cross
section in 1954. River Segment No. 6 (P-Q Floodway and the Little
Tallahatchie River) is degrading according to model calculations. This
also agrees with observations by the U.S. Army Corps of Engineers. The
river bed gradient of the Little Tallahatchie River is about four times
that of the main stem river due to construction of the P-Q Floodway.
Degradation in the P-Q Floodway was so severe that extensive emergency
dredging was required to maintain the Tallahatchie River below the
mouth of the P-Q Floodway. The Yocona River (River Segment No. 7) is
sensitive to the water surface in the P-Q Floodway. The simulated
results show that the Yocona River is almost in a state of equilibrium.

Examples of the stage-discharge relationship just below Greenwood
Bendway (river mile 162.5) and at Swan Lake (river mile 219.08) during
the first year, 10th year, 30th year, and 47th year are displayed in
Figures 4.30 and 4.31. The 47th year was selected because it closely
approximated the 1973 flood. These figures indicate the stage-
discharge relationship at both stations are consistent with time for
the natural condition.

Run No. 2. The net rate of sediment deposition in the main stem

utilizing Plan E conditions increased approximately 400 percent. That
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is, the net depositional rate in the main stem is about 840,000 cubic
vards per year. This is due to the enlargement of the channel, the
increase in the sediment supply from Abiaca Creek (about 500 percent),
and the increase in the degradation along the P-Q Floodway (about 40
percent). Lowering the water surface 1levels in the Tallahatchie
enhances degradation in the P-Q Floodway.

Figure 4.32 shows the beginning and final bed profiles as well as
the maximum water surface elevations along the main stem under Plan E
conditions considering 50 years of simulation. This figure clearly
indicates that the most important areas causing maintenance problems
are the reaches below Abiaca Creek and below the mouth of the P-Q
Floodway. The maximum water surface levels are generally higher than
those wunder natural conditions for reaches downstream of Money.
Cumulative aggradation volumes in the main stem for 50 years is shown
in Figure 4.33. The study shows that deposition rates of Plan E are
much larger than those for natural river conditions. The computed
average rate of deposition for Plan E decreases with time, which is
consistent with changes in hydraulic conditions.

For a detailed examination of Plan E, Figure 4.34 provides the
maximum water surface elevations under both the natural and Plan E
conditions for the 50-year simulation period. Generally, the maximum
water surface elevations are higher for Plan E in the main stem except
in the reach near and upstream of Swan Lake (river mile 219.908). The
higher water surface elevations in the reach downstream of river mile
200.0 are due to accumulation of sediment for 50 years without
maintenance, and the significant increase of sediment supply to the

main stem from Abiaca and the P-Q Floodwayv. The reduction in stage
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near and upstream of Swan Lake is primarily the result of the Craigside
Cutoff.

It is important to mention that if the Plan E channel is allowed
to accumulate sediment for 50 years without maintenance, the efficiency
of flood stage reduction of Plan E would be significantly decreased.
This is further demonstrated in Figures 4.35 and 4.36. In these
figures, the annual maximum water surface elevations just below the
Greenwood Bendway (river mile 162.5) and at Swan Lake (river mile
219.08) for both natural and Plan E conditions are plotted. The river
stage reduction by implementation of Plan E is only good in the first
two years at river mile 162.5, but is always effective at Swan Lake.
After the channel fills with sufficient sediment, river stage reduction
is significantly decreased and finally terminated in some reaches. The
stage frequency curves just below the Greenwood Bendway and at Swan
Lake (river mile 219.08) for natural and Plan E conditions are shown in
Figures 4.37 and 4.38, respectively. These curves indicate that the
proposed Plan E can only be effective if maintenance measures such as
dredging and/or control of sediment inflows from major sediment
contributing tributaries are implemented. This is particularly true
for the reach downstream of Money.

The stage-discharge relationship below Greenwood Bendway (river
mile 162.5) and at Swan Lake (river mile 219.08) for different time
periods are shown in Figures 4.39 and 4.40, respectively. Again, these
figures indicate that the proposed Plan E can only be effective for
flood control if maintenance dredging, control of sediment supply from

tributaries, or other means of maintenance are implemented.
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Conclusions from Calibration, Comparison and Application

From the calibration, comparison and application of the model
KUWASER the following conclusions can be made. The known discharge,
uncoupled sediment routing formulation is a viable method of modeling
open channel flow in alluvial channels over great areas and long times.
The application performed in the sedimentation study of the Yazoo River
Basin (Simons et al., 1978) is the largest and longest application of a
sediment routing model known.

Two features of the model may need additional work. First, the
hydraulic property relationships for alpha, effective depth and
effective width may be unnecessary. The value of alpha varied very
little in the Yazoo cross sections. Since the hydraulic property
relationship for alpha adds computations to the backwater calculations
it may be better to use constant values. Two values of alpha would be
needed at each section, one for main channel and one for overbank. The
constant values could be reevaluated after distributing deposition.
Effective depth and effective width are used as representative values
of depth and width in the sediment transport calculations. In the
review of the applications it became doubtful if these variables added
any accuracy to the model. It is felt that top width and hydraulic
depth (area divided by top width) could be used to calculate sediment
transport which would achieve a reduction in computations. The second
feature which may need additiomal work 1s the cross section distribu-
tion of erosion and deposition. While Figures 4.6 through 4.9 show the
current method is adequate, it is felt that additional work is needed.
One possible improvement would be a cross channel weighing function

based on longitudinal curvature, channel shape and upstream conditions.



Chapter 5

SENSITIVITY ANALYSIS

General

A sensitivity analysis was performed on the model KUWASER. The
analysis has two objectives. The first objective is to test the
analytical sensitivity of the model results to changes in the input
parameters. For example by evaluating channel sediment transport
sensitivity it can be determined how accurate the sediment transport
function must be to achieve any given level of accuracy in an output,
such as volume of aggradation. The second objective is to provide
users of this model or similar models with a design aid. For example,
by comparing the effect on water surface profile and volume of aggrada-
tion by varyving channel bottom width, side slope and thalwag slope the
design engineer will be aided in determining which channel designs will
meet required performance in flood control without causing excessive
aggradation.
Procedure

Test Case

The sensitivity analysis was carried out by first selecting a
"base" channel. The base channel is designed to be as simple as
possible but to still retain similarity with channels that the model
will be applied to. Figure 5.1 shows the base channel. The base
channel 1s trapezoidal in shape with a 150 foot bottom, 3:1 side

slopes, and 30 foot depth at overbank. The overbank area extends for



104

Figure 5.1. Sensitivity base channel.
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1000 feet on either side. The Manning's n values are 0.030 for the
main channel and 0.10 for the overbanks. The thalweg slope is 0.0075
percent (0.4 feet per mile). Figure 5.2 shows the test reach. The
channel is 40 miles long with 21 cross sections spaced at two mile
intervals. At river mile 13 between Sections 7 and 8 a point source
tributary confluences. the 1initial downstream water surface 1is
computed using a stage discharge relationship at Section 1 which
maintains depth of flow greater than normal depth. This is similar to
cases where a stream experiences a slight backwater effect from a down-
stream river or sea. The tributary has a very high sediment rating
curve. The channel and tributary are not in balance. The tributary
will cause severe aggradation in the channel under most circumstances.
The channel is roughly similar to the Yazoo River between Belzoni and
Greenwood, Mississippi, with the tributary being Abiaca Creek.

Discharge Sets

The model was run with three sets of discharges. These discharges
are actual flows for the Yazoo River and Abiaca Creek. The flows are
average weekly discharges computed from daily records. The first set
is from 1964, a normal flow year. The second set is from 1973, a high
flow year. The third set is the entire 10 year period 1964 through
1973. These three sets of discharges allow the evaluation of the model
sensitivity over short term high and normal flows and a long term
period.

Sensitivity Parameters

Six input parameters were selected for the sensitivity analysis.
They are: (1) channel bottom width, (2) channel bottom slope, (3)

channel side slope (4) Manning's n value, (5) tributary sediment input,
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and (6) channel sediment transport. The ranges given each parameter
were chosen to reflect the normal variance of the parameter or the
typical range a designer could utilize in this case. The values of
each parameter were given are described below:

Bottom Width. Channel bottom width is the most important design

parameter in river mechanics. The channel bottom width was given
values of 100,125, 150 (base), 175, and 200 feet. This represents a
range of -33 percent to +33 percent from the base.

Bottom Slope. The bottom (thalweg) slope was given values of

0.0050 percent, 0.0063 percent, 0.0075 percent (base), 0.0088 percent,
and 0.0100 percent. This represents a range of -33 percent to +33
percent of the base value. The overbanks were kept constant and the
main channel was rotated about river mile 20, Section 11. Thus,
decreasing the slope raised the downstream end and lowered the upstream
end, while increasing the slope lowered the downstream end and raised
the upstream end. At Section 11 the bed elevation remained constant.
The downstream stage-discharge relation was held constant also. This
relatively complicated procedure was used since it more accurately
models a man-induced river slope change such as cutoff construction or
dredging.

Side Slope. The channel side slope was given values of 2:1, 3:1
(base), 4:1, and 5:1. This represents a range of -40 percent (5:1) to
+50 percent (2:1) in the side slope.

Manning's n. Manning's n is both a design parameter which can be
modified by channel snagging or flood plain management and an unknown
variable which must be estimated. Manning's n value for the main

channel was given values of 0.020, 0.025, 0.030 (base), 0.035 and
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0.040. This represents a range of -33 percent to +33 percent of the
base value. The overbank n values were not varied.

Tributary Sediment. Tributary sediment, like Manning's n is both

a design parameter and an unknown variable. The tributary sediment was
varied linearly by multiplying the base value for a given flow by a
constant. The constant was given values of 0.0, 0.5, 1.0 (base), 1.5
and 2.0. This represents a range of -100 percent to +100 percent.

Channel Sediment. The channel sediment transport rate cannot be

managed directly. It is the least well-known of all the input
variables. The channel sediment transport rate was varied linearly by
multiplying the normal value as computed by the transport function by a
constant. The constant was given values of 0.5, 0.75, 1.00 (base),
1.25 and 1.50. This represents a range of -50 percent to +50 percent
from the base.
Results

The effects of input parameter variance was evaluated for five
values in the output. The five values are: (1) total volume of
aggradation in the reach, (2) depth of flow at Section 7, (3) depth of
flow at Section 14, (4) aggradation at Section 7, and (5) aggradation
at Section 14. These five values were selected for their ease of
evaluation and general importance. The total volume of aggradation is
a overall measure of the effectiveness of sedimentation control
alternatives. The depth of flow and aggradation at Section 7 are
measures of the impact of the design parameters to the reach downstream
of a tributary which generally flows at greater than normal depth. The
depth of flow and aggradation at Section 14 are measures of the impact

of the design parameters to an upstream reach which generally flows
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near normal depth. Before the quantitative results are presented it
will be helpful to present a qualitative assessment based on the
understanding of physical processor governing alluvial channel flow.
The qualitative analysis will be helpful in explaining the quantitative
results, as on first glance they may be confusing. Table 5.1 presents
the qualitative sensitivity analysis for volume of aggradation. In the
table two types of downstream control are listed, fixed stage-discharge
relationship as used here and normal depth. For volume of aggradation,
increasing bottom width increases aggradation for both control
conditions, since the increased area will decrease sediment transport
out of the reach. Increasing bottom slope will increase aggradation
for the fixed stage-discharge case since increasing slope drops the bed
at the downstream station while maintaining a constant stage. Thus it
increases flow area, and reduces velocity and sediment transport out of
the reach. For the normal depth control, increasing bottom slope will
decrease aggradation since velocity, and thus sediment transport out of
the reach will increase. Increasing channel side slope, making the
banks steeper, will reduce flow area increase sediment transport out of
the reach and reduce aggradation for both control cases. Increasing
Manning's n for the fixed stage discharge case, will have no effect on
sediment leaving the reach since it will not change the flow depth or
velocity at the downstream section, but it will decrease sediment
coming into the reach at the upstream reach because of the greater
depth of flow and reduced velocity. Thus increasing Manning's n will
decrease aggradation. For the normal depth case, increasing the n
value will reduce sediment out of the reach and thus increase aggrada-

tion. Increasing tributary sediment will, of course, for both cases
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Table 5.1. Qualitative Sensitivity Analysis

Downstream Bottom Bottom Side Manning's  Tributary  Channel
Control Width Slope Slope n Sediment Sediment

Fixed Stage
Discharge o + - = + +

Normal Depth + - - + + 0

increase aggradation. Increasing channel sediment on the fixed stage
discharge control will tend to increase aggradation. The downstream
end is under backwater conditions with a low sediment transport while
the upstream end is near normal depth with a high sediment transport.
A straight percentage increase in transport will have the effect of
causing a net increase of sediment input to the reach. For the normal
depth case changes in channel sediment transport will have little
effect on aggradation since both upstream and downstream sections are
near normal depth and will have the equal transport rates. By similar
analysis the sensitivity of other outputs can be determined. The
following sections describe the results of the sensitivity analysis. A
sensitivity analysis will vary from river to river and year to year.
Thus, care must be taken in applying these results to other river
environments.

Total Volume of Aggradation

Figures 5.3, 5.4 and 5.5 present the sensitivity of total volume
of aggradation for short-term normal and high flows and long-term,
respectively. For short-term, normal flow all parameters except
Manning's n have positive slope. That is, an increase in the parameter

increases aggradation. The tributary sediment transport rate is the
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most dominant followed by bottom width, bottom slope, and Manning's n.
Channel sediment transport has only slight impact while side slope has
a negligible impact. All of the parameters show uniform, relatively
symmetrical curves except for bottom width. Bottom width shows a step
function on all curves. It is believed that the steps are caused by
the large changes in cross section area which affect flow velocity,
sediment transport and the frequency of overbank flow. For short-term,
high flow the sensitivity to the parameters are similar except that the
sensitivity to Manning's n increases dramically, as could be expected.
In addition, sensitivity to side slope is no longer negligible, and
sensitivity channel sediment increases. For the long-term period,
tributary sediment is the most dominant parameter and channel sediment
is the least. Channel side slope reverses but remains only slightly
sensitive.

Depth of Flow at Section Seven

Figures 5.6, 5.7 and 5.8 present the sensitivity of the maximum
depth of flow at Section 7 for short-term normal and high flows and
long-term, respectively. For short-term, normal flow the sensitivity
to Manning's n, side slope and tributary sediment have positive slope
while bottom width sensitivity has a negative slope. Bottom width and
Manning's n are the most dominant parameters while bottom slope and
channel sediment are negligible. For short-term, high flow parameter
sensitivity 1is similar to normal flow except tributary sediment
sensitivity is negligible. For the long-term period all parameters are
significant. While Manning's n and bottom width are still the most
dominant, tributary sediment becomes more dominant than the remainder

of the parameters.
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Depth of Flow At Section Fourteen

Figures 5.9, 5.10 and 5.11 present the sensitivity of the maximum
depth of flow at Section 14 for short-term normal, and high flow and
long-term, respectively. For short term, normal flow the sensitivity
to side slope, Manning's n and tributary sediment have positive slopes
while the remainer have negative. Bottom width and Manning's n are the
most dominant parameters while channel sediment has negligible effects.
For short-term, high flow the parameter sensitivity is similar except
that channel sediment reverses slope, but remains negligible and
tributary sediment sensitivity becomes negligible. For the long-term
period the parameter sensitivity is similar to short-term, high flow
except tributary sediment sensitivity increases.

Aggradation at Section Seven

Figures 5.12, 5.13 and 5.14 present the sensitivity of aggradation
at Section 7 for short-term normal and high flows and long-term,
respectively. For short-term, normal flow all of the parameter
sensitivities have positive slope. Tributary sediment has the greatest
effect on aggradation while bottom slope and Manning's have negligible
impact. For short-term, high flow the sensitivity to the parameters
is similar except channel sediment reverses slope. For the long-term
period significant changes in sensitivity occur. Bottom width creates
the largest impact to aggradation. Side slope reverses its effects,
though it remains small in magnitude. All parameters have significant
impact.

Aggradation at Section Fourteen

Figure 5.15 presents the sensitivity of aggradation at Section 14.

Analyses for the short-term discharge were not performed. No
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significant aggradation occurs at Section 14 during the one year
periods. For the long-term period the sensitivity to Manning's n and
channel sediment have negative slopes while the remainder are positive.
All parameters are significant with bottom slope and Manning's n having
the greatest importance.

Conclusions on Sensitivity

From the results of the sensitivity analysis the following
conclusions are made concerning the model sensitivity to variations
in the six input and design parameters. Since the results of a
sensitivity analysis will vary for different channels and discharges,
these conclusions may not be valid for other cases. But the conclu-
sions reached here should provide a general guide for most river
envirconments. The following sections list the conclusion drawn by
parameter.

Bottom Width

Bottom width is a moderately to very dominant parameter.
Increasing bottom width increases aggradation and decreases depth of
flow at all locations. There is no significant variation in the
sensitivity to bottom width with the different discharges. Bottom
width exhibits a step function which 1is believed to be caused by the
large changes in cross section area that affect flow velocity, sediment
transport and the frequency of overbank flow. The steps offer an
opportunity to optimize to a fine degree channel design.

Bottom Slope

Bottom slope ranges from a negligible to a very dominant
parameter. Increasing bottom slope increases aggradation at the

downstream end of the reach. This is due to the increased depth of
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flow and reduced velocity caused by dropping the thalweg while keeping
a constant stage discharge relationship at the downstream control. The
significance of bottom slope increase with discharge and time.

Side Slope

Side slope ranges from a negligible to a very dominant parameter.
Generally, increasing side slope increases aggradation, but the changes
is usually small. The principle exceptions are the long-term aggrada-
tion at Sections 7 and 14. At Section 7 the long-term aggradation was
reduced slightly by increasing the side slope while at Section 14 side
slope 1is the most significant parameter. As can be expected,
increasing the side slope reduces the flow area and increases depth of
flow in all cases.

Manning's n

Manning's n is the most dominant parameter for depth of flow. As
can be expected, increasing Manning's n increases flow depth in all
cases. Manning's n only moderately effects aggradation. It has only
a slight to negligible impact on volume of aggradation. Its importance
to aggradation increases with the discharge and time period.
Increasing Manning's n increases downstream aggradation and decreases
aggradation upstream.

Tributary Sediment

Overall, the parameter with the most effect is tributary sediment.
Aggradation is most sensitive to it in all cases. The volume of
aggradation and the depth of aggradation at Sections 7 and 14 increase
with tributary sediment. Depth of flow at both sections also increase

significantly with tributary sediment. The effects of tributary
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sediment are reduced by increases in main channel discharge, time of
simulation and distance from the tributary confluence.

Channel Sediment

Overall, the parameter with the least effect is channel sediment.
It has only negligible effect on depth of flow and negligible to slight
effect on aggradation. The last point is most important, it shows that
sediment transport while a very troublesome variable to define, need
only be approximately near its true value to produce accurate results
in simulation. The effect of channel sediment increase with discharge

and time of simulation.



Chapter 6

SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

Summary

A  known discharge, wuncoupled, sediment routing model that
sequentially solves the equations of sediment continuity and water
motion has been developed. The equation of motion is solved by
standard step backwater calculations. The backwater calculations have
been improved by the addition of a Newton-Raphson method. The method
uses channel hydraulic property relationships to improve the depth
estimate. This method differs from other Newton-Raphson backwater
algorithms in that the change in area and conveyance with depth are
incorporated into the estimates. The model also allows for divided
flow and flow over weirs. The equation of sediment continuity is
solved by a standard, finite difference method. Sediment transport is
calculated by a simple power function of velocity and depth. Eroded
and deposited sediment are distributed across the cross section by a
conveyance weighted method. The model is 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.

