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FOREWORD 

The U.S. Environmental Protection Agency is 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 ~PA's 
Research and Development program concerned with preventing, treating dnd 
managing municipal and industrial wastewater discharges; establishing 
practices to control and remove contaminant~ from drinking water and to 
prevent its deterioration during storage and distribution; and assessing 
the nature and controllability of releases of toxic substances to the 
air, water, and land from manufacturing 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 mod~l 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 assessment of water quality impacts 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 receiving waters is described. The package con
tains a linear, implicit, finite-difference flow model and an explicit, 
finite-difference sediment transport model. 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. Data from a CSO 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 most instances. CSO 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 11, 1979 to December 31, 1981, and work was 
completed as of July 30, 198:1
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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 receiving 

waters of material which escapes the sewers via urban stormwater runoff 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 km 2 
urban watershed in Durham, North Carolina. 

The urban runoff 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 yield 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 period 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 

CSO 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 ha& 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 ecosyst~~s. Since large amounts of 

toxic materials such as heavy metals, pesti~iJes, 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 

solution 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 pollutant transport. 

2 



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, 11Dissolved Oxygen Impact from Urban 

Storm Runoff (5)," a major study of recorded dissolved oxygen (DO) levels 

below cities was undertaken. The results of the studv identified 11 sites 

with strong 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, pollutant loading and other properties 

nf CSO SPdiments. 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 preliminarY assessment was made 

of the state of knowledge concerning the interaction between the sediments 

and the receivin~ water and the impact of the biological community. 

The evaluation of the sediment transport model was conducted on a 

reach of the Cuyahoga River between Akron and Cleveland, Ohio. This reach 

han 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 Survev (USGS). The USGS also 

prnvined instream sediment discharge at upstream end. Sediment discharges 

from the Akron municioal treatment plant bypass, located near the upstream 

end of the reach, were e~timated from PXiqting data. The model was used to 

predict the movement and resting rlace 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 coulrl be usen to evaluare the resting time of 

deposits, the concentration of sediments in the flow. and other facts useful 

for impact analvsis. 
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The Cuyahoga River study was not an adP.quate 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 sewaee treatment plant (STP) bypass sediments were 

available; no data were available to verify the buildup and erosion at the 

locRtions oredicted by the model; and no data were available to determine 

whether the sediments from the STP byoass behave as inert, non~ohesive 

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 fucther 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, Ohio. 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 nronosed 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 develoned on an exoerimental 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 usP in Rtunying the fate of sediment 

materials in streams. 
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SCOPE 

The effort was divided into two separatP. parts. The first oart in

volved those tasks necessary to tmnrove~ 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. 

include 

The tasks involved in the first part included 

• complete restructuring of channel representation and storage in 
sediment model; 

• 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; 

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

• writing operating procedures and calibration instructions. 

The tasks involved in model testing using Scioto River data 

• selecting the study reach; 

• acquiring and processing cross-section data; 

• studying the selected reach at low flow conditions; 

• setting up and preliminary testing of the flow model; 

• acquiring and analyzing the storm runoff data; 

• calibrating the flow model; 

• testing the.sediment mogel; and 

• evaluating the model package. 
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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; 

• 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 boundary condition when observed 
stages are used as input; 

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

• 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: 
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• 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 error 
of 4 to 6 inches; 

• the size distribution of sediment materials from the 
Whittier Street CSO 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. 
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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 correlat~on exists between variations in 
sediment-transport and variations in other water-quality 
parameters to suggest d 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 conditions. 
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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, Georgta (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 I(Ood success in thP stndy of the Cuyahoga River (6). 

The U~GS has availahle a simplifiP.d VP.rsion of the model that it calls 

J-879 (8). 

The sediment tranRport routineR were originally develoned by Colorado 

State University for the u.s. Forest Service (9) under sponsorship of the 

EPA Athens, Georgia, 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. 
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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 comoutational techniques used hy the flow Rnd ~ediment models. 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 b~serl. The numerical computation techniques used in 

the models and model coupling are alsn 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. 

(l) 

and the conservation of momentum 

(2) 
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.... ' "'t> 

where 

u = cross-sectional average velocity. 

