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FOREWORD

The U.5. Environmental Protection Agency 1is charged by Congress with
protecting the Nation's land, air, and water systems. Under a mandate of
national environmental laws, the agency strives to formulate and imple-
ment actions leading to a compatible balance between human activities and
the ability of natural systems to support and nurture life. The Clean
Water Act, the Safe Drinking Water Act, and the Toxics Substances Control
Act are three of the major congressional laws that provide the framework
for restoring and maintaining the integrity of our Nation's water, for
preserving and enhancing the water we drink, and for protecting the
environment from toxic substances. These laws direct the EPA to perform
research to define our environmental problems, measure the impacts, and
search for solutions.

The Water Engineering Research Laboratory is that component of EPA's
Research and Development program concerned with preventing, treating and
managing municipal and industrial wastewater discharges; establishing
practices to control and remove contaminants from drinking water and to
prevent 1its deterioration during storage and distribution; and assessing
the nature and controllability of releases of toxic substances to the
air, water, and land from manufacturiag processes and subsequent product
uses. This publication is one of the products of that research and
provides a vital communication link between the researcher and the user
community.

This report documents the development and field application of a flow
and sediment transport model specifically designed to study the movement and
fate of sediment material from combined sewer overflows. The modeling package
reported on here will assist in the asgessment of water quality {mpacts from
urban non-point pollution sources.

Francis T. Mayo, Director
Water Engineering Research Laboratory
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ABSTRACT

A modeling package for studying the movement and fate of combined sewer
overflow {CSO) sediment in recelving waters is described. The package con-
tains a linear, implicit, finite-difference flow model and an explicit,
finite-difference sediment transport medel. The sediment model is coupled
to the flow model by means of a file containing velocity, depth, and discharge
at each model cross-—section at each time step. The operation and utility of
the model package were tested using data from a 20-km reach of the Scioto
River below the Whittier Street outfall in Columbus, Ohio. A preliminary
field ‘nvestigation of the study reach in July 1980 collected sufficient data
to partially calibrate the flow model. Dats from a CS0 event in September
1981 were used to further calibrate the flow model and evaluate the sediment
transport model operation. The flow model reproduced stages and discharges
with sufficient accuracy for linkage with the sediment model. The sediment
model produced smoothed estimates of sediment concentrations that fell within
the scatter of observed data in wmost instances. CS0 sediment sizes and the
armored nature of the Scioto River channel were such that all solids discharged
from the CSO were convected through the reach with no deposition even at low
flow. Experiments with the sediment model indicate that it can be used for
qualitative assessments of the fate of various size sediment size fractions
if properly calibrated.

This report was submitted in fulfillment of contract No. 68-03-2869 by
the Sutron Corporation under subcontract to W. E, Gates and Associates under
the sponsorship of the U.S. Environmental Protection Agency. This report
covers the period September i, 1979 to December 31, 1981, and work was
completed as of July 30, 1982,
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SECTION 1

INTRODUCTION

BACKGROUND

The model development and verification described in this report trace
their origin back to a number of previous Environmental Protection Agency

(EPA) studies. These studies and their influence are described briefly here.

Considerable effort has gone into the study of sewer systems, treat-
ment, and control. Less is known, however, about the impact on recelving
waters of material which escapes the sewers via urban stormwater runcff and

combined sewer overflows during storm events.

One of the early pieces of research indicating the impact of runoff
on receiving waters is described in a 1974 EPA report authored by the North
Carolina Water Resources Research Institute (1}. An intensive study was
made of the runoff from a 4.33 km2 urban watershed in Durham, North Carolina.
The urban runcff yield of chemical oxygen demand (COD) was equal to 91
percent of the raw sewage yield. The biochemical oxygen demand (BOD) was
equal to 67 percent, and the urban runoff suspended solids vield was 20
times that contained in raw municipal waters for the same area. The study
identified the "first flush" phenomena, wherein water quality may deteriorate
drastically in the early periocd storm runoff as built-up pollutants are
flushed from the system. The importance of sediment as a pollutant was em-
phasized by the facts that plain sedimentation of the runoff resulted in 60
percent COD removal, 77 percent suspended solids removal, and 53 percent

turbidity reduction.

The Durham study was limited to direct urban land runoff. When this
runoff is collected in a combined sewer system and routed to a treatment

plant, additional problems are encountered. It is obviously uneconomical to
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design treatment facilities large enough to handle all of, say, the once in
100 years storm flow plus the normal municipal sewage load. Thus, at some
high flow rate provisions must be made to bypass the treatment facilities
with a mixture of sanitary sewage plus urban runoff. This combined sewer
overflow (CSO) material is characteristically dumped directly into a receiv-
ing water. The Durham study provides ample evidence that discharging the

CS0O mixture is not very different from discharging raw sewage in the re
ceiving water. Strong evidence is present suggesting that CSO discharges in-

tensify dissolved oxygen sag and increase fecal coliform concentration.

The adsorptive and absorptive capacities of CSO sediments has a
significant effect on the pollution potentials of these sediments during
periods of re-entrainment. Pitt and Field (3) have reported that little
is known about either the short- or long~term toxic effects of urban storm-
water runoff in a variety of waters and ecosysteas. Since large amounts of
toxic materials such as heavy metals, pesticidses, and PCBs may be dis-
charged along with nontoxic biological and chemical materials, it is
desirable to trace the route of these materials taken through a receiving
water system. Understanding the paths of sediment-related pollutants along
with their effects would permit the determination of the most cost effective
solutjon to the problm. This information would allow the selective treat-
ment of critical items while natural disposal means might be suitable for
other parameters. The results would be an improved determination of the

actual amount of treatment needed.

The need for studying the final resting place or "fate' of CSO
sediments has been fairly well established by previous and ongoing EPA
research. For example, Field, et al. (2) note that most urban street
runoff is sand and silt with pollutant loads attached to the fine (<43
micron) portion. Donigan and Crawford (4) established the principle of
computing transport of pesticides and other pollutants by multiplying the
sediment transport rate by a factor. An EPA (September 1977) contract with
Tetra Tech, Inc., of Pasadena, California, further establishes the correla-

tion between sediments and pocllutant tramsport.
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The immediate precursor studies of the study described in this re-
port were conducted in 1979 and 1980 by the Sutron Corporation and Colorado
State University (CSU). In the study, "Dissolved Oxygen Impact from Urban
Storm Runoff (5)," a major study of recorded dissclved oxygen (DO) levels
below cities was undertaken. The results of the studv identified 11 sites
with strone correlation between DO deficits below the EPA 1978 needs survey
recommendations and urban runoff. The hypothesis was advanced that some of
the deficits might be related to entrainment of benthic sediments. In a
follow-on effort supported by a grant to CSU, the movement and effects of CSO

sediments in receiving waters were investigated (6).

CSU conducted an extensive literature search for information on set-
tling velocity, size distribution, pellutant loading and other properties
nf CR0 sediments. Sutron made use of this information to evaluate a modified
watershed-sediment model for determining the fate of CSO sediments. In ad-
dition to characterizing the sediments, a preliminarv assessment was made
of the state of knowledge concerning the interaction between the sediments

and the receivine water and the impact of the biclogical community.

The evaluation of the sediment transport model was conducted on a
reach of the Cuyahoga River between Akron and Cleveland, Ohio. This reach
had been idenrified in the DO study as one with a strong correlation bet-
ween urban runoff and DO deficits. Data on streamflow into and out of the
reach were provided by the U.S. Geological Survevy (USGS). The USGS also
provided instream sediment discharge at upstream end. Sediment discharses
from the Akron municipal treatment plant bypass, located near the upstream
end of the reach, were estimated from existing data. The model was used to

predict the movement and resting place of the sediments.

It was concluded from the model studv that qualitative predictions
of the fate of CSO sediments could be made. When combined with flood-fre-
quency analysis, the model could be wsed to evaluate the resting time of
deposits, the concentration of sediments in the flow, and other facts useful

for impact analvsis.



The Cuyahoga River study was not an adequate model verification be-
cause no data were available on sediment outflow from the study reach con-
current with sediment inflow data; no actual data on settline characteristics
or flow rates of the sewaze treatment plant (STP) bypass sediments were
available; no data were available to verify the buildup and erosion at the
locations predicted by the model; and no data were available to determine
whether the sediments from the STP byvnass behave as inert, nonrohesive
particles as assumed and, if not, what the effect of this assumption is on

model results.

The results of the movements and effects studies (6) led to recommen-
dations for further study of both sites with strong DO deficits after runoff
events and the potential of sediment models for fate and effects studies. The
Scioto River below Columbus, Ohio, was identified as a suitable site for

further study.

EPA responded to the recommendation for further study of the DO
deficit problem by initiating a request for proposals (RFP) for a detailed
study of the Scioto River from Columbus to Chillicothe, Ohie. A contract for
the studv was awarded to W.E. Gates and Associates of Fairfax, Virginia, in
the spring of 1980, Sutron Corporation and W.E. Gates nrovosed a modification
of the study to allow simultaneous studv of sediment movement. The modifica-

tion was anproved and the resultant effort is described in this report.

OBJECTIVES

The primary objectives of the research were to document and further
verifv the sediment model package develoved on an exnerimental basis in
Reference (6). The intent of the research was twofold. First, it was hoped
that an improved data set from the Scioto River studv would allow better
verification of the theorv used in the model nackage. Second, a tool will be
made available to other researchers for use in =tudying the fate of sediment

materials in streams,



SCOPE

The effort was divided into two separate parts. The first part in-
volved those tasks necessary to imorove, test, and document the sediment
model package, and the second part involved those tasks necessary to apply

the model to data from the Scioto River study.
The tasks involved in the first part included
® complete restructuring of channel representation and storage in

sediment model;

s modification of the armoring and settling computations in sediment
model;

® improvement of coding structure in sediment model;

» testing of sediment model on simple cases for reasonable behavior;
® preparation of coding instructions for flow and sediment models;

e preparation of program lists for flow and sediment models; and

e writing operating procedures and calibration instructions.

The tasks invelved in model testing using Scioto River data

include

e selecting the study reach;

e acquiring and processing cross-section data;

e studying the selected reach at low flow conditions;

e setting up and preliminary testing of the flow model;
e acquiring and analyzing the storm runoff data;

e calibrating the flow model;

8 testing the. sediment model; and

e evaluating the model package,



Section 2
SUMMARY AND FINDINGS

Findings Concerning the Model Package

A major part of the work conducted under this study consisted of
testing and documenting a flow-sediment transport model package. The
flow and sediment models are separable. The flow model builds a file of
discharge, velocity, and depth information that is used by the sediment
model. The following should be noted:

) the flow model is of the linear, implicit type based on
full equations of unsteady flow;

'Y the flow model is flexible and will provide detailed
velocity, depth, and discharge information at 40 cross
sections in a stream reach;

. the flow model is generally stable but sensitive to the
accuracy of the downstream beundary condition when observed
stages are used as input;

) the sediment transport model is an explicit solution of the
governing equation of sediment continuity;

e the sediment model will route multiple size fractions
with variable specific gravities and will simulate
armoring by large size class material;

. the complex nature of explicit solution and large amount
of output demands graphical output for interpretation;

] the lower size limit of th=ory in model of 0.063 mm,
noncohesive sediments may restrict the model's use;

® the independent nature of the flow and sediment models
require that only small changes in cross-section geometry
take place for realisitic answers;

Findings Concerning Sediment Movement in the Scioto River

The model package utility was verified by modeling a 20-km reach
of the Scioto River below Columbus, Ohio. A specially designed data set
was collected for use in the model package as part of a companion general

water quality study. Findings from the Scioto River study are as follows:



of two storm events sampled; the first provided only
sediment size information;

the second storm event data set was good and provided
most of the information needed for the model package;

the flow model was rapidly set up and calibrated;

the flow model reproduced observed stage variations on
the river with maximum errors of 1 foot and mean exrvor
of 4 to 6 inches;

the size distribution of sediment materials from the
Whittier Street CS0 is smaller than the considered
lower limit of the sediment model technology;

material from the two events sampled is flushed through
the reach with no aggradation, even at low flow;

the predicted concentration of sediment are qualitative
in nature but well within the 20 to 50 percent errors
associated with sediment data; and

modeled, and observed variations in sediment transport
are closely in phase with variations in other water
quality parameters such as BOD and COD.



SECTION 3

CONCLUSIONS AND RECOMMENDATIONS

CONCLUSIONS

The following conclusions were drawn with respect to the model

package and its application:

. The model package is a useful tool for qualitative
assessment of the movement of nonporous, noncohesive,
biologically inert sediments in receiving waters.

® Considerable knowledge of hydraulics and hydrology may
be required to set up, run, and interpret model output.

[ ] The sediment-transport in the Scioto River is similar
to that in a rigid boundary channel.

. All the sediment material from the Whittier Street
CSO is fine enough to be transported by the Scioto
River even at low flow.

® Sufficient correlaton exists between variations in
sediment-transport and variations in other water-quality
parameters to suggest 4 close connection between the two.

RECOMMENDATIONS

The following recommendations are made concerning further use and

improvement In the model package:

® A study to test the operation of the model under actual
conditions in a sand-bed stream would be worthwhile. To date,
only hypothetical tests have been made.

[ A study in which the model was used to estimate the fate
of some toxic materials associated with sediments would be
an easy extension of the package.

. Research into the transport characteristics of materials
finer than 0.063 mm should be incorporated in the model
to extend its range of utility.

] A small-scale experiment should be conducted with tracers,
possibly in a laboratory, to verify the fate predictions
of the model under controlled conditionms.




SECTION 4

SEDIMENT MODEL THEORY

MODEL BACKGROUND

The model package described in this report consists of two components,
a one—-dimensional flow model and a one-dimensional sediment transport model,
The flow model is based on technology developed through research of the U.S.
Geological Survey (USGS). The sediment model is based on research at CSU
sponsored by the EPA and the U.S. Forest Service. The models are run sep-
arately so that a variety of sediment boundary conditions may be tested
without rerunning the flow model. The models are coupled by data written
to files.

The flow model was originally used by USGS personnel to simulate
highly unsteady flows on the Chattahoochie River above Atlanta, Georgia (7).
The solution method used in the model is called fully-~forward, linear, im-
plicit and is based on complete, one-dimensional forms of the continuity
and momentum equations describing open-channel flow. The model proved highly
effective in USGS applications. On the Chattahoochie River, a factor of 16
variations in flow occurring in 10 minutes was modeled. The model flow data
were used as a basis for an accurate heat and mass transport model. Sutron
used the model with wood success in the study of the Cuyahoga River (6).
The USGS has availahle a gimplified version of the model that it calls
J-879 (8).

The sediment transport routines were originally develoned by Colorado
State University for the U.S5. Forest Service (9) under sponsorship of the
EPA Athens, Georgila, research facility. A model was developed for use in
estimating sediment yield from forested areas. By varying ground and tree
canopy cover coefficients, the effects on sediment vield of various forest

management practices could be determined.



The CSU sediment transport routines were chosen because of their
physical base. That is, the routines are based primarily on the equations
that describe sediment transport and very little on empirical relationships.

This approach should produce a more generally useful model.

The next two sections of the report describe in detail the theory
and computational techniques used by the flow and =ediment moadels. Following
the discussion of theory, a general section on the use and limitations is

provided.

MODEL THEORY

This section describes in detail the theory on which the flow and
sediment model are based. The numerical computation techniques used in
the models and model coupling are also discussed. The flow model is des-

cribed first, followed by the sediment model.

Flow Model Theory
Techniques available for modeling unsteady open-channel flow have
advanced rapidly in the past 10 to 15 years, but almost all models are

based on the same basic equations. These are continuity equations describing

the conservation of mass.

A 3y , 34 - )

W,y 2 dy _ 3z -
Tt U+ g( +sf) 0 (2)
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where

cross-sectional average velocity,
= c¢ross~sectional area,

= Jlongitudinal distance,

= time,

lateral inflow per unit length,

= acceleration of gravitr,

= depth of flow,

= elevation of the bed above some datum, and

L2200 - - B - T - Y B A
]

= friction slope.

This friction slope may be evaluated from either the Chezy or the Manning equa-

tion. The Manning equation

2.2
s - _nQ (3)

£ o um

ARy
where
n = Mannings roughness coefficient,

Q
RH = hydraulic radius.

i

discharge, and

will be used in this report, Equation 3 is not dimensionless but is expressed
in SI units. To convert to the inch-pound system of units, a numerical value

of 2.22 must be placed in the denominator.

Equations 1 and 2 are nonlinear in velocity, and no practical analytic
solutions are available for unsteady flow. Early efforts to develop computer-
based numerical solutions centered around the method of characteristics [Lai,
(10), Yevjevich and Barnes (11), Wylie (12)]. More recent efforts have
centered around direct finite-difference solutions. Explicit techniques, an

11
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example of which was ploneered by Garrison, Granju, and Price (13), are
bounded by rigid stability criteria and tend to be expensive. Probably the
earliest truly practical solution technique was the nonlinear, implicit,
finite-difference scheme of Amein and Fang (14) which is unconditionally
stable for any time step and allows an accurate and economical solution for

most flow problems.

The solution technique chosen here, called linear, implicit, is a sub-
set of the Amein and Fang technique which eliminates the need for iteration
when advancing from time step to time step. In Figure 4-1, which illustrates
the finite~difference grid, the solid black circles represent points where
all variables in Equations 1 and 2 are known, and the open circles represent
points at which variables are unknown. The subscript j designates the time

grid peint, and the subscript i designates the space grid point.

In viewing Figure 4-1, it is helpful to think of the stream as flowing
from left to right and of time as advancing from bottom to top. Time and
space derivatives are represented by the following respective finite-dif-

ference approximations:

of _ 1 J+1 ] j+1 3
3t - At [f1+1 vl h fi] )
and

9f _ 1 j+1_j+1}

3x  Mx [f1+1 f )
where

At = time step,

&

distance step, and

the variable whose derivative is sought, that is, U, A, or y.

)}
1
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Figure 4-1. COMPUTATION STENCIL FOR THE LINEAR, IMPLICIT
FINITE-DIFFERENCE SOLUTION OF THE FLOW EQUATIONS

The approximation of the space derivative at the unknown time level (j+1)
gives this scheme the name "fully forward" implicit. According to Fread (13),
this scheme is the most stable of the four-point difference techniques. It
must, however, be operated with a reasonably small grid size to maintain

accuracy.

When the difference approximations, Equations 4 and 5, are applied to

Equations 1 and 2, a system of equations of the following form is obtained:

initl j i+l i i+ J 3+ _ 3
(Bl)iui + (Byyyy  t (BIUi L Y Byyig = By (6)
and
i+l j i+l 3,3+l T 0 S,
CPU T+ Gy + €30 * Cpin = Dy R

where B, C, D, and E are coefficients which are functions of Ax, At, U, y, and
Manning n at the known time level, The friction slope at the new time step
was approximated by use of a Taylor series expansion about the old time-step

value. For a given number of grid points, N, there are N-2 such equations.

Two additional equations must be provided at the upstream and downstream
boundaries of the modeled stream reach (i=1, i=N, right and left of Figure 4-1),
The flow model documented here provides several options for both these upstream
and downstream boundaries. The options are discussed in the final part of

Section 4 of this report.
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When all N linear equations have been defined for a single time step,
a pentadiagonal matrix results. The model is advanced from the known (3)
time level to the unknown (j+1) time level by inverting the pentadiagonal
matrix and thus solving fer Uj’ j+1, and yi,j+1 for all N values of i. Von
Rosenberg's (16) technique for pentadiagonal matrices (a double-sweep al-

gorithm) is used in the inversion.
The lateral inflow term, ¢, is important to many modeling applications.

It can be used to handle small tributaries (negligible momentum contribution)

as well as positive and negative seepage.

Sediment Transport Model Theory

The theory of the sediment transport routines used in the model
package is presented in Reference (6). No substantial changes were made
for this study. A great deal of effort, however, was placed in revising the
numerical calculation procedures. The theory from Reference (6) is reviewed
here so that both flow and transport thecries are available in one reference.
The computational technique for the sediment model is described (allowing

the theoretical review).

The movement of sediment in a channel is governed by the equation of
continuity for sediment and sediment transport equations (such as fall
velocity and critical shear stress). The amount of sediment that could be
transported is described by equations of sediment detachment by the flow.

The equations used in the model are described below. They assume sediment
particles are noncohesive, have constant specific weight, and are biologically

inert.
The equation of continuity for sediment can be expressed as (Reference

(9.

3G
s , 3CA , 3Pz _ g, (volume/unit length/time) (8

ax at it
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where

C = — (volume/volume), (M)

G = the total sediment transport rate by volume,
C = the sediment concentration by volume,

= the net depth of loose soil,

= the wetted perimeter,

the lateral sediment inflow, and

om o™ N
it

= the flow area.

The sediment load can be broken into two main categories, bed
material load and suspended load. Bed material load consists of sediment
particles that move by saltation (jumping) or rolling along the stream bed.
Suspended load consists of particles that are transported above the bed by

the turbulent nature of the flow.

To simulate the actual grain size distribution found in soil samples,
the sediment load may be broken into any specified numbers of size fractioms.
The sediment continuity equation is then written using arrayed variables
according to sediment size. The percentage of sediment in each size fraction

is accounted for in the transport equations.

6D sc(na , 2pz(D)

X 3t st = 8(I) (volume/unit lenmgth/time),

where I indicates the size fraction that is being calculated (I = ith number

of size fractions, currently limited to 10 in the model).

The sediment transport equations are used to determine the sediment
transporting capacity of a specific flow condition. Different transporting
capacities are expected for different sediment sizes. The transporting rate
of each sediment size can be divided into the bedload transport rate and the

suspended-load transport rate. Before a particle can be transported, however,

15



it must be detached from the channel bed. (In all cases, “particle" will
refer to spheres with specific gravities of 2.65. The model will accept
other specific gravities, but this will be discussed later.)

When a river flows over its bed, It exerts a tractive force on the
bed in the general direction of the flow. This force is called the boundary
shear stress and may or may not be large enough to cause sediment particles
of variovs sizes to move., The shear stress at which a given particle begins
to wmove is the critical shear stress. Critical shear stress depends mainly

on the specific gravity and diameter of the particle and is given by the

following equatiorn:

T, = GS(YS - y)ds (force/area), (11)
where

TC = critical shear stress

Yo ° the specific weight of sediment,

vy = specific weight of water, -

ds = particle diameter, and

) = a constant,

The general form of this equation is attributed to Shields, who com-
pared the ratio of gravitational forces holding a particle down to the in-
ertial forces of the flow wanting to carry it away. Analyses comparing
the ratio of the energy to cause particle motion and to resist motion give
similar results, Laboratory experiments have shown that this beginning of
motion criteria is valid for particles with specific grativities from .25
up to 8. There is little reason to suspect heavier particles would not also
follow this relationship. The constant, 65, has been reported to be 0.06 by
Shields (17) and 0.047 by Meyer-Peter and Muller (18).

Shields' critical shear criterion is generally accepted for cohesion-
less particles of 0.0675 mm or greater sand sizes. Sediment that consists

of silt and clay particles shows greater resistance to erosion.
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Equations describing the bed load tramsport generally follow the form
given by DuBoys (19) and is closely related to the critical shear stress

criteria. These equations are written as:

b
q = a(*r0 - Tc) (volume/unit width/time) {(12)
where
9 = the bed load transport rate in volume per unit width.
T, = the boundary shear stress acting on a sediment particle and
aand b = constants,

The boundary shear stress can be expressed by:

T, = é—pfv2 (force/area) (13)
where

f = a Darcy-Weisbach friction factor due to graln resistance,

p = the density of water, and

the average flow velocity.

Numerous laborato.y experiments have been conducted to determine the
values of = and b. A simple and widely used bed load transport equation is
the Meyer-Peter Muller equation (20):

8 1

Q = = < (to - Tc) -3 (volume/unit width) (14)

A discussion of various bed load equations is found In Reference (19).
The Meyer-Peter Muller bed load equation is incorporated in the model at

present but any other formulation could be used if proven more acceptable
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for the particular type of modeling to be done. Reference (20) gives a

complete description of numerpus other formulations and their limitations.

The suspended load plus the bed load gives the total sediment load

carried by the stream, Sediment that is carried in suspension consists
usually of smaller sized particles continuously supported by turbulence.

Settling velocities for suspended loads are usually quite small.

One of the most widely recognized methods for estimating suspended load
was developed by Einstein (22) and was modified by Colby and Hembree (23).
The modified Einstein procedure is incorporated in the model and is described

below.

The sediment concentration profile which relates the sediment concen-

tration with distance above the bed (9) can be written as

w
- *
Cg _ RH o8 (dimensionless), (15)
- g%
Ca* E RH a
where
CE = the sediment concentration at a distance { from the bed,
Ca* = the known concentration at a distance "a*" above the bed,
RH = the hydraulic radius, and
w = parameter defined as
Vs
Vo< ST (dimensionless) (16)

*

Here, VS is the settling velocity of the sediment particles, and U, is the

shear velocity defined as:

T
L) 172

L (length/time), (17)
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in which specific shearing stress, Tys 18 defined as:

T, = %-fpv2 (force/area). (18)

A logarithmic velocity profile is commonly adopted to describe the

velocity distribution of turbulent flow and can be written

v £
£ =B +2.5¢n (=) (dimensionless), (19)
U, 1 ng
where
UE = point mean velocity at a distance £ above the bed,
B1 = a coustant dependent on roughness, and
n, o= the roughness height.

The integral of suspended load above "a*" level in the flow is obtained by
combining Equations (15) and (19) as follows:

IR U C,d&f (volume/unit length/time)

q -
S . &£
(20)
= R £ R-& a* |w
= Gl f [B1+2.5 2 (n)]( = e &
a s
Let
g = %-(dimensionless), and
ak

G = ?{-(dimensionless)
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and substitute them into Equation 20 :

w1 1 W 1
q = C_,U,a% ——— [B1 +2.5 n (nl)] ;o () do+ 2.5 s
° (1 -6) s Ml ¢

1no(l—§—9—);ag (volume/unit length/time) (21)

According to Einstein (22), the sediment concentration near the bed layer,

Ca*, is related to the bed load transport rate, g, as:

q = 11.6 Ca*U*a {(volume/unit width/time) 22)

where a is redefined as the thickness of the bed layer, which is twice the

size of the sediment.

The average flow velocity, V, is defined by the equation:

R
S U_dE
V = °T§-——- (length/time). (23)
S dE
o
Using Equation 12 ,
Vv = Bl + 2.5 8n {R (dimensionless). (24)
U, n_

Einstein (41) defined the two integrals in Equation 21 as

w
— U-—) do (dimensionless) (25)

and

w
1, = Gf1 (1 ; U) tnodo (dimensionless) (26)
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Since the Integrals Jl and Jz cannot be integrated in closed form for most
values of w, a numerical method of determining JI and J2 developed by Li
(9) is adopted in this study.

Substitution of Equations (22), (24), (25), and (26) into Equation (21)
yields the following expression given by Simons et al., (24):

q w-l |
q =—2 € (ll-+ 2.5) 3+ 2.5 3, (27)

® 116 1 -6)Y |\,

(volume/unit width/time)
The total sediment load per unit width is

q, = q +q, (volume /unit width / time), (28)

and the sediment transporting capacity of the section Gc is:

G, = Pq, (volume/time), (29)
where

P = the wetted perimeter of the section.

The value of P can be approximated as the top width in wide channels.

When considering transport by different sizes, Equation (29) should
be modified as follows:

Gc (1) = PFa(I) q, (I) (volume/time), (30)

where Fa (I) = the adjusted fraction of the sediment in the ith size,
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The percentage in each size fraction on the surface changes over time
because of armoring. Armoring occurs when the water transports the smaller
sizes more easily and leaves the larger size fractions behind. Thus, the
percentages of surface material need adjustment each time step. If the

total loose soil depth is greater than D 4 (the size of sediment for which

8
B4 percent of the sample is finer), the adjusted percentages, Fa (1),

can be written as

Z(I)

Fa(I) = (dimensionless). (31)
M
L Z(1)
I=1
M
If the total loose soil depth, Izl Z(1), is less than DBA’ the adjusted

percentages must account for the layer of undisturbed soil that is dis-

tributed according to the original percentages plus the loose soil that

covers it:
1 M
F (I) = Z(1) + F(I) |D,, - ¥ zZ(I) (dimensionless) (32)
a — 84
D84 I=1

Often a size class or type of sediment particle is not found initially
in the bed material but is transported into the reach of the water flowing in
the channel. For example, the transport of heavy metals in a CS0 may affect
material into a channel reach are used to further modify the adjusted per-
centages of size classes found in the bed. This modification was added by

Sutron as part of this study.

The amount of sediment detachment from surface bed runoff is deter-
mined by comparing the sediment transporting capacity of the total available

amount of loose soil. By substituting the sum of the transporting capacities,
M

I GC(I), (given by summing the tramsport rates for M size fractions) into
I=1

the transporting rate given by Equation (8), the total potential changes

in loose soll storage are determined as
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P
szt = %—- (At) (length). (33)

1f AZP > -Z, the loose soil storage 1is enough for transport and no detach-
ment of soll by surface runoff is expected. Soil is detached if AZP < -Z and

the amount of detachment is

D= ~Df[?ZP + %] (length), (34)
where

D = the total amount of detached soild and

Df = a detachment coefficient with values ranging from 0.0 to 1.0

depending on soil erodibility

In flow over a nonerodible surface, the value for Df is zero; in a river

where the riverbed is always loose, the value for Df is unity.

The new amount of loose 30il is further modified as follows:

Z(I) = Z(I) + D F(I) (length), (35)
where Z(I) is calculated for each size fraction of sediment.

The basic theory used in the sediment model has now been presented,
and the computational procedure used in the model can be discussed. The
differences between the model as documented here and the original CSU

model are discussed.

In contrast to the flow model, the sediment transport model uses
explicit calculations. That is, no matrix of linear equation constants
must be created and inverted to advance from time step to time step.
Instead, a series of algrebraic equations based on known values at three
points in space and time is used to compute values at one unknown point

in space and time. The computational stencil is illustrated in Figure 4-2,
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Figure 4«2,, COMPUTATIONAL STENCIL FOR THE EXPLICIT
SOLUTION OF THE SEDIMENT TRANSPORT EQUATIONS

The calculation of derivatives can be weighted in both time and space by
the factors WFA and WFB, respectively (Figure 4-2), The coefficients are
generally set to 0.5 and must be 0.5 or less for model stability.

In the original CSU model, as described in References (6) and (9),
computation was specifically designed for watershed modeling. Storage
was allocated for the four general computation points, and values were
moved into and out of the four general points from auxilary storage
arrays. No subscripted variables were used in the calculations. This
computation method worked well in watersheds because of channel branching
and a wide variety of watershed segmentation. In stream reaches, however,

the technique of four general points was exceptionally difficult to follow.

As part of this contract, the computation scheme was modified so
that the sediment model storage and computation were similar to those in
the flow model. In the model presented here, all required values at the
known (j) time level are stored in one-dimensional, subscripted arrays.
Similar arrays are defined for the unknown (j+!) time level. The explicit
calculations for the values at the unknown level proceed downstream by
means of computational loops that advance from i=2 to i=N-1. When one time
step 1s completed, the known level, j, is exchanged with the newly computed

time level, j+1, and the process repeated.
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Changing from the watershed format to the array format involved
changing most of the variable names in the program. The resulting model,
however, is much easier to diagnose and much more compatible with stream

app'ications.