The model was tested against two other models using the frequency

and magnitude of error in the prediction of stage at two locations.
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The two comparison models were an empirical stage-discharge
relationship and a steady, spatially varied flow, rigid boundary model.
The comparison of the three models provided a verification of the model
developed here and guidelines for application of each model. The known
discharge, uncoupled, sediment routing model was applied to the Yazoo
River Basin to determine the river response to existing conditions and
a proposed channel improvement. The application cases covered over 300
miles of mainstem river and tributaries for a 50 year period. A
sensitivity analysis was performed on the model. The sensitivity of
five output values to changes in six input parameters was determined.
Conclusions

The known discharge, uncoupled, sediment routing formulation is a
viable method of modeling open channel flow in alluvial channels. The
uncoupling of the three basic equations of alluvial flow has allowed
the development of a relatively simple model. While the model 1is
theorically simple, several features have been incorporated that reduce
computer time. The most important time savings features are the
hydraulic power relationships, the Newton-Raphson backwater algorithm
and the simple sediment transport function. The conveyance-weighted
function for distributing erosion and deposition was adequate, but
could be improved.

The model had the lowest frequency and magnitude of error in stage
prediction of three models tested. The model developed here has much
lower error than the empirical stage-discharge relationship for both
stable and unstable reaches. The rigid boundary model performed
about as well as the sediment routing model in the stable reach. In

the unstable reach the sediment routing model which can predict and
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adapt itself to changes in river conditions related to sediment
movement, 1is superior. The model was successful in its application
to the Yazoo River Basin. The model predicted differences in river
response between existing conditions and a proposed channel modifica-
tions. Because the model is a physical process program it can quantify
to the extent of its accuracy, the river environment. This is an
important feature. The engineer will not only know that one alterna-
tive will have greater channel aggradation than another, but also the
volumes, timing and impact to the channel hydraulics at any given
location.

The sensitivity analysis showed that tributary sediment has the
greatest effect on channel aggradation. This implies that great care
should be taken in the estimation of this parameter and that any
mainstem sediment management program should look first at the
tributaries. Aggradation and depth of flow was moderately to very
sensitive to channel bottom width. Bottom width exhibits a step
function which is believed to be caused by the frequency of overbank
flow. The steps offer an opportunity to optimize channel design. The
sensitivity of aggradation to channel bottom slope increases with
discharge and time and increases in significance upstream. Increasing
channel side slope decreases long-term aggradation and increase depth
of flow. Manning's n was very significant to depth of flow, but only
moderately effects aggradation. Thus, if only sediment information is
needed Manning's n need only be approximated. Channel sediment
transport had negligible to slight effect on depth of flow and
aggradation. Therefore, the channel sediment transport function need

only be somewhere in the same order of magnitude of its true value.
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Recommendations

The following work is recommended to extend the applicability of

the known discharge, uncoupled sediment routing model:

3

Upgrade the water surface profile algorithm to handle
supercritical water surface profiles;

Expand the sediment routing routines to account for bed
armoring, and control points; and

Integrate a storage routing model to supply the known

discharge values.

The following work is recommended to improve and better define the

performance of the model:

4.

Explore the mechanism of lateral erosion and deposition to
determine the significance of shear stress and conveyance on
erosion and deposition;

Perform additional sensitivity analyses to better define
factors, such as overbank flow and backwater that effect

parameter sensitivity, particularly on bottom width.
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APPENDIX A

KUWASER USER MANUAL

A.1 General

This and the following appendices constitute an user's manual for
the program KUWASER. This appendix describes the application theory of
temporal and spatial design, program operation and an example applica-
tion. Appendix B contains program flow charts, Appendix C contains
variable definitions, and Appendix D contains a program listing.

A.2 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. There-
fore, only those records pertinent to areas and river reaches included

in the spatial design need to be analyzed.
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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 deter-
mined by measurements or by an empirical method. In addition the
relationship between the Manning n-value and the discharge is required.
The following describes the three methods of computing water discharge,
two methods for determining the tributary rating curve, and an explana-
tion of the determination of the Manning n-value relationship.

Computation of Discharge

Constant Discharge

Figure A.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
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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:
Q. = Q, - Q (4.1)
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
in a natural river QC + QB % QA' In these cases a non-point source,

QNPS is defined as:

The sign of the non-peint 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 X and X are the

A C

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:

Xp =~ Xy

QD=QB+QC+XC-XA Qps

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

(A.3)

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

detailed description of the temporal design used.
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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:
bt
Qo = 3¢ U (8.4
where Qsﬂ is the tributary bed material discharge, QE 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.
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Synthetic Curves

When it is not possible to obtain tributary sediment measurements
the rating curve for a particular stream can be determined by a
theoretical 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 discharge is determined and 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 bt' Finally, the coefficient a

t t

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 a, is probably 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 Sentirk, 1977). In

the program Manning's n-value is made a simple function of discharge:

n=na Q" (A.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
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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
from physical significance the coefficient a will be a small posi-

tive 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 1location 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;

2% division of river system into reaches;
3. river distance between cross sections;
4. tributary locations; and

5: locations of any structures.
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In addition historical cross section measurements are necessary to
calibrate the model.

The following describes considerations to be made 1in 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 rcughness, and

4. discharge.

The necessary reach divisions required for program operation are
described in Section A.4.
Tributaries

Tributaries supply water aud‘sediment input to the mainstem river.

The program allows for four different types of tributaries

I point source in,

2. major tributary in,
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 A.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

divided by two stations D and D as shown in Figure A.2. The

lob rob’
Manning's n-value at each coordinate point is determined by its loca-
tion 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' I1f the

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

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

ob’
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.

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 A.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. Generally, the
following procedure can be used.

Figure A.3 shows the principle used in estimating particle fall
distance. First, estimate the average depth and flow velocity.
Second, determine fall velocity for the dSO 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 Suntirk, 1977) but for this purpose Rubey's formula for

particles less than 1 mm in size is adequate.
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2 3 2
Jg 8(Sg - 1) dg, + 36v -6V

dSO

(A.6)

W =

where w 1is the fall velocity, g is the exceleration of gravity, Ss
is the sediment specific weight (2.65 for quartz sand), and Vv is the
kinematic viscosity of water. Particle settling length X, is then

computed by:
v (A.7)

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 for experience, 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
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 1is computed as a percentage
of the sediment transport at the next upstream cross section.

A.3 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 files. The suggested values for the input
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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 A.5
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)
cC The coefficient of contraction losses (CC ~ .1)
IUNIT The unit system: 1 - ENGLISH; 0 - METRIC
Counters

The following counters must be defined.
NSEC Number of cross sections
NTIM Number of time periods

NRIV Number of river reaches
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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
understanding of the program operation. Figure A.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 A.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.

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 point source tributaries
TRIBS is called to <calculate sediment transport in
tributaries.
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Figure A.4. Subroutine used in operations.



Table A.1. Subroutine Calling Sequence

Value of .
Value of Subroutine ICALL(NC, 2&3)
ICALL(NC,1) Called Operation Performed 2 3
1 FLOW Determine discharge at each cross m—— s
section
2 SUBPF Calculate water surface profile A e
3 DIVIDE Compute divided flow reach B C
4 SED Calculate sediment transport at each e i
section
5 WEIRS Calculate sediment transport over D E
weir
6 TRIBS Calculate all tributary sediment e T
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 ==X

'Explanalion of codes

A - Number of reach to compute water surface
- Number of primary reach in divided flow
- Number of secondary reach in divided flow
- Number of upstream weir cross section
Number of cross section upstream of weir
- Number of reach to compute sediment routing
- Number of primary cross section
- Number of duplicate cross section
- Number of river reach to perform dredging

Tz OommEmEODO®E
1

6Y1
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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, 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

For each river reach the user must define the following variables.
KUP, KDOWN The numbers for the upstream and downstream cross
sections
NTRIB The number of tributaries to the reach
ICONT The type of downstream water surface control
1. Stage-discharge relationship
2. Stage-hydrograph
3. Downstream water surface
4. Greatest of #1 and #2
5. Greatest of #1 and #3
6. Normal depth
KCONT The number of the downstream control cross section
(enter 0 if ICONT # 3 or 5)
IROUT The type of downstream cross section sediment
routing
(I 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).
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3. Floating section (use for lowest reach on
major tributaries).

AX, BX, CX The coefficients of the downstream control stage-
discharge relationship

WS = CX + AX TQBX

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

AN, BN 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)

SB Normal depth slope (use average bed slope).
Tributary

For each tributary the user must define the following variables.

RDT The mainstem river distance at the tributaries'
confluence

ITRIB The type of tributary
3. Point source in

2. Major tributary in
3. Point source out
4. Major tributary out
KTRIB The tributary's water discharge section

AT, BT The coefficient of the point source tributary
sediment rating curve

QSL = AT TQBT
(enter zeros for major tributaries)

Cross Section

For each cross section the following variables must be defined.
ND The number of cross section points (x,z pairs)

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

period the following variables must be defined.

The upstream discharge tons of each cross 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)

All input data is read into the program from subroutines IN1 and

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

assembling and debugging. When the user is evaluating several alterna-

tives,

each

usually only one or two of the input files need changing for

run. The three files are:

I5 - General Data

I7 - Cross Section Data

I8 - Discharge

Data

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

main program.
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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.

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, 15 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).

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 Format Description
1 515 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).
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2 315 (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.

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; 215; 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
tributarv 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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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(X,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.

FILE 18--DISCHARGE DATA

Discharge Cards

The discharge cards give the discharges for each cross section and

each discharge section and the time period length.

Card
Number Format Description
1 Binary (TQ(K), X = 1,NQI), DT, STAGE, IDREG

Discharge TQ(K) for each cross section.
Discharge section, and the time period
length (DT). If a stage hydrograph is
used as a downstream control the stage
(STAGE) must be read in. If dredging
is to be done the dredging flag IDRG
also must be read in.
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A.5 Results Outputs

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, 19, and 110. File I6
is for printed output and files 19 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
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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

- velocity

- 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 I110.

- 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.

A.6 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 A.5. In the example, besides the main-
stem calculations, there is a divided flow cau:ed 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 A.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 A.2.

Point source sediment routing curves were determined by the

empirical method.
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Spatial Design

Figure A.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 character-
istics in each reach with consideration of the computational sequence.

Figure A.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 A.8 also shows the discharge section location and number for
each point source tributary.

The value of the variables associated with each river reach is
shown in Table A.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

S5 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
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(192.90)

(185.64)
(183.52)
(180.52)
(176.20)

( 0.60) k25(I7381)

24 (17300) 23(170.19)

20 (163.90)
{ 0.00)
(160.96)

(158.60)

19(162.50)

Pelucia Creek
(154.24) 42 (15570)
(150.18)
(147.70)
( 146.50)
(144.42)
(141.60) .
Abioca Creek
(139.90) + 4! (140.34)

(138.20)

(131.10)
(128.50)
(126.50)
(124.20)
(121.80)
(119.30)
(116.20)

Weir Location

x

{ ) River Distance

Discharge Section

40(305)

22 (168.70)

21 (166.00)

— Cross Section Location

Example cross section locations.



Table A.2.

Input Variable Values for Example

Reach

I

11

1w

BN

non

KDOWN  KUP KCONT AX, BX, CX AN, BN IROUT SB TRIBUTARY RDT ITRIB KTRIB AT
1 19 - AX=0.033 AN=1.0 1 .00005 1 140.34 1 41 1.5 x 1078
BX = 0.6868 BN = 0.0 2 155.7 1 42 7.5 x 108
CX = 76.02
19 25 19 . AN =1.0 2 .00007 1 162.51 2 33 -
BN = 0.0 2 169.0 2 39 .
3 173.9 4 37 )
25 31 25 = AN = 1.0 2 L0001 4
BN = 0.0
32 38 19 ad AN = 1.0 1 .0002 1 0.01 2 20 =
BN = 0.0 2 0.59 & 24 -
39 40 22 AN =1.0 3 .0002 1 1.05 1 43 1.0x10%

791
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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

Example Input

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

example.

Example Output

Figure A.11 shows the output generated by the example run.
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EXAMPLE FOR FROGRAM KUWASER
00111100
10 0.10000 0.30000 0.30000 0.10000 1
40 1 S 43 146
1 0 0
2 1 0
3 2 4
2 3 0
2 5 0
4 0 0
S 37 38
é ] 0
7 1 0
7 2 0
7 4 0
7 3 0
7 S 0
8 19 32
8 25 B
9 0 0
1 19 2 1 0 1 0.033568 0.6848 76.0200 1.0000 0.0000 .000050
140,34 1 41 1.50E-08 2.40E+00
155.70 1 42 1,50E-08 2.40E+400
19 25 3 3 19 2 0.0000 0.0000 0.0000 1.0000 0.,0000 .000070
162,51 2 33 0.00 0.00
16%.00 2 39 0.00 0.00
173.90 4 37 0.00 0.00
L23 31 0 3 25 2 0.0000 0.0000 0.0000 1,0000 0.0000 .000100
32 38 2 3 19 1 0.0000 0.0000 0.0000 1.0000 0.0000 .000200
0.01 2 20 0.00 0.00
0.59 4 24 0.00 0.00
39 40 1 3 22 3 0.0000 0,0000 0,0000 1.0000 0.0000 .000200
1.03 1 43 1.0E-08 2.4E+00

Figure A.9. Example input data for File I5.
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=gdle ’?00 =lod. }b.b =l63. ;5.] =-l4z, ?3.3 =11/ ;3-
=/le 926 =41, 1135 2U]« 1l6.0 Jdo8. 11640
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I8 13¥.90 33 712
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2lueV0 4Tu.u0 Wl5u00 «+U300V0 « 15000 115.00
Is lel.0U .2 12
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15 lsialu Il 1e 73
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SU3, 1215 5S4, 222 595s 114,00 l6ce, 114,0
65.00 35/.v0 el5UULU «03000 « 15000 114.70
lo 1os.24 ¢ 11 1¢e
=1670: 1220 =970s 122.0 =480, 158.0 =460, 116.0 =420, 1)06.0
-4l Yh U =300, Qi) =|HN, 3.0 =110, 91:0 =180, 92.0
=lU0. lUBsD =(Us 11640 =90 1150 =CUs 11l8.0 Ve 1250
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13 Lndigs 1fr 4 7¢ 0
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o l“-“ 0 Y e LUL.0  2U. Ll8.0
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Figure A.10. Example input data for File I7.
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Figure A.10. (Continued).
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Table A.3. Example Input Data for File I8 (*the values of the
unformated data appear in this column).
Water®
Discharge Discharge
Oor Cross in cfs
Reach Section Name (and time) Comments
1 1 116.20 11335
Z 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 0
21 166.00 0 Divided flow
22 168.70 0 discharges set
23 170.19 0 to zero
24 173.00 0
I1I 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 A.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
Y 39 0.00 3176
«—— Big Sand Creek
40 3.05 2884
41 ABIACA 477
42 PELUCIA 208
43 BIG SAND 292
DT 7.0




(3L B |

V=g

SECTION EFFECTIVE EFFECTIVE

BB G-

NUWASER
UNOwN DISCHARGE SEDINEMT RouT|me
DEVELA*EU BY §.0. BaOwM awn R w, Ll

AT COLORADG STAIE UsIvERSITT, FO® g

UsBe AMNY CORPS OF [NGINEFASs ¥ICRSHURG DISTRICY

L Ll L T T I ]

E 0 ampgg

Fomr P RO&® AN 5 u

¥ aSER

e L T T T LR r T T eI

-
B e L L T T A —— L L L T T T LTy

I Jo.00
w0

23,1
18y, 8

SECTION

DEPTH

131
..

ToraL
AREW

e,
J2aT.
¥532.
2425,

PROFPERT JES

TUTaL
COMVETANCE

a3 ga,
WToale,
Ihaa)ab,

ELITTS
LALLM
(L1 LT L
Isason,
LLLALTT

Ia38330.
ARTALE,
[RLLES

L Pma wELOCITY

5207
FILL e
2.2053
Yo PuAn
PS043
2T
alTa2
FaRlnw
Faluns

JaB2ol

wATER SENT=EnT
SUFACE RNy PO
LELL] W2V I6aT
LR L) UL TY ]
LIS B R L LT

« 38wl

T

M LECFTTH

MLFELLT]

MELENN]

Nt a0

Figure

M LELTEY

PARLETE ]
ML
LR
wATARE

-

wl

ALITY T
«0%3333
«0Te533
«aZHGAT

wBAB2ad
PLITRES ]
IS8T
LTI
«8%3333
M LELLY ]
aBlaSe8
«013a03
BLLLLE L]
LLITE]]
CLA LN
w25TTua
wAR2TIN

A.11.

FLOw THALWER
FLEWATION
LET T ]
Ea, 0
LU L

AnQn,. 00
ARQULON

Arzo.00
8560.00
ZTOZ. 6T
2TRZ.0T
2TR2.0T
2TRZLBT
10207
IT2o.00
Tes0.00
Tato.00 Ies.00

Example output.

WA
WATER

TIME
OF

SECTION ELEVATION MAX

- e e e e B
P~ NI N—=DD DD~ P W N

Ll
L")

P e L W N
COXNPN S W=D ==:= 32:2 13:3 :E ::

92.08
93,34
94,23
94,97
96,07
96.T4
9T.4)
98.07
99.22
100.08
leg.71
101 .02
101.99
102,42
103.01
104,53
lo7.12
loB.02
108.24
l08.27
l109.02
109.17
109,17
109,29
109,55
110,00
110.70
111.39
112,04
112.63
113,45
l1oB.24
108,24
lo0B.24
loB.26
108,82
loe.82
109,.5]
109,17
117.48

1
1
1
1
1
1
1
1
1
1
|
1
1
I
|
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

CLT
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MIN
BED

SECTION ELEVATION
1 75,70
2 T2.95
3 T4.24
L] 66,79
s To.84
L] Ta.94
7 75.00
8 73,32
& 79,22
10 75.67
11 81.19
12 75,63
13 82.95
1e 83,68
15 84,28
16 91.03
17 91,93
18 86,50
19 81,03
20 96.03
21 B9.96
22 78,49
23 97.17
24 89,98
25 94,01
26 91.51
27 97,01
28 95,03
29 9T.46
30 92,00
31 96,70
32 81,03
33 81,31
34 95,76
a5 To.41
3¢ 106,00
ar 106,00
38 94,01
39 97.59
40 108,00

-
(=
-

> >
rr

CROSS SECTION NOy 1
POINT HORIZONTAL ELEVATION DELTA ELEV.