A - cross-sectional area, 

X = longitudinal distance, 

t - time, 

q ... lateral inflow per unit length, 

g - acceleration of gravit:·, 

y - depth of flow, 

z - elevation of the bed above some datum, and 

sf = friction slope. 

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

tion. The Manning equation 

where 

n = Mannings roughness coefficient, 

Q • discharge. and 

Ru • hydraulic radius. 

(3) 

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 tn 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 
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example of which was pioneered 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 und 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-differe~ce 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 tina! 

grid point, 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: 

Clf 1 
[fi 

+ 1 fj 
+ 1 + 

fj + 1 - fi] (4) -=--Clt 26t + 1 i i 

and 

a£ 1 [fi + 1 fj + 1] (5) ax = t:.x + 1 i 

where 

fl.t - time step, 

fix = distance step, and 

f ,.. the variable whose derivative is sought, that is, U, A, or y. 
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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+l) 

gives this scheme the name "fully forward" implicit. According to Fread (1.1), 

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 equatiJns of the following form is obtained: 

(6) 

and 

(7) 

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•l, i=N, right and left of Figure 4-l). 

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 (j) 

time level to the unknown (j+l) time level by inverting the pentadiagonal 

matrix and thus solving for Uj, j+l, and Yi,j+l 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, q, is important to many modeling applications. 

It can be used to handle sm~ll 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 theories 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)). 

aas acA aPz 
-.,- + -.,- + -.,- = g (volume/unit length/time) 
aX at at S 

(8) 

14 



where 

G 
c s (volume/volume), (9) = Q 

G = the total sediment transport rate by volume, s 
c = the sediment concentration by volume, 

z = the net depth of loose soil, 
p = the wetted perimeter, 

gs = the lateral sediment inflow, and 

A = 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 fractions. 

The sedime~t 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. 

aG (I) 
~x + ac~!)A + ap~~I) ~ g(I) (volume/unit length/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, 
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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, :t 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 various sizes to move. The shear stress at which a given particle begins 

to move is the critical shear stress. Critical shear stress depends mainly 

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

fallowing equa tior.: 

~ = o (y - y)d (force/area), 
c s s s 

(11) 

where 

T = critical shear stress 
c 

Ys - the specific weight of sediment, 

y = specific weight of water, 

d = particle diameter, and s 
0 a constant. s 

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 p~rticlP.s with specific grativities from 0.25 

un to 8. There is little reason to suspect heavier particles would not also 

follow this relationship. The constant, o , hAs bPen reported to be 0.06 by 
s 

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 transport generally follow the form 

given by DuBoys (19) and is closely related to the critical shear stress 

criteria. These equations are written as: 

q • a(T - T )b (volume/unit width/time) 
b 0 c 

(12) 

where 

qb = the bed load transport rate in volume per unit width. 

T - the boundary shear stress acting on a sediment particle 
0 

a and b = constants. 

The boundary shear stress can be expressed by: 

where 

1 2 T
0 

= S pfV (force/area) (13) 

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

p = the density of water, and 

V = the average flow velocity. 

and 

Numerous laborato~y experiments have been conducted to determine the 

values of a and b. A simple and widely used bed load transport equation is 

the M~yer-Peter Muller equation (20): 

8 
(T - T )

1•5 (volume/unit width) 
IP <r _ r) o c 

s 

(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 numerous 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 

where 

cr; 

ca* 

~ 
w 

w"" 

( Ra ; !; Ra a: a*) w (dimensionless) , 

= the sediment concentration 

= the known concentration at 

= the hydraulic radius, and 

= parameter defined as 

v 
s (dimensionless) 

0.4U* 

at a distance t; 

a distance "a* 11 

(15) 

from the bed, 

above the bed, 

(16) 

Here, V is the settling velocity of the sediment particles, and U* is the 
s 

shear velocity defined as: 

(
"[ ) 1/2 

u*- : (length/time), (17) 
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in which specific shearing stress, T*' is defined as: 

T*-! fpV
2 

(force/area). (18) 