At this point, it is appropriate to discuss the coupling between

the flow and sediment models. The flow model produces for each time step

a value of velocity and depth at the grid pcints (cross sections), which
represenc. the stream reach under study. The flow model writes the velocity
and depth for each time step to a file. The sediment model reads the

depth and velocity information for each time step as required. Thus, the
sediment model can be run with a wide variety of boundary conditions with-
out rerunning the flow model. This inherently implies that no major changes
in cross-section geometry occur because of sediment transport. In practice,
this means that the model must be used over reasonably short time periods

such as one week to one month.

It 1s feasible to combine the two models and change the flow model
cross-section geometry between time steps based on the results of the
sediment calculations. In practice, this often results in an unstable

model and Is seldom justified.

The mechanics of the sediment model calculations are as follows.
For a given set of four grid points [(i,j), (1,j+1), (i+1,1), (i+1,j+1)],
the transporting capacity is first determined by using Equation 30
and the computed flow conditions from the water routing model. The poten-

tial sediment load concentration for a given size fraction is then

P Gc(I)

C (0 = (volume/volume). (36)
n+l
Usr

These qualities are at time N + ] and space j + 1 in the space~time plan.
When computing the potential sediment transport, the excess shear may be

zero or less, indicating that at that section of channel that particular
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sediment particle will settle out. Even though the excess shear 1s nega-
tive, some particles may be tramsported downstream because their settling
time may be too slow as compared with the time it takes the particle to
move downstream at the average stream velocity. Thus, a certain minimum
transport rate is maintained for that particular class of particles. This
minimum rate may be near zero when settling velocities are large enough.

This capability was also added to the model by Sutron as part of this study.

The potential change in loose soil storage for sediment in a given

size fraction is

o .
22k (1) = % {csmm -9 ch(I)Q“"'1 - GS(I)“"I\ 1 - a)

i+l i
+ (67, - 'n‘]- Peryattl noa0
(6,3, - 6,7 )¢ - (¢ AT - el
(1 - b) + [c(T n+1‘n+l _ n.,n ]
)+ e - e? 47) )
(length) 37)

%f AZP(I) is positive, that size of sediment 1s aggrading on the bed; if
it is negative, that size of sediment is being transported off the bed.

The actual transport rate depends on both the avallability of material
and the transporting capacity of the flow. If AZP(I) > =Z(1), the avail-
ability is greater than the transporting capacity. Thus, the transport rate

for material in size fraction T is equal to its transporting capacity or

n+l

41 " CP(I) (volume/volume), (38)

c(1)

and the actual change in Z(I) is:

Az(1) = Az (1) (length) (39)
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P
If AZ (I) < -Z(I), the availability of material is less than the
transporting capacity. The tramsport rate is limited by the availability

of loose soil, and the bed material concentration is, therefore,

c(1 _ _ n+l Al
M - H(cmJ+1 Ay =B - c@FT AT e

®] + zmee - sf-6, 07 (- o) + (o 07
ih

- n n+l n-+1
G (D)) (a)] + pz(n]/{Ajﬂ (1 - ) +eQj,

Q- a)} (length) (40)

and
AZ(I) = -Z(1) (length). (41)

The sediment transport rate(l(I) 1 is determined by Equation 9 as

j+

n+l

Gs(DD], j+1 LI

C(I) (volume/time), (42)

3+1

and the amcount of loose soil available at the next time increment is
Z(I) = Z(I) + AZ(I) (length) (43)

The computation of the transport capacity, armoring and loose soll
percentages, and the routing computations are in separate subroutines.
This allows the program to be more easily understood and changes to dif-
ferent transport capacity calculations or routing schemes to be more

easily accomplished.

27



MODEL OPERATION

The preceding sections of this report described the general theories
and equations on which the model package is based. This section describes
operational features, limitations, and operating procedures. Model coding

instructions are presented in Appendix A.

Flow Model Features and Limitations

The flow model included in the package is a thoroughly tested and
reliable tool that incorporates a number of features for flexibility and

ease of use. The model has the following general features:
e it is based on complete continuity and momentum equations
describing unsteady flow;
® stream reach geometry is represented by up to 40 cross sections;

® cross sections are depicted by point pairs of distance and
elevation above arbitrary datum;

® it has a single value of resistance to flow at any cross
section;

e resistance to flow at each section is constant or up to second
degree polynomial function of depth of flow;

e it has arbitrary cross-section spacing;
@ it can handle up to 20 tributaries;

¢ the lateral inflow or seepage is specified for each subreach
(up to 39 subreaches);

o initial conditions are calculated automatically from upstream
inflow and lateral and tributary flows at time equal zero by a
step backwater subroutine;

¢ a variety of upstream boundary conditions are available, in-
cluding single valued rating curve, specified stage, and speci-
fied discharge with model computing stage;

e a variety of downstream boundary conditions are available, in-

cluding constant depth (lake or ocean), self-setting based on
previous time step, and specified stage;
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a variety of output options are available, including sup-
pression of cross-section properties printout, selection of
cross sections for depth/discharge output, and skipped time
steps between printouts;

no limit is placed on the number of time steps that can be run
at once;

velocity, depth, discharge, and water surface elevation are
predicted at each cross section for each time step;

it is applicable to stages ranging from zero to the onset of
supercritical flow with short subreaches (one or two cross
sections) of supercritical or adverse slopes acceptable; and

it is exceptionally stable and will accept time steps from
minutes to hours with maximum accuracy being achieved when
the product of the time step and the average velocity equals
the average cross-section spacing.

The general limitations of the flow model are as follows:

the cross-section spacing must be chosen carefully around
sudden changes in slope or channel slope (see operating pro-
cedures section);

it is not unconditionally stable since instabilities may be
caused by drastic changes in flow (say factors of 5 or 6)
between time steps or by drastic changes in cross-section
properties over small changes in depth;

it will not handle long reaches of supercritical flow (un-
common in applications in any case);

it uses a single value of roughness at each cross section, but
the value may be a function of depth;

the momentum of tributary flows is not considered;
it is not directly coupled to sediment model, and its cross-
section geometry must be reasonably constant over the study

period; and

the backwater subroutine will occasionally not converge around
rapid changes in slope and will require addition of supplemental
cross sections.
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Sediment Model Features and Limitations

The sediment model included in the package has been thoroughly
tested as part of the study described here. It has been designed for
compatibility with the flow model described above. The general features

of the model are as follows:

e it is based on physical process equations rather tham on
empirical relations;

e it provides simultaneous routing of up to 10 size fractions with
consideration of channel armoring;

s it handles variable specific gravity for each size class;

¢ the stream reach geometry is represented by up to 40 cross
sections and all geometry data are passed from the flow model;

e it permits a variety of channel boundary conditions including
uniform sediment size distributions at all sections or arbitary
size distributions at some or all sections;

e it handles a variety of sediment inflow boundary conditions at
the upstream end of the reach, including steady input and input
as a function of flow for each size class (rating curves);

e it handles up to five sources of lateral sediment inflow (this
is less than the allowed number of tributaries in the flow
model);

e it handles steady or unsteady lateral sediment inflows;

e it has the ability to start the sediment model at an arbitary
point within the time range of the flow model calculations and
allows periods of steady flow or flow model initialization to
be omitted;

@ it has the ability to set upstream sediment inflow to zero below
a specified minimum discharge;

e it has a variable soil detachment coefficient;
# it handles a variety of output options including English or
metric units, skipped time steps between printouts,and suppression

of general information printout;

e the number of time steps is less than or equal to the number
of time steps available from the flow model;
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e it predicts total tramsport rate, cumulative aggradation/
degradation, concentration, and aggradation/degradation by
size class at each time step;

e it may be applied on slopes ranging from zero up to 0.001
(dimensionless) with short subreaches of adverse (negative)
slope acceptable; and

s calculations are uncdnditionally stable although the results
may not always be meaningful.

The general limitations of the sediment model are as follows:

® aggradation/degradation calculations do not affect the cross-
section geometry; the reach must be reasonably stable;

e transport routines were originally designed for noncohesive
sediment materials larger than 0.065 mm (Tests in other studies
indicate satisfactory results may be obtained down to 0.0022 mm
material) of constant specific gravity that are biologically inert;
and

e the initial conditions in the model are zero concentration of
all size classes at all cross sections except the upstream
boundary; some model stabilization time equal to the time of
travel through the reach is required at startup.

Model Package Operating Procedures

This portilon of the report describes in detail the steps the user
must complete to simulate sediment transport with the model package. A
step-by~step procedure is given for both the flow and sediment models.
Some of the steps are optional and depend on the availability of data.
Such steps are identifed. There is some flexibility in the order of ex-
ecuting time steps. The order given here is based on a considerable
experience with the model. Following the given order should result in

accurate answers in minimal time.

Flow Model - -~

The following data should be obtalned in order to rum the flow
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model. Items marked with an asterisk (*) are desirable but not absolutely

necessary:

e maps of study reach;

® cross-section geometry (may be taken from maps if no other
sources are available);

# estimates of resistance to flow (Manning's n value) at each
cross section (may be calculated 1f depth profiles are avail-
able - - see following data items);

(*)e depth discharge rating curves for points in the reach and at
the upstream boundary;

(*)e flow depth at each cross section for one or more steady flows;

(*)# information on tributary inflows [A combined sewer overflow (CS0)
entering within a model reach will be considered a tributary.] :

¢ stage-discharge hydrographs at the upstream bcundary for periods

of interest; and

(*)e stage~discharge hydrographs at intermediate points in the reach

for the same period as the input hydrography.

The flow model can be set up and run with nothing more than geo~

metry and roughness data., The less information that is available, the

less accurate the results will be. For truly accurate transport medeling,

steady flow depth profiles (depth at each cross section for steady flow)

at several discharges are highly desirable. Roughness variations with

depth and reach storage cannot be accurately modeled without such infor-

mation.

The following steps must be taken to process the data and prepare

the flow model for calibration. Optional steps are marked with asterisks (¥*):

code the geometry data (cross sections) in point pair form
according to instructions given in Appendix A;

code the estimated roughness data;

determine Ax's between cross sections from maps. Note that in
typical streams a Ax of 0.25 to 1.0 mile is usually satisfaectory.
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Use close spacing around constrictions or downstream of sudden
expansions. Use close spacing upstream of point: at which the
slope of the bed increases or decreases greatly;

e select a model time step. In typical streams 20 minutes to 1
hour is satisfactory. Maximum accuracy occurs when, on the
average, the product of the velocity and the_time step is equal
to the average Ax. Maximum accuracy usually requires small time
steps with a tradeoff in cost;

e select upstream and downstream boundary conditions for the model.
Obtain an upstream rating curve if needed;

o determine any tributary and lateral inflows for periods of in-
terest or functions of time;

o code a period of low steady flow following the coding instruc-
tions on Appendix A;

¢ rtun the flow model for sufficient time steps at steady flow to
check for stability;

(*)e if the model 1is unstable at steady flow, first check the up-
stream inflow and rating curves (if used) for accuracy; if they
are correct, plot the unstable water surface and the longitudinal
channel bottom profile. Locate the point at which instabilities
originate and add cross sections upstream of that point. Reducing
of the time step size may also help;

(*)e continue to add cross sections or change the time step until
the model will run a low, steady flow with no instability.
Increasing values also helps in some cases. In most cases the
model will run on the first attempt;

e proceed with calibration if data are available.

The following steps should be taken to calibrate the flow model so0
that it accurately reproduces observed flow events. The amount of calibra-
tion that can be achieved depends on the available data. Maximum accuracy
occurs when steady flow profiles are available. Optional steps are marked

with asterisks (*). The steps for calibration are

® calculate the roughness coefficients (n values) at each cross
section based ca known depths at steady flow (25);

(*)e fit second-order equations of the formn=n + n,y + nzy2
through the n values calculated; °
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(*)e

(*)e

(*)e

(*)e

(*)e

run the flow model with the calculated roughnesses at the ap-
propriate steady flows to ensure its accuracy;

in the absense of the first three steps, compare the depths or
elevations predicted by the flow model at steady flow to known
values at upstream and downstream boundaries, bridges, or other
known points;

adjust the roughness values at each cross section until the model
matches observed conditions at steady flow;

when adjusting n values, proceed upstream. Match the downstream
boundary first and work upstream section by section. Plots of
the modeled versus observed water surface are very useful. The
model is extremely sensitive to n values near changes In slope
and almost insensitive in reaches where ponding occurs. In

most cases n values much larger than expected will be required
around slope changes - - values of 0.1 are not unusual for short
reaches;

code up on an unsteady-flow hydrograph. At the same time it is
useful to steore files containing observed cutflow or stage at
points in the model reach if such data are available;

run the flow model over the period for unsteady flow and check
for stability;

if the model is unstable, first check the input data for
accuracy, particularly for shifted decimal points that change
depth or discharge by factors of 10 or more;

if the input data are correct, experiment with shorter or larger
time steps;

if the model is still umstable, add cross sections upstream of
the-instability and repeat the steady flow calibration. In-
stabilities will most often occur at the downstream boundary cr
at breaks in bed slope. If the self-setting downstream boundary
condition is being used, make sure that the water surface

slope 1is sufficient to move the specified quantities of water
through the last reach at the given bed slope;

compare the output stage and/or discharge from the model with
known values. Plots of stage/discharge versus time are vital
to this step;

if depth profiles are available, initial comparisons will be
quite good. Stage predictions will be good, but timing may be
off. To correct timing errors it may be necessary to increase
or decrease Ax values slightly. Steady-flow calibration must
then be repeated. Adjusting Ax can usually be justified be-
cause of short-circuiting of channel meanders at high flow, or
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conversely too-short estimates of Ax at low flow. Some timing
errors can be corrected by changing n values, but such changes
cannot be justified if depth profiles were used to compute
roughness; and

(*)e 1if depth profiles were not used to compute roughness, it is
likely that both stage and timing errors will be present.
Correct the stage errors first by increasing or decreasing
the n values. Work upstream. Adjust the depths in the lower
portion of the reach first. Rerun the model and keep adjusting
until the stages are all reasonable. Just as for steady flow,
the model is very sensitive to m values at changes in bed slope.
Timing errors are corrected after stage errors by adjusting
Ax values slightly (see previous step for calibration with depth
profiles);

The flow model can be used without calibration. Comparison of
different hydrographs will be correct relative to one another, but may
have little relation to the real world. Every effort should be made to

obtain all required data for accurate setup and calibration.

Flow model calibration is an iterative process. Most changes will
force the user to return to the steady-flow calibration. It is not unusual
for several weeks to be required for an extensive and accurate setup and

calibration.

Sediment Model -~ -~

The following data should be obtained in order to run the sediment
model. Items marked with an asterisk (*) are desirable, but not absolutely
necessary. Note that data required by tlie flow model are assumed to be

at hand and are not repeated here. The data are

(*)e sediment samples from the channel bed and banks at each model
cross section or for representative reaches. In the absence
of such data it is necessary to estimate;

(*)e size class analysis of bed material samples. Again, in the
absence of data it is necessary to estimate;:

e sediment inflow data [quantity and size distribution (*)] at
upstream end of reach;
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o sediment inflow data | quantity and size distribution (*i]
for major reach tributaries. A CSO entering within the model
reach is treated as a tributary; and

(*)e sediment outflow data [quantity and size distribution(*)] at
intermediate points and the downstream end of the reach for use
in calibration.

The sediment model may be run with purely hypothetical data. In
many cases, sediment data are nonexistent and must be estimated from
research papers describing average values. Under the best of circum-
stances, it is not unusual to have only a single daily value of the total
sediment load with no size distribution data. Accurate sediment modeling

almost always involves a special data collection effort.

The following steps must be taken to process the data and prepare
the sediment model for calibration optional steps are marked with

asterisks (*) :

e select the number of size classes to be used in the model. If
noe size class data are available, use three to five with a
fairly broad range or estimate based on observatioa of the
channel. For example, it is possible to determine visually
whether a stream has a sand or gravel bed and the approximate
range of particle sizes. It is always wise to imclude one
very large size class (say, 10 or 20 mm) for reasons noted
below;

» develop a sediment inflow graph for the upstream boundary of
the reach for the period of Interest. The model requires in-
flow in pounds or kilograms per second by size class;

(*)s develop sediment inflow graphs for any tributaries considered
in the model. In the absence of data, these graphs can be
estimated or simply assumed to be zero. Recall again that CSOs
in the reach are tributaries;

e determine the percentage of material in each size class at each
cross section (bed and bank material). It is good to include
one very large size class that cannot be eroded for use at
geologic control points. That is, when the bed is solid rock,
100 percent of the bed should be larger than some size such
as, say, 10 mm;

e code the model as instructed in Appendix A;
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run the flow model for the period of interest;
Tun the sediment model;

plot the modeled sediment outflow versus observed values as a
function of time if data are available; and

proceed with calibration steps.

The following steps may be taken to calibrate the sediment model

if data are available to do so. The amount and accuracy of calibration

is directly proportional to the data available. Optional steps are marked
with asterisks (*). The steps are:

e examine the aggradation/degradation values (Az) at each cross

(*)e

section at the end of the model period. It is useful to plot
the results as functions of both time and space;

if the smallest size class is eroding badly at breaks in chanmnel
slope (usually areas of high velocity), increase the percentage
of bed material at these points in the larger size -:lasses and
decrease the percentage {(possible to zero) in the smaller sizes.
Such adjustments are perfectly realistic from a physical stand-
point. The channel would be unstable over long time periods 1f
too much material continually eroded from "high spots';

when aggradation/degradation has been stabilized, compare the
predicted sediment concentrations with observed values;

if concenirations are too high, decrease the soil detachment
factor (ADF). Conversely, 1if values are too low, increase ADF.
The range is ¢ to 1. If calibration cannot be achieved using
ADF, it 1is necessary to increase the percentage of small size
materials in either the upstream and tributary inpuvt or in the
bed (at points not subject to unrealistic erosion); and

adjust for timing errors. Timing errors are not likely if the
flow model can be accurately calibrated. However, 1f the flow
model is inaccurate, large timing errors may appear in the
sediment model. Arrival times of sediment peaks can be slowed
by increasing Ax values in the flow model or by increasing

the depth in reaches where it is not accurately known (increased
1 values). Arrival times can be speeded by the Inverse process.
The process is iterative and time consuming because of the
changes and possible requirement to recalibrate the flow model.

The following general Information on using the model and the results

of the model may be useful.
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Fate studies. The model package presented here is an effective
tool for determining how sediments move through a stream and
where they come to rest. The best visual tools for fate studies
are plots of aggradation as a function of channel length after
passage of a hydrograph. Plots of flow and aggradation/degrada-
tion at a single cross section as a function of time are useful
for determining the conditions under which various sediment
materials change location. Scour studies can be conducted by
forming deposits) with observed events and then following the
observed events with synthetic floods of various frequencies.
Such studies are valuable in assessing residence time of deposits
and probability of movement.

Separating effects. If the stream being modeled carries a high
background sediment load, it may be difficult to determine the
effects of smaller loads from CSOs and tributaries. In such
cases, the model may be run "with and without" the tributary or
CS0 load and the results compared. Differences in the aggradation-
degradation pattern can be attributed to the missing tributary.
It is not wise to set the upstream inflow sediment load to zero
in streams with high background transport. The model will then
predict a great deal of scour because the stream will always
try to carry at capacity if material is available for it to do
so0.

Estimating missing data. Sediment data are difficult to find.
The best initial source for most studies is the local district
offices of the U.S5. Geological Survey. However, in most ir-
stances only daily total loads with no size data will be avail-
able. Sample locations are also very limited. Klemetson et

al. (6), presents a good deal of information useful for esti-
mating sediment loads for CSC type studlies. Excellent general
references on sediment transport process are (25) and (26),
which contain considerable basic sediment theory along with many
practical calibration procedures.

Learning the model. New users of the model should use the model
package on simple, trial cases before attempting a major stream
study. Begin with a simple, trapezoildal channel at moderate
slope. Study equilibrium transport in steady and moderately
unsteady flows. Experiment with roughness coefficients and
sediment sizes. Then proceed to more complex cases. The model
package presented here has a great many adjustable parameters.
This flexibility allows the model to cover a broad range of
conditions and also allows the user to obtain the same answer
several ways. Ccnsiderable knowledge of sediment transport
processes and unsteady flow mechanics may be required to
correctly interpret results.

The importance of graphics. It is imperative that users learn
to plot results quickly and in a variety of ways. Access to
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some form of computer graphics is ideal. Both calibration and
operation will produce hundreds of pages of tables on aggrada-
tion, degradation, flow, and concentration of sediments, Only
by producing effective comparison or display graphs can the
model ocutput be used sffectively. Plots of the stream bed,
water surface profile, and aggradation/degradation by size
class on a single sheet are most effective ways to view
fate-type results. Aggradation in trap (low velocity) areas
can be clearly seen,
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SECTION 5

SCIOTO RIVER STUDY

This section describes the experimental work carried out on the
Scioto River in order to provide test data for the model package. A des~
cription of the study reach is presented, and then data collection and
analysis procedures are discussed and setup, calibration, and output from the
model package are presented. An analysis of the study results and comparison'

of results with those from other investigations is presented in Sectiom 6.

DESCRIPTION OF STUDY REACH

The water quality investigation conducted by W. E. Gates covers a
reach of the Scioto River from Columbus, Ohio, socuth to Chillicothe. The
southern portion of the Scioto River drainage basin is illustrated in
Figure 5~1. For purposes of this study it was not economically feasible
to collect detailed sediment data over the entire reach from Columbus to
Chillicothe. Based on a steady-state estimate of dissolved oxygen (DO)
sag in the river, it was felt that maximum changes in water quality would
occur above Circleville. A 22-km reach from Columbus half way to
Circleville was selected. The general location of the reach is illustrated

in Figure 5~1. A schematic diagram of the reach is given in Figure 5-2.

The study reach begins at the Whittier Avenue combined sewer over-
flow (CS0). The CSO is located just upstream of the dam in Figure 5-3.

Office buildings in downtown Columbus can be seea in the background.

Over most of the length of the study reach the channel banks are
tree-lined. The chamnel width varies from 200 to 500 ft with 200 to 250 ft
being typical south of the I-270 Bridge. The channel bed consists of

course gravel. At low flow conditions (300 cfs or less) flow is a series of
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Figure 5-1. SCIOTO RIVER STUDY REACH
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Figure 5-2.
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Figure 5-3. WHITTIER STREET COMBINED SEWER OVERFLOW
OUTLET (DARK SQUARE IMMEDIATELY BELOW WEIR)

chutes and pools. The overall slope over the study reach is fairly con-
stant at 0.33m/km. One major tributary, Big Walnut Creek, enters the river
from the east between Shadeville and Route 762 (Figure 5-2). A typlcal
river reach is illustrated in Figure 5-4.

DATA COLLECTION AND ANALYSIS PROCEDURES

Data were collected for the study in two phases. The initial phase
consisted of investigation of the nonstorm characteristics of the river.

The second phase consisted of actual storm event sampling.

The initial investigation of the nonstorm characteristics of the
Scioto River was conducted in July 1980. Sutron personnel met with represen-
tatives of the EPA and W. E. Gates Associates in Columbus. Burgess and

Niple, Inc., provided two boats and crews for use in the investigation.
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Figure 5-4. TYPICAL REACH OF THE SCIOTO RIVER
SOUTH OF I-270

The boats were used to investigate in detail the reach from the
junction with Big Walnut Creek south of Shadeville north to the I-270 Bridge.
The river was not traversable by boat above I~270. Approximate river cross
sections were taken at points where significant changes occurred in the channel
geometry such as chutes or pools. Cross sections were obtained by means of
a fiberglass surveying rod immersed in the stream. Cross-section locations

were recorded on a USGS topographic map.

Bed material deposit samples were obtained at a number of the cross-
section locations. The nature of the channel and its bed are reasonably
uniform over the study reach. Figure 5-5 illustrates a typical river cross
section. The channel is incised in a layer of gravel (2 cm and up diameter).
It behaves, for all practical purposes, as a rigid boundary. No significant
deposits of sand size material were noted in the investigation. The nature

of the channel indicated that it does not act as a source of sediment until
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Figure 5-5. TYPICAL CROSS SECTION OF SCIOTO RIVER

very high flows are reached. No previous studies had ever indicated dis-
charge of gravel size material from a C50. Thus, no difficulty was

anticipated in modeling the interaction of CSO materials and the channel bed.

At the conclusion of the channel investigation, efforts were made to
locate supplementary cross-section data for the study reach as well as a
longitudinal bed profile. The Columbus district office of the USGS and the
Columbus office of Ohic EPA were contacted. The USGS provided some useful
flow data but had no cross-section information; the Chio EPA provided a
number of surveyed cross sections, but most were located south of Circleville
outside the study reach. The U.S5. Army Corps of Engineers (COE) district in
Huntington, West Virginia, provided several flood studies and an approximate
channel bed profile. The flood studles provide detailed cross sections at
the Greenlawn Avenue, I-270, Frank Road, and Shadeville (Route 665) bridges.

From the first phase data collectien, it was possible to develop the
data set for the flow model and initial sediment model. First, data from
20 cross sections were prepared for the entire reach. Cross Section 1
through 7 represent the reach from the €50 (Greenlawn Avenue) to the I-270
bridge; Cross Secticns 8 through 13 represent the reach from below I-270 to

the Shadeville (Route 665) bridge; and the remaining cross sections represent
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the reach from below Shadeville to the Route 762 bridge. The distance
between cross sections varied from 0.5 to 1 km. With depths at each cross
section known at a given steady flow, it is possible to compute the bed
elevation at all intermediate points between the known points. The final
bed profile used in the model along with the cross—section locations is

1llustrated in Figure 5-6.
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Figure 5-6. BOTTOM PROFILE OF SCIOTO RIVER AND
MODEL CROSS SECTION LOCATIONS

In the summer of 1980 no overflow event occurred, and thus sampling
was not done until fall of that year. In the intervening period, necessary
modifications to the sediment tramsport model described by Klemetson, et al.
(6) were undertaken. The model computational procedure was completely
modified and the coding improved as described in Section 4. The model was
tested on a variety of prismatic (constant trapezoidal section) channels
under various slope and sediment boundary conditions. After proper model

behavior had been verified, the model was coded for use in this study.

Based on the bed material samples taken during the first phase data
collection, the sediment model was coded to route ten size classes of

sediments, the largest of which was 20 mm. The remaining size classes were
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15, 6, 1.3, -, 0.32, 0.18, 0.11, 0.06, and 0.04 mm. The bed material dis-
tributions (po. “ge in each size class) are given in Table 5-1. The
heavy weighting of the larger size classes reflects the armored condition of
the channel bed.

Table 5-1. BED MATERIAL SIZE DISTRIBUTIONS USED IN
MODEL (PERCENT)

"izg_ﬁ'lass..mﬁm
Cross Section No. | 20 {15{ 6}1.3] 0.5} 0.32] 0.18] 0.11}0.06 ] 0.04
1,2,3,5,6,8,9,
10,12,15,16,17,
18,19,20 60 |25]10] 3 2 0 0 0 0 0
4,7,11,13,14 80 |20{ 0] 0 0 0 0 0 0 0

After coding, several synthetic flow events were routed through the
reach to determine how sediment from the CSO might behave. Preliminary
analysis indicated that particles smaller than 0.06 mm could be carried
through the reach even at very low flows (500 cfs or less). Flows equal to
the average annual high flow of 10,000 cfs would move sediments 0.18 mm
or smaller through the reach. No further tests were made until actual data

became available.

The second phase of data collection, the storm event sampling, was
carried out by personnel from Burgess and Niple (B&N). B & N had the
responsibility of determining appropriate weather and flow conditions for
initiation of sample runs. Initially,plans were made to sample three storm

events.
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The work effort required to collect sediment samples was included in
the B & N subcontract to W. E. Gates. The sample program consisted of three

elements:

] grab samples at the CS80;

. depth~integrated samples within the CS0O slug as it moved
downstream; and

] stage measurements at bridge crossings.

The intent of the stage measurements was to provide data for calibration

of the flow model.

The grab samples from the CSO were collected at the same time as
samples for other water-quality constituents. The depth-integrated

sediment samples were collected as follows:

] at the Frank Road Bridge and at the State Route 762
Bridge commencing prior to the arrival of the CSO
slug at the station and continuing until the entire
€SO plug has passed that station at an interval
between 1 and 2 hours; and

o at the I-270 Bridge and at the Shadeville Bridge at
irregular intervals during the passage of the CSO slug
as the availability of the samplers allowed.

Water surface elevation measurements were taken at Frank Road and at State

Route 762 when integrated depth samples were taken.

Sutron provided two standard DH~59 hand~held, depth-integrating
sediment samplers to B & N for use in this study. Sutron personnel instructed
B & N personnel in their use during the first phase data collection effort,
The sediment sampler being operated off the Frank Road Bridge is illustrated
in Figure 5-7. B & N shipped the collected samples to Sutron for concentra-

tion and size analysis following each event.
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Storm event data were ultimately collected for two periods over the
course of the study. The first sampling event occurred on 24 and 25 November

1980. The second event occurred on 14 through 16 September 1981.

The first storm event did not produce sufficient data for model
calibration. Flow from CS0O reached 200 cfs (the peak value was not recorded).
Twelve sediment samples were collected but insufficient stage data were avail-

able. These samples provided preliminary data on the size distribution of

material in the CS0.

Figure 5-7. DH-59 SEDIMENT SAMPLER BEING LOWERED OFF
FRANK ROAD BRIDGE
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The second storm event sampling was successful. Sufficient flow,
stage, and sediment data were obtained to allow calibration of the flow and
sediment models. Fourteen samples and flow readings were obtained at the
Whittier Street CS0. Excellent definition of the outflow hydrograph and its
quality was possible. The USGS gage below the Frank Road Bridge operated
continuously and provided a complete record of hourly stage at that point.
Water surface measurements from the Frank Road, I-270, and Routes 665 and
762 bridges taken coincidently with sediment samples provided 16 usable
points for calibration of the flow model. Sufficient sediment samples were
obtained in the CSO and in the Scioto River to define quantity and size dis~
tribution of the sediment load.

The initial step in the data analysis was to analyze the sediment
samples for concentration and size distribution. The results of the amalysis

are presented in graphic form along with model results in Section 6.

The second step in the data analysis was to prepare input for the flow
model. The discharge in the Sciotc River at the Whittier Street CSO was
determined by advancing in time the discharge hydrograph from the USGS
Columbus gage. The advance was equal to the travel time from Whittier Street
to the gage, approximately 2 hours. The discharge from the CSO was added

to form the upstream input hydrograph.

The third step in preparing the flow model was to develop the flows

from Big Walnut Creek. Base flow was estimated by examining several years

of USGS records. Then, the storm flow was estimated by adding two-thirds

of the difference in flow between the Columbus and the Circleville gages.

The difference was computed after offsetting one record in time by the value
of the travel time between the gages. The two-thirds factor was based on the
historic ratio of the flows in Big Darby and Big Walnut Creek, both of which
enter the reach above Circleville. The complete inflow can be found in the

input 1list in Appendix D,
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The flow model was set up to use a discharge rating curve for the
upstream boundary condition. The rating curve was developed by using the
step-backwater portion of the flow model at a number of steady flows. The

rating curve is also part of the model input data given in Appendix D.

The flow model was set up to use known stages as the downstream
boundary ccadition. Insufficient measurements were available for the entire
period of interest, but reasonable values were easily estimated from the
measurement and the shape of upstream hydrographs., The complete downstream

stage hydrograph is included in the flow model input in Appendix D.

Under flat slope conditions, the flow model is extremely sensitive to
the downstream boundary condition. Care must be taken when using observed
stages to ensure that they are accurate to + 0.1 ft. Timing is also critical;
if adverse water surface slopes are created by improper stages, the model

usually 'blows up."