1 8086, 108,2 0.0
2 9542, 108,2 0.0
3 9550, 111.0 0.0
4 9598, 118.5 0.0
5 9598, 118.5 0.0
6 9607, 118.4 0+0
7 9658, 99.7 0.0
] 9662, 96.5 0.0
9 9736, B0,.9 0.0
10 9806, 76.9 0.0
11 9836, 715.7 0.0
12 9935, 80,5 0.0
13 9946, B4, 0.0
14 9946, 86,8 0.0
15 9966, 92.0 0.0
16 9970, 9.6 0.0
17 9979, 104, 0.0
18 9979, 104,48 Cs0
19 10026 105,9 D«0
20 1003a, 101,2 0.0
21 10045, 98.5 0.0
22 11586, 98,5 0.0

Figure A.11. (Continued).
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CROSS SECTION NOj 2
POINT HORIZONTAL ELEVATION DELTA ELEV,

1 =1510. 110.0 0.0
2 =200, 110,0 0.0
3 =30. 112.0 0.0
4 60, 105,0 0.0
5 75. 106.0 0.0
[} 85, 100,0 0.0
7 119. 100,0 =0
8 160, T6.0 =0
9 230, 73.0 =s0
10 250, 72,9 =]
11 280, 76.0 =0
IZ zﬂﬂ. 7‘.0 =u0
13 300. 79.0 =-.0
14 3lo0. 81,0 =-s0
15 3la. 88.0 =e0
16 362, 99.0 =0
17 380, 98.0 0.0
18 390. 100.0 0.0
19 425, 94,0 0.0
20 4TS5, 105.0 0.0
2l To0. 104,0 0.0
22 1990, 104,0 0.0

CROSS SECTION NOJ 3
POINT HORIZONTAL ELEVATION DELTA ELEV.

1 =692, 107.0 0.0
2 -580. 107.0 0.0
3 =370, 108.,0 0.0
- =340, 107.0 0.0
5 '33.. 10‘.0 0.0
L] «310. 103.0 o0
7 =272, 82,0 o0
8 =262, 82.2 o2
9 =215, 75.2 o2
10 =192, Ta,2 o2
11 =120, 79.2 2
12 =110. 78,2 .2
13 =55, 81.2 o2
14 =85, 8l.1 ol
15 =-TT. 84,0 «0
16 =25, 95.0 «0
17 =5, losau 0.0
18 15. 109.0 0.0
19 40, 110.0 0.0
20 175, 106.0 0.0
21 300, 109.0 0.0
22 308. 109,0 0.0

CROSS SECTION NOJ 4
POINT HORIZONTAL ELEVATION DELTA ELEV.

1 =]1705. 108,0 0.0
2 =560, IOB.O 0.0
3 =550, 101.0 0.0
4 =532, 99.0 0.0
5 =508, 100,0 -0
] =475, 86,0 -0
7 -46ﬂ. “.9 .II
] -4d5, T1.8 =2
9 =425, 67,8 -
10 -415, 67.7 =3
11 =405, 66,8 =2
12 =380, T7.9 =sl
13 =355, 89,0 =0
14 =340, 92.0 -0
15 =318, 100,0 -0
16 =285, 104,0 0.0
17 =260, 99.0 0.0
18 =240, 58.0 D0
19 =225, 95.0 0.0
20 =205, 100,0 0.0
21 =190, 110.,0 0.0
22 89S, 110.0 0.0

Figure A.11. (Continued).



CROSS SECTION NOJ 5

POINT HORIZONTAL ELEVATION DELTA ELEV. CROSS SECTION NO; 7

\ -1523- —_ :.: POINT HORIZONTAL ELEVATION DELTA ELEV.

2 =500, 108.0 . -

3 Zeeo. 110m0 0.0 2 e 0.0

4 =440, 104.0 0.0 3 =120. 108:0 0.0

5 =420, 102.0 0.0 . =60, 108.0 0.0

[ 400, 105,0 -0 5 =30, 110.0 0.0

T =360, 82.0 =s0 ] 20. 108,0 0.0

' .3500 ..-' "Il T 30. IDT.O -0

9 -320. 79.9 =1 a 80, 90.0 -e0

10 =300, 79.8 =2 9 200, 80.0 -0

1 =260, 77.8 =2 10 270, 75.0 =0

12 =220, 76.8 =2 11 350, 100.0 -0

13 =180, 83.9 =l 12 350, 112.0 0.0

:; -:;0- 106.0 .0 13 370. 116.0 0.0

=120, 105.0 0.0 14 600, 116.,0 0.0

16 =100, 108.0 0.0 15 670, 123.0 0.0

17 =60, 108,0 0.0 16 670 123.0 0.0

18 -40, 109.0 0.0 ’ ’

19 0. 108,0 0.0 CROSS SECTION NOj ]

20 1080, 108,0 0.0 POINT HORIZONTAL ELEVATION DELTA ELEV.
CROSS SECTION NO) & - .
POINT HORIZONTAL ELEVATION DELTA ELEv. ; 1;;:: ::::: :.:

1 -1198, 111,0 0.0 . i idds 117 e

2 =200, 111.0 0.0 5 =306, 110.5 «0

3 90, 109,0 0.0 6 263, Ba,6 »0

4 -40, 110,0 0.0 7 -221. 77.0 e

5 a0, 107.0 0.0 8 =183, 75.5 o0

6 0. 108.0 0.0 9 -163, 77.1 +0

{ 4 10, 110.0 0.0 10 -la2, 73.3 «0

] 40, 111.0 =e0 11 =117, 75.8 o0

9 90. 75.0 -0 12 =101, 82.2 0

10 120, T4.9 =sl 13 Tl 92,6 «0

11 140, 75.9 =l 14 =37, 115.5 o0

12 220, 77.0 =0 15 201, 116,.0 0.0

13 270, 99,0 =.0 16 1358, 116.0 0.0

14 300, 102,0 0.0

15 320. 110.0 0.0

16 340, . 108,0 0.0

17 400, 108,0 0.0

18 460, 112.0 0.0

19 1405, 112.0 0.0

Figure A.11. (Continued).
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CROSS SECTION NOJ °
POINT MORIZONTAL ELEVATION DELTA ELEV.

1 =1767. 104,1 0.0
2 =516, 104,1 0.0
3 =34], 118,2 «0
LY =267, 79.2 ol
5 =141, Bb. 4 ol
L] =67, 91.5 ol
T =15, 116,31 o0
8 25. 115.4 0.0
9 29. 113.7 0.0
10 162. 113.7 0.0
11 169, 115.4 0.0
12 264, 115.2 0.0
13 12133, 115.2 0.0

CROSS SECTION NOJ 10
POINT HORIZONTAL ELEVATION DELTA ELEV.

1 =1130. la‘ao 0.0
2 =10, 124,0 0.0
3 20, 118.0 0.0
4 40. 119.0 0.0
5 100. 114,0 0.0
6 130. 115,0 0.0
7 210. 113,0 «0
8 240, 96,0 o0
9 270. 95,5 5
10 370. 75.7 o7
11 410, 89.6 6
12 440, B89.3 3
13 460, 98.1 ol
14 470, 115.0 «0
15 560, 113.0 0.0
16 590. 115.0 0.0
17 600, 120.0 D.0
18 1870, 120.0 0.0

CROSS SECTION NO| 11
POINT HORIZONTAL ELEVATION DELTA ELEV.

1 =1650,. 123,0 0.0
2 '390- 12300 0.0
3 =370. 114,0 0.0
4 =330, 113.0 0.0
S =300, 102.0 «0
6 =250, 95.0 «0
7 =180, 83,1 sl
B =170. 85,2 o2
9 =160, 81,2 2
10 =140, 8),.2 o2
11 =140, 84,1 ol
12 =110. B85.1 o1
13 =10, 913.1 el
14 0. 97.0 o0
15 30. 111.0 0
16 70, 115.0 0.0
17 140, 114,0 0.0
18 1350, 114,0 0.0

CROSS SECTION NOj 12
POINT HORIZONTAL ELEVATION DELTA ELEV,

1 =1206, 117.3 0.0
2 =37, 117.3 0.0
3 58. 118,7 v 0
4 105, 97.9 v 0
5 170. 93.6 «0
6 268, 75.8 .0
7 272, 78.% ol
q 277, 78,7 ol
9 294, 75,6 .0
10 3486, 101,3 o0
1 Jsa, 104,5 o0
12 3rn. 103,1 0.0
13 386, 109.4 0.0
14 417, 107.1 0.0
15 451, 119,2 0.0
16 S43, 117.3 0.0
17 179, 117.3 0.0

Figure A.11. (Continued).
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CROSS SECTION NOy 13
POINT MORIZONTAL ELEVATION DELTA ELEV,

1 =1220. 121.0 0.0
2 =100, 121.0 0.0
k| =10, 121.0 0.0
4 0 124,0 0.0
L] 5. 124,0 0.0
L] 10. 123.0 0.0
7 70, 113.0 0.0
8 100, 115.0 0.0
9 140, 112.0 =-s0
10 210, 85,0 =0
ll Zﬂl. .700 =0
12 260, 84,0 -0
13 230. 5300 =0
1s 310, 8S.0 =-s0
15 3900 96.0 -0
16 420, 114,0 -0
17 560. 118,0 0.0
18 1780, 118.0 0.0

CROSS SECTION NOJ 14
POINT HORIZONTAL ELEVATION DELTA ELEV.

1 =242, 122.! 0.0
2 =96, 122.8 0.0
3 =29, lzz.‘ 0.0
L] =28, 125.3 0.0
5 64, 115.8 0.0
6 159. 113.7 0.0
7 207. 117.2 =s0
[} 258, 83,7 =0
9 329. 86,7 =-s0
10 389, 83,8 =0
11 4la, 84,8 =0
12 493, 117.4 =0
13 646, 121.6 0.0
14 727, 121.5 0.0
15 1758, 121.5 0.0

CROSS SECTION NOJ 15
POINT HORIZONTAL ELEVATION DELTA ELEV.

1 =1376. 123.4 0.0
2 =196, 123.4 0.0
3 =16, 124.1 0.0
- 22. 114,7 0.0
5 65, 116,1 o0
6 124, 84,2 o0
7 200, B6,.6 ol
] 279, 8a.7 ol
9 290, B5.6 «0
10 as57. 116.8 «0
11 ; 422, 117.5 0.0
12 450, 115.6 0.0
13 503, 121.5 0.0
1s 543, 122,.2 0.0
15 595, 114,0 0.0
16 1624, 114,0 0.0

CROSS SECTION NOj 16
POINT HORIZONTAL ELEVATION DELTA ELEV.

1 =16T70, 122.0 0.0
2 =570, 122.0 0.0
3 =480, 118.0 0.0
4 =460, 116.0 0.0
5 420, ll&.l} «0
6 =360. 94,0 o0
T =310. 94,0 .0
8 =300, 93.0 o0
9 =180, 93.0 o0
10 =170. 91.0 o0
11 =160, 92.0 «0
12 =140, 92.0 «0
l: -lﬂl‘.l. 100.0 «0
1s =70, 116,0 0.0
15 =50, 115.0 0.0
16 =20, 118.,0 0.0
17 De 125.0 0.0
18 1330, 125.0 0.0

Figure A.11. (Continued).
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CROSS SECTION nOy 17
POINT HORIZONTAL ELEVATION DELTA ELEV.

1 =1540. 117.0 8.0
2 =500, 117.0 0.0
3 =380, 116.,0 0.0
4 =350, 121.0 0«0
5 =320, 120.0 " 0e0
] =310, 117.0 0.0
7 =300. 116,0 =,0
L] =240, 99.9 -l
° =40, 91.9 =l
10 =10. 101,0 =0
11 20, 114,0 .0
12 30. 124.0 0.0
13 1460, 124,0 0.0

CROSS SECTION NOj 18
POINT HORIZONTAL ELEVATION DELTA ELEV.

1 1700, 133,0 0.0
2 =560 133.0 0.0
3 =480, 119.,0 0.0
L) w420, 118.0 =0
5 =360, §5.0 =s0
L] =320, 94,9 sl
7 =270, 93.9 =.l
8 =260, 91.9 el
9 =240, 90.9 =el
10 =230. 92.9 =.l
11 =200, 86.9 =l
12 =170, 94,9 sl
13 =140, 96.0 =0
14 =90, 117.0 =.0
15 =70, 121.0 0.0
16 =40, 119.0 0.0
17 =20, 124,0 0.0
18 0. 127.0 0.0
19 1300, 127.0 0.0

CROSS SECTION NO} 19
POINT HORIZONTAL ELEVATION DELTA ELEV.

1 =1230. 130.0 0.0
2 0. 130.0 0.0
3 10. 129.5 0.0
4 15. 125.0 0.0
5 120, 119.0 «0
6 160. 100,0 »0
7 200, 89,0 «0
8 230. 83,5 o0
9 260, 81.0 .0
10 280. 81.0 0
11 - a0, 90,0 «0
12 360, 91.0 «0
13 380. 99,0 o0
1s 39s. 114,0 «0
15 405, 119,0 0.0
16 1770, 119.0 0.0

CROSS SECTION NOJ 20
POINT HORIZONTAL ELEVATION DELTA ELEV.

1 =1T64, 121.9 0.0
2 =443, 121.9 0.0
3 =432, 120.1 0.0
L] =415, ll?-l 0.0
5 =406, 109,.,8 =0
6 =375, 98,8 =0
7 =3]s, 99.3 "l
8 264, 96,0 =.1
L] =245, $89.0 =1
10 =213. 99.8 -l
11 =207, 97.9 =0
12 =157, 107.4 =.0
" 01‘00 '20-. =0
14 1236, 120.8 Da0

Figure A.11. (Continued).
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CROSS SECTION wNOJ 21
POINT HORIZONTAL ELEVATION DELTA ELEV.

1 =1016. 120,13 0.0
2 340, 120,3 =.0
3 Joa, 108.4 =0
4 395, 1061 =.0
5 40T, 104,1 =0
6 437, 10s4,1 =0
7 4B, 90.0 =.0
8 508, 92.8 =1
9 526' 0.8 =-.1
10 545, 97.2 =0
11 578, 98.9 =0
12 616, 98,1 =s0
13 636, 99.0 -0
14 669, 112.8 -s0
15 674, 121.1 0.0
16 683, 123.4 0.0
17 1984, 123.4 0.0

CROSS SECTION NOJ 22
POINT HORIZONTAL ELEVATION DELTA ELEV.

1 =1797. 125.5 0.0
2 =502, 125.5 0.0
3 =468, 122.5 0.0
& =461, 112.8 «0
] =436, 105.2 o0
6 =396, 95.3 o0
7 =386, 94,7 2
] '331- glol o]
9 =347, 84,3 3
10 =337. 83.7 b
11 =324, B0.1 5
12 -297, 78.5 «5
13 267, 82.5 e
14 -229. 94,7 ol
15 =193, 106,0 o0
16 =165, 108,5 o0
17 =163, 119.8 «0
18 =118. 119.8 0.0
19 =80, 126.1 0.0
20 =l. 127.8 0.0
21 1203, 127.8 0.0

CROSS SECTION NOj 23
POINT HORIZONTAL ELEVATION DELTA ELEV.

1 =1650, 120.6 0.0
2 =299, 120.6 0.0
3 =290, 120.6 o0
4 =250, 105.9 »0
5 =232, 103.0 o0
L] 204, 105.6 ol
7 =172. 97.9 el
8 =150, 97.2 o2
9 =122, 103.5 ol
10 =109, 103.6 ol
11 =90, 102.2 ol
12 =81, 104.2 ol
13 -T2, 104,2 .0
1s =21, 120,13 o0
15 1 119,2 0.0
16 1350, 119.2 0.0

CROSS SECTION NOy [
POINT HORIZONTAL ELEVATION DELTA ELEV.

1 =1149, 129.0 0.0
2 =302, 129.0 0.0
3 =286, 121.7 0.0
L -Zt!. 11603 0.0
5 =246, 11,7 o0
1] =217. 99.8 ol
ir =149, %0.0 ol
] =105, 100.1 o0
9 =-bhé, 104,86 0
10 =34, 112.5 o0
11 =25, 120.,2 0.0
12 -15. 133.3 0.0
13 0. 122.8 0.0
14 851, 122.8 0.0

Figure A.11. (Continued).
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CROSS SECTION NO; 25
POINT MORIZONTAL ELEVATION DELTA ELEV.

1 21, 125.2 0.0
2 53. 12101 0.0
3 85, 121.9 «0
4 124, 108.8 o0
s 133, 108.8 o0
6 161, 95.5 .0
T 228, 94,0 o0
8 244, 96.5 0
9 291. 97.9 «0
10 3l1. 101.9 »0
11 320, 101.2 o0
12 364, 120,3 «0
13 374, 120.7 0.0
14 381. 126.2 0.0
15 406, 124.7 0.0

CROSS SECTION NO, 26
POINT HORIZONTAL ELEVATION DELTA ELEV.

1 =1040. 126.5 0.0
& 295, 126.5 0.0
3 3lo, 122,0 0.0
. 360, 1220 0.0
5 380, 119.0 0.0
L] 390, 115.0 0
7 400, 107.0 «0
[} 440, 95.0 0
9 460, 91.5 «0
10 500, 92.5 0
11 520, 92.5 «0
12 sS40, 95.0 .0
13 560, 95.5 .0
14 580. 112.0 .0
15 610, 121.0 0.0
16 1960. 121.0 0.0

CROSS SECTION NOy 27
POINT HORIZONTAL ELEVATION DELTA ELEV.

=1650, 126,0 0.0

1
2 =500, 126.0 0.0
3 =390, 127.0 0.0
L] =310, 125.0 s 0
5 =295, 108.0 «0
-] =250, 99,0 o0
7 =170, $7.0 .0
8 =150, 98,0 «0
9 =130, 97,0 o0
10 =110, $9.0 o0
11 =75, 118.0 «0
12 =50, 122.0 0.0
13 =40, 120.0 ‘De0
14 0. 132.0 0.0
15 100. 132.,0 0.0
16 1350, 132.0 0.0

CROSS SECTION NOj 28
POINT HORIZONTAL ELEVATION DELTA ELEV.

1 =1180. 116.0 0.0
2 -200. 138.0 0.0
k} =100, 135,0 0.0
4 0. 134,0 0.0
5 140, 124,0 0.0
L] 160, 120,0 0.0
7 200, 119.0 0.0
8 235, 122.0 .0
9 3l0. 98.0 o0
10 320. 95.0 o0
11 390. 99.0 .0
12 410, 98,0 «0
13 430, 100.0 0
14 480. 122.0 »0
15 500, 122.0 0.0
16 530. 128.0 0.0
17 600, 127.,0 0.0
18 1820, 127.0 0.0

Figure A.11. (Continued).
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CROSS SECTION nO, 29
POINT HORIZONTAL ELEVATION DELTA ELEV.

1 =1338,. 124,8 0.0
2 =16, li.".! 0.0
3 le 125.5 0.0
4 22. 118,4 =0
] .3. loo-l =s0
6 111. 100.4 =s0
7 162, 97.5 =0
8 192. 99.1 =e0
9 Z?.Z. 115.2 -y 0
10 233, 125.8 0.0
11 252, 125.9 0.0
12 270. 124,7 0.0
13 1662, 124,7 0.0

CROSS SECTION NOj 30
POINT HORIZONTAL ELEVATION DELTA ELEV.

1 =1270. 135,.0 0.0
2 =150, 135.0 0.0
3 0. 132.0 0.0
4 30. 126.0 0.0
] 90. 126,0 0.0
6 120, 122.0 o0
T 160, 95.0 o0
L] 190, 99.0 o0
9 210, 92.0 o0
10 250. 92.0 o0
11 290. 109,0 o0
12 300. 108.,0 .0
13 330. 124,0 «0
14 400, 129.0 0.0
15 430, 125.0 0.0
16 440, 130.0 0.0
17 aT0, 130.0 0.0
18 500. 129.0 0.0
19 1730, 129.0 0.0

CROSS SECTION NO, 3l
POINT HORIZONTAL ELEVATION DELTA ELEV.

1 =1321, ‘30!‘ 0.0
2 2. 130.8 0.0
3 35, 127.6 0.0
4 36, 125.5 0.0
5 49, 125.9 0.0
6 65, 119,2 0.0
7 75. 115.7 0.0
8 127, 6.9 0.0
9 177, 96,7 0.0
10 195, 99.6 0.0
11 230, 99.8 0.0
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 0.0

CROSS SECTION NOj 3z
POINT MORIZONTAL ELEVATION DELTA ELEV.