A logarithmic velocity profile is commonly adopted to describe the 

velocity distribution of turbulent flow and can be written 

where 

u~ -- ~ ~ B1 + 2.5 tn <;-> (dimensionless), 
s 

Us = point mean velocity at a distance ~ above the bed, 

B1 = a constant dependent on roughness, and 

n = the roughness height. 
s 

(19) 

The integral of suspended load above 11a*" level in the flow is obtained by 

combining Equations (15) and (19) as follows: 

Let 

!R U C~d~ (volume/unit length/time) 
a* I; 

o = f (dimensionless), and 
R 

a* G = Ft (dimensionless) 
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and substitute them into Equation 20 

(
1 - a 'f I 

!na a 7da\ (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, qb' as: 

qb = 11.6 C a*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: 

(length/ time) • (23) 

Using Equation 12 , 

(dimensionless). (24) 

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

J - ! 1 
1 - a\ 1 - G ----;-} da (dimensionless) (25) 

and 

(26) 
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Since the integrals J 1 and J 2 cannot be integrated in closed form for most 

values of w, a numerical method of determining J 1 and J 2 developed by Li 

(9) is adopted in this study. 

Substitution cf Equations (22), (24), (25), and (26) into Equation (21) 

yields the following expression given by Simons et al., (24): 

q '"'-- - + 2.5 qb Gw-1 ~(v ) 
s 11.6 (1 - G)w U* 

(27) 

(volume/unit width/time) 

The total sediment load per unit width is 

qt = qb + qs (volume/unit width I time), (28) 

and the sediment transporting capacity of the section G is: c 

Gc = Pqt (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: 

G (I) = PF (I) q (I) (volume/time), 
c a t 

(30) 

th where F (I) • the adjusted fraction of the sediment in the i size. 
a 
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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 o84 (the size of sediment for which 

84 percent of the sample is finer), the adjusted percentages, F (I), 
a 

can be written as 

F (I) • 
a 

Z(I) 

M 
E Z(I) 

I=l 

(dimensionless). (31) 

M 
E If the total loose soil depth, I•l Z(I), is less than n84 , 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: 

F (I) = a 

M 
- E 
I•l 

Z(I)JI (dimensionless) (32) 

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 CSO 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 
M 

the transporting capacities, 

E 
I=l 

G (I), (given by summing the transport rates forM size fractions) into 
c 

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

in loose soil storage •re determined as 
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P azP 
AZ - ""3t" (6t) (length). (33) 

p 
If AZ ~ -Z, the loose soil storage is enough for transport and no detach-

P ment of soil by surface runoff is expected. Soil is detached if 6Z < -z and 

the amount of detachment is 

(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 aoil 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 ~odel, 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 serieA 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 
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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+l) 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 is completed, the known level, j, is exchanged with the newly computed 

time level, j+l, 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 

app1ications. 

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 pvints (cross sections), which 

represet.~ 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 is 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), (i,j+l), (i+l,j), (i+l,j+l)], 

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 {I) = (volume/volume). 

Qn+l 
j+l 

{36) 

These qualities are at time N + 1 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 is nega

tive, some particles may be transported 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 

If 
' 

AZP(I) •; JG (I)At- e ~Cp(I)Qn+l- G (I)n+l) (1- a) 
l s t' j+l s j ' 

+ (G5 (I)~+l- Gs(I)~) e] - (cp(I)A;:i- C(I);+lA;+l) 

(1 - b) + (c(I)~+lA~+l - C(I); A~) (b~} 

(length) (37) 

~p(I) is positive, that size of sediment is 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 availability of material 
p 

and the transporting capacity of the flow. If 6Z (I)~ -Z(I), the avail-

ability is greater than the transporting capacity. Thus, the transport rate 

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

C(I)n+l = 
j+l 

p 
C (I) (volume/volume), 

and the actual change in Z(l) is: 

AZ(I) = ~p (I) (length) 
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p 
If AZ (I) < -Z(I), the availability of material is less than the 

transporting capacity. The transport rate is limited by the availability 

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

C(I);':i • J[<c(I)~+l A~+l (1 - b) -

(length) (40) 

and 

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

n+l 
The sediment transport rate Gs(I) j+l is determined by Equation 9 as 

G (I)n+l C(I)n+l Qn+l 
s j+l - j+l j+l (volume/time), (42) 

and the amount 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 soil 

percentages, and the routing computations are in separate subroutines. 