The flow model was coded teo create flows for the period between
1:00 a.m. on 13 September and 12:00 N 16 September 1981. Eighty-four

l-hour time steps were taken.

Following preparation of the flow model, the model was calibrated.
As originally (first run) configured, the model predicted stages slightly
low at the Route 665 (Shadeville) and Frank Road Bridges. The roughness
coefficients at several points below each bridge were increased until

best fit was determined visually.

The results of the flow model calibration are illustrated in Figure 5-8.
In the figure, the s0lid lines are model values and the plus signs are observed
values. The smallest change in stage occurs at the I-~270 Bridge where the
cross section of the channel is very wide. The flow model results are reason-
able. The Shadeville Bridge data are the least accurate in comparison to

the observations.
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Following flow model calibrating, the direct access file that couples
the flow and sediment models was generated. No further runs of the flow

model were required.

Much of the input data for the sediment model is generated directly
by the flow model. The user, however, must prepare the sediment input for
the upstream boundary as well as all tributaries. One input value is re-
quired for each size class for each time step for the upstream boundary and
tributaries. The option of using a sediment rating curve for the upstream
boundary condition is included in the model. The inflow of the ith sediment
s8ize class is computed as a constant, a; times the streamflow, Q, raised

to the bith power. The constants and b, may be determined from sediment

i
discharge measurements by size class at various discharges.

The upstream sediment inflow from the Scioto River was estimated to
be 30 mg/l of the smallest size fraction based on "before CSO slug" samples
at downstream locations. The solids content of the CSO flow was known from
the samples. Again, loads were of the smallest size class, All other size
class loads were set to zero at each time step. The upstream loads, along
with control codes, (see coding instructions in Appendix A) are edited
into the file produced by the flow model (see the example in Appendix D).

No sediment data were available from Big Walnut Creek. Accordingly,
the sediment loads for all size classes were set to zero. The study results
in the Section 6 indicate that the loading from Big Walnut Creek increases
the concentration at the Route 762 Bridge.

After completion of loading input the sediment model was coded to
simulate the period between 1 a.m, 14 September and noon 16 September. This
time period coincided with the period of the CSO flow event.

MODEL RESULT

The results of the sediment model are presented primarily in Appendix D.

The model generates a large volume of numbers and is difficult to interpret
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without the aid of graphics. At each time step, the model produces

[ total sediment load, mass/time at each cross section;
® total concentration at each cross section; and
] cumulative aggradation or degradation for each size

class at each cross section.

The data can be used to analyze concentration versus time at a point, total
load versus time, and fate of each size class via the aggradation/degrada-

tion figures.

Figure 5-9 illustrates the variation of total sediment concentration
versus time at the upstream boundary, Frank Road Bridge, I-270 Bridge, and
the Route 655 and 762 bridges. Also, illustrated on the figure are the
observed concentrations. The observed values came from the sediment samples

plus the total settleable solids data from the water quality samples.

An unfortunate aspect of the Scioto River from a computer modeler's
standpoint is that all the material discharged by the CS0 is fine (much
smaller than 0.063 mm) and that the channel boundary is armored. The normal
flow of the Scioto River is capable of carrying 100 percent of such small
size material. As a result, there is no accufiulation of the CSO material
within the reach. The fate of the material is to be convected out of the
reach and on to Chillicothe and beyond. 1In the terminology of sediment
transport, the CSO sediments are "wash load." The stream will carry all it is
supplied. A conservative mass transport model would be sufficient for routing
the CSO load. It would have to be carefully configured, however, to account

for further entrailnment.

The convective nature of the fine material transport can be seen by
studying the early portion of the output data in Appendix D. The input
concentration travels down the reach and stabilizes with no variation except

the dilution of Big Walnut Creek.
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SECTION 6

ANALYSIS OF RESULTS

FLOW MODEL

While the flow model results are noi perfect, they serve the purpose
of this study and are reasonable from the data available. The work of USGS
researchers, particularly Reference (7), has demonstrated the ability of the
flow model to reproduce stage to tenths of feet and timing to within 10 to

15 minutes when sufficient calibration data are available.

The flow model calibration for this study worked well because a depth
profile was available at low flow and sufficient stage data were available
from bridges at other flows to allow adjustment. Model results could be
improved by the addition of the following data, both for operation and
calibration:

# continuously recorded stage at the route 762 and all intermediate
bridges;

e one or more lengitudinal depth profiles at intermediate to high
flow to allow accurate computation of roughness variation with

depth; and

8 surveyed cross sectlion geometry and bed elevations.
The cost of such additional data would be substantial. Continuous recorded

stage at route 762 and a 24 hour period of stage at all other bridges plus
one additional depth prufile would be a good compromise,
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SEDIMENT MODEL

Concentration Predictions

In viewing the results of modeling the suspended sediment concentra-
tions illustrated in Figure 5-9, the results vary widely., It is evident from
the figure that the sediment model smoothly routes the input concentration
through the reach producing figures quite similar to small hydrographs. It
is also evident that observed values varied widely from measurement to measure=-

ment, particularly at Frank Road and routes 665 and 762,

It seems unlikely that model timing could have been in error 6 hours
at Frank Road, Thus the observed value at hour 50 is probably am outlier.
Such an observation might have been obtained by allowing the sampler nozzle
to dig intc the channel bed.

At route 762 the data point at 57 hours also appears to be an outlier
although 1t may coincide with unmeasured sediment inflow from Big Walnut
Creek, Although the individual measurements at route 762 vary 100 percent
from one through to the next, their average falls close to the modeled

values.

The observed wvalues at the route 665 bridge scatter widely around the
modeled results, The best that can be said is that the modeled concentration

Increases during the same time period on the observed values,

The most unusual results are at I-270. None of the samples taken there,
either water quality or sediment, indicated any passage of increased con-
centration. Given that the flow model is reasonably well tried it is unlikely
that the modeled peak would miss a real peak by the B hour period over which
data were collected. Given the high transport capacity of the channel for the
fine material it seems unlikely that all sediments settled out, No good

explanation for the discrepancy was discovered.

The Greenlawn Avenue modeled results are the correct order of magni-
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- »%7%.

tude (550 versus 650 mg/l peak) but inaccurate in time. The apparent
explanation is the phasing of the modeled sediment load with the one hour
time steps used. Note that a plus or minus one hour error here would not

result in 5 or 6 hour errors elsewhere.

Overall it seems safe to say that the model gives order of magnitude
results which will be much smoother than the data used for comparision.
Professionals in the USGS acknowledge the difficulty and erratic nature of
sediment concentration measurements. Sediment samples taken at nearly the
same time at the same point often vary in concentration by 50 percent or

more.

Comparison With Other Studies

A number of other researchers have published concentration and size

distribution data from CS0 flows. Data from this study, along with several

tables from other reports are reproduced below. Note in the tables that lmm =

1000 microns.

It was noted earlier that the technology in the sediment model is
traceable to a watershed model developed at Colorado State University. The
model was primarily designed to route noncohesive materials with fall dia-
meters greater than (.063mm, the border between sands and silts and clays.
The material discharged by the Whittier Street CS0O was mostly finer than
0.063mm.

Table 6-1 lists the particle size distribution of the samples taken in
this study. Table 6-2 lists the particle size distribution of samples from
CS0's in San Francisco, California. Note in Table 6-2 that slightly over
50 percent of the particles were greater than 0.063mm with some significant
amounts greater than 0.25mm. Table 6-3 lists size distributions of CSO
solids discharged into a catch basic and Lancaster, Pennsylvania. 1In Table

6-3 nearly 56 percent of the material is finer than 0.074mm. The writers
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Table 6-1.

TYPICAL PARTICLE SIZE DISTRIBUTIONS

FOR SAMPLES IN THIS STUDY

Percent Distribution by Weight

Size Range | 5 i0r to €SO During CSO Flow | After CSO Flow CSO Flow
Microns Flow in River in River in River at Peak
74~149 0 ¢
44-74 2 1 2
less than 99 97 99 g7
44

Table 6=2. PARTICLE SIZE DISTRIBUTION OF SUSPENDED SOLIDS IN

CS0'S IN SAN FRANCISCO, CALIFORNIA
Size Range Percent Distribution by Weight

3,327 microns
991 to 3,327
295 to 991

74 to 295

74

Source:
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Table 6-3 . PARTICLE SIZE DISTRIBUTION OF SUSPENDED SOLIDS IN
CS0'S IN LANCASTER, PENNSYLVANTIA

-

Size Range Percent Distribution by Weight
9,525 microns 1.77
4,760 to 9,525 1.06
2,000 to 4,760 1.40
1,190 to 2,000 1.88
590 to 1,190 3.10
420 to 590 2.78
210 to 420 7.01
149 to 210 ) 5.19
74 to 149 20.10
44 to 74 23.80
44 31.90

Note: These data represent material retained in a catch basin rather than
actual CSO's.
Scurce: Krants and Russell, (30); from Dalrymple et al., (29)

used the distribution of material in urban street solids for estimating
CSO loads in previous studies. Table 6-4 lists typical percentage values
for various size classes. Note that over 50 percent of the material is in
the size range 0.075mm to 0.85mm. Streets solids are much larger and more

widely distributed in size than the material in this study (Table 6-1).

The sediment concentrations found in this study are listed in Table
6-5. The concentrations of solids discharged from the CS0 reach the 500~
600 mg/1 levels. These concentrations compares well with values reported

by Manning, et al. (31) and Metcalf and Eddy consultants (33) in Table 6-6.
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Table 6=4. PARTICLE SIZE DISTRIBUTION FOR STREET SOLIDS
SAMPLES FROM WASHINGTON, D.C.

Percent Distribution by Weight

Arterial Urban Shopping Commercial
Size Range Roadway Highway Center Street Average

1,700 to 3,350

microns 3.2 8.7 1.8 5.5 4.8
850 to 1,700 7.1 9.6 6.3 8.0 7.8
420 to 850 19.4 14.4 19.7 18.6 18.0
250 to 420 25.2 14.3 25.4 23.0 22.0
150 to 250 19.1 12.3 15.4 16.3 15.8

75 to 150 17.6 17.2 16.4 17.0 17.0

45 to 75 7.6 13.4 10.8 10.6 10.7

45 0.6 10.0 4.3 1.0 4.0

Source: Shaheen, (32): from Manning et al., (31)

Table 6-5. TYPICAL PARTICLE CONCENTRATIONS FOR SAMPLES
IN TEIS STUDY

Time of Sample Suspended Sediment Concentration, mg/%
Prior to CSO flow in river 30
Peak flow in CSO 575
Peak flow in river below CS0 650
Peak flow at I-270 bridge 50
Peak flow at Route 665 bridge 350
Peak flow at Route 762 bridge 100
After CSO flow im river 30
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Table 6-6.

TYPICAL PARAMETER CONCENTRATIONS FOR SANITARY SEWAGE,

URBAN SURFACE RUNOFF, AND COMBINED SEWER OVERFLOWS

Concentration, mg/%
Sanitary Urban Combined

Parameter Sewage Surface Runoff Overflows
TS 700 496 589
TSS 200 415 370
BODS 200 20 115
coD 500 115 275
Total N 40 3 to 10 9 to 1C
Orthor PO, as P 7 0.6 1.9

Source: Manning et al., (32), Metcalf and Eddy (33)

The general observation concerning the Scioto River data set used here
is that the size distribution of CSO material lies toward the lower end of
previous studies and that the concentrations of material discharged are

comparable to other studies.

Use of Model With Other Sizes of Material and Flow Rates

The reader should not be left with the impression that all CSOs would
discharge material fine enough to be carried long distances. The data in
Tables 6-2 through 6-5 demonstrate that materials as large as several mm can
be discharged.

An experiment was conducted with the sediment model to illustrate how
the model could be used to study the fate of larger size materials., Hypothe-
tical sediment loads for an actual overflow event into a seasonal low flow in
August 1978 were routed through the reach. The overflow event was followed

by a flow equal in magnitude to one which might reasonably occur once a
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year at Columbus. The larger flow event was sufficient to scour deposits

of larger size materials and move them downstream.

The results of the fate experiment are illustrated in Pigures 6-1 and
6-2, Figure 6-1 illustrates the accumulation and erosion of five size classes
of materials as the CSO flow (48-65 hours) and the large flow (110-145 hours)
pass model cross section 2 (below Greenlawn avenue). The large flow flushes

all but the 0.315mm sizes dovmstrean.

Figure 6-2 illustrates the location of the deposits of six size
classes of material before, during, and after the CSO flow illustrating how
materials of large size remain at cross section 2 and the smaller sizes
(.059, .040mm) move along the channel,

The experiment presents the basic concept for a fate study. Flood
frequency analysis could be used to determine what type flood events scoured
out various channel areas, Note that aggradation;degradation amounts are
extremely small, The accuracy of such predictions must be assured by good
model calibration and verification. The model accurately conserves mass, If
inflow-outflow concentrations are reasonable and the bed profile is accurate,
the fate predictions will be reasonable. Measurement of deposits of this
magnitude is out of the question. Tracer particles might be used to help

verify accuracy.
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Correlation of Sediment With Other Quality Parameters

It has been mentioned in this study background that the sediments and
sediment-like materials form an important source of organic and inorganic
pollutants. A 1974 report of the North Carolina Water Resources Research
Insitute (1) indicated that plain sedimentation of urban runoff resulted in
60 percent COD removal. Thus, although general water quality is the domain
of the companion study by W.E. Gates, the timing of sediment loads with other

water quality constituents i1s of interest.

The general water quality analysis of samples taken over the storm
event studied here was provided to Sutron by the Cincinnati, Ohio,office of
Gates. Figure 6-3 and 6-4 1llustrate the variation of several key water

quality parameters along with the modeled sediment discharge.

Figure 6-3 iliustrates the variation of COD, DO, and BOD at the Route
762 bridge. Recall that the predicted sediment concentration here are rea-
sonable (Figure 5-9). The observed COD peak and DO minimum coincide with the
peak sediment discharge, The observed BOD is a minimum at the sediment peak.

Figure 6-4 1llustrates the variation of COD and BOD at the Route 665
birdge. Here, both the BOD and COD peaks trall the sediment discharge. If the
cbserved data point at 50 hours of Figure 5-9 is interpreted as an outlier
it might indicate that the arrival of the sediment discharge as predicted by
the model is early. If so, the sediment discharge and COD/BOD increases

would be nearly in phase.

The data and model results emphasize the complexity of transport in

unsteady flow and the value of data over hydrographs,
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Appendix A

USER CODING INFORMATION
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This appendix presents the user coding instruction for
the linked flow model -~ sediment model. First, the general
operation of each of the models is illustrated. The first
six flow charts show the operation of the linear implicit,
finite difference flow model and associated subroutines; the
next five flow charts show the operation of the sediment model
and its associated subroutines.

Currently, the models can handle up to 40 cross sections.
This limit can be raised by changing the appropriate dimension
statements, with a corresponding increase in required computer
memory and time required for solution. The current model will
run on a minicomputer with a 64-kbyte memory partition.

Among the many features of the models are

o depth, velocity and discharge output for each
model timestep;

® English or metric units output:;

] up to ten sediment size classes each having a
different specific gravity and percentage of
bed material if required;

e cross section print suppression;

e steady or unsteady sediment input at the upstream
boundary and at any tributaries;

. steady or unsteady flows at the upstream boundary
and at all tributaries; and

* no limit to the length of time simulated except
budget.
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FLOWCHART PROGRAM SEDMOD

CALL
: INFDA IS USED TO INFUY THE
WPDA MAIRITY OF THE DATA
A INE : IITL INITIALIZES MPORTANT
mITL VARIABLES TO ZERO

+ REGUMMNEING OF MAIN TIME LOOF

: ROUTE MOVES SEDIMENT
DOWHN THE NEACH

: END OF MAIN THSE LOOP
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FLOWCHART SUBROUTINE INPDA

INPUT X-BEC : X-SEC DATA INCLUDES
DATA FOR ALL MVERMILE; THALWEG ELEV.; MANNINGS N;
XA&EC AND A WETTED PEMIMETER TABLE
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FLOWCHART

SUBROUTINE INITL

ZERD TRIBUTARY
SEDWAENT
WMFLOWS

SUBROUTINE POWER

START

EVALUATE
EINETEING

SUBROUTINE TABL

MCK WETTED
PERIMETER FROM
TARLE FOR GIVEN

. — e -



FLOWCHART SUBROUTINE ROUTE

CALCULATE
ENERGY
SLOPE

CALL
SBROUTINE
PERCT

77

: BEGINMNING OF X-SEC LOOF

: PERCT DETERMINES ADJUSTED
SEDIMENT PERCENTAGES DUE TO
ARMORING

: TRAME DETERMINES THE TRANSPORT
CAPACITY OF THE FLOW

: ENMD OF X8EC LOOP



FLOWCHART SUBROUTINE SROUT

CALCULATE CHMANGE
1% SOTTOM ELEVA
POR A SMECIFIC
HEZE CLARR

: ¥ DEPORITION OCCURS THEN
TRANSPORT RATE IS AT
CAPACITY

LOOSE
SLOW DEPIH, oI + 1 MO LOOS SOIL AVAILABLE
AND SEDIMENY AVAILASLE? THEN TRAMSPORT RATE 18 LESS
FLOWRATE THEN CAPACITY
m SEDIMENT FLOW
povs WATE = TRANSPORT
Rget CAPACITY
no
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FLOWCHART SUBROUTINE TRANSP

CALL
RIBROUTINE
TAEL

CALCULATE

SHEAR >07

CALL

CALCULATE

BEDIMENT
LOAD CAPACITY

CALCULATE
MED MATERIAL
SEDIMENT
LOAD CAPACITY

CALCULATE
TOTAL BEDIMENT

FALL
VELOCITIER

79

: TABL RETURMSE A WETTED PERIMETER
VALUE FROM A TABLE WHEN QIVEN
A DEFTH

: POWER EVALUATES THE INTEGRALS
1N MODIFIED EINSTEIN SUSPEKDED
SEDIMENT LOAD EQUATION

1 UBES MODIFIED EINSTEIN
EQUATION

: USES MEYERPFETER-MULLER
EQUATION



FLOWCHART PROGRAM FLOWMOD

START

GENERAL
DATA

T

CALL
SUBROUTINE
CHANNEL

PRINT
XBEC
PAOPERTIES?

UBE ETEF BACKWATER
METHOD TO
CALCULATE

INITIAL CONDITIONS

{

CALL
SUBROUTINE
TABLE & HEAD
: SUBROUTINE TABLE RETURNS
PRINT INITIAL
ALUES FROM THE TABLES AND
CONDITIONS v F

MEAD CALCULATES FRICTION
BLOPE AND VELOCITY HEAD

©
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FLOWCHART PROGRAM FLOWMOD (Continued}

ST UPSTREAM
BOUNDARY
CONDITION

|

COMPUTE
XBEC PROPERTIES
OF UPSTREAM
END OF FIRET REACH

i

COMPUTE X SEC
PROPERTIES AT

OOWNSTREAM END
OF REACH

OF X-SECS?

YeES

STRUCTURE
COEFFICIENT MATRIX
FOR UPESTREAM AND

BOUNDARY
CALL
SUBROUTINE

BOLVE TO
MNVEST MATRIX

®

81

: SEGINNING OF MAIN TIMESTEP
LOGe

: CALLS TO SUBROUTINE
TASLE IF REQUIRED

: FILL COEFFICIENT MATRIX
: ACALLS TO SUBROUTINE TABLE

: JCALLS TO SUBROUTINE TABLE

1 COEFFICIENT MATRIX FILLED



FLOWCHART PROGRAM FLOWMOD {Continued)

?

COMPUTE
ABSOLUTE RATES
BURFACE
ELEVATION

WRITE DEPTH,
Q AND VELOCITY
TO DISK FILE

¢

EXCHANGE OLD
LINES

INFUT NEXT

12 MAIN CHANNEL
AND TRIBUTARY
DISCHARGFR
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FLOWCHART SUBROUTINE CHANNEL

AVERAGE POINT
PAIRS ¥
ABCENDING
ORDER

l : GEOM CALCULATES X.8EC

. PROPERTIES (AREA, WETTED PERIMETER,
CALL AND TOP WIDTH) FOR A GIVEN WATER

mﬂ:w NE BURFACE ELEVATION

ARSIGN
PROPERTIES TO

TABLEE
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FLOWCHART SUBROUTINE GEOM

84



FLOW MODEL

Input data requirements for the flow model are given in
the table on the following three pages. The majority of
the variables are entered in a "list directed"” format which
specifies that all numbers will be separated by either a space
or spaces or a comma. The use of this type of input format
makes it much easier to enter the required data and eliminate
errors caused by misaligned data.

The input data for the model are entered into a computer
disk file using the standard file editor. The invut file name
is specified to the computer by interactive responses when the
flow model is run. The user also specifies the names of the
output file, and the direct access and sequential files
created by the flow model which are used by the sediment model.

In the input data file after the run title, various model
control parameters are the first data used by the flow model.
These data include number of cross sections; number of time-
steps; number of timesteps to be skipped before beginning
printout, and the upstream and downstream boundary conditions.
It is recommended that € _her the rating curve or depth only
boundary condition be used at the upstream boundary. The down-
stream boundary of a flow model is particularly sensitive. If
the data are available, depths varying with time is the
recommended boundary conditions.

Several variables such as DRAT, DSDEP and NP are only
used if particular boundary condition options are selected.

Following the control and boundary condition data the
model reguires cross section data. Input data numbers 8-11
are required for each cross section. These data are
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FLOW MODEL INPUT
REQUIREMENTS

PARAMETERS

DESCRIPTIONS

FORMAT

TITLE
DT

NX, IQ, NOUT, INIT,
NTRIB, IUBC, IDBC,
IPNT, IXSP, OP

L . I G

— e owe e me em s e e

TITLE = Run title

DT = Timestep in seconds

NX = Number of x-secs

IQ = Number of timesteps taken

NOUT = Number of cross sections to
be printed - 0=all x-secs

INIT = Number of timesteps to skip
before beginning printout of
results

NTRIB = No. of tributaries < 20

IUBC = Upstream boundary condition
1 = self setting

2 = rating curve

3 = depth only

Downstream boundary condition

1 = self setting

2 = constant depth

3 read in depth with dis-

charges

Number of timesteps between

printouts > 1

X-sec properties printout

0 = no printout

1 = printout

Input data printout

0 = no printout

1 = printout

IDBC

IPNT

IXSP

i

OP

il

- ==IFIUBC =3 - =« = = = = = = = =

QINIT = Assumed initial discharge

-~ =« JFIDBC =1 - - = = = = = = — —

DRAT = For self setting downstream
depth - constant relating
depth at last and next to

last x~secs

-« ~IF IDBC = 2 = = = = = = = = - =

DSDEP = Constant downstream depth
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FLOW MODEL INPUT

REQUIREMENTS
NO. PARAMETERS DESCRIPTIONS FORMAT
R T - - IFNOUT >0 - - - = = =~ = = = = § - -« cee--
7. NP (1 to NOUT) NP = Numbers of x-secs to be printed {List Directed
out
8.* |XSEC XSEC = 20 character x-sec title List Directed
9.% |IX, Z, FNO, FN1, FN2, | X = Distance in miles List Directed
QLAT, LTRIB Z = Thalweg elevation
FNO,FN1,FN2 = Coefficients in 1
Mannings 'n" equation
n = FNO+FN1*Y+FN2*Y2
QLAT = Lateral inflow between x-secs
given in cfs/ft
LTRIB = Tributary number (flow in
tributary is assumed to enter
between this x-sec and the
preceding x-sec
10.*# | RMILE, NPTS RMILE = Rivermile of x-sec List Directed
NPTS = Number of points in the x-sec
11.* X, Y(1 to NPIS) X = x~sec point coordinate List Directed
Y = x~-sec point coordinate '
*NOTE:l Number 8-11 are inpyt for each cross section.
———————————————— - == IFIUBC =2 -~ = == = = = = = = = = = = = = = -
12. YPT, QPT YPT = Depths for use in upstream List Directed
boundary condition rating table-
20 points required
QPT = Discharge corresponding to List Directed
depths in rating table - 20
points required
13.%% 1 Q (1 to 12) Q = Main channel upstream discharge List Directed®*
14 %% | TRIBG (1 to 12) TRIBQ = Tributary discharges List Directed**

(1 to NTRIB)
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FLOW MODEL INPUT

REQUIREMENTS

NO. PARAMETERS DESCRIPTIONS FORMAT
B | . - - IFIDBC =3 = = = = - - — - R
15.%*% } DSY (1 to 12) DSY = Downstream depth List Directed**

*

**NOTH: Number 13-15 are r¢peated until discharges for all timestdps have
been input. Quantities (Q,TRIBQ & DSY) must be input in gsoups of 12.
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used by the flow model to set X distances, roughness
coefficients tributary and lateral inflows, and cross section

shapes.

Input data items 13-15 supplv the unsteady flow for the
flow model. These data are entered in groups of 12, i.e.,
twelve upstream discharges, twelve lateral inflows and twelve
downstream depths. They may be repeated as many times as
wanted to extend the flow simulation as long as desired.
Tributary and down stream boundary condition cards are omitted
if not required by the option used. Refer to Appendix D for
coding of the Scioto River flow model.

Sediment Model

The input data file for the sediment model is partially
created by the flow model. The title and control cards
must be inserted at the front of the file. Inflow and tributary
flows are added to the end of the file.

The sediment model also has a title as the first item
on the data list shown in the table on the following three pages.
This title can be used to easily identify a particular set of
data. Next, model parameters are entered. As noted, all of
the required cross section data for the sediment model is
created and put in the file by the flow model. The rest of
the required data are then appended to either the beginning or
the end of the file as required. This can be accomplished
using a standard file editor.

Many of the input data requirements for the sediment
model are very similar to the data required by the flow model.
NREC is a variable giving the number of timesteps to skip
before beginning the sediment model. Thus, the computationally

89



SEDIMENT MODEL INPUT

REQUIREMENTS
NO. PARAMETERS DESCRIPTICONS FORMAT
1. TITLE TITLE = 80 character title 20A4
2. WX, ITCOM, DTM, ADF | NX = Number of x-secs List Directed
ITCOM = Number of time increments
DIM = Time increment in minutes
ADF = Soil detachment coefficient
for channels (0 to 1)
3. NTRIB, I0UT, IPNT, NTRIB = Number of tributary List Directed
NREC, ICTYPE sediment inflows < 5
I0UT = General input information
0 = No printout
1 = Printout
IPNT = Number of time increments
between printouts
NREC = Number of timesteps to skip
before beginning of sediment
run
IOTYPE = Output units
0 = English
1 = Metric (SI)
e L i - - IF NTRIB 2 0 = = = = — = = = = =f= « — = = = = — =
4. ITRBX ITRBX = X-sec numbers where List Directed
‘ tributary inflows enter
(in ascending order)
5. WFA, WFB WFA = Space weighting factor < .5 List Directed
WFB = Time weighting factor < .5
6. NSIZES, IBED NSIZES = Number of sediment size List Directed
fractions < 10
IBED = Number of x-sec with specific
size distributions
7. DMB DMB = Size of sediment particles in List Directed
(1 to NSIZES) millimeters
8. SPGRAV SPGRAV = Specifi. gravity of List Directed
(1 to NSIZES) sediment particles
9. PPl ~ PP1O PP = Bed material size fractiom List Directed

ratios
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SEDIMENT MODEL INPUT

REQUIREMENTS
NO. PARAMETERS DESCRIPTIONS FORMAT
10, IBXS, P IBXS = x-sec number to which specific | List Directed
(1 to NSIZES) bed material size distributions
(1 to IBED) apply
P = X-sec specific bed material size
distribution
11.* | XSEC XSEC = 20 character X-sec title 5A4
12, X, Z, FNO, FN1, FN2 { X = Distance in miles List Directed
Z = Thalweg elevation
FNO, FN1, FN2 = Coefficients in
Mannings ''n"
equation
N = FNO+FNI1*Y4+FN2*Y?
13.% | RMILE, NPTS RMILE = Rivermile of X-sec List Directed
NPTS = Number of points in the depth
vs wetted perimeter table
14 .% YTBL, PTBL YTBL = Depth List Directed
(1 to NPTS) PTBL = Wetted Perimeter
*NOTEy} 1ll-14 are from a fiLe created by the flow model. They arejread
for each x-sec.
15. IFLOW, ISED, ILAT, IFLOW = flow type List Directed

IRAT, QRAT

0 = Unsteady flow

1 = Steady flow
Upstream sediment inflow type
0 = Unsteady

1 = Steady
Lateral sediment inflow type
0 = Unsteady

1 = Steady
Upstream sediment inflow
0 = No rating curve

1 = Rating curve
Upstream sediment curve
cutoff point (0 if no rating
curve)

ISED

ILAT

IRAT =

QRAT

It
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SEDIMENT MODEL INPUT

REQUIREMENTS
NO. PARAMETERS DESCRIPTIONS FORMAT
S -~ - - IFIRAT = 1 - = = = = = = = = = - - - - - - - -
16. A5, BS A5 & BS5 = Coefficients for upstream List Directed
(1 to NSIZES) sediment inflow rating
curve equatggn
= A5%
Qgeq = 4o*Q
Where Q = Upstream water
inflow
QSed = Lbs/sec
T - - -IFIRAT =0 - - -~ = = - = = |- = ==~ = = - -
17. GNOW GNOW = Initial upstream sediment List Directed
{1 to NSIZES) inflow by size class in
1bs/sec
L -« -IFNTRIB > 0 = = = = = = = = = =~ = = = = = = = =
18. GLAT GLAT = Initial tributary sediment List Directed
(1 to NSIZES) inflow by si.e class for each
(1 to NTRIB) tributary in lbs/sec
B T - IF ISED & TRAT = 0 = = = = = = = = 4 = = = = = = = =
19* GNEXT GNEXT = Upstream sediment inflow by List Directed
(1 to NSIZES) size class in lbs/sec for
{NREC to ITCOM) next time step
P [IF NTRIB > 0 & ILAT = 0 = = = = = = =f= = = = = = = -
20% GLAT GLAT = Next time step tributary List Directed
(1 to NSIZES) sediment inflow by size class
(NREC to ITCOM) in lbs/sec for each tributary.
*NOTE3 Steps 19-20 are reppated for each time step, if required.
NOTE: YNOW, YNEXT, QNOW, a direct

access file which 1

NEXT, VNOW and VNEXT are input through
created by program FLOWMOD.
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faster flow model can be run for a longer period than the
sediment model which allows the flow model to be run at a
steady flow to stablize before beginning hydrograph simulation.
This stabilization pericd can then be skipped when using the
sediment model.

The space and time weighting factors WFA and WFB are
used in the cumputational scheme of the sediment model.
Experience has shown that values of 0.5 for each factor give
best results. Another variablewith a given values is ADF
which is used in sediment bedload egquation. This variable
is usually set at 0.75. Increasing ADF increases transport
and decreasing it has the opposite effect. The range is
0<ADF<1.

Sediment size fractions are described by size in
millimeters and specific gravity. The percentage of each
size in the bed can also be specified either cross section by

cross section, or for the study reach as a whole.

As noted earlier, input data Items 11-14 of the
sediment model table are created by the flow model and no editing
is required before they can be used. The additional data re-
guired must, however, be appended to the beginning or end of the
file.