1 =1230. 130.0 0.0
2 0. 130.0 0.0
3 10, 129.5 0.0
4 15. 125.0 0.0
5 120, 119.0 «0
6 160, 100.0 o0
7 200, 89.0 o0
[} 230, 83.5 o0
9 260. 81.0 o0
10 280, B8l.0 o0
11 340, 90.0 o0
12 360, 91.0 0
13 380, 99.0 o0
14 395, 114.0 .0
15 405, 119.0 0.0
16 1770, 119.0 0.0

Figure A.11. (Continued).



CROSS SECTION NO, 33
POINT HORIZONTAL ELEVATION DELTA ELEV.

; =607, 129.9 0.0
=192, 129,9
3 -151. 99,6 ‘-
4 =107, 81.3 ok
S "2.. 'l-‘ b
[] =5, 97.2 ol
: ::- l:S.: c: EROSS SECTION NO} 36
. 104, . OINT HORIZONTAL
° 06, 05,1 ': IZONTAL ELEVATION DELTA ELEV.
10 131. 93.2 . 1 =491, 31.9 "
11 156, 9.2 o1 2 -261. :31.9 :.g
12 224, 131.5 o0 3 © =209, 132,.8 0.0
13 246, 130,13 0.0 & -169, 119.9 0.0
14 393, 130.3 0.0 5 -109, 113.2 0.0
t = . - -
CROSS SECTION NOJ 34 3 s e g
POINT HORIZONTAL ELEVATION DELTA ELEV. : :]. 106.0 0.0
L. 106.0 0.0
1 «393, 127.6 0.0 10 133, 106,0 0.0
2 =210 127.6 0.0 1
150. 106,0 0.0
3 =163, llS-T o0 12
. »181s 101.1 .0 217, 1304 0.0
5 -51, 99.0 .0 13 251, 130,4 0.0
6 -8B, 98,9 «0 CROSS SECTION NOj 3T
7 50. 98.1 ol POINT HORIZONTAL ELEVATION DELTA ELEV.
a 107, 95.8 sl
9 130. 7.7 0 1 =491, 131.9 0.0
10 151, 112.1 «0 2 =261, 131.9 0.0
l| 194, 126-3 0.0 3 "20'0 132.! 0.0
12 607, 126,3 0.0 L =169, 119.9 0.0
CROSS SECTION NOj as 5 =109, 113.2 0.0
POINT HORIZONTAL ELEVATION DELTA ELEV. L] -Ta, 113.) 0.0
T 9. 106.0 0.0
1 =491, 131.9 0.0 L] ). 106,0 0.0
2 =261 131.9 0.0 9 86, 106.0 0.0
3 -209, 132.8 0.0 10 133, 106,0 0.0
'Y =169, 119.9 0.0 11 150, 106,0 0.0
5 =109, 113.2 0.0 12 217, 130,46 0.0
6 =Ta, 113,1 -2 13 251. 130.4 0.0
7 9. T9.4 -3
] 3l. 94,8 -3
’ 86. I'ﬂl-ﬂ -I‘
10 133. 102.0 -l
11 150, 99,1 -0
12 2170 l’uo‘ =0
13 251. 130.4 0.0
14 509, 130.4 0.0

Figure A.11. (Continued).
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CROSS SECTION NOj 38
POINT MORIZONTAL ELEVATION DELTA ELEV.

1 2l. 125.2 0.0
2 53. 121.1 0.0
3 BS. 121.9 0
4 124, 108.8 »0
5 133, 108.8 o0
6 161, 95.5 o0
7 228. 94,0 o0
8 244, 96.5 o0
9 291. 97.9 o0
10 3l1. 101.9 o0
11 320. 101.2 o0
12 364, 120,3 «0
13 37s. 120.7 0.0
14 381. 126.2 0.0
15 406, 124,7 0.0

CROSS SECTION NOY 39
POINT HORIZONTAL ELEVATION DELTA ELEV.

1 =737, 129.1 0.0
2 1. 129.1 0.0
3 30. 121.6 0.0
4 59. 121.3 0
-] 1. 1% 105,4 =s0
L] 108. 104,2 -0
T 118, 99.7 sl
8 138. 97.6 =»1
9 162, 105.0 .l
10 178. 106.8 =0
l‘ 1920 10516 -, 0
12 197, 109,2 =-s0
13 214, 110.,5 0.0
14 2131, 116.5 0.0
15 250, 117.2 0.0
16 259. 120.,7 0.0
17 273, 122.0 0.0
18 283, 126.2 0.0
19 371. 127.6 0.0
20 1013, 127.6 0.0

CROSS SECTION NOy 40
POINT MORIZONTAL ELEVATION DELTA ELEV.

1 =965, 126.0 0.0
2 =600. 126.0 0.0
3 =485, 126.0 0.0
L) -QSI‘.I. 12300 0.0
5 -JTﬂo IZJ.U 0.0
L] =325, 122.0 0.0
T =300, 123.0 0.0
] -209. IZ‘.B 0.0
9 =250, 124.0 0.0
10 =204, 126.0 0.0
11 =190, 117.0 0.0
12 =180, 114,0 0.0
13 -50. 108.,0 0.0
14 =41, 127.0 0.0
15 50. 126,0 0.0
16 150, 123.0 0.0
17 250, 122.0 0.0
18 350, 125.0 0.0
19 460, 126.0 0.0
20 785, 126,0 0.0

Figure A.11. (Continued).
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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. The flow charts are presented by subroutine in

alphabetical order.
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Program KUWASER

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

( START l

DEFINE DEVICE NUMBERS

READ SEDIMENT AND GEOMETRY DATA
CALL INI

SET CONSTANTS ACCORDING TO UNIT SYSTEM
CALL UNIT

A

CONVERT RIVER DISTANCES TO APPROPRIATE UNIT
CALL RIVDS

i
SET INITIAL VALUES TO ZERO

SET ORIGINAL BED ELEVATION INTO ARRAY

COMPUTE HYDRAULIC PROPERTIES OF
EACH CROSS SECTION
CALL CHNGM

6
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Program KUWASER (continued)

ITERATE OVER EACH TIME PERIOD

i

COMPUTE BED SLOPE OVER EACH RIVER REACH

ITERATE OVER EACH SUBROUTINE CALL

?

IF
ICALL (NC,1)

GO TO

CETERMINE 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

"
[A%)

COMPUTE SEDIMENT TRANSPORT AT EACH CROSS SECTION
CALL SED
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Program KUWASER (continued)

COMPUTE SEDIMENT TRANSPORT OVER THE WEIR
CALL WEIRS

COMPUTE TRIBUTARY SEDIMENT DISCHARGE
CALL TRIBS

ROUTE THE SEDIMENT IN THE RIVER REACH
CALL SROUT

OUPLICATE PRCPERTIES AT DOUBLE CROSS SECTIONS
CALL DuUP

PRINT QUT RESULTS
CALL OUTI

DREDGE RIVER REACH
CALL DREDG

YES
4

ITERATION OVER TIME PERIODS
OVER ?

YES

{ sTOP )

- ——
ITERATION OVER SUBROUTINE CALLS NO
OVER ?
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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.
l START ]

COMPUTE TOTAL HEAD DOWNSTREAM

ESTIMATE UPSTREAM WATER SURFACE ELEVATION

@ NO WATER ELEVATICON =
THALWEG + FET

YES

COMPUTE HYDRAULIC PROPERTIES
OF CROSS SECTION
CALL HYDPR

l

" COMPUTE VELOCITY HEAD, HEAD LOSSES, TOTAL HEAD
AND ERROR (ER) FOR ESTIMATE

ERROR
WITHIN
TOLERANCE

RETURN

MAXIMUM
NUMBER OF ITERATIONS
REACHED

YES | CRITICAL DEPTH
ASSUMED
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Subroutine BKWAT (continued)

WATER SURFACE YES

>
OVERBANK

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

COMPUTE FIRST DERIVATIVE (DER) AT

ESTIMATED DEPTH USING OVERBANK
RELATIONSHIPS

«| COMPUTE NEW DEPTH ESTIMATE
USING NEWTON-RAPHSON

COMPUTE NEW DEPTH =
= CRITICAL DEPTH + FET
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Subroutine CHNGM

This subroutine computes power relations 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).

| START )

4

ITERATE OVER EVENLY SPACED WATER
SURFACE ELEVATIONS IN MAIN CHANNEL

i
DETERMINE CROSS SECTION PROPERTIES AT

GIVEN WATER SURFACE ELEVATIONS
CALL GEOM

{ iteraTion over YN0
lYES

COMPUTE MAIN CHANNEL HYDRAULIC RELATIONSHIPS
CALL LSQ

ITERATE OVER EVENLY SPACED WATER
SURFACE ELEVATIONS ON OVERBANK

PETERMINE CROSS SECTION PROPERTIES AT
GIVEN WATER SURFACE ELEVATIONS
CALL GEOM

< ITERATION OVER >“°
YES

COMPUTE OVERBANK HYDRAULIC RELATIONSHIPS
CALL LSQ, CALL LSQF

1
‘ RETURN )
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Subroutine CONT

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

( START ’

r

DETERMINE TYPE OF
DOWN STREAM CONTROL

IF
I CONT (NR)
GO TO

=1,4.5

(o) STAGE-DISCHARGE CONTROL -

RETURN

(b) STAGE-HYDROGRAPH CCNTROL -

NO
RETURN

TAKE GREATEST OF {(a} AND (b)

9
RETURN @
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Subroutine CONT (continued)

(c) DOWNSTREAM

i WATER SURFACE CONTROL

NO

YES

RETURN

TAKE GREATEST OF (o) AND (c)

—={ RETURN )

» COMPUTE NORMAL DEPTH

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

WATER
SURFACE
DIFFERENCE WITHIN
TOLERENCE
LIMIT

RETURN

MAXIMUM
NUMBER OF
ITERATIONS
REACHED

RETURN

NO

ESTIMATE NEW VALUE
OF RATIO "P" USING
SECOND ORDER CURVE FIT
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Subroutine DREDG

This subroutine simulates dredging by lowering each cross section

in a reach to its original elevation (Z0). Only cross section points in
the main channel are lowered.

ITERATE OVER EACH CROSS SECTION IN REACH

ITERATE OVER EACH CROSS SECTION POINT

SET IFLG=0

DISTANCE

OF POINT <
RIGHT OVEREBANK
DISTANCE

TES

DISTANCE
OF POINT >
LEFT OVERBANK
DISTANCE

YES

ELEVATION
OF POINT £
ORIGINAL
ELEVATION

YES

SET ELEVATION OF POINT EQUAL TO ORIGINAL ELEVATICN

SET (FLG=1

—.< ITERATION OVER EACH CROSS SECTION POINT OVER >”°——

YES




Subroutine DREDG (continued)

YES IF
IFLG =0

NO

COMPUTE THALWEG ELEVATION
CALL THAL

COMPUTE HYDRAULIC PROPERTIES OF CROSS SECTION
CALL CHNGM

_.<TERAT|0N OVER EACH CROSS SECTION ovsr>'&@
RETURN

YES

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 cross
section is used by two different river reaches. It changes the bed
elevation of the duplicate cross section, KZ’ to match the bed elevation

of the original section, (Kl), after sediment routing.

:

SET THE DUPLICATE CROSS SECTION, K2, TO
MATCH THE BED ELEVATION OF THE
ORIGINAL SECTION, KI

:

SET ALL THE COEFFICIENTS AND POWERS
OF THE CHANNEL RELATIONS EQUAL

( RETURN )
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Subroutine FLOW

This subroutine calculates the water discharge at each cross
section.

( START '

READ FLOWS AND
TIME PERIOD LENGTH

YES PRINT FILE NUMBER
AND TIME PERIOD

NO

D)
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Subroutine GEOM

This subroutine calculates the exact hydraulic properties of a
cross section, once given the channel geometry and the water surface

elevation.
( START )

A 4
SET INITIAL VALUES TO ZERO

ITERATE OVER EACH CROSS SECTION POINT fe

COMPUTE DISTANCE AND MANNING'S n
BETWEEN CROSS SECTION POINTS

y

COMPUTE AREA OF FLOW, WETTED PERIMETER,
HYDRAULIC RADIUS, AND CONVEYANCE
BETWEEN TWO CROSS SECTION POINTS

SUM THE AREA INCREMENTS AND THE
CONVEYANCE INCREMENTS

4

NO
< ITERATION OVER >—

YES

COMPUTE ALPHA,EFFECTIVE DEPTH AND EFFECTIVE WIDTH

COMPUTE THE PERCENTAGE OF TOTAL CCNVEYANCE BETWEEN
TWO CROSS SECTIONPOINTS 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

OVERBANK

HA F
FLOW USE CHANNEL FLOW

EQUATIONS

USE OVERBANK FLOW EQUATIONS

!

COMPUTE EFFECTIVE WIDTH

COMPUTE EFFECTIVE DEPTH

COMPUTE AREA

i

COMPUTE CONVEYANCE

COMPUTE ALPHA

A 4
COMPUTE VELOCITY

RETURN
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Subroutine IN1

This subroutine reads in the sediment and geometry data.

( START )

y

( READ TITLE

A4

( 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 COEFFICIENTS OF
EXPANSION AND CONTRACTION LOSSES AND THE UNIT
SYSTEM FLAG

READ THE NUMBER OF CROSS SECTIONS, THE NUNMBER
OF TIME PERIODS, THE NUMBER OF RIVER SEGMENTS, THE
NUMBER OF INPUT DISCHARGES AND THE NUMBER OF
SUBROUTINE CALLS

l

( READ THE SEQUENCE OF THE SUBROUTINE CALLS
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Subroutine IN1 (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 COEFFICIENTS 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

y
NO
ITERATION OVER \
C _ )
YES
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Subroutine IN1 (continued)

ITERATE OVER EACH CROSS SECTION -

y

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 AND 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—

| YES
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Subroutine IN1 (continued)

ANY
PRINT CONTROL
| PRNT =1

RETURN

/ PRINT TITLE /

NO

YES

PRINT OUT THE INPUT DATA FROM
FILE 35 AND FILE 7

N
°

YES

PRINT TITLE FOR CHANNEL
RELATICN OQUTPUT
( RETURN )
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Subroutine LSQ

This subroutine derives the coefficients of the hydraulic power
functions, by using a least squares regression.

( START )

'

SET INITIAL VALUES
TO ZERO

SUM FOR x,y,xx,xy AND COMPUTE
AVERAGE VALUE X,y

l

COMPUTE COEFFICIENT AND INTERCEPT
OF LEAST SQUARES EQUATION

4

COMPUTE COEFFICIENT OF CORRELATION

COMPUTE STANDARD ERROR OF ESTIMATE

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 (X0, YO).

| START )

SET INITIAL VALUES TO ZERO

ITERATE OVER EACH DEPTH INCREMENT

COMPUTE XP AND YP VALUE
CONSIDERING X AND Y AT OVERBANK ELEVATION

SUM THE X AND Y VALUES

SUM THE XP:XP AND XP-YP VALUES

NO
< ITERATION OVER >—

YES

/

COMPUTE COEFFICIENT AND INTERCEPT
OF LEAST SQUARES EQUATIONS

COMPUTE COEFFICIENT OF CORRELATION

/
COMPUTE STANDARD ERROR OF ESTIMATE

( RETURN )




Subroutine NVAL

This subroutine «calculates the coefficient of the conveyance
equation for the current discharge. This allows Manning's n to be a
function of discharge.

‘ START )

ITERATE OVER EACH CROSS
SECTION IN THE REACH

YES DISCHARGE =

ZERO

Mg

COMPUTE CORRECTION VALUE FOR
COEFFICIENT OF CONVEYANCE EQUATION

CORRECTION
VALUE WITHIN
BOUNDARIES

YES

SET CORRECTION VALUE
TO BOUNDARY VALUE

L

| COMPUTE CORRECTED COEFFICIENT AND
POWER OF POWER FUNCTION FOR THE
CONVEYANCE EQUATION

< ITERAT A
< ITERATION OVER .. S|

y
( RETURN )
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Subroutine OUT1

This subroutine outputs the various results of the simulation
model.

START

IPR NT(B)=1

/ PRINT TO FILE 16 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 PERICD

END OF
SIMULATION
ITIME=NTIM

IPRNT (4)=1

PRINT TO FILE I6 MAXIMUM WATER SURFACE
ELEVATION AND TIME PERIOD OF OCCURANCE FOR
EACH CROSS SECTION

IPRNT (5)=1

PRINT TO FILE 16 MINIMUM BED
ELEVATICN FOR EACH CROSS SECTION
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Subroutine RIVDS

This subroutine converts the river distance of each cross section
and tributary to proper unit.

START

'

» |ITERATE OVER EACH REACH
I

Y

ITERATE OVER EACH CRCSS]
SECTION OF THE REACH

A |
CONVERT MILE TO FEET
OR KILOMETER TO METER

'

[ NO ITERATION OVER
CROSS SECTIONS OVER
YES
/
_ NO ITERATION OVER
EACH REACH OVER
YES

( RETURN )
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Subroutine OUT 1 (continued)

s O

YES

FOR EACH CROSS SECTION PRINT TO FILE 16
THE BED ELEVATION AND THE CHANGE IN
BED ELEVATION AT EACH POINT

WRITE IN BINARY TO FILE 110 CROSS SECTION
NUMBER, EFFECTIVE WIDTH, EFFECTIVE DEPTH, TOTAL AREA,
TOTAL CONVEYANCE, ALPHA, VELOCITY, WATER SURFACE
ELEVATION, SEDIMENT TRANSPORT, DISCHARGE AND
MINIMUM BED ELEVATICON FOR EACH TIME PERIOD

CURRENT
TIME PERIOD
END OF A
YEAR

RETURN

FOR EACH CROSS SECTION WRITE TO FILE I9
THE BED ELEVATION AT EACH POINT

RETURN
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Subroutine SED

This subroutine calculates sediment transport using the generalized
formula developed for the Yazoo River.

( START ’

ITERATE OVER EACH RIVER REACH [e—

:

ITERATE OVER EACH CROSS SECTION
IN THE REACH B

DISCHARGE
=0

iNO

COMPUTE THE SEDIMENT DISCHARGE
FOR THE CROSS SECTION

SEDIMENT TRANSPORT =0

l NO
L—<rrsanr|o~ OVER CROSS SECTION OVER ~>—

YES
NO
< ITERATION OVER RIVER REACH 0VER>—
YES
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Subroutine SPLIT

This subroutine is used in divided flow problems to split the
discharge between two chamnels.

START

COMPUTE FLOW IN THE FIRST REACH

NO TRIBUTARY

INFLOW

ADD TRIBUTARY FLOW

SET UPSTREAM AND DOWNSTREAM
DISCHARGE OF BOTH REACHES EQUAL

COMPUTE FLOW IN THE
SECOND REACH
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Subroutine SPLIT (continued)

TRIBUTARY
INFLOW

ADD TRIBUTARY FLOW

| '

COMPUTE WATER SURFACE
PROFILE IN BOTH REACHES
CALL SUBPF

9

COMPUTE THE ERROR IN THE
WATER SURFACE ELEVATION OF
BOTH REACHES

RETURN



Subroutine SROUT
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This subroutine routes the sediment, calculates the approximate bed

elevatioq change, and if necessary, distributes the aggradation or
degradation through the cross section.