This allows the program to be more easily understood and changes to dif

ferent tra.nsport capacity calculations or routing schemes to be more 

easily accomplished. 
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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: 

• 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; 

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

• 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); 

• 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; 

• 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-sectlon 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: 

• it is based on physical process equations rather than on 
empirical relations; 

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

• 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; 

• 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; 

• 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); 

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

• it handles steady or unsteady lateral sediment inflows; 

• it bas 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; 

• 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; 

• 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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• it predicts total transport rate, cumulative aggradation/ 
degradation, concentration, and aggradation/degradation by 
size class at e,ch time step; 

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

• calculations are uncdbditionally stable although the results 
may not always be meaningful. 

The general lim1.tations of the sediment model are as follows: 

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

• 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 

• 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 portion 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 obtained in order to run the flow 
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model. Items marked with an asterisk (*) are desirable but not absolutely 

necessary: 

• 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 if depth profiles are avail
able-- see following data items); 

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

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

(*)• information on tributary inflows [A combined sewer overflow (CSO) 
entering within a model reach will be considered a tributary.] ; 

• stage-discharge hydrographs at the upstream boundary for periods 
of interest; and 

(*)• 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 modeling, 

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 &x's between cross sections from maps. Note that in 
typical streams a 6x of 0.25 to 1.0 mile is usual1y satisfactory. 
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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; 

• 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 6x. Maximum accuracy usually requires small time 
steps with a tradeoff in cost; 

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

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

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

• run the flow model for sufficient time steps at steady flow to 
check for stability; 

(*)• if the model is 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; 

(*)• 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; 

• proceed with calibration if data are available. 

The following steps should be taken to calibrate the flow model so 

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 CJ known depths at steady flow (25); 

2 fit second-order equations of the form n = n
0 

+ n
1
y + n 2y 

through the n values calculated; 
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(*)• 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 pending 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 store files containing observed outflow or stage at 
points in the model reach if such data are available; 

• run the flow model over the period for unsteady flow and chtck 
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 unstable, add cross sections upstream of 
the·instability and repeat the steady flow calibration. In
stabilities will most often occur at the downstream boundary or 
at breaks in bed slope. If the self-setting downstream boundary 
condition is being used, make sure that the water surface 
slope is 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 6x 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 

(*)• if 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 n 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 a~solutely 

necessary. Note that data required by the flow model are assumed to be 

at hand and are not repeated here. The data are 

(*)• 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; 

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

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

(*)• 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 (*) : 

• select the number of size classes to be used in the model. If 
no size class data are available, use three to five with a 
fairly broad range or estimate based on observatio~ 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. !t is always wise to include 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; 

(*)• 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; 

• 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; 

• code the model as instructed in Appendix A; 
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• nm the flow model for the period of interest; 

• run 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: 

• examine the aggradation/degradation values (~z) at each cross 
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 channel 
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 if 
too much material continually eroded from 11high spots"; 

• when aggradation/degradation has been stabilized, C'Jmpare the 
predicted sediment concentrations with observed values; 

• if concentrations are too high, decrease the soil detachment 
factor (ADF). Conversely, if values are too low, increase ADF. 
The range is 0 to l. If calibration cannot be achieved using 
ADF, it is necessary to increase the percentage of small size 
materials in either the upstream and tributary inp~t 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, if 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 ia not accurately known (increased 
n values). Arrival times can be _,eeded 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 effecte. 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 
CSO 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 
so. 

• Estimating missing data. Sediment data are difficult to find. 
The best initial source for most studies is the local district 
offices of the u.s. Geological Survey. However, in most h
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 CSO type studies. 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, trapezoidal 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 o£ 
conditions and also allows the user to obtain the same answer 
several ways. Considerable knowledge o£ 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 output be used effectively. 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 presentedt 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 ls presented in Section 6. 

DESCRIPTION OF STUDY REACH 

The water quality investigation conducted by w. E. Gates covers a 

reach of the Scioto River from Columbus, Ohio, south to Chillicothe. The 

southern portion of the Scioto River drainage basin is illustrated in 

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

The study reach begins at the Whittier Avenue combined sewer over

flow (CSO). The CSO is located just upstream of the dam in Figure 5-3. 