Flow type and sediment input can be of several varieties.
Unsteady or steady flow; unsteady or steady upstream sediment
inflow; steady or unsteady lateral sediment inflow; or unsteady
flow using an upstream sediment inflow rating curve. The op-
tional rating curve specifies how the sediment discharge changes
with changes in the flow. A5 and B5 are the coefficients used in
the eguation describing this rating curve: Discharge = A5 »
discharge #*B5,
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GNOW and GLAT are input as initial upstream and
tributary sediment inflows. All sediment inflows must
be specified in the lbs/sec for each size class of sediment.
After the initial sediment inflows, GNEXT and GLAT are input
to provide sediment inflow information for each sediment size

class at each timestep modelled.
Other important parameters of depth, velocity and dis-

charge for each timestep at each cross section are from the
direct access computer disk file created by the flow model.
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Appendix B

FLOW MODEL SOURCE CODE

*

NOTE: Features of code specific to the Digital
Eguipment Corporation version of FORTRAN
are underlined.
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[0 o oL 3 D 0 4 6 oo o o o o o ] 0 T 5 1 0 1 D W 06 O 3 o Y 3 0 A 4 4 12 4L 68 O X 0 8 B o

E SUTRON CORPORATIDN

E EFA  SCI0TH RIVER STHny

C = = LINEAR IHPLICEY FIMIVE DIFFERENCE FEDW MODEL

E VERSION DATE - 23 BRUFMEEKR 1981

[ ACTFIL=b AND MAXBUF=&00
ECi.’(Z(iltCCCCCE'.[iliLililifftil'.!ZIZ(lCCCCCCCCCCCC(:lititiltlltltilliit:(:(:(Z(lC(ZiICCtI[Z(‘.F!Z[JC

FROGRAN FLONMOD
DIMENSION Y{B0) s YN(BO) » 2040}
COMBUOM/N/ ALHD 5 Y 2 F (B s MX s X
COMMUON/R/ NEL (HO) yRLAMCHO Y » GAMTBO) rRMULBO) s RETA (BO)
COMMON/XSEL/NPYS A0 s TTRL 40, 20) pATHL L0520 s FTRL CAD 420 )
2T1RLLAGS 20D
CORMOMNS VLT E/ZXSEC(S) P RMILE
COMMON TIMFRsHT
BIMEMSCOH BO12)Y 2 H8Y12)
DIMFNSION TRIBG(20:32) s TRIRCAD) v QLAT(AD)
PIMENSTON HOHYC40) b MOCAO) FNTLLA0) s KNI A0)
DIAENSLION X(40) sH{J0)sELEVLAQI kNP LAT)
BIMENSINN UFASS(40) 1 YFASH (40)
COMMON YPY(Z0) s RQETL20)
LOGLEAL XS OFFILECHY ;SPFILLF(8) sSIF L HiBYs LNFLLE(B)
LOGICAL #4 TITELF (18I« INATEC(I) » ) TIME ()
LUBILAL LY WEEF :
DATA UPFITELL) sOFFILFUA ) U EC3) 2 QFFTIECA) 7
TAHBLI I s AHL200r - 20AAH IS
DATA SIFILECI) o STFILF () s SIFILE(I) ySIFILECA)/
1AHUL 1 s AHEZDO 7 AR 2045 LH 1/
DATA SPETTECLIDSHEILFL2 I v SPEILE(I) +SPFILECA) S
LAHDL Y 3 7 AHL 2007 dH 204, LH T/
DATA INFILECT) s INFTLEC2) s XNEILEFCI) s INFILE()/
1AHRIN Y L3 AHE 2005 AH, 204 1H I/
”EEH t’gﬂi:g
SIFTLE(RY=0Q
SkrI1LE(H)=0
INFILE(8)=0
F 1= Ay TYPE= " KERATCH yNABF="TI3 ")
WRITE (3,399
399 FORAATCIH v° ENTER INFUT FIIE NAME ‘)
REAN{A,A00) CIMFILEC L) s Loap 70
400 FORMATC444)
WRITF (452401}
401 FUKMAT L’ _ENTER _QUIPUI_FILE NAKE')
READCAA00) LUOPFILECE) s [ 70
WE1IkECS240.0)
A FOKHMAY LY ENVER NBIRECT ACLESS FILE')
READC2,400) (SPFILF{I)s17%y/)
WRITE(4s 4047
404 FORHAATL FHI1ER NAME OF INPUT FXLE TO SENMONT)Y
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“y M

acoOo0coN o

gnaoaofiaan

G

AYEH

av7

READCS5A00) (SIFILECX) 2X=02 /)

QPENCUNT T -4 TYPE="NEW' y NAME=UFEF LI E)
OPENTUNIT =5 TYPE= UL yHANE " INF [ E s REAMINLY)
QPENCUNTIT=As TYFE= ' NEM s NANE=SIFILF)

REAR AN PRIMNY TXILE

REAN{S+49H) TITLE

FURMAY (14A4)

CALL BATE(IDATF)

CALE. VINECITIME)

WRITE(3s497) IDATEs ITIHE

WRITECSH,AYY) DUATE P LTIHE

FORMATUIHT y “XERRXR RN L NN LN ELR XN KR R E RO RE Ry
L' ¥XXNKEKREN 5 />y
27 X1 7/Xy ' SUTRON CORFORATION s 17Xy "X '3/
3 * LIHEAR THPLACKEY FIMXTE RUFFERENLCE
47 F1 UM MOBEL Y/
STORIBX BATESD e dNAe 19Xy TR 0w/
&' B IRX 1IMEL 9 2ARA20Xy "R 9/
FAGR SV E LI EL2 VLRI VI FEELPSFE RS0 0050508 BN
CREE TSR SRS LY SV

WRIVEC(ArA¥Y) TIVLE

WRITF(3sa%%) 1X1LE

A%Y FORMAT(IHD1HAL)

PRURI EM FARNAMETERS
Ny =7V LME STEF TH SELONDS
REANCS«2INIT
NX=NUMBER (F X-ShiS IN THF REACH.
. OF Vide STEPS VAKEN
NOUT = NUMRER UF X-SFUS 10 KE FRINTER MR,
0= ALL X-SEUS AR {1 BE FRIMTEN.
IN)T = NURRER OF CUNSIAND FLOUW VIMESTEES TO SKIF REFDRE
BEGINHIMG PRINTOUY OF KeSULYS.
NTRIH=ND. DF THRIBUTARIFS
JUHC=UFSTREAXM ROUNDARY CONDBETION SELECTOR CHDE
1G5kl F SRITING
2=EAT MG CURVE
JzhkFiH DONLY
ITURC=THNMS TREAM HOUHMARY CUONBEY LON
1=GFLF SETTINGORENUIKES CONSTANT CARD FUOLLDWING NEXT)

ACOMSTANY REPTHIREDUIRES CUMSTANY UAKD FOLLOWING NEXT)

3=Y¥{(T)» REAN 1IN WITH DSSCHARGHS
TEMI=ND. OF VIWE BTEFS REIWEEN PRINE UUTS
IX&F 316 PARAHETER 1} SUFFRESS X-SEC PROFFRITES FEIMT OUY
SET PNSP 10 0 10 SUFPRFSS, SR OXSF 10 1 FOR PRINE O]
OF I5% A PARAMEITER TU SUFFPRFSS INFUT BATHA FRINTOUT
N=HU FRINIODUY OF ITHFUHY PATA
1=FRINTRUT OF (NFUBY DATA
READBLS s 3OMX» DIy MOUY s LR s HIRIH, TURE » TORL CPNY r TXSF 0P
IREUSNX®]
QEENLUNLT =1 o §YFENEW s NAHE ~"SEFILE s ACLESSS "NERELT »
IRELURLS I E - IREL )

IF DEFTH UNLY AT UFSTREAH RUUNBAKY)» KEAN 1IN ASSUMED INITIAL

DIKUHAKGE
IF(TUBLFULSIRFPARIS»IUINIT
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xR el s NN N s s RN Ea RuNelalte N o Ne]

[N »]

xS =iyl

[x]

286

S00

a0l

I¢ BELF SEFTING D.5, DEPTHy ReEAN IN CONSTANT WH(UH RELATES
YONX) T4 YO(NX~-13, USE 1.0 IF REILATILON LINKNUMN
¥ CINRELEDLLIREAD(D» X)) BRAT
IF CONSTANT DEFTHes READ IN DESTRED ValUk
YFOIBBLEULDIREADCS s X)) DSNEF
IF(NUUIT.LEL OB T AN
REAP NUMBERS UF X=-§tL8 T BE PRINTED QUT.
REAN(Sy ) (NFCLY s L= NOUT)

P orI=Ia

TSTOP=F XQEDT
READ IN X-5FL LUCATIONY AND PROPERTIES
X-SEL DATA SHIULY BE READ XN STARTING AT THE UPSIREAM END
WITH THE XS INCREASING FROM UPSTREAM TO DOUNSTREAM
X = DISTANLE TN MILES.
Z = tHAIWEG ELEVATION
FHOsFMY% FN2 = COEFFICIENTYS  USED XN THE
EQUATION N=FNO+FNIRY+FN2RYRXD
QLAY = IHLTIAL LATERAL INFLUWS AS CFYS/FY
QLAT 2 APPLIES 1O KEACH 1-2 ETC.r QLAT(1)=0.0 ALBAYS
IF YRIBUVTARY EATERS AT X-5:(»
LTRYE = Nite DF TRIRUTARY (IN COLS 79880}
NUMBER TRYBUVARIES FRUMN UPSYREAMN END OF REAEH.
FLOM N TRIK IS5 ASSHMER 10 FNTER STREAM BETWEEN X-SEC
PESIGHAYEND AND PREVIUUYS UPSTREAM X-SEL,
AFTER THE DATA 1S KEAR IN - WRITE IT Tt A FILE
Fln USE I VTHE SENIHEMNT ROUTING PROBRAM.

IFCOR.NEO) UKITE (A ZHA)
WRTTE(5,22846)
FORMNT (0 INFUT CRUOSS SECTIONST )
LOUKP THRUUGH THE NUMBER UF X-SELS.
B0 1 I=1+N¥
=31
X=-%F0 = 20 CHAKALTER X-5EC TX1LE
KEAN Lhrynun) XSEC
FORMAT (54
REATN (D e XIXT ) e 2709k NOCID o FHICT ) o e N2 CX s QLAYCL ) s LTRIK(T)
LHARGE DISTANLE TR MILEY YO FERT
X{1P-BPHO, 2X(1)
KMILE = RIVERKMILE Or VHE X-SEC
HFT1S = HUMHER UF FUOINTS IN THE X-SEC
REAN(S %) RUILESNPIS(L)
N1=NF15C1)
READ X-Y FUYHT FAIRS AND CALCIH ATE THE CHANNE
BEOME TRY HSTHG SUBRDUBTINE CHANM. WRITH
CREABTFS CHANNE! GEOMETRY TABLES FUR FUTUKE USE,
ALl CHANNL (HY LG OP NS
MRTITE X=-%FCr RIVERMILE AND FOINT NUMBERS FUOR USE IN SEDNDD
HETTECS»Hd1) XSEC
WREItTh(4+501) XSEC
WRITECA %3 XCO)2Z O s FHOCEY s FHILR) o FNALT)
WEIik{Arsx) RMILE'NZ
FUORMAT (5iNh4)
YRIN-YIRL(Iv1)

98



Crne

24

Hes

1064

HHO

AG6h

203
207

DD 40 J=}sN2
CHANGE YTML FRON ELEVAYIUN 10 BEPTH
YYBL( O =YY R (5 03 -YHIN
WRITE JEPTH UK. METTED PERIMETER TABLE FOR USE IN SEDHGD
WRIVE{4,%) YIBLCXs.)2PTRLEL )
FIRMAT (2F 10, 2)
LONTINDE
NP15(T)aN2
LOMYINUE
R(1)~0.0
N 2 1=2eNX
RO =(X{II=X(1=1))/NT
1IF U.S. RDUNDAKY = RATING CUKVEs REAN 1T - 20 TS REQUIRED
IF CYUBL L ED 2 REABCS 1 (YPT (Y DPT L) X1 9 20)

WRITF OUTPUY HEADINGS
IF(OP.ED.O) GO TU 22

WRITE (6:2) .
FORMAT (1HLs’ FLUW MODEL INPUT FARAMETFRS')

& CUNVINUE

WRITE(&s 24INX

FURMAT (1HO» "HU OF X-5E05,105)
WRITE {A929) DY TSTUF

FORMAT (JHO» ' TIME INCREMENTr SECONNS sF12.1,5Xy " TOTAL TIME sF12.3)
WKITE (&224) TQ

FORAAT (1HO: N0 OF OKRINATES RUUHTEN»19)

FFONUUT LLELQIGO 1) 1066

WRITF(A+BYSIINP (L) s L1 NUUY)

FORMATCLHO» “STAGE, VELOCIYY» AMD DISCHARGE OUTPUT AT X-'y
27EEUTIUNG +13)4)

CIMT YHUE

WRITF(AsyBHO)XUHU Y I IRE

FORMAT CIHOy  “ BOUNBARY CONDITOON TYFES o/9 " HFSIREAM - ~ 1 =7y

2 5¢KLF SETVING 2?2 = RAVIHG CURVEy 3 = BEPTH DMLY v/»

I POWNSTREAM - = 1 = S5ELF SETVINGs » = CUNBTANT BEFTH: 4 = Y(T)}

475 VYPE SELECTEDT’ 21387 FUR UFSTREAN AHD 1857 FUOR DDWMSTREAM?)
IFCIURE F R IIWRITE (A2 4646 UINTT

FURMATOIHO o (HIVEAL @ AT UPHTREAN RUUNOUARY =",Fid.1 »° LFS")
IFOIPRC.ER.IWKYITE (As HBLIDRAT

FORMATCIHD YN =" sF AL dr " T IMES YI(NX-1)")

IFOIDHU RHL2IURITE (6 » HH2 I RENEFR

b FUORMATCIHO "CONSTANY DUMHSTREAR NEFTH="»F7.2s " FEET ')

WRITH AP 2O0INTRIH

FORMAYC1HO> *HOD. UF YRIFUTARYES='$1(35)
WREL11F (o701

FUORMAT(IHO, "TRIK. KO, AT X-4EC, ND.")
) 202 X=1sNX

IFQLIRIROTY G EQ. GO 10 202
WRIVECA: 200 LIRIB(I) e ]

FORMATOIH »2X0 A9 38X 100

LMY THUE

IFC(TURECWNE .23 BUO TO Y356

HWRIVTE(AIHZ /)
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H?7 FORMAYCIH » "UPKTREAN RATING TABLE")
HRIYE(A,H/H)
H7® FORMAT (3RO " PEFTH [FLSCHARGE * )
WRITELAyBZYILOYFICIY s AP O ) v o) 2200
B2% FORMAT(IH s 2XsFh 0 rbXeb7,0)
$36 CONTINHE
IFCIXSPONE O] NRITE (AvA¥S)
AG4 FURMAT (1ML, * CRUSS SECTIUH PRUPERTIES”//)
c INLTIAL 1ZF VECUTORS
JX AENX
DO & ¥=lsedX
4 Y{3)=0,0
IFCIXRP L FULOIMRITE (A 9%4)
Y8 FORMAY C1HO» “ =80 PROFERYYES FRINT OUY HAS BEEH SUPPRESSED
2%
I¥ (IXSPLEQ.OOGD 10 2
B 2 Al e NX
II=1-1
XMILES-X {1 /5280.0
WRITF{ArA2) s XCA PP XNEILES
It FOKMAT (LHOy X%-SEL NUMEEK ‘o147 AT “2FB.Or” FT. 0bF, 297 MILF57)
WRIVECA» AODIXT»100LATIY)
SO0 FORMATOIH +» "I ATERAL INFLUW FUOR REACH A" 1072 T4 157 2FA Yy
2 UFS PeER FOUT?)
WR1TE (&933) FNOCIDI»FNILEDIPFNZCY)
A% FORMAY (2H s "EOQUATYION RBESURIKING M IS sF /7.8 PLUS sFH. 4y
17 TEMES Y FILUS »F P37 TXHRS Y SRUAREN)
WRITE (H239) 2007
34 FURMAT (1H » RLEVATION OF LUOWEST PUXNT ON X-SEL eF7.2)
WRITE (A 3533
344 FORMATC(iHO» 10Xy’ DEPIH AREN 4 FFK TUF WINTH /)
O MIENRYTS O
WRITE (AsBuSXCYTRLAT s )y ATRLCEy DI rPTRLCTp S e TYRLUT 02 e d=1 e NT)
335 FORMAT (1H rlOXeF10.2,3F10.0)
7 CUNITTNUE
21 DONYXNUE
WRITE (Arah)
£9 Fuaekmar OOHD)

c READ 18T 17 DISCHARGE VALUES FOR MAIN CHANNEL AND ALL TRIKS
r o= ANTH CHAMNEL UPSTREAN NISEHAKGE
C NO1E THAT WCiY X% TAKEN TUO BE AT TIME=D, NUOT AL TIHE = M
£ HEAMNING THAY THE MUMBER OF 878 MUSY NE DHE BRLEATER
c THAN THE MNUMBER OF TIYMESTRESR.
[ ALSH NOYE THAY IF TUMC = 3% (NDEPTHY THAT THE B ARKDY WILL
c CONTALN BEFTHINOT BISCHARGF

READCH RN I 212)

IF(NITRIKLEGLOIBD 10 31313

B OLLE2 1-)HMYRIB
C REAI FIRST 312 NISCHAKGES FOR EAUH TRIBUTARY
c TRIRD = TRIRJIARY NHESUHARGE

REAB(HYEICTRIBRC s V) e 010230
1142 GHHIYNYE
1113 CLNITHUE
M IF DUUNSTREAM DEFIH UARITES WITH T1ME,
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a3z lx]

10

HAS
H8s

HHA

READN IN THE FIRS) 32 UEVIHS
IFCIDRELEN OO REAB(Sy 21 (DEY (N 1 2= 12)
TMITIALIZE A HATRIX
DO 10 T-1.0X
M) 10 J=1.0
All» )70, 0
K=1
G=¥?.,2
TIMNER-O. 0O
AFFLY STEFP RBRACKWATER PROGRAM 10 ESTARLISH INITTAL CONWQT UINS
FIRST PICK AN APPROFRYATE NUWNS TREAN STARTING DEPTH
IF NUNF SPECIFTERy 3 TINFS CRXTICAL MEPTH 15 USKED
TFLINBLL.EQ. 2YY (2ENX ) =nENEF
IFCYDROLEU. XY (PENX ) ~NSY (L)
ESTABLISH ITHITIAL DISURARGBES
00UT = TUTAL NISEHARGE FOR RENCH
IFCXUBRL D0 CL)=UIHIT
IF CIURULNE. 3 YT (1) -0C1)
A0 BHE T=2sNX
ADH LATERNAL INFLOW
UOUT(I=ODUT LI~ 4+DLATIY  IS{X{ ) =X(1=-1))
ALl TRIKUTARY FLOMr 1F ANY
TFCLTRIBOOY G NE, OQUDHBTCO =00UT (LY FTREBDILTRIR(L) ¢ 1)
CONT INUE
FINID CRITIUAL BEFTH AT X=85EC NX XF Y(NXY) NUOT KNUWN
JFCIDRULNELLIBE 10 844
Q2=G0UT(NX Y RQULT (NXY ) /78
YU = CRIVIUAL DEPTH
YC=0.0
B HAY 1=1:1000
YO=YC+4+0.1
CALL FTABLE(HXs 42 YL DUMT »TFRY)
RHS=YURYORYURBUMTRDUNT
ITFARKS . GY, 02360 YO 846
CONITNUE
Y{LENXISY (%3,
EXTARLISH FLEVATIUN ANY HEANRS AT X-SEL NX
ELEVINX)=Z(MXY+Y (28HX)
Z22=FLEVINX
Cabl HEAD (Y{2ZENYD) s QDUTINY) o HUZ s HE 2 s YCUENY -1 ) s FHOCHY) o FHI(NY D
2ENZ2OHX) X))
CVAYZ = (CUNVEYANCE AT X-5kE0 MNX
CUAY2=NNUT{HNX) 780K T (HF 2)
ADVANCE UPSTREAM X-SE{ BY X-KEC
MEML=HX~1
L=NX
DO HE/ I-1HXH)
L=l =1
XNEL =X 41 -X{L)
ASSUME U S, HEFTH =ll. 5. DEPTH
YLD = (22 (L+1D)
USE NEWTON’S CIERATINN MEYHOD 180 JERQ (N ON UFSIREAM MFFTH
HiE MORE VHAN 100 ITERAT(UMS ALLOWED
DO BHH N11=1+,100

RLTT
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ELEVU )7 LY$Y (200
ZA=ELEY (L)
c FINN HFAR AT UPSTREAM X-SEL HASED ON ASSUMED DEFIH
C OR DEPTH FROJELCTED RY NEWVHM FURMILA
CALL, HEAD (YU2XL) e BROUTCL) s HUV s HF Y o YX 2R =1) v ENOCL Iy ENI LYy
1FH24L YL}

C CVAYY = CINVEYARUE AY UL.E. RFUIVXUN
CVAY =L (L) /7SURYVCHEDL)

c GEOMETRIL MEAN HE
FSLOPE=O0MN (LY BQBUTLL+1 )/ (CUNAYLECVAY2)

c HLUSS = HEAl LOSK
HLUSE=FSLUPEXXNEL

c ELUSS = bENIBY LUSK
ELOSH=01%ARS (HV2-HV 1)

c DSHEN ~ 10TAL D.8. HEAD

BSHED=Z24HV2HHLDSSH+ELUST
YSHFII = TUTAL U5, HEAD
USHEN=Z1 +HV1
ERNON = FRRUR THIS TIMESIEP
ERMOY=USHEN-RSHED
EXL1T LOGF IF ERROR ACCEPTARLE
TF(ARSCERMUMY LLE. 016D Y80 8P
IF FIRRT DITERATION:s MNEMTON NOT AFPPLICABLEY YTOKE SECUOND
GIIESS AMD RETURN
IF{NYT . BV 160 T ayD
QLNY=Y{2HL)
C EROLD = FRROK LAST TIRESIEFP
ERDLD~ERNOW
Y(2RLI=Y {28 340, 759%Y (%)
Giy TU HB8
C SECONT AND SUGCCEFDING YTERATIONS - APFLY NEWRTON FORMULA
BYO OGLYZL Y (QEL)
YO2RLI=YA2RL ) =P RNOMNECCY (2L ) -DLRY 3 A CRENOW-FROLL) )
T LHECK FOR TOD TIGH1T 1TDLERANCE
IFCARSOY ORI D=1 Y2L) LT 00025160 10 BHE
TFLYC2R D) LLE.O.0) YI2RE DI =O/9XOLY 2L N1 RG.0)
IFCARSUIM YZL/ZY(PRL D) DGR 2.0 YOOI O R0 UY40.0TENRT
c EXCHANGE OLI AMD HrW ERRURYS ANR TTERATE
EROL =ERNUW
YLBY=0LY2L
HER Cl INUE
C CONVFRGENLEF COMFILETE - AHUANLE 100 NEXT X-SEC
| EXLHANRGE Y.5,. ARD NS, PRUFERTLES
HBY CONTINUE
YA
HYZ=HV}
HF2=HF 1
CVAY ~upnYl
HBY CUMYIMUE
C BACKUATER FRUGRAM COMPLETE» FREINT GUT INUILAL CONB)Y L LUNS
TYXME=TIRER/ DT
IFONDUT LG OG0 T HYL
B BY2 1-1eNX
B892 NF(I)=1

L3 SR o S ]

oo
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ac o [

[}

By

52
Byl
k2]
EY .31

37

Ay

a8

K94

513

2RO
2H)

AW

NOHUT =N X
Micl
M2=13
WREIE(Adrhd) TTIME
FURMBATCIHO» X e YIME = “+sFA.0¢° HIHIRS ')
TR CM2 .61 MOUTIH2 ~HOUT
WRITH (&2 XA (NP (XY XmMIsM2)
FURMAT (M 27N “XSE0 23 30AX 022 8%
WURITF (A ZASICXINPIY) Y I~HIHY)
FORMAT(IN s /7Xs*X{1) 2 15F9.0)
WRITECAr 372 CHLEVINPCT)Y ) T=HM1v N2
FUORMAI (YH »7X:"ELEV’213F%.2)
BMRITFE(&p30) YCORNP L) )1 I-HL )
FORMAT (1H 28Xy "NEPTH' 11 4F9,.2)
WRITELA» AYILQDUTINFTI ) Y p ) 7M1 M3Y)
FORMATCIH 22X "DISUHAKGE s 1AFY . 2)
HRITE(OH 444X {PENFCNI-1)r I I M)
FORMATCIH sUXs"YELUULYY s LARY L0/
IFCH2FULNOHTIRO TH BY4
M1 M2+
M2=M2413
Ty 893
TOUNTINOE
SET Uk VELOCLTY AND DERPTH AREATYS T PAKS Th SEUTHENTY HUDEL
YEASES AMB VPASS ARE WRITTEM TUO BIRECY ACCESYS DISN
NREL=1
1) WY XrpeNX
YPAKS{ =Y (2XX~-1)
YPASK (1))=Y {221)
1N 1 INUE
WRITE(S “NKEC»ERK=2HO) ({YPASSCI) v =1 o NX)» LQUUTCY ) s L1 e NX Dy
TCUPNASSCEd p A= P HX))
Kt rO 283
WRKITF(As2H1} NREC
FURMAL LY KRR DURING WRKITE 7O DIRFUT ACCESE FALE AT
1° HREL-'14)
HUMT LNUE
IF SELF SETTING UPSTHEAM HOUNBARY: SET FIRST BEFTH
Ir (IURGEDIIYUHK =Y ()
S e 22t 2 243333522433 43233748333334244332222232224247
MALM VIMESTER LDEF
P 323382 T 222244323452 402330 2444242282202 2842
iy 11 JUM-3110
SJHF Y = N4
PHUKENREHY Y INESVER
TINER=TTNERENT
Bils41:1.0

K=K+l
UPSTREAM KOHMDARY CONDITION
1FCIUNG HE L 1G0 ) 456

TYPF 1 = KFLF SETTCIMG - NERTH BET AT FND GF LOOF 0K slITSINE

i THE 1LOOF
CALL TAKE (1rle YCHRrARsNFUY)
FEL ~D(KY /AR
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YN{1)=F{(}!
i 10 A%8
1IF(TUBC.NE L2360 10 AN7
YYPe P = RATING LURVE
CALL TARLE «(1p1s{(K): YUHK IFIY)
LALL TABLE (1522 YUHKS AR OPRY)
FL1)=G(K) /AR
YH{LY=F (1)
YNCZI=YLHK
GO0 10 A58
CONTTNUE
TYFE 4 = DEPTH
ALL SET UF MINE AFTER X-5k0C ) ULF
CUNTINMUE
FILL CUFFFTUXEN: HATKIX
CONMPUTE X-SE( PROPERTIES Al UFSTREAM ENL OF FIKSYT REACH
I2=2
FY=FNOCIIHFNICIDRY (Y P I4FNACL) Y (I2DHY L))
FPRUY=FHLLLDX 42 8FH2L10 XY LED)
CalLl TARIF (12 Y(T2)sARKNIPNY)
EALL TARLE (le8y V(L2 TOP s OFOY )
CALL TABLE {1lede Y1) o¥F e NFIY)
ADVRI=AR/YOF
POVEA=F/AR
H=~{(PXTUF/ (ARKAR) Y+ {DFDY/AR)
DO 1& 1rmZsNX
IVAn=1
10=2x1
(1-2%0~1
12=281-2
T4-2%i-3
X=Xl =-X{I~1)
COMFUTE X-SFL PROFERTIES A1 BOMNSTREAH FNH OF REAUH
CUOMPUYTE HAMHINGA N
FYZ=FNOUTI4FNLCDI RYCLOI4FNACLIRY CLO)IRY (3O
FPRAYZ-FH1CD )42 RFNITE)AY (10D
CALL TABRLE (3 TARSZ YL s ARZ e DFIYY)
Cotl TABLE (XIAR ATy YOIF2 e BFIY2)
CALL 1ABEE (I 1AR» S Y (10D o2 e DYDY
AUVRIZ AR/ TOF2
POVRAZ=F2/8K2
H2=z~ (F2ETUP2/ CARZSARZ I HUNP Y2/ ARDY
COEEFCUIRNTS b L H.S. UF RMOMENTUM FUUATION
AL 2) ==Y L1 =Y (L4, Q04RGRY (LAY XNXEFYFFYSFOURASY (A, /4, ) +RLDD
ACTZ s 8=  OARGRYCLAIEY CIZ)VRFYXFOUVREARELA, A0 D XFFRAY R -5 4
1, 40485 Y ARV IS SIREYAFYAPOURARRCL ./ 4, JXHRDX
ACIZe ) =4Y(ILI4Y (T2 4. POARGRY (NI R YOIRF YO RPOVRAZER (AL 75 Y ENY 4
1Re}
RUIZ2»yS)I=V R+ ADARGEY COLYAYCIAD TR Y VPR YO RPUVRAZPE () L 74 ) EHDRNXS
1906852V CX 1 IRY I AR Y IRPOVRAZRE(A, /4B FRNATIXNY
COEPFLLCIENIS b LoH %y D GONTINRIITY RUHATION
ACTYL 1)~ {NK+AKRDY
AL 2)=1UFR(ROI =LY CII4Y (IR
ACLLs3)==ALT1Le )
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14

460

11314

ACLLeAmTOFZECROIIF(YCILIFYLINYY)
CORFFICIFENT OF NoGH. 5. UF HOMENTUN EOUATION
FOL2)=RATIEYC A+ A0ARBEY (FRIRY QI SYREYRFYRFOVRARE (1., /3. Y XHEDX
1+POARGEYC I A RY (I RFYRPOYRARXI A 74, Y RFPRMYENXIRY (O3 FRCOIXY(TL )+
20,4046V (X1 YEYCLIIRFYRRFY2RPOVRAZER (L, /3 ) EHZXNXE . FOARGEY (X1 X
IYCXLIRFY2RPUVRAVER(A . /S )RFPRMYZRIDOD XY (1O} =2 G (F (1) =2¢()~1) )4
A ARTERFYRFYRFDVRARR (A, /73 I RBXIRYCI B RY (T F (L ASHGRFY P RF Y IR
SPOVRAZZE(A. /400X I0 XYY (L))
COEFFICIENT OF KyH.8, OF CONTINUITY FOUAYLON
FUIMY RO E(ARFAR )~ (RO =(YCEIDHY (NI IR (AR=-THEXY L D) I=(RC() $
TAYCXL34Y (L) I IR(ARZ~TUPZ2RY (YOI $2 . 2QL AT LI ENX
FEALYRIBOLY NELOIF{X LD =F LT D2, X TRIRUCLIRTAC L) 1K)
EXUCHANGE UPSTEEAM AN DGWNSTREAN X~5E0 FROPERTIES
FY=FY2
FEFRMY=FFRMYZ
AR=AR2
TOF=10kF2
AVURT=ANDURT2
POVRA=FPIVKA2
H=H2
CONTITNUE
STRULTURE MATRIX FROFEKLY FOR UPSTREAM ROUNMARY CONDITLON
TE{TURLHE 126G 10 Anf
TYPE 1 = SkLF SEITING - NO CHANGE REQUIRED
G0 10 1111
TFECTURCNE.2)50 t0 A&QD
TYPE 2 = RATING CURVE
ALZy1)10.0
N{221 20,0
AL2:3)=1.0
AlL294) 20,0
A{2:5)=0.0
F{2)nYUHK
GO O 3111
UMY INUE
TYFE 4 = DIEFIH
FRAVIO-=NC2053 /70030 8)
ACL33=R/{2H» 2} =2RAITHEALA: )
BOI2 A=A 8)=FRATIOXALE )
ALy SIsACZe Q) =7RATIUEAL AP 3)
FOLISHF LY ~2ARATINEE(T)
AC2»13=0,0
A(e2)=0,0
A(2+3)=1.0
Nl2e )00
A{Zs5)=0,0
FL2y=H(K)
{.ONTIRUE
DOWNSTREAM HOUNDARY CONBITIDON
HLAAMX2»3)=1,0
IFOIDROCLEQLIF(2XNX) ~IIRAT2Y (RN -2)
TFCLRRG L ER 2)F (28HMX ) =S HEF
IFCQINHE PR BIF (LR = NS LKD)
Chll. SULVE
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neo

s EsNsNeNeNalyl

1/

18

Ay

50

102

NN IsGAMIX)
YHOIX~1)I=BANCIX-1) =DELLIX=-1 ) $THOIX)
KXz X-2
IF IR ER. L) IR =OX-3
IF{TUBC.EM.2)YIKX™.IX~4
(FLIURE JEN, 32 TRKX=.0X -2
DO 317 I=1,1KX
JSKEX-X 41
YN D =GAN D =DELCDBYNCI+1 I -RELAMCIDI EYNCI+2)
CONTINUE
IF SELF SETTING UPSTRFEAM HUUNDARY
SEY DEPTH FOR MNEXT TIME STeF.
IFCYURC(FERI I YUHK=YN(2)