‘ START )

IN THE RIV

ITERATE OVER EACH CROSS SECTION

ER SEGMENT

COMPUTE THE VOLUME O

OR ERODED ABOVE CROSS SECTICN

F SEDIMENT DEPOSITED

ACD LATERAL SEDIMENT IN-OR QUTFLOW IF ANY

< ITERATION OVER EAC

H CROSS SECTION ovsa>£v

YES

@- ITERATE OVER EACH CROSS SECTION

TE
FOR

SECTION

ST
WEIR
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Subroutine SROUT (continued)

CROSS
SECTION =
COWNSTREAM CROSS
SECTION

NO

IF
IROUT (NR)

GO 70

COMPUTE EED AREA CHANGE WITH NORMAL
INTERIOR ALGORITHM

J

COMPUTE BED AREA CHANGE WITH FLOATING
SECTION ALGORITHM

COMPUTE THE APPROXIMATED BED
ELEVATION CHANGE SINCE LAST
DISTRIBUTICN OF SEDIMENT
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Subroutine SROUT (continued)

Q

BED
ELEVATION CHANGE
REQUIRES
DISTRIBUTION

USE WEIGHTED AVERAGE OF
WATER SURFACE ELEVATION FOR
DISTRIBUTING THE SEDIMENT
CALL GEOM

‘

DETERMINE THE NUMBER OF DISTRIBUTIONS
REQUIRED AT CROSS SECTION

4

ITERATE OVER EACH REQUIRED DISTRIBUTION

1

ACD CHANGE IN BED ELEVATION AT EACH
POINT, TO CROSS SECTION GEOMETRY
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Subroutine SROUT (continued)

COMPUTE NEW THALWEG
CALL THAL

ITERATION OVER NO
DISTRIBUTIONS OVER
YES
COMPUTE POWER FUNCTIONS FOR
THE CHANGED SECTION
CALL CHNGM
NO

o ITERATION OVER EACH
CROSS SECTION OVER

¥YES

( RETURN )
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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

y

COMPUTE WATER SURFACE ELEVATION
AT DOWNSTREAM CROSS SECTION
CALL CONT

COMPUTE HYDRAULIC PROPERTIES
CALL HYDPR

'

COMPUTE CRITICAL SECTION FACTOR

SUPERCRITICAL

SET HYDRAULIC
PROPERTIES TO
ZERO

DISCHARGE =
ZERO

COMPUTE CRITICAL DEPTH

!

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
r

SET THE LAST SECTIONS HYDRAULIC
PROPERTIES AS THE DOWNSTREAM CONDITIONS

NO DISCHARGE

ZERO

YES

SURFACE ELEVATION
<
THALWEG ELEVATION

YES

y

SET HYDRAULIC
PROPERTIES TO ZERO

COMPUTE HYDRAULIC PROPERTIES
CALL HYDPR

WEIR
SECTION

lYES

COMPUTE WATER SURFACE ELEVATION AT UPSTREAM WEIR SECTICN
CALL WEIR
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Subroutine SUBPF (continued)

[ COMPUTE WATER SURFACE ELEVATION AT SECTION
[ CALL BKWAT

(£

YES

COMPUTE CRITICAL DEPTH r

COMPUTE HYDRAULIC PROPERTIES
CALL HYDPR
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Subroutine SUBPF (continued)

VELOCITY
>
MAXIMUM
VALUE

COMPUTE NORMAL DEPTH

y
COMPUTE HYDRAULIC PROPERTIES
CALL HYDPR

Ol

YES
A J

COMPUTE FLOW DEPTH WITH
LIMITING VELOCITY

COMPUTE HYDRAULIC PROFERTIES
CALL HYDPR

( ) SET CROSS SECTION HYDRAULIC

PROPERTIES INTO ARRAY

NO
<ITERAT10N OVER CROSS SECTIONS OVER >—-®
YES
( RETURN )
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Subroutine THAL

This subroutine determines the cross section thalweg elevation.

( START )

ITERATE OVER ALL CROSS SECTION POINTS

ELEVATICN
2

MINIMUM ELEVATION

lNO
MINIMUM ELEVATION
= ELEVATION

\NO |
- ITERATION OVER
< Fa

YES

( RETURN )

YES
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Subroutine TRIRBS

This subroutine determines the sediment discharge for each

tributary.
( START )
®_‘ ITERATE OVER EACH RIVER SEGMENT

NUMBER
OF TRIBUTARIES =
ZERO

ITERATE OVER EACH TRIBUTARY

IF
| TRIB (NR,J)
GC TO

COMPUTE SEDIMENT DISCHARGE BY RATING CURVE

SEDIMENT DISCHARGE EQUAL SEDIMENT =2
TRANSPORT AT DOWNSTREAM TRIBUTARY SECTION |

FOR POINT SOURCE OUT COMPUTE SEDIMENT =3
DISCHARGE BY RATING CURVE

FOR MAJOR TRIBUTARY OUT THE SEDIMENT o
DISCHARGE EQUAL THE SEDIMENT -
TRANSPORT AT THE UPSTREAM TRIBUTARY SECTION

= ITERATION OVER EACH TRIBUTARY OVER

YES
)

@.ﬁ-‘:‘(lﬁmnom OVER EACH RIVER SEGMENT ovsn}-@
YES

( RETURN )
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Subroutine UNIT

This subroutine assigns the correct values to the constants
according to the unit-system used.

NO

IUNIT =1

lYES

CONSTANTS IN SI UNIT-SYSTEM

RETURN

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 )

y

COMPUTE DEPTH
WITH WEIR FORMULA

i

TAKE GREATEST OF WATER SURFACE ELEVATION
AT WEIR OR DOWNSTREAM OF WEIR

l

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.

UPSTREAM

FLOW DEPTH
;
FLOW DEPTH AT

WEIR

COMPUTE SHEAR VELZCITY

COMPUTE THE SEDIMENT DISTRIBUTION
USING LANE-KALINSKE APPROACH

y

COMPUTE SEDIMENT TRANSPORT OVER THE WEIR
IN PERCENTAGE OF THE UPSTREAM
SEDIMENT TRANSPORT

RETURN
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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.
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Array Common

Variable size block Definition

A Area between two cross section
points. [GEOM]

A Value of intercept. [LSQ]

AALP 10 Log value of alpha (ALP). [CHNGM]

AD 10 Log value of depth. [CHNGM]

ADO Log value of overbank depth,.
[CHXNGM]

ADZ Absolute value of approximate bed
elevation change. [SROUT]

AED 10 Log value of effective depth (ED).
[CHNGM]

AEW 10 log value of effective width (ED).
[CHXCM]

ALP HYD Velocity head correction coeffici-
ent, for the given cross section
end for the given water surface
elevation.

ALPX NSEC SEC1 Storage array for velocity head
correction coefficient.

AN NRIV RIV Coefficient that changes Manning's
N value as function of discharge.

AT NIRIB RIV Coefficient of tributary sediment
rating curve.

ATA 10 Log value of total area (TA).
[CHNGM]

ATAD Log value of area at overbank
elevation. [CHNGM]

ATEMP Temporary value used in equation
of first derivative in Newton-
Raphson approximation. [BKWAT)

ATK 10 Log value of total conveyance (TK).
[CHNGM]

ATKO Log value of conveyance at over-

bank.  [CHNGM]



Variable

Array
size

Common
block
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Definition

AX

Al

A2

A3

Al

AS

Ab

2>

AS

AlD

BDEX

BN

NRIV

NSEC

NSEC

NSEC

NSEC

KSEC

NRIV

RIV

SECI]

SEC1

SECI

SEC]

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 zlpha in main channel.

Coefficient of hydraulic pover
function for effective width for
overbank flow.

Ccefficient of hvdraulic pover
function for effective depth for
overbank flow.

Coefficient of hydraulic power
function for tctal area for over-
bank flow.

Coefficient of hvdraulic power
function for total conveyance for
overbank flow.

Coefficient of hvdraulic power
function for alpha for overbank
1 -
10W.

Slope of the least squared regres-
sion (log value). [LSQ

Temporary value for calculation
of first derivative in Newton-
Raphson approximation. [BKWAT]

Power that changes Manning's N
value as function of discharge.
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Array Common

Variable size block Definition

BNUM Temporary value for calculation of
first derivative in Newton-Raphson
approximation. [BKWAT]

BT NTRIB RIV Power of tributary sediment rating
curve.

BX NRIV RIV Power of stage discharge relation-
ship.

Bl NSEC SEC1 Power of hydraulic power function
for effective width in main channel.

B2 NSEC SEC1 Power of hydraulic power function
for effective depth in main channel.

B3 NSEC SEC1 Power of hydraulic power function
for total area in main channel.

B4 NSEC SEC1 Power of hydraulic power function
for total conveyance in main channel.

B5 NSEC SEC1 Power of hydraulic power function
for alpha in main channel.

B6 NSEC SEC1 Power of hyvdraulic power function
for effective width for overbank
flow.

B7 NSEC SEC1 Power of hydraulic power function
for effective depth for overbank
flow.

B8 NSEC SEC1 Power of hydraulic power function
for total area for overbank flow.

B9 NSEC SEC1 Power of hydraulic power function
for total conveyance for overbank
flow.

B10 NSEC SEC1 Power of hydraulic power function
for alpha for overbank flow.

o Conveyance. [GEOM], [CONT], [SUBPF]

(o INF Coefficient for contraction head
loss.

CCE Coefficient for contraction or
expansion losses. [BKWAT]

CE INF Coefficient for expansion loss.
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Array Common

Variable size block Definition

CONV UNITS Constant for English or metric
units in Manning's N equation.

CORDS UNITS Correction factor to convert river
distances from miles or kilometer,
to feet respectively meters.

CRT Critical section factor
CRT = Q/Yg/2. [SUBPF]

CX NRIV RIV Constant of stage discharge
relationship.

D Depth used in first derivative
calculation in Newton-Raphson
approximation. [BKWAT]

D Critical depth. [SUBPF], [WEIR]

D Normal depth. [CONT]

DA Average depth between cross section
points. [GEOM]

DA Change in bed area. [SROUT]

DEPTH Cross section depth used in cal-
culations for hvdraulic properties.
[HYDPR]

DER Temporary derivative value.

[BKIYAT]

DEX SYS River distance between two cross
sections.

DEXUP River distance between cross sec-
tion and next cross section up-
stream. [SUBFF]

DF Darcy-Weistach fiction factor.
[WEIRS]

DIS River distance. [KUWASER], [RIVDS]

DLOB Station of left overbank. [INI]

DO Depth at overbank. [CHNGM]

DROB Station of right overbank. [IN]]
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Array Common

Variable size block Definition

DT INF Time period length in days.

DV NSEC Change in volume between cross
sections. [SROUT]

DWS Increment of water surface eleva-
tion. [CHNGM]

DX Horizontal distance between cross
section points. [SROUT]

DXDWN River distance to downstream sec-
tion. [SROUT]

DXUP River distance to upstream section.
[SROUT]]

DZF ND Change in cross section point ele-
vation. [OUT1]

DZMAX UNITS Maximum change in bed elevation
allowed before distributing change.

EA Intercept of the least squared re-
gression (log scale). [LSQ]

ED HYD Effective depth for the given cross
section and for the given water
surface elevation.

EDK NSEC SEC1 Storage array for effective depth
at cross section.

EL Error in computed water surface ele-
vation for left pocint. [DIVDE]

EO Temporary value. [WEIRS]

EPS INF Maximum allowable error in total
head used in backwater calculations.

ER Error in total head for estimation.
[BKWAT]

ER Error in computed water surface ele-
vation for right point. [DIVDE]

ERROR Difference in water surface elevation

in divided flow situation. [SPLIT],
[DIVDE], [SPTGW]
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Array Common

Variable size block Definition

EW HYD Effective width for the cross sec-
tion and for the given water surface
elevation.

EY Temporary value. [WEIRS]

F NSEC, ND SEC2 Manning's N for point in a cross
section.

FET UNITS Increment of water surface elevation.

FLOB Ménning's N for the left overbank.
[IN1]

™ Average Manning's N between cross
section points. [GEOM]

MC Manning's N for main channel. [IN1]

FROB Manning's N of right overbank. [IN1]

FX Average x values in linear regres-
sion. [LSQ]

FY Average y values in linear regres-
sion. [LSQ]

G NSEC SEC2 Sediment transport in cfs.

GC NRIV RIV Coefficient of sediment transport
for river sediment.

GRAV UNITS Value of gravitation acceleration.

H Interval between points. [DIVDE]

HL Head losses. [BKWAT], [BRIDGE]

HLV Head losses due to contraction and
expansion. [BKWAT]

I Increment and loop counter,

ICALL (NCALL, 5) RIV Sequence of subroutine calls.

ICAL1 ICAL1 = ICALL (NC, 1). [KUWASER]

ICAL2 ICAL2 = ICALL (NC, 2). [KUWASER]

ICANT ICANT = ICONT (NR). [CONT]
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Array Common
Variable size bleck Definition

ICONT NRIV RIV Type of downstream control.
= 1 stage-discharge relationship.
= 2 stage-hydrograph.
= 3 downstream water surface.
= 4 greatest of #1 and #2.

= 5 greatest of #1 and #3.

6 Normal depth.

ICRI Critical flow flag. [BKWAT],
[suBPF ]

ICRI = 0 subcritical flow.
ICRI = 1 supercritical flow.

IDRG Flag for dredging.

i
o
=i
[»]
"

0 no dredging.

=
(=)
i
(3]
n

1 dredging.

IDMB Dumbie variable. [XUWASER

ITLAG Flag for convergence of divided
flow calculations. [KUWASER],
[DIVDE], [GINBND], [SPLIT], [SPIGW]

= ] solution found.

2 no solution found.

3 solution bounded on maximum.

4 sclution bounded on minimum.
IFLAG Flag for over bank flow. [GEOM]
IFLG Flag for dredging. [DREDG]

II Increment and loop counter.
[GEOM]

IMAX NSEC SEC1 Time period of maximum water
surface at section.

24 Increment and loop counter.
[GEOM]
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Array Common
Variable size block Definition

IPRNT 8 PRT Print controls. IPRINT (Ml) = 0O
or 1. If equal O no printout, if
equal to 1 printout.

(1) All input data read from files
15 and 17 are printed.

(2) Coefficients, correlation
coefficient, and standard error of
each of the hydraulic property
equations are printed for each
cross section.

(3) The final 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.

(6) Cross section properties
(time period, effective width,
effective depth, total area,

total convevance, alpha, velocity,
water surface, elevation, dis-
charge) are printed.

(7) Binary cutput for all data.
(8) Error messages are printed.

IROOT IROOT = IROUT (NR). [SROLT]

IROUT NRIV RIV Type of downstream cross section
sediment routing or river reach.

IROLT = 1 fixed, no routing.

IROUT = 2 cross section down-
stream, normal routing.

IROUT = 3  floating, no section
downstream

ITIME INF Current time period.
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Array Common

Variable size block Definition

ITRIB NRIV, NTRIB  RIV 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 ITRYB = ITRIB (NR, J). [TRIBS]

IUNIT UXITS Value for selecting unit-system.
IUNIT = 1 English.
IUNIT = 2 Metric-SI.

IZMIN NSEC SEC2 Cross section thalweg point.

15 PRT File used for general data input.

16 PRT File used for output to printer.

17 PRT File used for cross sectional data
input.

I8 PRT File used for discharge data
input.

19 PRT File used for binary output.

I10 PRT File used for binary output.

J Increment and loop counter.

JT Increment and loop counter.

K Increment and loop counter for
cross section number.

K1 Cross section number. [DUP]

K2 Cross section number. [DUF]

KCONT NRIV RIV Number of sections which water

surface control.
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Array Common

Variable size block Definition

KD Number of downstream cross section.
[KUWASER], [CONT], [FLOW], [NVAL],
[SUBPF]

KDC Downstream cross section in cut-
off. [SPIGW]

KDCP1 KDPC1 = KDC + 1. [SPTGW]

KDOWN NRIV RIV Downstream cross section for
river segment.

KDP1 KDPl1 = KD + 1. [SPLIT], [SUBPE],
[SROUT]

KDT Downstream cross section for
Tallahatchie River. [STPGW]

KDTP1 KDTP1 = KDT + 1. [STPGK]

KDIR Downstream cross section for
reverse flow Tallahatchie River.
[SPTGW)

KDY Dowvnstream cross section for
Yalobusha. [SPTGW]

KDVP1 KDYP1 = KDY + 1. [STPGW]

1DP1 KDP1 = KD +1. [SPLIT], [SYST]

KD1 Number of downstream cross section
of first river segment in divided
flow situation. [SPLIT]

¥D2 Number of downstream cross section
of second river segment in divided
flow situation. [SPLIT]

KFLAG Flag for reverse flow in Talla-
hatchie. [GWBXD]

KI Increment and loop counter.

[orTl)

K1 KMl = K - 1. [SUBPF], [WEIR],
[SROUT]

KOUNT Iteration counter. [BKWAT], [DIVDE]

KP1 KP1 = K 4+ 1. [SUBPT], [SROUT]
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Array Common

Variable size block Definition

KT KT = KTRIB (NR, J). [FLOW],
[SPLIT]

KTR

KTRIB NRIV, KRTRIB RIV Discharge cross section for
tributary.

KU Number of upstream cross section.
[KUWASER], [FLOW], [NVAL], [SUBPF],
[SED], [SROUT], [WEIR]

KUC Number of upstream cross section
in cut-off. [SPTGW]

KMl KUM1 = KU - 1. [SPLIT], [SROUT]

KUP NRIV RIV Upstream cross section for river
segment.

KUT Number of upstream cross section
in Tallahatchie River. [GWBXND],
[SPTGW]

KUTR Number of upstream cross section
in reversed Tallahatchie River.
[GBXD], [SPIGW]

KUY Number of upstream cross section
in Yazoo River. [SPIGW]

KU1 Number of upstream cross section
for the first river segment in
divided flow situation. [DIVDE],
[SPLIT]

KU2 Number of upstream cross section
for the second river segment in
divided flow situation. [DIVDE],
[SPLIT]

KW Weir cross section number. [WEIRS]

KWM1 KW - 1. [WEIRS]

KYAL Devnstrearn section on Yalobusha.

' [STPGY]
L Increment and loop counter for

cross secticnal points.
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Array Common

Variable size block Definition

M Number of cross section points
M = ND (K). [IN1], [CHNGM],
[KUWASER]

MST WF Maximum number of iterations for

' backwater curve.

M1 Loop counter. [IN1]

M2 Loop counter. [IN1]

N Increment and loop counter.

NAP Number of water surface elevations
used for linear regression of
hydraulic-properties relationship.
[CENGY)

NC Increment and loop counter.
[KUWASER]

NCALL INF Number of subroutine calls for
each time pericd.

ND NSEC SEC2 Number of points in each cross
section.

NDIS Number of sediment distributions.
[SROUT]

NDS Loop counter. [SROUT]

NN Increment and loop counter.

[IN1]

NP Number of incremental subareas.
[GEOM], [SROUT]

NQI INF Number of discharge sections.

NR Increment and loop counter for
number of river segment.

NRC River segment number for Ft.
Pemberton cut-off. [GWBND],
[SPTGW]

NRIV RIV Number of river segments.