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

Over most of the length of the study reach the channel banks are 

tree-lined. The channel 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-l. SCIOTO RIVER STUDY REACH 
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Figure 5-2. A SCHEMATIC DIAGRAM OF THE SCIOTO RIVER STUDY 
REACH 
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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 typical 

river reach is illustrated in Figure S-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 em 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 CSO. 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 Ohio EPA were contacted. The USGS provided some useful 

flow data but had no cross-section information; the Ohio EPA provided a 

number of surveyed cross sections, but most were located south of Circleville 

outside the study reach. The u.s. Army Corps of Engineers (COE) district in 

Huntington, West Virginia, provided several flood studies and an approximate 

channel bed profile. The flood studies provide detailed cross sections at 

the Greenlawn Avenue, I-270, Frank Road, and Shadeville (&oute 665) bridges. 

From the first phase data collection, 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 CSO (Greenlawn Avenue) to the I-270 

bridge; Cross Sections 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 brid.ge. 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 

illustrated 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 transport 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 (J.o~- 6e 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-l. BED MATERIAL SIZE DISTRIBUTIONS USED IN 
MODEL (PERCENT) 

~:ize Class mm 
Cross Section No. 20 15 6 1.3 0.5 0.32 0.18 0.11 0.06 

1,2,3,5,6,8,9, 
10,12,15,16,17, 
18,19,20 60 25 10 3 2 0 0 0 0 

4,7,11,13,14 80 20 0 0 0 0 0 0 0 

0.04 

0 

0 

After coding, several synthetic flow events were routed through the 

reach to determine bow 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. 
47 



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 CSO; 

• depth-integrated samples within the CSO 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 
CSO plug has passed that station at an interval 
between 1 and 2 hours; and 

• 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 CSO 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 CSO. 

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 CSO. 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 analysis 

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 Scioto 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 oi which 

enter the reach above Circleville. 

input list in Appendix D. 

The complete inflow can be found in the 
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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 condition. 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 to create flows for the period between 

1:00 a.m. on 13 September and 12:00 N 16 September 1981. Eighty-four 

1-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 solid 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 
th boundary condition is included in the model. The inflow of the i sediment 

size class is computed as a constant, ai, times the streamflow, Q, raised 
th to the bi power. The constants and bi may be dete1~ined from sediment 

discharge measurements by size class at various discharges. 

The upstream sediment inflow from the Scioto River was estimated to 

be 30 mg/1 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 CSO 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 accumulation 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. In 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 entrainment. 

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 not 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 

f~om 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; 

• one or more longitudinal depth profiles at intermediate to high 
flow to allow accurate computation of roughness variation with 
depth; and 

• surveyed cross section 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 prJfile would be a good compromise. 

56 



Concentration Predictions 

In viewing the results of modeling the suspended sediment concentra

tions illustrated in Figure 5-9,- the reault& ~ary 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 SO is probably an outlier. 

Such an observation might have been obtained by allowing the sampler nozzle 

to dig into the channel bed. 

At route 762 the data point at 57 hours also appears to be an outlier 

although it 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 values 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 8 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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tude (550 versus 650 mg/1 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 CSO 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 0.063mm, the border between sands and silts and clays. 

The material discharged by the Whittier Street CSO 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 

CSO'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. In Table 

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

Microns 

74-149 

44-74 

less than 
44 

Table 6-1. TYPICAL PARTICLE SIZE DISTRIBUTIONS 
FOR SAMPLES IN THIS STUDY 

Percent Distribution by Weight 

Prior to CSO During CSO Flow After CSO Flow 
Flow in River in River in River 

0 1 0 

1 2 1 

99 97 99 

Table 6~2· PARTICLE SIZE DISTRIBUTION OF SUSPENDED SOLIDS IN 
CSO'S IN SAN FRANCISCO, CALIFORNIA 

CSO Flow 
at Peak 

1 

2 

97 

Size Range Percent Distribution b~ Weight 

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

74 to 295 
74 

5.1 
8.8 

15.9 
21.8 
48.3 

Source: Envirogenics Co., (28); from Dalrymple et al., (29) 
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Table 6-3 • PARTICLE SIZE DISTRIBUTION OF SUSPENDED SOLIDS IN 
CSO'S IN LANCASTER, PENNSYLVANIA 

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. 