» £ X X ®E T T X R EEEEEEEEREEY
VELUDELYY I8 O ¥Y'S
DEPIH J5 EVEN ¥Y’S

2 X T T X 2 K2 XX XY E XX EXKE KX

CALCULATE ARSOLUTE ELEVATTON
Ny 18 [=1MX
ITAR=1
CALL 1ARE (31AaRs 2o YN(PRL) »AKIAL HFNTY D
GHUTCX) =YHL2RX -1 Y AR]IA
ELEVIE)=Z{TI+YNCIR]D)
TIVME=TIMER/DT
JHONTON
IFCMUBCIRUDY IPNT) «NF L 0G0 TO 102
SKIFP DESIGHNATED MUNBRLR UF TIMESYEPS HEFURE
IFCINIY.LGY N GO TO 102
IFOHUUYE6Y. 0360 YU A9
DO S5 J=3sNX
MF{T)=1
NOU 1 ~NX
=1
M2=13
WRITECAYD2) TTIME
IF(M2.GT NGUHTIMZ-NOUT
MK (1E{AI 48 (NPLYL) s L-MI KDY
WRITE(ArZ6N) (N(HP () ) THIPNL)
WRITECAsAVICELEVLHP L) ) r E=HD MDD
WRLTE (& ABILYNLZENF ()Y ) s 1M1 WD)
WRITELA»IM (ROBTIHFTL ) (=11, HD)
WRITECArASICYNC2INFCI)~T) s ) HLIND)
TF{M2LEDJHOUT GG Yy 102
Ml=M2+1
MI=MA+13
GO 10 HO
UM FYNUE
FASSE VHLOUITY ARYM DEFITH TO SEDIRERT HODBRL

BEG UNN UHE

VFASS AND YPASS ARE WRIVIEN N GIRELCT ALCkSS DISK

NRELU=NKRE(+1
B0 H14 YI=LeNX
VPALS(L )Y (2T -1)
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C

s Nelgl

514

282
8%

1¥

1313

1114

i1

87

SHY

YPASS(IY=Y{(2%])

COMYINUE

TFCONLEG YU RO YO 2O

WRITE{L NREC»ERKT2HZ) ((YPASSCI) s Lm0 a NX) v (HOUT (L Y9 I o N Y

1IVPASSL O 2 X=1 X))

K1} 0 PBS

MRITF (8¢ 2H1 ) NREC

CORYINUE
EXUCHANGE OF D ARD NEW TIMF LINFS

ny 19 I=1,JX%

Y{I)=YNCI)
READ MURE DATA I+ REWUIRED

JECOMLEU.EYB0 TO 20

IF(K.LTIZX60 10 31

K=0

REAB(H» I (R v I~1 5172

IFCHIRIBLEU.OYGHD T0 1114

DO 1315 JT~3»NiIRIB

REAVA S Z)CTRIBOC L ) s )00 12)

CONYINUE

LUNT INDE

IF{INREFU . IIREANCS» XY T RSY LY e =3 0 12
L PR e e b PP I R RSP R R0 E LSRR ARE S]]
ENN OF MATN TIMESTEF 1L.UUP
FERRRARE LR AR AR NS EEN IS AN NN R LRI RN IRINEY

CONYI TNUE

TN MUE

Catl PRIECIDACE)

CALL. (IMEL{LVIME)

WRITFCAp2HZ) TTVELF«YNATE L1 LML

FORMAVTCY "2 38A%: /7 SUTKON #LDW MOBEL KUN CoMFLFIED

1/+¥2%2 3084+ /9% 204)

BrEP=7

WRITEC 32 7HHY REEP

FIMAY(IH s4A1)

CAtl ¥XIT

END
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SURRTIUTINF SO VE

COMBONAAS ACBOS) sk LHO) s MX s JX

COMMON/E/ DEL (RO s RI ANCHO) » GANCROD) +RMUCROI »RFTACRO)

C SUBROHTINE SOLYE TAVERTSE A MATRIX

RETA{1}=0.0

REIAL2)Y=0.0

DEL (1)=AC1+4)/A(1,3)

REAMCI=A(L5) 7801 D)

GANC1)=F(1)/401,3)

RMUCLY=A(223) ~AC2,2980DEL (1)
DELC2)=0A{2,4)=0{2» 2IXRLANCI ) ) /RNI(D)

RLARM(2)=A{2:5) /RMULZ)
GAM(2)=(F(2)~A(2+2)XBAMN{1) ) /RHII(2)

EX=2X{NX~1)

00 » F=3«i X

BETACTI=A(Le )=N( s 1XDNET L)

RMUCII=A(T »3)-RETA(LY ZNEE (11 ) ~ACT» 1 ) RRLANCT-D)

RELCG (At (r A -RETAC LI ZRLARII -1 ) /RMUL T
RLAMUTI ) =A(T»S)/KMII(L)

BARCI X ={F O = BETAC O REAMCL-1) =AUl L) ¥GARIT-2) ) /FRMUC T

2 CONTINUE

BETACIX=1)=ACIX=3 ¢+ 230 0CIX=123)EDFL (.IX~-3)
RRUCIN=1)=A0IX -1 3)=BETACIX~1) DL LN-2) ~A X -1 1) 4R AMLIX~3)
DEL CAX=3)={AC.IX~1+4)~RFTA{ X1 2RLAMCIX =23 ZRHULIX~T)
GARLIA-1) = (FLIX- L3 -RETACIX- 1) AGAN (XD -ACIX -1 LY KGANCIX-T) 3 /RMU
LOAX-1)

BETACIXI=ALIX e 2 -ALAX» 1) RDEL (X0

REUO IO =ALOX» ) ~RFETACIXIINEL LX) -0 IX» VY XRLAKL IX-21)
GAMI DO ={F M) -RETACEO)XGAM X -3 -A(dX 1) EGAMTIX -2 ) Z/RMU X))
RIAMOIX) =0, 0

DEL¢(JX}=0.0

RETURN

END
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oo an

SUBROUTING TAKLE (Tr1TYFsYTe X1 RPLY)
SURROUTINE THARLYE ISES THE THABLES CRFAFEN RBY SURRNUTINES
CHANNI. ANIt REOM ANN BETERMINES VARTOUS CHANNEL. PRUFEKTIES
FOR NiFreRENT ELEVATIOUNS USIHG LINFAR IMTERFOLATION.
COMMON/XSFO/NPTSOAQI o YTRI.CAG» 203 » ATRL{AQs 203 s PTRILCAO 20 )
2TTRL (A0 20)
COMMON YPT(20)»QPT(P0)
LONMON TEIRER DT
DIAGNOGSTIC PRINTOUT
WRITECSeWH) X»TTYP,YT
98 FORMAT(® Y= elZs’ TIYPe 3128’ Y1=/3F7.2)
NTAL =NFTS(T)
IF(YTWLELO.) YT=, 00000601
Xi=0.
RETIRN
GO0 TN THF DIFFFRFNT SFCOTIONS DEFEMDING ON ITYP!
1=rRATIHG CURVE
2=ARFA TARLE
STWETIFD PHRIMETER TABLE
4=TOFWINTH TARLF,
g N TH (1020, 50,40) ITYF
10 JF(YT.GT.GFT{(NTRLY) GHO 100 15
FFCYHAE.QPTLL1)) GO YO 13
NTEt 1-NTBI. -1
nno o1l IT=1aHTHUL
IF(OPT(IT#1Y.6T.0.) GO 10 11
MREITEC(3,100) XT+1
100 FORMATIC(" FRORLEM ENCOUNTERED TN RATING CURKVE AT Q¢ o I2e 3
s S0
11 IFC(YT.GFE.QFTCITIAND.YT.LYV GFYVUIT4Y))Y GO TR 12
12 XI=YFYOII 2+ COCYPYCITHF D) =YPICT DI/ (OFT(ITH L) -QPTIYT ) )X
FOYT-GFTLTY )Y
PEAY“CYPYCXE+I0=XT)/CUFILT 41 ~YT)
RETURN
13 XT-(YFIO13/0FPT(1) YT
DFDY=sXT/(YT-QAFT{1})
KETYURN
1% XT=YFTI(NTRL)
TTIME-TIMER/DT
WRITF(3+104) YT+TTINE
JOA FORMAT(" DNISCHAKGE UF “«FH.Zy* TH DY DOF BUUNRS NF RATING YARLE
1AT e/ TINE “/2F4.0,° HIBWRS 'Y
REIHRN
20 HTRLL=NTR -1
FELYFLLBEYTRLOXPMITRLY) () Y1) 25
IFCYIIF.YTHIE (T51)) Gy TO 23
[LtINE RS NI WY Y N |
IFCYTRI (I»ITH+2),G67.0.) U TO 21
URTIFOA210)0) Y0041
101 FORMAT(’ PROBLEM ENCOUNMIFRED IN ARFA TARLE AT YIRL U/ sX21 %9’y
112,73
N TN S0
21 IF(YT.GF.YTEI

CToF1GAMHY VL LT YIRLIT S IT4+2)) GN TO 22
22 XTI=AMHLII+IT)4¢

CCATALAI ETHL)-ATALLTsITYI/CYTRL (T T 41 ) -
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FYTRLCHITIHIRCYT-YTRL(TIT) )
DRDY = ATRLAL ET4+1)~XV ) Z4YTRIA T« ITH#1D-YT)
RETURN
23 XT={(ATRI (T 1) /YIRL(I A1) EYT
PRDY=XTZUYI=YTALC(Ys1))
RETURN
25 XT=ATBLCI+NTRI 34+ ((YT-YTRLOTyNTREDIRTTRL (FosNVRL )}
TFCYTLERLYTRI LI MIBL) )Y GO TO 24
DPPDY=(XT=ATRL {(T'NTRL)Y/(YT-YTRIL{(I»NTRL)?
24 REFURN
30 IF(YT.GT.YTRLC(TNTERL)Y)Y GO TO 35
IFCYTLLE,YVRL(I»1)) Gu ¥ 33
NTBRI1~NTR! -1
nn 31 IT=t1sMNIBL1L
IFCYTRIE (T TTH1).6T.0.Y 0O TO 31
WRIVEC(S,102) XrI¥41
102 FORMAT(" FROPLEM ENCQUNTEREDN IN WETTEN PERIMETER TAKLE AT ¢/
1 YTAL O 9 F29 0" 370 ")
1 TN S0
31 TFCYTGF.YTRBLCI IT) . ANL. YT LT.YTRLCE,ITH+L}) GO TO A2
B2 XT=FraL{lsIT 3L 0(PTEL () e 2V -PTRLOLyTTI)ZCYTRE (TP ITHLY) ~
FYTRLET+ITOXIRCYI-YTRE( e XT2))
NPBY=(PIRLLE» LTH+AI=-XTI/CYIRILAT»ITHLI-YT)
RFTURN .
I3 XT=(PTRIC(IpI)SYIRL(T e 3D 2HYT
PR =UT/ATI=-YTRLLY21))
RETURN
I35 XT-FYRL(TsNTRILI$2, %{(YT-YTRLC(I+NTRL})
nenY=2,
RETURN
40 IFCYT.GT.YTRICTNIRL)YY GO TO A5
IFCYTLLELYTRLAY 1)) B TO 43
NTRL1=NTRI -1
no oAy IT=12HIRLL
IFCYTRLCLIAITHID JGT.0.) GO TO Al
WRITE(S,208) (sX141
10X FORMAT(® FRURBLFM FNCOUHIEKEDR IN TOFWIDTH TRRLFE AT YTRLC()
112722 %2273 %)
G 1 50
41 TF(YT.GE.YTRICT»yIT) ANRYT L TWYTRLOTPITH+1)) RO TO 42
42 XI=TTRLCE»IT)+CUCT TR XTE Y =TIRL Ty I ) A OY TR (L, T T4 )~
FYTRLOLsIT)IIRCYT-YTRI (T« 1700
HEDY=CTTRLLEp LT+ V) =XTY /Y TRLOT»TF41)~YT)
RETURN
43 XT=(TTRIL (I /Y THLOLs L) Y RYT
PBFEOY=X1/AL{YT~YTHL(TF1))
RETLIRN
A% Xi=TTBLULsMTERL)
50 RETURN
END
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SUBROUTINE HEAD (Y@sHUsHEsUrFNOsFNLFNI 2 T)

COMMUN/XSEC /NP IS{AD) : YERL (40203 rATBLUAG 20 sPTHI (4020 )
2TTRL CAQy 20)

AlLFHA=L .1

ELC~0.1

CALL TABLE (I+2+YrAREAIFRY)

CALL TARLE (JrdrYoPeFRY)

R=AREA/FP

R = HYDRAULJI(C RADIUS
U=u/AREA

U = VELOCITYN

HY = WHLUCITY HEAD
HV=ALFHARIEL/ (42.348)

H¥ = FRICTTOM SULNOFE
HE={FNO+FNIXY+FN2RYRY )22 . 0 UXU/ (2. 222K (A, /3.0 )
RE TURN
END
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oGO n

3}

599

A00
401
4048
404

¢
10

o

SUBROUTINE CHANNL(NL»1+0PyN2)
SUBROUTINE CHANNL COWPUYES X-SEC AREA, TNPWIDITH: AND WEYTED
PERIHETER FRUM X-5FEC NATA (X:Y FOINT FAIRKY,

DINEMS UM NA(20)

COMMON/GEDHET/X(20) Y (20)

CORMON/ Y ITLE/XSEC(S) s KHTILE

COMMON/XSEC/NPTS(AQ) s YTRLCADs 202 v ATRL{40+20)2PTBL(40+70)

+TIBL{40,20)
YTRL = X-5EC FOINT ELEVATINNG
ATHL = X-SEC AREA CORRENPONDING D YTEL
PTRL = X~SEC WFTTER FERIMF1FR COKRESFONRING TO YTRL
TTBL = X~=8FEC TOPWIDTH CORRESPUONNING 0 YTHL

ATBL.(I»12=0

PTBI.CIr12=0

TTBL(T+13=0
READR X:Y POINT PAIRS.

READ(S»¥) (XTJre YL 2 Jd=1sNY)
iF N9 TPUT UF THE INPUT DATA 1S WANTET(DF=0) 50 10 10

IFCOP.FR.0) GG TO 10
FRINY 0UY THE HEADER AMND XY PNINMT PATRS.

WMRITF(&s599) 1

FORMAT(LHO»/ /5 LRUSS SECTION ‘127

WRITE(4r602) XREC

2 FORMAT(IH »10Xs504)

WRITF(&+4600) RHUTIE
FORMAT(LH 10X *RIVERMILE='»FH.2)
WRITE(A»601) NI
FARMAT(1H 10X "NUMRER (OF POINTS= +14)
WRITF(A+&03)
FORMBAT(OIHO 10X *Xo Y POINT PAIRS 1°)
0o 2?2 Jd=1,N1
WRTITE(As60A) XL eY L))
FORMATC(IH »20XsPF10.42
GCONTINSE
YMAX=-10000,
nm 8 d=1sH1
IFCY{J .GT.YHAX) YHMAX=Y(N)
ARRANGE PLIINYT FALKG XM ASCENDING ORNMERC(RY E1LFV) .
K=0
YMIN=100GG,
YHINL=-10000.
ny 5 M=19N1
IF{YNINS . FQ.YHAX) GO TG 5
mp 4 d=}eN1
IFCYCAYULT S YMINANDLY( )L GT.YMINL)Y GO TR 4
Gy N3
YMIN=Y(J)
Jsd
CORTINUE
=K+l
NA(K)=JJ
YHINL=YHIN
YHIN=10000,
CONTIHUE
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N2=K
THS=0,
DO & J=2sK
NY=NA(J)
YHS = WATER SURFACE FOR Sk RY SUKR. GEOM
IFIYWS.EQ.Y(NY)Y 30 TN &
YWS=Y{NY)
CALCULATE THE X-SFC PROPFRTTES USING SiiRR. GEOM
CALL BEUM(TWS N1 AREAYWPER» TW)
ASKTIGN X=-SEC FROPERTIES TH PRUFER TAHLES.
ATRLCL» ) =AREA
PTBL(Ly D =WFER
TIRL{E:J)=TH
CONTINUE
YRS5==10000,
Do 7 J=1»K
NY=NAL DY
IF(YWS,EQ.Y(NY)) RO TO 7
YTRLCY 2 )2 =Y (NY)
YUS=YINY)
COMTINUE
RETURN
END
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[

10

20

SUBROUTINE GFONM(YHR+NFTS,ARFAY
COMNIN/GEOMEY /X (2Q)» Y 20)

WPER»TW)

SURRDUTINE GEOH WILY CALCULATE 1HE X-SEf PROPERTIES

BF AREAr WETIVE! PERTHMEITERY
SURFACE ELEVATIONS,

YWS = WATFR SURFACE EILEVAT
ARFA = X-5Eu NREA

WFER = X-SEf WRTTED PERIHE
TH = X-SEC TUPWIDTH

AND TUPWINIH FOR GIVEN WATER
TONS FOR USE IN CALCULATIGNS,

TER

NX = INCRFHENTAL X DISTANCE
NY = INCREMEMTAL Y DISTANCE

DA = TNCREMEN1AL AREA
ng =

AREA=( .,

WFER=0,

TUW=0.

IF YWS LOWFR THAN FIRST FT
JEAYWS.LE.Y( L)) GO Vi 5
DP=YWS-Y(1)

WPER=WFER1DP

INCREMENTAL, WETTED PERTMETER

v - GO TOD S

LOMF THROUGH MUMHER OF X-88C FTS.

ne 10 N=2,NPTS
DX=X{N)-X(N-1)

IF PT. I5 ABOVE YWy - 6D Th 6

IF(Y{N).GF.YWS) GO TO &
IF PREUEEDING PT IS5 NBDVE
IF(Y(N~-1).GE.YHS) GO TU 7

YUs - 60 70O YV

COMPUTE DADYeAND NP IF KD IMTERSERTIUN PT

DYAVE=YUS-0.SE(Y(R-L)4Y(N))
NA=NXINYAVE
DY=ARS(Y(N)-Y(N-13)
NF=SORT (DXXOX+DY XY )
GO TO 8

FIND ITNTERSECTION P1 ON DO
DY=YWs=-Y (N>
DX=RLRDY (Y (N=12=YL}'))
[EXV I N

IF PRECFFDING PY 15 AROVE,

B 10

IFLY(N-1),.GF,.YWS) GO T 10

UNSLOFEs AND DY EDY

N FROPERTIEYS CALCIH ATED -

FIND IMTERSELTION FT ON UPSLDOPEs AND TIXRDY

BY=YW&=Y (N-1)
PX=DXEDY/ (Y (NI =Y (M-1})
COMPUTE DAs DF
A=, SAPXLHY
DP=SART(NXXDXETIYRRY)
SUM AREAsSWPER AND TH
AREA=AREA+DA
UFER-WPERKEDF
TU=TW+IX
fOMTINUE
TF YWS LDWER THAN LAST PT
IFCTHS,LELYC(HPTS)) B T 20
DP=YWR~¥ (NPTE)

WPFR=WPER+DP
RE MURN
END

= Gl T4 20
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Appendix C

SEDIMENT TRANSPORT MODEL SOURCE CODE
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o of 46 ¢ o L 08 B o 04 o o o L Do o oo e o S L o M o 4 L

C

c SUTRON CORPORATION

C FPA  SCIOTD RIVER STUDY

C CHANNEL SEDINFNT ROUTING MOGDEL

c

c WATFR RIMITING TS DONE RY A SEMARATE LINFAR IMFLICTIT MORFL.
C HWATER DISCHARGE, DEPTH AND VELOUGLTY ARFE READ INTN fHE MONEL
c SEDIMENT IS ROUYED RBY SIZF USING MEYEK-FEVER-MULLER REDLOAD
c EUQUATION AND MURIFIED EINSTEIM PROCEWHRE FUR SUSPENBED L0OAD
C

c VERRTON DATEY? 23 DECEMBRR 19B1

c

c HAXBUF =400

C
CCotoCcCecoCocecocccLecnccerccocotononnneceenceccrtoecrcecccecccconruce
C

PROGRAM SERKOD

COMMON/SED/P {40+ 10} PACAOYy20)  DHRC(10)» BARNOR (AQ)
1rLCA0:10) , 7ZLSUM NZ (10}, ARE ; SPERAV LD s DENS (10 s FUB(LO)
23GNOWC40+10) 1 GNEXT(A0:10) y TRNCAFP(L10) s CE(10)
COMRIN/GEN/DTM DTS BIXHUFAMF B SN WEPER s NX
1+NSIZF S NREC, INTYPE
CORMON/TAR/NPTSC(A0) s YTRL (A0 203 sPTRIL (405 20)
COMMON/XFROP/X(A0) + 7040} s FNOUAQ) +FNL{AQ) +FN2(40) »SILF
COMMUM/BYDR/YHORCAQ) y IRBWCA0) s UNOWT A0 s THEXT(40) »ONEXT (40)
ZUNEXT(A0)
COMMON/LSFLO/LTRIBCADI s NTRIBYyGLAT(LO«S) » TTREX(S)
COMMUN/PEON/TFHT »PF1LAG

INTEGER DIAGTDTAGN

CUMMUON/DIAG/RIAGT s DTAGN TTY

DIMENSIDN AR(I0)sBA(10)

LOGLCALXS ITIMECH) 2 IDATECSY U ILE(H)»STIFTLE(R) +SPETILE(S)
LOGICALX} REEP

REALXA MOONY s HIONY2

CALL ERRSET(74y TRUE.y FAI SE.s JFALSE L, FALSE. 2313

CALE. FRRSET(SAy TRUE, s JFALSE oy JFALYE . r JFALSE . 2100)

EATA OTFILEC(L) yOTFILE(P)»OTFILE(I)vOTFILE(A)/
14HAL 13 AHT 200y AH, 2045 1H] 7
DATA STFILECLIWSIFIIEA2)»SLIFTLF(I)»5IFTIE(4)/

ARAL Ly AT 3003 A 2045 IH17
lFETK“yFFTEETxy.sPrTrfTﬁT?spsts(s).sppius(4)/

1AHDL 1S 1 4HTJO0 AH 204, 1HY Y
DATA SPFILECR)SIFTLE(R) JOTHILE(RY /00,07
OPENCUNIT=4, TYPE='SCRATUH JHAME="TL3 /)
URITFE(4,39%)
399 FOURHMATCIR 5 ENTFR_DUIPUT FILE NAME “)
READ(A2401) (OTFILE(I) s 1785:7)
WRITF(2+,400)
FORMAT(IH ' ENTEK INPUT F1L.FE NAME
REAII (47407 ¢ [AS IS &
401 FURMAY (AAA)
WRITE(4+402)
402 FORMAT(IH +7 ENTER NAME OF DNIKECY ACCESS FILE FROM FLOWHUDZ)

‘)
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c

[z R 2

n

caofAGcoOcoOnnNaoan a0 ]

405

400
io

601
12

603
16

612
14

413
20

(1) s fe527)
OPENCUNIT=R: TYPE="0ID +NAMF=SIF L E+READUNLY)

=4y y , * 2
WRITE(Ar 40%)
FORMAT(" FENTER NO. OF TIMFSYEFS TO SKIP BEFORF REGINNING s/
1 DXAGNDSTIC PRINTOUTH: AMD NO. OF TIMESTEFS FOR DTAGNOSTICL ')
READC4»2) NIAGT»RIAGH
INPUT NECESSARY IMFURMATION
CALL INPDa (ITCM)

IPHT1-EFPNTY

JREC=NX%3

OPENC(UNIT=Ls TYPE='0OLN’ y NAME=SPFII F 2 ACCESS="DIRFCT * r
IRECURDS T 7E=TREG s REANUALY ¥

. . 2
INITIALIZE VARTARLES
ALl INTTL
ROUTING FOR FACH TLIMF INCREMENT
TIMES=0.

IFLOW = FL.OW TYPE
0 = UNSTEARY FLOW

1 = STEADRY FILOW

ISER = UWWSTREANR SEDRIMENT TNFLOM TYPE
0 = UNSTEARY INFILOW
1 = STEADY INFIOW

ILAT = LAVERAL SERTMENT INFLOW TYFE
4 = UNSTEADY INFLOW
1 = STFANRY INFLOW

LRAT = UPSTYRVAM SEDIMENT INFLUW RATING CURVE

O = NO RATINR CUKVE

1 = RATING LURVE 18 HUSED
ORAT = UPETREAM SENIMENT RATING CURVF CUTOFF PUTNT
IF UCURAT THE UPSTREAM SEDIMEMT INFLOW 1S 7ERO

READ (S,»X%) IFIQOMyISERsTJLATYTRATQRAT

IF (IRAT.EU.1) I(S5ED=0

IFCIFLOWL.NE.O) GO TG 10

HRTITE (A7 H0D)

FORMAT (010X, "UNSTEADY FLOW')

IFUIFLON.NE L) GO T 12

WRITF{As&G1)

FORMAT (D' 10X, STEANY FLOW')

IF(ISFD.NE.C) GO TO 14

WRITE(ArHO2)

FORMAT (70»10X: "IINEBTEARY UFRTREAHM SFDIMENT INFLDW)
FIFCISED.NEL LY GO T 14

HRITE(424D3)

FORMAT (07 10X: "STEADY UPSTREAM SEDRTMENT THFLOW’)
IF{TLATLNFL.O) 40 YO I8

WRIVF{&rAL2)

FORMAT (075 10Xy “UNSTEANY LATERAL SEDIMENY TNFLOW’)
IFCUNT.NE L) HO Ta 20

WRITE(Ar&13)

FORMAT (0’ +10Xy "STFARY LATFRAL SEDTMENT IRFILOM‘)
IFCIRATWNFE.Y) GO Ty 22
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o0 aO0o0

[x N s Nely NNl

Moo 0 00

WRITF (426100

410 FORMATC( 0’ +10Xy ‘RATING CURVE UPSTRFAM BENIMFNT INFLOW')

22
411

301

B4
i1
|y
87

83

A
516
H15

Lo

HRITE (45411) OURAT
FORMAT (70’ 10Xy ‘UPSTREAN SEDIMFNT RATING CHRVE CUTOFF P1=74F10.2)
READ XN SEDTIMENT RATING CURVE AT .5, ROHINDARY.,
OSED=ASEQRERS WHFRE Q IS UPSIREAM WATEKR INFILLOW AND
OSED [5 IM LRS/SEC.
IF {IRAT.EG.1) REAT (Srk) (ASCHI2BA(MII M-I NRT7FR)

YNOWy ONOW 3 VUNOW ARE THE 1NITIAl DEFTH:RISCHARGFE 3 YELOCITY

READ (1 NRED) (CYNUMCI) s l=SeNXIr CONQU(T) o T=1+NX)>»
LIUNTIHCT ) » I=1,NX))
FORMAT (B+10.2)

GNOMW = INITIAL SERIMENT LOAD (LBS/SEC)
Akl SEDIMENT LUANS ARE CHANGER 70 FTA/SER TR BE
COMPATIRLE WITKH THF TRANSPORT AND CORCENTRATION
EQUATINNS THAT ARE USED TN HEDINENT ROVBTING.