NR1 Number of first river segment in

divided flow situation. [DIVDE],
[SPLIT]
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Array Common

Variable size block Definition

NR2 Number of second river segment in
divided flow situation. [DIVDE],
[SPLIT]

NR3 River segment number. [DIVDE],
ESPLIT]

NR4 River segment number. [DIVDE],
[SPLIT]

NRM1 NRM1 = NR - 1. [KUWASER], [NVAL]

NRT River segment number for Talla-
hatchie. [SPIGW], [GWBND]

NRIR River segment number for reverse
Tallahatchie. [SPTGW], [GWBXD]

NRY River segment number for Yalcbusha.
[SPTGW], [GWBXND]

NSEC INF Number of cross sections.

NT NT = NTRIB (NR). [IN1], [FLOV],
[KUWASER], [SPLIT], [TRIBS]

NTIN IXF Number of time periods.

NTIRIB NRIV RIV Number of tributaries for each
river segment.

0A4 NSEC SECI1 Initial value of A4.

0A9 NSEC SEC1 Initial value of A9,

P Wetter perimeter. [GEOM]

P Distribution factor for divide
flow situation. [KUWASER],
[DIVDE], [IN1], [SPLIT], [GWBND],
[SPTGW]

PC Percentage of sediment going over
the weir. [WEIRS]

PMAY Upper limit for divided flow
ratio P. PMAX = 1. [DIVDE]

PMIN Lower limit for divided flow

ratio P. PMIN = 0. [DIVDE]



Array Common

Variable size block Definition

PNR NRIV Distribution factor for divided
flow situation. [KUWASER]

QSL NRIV, NTRIB RIV Tributary sediment discharge

QTAL Tallahatchie discharge. [SPTGW]

QYAL Yalobusha discharge. [SPTGW]

R Hydraulic radius. [GEOM]

RC Correlation coefficient of
hydraulic properties relaticnships.
[CHXGM], [LSQ], [LSQF]

RCK 10 Correlation coefficient for hv-
draulic properties relationships.
[CHNGM]

RD NSEC SEC1 River distance for cross section.

RDT NRIV, NTRIB RIV Main stem river distance for each
tributary.

RI RI = FLOAT (I). [OUT1]

RN Coefficient used to correct the
convevance for the current dis-
charge. [XVAL]

RIMAX Maximum value for RN. [NVAL]

RXMIN Minimum value for RN, [NVAL]

SB NRIV RIV Average river segment slope.

SEAR Standard error of the estimate
for hydraulic properties rela-
tionship. [LSQ], [CHNGM], [LSQF]

SD 10

SDA SDA = SIMDA/NDIS. [SROUT]

SL Slope used in divided flow.
[DIVDE]

SMADA KSEC SEC2 Sum of absolute bed area change.
[SROUT]

SMZWS NSEC SEC2 Sum of water surface elevations,

[SROUT]
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Array Common

Variable size block Definition

STAGE RIV Value of stage used for downstream
control.

SUMA Sum used in least squares regres-
sion I(x; - x)-(yy - y). [LSQ]

SUMB Sum used in least squares regres-
sion I(xf = x)z. [LSQ]

sSUMC Sum used in least squares regres-
sion I(yj - y)z. [LSQ]

sStD Sum used in least squares regres-
sion I(yy - A2+ “xi)z or
L(Yi = Yicorp)“+ [LSQ]

SUMDA NSEC SEC2 Sum of the bed area change.

stDzZ Approximate change in bed
elevation. [SROUT]

sinhl Sum used to compute effective
depth. [GEOM]

sSind2 Sum used to compute effective
depth. [GEOM]

SI™MD3 Sum used to compute effective
width. [GEOM]

SEMKK Sum used to calculate alpha.
[GEQM]

St Sum used in least squares regres-
sion. [LSQ]

SUMXX Sum used in least squares regres-
sion. [LSQ]

SIMXY Sum used in least squares regres-
sion. [LSO]

SUMY Sum used in least squares regres-
sion. [LSQ]

TA HYD Total area at the cross section
and for the given water surface
elevation.

TAK NSEC SEC1 Storage array for total area at

the cross section (K).
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Array Common

Variable size block Definition

TED1 Temporary value used for derivation
of Newton-Raphson approximation.
[BKWAT]

TED2 Temporary value used for derivation
of Newton-Raphson approximation.
[BKWAT]

THD Total head downstream. [BKWAT]

TITLE 20 Array for the title of the program
run. [IN1]

TK HYD Total cross section convevance at
the cross section feor the given
water elevation.

TKA Average conveyance used in head-
loss calculations. [BKWAT]

TKD SYS Total convevance at downstreanm
cross section.

TKK NSEC SEC1 Sterage array for total convey-
ance at cross sectiocn.

TOL Tolerance in divided flow calcu-
lations. [DIVDE]

TQ NQI SEC Storage array for total discharge
at cross section.

U Flow velocitv. [WEIRS]

rs Shear velocity. [WEIRS]

% HYD Velocity.

VH Velocity head. [BKWAT]

VHD SYS Velocity head at downstream cress
section.

VK NSEC SEC1 Storage array for velocity at
cross sectien.

WE NSEC SEC1 Storage array for effective width
at cross section.

WID Width of the weir. [WEIR]
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Array Common

Variable size block Definition

WS Water surface elevation. [BKWAT],
[CHNGM], [CONT], [GEOM], [HYDPR],
[SUBPF], [WEIR]

WSA Water surface elevation of stage
discharge relationship. [CONT]

WSB Water surface elevation of stage-
hydrograph. [COXNT]

wsC Water surface elevation at down-
stream cross section. [CONT]

'SD S¥S Downstream water surface elevation.

WSK NSEC SEC1 Storage arrayv for water surface
at cross section.

WSMAX NSEC SEC1 Maximum water surface elevation
at each cross section.

X NSEC, ND SEC2 Array of horizontal distances for
each cross section.

NB Increment of channel width. [GEOM]

d X-value for forced point. [LSQF]

XL Temporary value of P used in
divided flow situation. [DIVDE]

Xp Temporary value. [LSQF]

XR Terporary value of P used in
divided flow situation. [DIVDE]

XX 10 X¥ = AD array of log values of
depth used in least squares regres-
sion. [LSQ]

Y 10 Arrav 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. [LSQF]

Z NSEC, ND SEC2 Array of bed elevation.
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Array Common

Variable size block Definition

ZB Increment of channel depth. [GEOM]

ZDIF Difference between maximum and
minimum elevation for each cross
section. [CHNGM]

ZDIFM UNITS Increment of water surface eleva-
tion, for the calculation of the
hydraulic properties relations.

ZMIN NSEC 1T Minimum elevation for cross
section.

ZMP3 ZMIN + 3.0. [SROUT]

zZ0 NSEC, ND SEC2 Original bed elevations.

Z0B NSEC SEC2 Overbank elevation.

Z5Q Computed section factor.

[SUBPF]
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APPENDIX D
LISTING OF PROGRAM KUWASER

The following is a list of the program KUWASER. The listings are

presented by subroutine in alphabetical order.
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Program KUWASER

PHUGHAM KUWASER R . volo
LUInNPUTsUUIF ) =65 TAPEOEUJUTPUT s TAPES=0S TAPE I=032TAPEDED ] e TAPEY=ES] Vueo
c 23y 1APELI0=D13) [TIVERY]
Ulsy
C IHIS PROGHRAM IS A KNOwN LDISCHARGEs walew ANU SEDIMENT ROUTING viso
E MUDLEL . 00?3
) U
C IHIS MUDEL wAS DELVELUPEU BY GLEANN Us SHUWN AND WUA=%ING L1y Uusu
C Al Trt ENGINCERING WESEAKCH CENTEHs COLURAUU STATE UNIVERSLIY vuyo
E FURT CuLLIngs CULURAUU giuo
Y
CUMMUN s5ECY7 - wut2e) s <dU(LUL) o Tdilegs) . vieo
1 WSK (LU0) o WE(LUU) v LMLINTLOUD) v LUolluv) ' vl30
2 Al(luvu) ¢ AZL)UUL) o A3010LU) v A8 (lUY) N Vleu
K] AS(1u0) + ABILLUU) s AT(LUV) v AH(10V) . Ulsu
e AY(]U0) v ALULLOL) s oltluu) v B82LLIUVY) 0 Lliov
5 CEIS T e Halluv) v 850100 v dolluul ' vlio
[ Blijuw) s BEILUL) s BYLLIUVUY) o Slulluvw) ’ ulev
7 vas(100) s Vav(100) » 2O (Llub) v LAS(]QU) . Uiwy
8 T (luw) s ALPKR(Luv) o ¥rtluu) v #5%MAALLLY) " ueuo
9 IMax(l0u) vaiv
LUMMUN 75EC2/ A(lOus22) s L0lUUs22) o UlLuusel) o 022v
1 vLugtloo) ¢ UMUg(lUU) v Plluueeg) s NUILLlou) uedo
é SUMDALLOU) 9 SMADA(LIUO0) o >MLwS(I0U) 9 LLMINLIUVUD Ocel
3 wiipul Uesv
LUMMUN ZUNLTS/ Tunlt s CO=u> v LULIFM ' oo
1 LHAY » VvalL o Fei + Cuvwy ' ueru
S UdManr UesQ
CUOmMMUN /INF / NSEL v MMM s DI v Uev0
1 1uxG » Lt ' v PUxM ' vivo
o STAGL v 11]lmE v NUI v NCALL . 03iv
3 ICALLI30s3) v MSI v EFD 03¢0
CUMmMUN FR]Y/ NH [V « SUPLLY) v SDUWNL L) . 0330
1 Niket10) o ILUNTLIO) v d5ullued) s ARULU) . UdeU
el BAl]U) v LALLY) v Ul (LlueD) o LidlBtlues) 0350
3 KiWTellUeS) » ATLLUSD) v 3T LIUeS) v KCUNTLLID) B 0350
4 LrRuyl tlv) v Solivl s ANLLU) v SNILIV) [VENQI]
CumMMun /PRIy IPrNL8) v 1S v 16 ] Qdou
1 17 v In v LY v 11V Vivo
UVIMENS]ION PaR (V) Veuu
c Ué Ly
UATA [UUMY/ g/ uscu
C Ve 30
C ULFInE Device NUMBERS Vasy
C ) vaso
C {5 INPUT UEVICE FOR GENERAL UATA r]LE Vaoy
C = DEVICE PUR PRINIEU UUTFUT . ua v
C 7 InPul VEvICE PuUx C=USS SELITIUN FlLe vasu
Cc {u INFUT UDEVILe tUR UlSChAKLE FILE ; vayu
C L] Oyl Pul UevVIiCE FUR YEARLY L(®U35 ScUTION ELEVATIONSY usuo
E (RINARY QUlrUl) ; USio
110 Uil PUT evice Pul CHOSS SeCTIUN RYURAULIC PRPERTIESS 05¢0
C (RINAKY LUIPUT) Usasu
Is = 5 US«0
16 = o 0550
11 =1 (1Y)
ls = & usi/u
Iy = 9 [U-Y.11)
1iv = o USyy
c veuo
E READ IN THE SEDIMENT ANU GrUMETRY DATA. ggig
ub3u
¢ LaLL Ind Uty
C PUIS LURKECT vaLutS U IME CUONSTANTS ALCUKDING TU ITHE UNLIT=5SYSTEM, 3225
C
ue U
5 CALL UNITIT el
E CUNVER] KIVEK DISTaNCES. 4ol
UU 30U NH = LeNmrlVY u;;u
Pl INH) = UeD vicu
AU = RuUF () U;JU
KU = AUUwi{(NR) "r‘u
IF (NK.EQel) OU TU duv yiou
Nem] = R = Uf?U
It (KULLQeRUP(NML]) AU = AU = | Er 5
luu LU llvu n = KDeRuU ?au
Ul = mUIK) ﬂa’
LALL RIVDS (mHaLIS) g vu
wPIn) = DI> ug‘ﬂ
Liv Cuni [nue c
Nl & NIM]D(NK) aas
Ir (INT.EQeu]! GU TU J3U ¥ =y
Uu 12u J = laeni oy
LIS = MOl (ismed) 2
CALL RLIvVDS (wWaDID) us /U
HOT(NRsJ) = LIS Vbou
12u Cuni InuE vdyy
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Program KUWASER continued

lainin] con (alalal

glgial alnisl] [giglel

alalal

[alals] [alnlal [alalal [glalsl

[alalel

13v

“y
Sv

lou

v

180

120

elu

clvu

23u

2sy

25u

CONT INnUE
SET INITIAL vaALUES

VU 150 K = 1'NSEC
WoMAX(K) = 0,V

)
)
)
)
.

Tan (k) = v
SET UWIGNAL ®tD ELEVATLUNS INTO ZU(KeL) AKKAY,

M = NUIK)

VU lau L = Je™

LUK L) = ZLUnsL)

CUNIéNUt
CUNT [ vy
CALCULATE TWt INITIAL HYUKAULLIC PRUPeH!IES UF EACH CROSS SECTION

VU loeu K = ensSEC
Call THAL (K)

CaLl CHNGM (K)
CUNT INUE

lleralt UVER tACH TIME PERIUD.
IF (T ]M.nNE U) LU TU LTU
wrlle (loedju)
sTur
VU Ju0 I = 1end]™
1Time =
LIEwale UVER SUBKUUTINE CaLls
DU 23U Ng = leNLALL
1CALl ICALL INCo L)
G fu Il&UtlvuodUU|dlu-EEUoejuvdﬁUtch-EbUccﬁulc 1CaLl
Ut TemmINE FLUW AT EalrA CrUSS SECTIUN

CALL FLUW
LU TU £40

CALLULATE walER SUwFACE PRUFILE FUR =taCn

CaLl sudPF (1CALL(NCZ))
bl Tu £yu

COMPUIE FLUWS AND wATEW SUXFACE PWUFILES FOW DIVIVEU FLUwW REWCHES
ICALZ = ICALLI(NCeZ)
¥ = PNe(ICALZ)
lFLAL = 0
LaLL plvuE (ICALL INCo2) 2 ICALLINCy 31 2 10UMBe JUJME [FLAGYY)
~N~t1an51 = ¥V

CALCULATE SEUIMENT TwansSFuxT AT EACH (=US5 StCIT10N.

CaALL stu
LU U ewn

CALCULAIE SEULMENT THANSFUKT UVER Trc weiwi>)

CaLL UKIHS (LCALLINCy2) o IJCALLINC 3D
U Tu Y0

CALCULATE TRIBUTARY SEULLlment UDISCHAROE.

CALL THIBS
LU T &v0n

HUUTE IHE SEUIMENT IN (rHg ®mlves HEAaL=

CALL sﬂUUI (ICALLINCe2))
LY TU evyU

VUPLICATE PRUPFRTIES Al Duudit CRUSS SeClIuns

CaLL nurP (ICALL(NCeglwltALLENCeS))
w0 U €90

e e e e B e i e e e e e e e e e e e e

P bl e e e L PR L AL AL R L URU P S bbb e bt - = C CCCCCCCC
CLA~OU FLA=CLE~OUSLA~C JO-~OU SFLA-CLA~0UV FlL.N -

cCcodooCcoCcoooooCccocccCcCcCocoDCccoccoccocccocoocco

—— ——
L X N ]
¥ leh—
ccco

»
a
o

o
-
<

o e e o e e e Bt o e

g el ] et g et =y ey = P
AA=~CUSsLA—CLO
ccccococcCcc oo o
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Program KUWASER continued

(glalal

[alals] [alalg]

(zlalalie]

r4-1Y]

2tu

Zyu
Juu

dlv

lru&nnl (/791 UXs 3BHTHE NUMHER U
N

IEST FUR MAXIMUM waTER SURFACE AT £ACh CROU>S SECTION

VO 270 K = ler?C .
It (WS (K) oLTewSMAR(R)) GO U 210
wSMAA(K) = wWSAI(A)

o Imaa(k) = Q1 LmMe

CONT Inuk

PRINT OUT THL RESULTS.

CALL oull
©0 T0U ¢évo

UREDLE WIVER WEACH
CALL DREDOL (ICALL(NCeZ))
CONIT INUE
CUNIT INUE
STup

F TiMe PERIUUS EWUAL ZeHMUes/Z 9 JURs42H
U walb® UR SEDIMEnNT wUUIING IS PERFJIRHED.)
ENU

U PO o
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Subroutine BKWAT

SUPROUTINE BKWAT (KeWSsICRI) BW 0010

c BW 0020
c THIS SUBROUTINE CALCULATES THE WATER SURFACE 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 BOLUTION TO THE SOLVE THE TOTAL HMEAD EQUATION. BW 0060
c . BW 0070
COMMON /SEC1/ wWD(22) r RD(100O) vy TOC125) ’ BW 0080

1 WSK(100) v WE(100) v ZHIN(100) v ZOE(100) ] BW 0070

2 A1(100) v A2(100) v AJ(100) v A4(100) ] BW 0100

3 AS(100) v AGCI00) v A7(100) » AB(100) " BW 0110

4 A9(100) v A10(100) » B1(100) » B2(100) ' BW 0120

5 B3(100) v B4(100) v BS5(100) v B6(100) ’ BW 0130

é B7(100) v BB(100) v BR(100) v B10(100) 5 BW 0140

7 DA4(100) v DAT(100) v EDK(100) v TAK(100) " BW 0150

[:] TKK(100) v ALPK(100) v VK(100) vy WSMAX(100) v BW 0160

9 IMAX(100) Bw 0170
COMMON /ZUNITS/ IUNIT v+ CORDS v ZDIFH ' BW 01B0

1 GRAV v VWAL v FET + CONV ' BW 01%0

2 DZIHAX BW 0200
COMMON /INF/ NSEC v NTIM » LT ' BW 0210

1 1DRG v CE v CC » PORM ' BW 0220

2 STAGE v ITIME v NOI v NCALL ] BW 0230

3 ICALL(30+3) » MST v+ EPS BW (240
COMMON /S5YS/ VHD v WSD v TKD v BW 0250

1 DEX ’ BW 0260
COMMON /HYD/ v v ED v EW ' BW 0270

1 ALF r TK v TA BW 0280
COMMON /PRT/ IPRNT(B) v IS v 16 v BW 0290

i 17 vy IB v 19 v 110 BW 0300

o BW 0310
c CALCULATE THE TOTAL HEAD DOWNSTREAM. BW 0320
c BW 0330
THD = VHD 4 WSD BW 0340

o FW 0350
c ESTIMATE THE UPSTREAM WATER SURFACE ELEVATION BASED ON THE EBW 03460
c DOWNSTREAM CONDITIONS. EW 0370
c BW 0380
KOUNT = © BW 03%0

WS = WSD + DEX ¥ (TO(K)/TKD) % (TQ(K)/TKD) BW 0400

100 KOUNT = KOUNT 4 1 BW 0410

c BwW 0420
C DETERMINE IF ESTIMATE IS GREATER THAN THALWEG. kW 0430
o BW 0440
c BW 0450
IF (WS.LE.ZMIN(K)) WS = ZMIN(K) + FET BW 0460

CALL HYDPR (K+WS) BW 0470

IF (KOUNT.GT.HS5T) GO TO 140 BW 0480

£ BW 04°0
E CALCULATE VELOCITY HEAD» (VH). BwW 0500
c BW 0510
UH = ALP 2 V % V/(2. % BRAV) BW 0520

CCE = CE BW 0520

IF (VH.LT,VHD) CCE = CC BW 0540

[ o BN 0550
C CALCULATE THE HEAD LOSSr(HL). BW 0560
c EW 0570
TKA = (TKD + TK)/2. EW 0580

HLV = ABS(VM - VKI) ® CCE BW 0570

HL = DEX ¥ ((TO(K) & TA(K)}/(TKA % TKA}) BW 0400

BW 0610
CALCULATE THE ERROR. BW 0620
Pw 0630
ER = VH 4+ WS = HL - THD - MLV BW 0640
0650

TEST FOR ERROR TOLERANCE. BW 0660
Bw 0670

Ao Nnon
-
T
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Subroutine BKWAT continued

onon

non

non

1D =

110

120

130

140

150

IF (ABS(ER).LE.EPS) GD TO 150
IF (KOUNT.GT.MST) GD TO 140

CALCULATE THE FIRST DERIVATIVE AT THE ESTIMATED DEPTH.