Source: 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 0.8Smm. 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 CSO 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 

1~700 to 3,350 
microns 3.2 8.7 l.~ 5.5 

850 to 1,700 7.1 9.6 6.3 8.0 
420 to 850 19.4 14.4 19.7 18.6 
250 to 420 25.2 14.3 25.4 23.0 
150 to 250 19.1 12.3 15.4 16.3 

75 to 150 17.6 17.2 16.4 17.0 
45 to 75 7.6 13.4 10.8 10.6 

45 0.6 10.0 4.3 1.0 

Source: Shaheen, (32); from Manning et a1., (31) 

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

Avera~e 

4.8 
7.8 

18.0 
22.0 
15.8 
17.0 
10.7 
4.0 

Time of Sample Suspended Sediment Concentration, mg/t 

Prior to CSO flow in river 

Peak flow in CSO 

Peak flow in river below CSO 

Peak flow at I-270 bridge 

Peak flow at Route 665 bridge 

Peak flow at Route 762 bridge 

After CSO flow in river 
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30 

575 

650 

50 

350 

100 
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Table 6-6. TYPICAL PARAMETER CONCENTRATIONS FOR SANITARY SEWAGE, 
URBAN SURFACE RUNOFF, AND COMBINED SEWER. OVERFLOWS 

TS 

TSS 

BODS 

Parameter 

COD 

Total N 

Orthor PO 4 as P 

Sanitary 
Sewage 

700 

200 

200 

500 

40 

7 

Concentration, mg/1 

Urbs.n 
Surface Runoff 

496 

415 

20 

115 

3 to 10 

0.6 

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

Combined 
Overflows 

SA9 

370 

115 

375 

9 to 10 

1.9 

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 Figures 6-l 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 downstream. 

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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Figure 6-1. DEPOSITION AND EROSION AT SECTION 2, SCIOTO RIVER 
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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 is 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 illustrate the variation of several key water 

quality parameters along with the modeled sediment discharge. 

Figure 6-3 illustrates 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 illustrates the variation of COD and BOD at the Route 665 

birdge. Here, both the BOD and COD peaks trail the sediment discharge. If the 

observed 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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Figure 6-3. CORRELATION OF SUSPENDED SOLIDS, COD, BOD, AND DO 
AT ROUTE 762 BRIDGE 

67 



DOC..g/1> 
BODC..g/1) 

aa In m .... 
89 

I 
I 

I 
I 

0 I .., 
I • t 

l.J; w.s:. / 

" ISl ""' 

v 0(5151 
..... ISl • • /'-ffj~~ ~ ~ ... 

' "" esl 
.... 

1/).-t ..... I ~ (DaJ(X) ... COcLd_ / 

~ www ( I 
t-en en 

I 
!§h 

:::l I I 
~"'4'1/) ' ' .............. 

~ I 
I I 

..... 

I ' \ 

Figure 6-4. CORRELATION OF SUSPENDED SOLIDSJ COD. BOD AND DO AT 
ROUTE 665 BRIDGE 

68 



REFERENCES 

(1) Colston, N. V., Jr., Characterization and Treatment of Urban Land 
Runoff, EPA-670/2-74-096, December 1974, 157 pp. 

{2) Field, R., A. N. Tafuri, and H. E. Masters, Urban Runoff Pollution 
Control Technology Overview, EPA 600/2-77-047, March 1977, 90 pp. 

(3) Pitt, R. and R. Field, Water Quality Effect from Urban Runoff, 
American Water Works Association J., 69 (8), 1977, pp. 432-436. 

(4) Donigan, A. and N. Crawford, Modeling Nonpoint Pollution From 
the Land Surface, EPA-600/3/76/083, July 1976, 279 pp. 

(5) Keefer, T. N., R. K. Simons, and R. S. McQuivey, Dissolved Oxygen 
Impact from Urban Storm Runoff, EPA-600/2-79-156, November 1979, 
237 pp. 