If (IRAT.EQ.1) GO D 8B
REAND (Lir¥) (BNOW(L/M) M=1,N517ES)
DO B4 M=1sNSI1ZES
GNOWC 1y M) =GNDRCLs M)/ NENS (KD
GO TO 85
IF (ONBW(13.L.TLORAT) GO TO 87
D0 8% M=1.NRIZES
GNDU (R M= (AS (MO ZANIM{ L) IXBS{N) ) /NEHS (M)
GO TDO 85
DN H4 M=1sMHEITES
GNOMW(1+M)=0,
COMTINUE
GLATM = INITIAI TRIBUTARY SEDIMENT FLOWSY TF ANY
{F(NTRIB,LF.0)GO TU 515
DO Sié T=LlsNiKTB
REATI(S»2) (RLAT(M» 1Y rM=1,NSI7ES)
DO AR M=1:NST7ES
GLAT (M LY =BLATM 1} /DR HS (M)
CONTINUE
COMTINUE
TIMES={MRFC~1)ENTH
THIS J5 THE BFGINNTHG OF THF MAIN TIME (0OOF
EARKERRAARLARSERXRTSASARIKS R REAERRNRNNKEIRE RN
BO 140 IT=NRECsITGOM
ITCON XIS THE MUMBER UF TIMESTEFS,

YNFXTs ONEXT & UHFX) ARE TH¢ PEPTHy NISUHARGE $ VELOGYYY
AT EACH FINFE STFF

WRITE THE TIME
TUMHES~TIMESHNTH
WRITF{4,100) TINFR TIKFS/A0,
FORMATULMOr "TAME = eFLlO, 297 MIN UR’+F7.25’ HRS*)
FFLAG=0.0
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a M0 Ooe0 M

Ly o B o]

90

92

91

103
73
74
S

®7

98
99
P4

104
bR
517

CHECK FOR RIAGRONTIC PRAING
ITT=1Y

IFCITY.FA.NIAGT) FFPNTw]

IFCETT.GT.DIAGTHDIAGN) TPHNT=IPNTI1

SET PRINT FLAG IF TiME FDR OUTPUT
IF(HUD{IYY L IPHT ) «ED. O)PFLAG=1,0

FOR STFANY FLOW SET YNEXTe GNEXT R UMEXT TO INTTIAL VALUES

IF (IFLOW.FR.1} 61 1ra 90

READ TN YNEXTQRFXT s UNEXT
HREC=NREC+1
READCI 'NRFCY ({YNEXT(IDd»T=1 o NX) v (RNEXTUT ) T=1aNX)y

LCUNEXT(L)ri=1,NX))

R0 TO ?1
COFY 'NOW’ FILOW PARAMETERS TO *NEXT’ FNR STEAIY FlLOW.
B 92 I=1,NX
YNEXT(I)=YNOW{X)
GNEXTCI) ~ONONCT )
VNEXT(T)=UNCW(T)

GNEXT & GNOW = SEDIMENT LOAD (LRS/SER) AT EALH TIMNE STEP
IFLUSED.FOL) GG Ty 93
IF (JRAT.EGQG.3) GO TO 95
READ (5% (GNEXT(1sM)eH=1»HSI7ES)
CHANGF. LBR/SEL TD FY3/SEC.
1S M=) )NSI7ES
GNEXT(1 sMI=GNEXT(1+HM)/OFNSIM)
W TN 96
SET SFDIMENT LOAD FOR STEARY INFILDW
PO ¥4 M=1,MNSIZFES
GNEXT(1sM)=GNRW{L1sM)
B0 T 96
CONTINUE
IF (QNEXT(1)}.LT.BRAT) GO TO ¥8
CALTULME BNEXT USING SERIMEMT RATING TABLE.
DO ?7 H=1+NET7€S
GNEXT (1o M) =C(ASCM ROMEXTOL) RXRS (M) X /DENS (M)
60 T0 94
IF NO SFDIMENT 1L.OARy ZRR{O GNEXT,
nn ¥9 W=1,N517ES
GNEXT(1:+M)=0,
CONT ENUE

GLAT = TRIBUTARY SFEDTHENT FIOW THIS NPT, [F ANY,
HNTTS ARF { BS/4HEC,

IF(NIRIB.LFLOIGD TO 517

tF (LLAT.EG.1) 6N TN S17

B0 SIR I=1.NTRIB
REATH{S » X)) (BLATL0» T) . 0=+ NS TZES)

CHANGE L BS/SEL TO FT3/RFEC,
Dy 104 MmiyMSI7ES
GLAT{(H» T)=GLAT{ M+ I)/DFNS(H)
CONTINUE

CONTINUE ,
WRITE TITIES FOR RESULTS TF FFLAGL IS SFT
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IzBeRx]

[z Ee Ryl

TF(PFLAG.NE,L1.0080 TO 533
WRITF(4+110) TIMES»1IMF&/40,
110 FORMATC(RRL " TIME='»¥F10.25° MIN UR'»F7,2¢2° HRB’)
NCONV=1,
KONV 2=1,
IF(YOYYPE.EQ.O) Gfl TO 105
HEONVE, 4535
HCONV2=304.8
WRITE(S/,609) (GMEXI(1sMIEMLONVEDNFNS(M) s M=1NSTZFSR)
60 N 107
10T WRITE (&vA07) (BNEXT(1+HIRMUONVENENS(MY+H=1NSIZFS)
407 FORMAT ¢ ‘» UPSTREAN SERIMENT INFLOW (LLBS/SEN) ! +4Xs10FB.4)
409 FORMAT(IH » UPETREAM SFRIMFNT INFLOMW (KG/SECQ)  $7+6X:10FR,.3)
X077 UCDHYINUE
IF (NTRIR.LE.O) GO TD 301%
IFIIMITYPELEG. 1) 60 Ty 108
00 102 I=1,NTRIB
102 WRITE (6+608) ITRRX(T)s(GLAT(My[)RLFNI(H) » M1 sNSIVFS)
A0R FORMAT(' ‘# SELS 2032 LAY, SENINENT INFLOW C(ILBS/SFLC)Y 793Xy
110F8.41/)
GO TN 101
108 DO 109 I=1»NTRIB
109 URITECAPE14) TTRRX(T1» (GLATC(M» T)RDENS{HIERLONVsHM=1+NSTZF8)
A1A FUORHAAT(IH « "SELE 214" LAY, SEDIMNENT INFLAW {(KG/SFC) 173X
110F8.4/)
101 CONTINUE
WRITE(As&0T)
WRITE SFDIMENT SI7E FRACTIONS.
IFCTOTYPELEQ.Q) WRITELAH, S04 (NHBLIKI SMOONVTy JK=1»NSTZES)
IFCIOTYPE.FQ.1) WRITF(A+&15) (NMRCAKIENCONY2 UK=Ly NSTZES)
40% FORMATC® v " SEH, T 99X "0 28X VEL . 2 AX s “BS s 4% "CHH, U2/ 53Xy
ZCORC,*y 1007 CUR.DT7’))
H06 FORMATO ‘v HUL s 3XsCFS H8Xy “FT/SEG 22X e "R/SFE oKX “FY ' 24Xy
2°MG/1 “» )Xy 1QFH,5/7/)
415 FORMAT(IH »° NOL’s2Xs"MI/S 33Xy "H/SEC v 2y ‘KG/REC” »SXy ‘CH 24Xy
1'HG/L 71X 1OFR. 4/ /)
533 CONTINUE
CALL ROUTE
DIAGNRSTIL PRINTOUT
IF(DIAGT.GT.ITT,.OR.NTAGTH+RIAGN.LE.ITT) BG TO 702
WRITE (49:69%)
£99 FORMAT(IH »3Xr Y M GKROW GNFXT')
0 701 T=1sNX
DD 7031 AW=1,NSTIFS
WRITEC(4»700) ErUrGHOBIL N o+ BHEXTC(T M)

700 FORMATC(IH +2XeI2s1X0J2¢2FR, 1}
701 CUNTINUE
702 CONTINUE

EXCHANGF TH# TIHF | INES.
B S00 =2 eNX
YNOWALT )= YNEXT(T)
GNGU T y=0NEXT (D)
UNOWCT)=UNFXT(T}
nn 361 M=1,NSTZES
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N o Ryl

30
oo

140

141

142

AR S

GNOMCT +MITBREXIL) o)
CONT INUE
AERENERN LR R R LR AR ERRERE N AN LA AR SRR REERL A AL ARA L EN
FMD OF MAIN TIHFE LONP,
1333t Est b33 1230302203023 0322332333238 ¢8 8¢
CAONTINHE
BEEP=7
WRITE(4r141) REEFyRLEFHFEP
FORMBATC(IR «3¢10XsAL))
WRITF(4+142)
FORMAT(' SERIMENT NOREL RUN COMPLETED! ")
CALL DATEC(IDATE)
Call. TIMECITINMNEY
WRITE(As184) IBATEITINE

184 FORPAT(SX s 3AAr/sBXr2AA)

CALL EXIT
END
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Iz ExNeBe Xy

oo anm

aoc o mocn

SURROGUTINE INFBA CLILUN)
CORMON/BEDR/PLAGJ0) s PA{AD, 10) y DHRC(IOI s NARKMOR(A0)
1420 0A010) o ZLBUNNZ (10 s ADF s SPERAVILIO) f DENSC10) s FUE( 10D
2rGHOMIA0» 10 NEXTCAQ IO » TRNCAF (1D} CRELIO)
COMBON/GEN/NDTH DTS s DIX WFASWFR,SNISHEPERyNX
LeNSIZES+NRFC» IGTYFF
CAMMOM/TAR/HPTS(A0) s YTRL (A 20 s PTBL (4020
CONMON/XFPROP/XCAQY r L{AQ)»FNOCAQ)I »FHL(A0) s FN2{40)+SLFP
COMMON/LSFLOZLTRIBCAQI S HTRIBGLAT(10, 52 s TTRBUL(S)
COMMDN/PCON/IFNT e PRLLNAG
LOGIGALXA YTIME(2)+ IDAFFELX) s TITLFE(20)
REAL X4 MCONUVMCONV2: MCONVITNOCONVA
NINEMSION XSEC(S)
WRITFE(A»17%)

175 FORMAT(1H SUHROUTINE TNFPDRAY)

INFUT AN QUTFUY TITLE

READ (S+170) TITLE
170 FORMAT (2044)
CALL DATF(IDATFE)
ALY, TIMFLLTIRE)
WRITF(As3179) INATFs LTINKE
WRTTE(Ls179) UNATE, (TINE
179 FORMATCIHLr " RRREEEERFERRLEREE L LR LR ERN A XL ENRR AN ARE "
FOREETERLRRARRRNLNRENL 5/ y

17 % SUTRON CORPORATION - CHANNRL SENTHENT ROUTING MDDFL

X' s/

o’ X 2N DATEY Y 3A8: 23X R /0’ RN TIMEY e 2A4»248Xr " %" ¢/

2y REEEENERARKERPELERLENELN L AR EREERER KR EL ",
I EREINEXANRNRRECEERRR’ / /)
WRITE(4,1B0) TITLE
WRITF (4+180) TITLE
180 FORMAT (1HO:20A4Y

INPUT AND OUTHUT GENFRAL INFORKATION

ITCOM = NO, OF TIME INCRFMFNIS TO ROUTF WATER AND SEDIMENT

BN = TIME [NCREMEMY (MINHTES)

SNU = KINFMATIC VIRCOSITY OF WATER X EOS (FEFTXxX2/SEC)

ADK=FLOW SUTL. METALH. COEr. FUOR CHANNELS (0.0 TO 1.0)
HX=NUMBER 0OF X-SE0SG.
REAN (Ss3) NX»ITCAMDIN, ADF
SNU = 1.0/7100000.,
WRITE &eA1D2)ADF
612 FORMATC(” ‘» "CHANNEL SOTI. RETACHMENT COEFFTCTENY=‘oF%.6)
HIRIB=NO, OF TRIRUTARY RENIMEMT INFLOWS=C
I0UT = GFNERAL. THPUT TNFORHATION
% = NO PRINTOUT
1 = FRTINIOUT
IPNT = NO. OF TIME STFFPH RETWEEN PRINTQUTS
MREL = NUO. OF TIBE STEPY UNTIL STEADY FLUOW (SKIP NREC
TIMESTFPE IN NIRFCT ACCFRS FILE)
IOCYPE = QUTPUT UMITS
¢ = ENGLISH UNTTS
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oot TSDoooas

x Nz Nyl

D0

615 FORMATC(-

610 FORMATC(IH » "REGULTS WILL BF PRINYED FUERY »14,”

t = ST(METRIL) UNITS
READ(S» % )NTRIR, I0UT s IPNTsNRFC» ICTYPE
IF{IOUT.EQ.O) WRITE(A415)
WRITEC4,410) TPNT

BWRITF(&4+414) NREC

GENFRAL TNPUT INFORMATION OQUTRUT HAR REFN SUFFRESEEN’)

TIMESTRER(RY )

é14 FORMATU(LH rI4+° TIMFSTERPS ARE SKIFFED TD ALLI DW Fi OWKODEL

1

¢ BUTPUT TN STEANY?)
IF(NTRIR.EQ.0} GO TH 395
READ NUOS. 0OF X-SEUS WHERE TRIBUTARY FLOWS FENTER
READ IN ASCENDING ORDPFRy T.F. 1y I &y &7 ETC,
READLG ) CYTRAX LD v =1  HYRIRD .
WRITE(A&s411) NTRIRs (JTREX(.J)s.d=1sNTRIR)

&11 FORMATO® ‘" IHE 2127 TREIBUINARIES NARE AT X-SECS, »1013)
195 CONTINUE

IFCIOTYPE .FO.O) WRITF(A418)

618 FORMAT(IHOy 'QUTPUY I8 FXFRESHEDN TS ENGLTSH UNITR)

IF(INIYPF.ED,.1) WRIVE(A+AODR)

408 FORMATCLIHO, 'OUTHUT 18 FYFRESSFN IM SI(MFIRIC) UNITS’)

SEF FLAGS WHICH IDEMTIFY X-SEQS WIIH TRIB SEDR INFLOW

00 %19 J=1,40
LIRYRCXY=O

519 CONTINUE

ng 520 1=1yNIRIB
IFCITRBX(T Yo NEODLTRIBOITRRY (D) )=1

%20 CONTINUE

WRITF (469200) NXsITCOHHTH

200 FURBAT (' *o//7220% ' NURRER UF CRDSS SECLTTIOMS =’ 1575 10Xy
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2

*HURRER OF TIRE IRUREMFNTS = iS5/ 10Xy "TIMFE INCREMFNT

IFS.2)

INPUT AND QUTHUT WETGHT FACTAORS FOR THFE & FPOINT
EXFLICYT SENTHENT ROUTTHE SCHEME.
WFA = SPALE WEIGHT FACTUR(MUST Bk LE4S THAN OR EGUAI

WFBR = TUIME WETGHT FAUTUOR (MUSY BE LLESS THAN UR FGUAL

READ (Sr¥) WFALUWFE
INFUT AND QUTPUT SOIL DATA

IF(JOUT.EQ.1) WKITFE (Ay3)1%9)
FORMAT (7 ‘o //#10Xs’'SOTL DATAY)
HSI7ES = NUMBFR NF GRTZF FRACTLIONS
TRED = NUMBER NF X~-5FCK WIIH SPECIFIL RFED RATFRIAL
SIZF DISTRTERUTIONS.
READ (52%) HSIZES» IRED
WRITE (4+125) NSIZFS
FORMAT (' “+//+30X> " HUMRER UOF SY/F FRACTINNS =153
DMK = RIZF OF SEDINENT FARTICLES (AMM)
SPGRAV = SPECTIF L BRAVIIY UF SFNTHENT PARTICLES
DENS = RENRITY 0OF SFNTMENT PARTICLES (SFGRAVEAT . 4)
READ (Y ¥) (DHBOL)»1~) MSTZES)
READ (Ns%) (SPRRAVII)I~1sNSTZFS)
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IFCIDUTWEQ. 1) MWRITE(A»115) (DNB{l)rl=1sNbLikED)
318 FORMAT (° “»?Xe "SEDIMENY SIZER (MM) 17v10F9. M)
IFCINT.EQ. 1) MRITE (A-413) (SPGRAV(L)»T=1,K5I7ES)
413 FORMAY (’ ‘+?X»"SPECIFIC GRAVITY Pre10FY.5)
DN 101 M=1/NSIZES
CHANGE SEDNTHENY SIZ¢ FROM MM TO FEET AND
CALCULATE SENIMENT WENSITLIFES,
OMB(HMI=NHR{M) 7304.B
NENS (M) =5PGRAVINI $42, 4
101 CONTINUF
BD 204 M=1.HSTZES
IF (DHR(M).GT.0,0002) &0 TO 201
FUB=SEDINENT FALL VELOCITY
FVUB(HM)=(32,2%{SPGRAVIHI -1 . JEDMR(MIXKEZ) 7 (18, KSHNIT)
60 TH 204

201 FYR(MI=(BART((2,/3 ) %32, 28(SPLHRAV(M) -1 ) XNMR(H) R E3436, £5NURED)

24, KSHUI /DMBLH)
204 CONTINUE
HCONV=1.
IFCINIYPE.FQ.0) BA 0 207
MCONV=,3048
207 TFCIOUT.EQ.1.AND. INTYPE.FQ.0) WRITE (4+404) (FYR(HIKHCONY,
1M=1sNSIZFS)
604 FORMAT (‘ “+9Xs’FALL VEIODITY (FT/SEC)S‘ s 10F9.5)
IFCXUNTLVED, L ANDL TOTYPE.EQ. 1) WRITE (4354070 (FUBCM)XNCONY,
1M=1:NSTZES)
407 FORMATCIH s9X» ‘FA(L VEIOGITY (M/SEC) $7410F9,%)
PYPP ~ BEN MATEREAL STZF FRACTION RATIUS,
FF APPLIFS TO AlL SECTIONS: P IS X-SEC SPRCIFIC,
READ(S» PP PRI PP, FPAsPPY PR PPZyEPHIFPY, P10
SET AL CROSS SECTINNG TO SAME SIZF NISTRIRUTION
FRINT HEARER
IFCTOUT.ER.1) WRITF(&r614)
414 FORMATCIH +9X> *BED MATERIAL SIZE BISTRIBUTINNS ')
DO 130 T=1.,MX
P(1,1)=FP}
PlI+2)1=FP2
PLs3)=PP3
F(Il+4)=FF4
P{I+5)~FFS
P(Ey8Y=FF4
PCY,73=FF7
F(1,8)=FFB
P(L+?)=FFY
FCI,100=FFP10
130 CONTINUE
IF(TRENLER,O) BRI TR 132
PG 131 =1, TRED
1XS = X-SEC NUHKER FOR BED MATERLAT NISTRIRUTTON
13U REANCIo %) IXS (PCTXS M) g M-1 rHRTZEG)
122 PO 133 I=1.KX
133 IFCTNUTER, L) WRITE €A6v122) To(P(IsH) M= NRIZFS)
122 FURMAT ¢ 39X, 'X=HFC‘ 504y’ PERUEMTAGES !‘,10F9,5)
DO 108 J=1,HX
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IF (NSITES.ER.1) GO T 106
SPER=SUM UF SFDIMENT SI/E PERCENTARES.
SPER=O.,
DARMOR=ARMOR NFFTH AT EACH X-SFC.
SEJ ARMUOR DEPTH TN 0 8B4,
B0 104 M=1:HEIZFS
SPER=SPER+PLI W)
IF (SFER.GF.0.B4) GO T0O 105
SPER1=SPER
104 CONTINUE
10% Mi=M-1
DBA=(DMBE(M)-DRR(NL) ) /(SPER~SFERLI¥ (O, BA-5PER1L) +IMR(H1)
DARMOR (1) =084
60 TO 107
104 DRA=TMR{NSIZES)
DARMOR(T}=NB4
107 CONTINUE
108 CONTINUE
WRITE{4+598)
598 FORMAT(’ INFUYT CROGS SECTIONS: )

READ TN X~-SF LOCATIDNNS AND FROFERTIES.
B0 301 I-=1eNX
XSEC=20 CHARACTFR X-~SfC NESCRIFPTION
READ (5:500) XSEC
590 FORMAT (S5A4}
X~-SEC DATA BEGINS AT THF UFSTREAM ENN QOF
THE STURY REACH,
X = NMISTANCE IN MILFS,
£ = THE THALWEGR ELEVATIDN.
THE COEFFICIFNTS ARF FOR THF FQUATION -
N=FNO+FNLIXY+FMNIXY2
REAT (S+%) XCI)sZ(X)eFNOCTIoFMICT ) hFN2(T)
NP IS=NUMRER HOF PUTNIS (N THE TARLES.
RMIL E=X~SEN RIVERMNTILE
READC(Y %)Y RMILEsNPYS(D)
Ni=NPTS(I)
READ IN TARIF OF WETTFD FEKIHFTFR VS DFFTH
FNR EACH X-SEf.,
YT =DEFPTH
FTRI =WETTED PFRIMFTER
READ (Ssk) (YTHI (X2 3 «FPTRLCT» M) d=19wNT)
URITE(4,5%9) XSEC
S9% FORMAT(1H »5A4)
IFCINNTL.EQ.QY GN 17 301
WRITE (&¢&02) XSECrL+sRHUE
&H02 FUORMAT (* /772 10Xs ' NEPTH U WETTENR PERINMFTFR TABRLE AT
158N /930K *X%=SFN s X3y
2/128X s "RIVERMILE =7 3F7.2)
HCONV=1.
IFCIOTYPE.EQ.O) GO TO 305
HMEONV=, 3048
305 IFCIOTYPESEG.Q) WRITR(A:407)
H09 FORMATOLIH o /529X s "YTRL " s&X» ‘FTBRL s/
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129%+ (FYY " s&Xy " (F1) ")
IFCINTYPE.FO.1) NRITF(A+417)
&17 FORMAT(IH /229Xy "YTRI v &X»"PTRL v/
130Xs (MY »7Xs " (M) ")
WRITE (&2A03) (CYTRIL(Yy DIEHCONVIPTRL (T v JIRMOCONV) s I=1yN1)
&03 FORMAT (7 ' 22%»2F10.2)
301 CONTINGE
TFCINUT.ED.O) 6N TD 304
WURITE (&+¢600)
400 FORMAT (7’ “w///7+12%° X=SFC X IS8T ELEV* /)
nn 302 I=1sNX
MCONV=1,
IF(INTYPE.EQ. 1Y MONMNV=,304B
WRITE (&6+4A03) T X(TIEZMOONV»Z(TIXMOONY
&0 FORMAT (¢ ‘+10X»T20,F1Y.4sF11,2)
302 CONTINUE
WRITE (A¢sh0%)
605 FORMATY (“ 3 //+10Xy'RESISTNANCE TO FLOW TS5 DESCRIEBED BRY‘»
27 MANMINGS 710X+ "EQUATION, MANNINGS N IS EXPRFESHED AS A'y
3* GUADRATIC FUNCTTON OF DEFTH)
0n 303 I=1sNX
WRITE (65404) JTeFNOCTID)oFNEC(TY-FN2C(L)
A04 FORMAT (7 "+310Xy " X~SEC’»T1 48" MANNINGS N =" »F83.3s7 PILUS
2FR.3:7 TIKFES DEFPTH PIUS sFR. Xy’ TIMFS DEFTH SQUARED’)
3038 NONTINUE
304 CONTIMUE
DYS=0TH%60,
RETURN
ENRD
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SUBROUTINE INITL
COMBON/SER/PL{A0+10)sPAC40,10) s DHREIO0) »IARMOR(AD)

1921 CAD 10 s ZLBUM s BZ 1D} ADF s SPGRAVI10) »DENS (10) »FVB(10)
2'GNON(AD 10D s GNFXT(AD, 10} s TRNCAP(I0) + CF(10)
COMNON/GEN/ DTN DTSy NTXr WF AL WFR SN NEPFER rNX
1yNSIZFRsNREC IOTYPE

COMMON/LSFLO/LTRIB(AQ) )NTRIBsGLAT(10, 52y TTRBX(D)
COMMON/NELZ/ZCUNCA0.10) 2 TTLDZ (40D

WRITE(4:200)

FORMAT(1H +* SUBROUTINF INITL")

INITIALIZE VARTARLESR

LODP THROUGH ALl SIZF CLABSES
0 14 X=1,NSIZES

LOOF THROUGH NO. OF TRIRUTARLES
P 14 J=1sHTRIEB

GLAT=] ATFRAL SENRTHENT TNFLODUW
GLAT{1,.0)=0,0
CONTINUE
CONTIHUE

LODF THROUGH NUMRER OF X-5ECS.
nn 10 I=1,NX
DO 103 M=1sNSIZES
R7ZIMI=0,
ZL(LHI=0,
IEUMIT M)=0.0
TTLRZ(1)=0.0
GHNOW(T»M)=0.0
GNEXT(I s M)=0.0
COMTINUE
CONTINUE

ZERD DUT ADJUSTEDR PFRCENTAGE PER SIZF CLASS
B0 30 1-=1.NX
D0 30 M=1sNSIZES
PACT MI=P(Y M)
RETURN
END
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&01%
402

BUDRUL I IME. RuIIT
COMMON/SETV/PCAC10) s PACA0+ S0+ PNB(10) v DARMOKR (A0
1220040330 s ZLAUM HZC10) s ADF s SPRERAVILIN ) s DENS (10« FVR(10)
2yGNOMCA0 30 b GNEXTCAO»10) s TRNCAP (10 +LECLO)
COMMOGM/GEN/DEHs DTS DTXsWFASWFR ) SNU s WEPER P NX
1sNSL1ZFS'NREC»IOTYPE
CNMAON/TAR/NPTS(A0) Y YRLIAN 20 PTRL {40 20)
COMMDN/XPROP/7XCAQ)I 2 7{30) +FNDCAQIIFNICADI»FN2{40)+RI P
COMMON/HYDR/ZYNDUWCAD )  AMUONCAN Y s UNOWC40) s YREXT {40 ) s ONREXT(40)
2UNFYT{40)
COMMON/DELZ/ZCUKCAO10) s TTLDZ(40)
CORMUN/PCON/IPRT » PFLAG
REAL%®4 MCONV,HMOCONY 2 MCONUI»MCONVA
INTESER DIAGT DIAGN
COMMON/DIAG/DIAGT Yy NIAGNS ITT
HRITF (45¥00)
FORMAT(IH »* SURRMUTINE ROUTE’)
b3 3232303383338 33030083 3Rttt it bR E sttt
LOOF THROUGH THE NUMBER OF X~SFECS
1 $3 5338333303358 333 223 360332 R 302t estiit ]
BQ 10 I=2yNX
Ix=1
DX=(X{I)~X(I~3))
NTX=DTS /DX
GLﬁTEO.
AAVE = AVERARF X-SEC AREA.
AAVF =0 298 CIANEXFCI=1) /UNEXTUI~T1) )4 CONEXTLT) AVNEXT (1))
14 (RNDWIT =1 /7UNDRCT 1)+ (ONDWLT I /UNDMLCTI ) ) )
S0 = BOTTHUN S5LOPE OF CHAMNMEL
S0=(Z(I-1}~ZCL¥Y /X
DYOX = AVERAGE NEPIH TIVITEDR BY DX
BYDX=0, S¥(YNEXT{T}=YNEXT(T=1 )2 )/DX40 . SX(YNORLTY~YNOWCTI~123/70X
ALY = DERIVATIVE UOF Y WITH RESPECT TO X
ACCI=( . S (ONEXTCIIRUNFAT (L) —ONFXTCI-1)XUNEXTC(T =1 ) /{DXRNX)
14 5% CONDRCIYEVHBH (L) ~ONOM{ X -1 2 XUNOB(I-1 ) ) /(DX ¥NX) )
2/7¢32.2%AAVE)
ACC2 = DERIVATIVE OF V WITH RFSPELT TO T.
ALCA=(LURUNEXTC(I-RRORCE) Y /DTS
L4 SR CONEXT(I- 1) -ANDUTI-43 3 /DTSR /52, 28E00VE)
SL¥ = SIUPE UF THE EMNERGY GRADE L.INE
SLP=80-DYNX-ACCI-ACC2
BIAGNASTIC PRINTNUTY
IF(OIART.GT.ITY.OR.NJAGTHNTAGN.LF.ITT) GO TN 402
WRITECA &QLISLP SO DYNX AT LA ARC2
FORMAT (" v’ SLPeSO+DYRXyACCLACECR2=" 3 BHE1S.5)
TORTINHE
PRFVENT NEBATIVE FRERGY SLOPFS
IF (SIF.LELG,0) SLP=50
IF {SLP.LE.Q.Q) SLP-0.0000001
cAll PERUT (IX)
CALL TRANSP (JIX»NX)
CALL SROUT(IX.DX)
DEL Z=0.

ZCUN = CUMM.ATIVF CHANGE IN BED ELEV FOR FALH SERIMENT SIZE
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Man

AT A PARTICULAR X-3FL.

DG 23 W=1,NBJI7ES
ZEHM{ Ty MY =ZRHR{T s MY #B7 (M)

NELZ = TOTAL CHANGE JN X-SRC RED £ EV THIS TIMESTEP.

23 DELZ=DrL.24D2(H)

TTILBZ = CHMULATIVE CHANGE IN BED FLEVATION ﬁﬂR EACH X-REC
TTILRZLI =TTLUZCTI#DELZ
IF(FPFILAB.NF.1.,0)60 TO 25

CTOT = TOTAL SEOIMENT CONCENTRATION AT X-SEC,

GTOT = TOTAL SENIMENT 1.0AD AT X-SEC.
TT0T=0.
GTOT=0.,
DIAGNOSTIC PRINTOUT
TF(NIAGT .GT ATT.OR.DIALFHDIAGN,LE.TTT)Y /RO TO 1400
WRITE(4,1601) (DENS{(MI 1M=L ¢NSIZES)

1501 FORRATCAH 10X ' DERS{HI = »5X+10E10,.3)

WRITE(4+14607) (SPGRAVI{M)I»H=1NSIZES)

1602 FORMAT(tH 210X "SPGRAVIH)I =/ v SXr1OET10. 3)

0 aa

1600 DO 200 M=1,NSJZES
GTOF=GTOTH(OFNS{N)IXGHEXT (T M) 2
200 CTOT=CTOT+SPGRAV(M)I X (CNEFXTI(T v M) /GREXT(I) IXLO0 .. KX4,
HEANV—-Y .
HCONVYZ=1.
HENNY3=1,
HCONVAa=1,
IFC(INTYPE.EQ.D) 60 TO 20%
HCDONV=,02R31
HECONV2=, 8048
MCONVI=, 45359
HCONV4=30, 48
201 WRTTF(&»&00) T »GNEXTIIIEMCONVUNEXT (T ) EMCONV? »GTOTRRCONV,
ITTLDZ OO IMCONVALCTUT 2 (ZCUHX » L) SNCONVASLL =1/ NSTZES)
600 FORMAT(’ “+I13+FB.29F7.2+sFB.3sFR.3+sF7.2,1X+10FR,4)
2% CONTINUE
R3S RSt 2L aR 200220422223 222 2422220200004
ENT QF X-8FC Loar
PEXEXERRERRRERRERE LN AR AN KRN R AR E KRR RO R RO AR AR S
10 NONTINUE
RETURN
END
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AUBRUGI LA FEALY 14
COMMON/SFD/P{A0510) +PALAC30) e DHR{10) »PARNOR(40)

L1oZL (0 10) » TLRUNS DT (10) s ADF , SPURAV( 10} s DENS (10) s FVB(10)
2:GNOM(40,10) »ENEXT(40+310) s TRNUAFPILD) sCEC10)
COMMON/GEN/BTM DTS s BTX o WFA»WF B SNUPUEPER rNX

1+NSIZFRsNREC TOTYPE

DETERMINAYTON OF ARJUSTFD FERCENTAGES DUE Tit ARNORING

aon

ZLSUN=0,
N 1 M-1sNSIZES
1 ZLSUM=2ZL SUM+ZI (1. M)

TFLZLSUML LT . DARMUR(I}) 460 TO 100
DD 102 M=1,NSIZES

102 PALT MY=LLCT M)/ L1 SUN
RETURN

100 DO 101 H=1,NSIZES

101 PA{IyH)=(1./DARNBORC(TI JR(ZI Ty MISP (I s MIB(DARMOR (T ) ~7LEUMD Y
RE TURN
END
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SUBROUTINE TRANEP (I+NX)
COMRON/HRYDR/YNOR (A0 ; ONOMLA0) rYNON (40) s YNEXT (A0 ) » GNEXT (40)»
ZUNEXT(40)
COMMON/SED/F(A0+10) s FACAOIO) » IMNE(I0) NARMOR(40)

LrZL (AG10) » ZLEUM DL CLO) r ADF  SPGRAVI10) 2 DFENS(10) »FVE(10)
2+GHOWCAD, 1O+ GNEXT (A0 101 TRNCAP(10)»CE(LO)
COMMNN/GEN/D M DTS DIXsWFAsWHRe SN WEFERNX
1+ NSL1ZESsNREC, IDOTYPE
COMMIN/TAB/RP IS (A0) s YTRL (AN 20) s PTRI.LADS20)
COMMON/XPROP/X(A0) » 7 (40 yFNOCAO) yFNL(AQ) »FN2(40) +SILP
CUMMOM/LSFLOA TRIBUAD)Y s HIREBsGLATL10,S) y TTRAX(S)
DINENSION SHEX/10)yRCAP(LO) vASUSPLI0}sCF (10D

INTEGER DIAGT,DIAGN

COMMON/DIAG/DIAGTI»DIAGNITT
WRITE(42200)
FORMAT{1H »* SUKRQUTINE TRANSP')

DETEFRMINE TRANSFORT CAPACITY DF FLOW

PETERRINATION UF FLOW CONDITIONS: SHCH A5 HYURAULIC NEFTH»

HEAN VELOCITYr: AND ROUNDARY SHEAR STRESS

NOYE: EGQUATIUN REFERENCES ARE FRUOH *HEVELAFHENT OF MUBFLS
FOR PREDICTING WATER ANT SEDTMENT ROUTING aKD YIRI D FRON
STORMS ON sHalL WATERSHKEDS®r BY STMONSe 1L.X+ AND STEVEMNS»
19725,

CALL TABL (I»YNEXT(I) WEPER)}
HYRAD=GREXTCIY /UNEXT (T} 7WRFER
DTAGHOSTIC fRINTOUT
IF(DIAGY ST LTTLURDIAGTENIAGNLELTITT) GO TD 299
WRITE(4,300)
FORMAT("  TrONEXTsYNEXT+WEPERSHYRADILSILP~")
WRITF(Ar301) T sOHEXTIL)YREXTCL) +WEPFRAHYRADYSLE
FORMAT(IH +1324F10,.792XsFI10.8)
CONTINNE
VYHEANSVNEXT(I)
VAVE= . 025X (UNEXT O SURFXT(T~1 3 4VNOWC T Y $UNORLT -1 1))
TS=SETILLING TIME
TS=52B0.k¢X(I1}-X{1-1))/VaAVE
YAVE = AVERAGE BEPTH
YAVE=Q 250 (YNEXT () HYREXTLT =1 ) 4 YNMUCT S 4YNDWIT~1))
MANNINGS N
FN=FHOCTD)4FNI (T RYNEXTCI I 4FN2CIIRYNEXTOT JRYNEXTC(I)
FURR = FRICTION FACTOR
FGRR=8. %32 . 2%FNE22 . /(2. 212HYRADXY (1. /X, 3}
RHi] = MASS NDEHSITY NOF UWATER
RHD-A2.4/32,2
TAU = TAU STAR=QVFRALL SHEAR STRERS
TAU={RHO/H. ) BFGRREVEEANIVHEAN
TAU-42 .AXHRYRADXSI P
SU=SHFAR VELOCITY (EQTN 5,18 - K.+ .25}
SV=SOGRT{TAU/RHD)
TAUD = RDUNNARY SHEAR STRESE (ERTN S.13 - S,sL. & S
TAUO=RHN/8 . XFGRRIVHENNRVMEAN
SC WAS EXPERIMERTALLY NETERMINER TO RE 0,04 BY SHIFLNGE AND
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6,047 BY BESSLER. FUR UVERLAND FLOW 8T HAS BEEN RET AS LOW
§C=.047
DN 104 M-ASNSTZES
TAUC = CRITICAL SHEAFR STRESS (FHIN S.1) - S.rl.384)
TAUC=SUSISPORAVINY -1, 2242, AXTINB (M) .
SHEX = FXCF45 SHEAR
SHEX (M}=TaliO-TAUC
ZR = EINSTEIN®S *W" EXPOHENT (EQTN 5.17)
102 ZR=FVUB(M) /(0. 435V)
DIAGNOSTTIC | INES
1F(IR.AT.10.) ZR=10.