D = WS = ZMIN(K)
IF (WS.GT.ZOB(K)) 6D TO 110
TEDI = BPS(K) - 2.0 % B3(K) - 1.0

ATEMP = (TR(K) ® TO(K)/(2., ¥ GRAV)) ¥ ((AS(K)/(AJ(K) B AJ(K))) ¥ (
1BS(K) - 2.0 ® R3(K))) ¥ D & & TEDL

ATEMP = (1, - CCE) ® ATEMP
TED1 BA(K) = 1.0

TED2 2.0 % BA(K) - 1.0
BNUM
TED1 + (AA(K) 8 A4(K)) B 2,0 % BA(K) D =
BA(K)

2:0 ® BA(K)

TED1
TED2
BDEN
2) + Dz » TED2

GO 710 120

TED1 = B10(K) - 2.0 % BB(K) - 1.0

ATEMFP = (TQ(K) ® TR(K)/(2. ® BRAV)) ¥ ((A10(K)/(AB(K) % AB(K))) %

1(F10(K) - 2.0 % BB(K))) * D & & TED1
ATEMP = (1. - CCE) % ATEHP

TEDL = B?(Kk) - 1.0

TED2 = 2.0 % B¥(K) - 1.0

BNUH =

10 *= 2 TEDL + (AR(K) % AP(K)) % 2.0 % B9(K) ¥ D &
TED1 = B9(K)

TEDZ = 2.0 % EY(K)

BLDEN =

1 2) » Dz ¥ TED2

DER = ATEMP + 1.0 + (BNUM/(BDEN ® & 2))

(4.0 % DEX ® TQ(K) ® TO(K)) % (2.0 ® TEKD & AA(K) ¥ BA(K) X

% TED2)

(TKD % TKD) 4+ 2.0 3 TKD 8 A4(K) 2 D 2 3 TED1 + (A4(K) ¥

(4.0 » DEX % TQ(K) ® TQ(K)) ® (2.0 ® TKD % AP(K) % R¥(K) %

8 TEDD)

ESTIMATE CORRECT WATER BURFACE BY NEWTON-RAPHSON METHOD

IF {DER.,LJ,0.0.AND.ER.GT.0.0L GO TD 130

WS = WS - ER/ABS(DER)

GO TO 100

D = (TO(K) & TO(K) ® AS(K))/(A3(K) ® AJ(K) B GRAV)
D=D3% ¥ (1./(1. 4+ 2, % B3(K) - B3(K)))

WS = [ + ZIMIN(K) + FET

IF (WS.LT.ZO0E(K)) GO TO 100

D= (TG(K) & TO(K) ® A10(K))/(AB(K) ® AB(K) B GRAV)
D=D#® % (1./(1. 4+ 2. ® BB(K) - E10(K)))

WS = D 4+ ZHIN(K) + FET

GO TO 100

ICRI = 1

IF (IFRNT(B).NE.1) GO TO 130

WRITE (16+160) EFS/MST+KrITIME

IF (WS.LT.WSD) WS = WSD

RETURN

(TEKD % TRD) + 2.0 %2 TKD % A9(K) 2 D & & TEL1l + (A%(K) % =

160 FORMAT (/10X:41HBACKWATER CALCULATION DID NOT CONVERGE TO«F4.1s4H
1IN +13+11H ITERATIONS:/+10Xs16HAT CROSS SECTION+I4,19H DURING TIME

2 FERIOD/15+/+10X+s28HCRITICAL DEFTH 15 ASSUMED.)
END

BW

BW

BW
BwW
BW
BW
BW

BuW
B
BW
Bu
kW
B

2]
U]
BwW
BW
B
Bw
B
P
BW
BW
Bw
BW
Bw
Bw
Bu
BW
BuW
Bw
EW
Bw
BW
B
B
Bw
Bu
Bw
Bw
BW
BW

0680
0670
0700
0710
0720
0730
0740
0750
07460
0770
0780
07%0
0BOO
0810
0820
0B30
0B40
0B850
0840
0B70
oeeo
0B®?0
0900
0910
0920
0930
0940
0950
0960
0970
0980
09%0
1000
1010
1020
1030

1040
1050

1060
1070
1080
10%0
1100
1110
1120
1110
1140
1150
1160
1170
1180
1190
1200
1210
1220
1230
1240
1250
1260
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Subroutine CHNGM

[ala'alalalalsl

[alalnlal lzlaln]

alalalalal

~re [alalals]

(alalnlalsl

100

Llv

e = = M= LE~NOUFLh-—

SUBRUUT [NE CrNGM (K)

THIS SUBRUUTINE CUmPUTES PUdEm RELATIUNS VTHAT AWE JStD 10
CALLULATE EFreCllve LEPIm (EO) s EFFeCllve wlOTm (Ewle
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Subroutine CHNGM continued
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Subroutine CONT

SuskRuUl INe CunT (NWy8S)

IMIS SUBHOUTINE 1S USEU Tu COMPUTE Idc wAlTER SURFACE ELEVATION
AT THE DUWNSIWEAM CUNITRUL

DEFIN]ITIUNS OF TYPES UF CUNIRUL
ICunNIl (NK) TYHPe UF CUNTHOL
1 STAGE=U15CrARGLE n;.nllUn:nlﬁ

£ STAGE ATU=QGHAF
- DUmNS I kLA IlltH sJefFalk
- GREAIES] OF ®) anu m¢
-] LGHEAIES] UF #] anNu wd
-] NUNMAL UePTRH
CO™mun /SECY/ wiée) ¢ d0CIUL) e 1QLLIES)
wWHR (100) s WELluU) s EminNtLLULO) ¢ £LUSLIUY)
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STaAbe HYURUGHRAPA CUNIRULS
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Subroutine DIVDE
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SUBRUUTINE DIVDE (NHLsN®ZeP)

IHIS SUHHUOUTINE USES A& SECLUNU ORUER CusveE FITTING ALGOR]IIrm

TU FINU (HE RATIU UF FLUwS MpPY
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STagt s 1T [me v YW

. 1CALL(30e3) 9 M>I " EPD
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I [} -] v 19
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AB B AUPL 3
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Subroutine DIVDE continued

c -
E CHECK THE CONVEZXILITY OF THE WQUADHATIC FUNLCTIUN
IYu Al = (Y(]l) « Y(2)) ® (Y(£)
It (agS(Aal) EWd.Ue) OV Tu v
A = E(]) ® (Y(2) = Y(J))
l;tdll‘ Fii
A B A
IF (SA.GEaVU V) GU 10U 21V
VA = YI(3) = Y1)
XA = Y(])
A= E(])
2 Ly
g = 3 >
If (EUEF.GT,ue) GO TO 15V
LL Tu l2v
200 ASTA = KINF
FSIA = FINF
c L0 Tu 270
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Subroutine DREDG
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Subroutine DUP
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Subroutine GEOM continued
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Ta = TA « A
In 2 TK « C
SUMeK = SuUMWR ¢ C & @ 3,/A & & 2,
SUMU] = SUMDL ¢ DA ® ® | 66606 * A/FM
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Subroutine HYDPR
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SUBRUUIT INE HYUPR (Ksws)
fHIS SUBHUUTINE CALCULAIES

(R) T CRUSS SECTION GIVEN THE wATEW

COMMOUN f&tclf wu(22)
whan(10D) v mt(luv)
Al(juD) v A2LJuU)
AS(U0) v ABLLIUD)
A9 (juu) o« ALULLIUD)
B3(jv0) ¢ Balliuvl)
Hi(1uu) v 88(luy)
VA« (100) v UAY(100)
Ikk (100) » ALPK IOV
IMmax (10v)

CUmMMpN IHYU/ v
AL¥ » In

CALCULATE THE DEPTH OF FLUW
VEPTH = WS =« LMINIRN)

1f THt wATER SURFACE
USE Imk UVERGSANK EWuAlJUNS,

IF (wS.Gl.2008(K)) LU TU luv
CALCULATE EFFECTIVE wlLIH

tw = AL(R) @ DEPIH ® @ Bl(K)
CALCULATE EFFECTIVE DEPIR

EU = AZIR) @ UEPIH ® * pgZ(R)
CALCULATE aRta

TA = AJ(K) & DEPTH ® & Hi(K)
CALCULATE TwHe CONVEYANCE

1K = Asi(K) @ DERPIH & @& m4(K)
CALCULATE ALPHA

ALP = AS(k) ® DEFTH ® ® g5(K)
IF (ALPLTa]en) ALY = Llub>

IF (ALPLT4)e15) ALP = lel>
CALCULATE TwWe VELOCITY

v 3 JukizTa
HeTu

CALCULATE EFFECTIVE wlUIn
Ew = Ao(K) e UEPIH ® *® poiK)
CALCULATE EFFECTIVE UVEPTH

LD = AT(R) & DEPIR & ® pT(K)
CALCULATE ARLA

1A = AB(Nn) o UEPIH ® ® dgE(K)
CALCULATE THt CONVEYANCE

Ik = AY(K) @ PDEPIH ® @ HYy(K)
CALCULATE ALPRA
T I R

IF (aLFLTe]«LS) ALP = lalb
CALCULATE THeE VELULLTY
Vv = JUIK)/Ta

wE TUxN
END
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2 SUBRUUTINE NI 0313
bue
% IMIS SUBRUUTINE READS In THE SEDIMENI ANU GEUMETRY UATA,. Vosy
Uusy
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1 whAr (lU0) e WE(LUD) s LMINLLIUD) s ZUdB(1luV) ’ vusu
2 Al(juv) v A2(luU) ¢ A3LLUU) « As(lUU) . vor/o
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3 Glligu) vieu
CUMMUN /INk / NSEC s NILM v 0l . vivo
1 lukg + LE v LL » PURM "’ 02uo
4 STaGE . 1I*H: v WU v NCALL 0 ueito
3 ICALL(30+3) o M5 » L¥> v2eu
CumMMuUN IPRTb IPeNT (8) v > v lo * Uesu
1 17 T -] v U9 o 11V Uce0
CUMMUN /ZH]V/y N Y y Aur(lu) v QUNNIT]10) ) uesu
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E
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¢ UV 120 NR = [gNK]V ug?g
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C CHUSS SECTIONs (KUP(NKD e [IRE NUMHES UF IHIoJTAR]IEDS Vluu
C (NIRIB(NM) ), THE TYPe UF UuWNSTHREAM (UNTRULDY CONT (N D e utio
(& IHE NUMBER OF THE DUwNDTREA™ wATEN SumFaCE LUNTHRUL C~UsS SECTION, ureo
C (RCUNT(NK) )y THE CUBFFICIENTS OF IHE UIwNSTmeAm STALE UIdLHANLE U730
C HelLATIONSHIPs (AR (nH) aBAUNK) o LXINN] )y Ime CULFFICIENIS UF Trc uleo
C CUNVATYENCE FUUATIONY (AN(NW) oBNINK) ) o ANU THE NURMAL UePTH Vlsu
E SLUPLs (5" (NH) ). 3 3;?3
EAD (15,300) KUUwNINR) oKUP (NM) oNTRLIBINR) o [CONTINS) o RCONT (NRT 0 Uls0
1 RUUT (NK) QAR (NH) gtA INMH) g LA (NK Nl\u1|n~lnqxobﬁi¥ﬂ vivuy
NI = NIKIDINK] vBu
C usiu
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C (JIR[dINHsJ) Iy Tre NUMscs UF IHe UIsCHaxoe CmUSS SeClION (-]
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Do 11lu U = JenNI ugwuy
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CUNT INUE

FUR EACH CHOSS SECTIUN REay IN THE NJUmdiR OF SECTIJUN POINTSe
(NUIR) )y AND IHE WIVER DISTANCEs (RUIK])) .

Uy leu K = ?
HE AU l!.Jdu NU(K) exDI(R)
M= NUIK)

FUR £EACH SECTION PUINT READ IN_THE mJUwiI/UNTAL DISTANCES
(R(KolL))e ANU THE ELEVATIUNe (Z(RaL)).

HEAD ([7,330) (R{RsLIod(Rol)ol = 1o™)
FOR EACH CHOSS SECTION WEAL IN THE UISIANCE UF IHL Rludl ANU LEFI
uvtﬂdaun:f ?uuoB-ULuul' THE MANImNLS Y FUM THE RIGH
UVENGANKy MalN CHANNELY ANU LEF1 UVE<XHANRY, lrdOd-*!L-rLOﬁ!.
ANU IHE UVEQODANK ELEVAIIUNs (LUBI(K)) .

READ (17, Jso: UROB(R) sULUR(K) oFRUSsFMLeFLUBY L0B (K]

Du 150 L 1™
2F ll{ﬂ'Ll.hl.UHUutRll L0 TO 1430
én;Lp = FRUGD
1] 4]
gf lll{?El-GE.DLUUlKI} GO TO isu
(KoL) = FM(C
L0 TU 150
F(KsL) = FLUB
CUNT INUE
CUNT INUE

PRINT QUT INFUT UAlA

LF (IFPNNT(1)et@el) GU TU 17U
LF (IPRNTIZ)ee@el) LU TV LTU
1t (IPeNT(3)ekQal) LU U LTV
IF (IP=NT(&)etQel) LU TU L7V
LF (IP=NT(6)et@el) LU TU 170
bu Tu lBu
el TeE ([6e3gU)
wrile (Josdgu) (TITLE(M2)eme = 1920)
CunNT Ut
IfF (IPrNTl)jenEal) GU TU geU
weTe lfboJ{UI Mo TabPSerummMme CCoCEn[UNTI
wHilTt (Ioe38U) NSELNTIMennliveNglentaL.
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LU L1v0 NC = LeNCALL
wrlIE ([ee@0U) wCo (LLALLINCONN] 9NN = 14 3)
ORI R = 1enkIv
vu U N = .
wHITE ([ee@lUl mWReKUUNNINR] «RUF IN<) aNTRIBINR) « ICONT L NR) o KCONT (N
1 W) e [RUUT (v ) s AX(NW] s 5A (NR) sCRINRI s ANINK) v ON(NR) 95D l.dl
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CONT InuE
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wHlTE (Igea30) RaNDI(K) ewD(K) s ZUBIR)
W JTE (1grvesu)
M = ND(m)
DU 22U L = 1M
WRITE ([6s450U) LeA(KsL)IvZ (KoL) oF (KoL)
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CUNT INUE
CUNT |NUE
I ULIPHNNT (2)«NEW]l) BU TO 250
wellE (lGeegu)
we |l (JoseTu)
wE TURN
PU=mMal (2Uuba)
rumHal (Ble)
PUNMAT ([5e4at i0aSelo)
FuUsMAal (9]5)
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PURMAT (1Ml 7+ l0Rs1JHK U w A 5 E He/ZslUReZ5HaNUWN DISCHARGE SEDIME
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Subroutine IN1 continued

3t ENGINEERS, VICASBURG UVISIRICT)

36U FURMAL (/774 U0XeB2(1IN®) o/ s LUK IH®oBURIH® /0 l0Ks JH® o CUARGs JH®s/ 410X
lelrmesBUXy lHas /0 LlUKeBE(LH®) 0/ //)

3/ PURMAT (lUA, & 7HMAK [MUM NuMpsewr OF Jle<al JUNS FUR CALCULATIUNSe «OHM
I1S1T = 41544/, lUKee2rACCURALY OF BACKmAlE® LCALCULATIJUNSe EP> = +F 10,
SlgfqluiIJSHPUH?bltY OF StUIMENT UePdSiisy PURM & srlU0eSee/0l0Re 5
3HLCOErFICIENT OF CunIrALJUN VELOCLTY meAU LUSSESe CC = arlueSerelu
ary detOEFF}LlENI UF LAPANDSTOUN VELULLIY HEAU LUSSESy CE = oF LU/
S10Ks 2oHUN] SYSIEm FLAGe JUNLT = sl2e//)

38U FURMAT (JOX,d1HIAE NuUMBER UF WIVER SzCIIUONS = 3 15¢/4 10Ks29HTHE NUM
1Bt UF TIME PERIUUS = o159/ 10As28HTHE NUMSER OF HWIVER SEOMENI S IH
2% 215973 JUXGIIHTME NUMBER UF INPUT OISLHARDES = ol9e/ 0 lUK33RIHE N
JumMder UF SUR=UUTINE CALLS = 415)

39V FuRMaT (selQAes22MNCALL ICALL (1 10 d))

“UU FUrMAT (BRealéXelb))

“lu FURMAT (/79 UAgleHr]VER SEOMENT ¢1Se/ei0XKe3erDOWNSTREAM CRUSS SECT
élu~ NUMBER = s15¢/0lUXe32HUPSIREAM L5UDS SELILIUN NUMDER = 4[5/ 0 10

Ao 24HANUMBER UF [HIBUIARIES = oI5/ 0lURe 3911 YPE UF wAlbm SURFALE CU
ANIRULe ICUNT = glbe/s [URs IDHNUMBER UF LUNTRUL SECTIUN acuNl s 4]s
4s/vluXeaanTyrt UF DUWNSIHAM SEOIMENT HOUIINGy [RUUL = el5e/0lURrab
SALUEFFICIENTS OF STALE UISCHARGE HELATIUNOHIF a9/ 91 3KeDMAR = sb Bk
6/ v 13Ke5H0dA = WFBabs /01 3Ke5HCR = 'Pﬂoho/‘luﬁouUHLULFFl CLENIS UF mMan
TNINGS N RELATIONSHIFP s/ 91 3A95HAN = osFBaks/ 011 3XeOHON & oFBawa/ o lVAy
8 connURMAL DEPTH SLUFEs SB = +FH.b) i

420 FURMAT (74 15AsJ0MTIRIBUIARY o [De/ 0 LSAs ) THRIVER DISTANCE = oF 7420701
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Subroutine LSQ
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SUBHUUTINE | SU (NeAXsYsbAsteRCySHBAR)

THlS SUBHOUTINE DERIVES Mt CUEFFICIENTS UF THE HYORAJLIC
PUwEW FUNCTIUNSy HBY USINOG A LEAST SJJAaxcS WHELHESSIUN.

UImMENSION KX (l0) o TULIO0) v YB(10)

SUMX = 0,
SUMAX = U,

VU 100 [ = 1em
SUMA = SUMA ¢
SUMY =B S MY
SUMAL = guUMKX
SUMAY = GQUMXY

UNT InVE

A

T

L
ok abantd
B P
——
———
L ]
- =
-
——

= SUMA/FLUAT(N)
E SUMY/FLUAT (N)

UbRIve THE FUUATIUN.

(SUMXY o« FLUAT(N) ® FX ® FY)/(SUMXKA = FLUATI(N) ® FXK ® FX)
FY = & & kX

=

=

AlSc £ TU THE (A) PUwtbW, THE VALULs (EA)s wWiLL BE USED IN
He FUmkH FNCT LUNS.

LA = LAPIA)
CALCULATE He COEFFICIENT UF CURRELATLUNG

LU 110 1 = 1N
SUMA = Syma
SuMp = SmMy
Yol(l) = A
SumL = sMC

CunT InUE

HL = SUMA/SQHT (SUMp

CALCULATE THt STANDARD EwWwmud UF ESTI®AIL.