(6) Klemetson, S. L., T. N. Keefer, and R. K. Simons, Movement and 
Effects of Combined Sewer Overflow Sediments in Receiving Waters, 
EPA-600/2-80-126, August 1980. 

{7) Keefer, T. N. and H. E. Jobson. River Transport Modeling for 
Unsteady Flows, Hyd. Div, J., ASCE, Volume 104, No. HY5, Proceedings 
Paper No. 13735, May 1978. 

(8) Land, L. F., Unsteady Streamflow Simulation Using a Linear Implicit 
Finite-Difference Model, U.S. Geological Survey, Water Resources 
Investigation 78-59, Bay St. Louis, MS., May 1978, 59 pp. 

(9) Simons, D. B., R. M. Li, and M.A. Stevens, Development of Models 
for Predicting Water and Sediment Routing and Yield from Storms 
on Small Watersheds, USDA Forest Service, Rocky Mountain Forest 
and Range Experiment Station, Flagstaff, Arizona, August 1975. 

(10) Lai, C., Computation of Transient Flows in Rivers and Estuaries 
by the Multiple Reach Method of Characteristics, in Geological 
Survey Research 1967, U.S. Geological Survey Professional Paper 
575-D, 1967, pp. D273-D280. 

(11) Yevjevich, V. and H. H. Barnes, Flood Routing Through Storm 
Drains, Part 1, Solution of Problems of Unsteady Free Surface 
Flow in Storm Drains, Colorado State University Hydrology Paper 
No. 43, Fort Collins, 1970, 108 pp. 

(12) Wylie, E. Benjamin, Unsteady Free-Surface Flow Computations, 
Journal of the Hydraulics Division, ASCE, Volume 96, No. HYll, 
1970, pp. 2241-2251. 

69 



(13) Garrison~ J. M., J. P. Granju, and J. T. Price, Unsteady Flow 
Simulation in Rivers and Reservoirs, Journal of the Hydraulics 
Division, ASCE, Volume 95, No. HY5, 1969, pp. 1559-1576. 

(14) Amein, M. M. and C. S. Fang, Implicit Flood Routing in Natural 
Channels, Hyd. Div. J., ASCE, Volume 96, No. HY12, Proceedings 
Paper 7773, December 1970. 

(15) Fread, D. L., Numerical properties of Implicit Four-Point FinitP. 
Difference Equations of Unsteady Flow, National Oceanic and Atmospheric 
Administration, U.S. Department of Commerce, Technical Memorandum NWS 
HYDRQ-18, March 1974, 38 pp. 

(16) Von Rosenberg, D. W., Methods for the Numerical Solution of Partial 
Differential Equations, Elsevier, New York, 1969, 128 pp. 

(17~ Shields, A., Anwendung der Aehnlichkeitsmechanik und Turbulenz forschung 
auf die Geschiebewegung, Mitteilung Preussischen Versuchanstalt Wasser, 
Erd, Schiffbau, Berlin, No. 26, 1936 (in German). 

(18) Meyer-Peter, E. and R. Muller, Formulas for Bed-Load Transport, 
Proceedings, III Cong. IAHR, Stockholm, 1948, pp. 39-64. 

(19) Simons, D. B. and F. Senturk, Sediment Transport Technology, Water 
Resources Publications, Fort Collins, Colorado, 1977. 

(20) U.S. Bureau of Reclamation, Investigation of Meyer-Peter, Muller 
Bedload Formulas, Sedimentation Section, Hydrology Branch. Division 
of Project Investigations, U.S. Department of the Interior, Bureau 
of Reclamation, June 1960. 

(21) Shulits, S. and R. D. Hill, Jr., Bed Load Formulas, Part A, A 
Selection of Bedload Formulas: Part B, Program Listing for Bedload 
Formulas, NTIS, PB-194, 950 Pennsylvania State University, December 
1968. 

(22) Einstein, H. A., The Bedload Function for Sediment Transportation in 
Open Channel Flows, U.s. Department of Agriculture, Soil Conservation 
Service, T. B. No. 1026, 1950. 