BED MATERIAL LOAD ROUTING

IF (SHEX{H).LE.O0.) GO TH 105

DETERMINATION OF RATIO OF SUSFENDEDR RED MATERLAL 104D
AR = FINSTEIN'S "G* COEFFICIFNT (EQYN 5,20
AR=2, SDHB (M) /HYRADR

IF (AR.GT.0.9) G0 TO 103

DIAGNUSTIC PRINYOUT
IF(DIAGT.RT.JTT.OR.DTAGT+NIAGN.LF.ITT) GO T0 304

WRITF(A4,302)
302 FORMAT(* NSIZ7EFYRsSV»ZRART ")
WRITE(4+303) MryFVBCH) » GV, TRV AR
303 FORMAT(IH +12:4(2XsF10.48))
304 CUONTINUE

CALL FOWER (ZRsARsFI+SJs1,0E~2)
Fi = g1 (FGTN 5.40 - S.rs0L.18.2
4 = J2 (FOTN 5.31 S.+0L.38.)
PPARMY = COEFFICEKENYS (EOTN 5,32 - S,sL,.35,)
ENV=2, S+VHEAN/SV
FF=ARYE(ZR-1., /(21 6%, ~ARYIXTR)
DSUSP = SUSPENDED LOAD RIVIDEN RY REILOAD (EGTN $5,32)
USHSP (MY =PP¥ (RRVEF 342, 5468 0)
IF (GSUSP(MYLT.0.) GSUSKF{M)=0.
60 1N 104
103 ASUSF(MI=0,

DETERMINATINN OF TRANSPORTING CAPALITY OF KRkt HATFRIAL (OAD
MEYFR-PETER-MULI.FR RED LOAD EQUATIOR IS HSKD BIUT AHY NTHER
SUITARLE BED LOAD EQUATION MAY RF SUBSTTTUTFD.

SCOFF = [CDEFFTICIENI TN BED | UAD FUUATION (EQTN §.13?
SEXF = EXPUNENT [H BED LOAD EQUATTION (FOTN S.1% - R.90.345.)
104 SCOEF=8./S5QRT(RHO)/{GEFGRAVI(NINED . 4-67.4)

SEXF=1.5

BRED = REDLOAD (EQIN 5.27 - Sorh .28,
QREDN=STOFFXSHEX (H) XXREXF

TRNCAP = TOTAL TRANSFORT CAFACITY OF FLOW (SOLIN VOLURE/TTNE)

(EQIHS 2,84 % 5.8% - S.00L..%5,)

TRNCAP (M)=(BBED+ARUSP (M) XURED) XWMEFER
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10%

106

37%
398

108

407
400
401
AQ2
603
&04

405

404

é08

B0 YO 104
GBUSP(MI=0.,
TRNCAFP (M=,
CONTINUE
DYIARNOSTIC PRINTOUT
IF{DIAGTGT.ITT.OR.NTARTHDTAGN,I E.ITT) GD TO 598
WMRITEL45H99) (Y (TRNEAP(MY 1M=L NSTZES))
FORMAT{1H » "RAW TRANS, CAP.@/»T12»5X»10E10.3)
CONTINUE

ADJUST THE TRANSPORT CAFACITY
BN 108 N=1sNSTZES
IFU TRTR(T) JRELO) GLATH=GLAT(MsLTRIR(T))
IF(LTRIBID) LEQ.0) GLATH=0,0
RCAP = TRAKRSPORT (AFAGCITY CORRECTED FOR UFSTREAM AND
LATERAL INFLOUW
RCAP (M)=TRNCAP (M} -0 . SE(GNEXT(T-1 s HISRNOWIT-1+M))~GLATH
IF HO AVATLABLE LDUSE S0IL, RCAP = 0.
IF(ZL{Ts M) LF.0.) RCAF(M)Y=O0,
TF(RCAFP (M) .LT.C.) RCAF(M)=0,
FIGURE OQUT MIN IRANSPURY RASED ON SETTLING

CF=CONCENTRAYIDON SFTTLING FACTOR
CRi{MI=(YAVE~O.HETSRFUR(MNIZ.0)/YAVE
IF(CF(MY.LT.O0,) CFIN)=O0,
IF(LTRIBCTICNE Q) GLATH=GLAT(M,LTRIB(I)?
IF(LTRIB(I>.FR.0) G) ATM=0D,
TRAN=TRANSPURT CAPACITY BASED UN SETTLING
TRAN=ZCF (K S(ONEXT(I-1 +MI+GLATHD
SEF 1IF THE TRAHSPORT CAPACITY (TRNCAPY IS GDVERNED BY!
ARMORING (PA)y SETTLING (TRAN)+ OR REMAINING TRANSPORT
CAPALTTY (RCAF)
IFC(PACTyMIRTRNCAP(M)) .GT.TRAN) TRAN=FA(I+MIKTRNCAF(N)
IFARCAP (M) .GT.TRAM) TRAN=RCAP (M)
TRNCAF{M)=TRAN ’
CANTINUE
DIAGHOSTIC PRINIOUTS
JF(DIAGT.GT.ITT . ORWOEAHTHOTAGN,LE,TIT) GO THh 408
WRITE(&4»407) ({CF(J)sJ=1sNRIZES) s TRAN)
FORMAT(INH » 10X "CF (M) = » 72X 10F 10,39 /v 10Xy " TRAN='HELO. J)
WRITF(4,400) (PR(TiM)sM=1+NSIZFS)
FORKAT(IH 10X+ 'PA(M) " s7Xs10FE10.3)
WRITF (4,501 (RCAFP (NI yH=1NRSI7FH)
FORMAT(® 's10X, "REAFP{H)I~* 25X 10E10.3)
WRITEC(R»&02(SHEX{H) s H=1NST7ER)
FORMATC" 10X "SHEX(HY =" 25X+ 10E10. )
HRITEF (A2 40X (TRNCAF (M) s M=1 »NST7FER)
FORMAT(" ‘o 10X, " TRNCAPIM)="'» 31X+ 10R10.3)
WRITEC(A+&604) (BNFXT{I-1rM) s M=1NSITES)
FORMATLOY o 10X "GMEXT(I~1sM) =" »10F10.3)
WRITE(4y608) (GRUMCYI-1 s M) +M=1+NSIZES)
FORBATC 10X GNNIW{I-19sM)= ‘1DE10.3)
WRITE(A+S0A)(HNONCLsM) N1 s NRIZES) .
FORHBATI 210X 'GNON(T )= ‘ri10E10.3)

RETURN
F.ND
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SUBROUTINE TARI (I,¥Y1,XT)
CONMON/TAR/NPTR(S0) s YTRLCAQ, 203+ PTRIL (40, 20)
MNTBL=NPTR{(I}
IF (YT.LE.Q.) 680 TH 105
IF 4YYT.GT.YTRLC(Y+NTBL})} GO TO 105
IF (YTJOEYTRLUIS1)) GO TOQ 103
NTBL1=NTEl. -1
DN 101 TT=1.NTBL)
IF (YTBL(IsIT4#1).67.0.) GO TO 101
WRITE(A,199) 1T+1
199 FORNAT(’ PROBLEM ENCOUNTERED IN WETTER PERIMETFR YABLE'/
17 AT YTBLU »12+°» s12:°)")
60 Tn 200
IF (YT.GE.YTRL(J IT).AKRD.YT.LT.¥YTRL(I-IT+1)) G0 TH 102
101 TONTTNUE
102 XT=PTRLUI+ITIHLLKPTRI (T ITH1)~PIBI (T TT) )/ (YTRL (LI ITHY) ~
LYTBLAE»TT) D IRAYT-YTRLULLIT) D)
GO TN 104
103 XV={PTBL{Is1)/YVBI (T+1))IXRYT
104 RETURN
105 IF (YT.LE.0.) XT=0,.
IF (YT.LE.0.) RETURN
XT=FTBLCIoNTREI$2.8(YT-YTRI(T+NTEL))
200 RETURN
END
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C IS5 DETFRMINED. 1INCRFASE { OOSE ROIL BUE TO FLOW DETACHMENT
c BENTL = DEPIH OF LOUSE 50U, ADBED BY DEVACHMENT
DENTL=ARFE2CARP(T P M)
IF{ARS(DSOIL) .LT,BNB(MN)) DSOLL=0,
ZL(I M)=ZL (I sM)~DEOIL
c COMPUTE THE CONCENTRATION BASED ON THE AVALLNHLE LODSE SOIL
CEREMY = ({NEPERRZI (T s M) Y+ (GLATHENTS )+ (WFBRGNEXT(T-1s M) /UNEXT(T~1) 24
101, ~NERIR(HFARGNOB (I » MY /UROMCT )+ (T, -WEAYEGNOW(T -1+ M) /UNOW(T-1)3) 4+
200X IWNFASBNONC Yo MY (1 -WFA) R(WFRAGREXT (11 M) ¢
31, ~WFB)SGNOWCEI=3M) )2/ CLONEXTL(T Y /UNEXTLID P+ (ONEXTCIIERTX))
DNIAGNOSTIEC PRINTOUT
IF(DIAGT .GT,ITYT.OQR. DIAGRT+RTAGN.LE.ITT) GO TD 607
URITE(42408) 1M eTL(Te W)
60é FORMATC(1IH 10X+ “RAM ZI L T2 2 9#12:7 0= “+F30,3)
WRITE(4,405) (CEC()) e =) sNSITES)
603 FORMAT(IH +10Xs"RA® CE(H)I=‘ 23X J0F50.2)
607 CONT INHE
IF {(CF{(M).IE.0.) CF(M)=D,
CHNEXTI=UE(MIXGNEXTL(I)
C COMPUTE [B7 BASED DN CONCENTRATION FRUM AROVE
BZIRI=(L, ZUEPERIECCCIWFARGNOW{ T8 ) L1 ~WFA) K (UFBEGNEXT{1-1 M) ¢
101, ~WFB)XGNOW( =1 r M) ~CREXTIIENTE I~ (CNEXTT/UNEXT(T) ) 4
ZONFREGNEXTIU=1oM) AVHEXT (L-1) #40L, ~UFBIX(UWFARGNNW{ T B /VROWLT ) 4
31 ~WFAIEGNOR(I-1,H) /UROWCT~1) ) 1)+ (GLATHENTS ) )
N7 CAN’T SFE BREATER THAN Z1.. (CAN’T BIG HILES DEEPER THAN
THF AVAJLARLE LOOSF SDIL)
IF(=1.3(BZ (M) GT /L (TeM)) DZL{M)=-/LLIT M)
GHEXT (T »M)=CR{MIXRREXT (1)
ZEALs M) =21 (T e M) HD2 (M)
GO TO 113
IRC RFANSEL. DAFANG XL, PRI IFAY, B
IF (7L (T9y#M) L T,0,) ZL(LsMI=0.
GNEXT{X :MI=FRNCAP (M)
GO TO 113
115 CONVINUE
UDTX=0.SE(VNOW(I-1 Y+ VNEXT(T~1) RRTS/IXRSDB0,
IFCUDTX.LEL. D) RHEXTOL M) ~GNOWCI M) HUDT XX
1 (O SX(GNEXT{I-1+M)I4GNOMCT -1+ H) ) ~GROW(T +H))
IFEUDIX.GTe1.0) BHEXT (X ) =0 HR(GNEXTLT-1+M) +GNNUCI-1sH) )
DZ{M)=0,0
DIAGNDSTIE PRINTOUT
IF(DIAGT.GT. ATV . UR.OTARTHRIAGN. E,ITTY GR TN 113
WRITE(Ay1)15) IR UNTAXGHEXT( U H)
1115 FORHMATC(IH 210Xy "UDNTXsGNFXTC 9T20 9 21227 3="27830.3)
c HRITE(A» LUAAIUNOMCI -1 ) pUHEXT(X-1) ¢ DTX DX
1114 FORMATC(LIH » "UNOWC(T -1y UNEXTO(I=1) DTN+ IX="44F10.3)
113 CONTINUE
c DIAGNOSTIC PRINTOUT
c IFENIAGT.GT.ETT.OR.DIAGT+DTABN,.LELITTY GO TN 508
€ WRITE(4,801){RZ(H) M= NETTFS)
601 FORMATL ‘10X 'N7AM)I=" 9 7Xr10F10.3)
T WRITECA»&02)(ZL.(T+ M) s N1 NSTTES)
802 FORMATC’ “o10X, " ZL (1 s M) ="y 5Xs10F10.3)
c WRITE(A4:A03) (TCE{R) I MAn]NSIZFR)
403 FORMAY(® 210Xy "CE(MIR’ 37X 10E10,. )
c WRITF(4r604) (GNEXT(IsH)eN=1,N8I7ES)
604 FORMAT(’ “» 10X, "HUNEXT(I+M)=*42X%,10E10.,3}
408 RETURN

o MO6

coo

N

c
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401
402

A

SUBROUTINE SROUT (T.PX)
CORMON/HYDR/YNOWC40) ;ONONCAD) »UNDWCA0) s YNEXT (4D) »ONEXT(40) »
2UNEXT(49)
COHMON/SER/F{A0:10)vPACA0,10) s PMR(10) +NARMORC(A0)

1rZL (40 10) s ZLSHIM DZC1O) s ADF » SPBRAV(10) fDENS (10 » FYB(10)
2/GNON(A010) »GREXT(40+10)» TRNCAP(I0)CEC10)
CORMON/GER/DTHs DFSsDTX s NFA WF B SKils WEPER »NX
L1eNS1ZESsNREC TRTYPE
COMMUNALSHLOZLTRIFCAQ) s RIREBGLAT(10»5)» ITREX(TD)
INTERER DIAGT:DIAGN

COMBON/DIAG/DIAGY s DIAGH,ITT
WRITE(&+200)
FORMAT(1H »* SURROUTINE SROUT "}

DETERMINE SERYMENT CONMUENTRATION AND TRANSFORT RATE RY
COXPARING THE TRAHSFORT CAPACITY OF THE FLOW TN THE
AVATLARILITY OF &0IL.,

DO 113 #H=1,NSTIZIES
TFOLTRIB(D) JHELOIGLATH=BLAT (N LLTRIB(T) ) /DX
IFCLTRIRCID LEN.O)GLATH=0.0
07 = CHANGE 1IN ROTTOM ELEV. NUE N DFFOSITINK OR SCOUR
CNEXTY=TRNCAFP (M)
COMPUTF THt D7 RASED ON THE THANSFORT CAPACITY
DZIMY =L /UEPERISUCCIUFARBNONI T s MY ) 4(L . ~WFA) S {UFBREGNEXT(I~1 M) 4
101 -WFR)EGNOW(I -1+ M) ) =CREXTIIANTX) - (CHEXTT/UNFXT(T) 14
ZOCMFREGNEXTC(T-L e MY /VNEXTCT-1) 401, ~WFRIR(UWFARGNOMII M) /UNOMCT) +
(1. ~-WFAYEGNOW(I-1,M)I/VUNDUCI-1)2) )4 (GLATMEDTS))
DIAGROSTIC PRINTOUY
IF(DIAGT.GT.ITT.OR.DTAGTHNTAGN.LELITT) 60 TH 399
WRLTFC(4,400) HyUBLAYTHSDZ(N)
FORMAT(® FOR M=‘sJ2¢" GIATH="+E10.3+* RAW NZ(M)="»F10.3)
CONTINUE

IF NZ>0F AGGRADATINN DLCURS ARD TRANSPORT RATF IS AT CAPACITY

IF(DZ(M).RE.0.) GO TO 114
7CA = AVATLABLE 1.ND0SE S0J1. BFPIN FOR EAGCH SIZE
ZL = IOOSE SGTL RFPTH FOR EACH SIZE
ZCA=DZ (MY HZ1.(T M)
DIAGNOSTI PRINTOUT
IF(DIAGT.GT.ITY  UR, DIAGTHDIAGN.IE.ITT) KO TO 402
WRITE(4,401) ZCA
FORNAT(’ ‘310X, ZCA='yE10.3)
CONTINUE

IF ZCA>0+ AVATLARILITY OF LDORF SNRJL IS GREATFR THAN
TRANSPAORT CAPAC(TY (IF FL.OW ANMN THEREFORE TRANSPORT RATE IS
AT CAFALTTY

IF(ZCA.GF.0.3 GD TD 114

IFCPLTsM) LR OO0 NND, ZLET M) LF. 0. KD TN 113
TRANSPORT CAPACITY IS GREATFR THAN AVAILAKLF SUFFLY OF
LOOSE SNTL,  SEDIMENT CUNCENTRATION UNDER THIS CONUITION
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200

101

102

103

104

1085

BUBROUTINE POWER (ZrA«XJ1»X17,CONV)
REAI 38 AEX

MRITE(&:200)

FORMAT(1H +* SUBRDUIINF FOHER’)

THIS SURROUTINE EVALUATES JI AND (2 INTEGRALS
NOTATIONS

X41 = VALUE OF 11 IHTFGRAL

X2 = VALUF OF .52 INTEGRAL

N = ORDER OF AFPROXTHATION + 1

CONV = COMVERGENLE CRITERION

N=}
XJ1=0.
XJ2z0.
ALG=ALOR(A)
C=1.
==~
E=D+1.
FN=1.
AEX=AXNE
60 TO 102
N=MN+1
C=C*0/FN
D=E
F=U+1.
FN=FLOAT(N)}
AEX=NA%XE
IF (ARSCE}.LE.0.,001) GD TO 3103
XJ1=XJ140C% (L, ~AFEX)/E
XJI2=XJ24CRCCARX-1. ) /ESE2-NAFEXRALG/T)
60 TN 104
XJ1=Xi1-C¥ALG
XJ2=zX 20, TRCXALGRRY
IF (N.EQ.1) BO Ta 105
CIl=ABS(]l . ~FJL/X01)
CJ2=ABRS(1.~FJ2/X.02)
IF (EJ1.LF.CONVAND,CI2.LE.CONV) RFETURN
FJ1=xJ1
FA2-X32
GO TN 101

END
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Appendix D

PART l: FLOW MODEL INPUT
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SCIOTO RIVER FLOWMODEL - 2ND STORM EVENT
3500 ‘
2083024123200
GREENLAWN AVE BRIDGE
0 683.36 0.01 0 0 0 O
129.5 20
0 714,

40 701.

200 692,04

220 491.28

260 688,32

280 487.43

300 487.47

320 687.2

340 68é6.4

340 686.85

380 487.3

400 4&84.72

420 694,00

430 586.45

460 685.42

aBo0 483.36

500 4685.15

520 487,45

530 468,45

470 714,
SYNTHETIC X-SEC 41
0.77 $83.9 0,01 0 0 0 0
128.65 11

0 693.9

5 692.9

14 691.9

57 688.9

89 687.9

248 6B3,9

410 487.9

438 688.9

4B2 691.9

491 692.9

495 693.9
SYNTHETIC X-SEC #2
1.16 684,28 0.01 0 0 0 ©
178,21 11

0 694.28

5 493.28

14 492.2

57 689,28

HY 4B8.28

248 484.28

210 488.28

438 409.28

anz 492,28

4y1 693,28

475 494,28

FKANK ROAD BRIDGE
1.56 &B3.64 0,04 0 0 0 0
127.77 16

60 698.45

80 688.1

100 464,74

120 684.55
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180 484,44

180 485.08

200 484.289

220 686.2

240 &485.74

250 485.51 .
280 485.15 \
300 486.67

327 468B.1

380 691.45

400 472,47

RAILRCAD BRIDGE

2.52 475.2 06,1200 0 0 O

126.7 12
85 693.5
100 &4%0.
105 687.6 -
120 484.6
148 687.8
180 481.5
240 678.
248 478.5
300 675.2
337 681.8
340 488,
370 &%94.
SYNTHETIC X-SEC $3
3.510000 677.9000 0.120 00 0 0
125.400 17
240.0000 682,8000
280.0000 682,4000
300.0000 482,2000
320.0000 6B0.4000
340.0000 678.9000
360.0000 677.9000
360.0000 4£7%.5000
400.0000 681.1000
440,0000 $81.1000
440.0000 681,2000
480.0000 681.4000
520.0000 681.7000
540,0000 £82.2000
540.0000 681.9000
580,0000 681.8000
600.0000 482,3000
620.0000 682,8000
X-SEC @ 1-270

4.570000 £75.9000 6.6999994E-02 0 0 © O
124,4200 17
240.0000 680,8000
280.0000 680,4000
300.0000 480.2000
320.0000 £78.4000
340.0000 676.9000
340.0000 675.9000
380.0000 677.6000
400.0000 479.1000
440.0000 679.1000
440,0000 67%.2000
480,0000 679, 6000
520.0000 479.7000
540.0000 $80.2000
560,0000 679.9000
580.0000 479,8000
600.0000 680,3000
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K~SEL #11

5.440000 471.4747 5.4999994E-02 0 0 0 O
123.4300 14
0.0000000 &77.7747
20.00000 72,5747
40.00000 &471.9747
40.00000 &471,6747 \
80.00000 &72.1747
100,0000 47%.6747
120.0000 673.0747
140.0000 673,3747
160.0000 673.7747
180, 0000 674,7747
200.0000 875.1747
220.0000 74,7747
240.0000 574,9747
260.0000 677.7747
X-SEC #10
6,040000 672.1874 6.6999994E-02 0 0 0 0
122.7%00 12
0.0000000 &£76.46874
20,00000 673,5875
40.00000 673.1874
40,00000 &72.4874
80.00000 672,26874
100.0000 672.1874
120,0000 &672,4874
140,0000 473.4874
1560.0000 674,087%
180.0000 474.8875
200.0000 475.4874
220.0000 676.6874
X-5EC &9
6.9300000 46B.1746 4,64999994E-02 0 0 0 O
121.8000 12
0.0000000 475.5746
20.06000 670,574
40,00000 870,4744
60.00000 6468.1744
80.00000 46B.6746
100.0000 56B.4746
120,0000 668,3746
140.0000 668.5744
160,0000 66B.6746
180.0000 669.1745
200,0000 &72.5746
220.0000 475.5746
%-SEC #8
7.800000 670.5470 £.6999994E-02 0 0 0 O
120.8300 14
0.0000000 &73.7449
17.00000 672.8470
34,00000 672.5470
51.00000 &71.7449
48.,00000 670,%470
85.00000 &70.6470
102.0000 670.8470
119.0000 671.746%
136.0000 671.8470
153,0000 471.5470
170.0000 670,%470
187.0000 670.7470
204.0000 671,4470
221.0000 71,7449
2328.,0000 672.0470
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X-SEC #7

8.510000 £562.284%9 6. 6F99974E-02 0 0 C O
1206.0400 12
0.0000000 672.3B69
20.00000 671.586%
40.00000 669.1B870
40.00000 4865.3869 ]
80.00000 464.4869
100.0000 6463.384%
120.0000 6562.2869
140.0000 &62.7849
160.0000 484,1870
180.0000 4466.6870
200.0040 669.1870
220.0000 £72.3849
SHADEVILLE RRIDGE
8.550000 665.5000 +100 0 0 0 O
120.0000 9
160.0000 472.3000
180.0000 6869.7599
200.0000 668.2599
220.0000 470.1500
240.0000 £65.4%00
2860.0000 670.0200
300.0000 667 .7800
320.0000 670.5400
343.0000 472,2500
X-SEC 26
9.18000 6465.2422 +i00 0 000
119.3000 11
0.0000000 670,2422
20.00000 &6567.3422
40.00000 666.3422
4£0,00000 665.7422
80.00000 6465.2422
100.0000 565.3422
120.0000 465.4422
140.0000 6465.5422
1460.0060 665.9422
180.0000 4466.4422
200.0000 670.2422
X~-SEC #3
¥.90000 561.6B813 «100 0 0 0 O
118.5000 14
0.0000000 668.9813
17.00000 &67.2813
34.00000 6467.0813
51.00000 666,0813
58.00000 665.1813
85.00000 6464.4813
102.0000 663.9813
119.0000 £63.1813
134.0000 662.5813
153.0000 442.,0813
170.0000 6461.7813
187.0000 661.6813
204.0000 662.4813
221.0000 668.9813
X-SEC #4
10.61000 641.3325 0.100 00 ¢ O
117.7100 12
0.0000000 467.2325
18.00000 664.3325
346.00000 443.8125

54,00000 £63.2325
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?0.00000 662.23235

108.0000 661,3325
124.0000 561,9324

144,0000 662,4324

142.0000 663.2325

180.0000 564,6324

198.0000 647.2325 \
X-SEC 3 -
11.30000 457.9837 7.49999986-02 0 0 0 1
116.9500 14

0.0000000 645.4837

20.00000 662,7837

40.00000 661.6837

£0.00000 560,4837

80.00000 661.8837

100.0000 $61.0837

120.0000 860.,4837

140.0000 659.7837

1460.0000 659.2837

180.0000 658.4837

260,0000 657.9837

220.0000 658,3837

240.0000 559.2837

2460.0000 565,4837
X-SEC #2

12.060000 654,785% 6.4999998E-02 0 0 0 O
116.1000 12
0.0000000 654.4855

20.00000 460,9855

40,00000 661.1855

46.00000 4460,4855

80.00003 657 .0855

100.0000 457 .6855

120.0000 456.1855

140.0000 654,8855

160.0000 455,6855

180,0000 654.7855

200.0000 456.2855

220.0000 564,4855
X-SEC #1

17.72000 £57.2754 4.499999BE-02 0 0 0 0
115.3400 17 A
0.0000000 £63.4754

20.00000 460.8754

40.00000 657.3754

40,00000 £59.1754

BO. 00000 658.9754

100.0000 658.5754

120.0000 658.7754

140.,0000 458.7754

160.0000 658.5754

180.0000 657.7754

200.0000 657.2754

220.0000 457.2754

240.0000 458, 3754

240.0000 658,5754

280,0000 659.2754

300.0000 £61,0754

320.0000 663.6754
ROUTE 762 BRIDGE

12.76000 654.,4000 5.499999BE-02 ©0 0 0 O
115.3200 16
0.0000000 480.,0000

105.0000 463,46000

120.0000 641.5000
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140.0000 657.0000
180.0000 440.9000
200.,0000 462.56000
220.0000 456 ,4000
240.0000 #54.6000
240.0000 655. 3000
280.0000 656.5000
300.0000 4658.92000
320.,0000 661.6000
345H,0000 66146000
355.0000 543.5000
480.0000 480.0000
3.,309012 150.0000
3.757761 300.0000
4.148474 470.0000
4.5151460 600.0000
4,907350 800.0000
9.249875 1000,000
3.94572% 1500.000
&.592774 2000.000
7.218784 2500.000
7.820313 3000.0C0
8.401876 3500.000
8.9746244 4000.000
7.545040 4500.,000
10.04572 5000.000
131.35079¢ 6500.000
2.,92935 g000.000
14,344632 ?300.000
15.74280 11000.00
17.21004 12500.00
17.72922 15000.00
385 385 385 385 389 38L
385 285 383 3BS 385 385
155 155 155 155 155 155
155 155 155 155 155 155
8.4 B.4 B.4 H.4 B.4 B.4
A.4 B.4 B.4 B.4 B.4 B.4
38s 385 385 385 380 73
3IB5 3I8% 389 3BT 3IBY . L
155 152 155 150 1 o
155 15% 155 155 1%
8.4 8.4 8.4 8.4 8.4 ¢
8.4 8.4 8.4 8.4 8.4 8.»

372 342.46 360.3 358.0 355,7 353.4
356.9 360.4 363.8 347.3 377.9 3IBB.4
155 155 155 159 159 150

140 16% 170 t75 180 185

8.4 8.4 B.4 B.4 8.4 8.4

B.4 8.4 8.4 8.4 8,4 8.4

417.2 424.5 450.2 A75.9
1095 1242 1249 12464

205 210 220

325 355 384

8,4 8.4 8.4

8.4 8.5 8.7

399.2 407.8
A75.9 956%9.1
190 195 200
234 244 295
B.4 8.4 B.4
8.4 8.4 8.4

1235 1228 1143 1001
B24,P0 833 724 741.7
4146 447 477 L19 31 537
225.7 521.5 495 466 447 425
9.0 9.3 9.6 9,8 10.0 10.2

1008 950
716.3 701.
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A85.4 649.8 654.3 638.7 432.4 424.2
5619.9 813,48 418.7 &19.8 419.8B 419.B
183 I705 3435 328 321 315

308 302 294 287 284 281

10.15 10.1 10,0 %.95 9.9 ¥.8

?+6 9.45 9.3 9.2 9.1 9.00

419.8 619.8 413.7 607.5 401.4 595.3
589.2 S583.,1 577 570.% 564.8 558.7
279 276 276 276 274 276

273 272 271 270 248 245

9.0 8.95 8.9 8.9 8.9 8.9

3.9 Bo’ 8.9 8.9 3-9 809
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Appendix D

PART 2: FLOW MODEL OUTPUT
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. SRLERBONAREENANERRBRRNNIEERAUB LRI LLRRREOARSLARERRI SRS
L ] ! SUFRON CORPORATION
b LINEAR IMPLICIY FINITE DIFFERFNCE FiOW RUDEL 4
L PATE? 2¥-DrC-81 X
S TIME! 14:01124 3
ERRBERRSSRERRERNRERIREBATRBLRNSRSTERIAIRTTARSRENLLERLD

SCIOTO RIVER FLUMMUOREL - 2ND STORK EVENT

INPUT LRUSH SECTIODNS?