LU 12U 1 = N

SumMU = SyMu e (Y (]) = YgIl)) *= * ¢
CUNT [ nut
Sbar = JWHRT (SUMD/Z (FLUATIN) = 24))
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C
L4
L4

-}
A
o
I
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SUBRUUTINE | SUF (NyXXsYeEA9BeRCeSHARI XU YO)

PUmEr FUNCTJUNS
SuJants nEuAtssi

UiMENSTON

SuMx = 0,
SUMaA = U,
SuUmY = (.
SUMRY = U,
Suma = Q.
Sumn = [,
SuUmMC = 0.
SUMy = Q.
vu lue I =
Ar = XX
Y = v(

(aBNalaiels ol

SuMr =
SumMYy =
SuMix =
SumaY = §
CUNT [ NUE
PR = SUMA/ZFLUY (
FY = SUMY/ZFLUATL

UtHIvE THE EUUAT

B = SUMXY/Symxx
A= YU =y e AD

wAlSE E TU THE (A)
THE PUWER FUNCTIUNS

Lov

-4 a

- 2

UN

[alala]

LA = EAP(n)
CaLCuLaTt

vo 110 I = 114
SUme = SU“‘
SumMd B SymMn
Yog(l]l = 5
SuMlL = SymMC

CUNT InUE

ML B SUMA/ZSQRT (SUMY

[glala B alala’s]

4 ¢
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[alglal

VO 1eu 1 = o
SUMD B SyMy

leu CUNTINuUE

AX(lu)

PUwWeM .

SumMi)

(vytl)

ITHE VALUE»

- yda([))

Sgar = SURT (SUMD/Z (FLUAT (N) =

HE TURN
LY

v YLLU)

(Lals

Tt COEFFICIENT UF CORRELATION.

(v(l) = FY)
LA 4

CALCULATEL THt STANUAKU EWMHUR UF ESTI%AIE.

. e 2
le))
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Subroutine NVAL

[alalalalalsl

[alalal

[glalalialelsl

luvu

Flwiue OX ~OUE -

SUBRUUT INE NVAL (Nx)

IMlS SUBHUUTINE CaLCuLATES TWE COEFFICIENT UF THE

CUNVAYENCE EWUATIUN FUK THE CURKENT wlaCHaRULE.
N TU 8E A FUNLTIUN OF DISCrHARGE.

THIS ALLUWS MANNING"S

CumMmunN /SEC)/ woige) ¢ ®O(lUY)
wSK (100) s mELiUUY) e LMINCLIOV)
Alljuu) v A2LluV) v A3(luv)
AS(luu) v ABLLUVY) v AfLLUU)
Av(juw) v AjULioD) v BlilUV)
e3ljun} v Halluu) s oolluv)
wg/lluy) s BBIllUU) v B9CLVL)
Uas (Luo) e UVAGC(L00]) s LURACLILY)
Tek(lo0) o ALPRIL0OU) e YROLUO)
Imax(100)

CUMMUN /H]IV/ LERN'S v KUPLlL)
NIRIE(L0) o ICUNTLLU) v d5LIL1IVND)
daliu) « CACLL) ¢ RUI(10e5)
RIK[u(]10eS) o AT(LUS) v di(lUued)
lHUUlllDJ v Sotlv) v ANCLU)

VATA HNMAXsRNMIN/le®9s0e07/

KU = AUOWN(NH)

AU = RUFINK)

ITewATE UVER EACH CRUSS SECTIUN IN I+t WEACH

VU LUl K = gKUIKU

It 1TWiRn)+tQae040) LU TU lOU

LALCULATE CommECTJUN FACIUR

BN = ANI(Ne) ® AgSITUWIR)) & & HN(WW)

IEST FUR vague wlTrmIN LIMITS

IF (HN.GTe"NMAKX)
It (HNGLTearNmMIN]

KN = WAL
HMMN = W™ N

Awih) = QAs(R) /N
Ay(®) = QAYI(K) /=N
CUNT IWUE
HETURN
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Subroutine OUT1
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(alaalalals]

[alalalal (alalalal

[al alalal

~oooOrn OO
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13v

sy

15v

SUBROUT INE QuT]

THIS SUBKOUTIMNE OQUITPUTS THe VARIOUS

MUDEL »

CumMun 7SECY 7 wb(22) o D(1V0) o
1 Ubﬂ%lDOI e wellul) s LMINTLUU) @
g AlCjuL) v A2(lUV) v AJLLLOD) ]

Ablluﬂl v AB(lUU) o AZLLI0U) "’
- A9 (luv) v AlULIVD) « glliuu) .
-] B3(jvw) v B4V v 351Ul "
6 ltiuu) ¢ BBILU0) v 390100) @

! Vas(loy) o VAY(100) o EUSTLUU) "
-] TR (1u0) ¢ ALPE(LOU) v YALLLU) 0
9 Iax (lou)

COMMUN /SEC2/ AllUDs2¢€) « Lllule2e) v
5 ULURLLIOW) s UHugllov) v FUIUODwgE) ’
] 2??0“100' o SMADALLIULD) o SMImS(IOU) o

ouv) )

LOMMON ZLine 7 NSEC v NIiM [
1 LURG v Lt - « CC ’
4 STAGE v 10MIME v NI v
3 ICALL(30+3) » M5 + LPD

CUMMUN /R |V/ NW v o SUPLLY) "’
1 NIWIH(LO) o LLUNTLLID) v ¥SLllVeD) )
i BAljU) 0 Lli{ul v WItlued) ’

nlﬁlutonSl v AlLLUsS) v dl(lUeb) '
L LROUT(10) ~ 9 SE(1UV) v ANC(]U) ’

CUMMUN /¥PKly IPRNT (B v U5 [l
1 17 ¢ 18 + U9 .

VIMENSION ULF (22)

PHINT CHUSS SECTIUON NUMBERSEFFECTIVE wlUIHWELFFECTI]

AKEAs TUTAL CUNVEYANCE+ALFHASVELUCLIYswAIEK SURFACE

SEUImENT THANSPORIgUISLHAKGLE AND MINIMJM BEU ELEVA

1lMe PERIUU,

IF (IPRNT (») «~NE II LY 10U Loy

wrlle (losdqu) l Imta D1

wRlTE (16e2]10) ((Keab (AR)sEUK(K) ¢ TARIK) s TAR(R) s ALPK (K] o VR IK) 9 wSK (K)
LyGUIR )2 TQIK) gLMINIK) o8 = LaNSEL))

It (1TIMeoNEenTIM) GU U L5U

PRINT MARIM M WATER SUHFALE ELEVATIUN aAnND Tme TIME
UCLURANCE Fom EALH CHUSS SECTLUN. 2

IF (IPRNT (&) anNEL]l) GU U LIV
wele (lbe220)
an]TE (Ibsg3U) (KewSMARIR) o [MAXK(K) 4R = JonNSEC)

PRINT MliIMyM BEU ELEVAIIUN FUR EACAH CRUSS SECTION
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IF (IPRNTIS)eNELL) GU TU 120
wHlTe (lbecdav)
wrlTe (loecgul (KeMINIR) 9K = 1oNDEL)
LUNT LNUE
PRINI UUT Twe BED tLEVATIUN anD THE CHANGE IN BED
Al EACH PUIN!
IF (IPRNT(3)aNELL) LU TO 150
anlTe (Ioslgu)
VU le0 n = | enSEC
N = NUILR)
uu l3u L = N
uZF (L) e 3tk = Z0ikeL)
CONT LivuE
wrllE ([6v]lTU0) n
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Subroutine OUT1 continued

Cc
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léu LUNIIN i
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Subroutine RIVDS

SUHRUUI INE RIVDS (nRsDIS)
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Subroutine SED
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Subroutine SPLIT

SUBKUUI INE SHLIT (NK1sNKZ2IERRURWF)

(alalal

[glala]

—— —
[P
[ =i =¥

[alalal [alalael

alnlyl

[alala]

[alals]

E IHIS SUBKUUTINE IS USED IN UIVIDEU #LUs PROGSLEMS T0 SPLIT ThE
E VISCHARGE BETWEEN TwU CHANNELS.

CumMmun /5cCy/ wu(22) » R0C1VO) v [QUL25)

1 woKk i 100) ¢ wbi(lUU) s LMIN(LOU) s Lud(lou)

2 Al(juv) s AZ(]10V) v A31100) ¢ Abi]lOV)

3 Ab{luul v ABLlUU) s A7CLOV) v AB(LIUV)

- AY(l1U0U) + AlUC)OO) ] HII!OUI (] UellUUl

S ust}uu: v Be(lUL) v 35tlou) s+ dolluu)

-] glt1ou) v BB(1U0) v gY(1V0) v glOtlov)

7 VA& (LUD} s VAY(I00) s LDRCIO00) v TAK(lOU)

8 Ikn (100) ¢ ALPRLLUVU) s YELLUU) o ®@SMAXR(LIU0)
9 IMax(LOU)

COMMUN sRIVvy NR [V ¢ RUP(L10) » KUOwN(1U0)
1 NIHIB(10) o ICONTL(L1V) v d50(1U0sD) v AX(10)

2 BAL1Y) o LRIULW) s RUI(LIUeD) 9 LIRIB(10e5)
3 KIRIB(IN0eS) o Al (JUs5) e d1LLUS) v KCUNT(LU)
- IRoyi (1ol s Solly) s AnNLLU) e BNLLO)

100 RUL = KUU&N(NR])

KUL = RUFINRIL])

KUPLl = RUl « |

ARUM] = RUL - |

NI = NIRIBINK])

CALCULATE THt FLOW IN The FIRST REALH
U0 130 K = gUPlaRUMI]

Jik) = TUWIKUL) * P

[F (NTeLpeg) GO TUu LlJ3v

AUD THRIBUTARY FLUW IF ANY

UU L2U J = 24nTH]

IF (HNIR) JLEHUTINK]LeJ)) GO TU 1£0
AT =2 Kinlbinlsd)
IF (1THIBINKLsJ) sl ad) GO TU 11V
TU(R) = TQIK) * Winl)
L0 Tu 1&u
Toik) = TRIK) = 1W(KI)

~ CUNT INUE

CUnT [nuk

SET TrHr UMSTHEALM AND DUwNSTHREAM FLUw UF BUlR REACHES LQUAL

RUZ = RUDUwN (NKHZ2)
KUe = AUFINRE)
RUFL = KUZ « |
KUM] = Kud = 1]

Tuwikue) = TqginDl)

IJirueg) = Tginul)

Nl = NIHIg (=)

CALCULATE THE FLUW [N THE SECUND KEACH

VU 1ol K = gUPLsKUM] -
TWiK) = TWIiKUL) ® (la = P)

IF INT4LFe«2) WO U lbvy
AUU THRIBUTARY FLUw [F ANY

UU I50 J = 24NTM] )
IF (HDIR) 4Ot HUT (N®geJd)) GO TU 120
KT = giW[Bitumeed)
Lt (LTRIB(NRZeJ) sLTag) LO TU leu
Tgtn) = TUIn) = TuWwinl)
vy TU 150
Tatm) = TQIN) = TuWikl)

CUNI InUE

CUNT [nuk

CALCULATE THt WATEWR PRUFILE IN BOUTH «<tACHES

CALL SukrF '“"é]
CALL SuprF (nH2)

CUMPUTE THE EHRUW IN IHt walEW SUKFACE ELEVATIUNS

EHNUK = wWhK (AJ]) = whKIKUZ)
EHHUM E EWHON ® ERNUN

HE TuMn
(2. 1V]

“assssws s
TUTUDTVTLTLOOUTUTTCUUTUTL D

ama e

WU AU LAUUALN LD U U v

UT" %mwmmmmmmmuunmwmwmmwmewmmmmmmmmmwwmmm
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Subroutine SROUT

SUSRUUT INE SKUUT (NK)
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Subroutine SROUT continued

C
C TEST TU SEE If THE BeD ELEVATIUN HAS CHANGEV ENUULH TO
E REWulkt VDISTHRIBUTING rt StUIMENT TnAxUJor Int CHUSS bLCllUN
AUl = ABS (SUMD/Z)
It (AUL.Gl.DZ"AR) GU TU 6V
IF (JTIMEEUNTIMoANUSMADA(R) oGl oeDe) 6O TO 160
c Gu 10 210
C USE THk WEIGHIED AVERAGE UF WATER SuU<ACt ELEVATIUNS FOR
E VDISTHIBUTING IHE ScUOIMENT .
l6u NUIS = IFIA(AUZ/ (UZMAR * &,))
IF (NULS, L141) NULS = )
SUA = SUmMUa(R) /rLUAT INULS)
WS B SMIWDIK)/SMAUA(R)
VU 20U nnd = lenUILS
IMP Y = /MINIR) + 3.
tF (WSl . TelHrd) wd = [MP3
ALL GLUM (Kewd)
N = NDLK)
c NP =2 N = )
C AUU IN CHangt IN HED ELEVAIIUNs AT £aCH PUINTe TO
E CHUSS SELILIQN GEUMEIRY.
DX = x(Ke2) = K(Ksl)
1F (Uxst@alOs) LO Iy l’o
Z(Rol) = Zinel) ¢ (SUA ® wD(Ll))/UX
170 VO LEn L = 2yNK
DA = X(KeL ¢ 1) = l{K-L - 1)
1F (UXKebudele) GU 10
Ligol) = ZLinel) o tsua ® (wJiL) * woiL = 1)))/uA
180u CONT InUE
VA = Xx(AeN) = K(KeN = ])
IF (UxstQeVel LO Ty 190
L(Ren) = 2(KaN) * (SUA ® wUIN = 1))/0DA
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¢ éuu CUNI INJE
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L
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Subroutine SUBPF
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SUHNRUU I [NE SUBPF (nK)

CIIUN,

InlS SUBKUUTINE CALLS TrE vARIOUS Olmes SUBRUUTINES NEEDED TU

CALCULATE THt SUBCKRITICAL wATER SURFACE ELEVATIUN AT EACH SE

CUumMMUN /5tC1 wb(22) + 2D(1UVO) v 1RLL1ES) ]
asSK(100) e WE(]VO) s EmiNL]UO) e LUBLUOD) ’
altjvo) v Alluu) o« AJL]l0U) v As(lUU) 1]
lbl}UUI v AB(]u] v Af(LUW) v ABlluv) .
wy(juu) o AlUC]0O) v Blllov) s B2(lVy) '
d3(ivo) v HBelluu) v B50100) s BHLlUV) [}
Hl(lu) s Bolluy) v B90100) v BlUCLO0) '
Uas (luQ) » UAYLL00) v CUNCLULD) s 1ak(l00) ’
TR (luo) v ALPK(l0V) y YRIEL1VW) ¢ WSMAKLLIV0) o
ImAax (10U}

CUMMUN /UNLITS/ FUNIT vy CuRLS s LUIFM L
uvkay s VVAL v FEI Cuny )
OZ™Max

LOMMUN /HYU, v v U v Ew '
ALV y IK v 14

COMMUN /K |[V/ LLIY v SUP(L10) v RUUANLLOD) [}
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StLTIUNy HY USING IHE CUNTHOL CUNULTLIUONS,.

LlLL CONT th.isl

= KRUUwN(NR)

IF (wSelbedminv(K)) LU TU JuO

CALL HYDFH (RewS)

TEST FUR CHIIICAL FLUW,

CHI = IQ(K)/((GRAV/ALY) ® & ,.5)

d5u = TA * (([A/Eew) = ® .5)

IF (CHIWLTe254W) LO TO 130
CALCULATE CRITICAL DEFIH,

IF (TU(K) sLT.Ua0) LU TU Liv

wy = wh)
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Ik =2 V.U

ALV = U.U

vV = J. U

U = (luln) e TQIK) ® ASIR))I/(A3(K) ® AJ(K) ® GRAV)
U EpU* ® (| ./(le* 2s ® dgd(N] = B3(n))) T

s B U ¢ MINIK)

IF (w5.LT.208(K)) L0 TU v
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Uzu®*® ® (l./(le * 24 ® BB(R) = BlUINII)

s = U ¢ [MINIK)
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CaLL mYurwe
"E(K)] = Ew
wak(R) B owS
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LURIKR) = kL
IKkni(n) = |IN
ALFEIR]! = ALV
YARIin) = ¥

(hewS)
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I 1™t o

LTEHATE OVER
UFsimtam UNE SELTIuN al a
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Subroutine SUBPF continued
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[ala’aBNalals]

neo (alaln

alalsl

(alalal

is0

15-11]

lou

17v

l8u

19v

£uu

elv

eev
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WSU = wS
IR = K
Ir (TU(K)eLTL0.0) GU 10 150
WS = wsD

1+ (WS LEZMINIR)) LBL TU J«0
CALL nYUPR (Rows)

v o 21p

W E Usu
LU = vl

1A = 0.0

TR = Ueu
ALF = (.0
vV 3 Ua
GU TU 21p

TEST FUR wkp= SECTIOUN

IF (DEX.Gle0s00uU0)) GU TO 16V

CALCULATE THt WATEW SUWFACE Al THE uPTRpAm wiElR SECTIUN

CALL WE[R (KewS)
Gu 10 €2lg

CALCULATE Tue waTEW SuWrACt ELEVAIIUN AT SECTION(R)
CALL HKmal (RewdeICKRI)
TEST FUR CRIVICAL tLUW.

1
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IF (CRT.LE
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by TO 17V
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)} eU U 210
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Ir (mS.LT«wSU) wS = w50
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U= (lul)/Z(vvaL ® AR(R))) ® * (L.,0/B8d(KR))
Wy = D ¢ (MINIR)

IF (WS5.LTewSU) w5 = wSU

CALL RYUPH (Rews)
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Subroutine THAL
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Subroutine TRIBS
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Subroutine UNIT

zinialalalalalalalsl

Loo

SUBRUUTINE gwIT

IrHlS SUBROUTINE ASSIONeS THE CORREC!
CUNSTANTS ACCORDINL 10 Tre UNLIT=SYSIEM uUSED.

1uNniT UNITS
1 ENGLISH UNIT=SYSIEM
é METRIL SYSiem (S1)
COMMUN ZUNITS/ Lu~lii
1 KAy s ¥YVYaAL
e UiMaA

It (JUNIT.NE«L) GO TV LU0
COMLS = H2d(.

LUulFm = J0.

UHAV = 32.¢2

vvaL = Ju,

refl = 9o

CUnV = |q.4dp

VIiHMAA =® U.H

HE | UKN

Curls = 1000

Uit = 4,0

LRAV
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Subroutine WEIR

SUBROUTINE WEIR (KeW5)

~conn

w
THIS SUBROUTINE 15 USEVU 10 CALCULATE THk GREATER OF InE DUWNSTREAM
wATER SURFACE OR Tt CWRITICAL DePin Al InME wElRe
LUMMUN /SECY/ wpi{22) « RUCL100]) v 10(125) .

1 wSK(l00) v WE(LlUU) o £MINT]00) s LUB(100) M
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APPENDIX E

KUWASER PROGRAM SPECIFICATIONS
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KUWASER PROGRAM SPECIFICATIONS

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

AUTHOR: Glenn 0. 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 (61000, on CDC 172,

8
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 1is wuser controlled. Qutput 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:
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Spatially Varied Flow equation

Manning's Equation

1.486 R2}3 S 1/2

M= n £

(English Units)

Sediment Continuity

3Q 3,
S -
5z T U - g =9

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

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

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

t is time, and
length of channel.

dep is the latersl sediment input per unit

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.

DIMENSION SYSTEM: English or SI.
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