CROYS SECTION 1
GREENLAMN AVF REKING
RIVERNILES 129,50
NURBER (F FOINTSa 20

XeY POINT PALRY ¢
0.,0000 714.0000

40,0000 701.0000

) S+ 200,0000 492.0400
- . 229.0060 &Y1.2800
260.0000 &RB.3199

2R0.0000 4874299

. i - 300,0000 &87.4700
) 320.0000 ABY7.2000
340.0000 6B4,4000

350.0000  6HALHBOO

380.0000 &R7.3000

400.0000 AHS, Y200

420,0000 &94.0000

440,0000 A&HA.AS00

440.0000 68%,4000

480.,0000 6845.3%500

500,0000 4B5.1500

520.0000 487.4500

530.,0000 &B8.4%00

670,0000 714,0000

CRD®S SECTION 2
EYNVHETIL X~SEC #1

RIVERNILE= 12H.43
NUMBER OF POINTS= 11

XeY PULHT PAIRS 1§

. 0.0000 &93.%000

* T0O00 APE.Y000
14,0000 &91.F000
37.0000 AHR,?000
8%.0000 &27.9000
244.0000  AR4,Y000
410.,0000 &87.¥000
4IH.0000 EH3.Y00C
4B2.,0000 4&91.9000
4%91,0000 672.Y000
49%5.0000 493.9000
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- e hbk 4k AEKE -

SYRVHETIC
RIVERNILES

X-NFL 92
12#.2%

HUNBER OF PLINTS= 3%

XY PUINT FAIRS

CRO®S SECTION 4
FRANK ROAD RRIDGE

RIVERMILER
NUMRER OF

XrY POINY

CROSS SECTION

3
RATLROARN
RIVERNILER

NUMBER OF

X+ ¥ POINY

0. 00600
5.0000
14,0003
%2.0000
B%.0h00
244, D00
410.,0000
A3 000D
482.0000
491.0000
49%.0000

137.77
POINTS= 14

PHIRYS 1
40.0000
80,0000
106.0000
126, 0000
140.0000
150.0000
180.0000

200.0000
220,0000
240,0000
260.0000
280,0000
300.0000
327 .0000
340.0000
400.,0000

RRIDGE
125.70
POINTR= 12

FaIRS &
85,0000
100,0000
105.0000
120.,0000
148.0000
186, 0000
240.0000
268.0000
300.0000
337.0000
360.0000
370.0un0
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4¥A, 7000
A¥X.LAA00
#92.2800
ABY . XA00
686.2800
A4, 2RD0
4BR. 20090
AHY PA00
692.2000
4¥3., 1900
6%94,2800

&%H.46%00
4HH. 1000
6B4.7400
S84, NS00
485.5400
408, 6500
685.,04600
4H&,IR00
686.2000
ABY,75HTP
4B5.5079
AHYN . 1500
686,609
A8B. 1000
691 .6500
&¥2 . H700

6v3.5000
AYG.0000
6B7, 6000
&HA . 4000
487.R0O00
4RY, BOD0
478.0000
4789, %000
475.2000
4k1.8000
48R.0000
&94,0000



LAUDE D1 RN -

SYNTHETIC X-SEL 43
RIVERMILES  12%.60
NUMBER OF PLINTSs 17

XeY POINT PAIKRS 1
240.0000
2B0. 0000
300.,0000
3120.0000
340.0000
34600000
380, 0000
400.0000
440.,0000
450,0000
4B . 0000
$20.0000
540.0000
%560, 0000
580.0000
&£00, 0000
4620.0000

CROSS SECTION 7?7

X~8ELC P I-270
RIVERMILE® 124,42
NUMMER OF POINIS= 17

XY POIRT PAIRS
240. 0400
280, 0000
300.0000
320.0000
340.0000
3560.0000
3080.0000
400 .000C
440,.0000
450.,0000
480.0000
32,0000
S40.0000
540.0000
580.0000
&00.0000
620.0000

CRORS SEETIHN e

»

X-85EC 11
RIVERMIL..= 123.43
NUMHKER OF POTNTS= 14

Xr¥ FUOTHT PAIRS ¢

2.0000
20.0000
40.0000
40,0000
80,0000
100, 9000
120.0000
140. 0000

149

4B2 .R0O00D
AHZ, 4000
SHZ . 27000
A9 . 4000
47B.5000
A27.900D
679.4000
4B1.1000
&BY 1000
AR A000
4B, 6000
&HY, 7000
4B2,2000
481 . Y000
481 ,8000
L8832, 3000
82,8000

AH0, 8000
AR0. 4000
“HO . 2000
H7H. 6000
676.9000
47%.9000
477.6000
479,1000
679.3000
H7¥. 2000
67946000
479 . 7000
4RO, 2000
A7%.9000
&79.8000
4BG, 000
&80.8000

&77.7747
72,5744
&71.9747
471.4747
677.1747
72,4747
73,0746
£7%.1747



140.,0000
189. 0000
200.0000
270.0000
Z240,0000

240.0000

CROSS SECTIOR 9
x-Skl 010
RIVERRILE~S 122.79
HUNBER DF PDINTS= 12

X+Y PUINT PRIRY 1

0.0000
20.0600
40,0000
&40 . 0000
89.0000
100.0000
120.0000
140,0000
140.0000
180, 0000
200.0000
220.0000

CROSS SECTION 10
%X-SEC #9
RIVERHILE= 121.80
NUMBER OF FOINTS= 12

XeY POINF PAIRS 3

0.0000
20.0000
AC. 0000
&0, G000
80.000D0
100.0000
1260, 0000
140, 00040
140.,0000
180. 0000
200,0000
220,9000

CRDRS SECTIUN 11
X-5EC 48
- RIVERNILE= 170.83
NUNKER OF POINTG= (4

X+Y POINY PALIKS ¢

Q. 0000
17,0000
34,0000
51.0000
68,0000
B8Y . 0000
102.0000
117.9000
134.0000

150

AT TIAT
ATA.TTAT
A7S. 1747
ATALITAY

A74.R747 .

A7 T747

768074
473.5R73
G7X,1K74
AT ANT A
L7220 74
472, 1874
a72.4u74
$73.4874
&74,0875%
A74.HAT7S
675.46874
AT78.46074

£75.5746
IR 746
670.6746
AAH. 1744
HAHR. T4
AARL A7 4G
468.3744
ASA.NTAS
AMAB AT RS
AbR. 17464
672.5745
&7N.57484

&73.7449
A72.B470
672.%470
LYSRTETY Y.
&70.9470
Q0. 6ATO
470.847¢0
&71. 7449
A7V . .RATD



CRNSS SECTION 12
X=-HEL 7
RIVERMILE~

TR

170.0000
187.0000
204.0000
221.0000
238.0000
255.0000

120,09

NURBER OF FOINTS= 12

XeY POINT PAIRS &

CROSS S[ECTION 13

0, 0000
20.0000
40,0000
&0. 0000
g0.0000

108.0000
120,0000
140.0000
160.0000
180.0u00
20¢.,0000
220.06090

SHADEVILLE PBK1DGE

RIVERNILE=

126.00

NUMEER OF FOINTE= v

XY PUINT PAIRY I

CROSS SeCTION 14
: X=S5EC 86
RIVERMILE=

1460, 0000
180.0000
200.,0000
220.0000
240.,0000
2460, 0000
3006.0000
320.0000
343.0000

11¥.30

NUKBER DF POINTS= 11

¥ FOINT

PAIRS !

0.0000
20,0000
40,0000
60.0000
80,0000
100.00080
120.0000
149,0090
140.0000
180.0000
200.0000

151

e b mes e

470.947

ATU.YATD
471 .4470
A1, 7449
472.0470
&78,7459

6773648
471.5849
44T, 16870
&hb.AR48
644, 4HAT
&43,3858
&62,2R8%
42 .7HAT
464.1R70
645 . AHT0
66%9,16870
&72,3348

472.32000
baY.7599
A4R 2599
a&70.1500
65,4500
A70.,0700
A&7 . 7800
70 . 2400
472.2500

70 2A22
667.4422
464.3422
&A%, 7422
AN, 2422
H5%5.4422
445, 4422
A% 5422
445.9422
hhh.A422
A70,. 7407



CROSS BECTION 1S
X=-5EL 83
RIVERNIILE=  1)1H,%0
NUNBFR OF POINTS= 14

X+ Y POINY PAIRS @

0.0000
17.0000
34,0000
51,0000
4B, 0000
8%.0000
102.,0400
11¥.0000
134.0000
134.0000
170.0000
18/7.0000
204.0000
2710000

CROSS SECTION 16
X-5EC 44
RIVERNILE= 117.71
NUMKER OF POINTS= 12

XeY POINT PALIRS 3

0.00040
18,0000
36,0000
54.0000
72,0000
70,0000
108,0000
124, 0000
144.0000
1462.0000
168¢.,0000
198,0000

CROSS SECTION 17
¥-HEL #3
RIVERMILE= 114.95
NUNRER OF FPOTNTS> 14

XY FDINT PAXRYS @

0, 0000
200000
49 . 0000
&0, D000
80. 0000

100.0000
120.0000
140,0000
140.,0000
180.0000
200, 0000
220.0000
240.,0000
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AGB.YBLY
667 .2313
667 .0RY3
hbb.ORLS
6451813
AAA . AHLT
643,9413
AASIBLT
A&D,5BL3
LEYROT S |
&41 . 781
s61 8413
&62.4H13
&aH.YR13

447 . 2325
LY TP E i3]
&6, 8325
&63,2.525
462.7325
&b, 2325
&61,3325
41 .¥Y3248
662,434
AA3.2325
&564.46324
AT .232%

4% . 4B %S
h52.7837
&461.4B37
A& ARTS
&&1.B037
sh1l.0837
440 .4B37
&%9,7837
&59.2037
4N . 4034
A%7,.9834
&N8. 4037
A%%,PR17



. ST T 2000000

CROSS SERTION 1B

CROSS

CRD®S

.

X-SEC #2
RIVFRMILE™ 114.10
NUMKFR OF POINTS= 12

XeY PUIHY PAIRS 3
0, 0000
20 . 0000
40.0000
&0.0000
B80.0000
100.0000
10,0000
14D.0000G
1460.0000
190, 0000
200.0000
220.0000

SECTIUN 19
X~-5EC 41
RIVERMILES  115h.34
NUMRBER OF FOINTS= 17

XrY POINT FAIRS 3

0.0000
20 . 0000
40.0000
&3, 01Q
B4.0000
1040, 0000
120.0000
140.00090
140.,0000
180.0000
200.0000
20¢ .. 0000
240.0000
240.0000
280.0000
300.0000
320.0000

SELTIUN 20
ROUTE 742 BRIDGE
RIVERMILE=  311%.32
HUMKFR OF POINTE= 16

XrY POINT FAIKY

O, (000
10%.0000
120.0000
140.0000
160.0000
180.0000
20¢.0000
220.0000
Jaf.4nnn
280, 0001)
280.0000
300.00n0
320.0000
340.0000
359.0000
480 ,.6000
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44T, AB3S

ALA,AUDS
&40 . 7H5T
641,1855
AA0, ARG
&9, 0854
45746055
654.18%5
A4 HATD
455.48353
&AL 7R5D
654 . 2050
&hA L ARSS

GAT ., 6754
Ab0, 0794
459.3754
&5Y. 1754
45H. 9753
A%B.5754
456.7754
58,7754
ASB.TT7N4
57,7754
57,7774
4572754
458, 3754
&BH, 5754
459.2754
44,0754
463, 47%4

4O . 00CO
653, 4000
6461.35000
A%7. 4000
&57.0000
A60.,.9000
42, 46000
A%b.A000
A%, ARNN
ANS . AnNg
ASR.R000
ANR.¥000
ALY, 4000
AH1.AD00
463.6000
AAD 0990



FLOW NODEL INPUT PGRANET&RS
NO OF X-5ECYH 20
TIRE 1MCRENFHT. SECONNIK 3600.0 TOTAL TIME
NO OIF ORDINATES ROUTED 83
POUNDRARY CONDITION TYFPFS
UPSTREAR - - 1 = SFLF SETIINR 2 = KATING CURVE, 3
QUNSTREAN » =~ 1 = SELF SEYVEMGy 2 <= LONSTANT NEFTH.
TYPE SELECTEDR= 2 FOR UFSTREAR AND I FOx DUWNSIREA
ND. OF TRTIBUTARIES™ i
TRTR. NO. AT X-BKLC. NO.

1 17
UPRTREAN RATING TARLE

DEPTH DISUHARGE
3,31 150,
3.76 300,
4,17 450,
4.52 £00 .
4.%1 B0OO.
5.2% 1000,
.93 1500,
&.60 2000,
7.22 2500,
7.82 3000,
B.40 3500,
8.99 4000,
9.55 4500,
10,08 5000,
11.51 6500,
12,93 8000.
14,35 9500,
15.76 11000,
17.21 12500,
19.73 15000,
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CROSS SECTION FROFERTIFS

X~-5FE¢ NUNRFR 1 AT 0. FY. 9.90 H1LES

LATERAL TNFLOM FOR REACH o 1n 1 J§ 0.00 CF5 PER FODT

EGUATION RESCRIBING N I8 0.010 FLUS 0,0000 [IMES Y FLUS 0,000 TIMES Y SHUARED
ELEVATION DF LOWEST PUINT DN X-SFLC ARI, 34

BEFTH ARER W FER TOF WIDTH
0.00 Q. 0. 0.
1.7% 33, 34, 37.
2.06 44. 43, 42.
3.0 79 70, 70.
3.09 103, 75, ?u.
3.4 139. 107, 107.
3.54 147, 113, 113,
3.84 1Ra. 151, 1%1.
3.94 200, 170, 149,
4.09 226, 1IR3, 183,
4,311 230, 185, 184,
4,27 2A1. 208, 207,
4.%6 415. 23%. 238.
5.09 446, 242, 241.
7.92 1227. 313, 311.
B. 4B 1474, 342. EEL
10.464 2193, 399, IPT.

17.64 4533, ELR W

30.44 13520, 678, E70.

X-SEL NUMBER 2 AY 1WEE. ¥T, 0.77 HILES

LATERAL INFLOMW FOK REACH 1 70 218 0.00 CFS PER FODT
EUMATION DESCRIBIMG M IS 0,010 PLUY 0.0000 TIRES Y FLUS 0,000 TIMNES Y SQUARED
ELEVATION OF LOMEST PUITNT ON X-SFC LLETR 2

DEPTH AREA W PER TOFP WIDTH
2.00 0. 0. .
4.00 442, 321. 321,
5.00 793, 381, 38l.
8.00 2247, 4458, A48,
F. 00 2744, 485, 484,
10.00 3234, A96, 195,
X-SEC NUMBER I At &I254 FT. 1.14 HILES

LATERAL INFLOM FOR REALH £ Y0 3 15 0.00 CFS PER FOOT
EQUATION DESCRIBING N IS 0.010 PLUS 0.0000 TIMES Y FLUS 0.000 TIMES Y SUUAKED
ELEVATION UF LOWEST FOINT UN X-SEC &84, 28

DEFTH AREA W PFR  TOF WIDNTH
: 0.00 o. 0. 0.
- 4,00 542, 321, 321.
5.00 ¥93. 81, 81,
8,00 2287, 448, 488,
.00 2744, 484, A85,
10.00 3234, 494, 495,
A-BEC RUNIER 4 aT H237. FT, 1.54 MILEE

LATERAL INFLCW FOR REACH 370 4 J5 0.00 CFs PER FDOT
EQUATION DESCRIBING N 18 0.040 PLUS  0.0000 TIMER Y PLUS ¢ 000 TINES Y SOUARED
ELEVATION OF LOWEET FPOINT DN X-5&C SHI, b6
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9.00 0. Q. Q.

.40 .1 2%. 29.
C.AY . 32. 32,
.85 27. 71, 71,
0.%0 i1, 7a. 78.
1.10 49, 104. 103,
.54 104, 14%, 145,
1.62 114, 14%. 159,
1.8y 143, §78. 178,
2.03 189, 195, 195,
2.08 199, 201. 201,
3.44 504, 247, 247,
&6.99 1454, 288, 287.
8.01 1745, 430, a2y,
13.99 3764, 349, 340,
X-SEL HURBER % AY  13¥04. FT, 2.52 WULES

LATFRAL INFLOW FOR REACH 4 YO0 S IS 0.00 CFS FFR FOOT
EQUATLUN DESCRIBING N I8 04120 PLUS n.000n TIRES Y PLUS C.000 TIMES Y SIMIARED
ELEVATION OF LOMEST POINT ON X-SEC 70,20

DEFTH AREA W PER TOF WIDTH
0.00 0. Q. (X}
2.80 40, 43, 43.
3.30 92, ag. 87.
6.30 454, 156, 155,
b.60 503. 159, 159,
?.40 va1. 185, 193,
12.40 1632, 253, 251,
12.60 1483, 57, 55,
12.80 1734, 259. 2548,
14.80 22513, 247, AT,
19.30 3211, 2089, 284,
18.80 - 3353, 2%1. 285,
X~SEC NUNBER & AT 18533, FT1. X.%1 MILES

LATERAL INFLUW FOR REACH % Tn 4 I% 0,00 FS PER FOOT
EQUATION DESCRIRING N IS 0.120 PLUS 0.0000 TIMES Y FLUS 0,000 TIKES Y SOURRED
ELEVATION UF LOWEST POINT ON X~-5E0 A7F.90

DEPTH AREA W PER  TODF WIDTH
0.00 0. 0. 0.
1.00 14, 32, 3z,
1.70 44, 48, 48,
2.70 105, 74, 73,
3.20 145, B&. B&,
3.30 158. 148, 147,
3,70 222, 173, 173.
3.60 242. 214, 214,
i 3,90 243, 219, 219,
a.00 287, 249, 248,
. 4,30 349, 296, 294,
4.40 196, 308, 305,
4.70 A94, 332, 332,
4,90 555, 380, 280,
X-SEL NUWBER 7 AT 24130, FT. A.%7 WILES

LATERAL INFLOUW FOR REACH & TO 7 ¥S§ 0.00 CFS FEK FOOY
EQUATION DESURIBING M I8 0D.047 PLUS 0.0000 TINES ¥ PLUS 0.000 TINES Y SOUARED
ELEVATION OF LOMEST POINY ON X-SEC 67%.,%0

DEPTH AREA W PFR__THP WINTH
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v. 00 0. e Q.

1.00 18, 32, 12,
1.70 A4, 48, 48,
2.70 105. 74, 73,
3.20 145, B&. 8é.
3.30 158. 148. 147.
3.70 222, 173, 173,
3.80 242, 2i4. 214,
3.90 243, 21¢9. J1%.
4,00 287. 2AV, A48,
4,30 348, 296. 296,
4,40 398, 405. 505,
a.70 494, 132, 132.
4,90 HaG. SRO. A0,
X~SFC NUMBER 8 AT 28H2Y. FY. S.44 MILES

LATERAL [NFLOW FUR REALH 7 0 # IS 0.00 FFS F¥R FDOT
EQUATINN DESCRIBING N IS 0,047 FLUS 0.0000 TIMES Y PLUS 0.000 TIMEL Y SOUARED
ELEVATION UF LOWEST FUINY ON X-SEC &71.67

REFTH AREA W FER T0F WIDTH
000 0. . 0.
0.30 S 32. 32,
0.350 13, 47. a7.
0.50 37+ 76 78,
1.00 45, 80. RO.
1.40 81, 102, 102,
1.70 1135, 123. 123,
2.10 169, 145, 145,
3.10 A25. 147, 148,
.20 344, 199, 199.
3.50 AOB. 232, 232,
6.10 1048, 243, 260,
X~SEC NUMAER ¥+ AT A18Y1. FY. A.04 NILES
LATERAL INFLOM FOR REACH 8 TO 9 1§ 0.00 CFE PER FOOT
EQUATION DESCRIBIMNG H 1S ©G.067 PLUS ©.0000 TIMES Y FLUS R.000 TIMES Y SBUARED
ELEVATION OF LOWEST POINT ON X~SEL A72.1%
DEPTH AREA ¥ PER TOP WIDTH
0.00 0. G. Q.
Q.10 1. r 27
0,30 10. 0. 40,
1.00 Ad, 94, 74,
1.20 o 115, 115,
1.40 107. 123, 123.
1.%0 174, 143, 143,
2.70 298. 149, 168.
3.30 407. 192 192,
4.50 A%id, 20, 220.
X-SEC NUMBER 10 AT IANNO0,. FT, 6.¥3 HILES

LATERAL INFLUW FOR JEACH ¥ T0 19 Y% 0.00 CFS PER FOOT
EQUATION DESCRIPING N IS 0.047 FLUS 0,0000 TIMES Y FLUS 0,000 TIHE® Y SQUHARED
ELEVATION OF LUWEST POINT ON X=-SEC b468.17 -

PEPTH AREA N PER 10F WIDTH
0.00 0. 0. 04
0.20 1. 10. 10,
0.30 LD a8, 4.
0.40 L Y 4. 6% .
0.%0 18, 104, 104,

157



PR LR} At PrOvES

PIg 1) 2AY. 148, 147,

2.5%0 2835, 170, 149,
4,40 424, 1R9, 198,
740 1236, 221, 220,
X~SEL NIMRER 11 AT A11H4, FT, 7+80 MILES
LATERAL INFLOW FOR REALH 10 TD 11 1§ 0.00 CF5 PER FODOT
EQUATION DESCRIBING N ES 0,047 PLUS  0.00040 TIKES Y PLUS 0.000 TINES ¥ SOUAKREDR
ELEVATION OF LOWEST PUINT UN X-5FC 470,45
DEFTH AREA W FER TUF WIDTH
0.00 [N Q. ¢,
0,20 3. 28. kI
0.30 & 3b. 36,
0,80 43, 102. 102,
1,00 684 126, 126,
1,10 81. 145, 144,
1.20 ?7. 178. 178.
1.40 134, 193, 193,
1.%0 235, 209, 209,
2.20 301, 2T A9
3.10 518, 255. 255,
X-SEL NUMBER 12 Ar 43943, FT, B.51 MWILES

LATERAL INFLOW FOR REALH 13 TO 12 IS 0.00 GFS PER FOOY
EQUATION DESURIBING M I8 0,047 PLUS  4.0000 TIMES Y FPLUS 0,000 TIMES Y SGQUARED
ELEVATION DF LDWESYT PUINT ON X-SEC LY IV 4l

DEPTH AREA W PER TOP MIDTH
0.00 0. 0. Q.
0.30 7. 27, 2%,
1.10 31. 4%, 49,
1.90 B0, - 75.
2.20 103, 83, az,
4,10 293. 118, na.
4,40 329, 123, 122,
&6.90 A2, 161, 1460,
?.30 1108, 1946, 195,

10.10 1274, 22%. A20.

X-SEC NUMWBER 13 AT 45144, FT. 8:55 MILES

LATERAL INFILOW FUR REACH 12 TO 14 I3 0.00 OFS PER FOOT
EQUATION RESCRIKING N I& 0,100 PLUS 0.0000 TIMES Y FLUS C.000 TIMES Y SWUNKED
ELEVATIUN UF LOWEST POINT ON X-SE@ £65.50

DEPTH AREA U PER TOF WIRTH
0.00 0. [ 0.
2.29 23. 20, 0.
2.77 Ib. 37, RN
. 4,27 15%. 124, 123,
4.53 189. 138, 134,
- 4.64 207. 142, 140,
5.0% 263. 1449, 146,
&.74 Y44, 184, 183,
&.81 553, 185, 183,

X~BEC NUMBER 14 AT 40470, FT. ¥.18 MILES

LATERAL INFLUN FOR REALM 13 TO 14 I8 0.00 CFS PER FOOT

EGUATION DESCRIRING N IS 0,100 PLUR ©.0000 TIMES Y PLUB 0.000 TIMEE Y SHUARED
ELEVATION 6OF LIWERTY POINT ON X-SEC A6%.24

hEeTY LRF N W PR 1NE YInTH
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0.00 O 0. 0.

0.30 1 24, 4.
0.20 S 48, 49,
0. 30 i1, 72, 72,
¢.50 27, $0. 90.
0.70 47, 107, 107.
1.10 ?5. 134, 136.
1.20 109, 142, 142,
2.10 247, . 165, 165,
S.00 776, 201, 200.
X-SEL NUNBER 15 AT W2A272. FY. ®?.¥0 NILES

LATERAL INFLOW fFOR REACH 34 TO0 35 IS 0.00 CFS PER FOOT
EQUATINN BESCRIRING M 18 0,100 FLUS 0.0000 TIKRES ¥ PLUS 0,000 TINES Y SOUARED
ELEVATION OF tOWFST FOINT ON X-SEC 641,48

DEPTH AREA W FER TOPF WIDTH
0.00 0. 0. (8
0.10 1. 19, 19,
0.40 10, 43, a3,
¢.80 2. &5, AD.
0.%0 38. &8. 48.
1.50 a5. B7. B7.
2.30 162, 106, 106,
2.80 219. 125, 124,
3.%50 313. 144, 143,
4.4 A450. 1563, 162,
J.40 623, 183. 182,
5.60 41, 201, 200,
7.30 1018. 222. . 221,

X~SEC NUMBER 16 AT n40i1. FT, 10,41 HILES

LATERAL INFLOW FOR REACH 1% TO 14 IS 0.00 CFS PER FODY

ERQUATION DESCRIBIMLG N I8 6G.100 PLIE 9.0000 TIAES Y PLUS 0.000 TINES Y SQUARED
ELEVATIDN OF LGUEST FDINT ON X-REC AH1.33

DEFTH AREA W PER TOP WIBTH
v.00 Q. 0. 0.
0.40 P 30. 30.
0.%0 21, 47, 47 .
1.10 3. &, &1,
1.40 32, 77. 7%
1.90 FF. 108, 108.
2.50 172, 134, 134.
3.00 2a4, 158, 158.
3+30 293, 164. 164,
5.90 753, 199, 198,

A-SEC NUNBER 17 AT S¥a&4, FT. 11.30 MILES

LATERAL INFLOW FUOR REACH 14 TU 17 15 0.00 £FS PER FODT

EQUATION DESCRIPRING N JE 0,075 PLUS 0.0000 TIHWES Y FLUS 0.000 TIHES ¥ SQRUARED
ELEVATION OF LOWEST PUINT ON X-5EC &457.v8

DEFTH AREA W PEK  TOP WILTH
0.00 0. 0. 0.
0.40 7T 36, 3b.
0.50 11. 42, 42,
1.30 &0. 80. BO.
1.80 10%. 102, 192,
2.50 183, 120, 119,
2,70 208, 131, 131,
e 247. 148, 128
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RN A hEE- T3 b e S e

3.%0 417, 213, 212
4,80 &17. 232, 251,
790 1280. 261, 260,

X-SEC NUMEBER 18 AY ABATY. FT. 14.06 NILES

LATFRAL INFLOW FOR REACH 17 TD 18 IS 0.00 CFS PFR FUOT

EDUATION PESCRIBING N IS 0.045% PLUS  0.0000 TIHES Y PLUS 4,000 TINES ¥ SOUARED
ELEVATION DF LOWEST POINT ON X-SEC &54.,79

DEFTH AREA W PER TOP WIDTH
0.00 0. Q. Q.
0.10 [+ &, LI
Q.90 27, LI N A4,
1.40 A3, 79, 79.
1.50 71, 81, Bl.,
2.90 200, 104. 103.
4,30 362, 124, 127.
5.70 456, 131, 150,
6.20 435, 147, 166,
&40 470, 194, 193.
.70 1352, 222. 220,

X-SEC NUMRER 19 AY 47142, FI. 13.72 KILES

LATERAL INFLOM FOR REACH 1B TR 39 148 0.00 CF% PER FODY

EGUATION DESCRIRIHE N IS 0.085 PLUY 0,0000 TIHNES Y PLUS 0.000 TIMES Y SQUARED
ELEVATION DF LOWEST PUINT DN X~SEC 457 .2B

DEPTH AREA ¥ PER TUP WIDTH
0.00 Q. 0. [+ 8
©.50 17. A%, 49,
1.10 S4. 75, 75.
1.30 724 100, 100,
1,50 98, 156, 1564,
1,70 134, 191, 171,
1.%0 175, 217, 217,
2.00 197, 230. 240,
2.10 221, 241, 241,
3,40 410. 278. 279,
3.80 6466, 282, 281,
6.40 1448, 321, 320G,

X-5EC NUNRER Z0 AY &7373. FY. 12.76 MILES

LATERAL TNVFLOE FOR REACH 19 10 20 IS 0.00 CFS PER FuOT

EQGUATION DESCRIPING N IS 0,065 PLUS 0.0000 TINES Y PLUS 0.000 TIMES Y SUUAKEDR
ELEVATION OF LOWEST PHINT ON X~S5EC 54 60

DEFTH AREA W PER  TOP WiNTH
0.00 0. 0. 0.
0.70 10, 28, 26,
, 1.80 51, a7, A7,
2.40 81, 53. 53,
- 2,80 1067, 79, 78,
3.p0 205. 101. 100.
4.30 250, 126, 125,
6.30 541, 148, 166,
6,90 686, 185, 183,
, 7.00 665, 188, 184,
8.00 a5, 238 238,
9.00 1128, 253, 2%0.
25.40 7114, 485. 480,

160
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AV

ELEV
DEFTH
DIS{HARGE
VELOCKTY

XSEC

X0

ELFV
NEFTH
DIRCHARGE
VELUGITY

TINE = 32,
XSFC
I
ELFV
LEPTH

DI SCHARGE

VELOLTTY

XSEC

Xild

ELEV
DEFTH
DISCHARGE
VELUGCITY

TIME = 34,
ASEC
X1}
ELFV
DEFTH

BISCHARGE

VELUGITY

XEFC

Xex)

ELEV
DEFTH
DISCHARGE
VELOOITY

TIHE = 3é.
XSED
xXc1s
ELFV

REFTH

DISLHARGE

VELUGITY

XSEC

xen

ELFV
DEFTH
DISCHARGE
VELUCITY

TIAE = 3B,
XSEC
XtI)
ELFV
DEPTH
CISGHARGE
VELOLITY

o
487.27
A, 7
384,70

1-82—

14
AT,
669,02

5.78
3B2.92
D. 49

HOLRS
1
(1
&R7 .29
1.93
363.80

1.83 .

14
AHAT7 G,
469,00

.76
374.41

0.49

HOURS
1
0.
487,33
.27
377.90
1,84

14
ABAZ0,
AAR.F7

1,73
373.08
0.489

HOURS
1
B
587 .39
4,03
399.20
1.83

14
ARA70,
SR, T4

3,70
348.33
n.408

HOURS
1

0,

4R7 .44

4.08

417.20

t.85

Aauna,
406,90
.00
354,04
3,74

15
522772,
LY 2Y.¥]

5,94
364,34
0.353

2
AQAA.
&RA, 7]
£.01
361,30
4.75

15
82272,
L6760

$.91
380.%4
N.52

2
A0HA,
684,73
.03
369,77
078

i35
Saa72.
447,57
5.89
I786.2%
n.%2

2
ADKA .
A8&, 97
3.:07
3B7.AY
D79

15
52272,
£47.54

95.06
371,45
0,52

WL
6R7.03
J.13
404.35
.83

LIP AT
694.87
2.5¢9
ANT 0N
0.86

16
Na&QML,
46T, 61

4‘27
JIHS O
Q.82

3
A12%,
&RA . BH
2. 40
360,59
0.856

1é
HAORL.
S5, 61

4,27
AHZ, A0

a.82

A12%.
&H&LL.TO
2 b2
A48.19
0,88

16
HaN21 .
AN, A0

4,27
37827
0.81

A12N,
&RA, T4
2.64
3f4.8)
0.0

14
h1.1 V4
LLH T

4,26
JI7X5Y
.80

ALID .
&#87.00
2.72
403,40
B.93

L7 T Y
&RAIH
2,72
357,27
1,03

17
R ELEN
b63, 72
%573
544,25
D.64

4
B237.
H86. TR

2.72
350,18

1,05

17
SYARA,
LRIV A

5075
HAEL. RO
0,465

4
H247 .
AB6 .40
2.74
36772
1.068