(23) Colby, B. R. and C. H. Hembree, Computation of Total Sediment Discharge, 
Niobrara River near Cody Nebraska, U.S. Geological Survey, Water Supply 
Paper No. 1357, 1955. 

(24) Li, R. M, Mathematical Modeling of Response from Small l·latersheds, 
Ph.D. Dissertation, Dept. of Civil Engineering, Colorado State 
University, Fort Collins, CO, 1974, 212 pp. 

70 



(25) Jobson, H. E., and T. N. Keefer, Use of Depth Profiles for Flow 
Model Calibration, Proc. of the Symposium on Inland Waters for 
Navigation, Flood Control, and Water Div~rsion (Rivers 76, Colorado 
State Univ.), ASCE, 1976, pp. 641-649. 

(26) Simons, Daryl B. and F. Senturk, Sediment Tran~port Technology, 
Water Resources Publications, Fort Collins, Colorado, 1977, 807 pp. 

(27) Vanoni, V. A. (editor), Sedimentation Engineering, Prepared by the 
ASCE Task Committee for Preparation of the Manual on Sedimentation 
of the Sedimentation Committee of the Hydraulics Division, ASCE, 
New York, New York, 1975. 

(28) Envirogenics Company, In-Sewer Fixed Screening of Combined Sewer 
Overflows, EPA 11-24, FKJ 10/70, 1970. 

(29) Dalrymple, R. J., S. L. Hood, and D. c. Marin, Physical and Settling 
Characteristics of Particulates in Storm and Sanitary Wastewaters, 
EPA 670/2-75-011, April 1975. 

(30) Krantz, J. and D. L. Russell, Lancaster Silo Project: Particle 
Sizing and Density Study, Meridian Engineers, Philadelphia, 
Pennsylvania, January 1973. 

(31) Manning, M. J., R. H. Sullivan, and T. M. Kipp, Nationwide Evaluation 
of Combined Sewer Overflows and Urban Stormwater Discharges: Volume 
III, Characterization of Discharges, EPA 600/2-77-064C. August 1977. 

(32) Shaheen, D. G., Contributions of Urban Roadway Usage to Water 
Pollution, EPA-600/2-75-004, April 1975. 

71 



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 

• 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; 

• cross section print suppression; 

• 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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FLCIIWCHART PROGRAIIIEDMOD 

CALL 
.-ouTINE 

MIT&. 

CALL 
IUDOUTINE 

IIIOUTE 
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FUMCttART IUIROUTINE ROUTE 
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CALL 
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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. Thein~ut 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 e ~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 requires cross section data. Input data numbers 8-11 

are required for each cross section. These data are 
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NO. 

1. 

2. 

3. 

4. 

- - -

s. 

6. 

PARAMETERS 

TITLE 

DT 

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

.!. - - - - - -

QINIT 

DRAT 

DSDEP 

FLOW MODEL INPUT 

REQUIREMENTS 

DESCRIPTIONS 

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 - O=all x-secs 
!NIT = 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 

IDBC = Downstream boundary condition 
1 self setting 
2 = constant depth 
3 = read in depth with dis

charges 
IPNT = Number of timesteps between 

printouts 2: 1 
IXSP = X-sec properties printout 

0 = no printout 
1 = printout 

OP Input data printout 
0 = no printout 
1 = printout 

IF IUBC = 3 

QINIT = Assumed initial discharge 

IF IDBC = 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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20A4 

List Directed 

List Directed 

List Directed 

List Directed 

List Directed 



NO. 

7. 

8.* 

9.* 

10.* 

11.* 

PARAMETERS 

- - - - - - - - - - - -

NP ( 1 to NOUT) 

- - - - - - - -
XSEC 

X, Z, FNO, FNl, FN2, 
QLAT, LTRIB 

RMILE, NPTS 

X, Y(l to NPTS) 

FLOW MODEL INPUT 

REQUIREMENTS 

DESCRIPTIONS 

IF NOUT > 0 - -

NP • Numbers of x-secs to be printed 
out 

XSEC = 20 character x-sec title 

X = Distance in miles 
Z = Thalweg elevation 
FNO~FNl,FN2 = Coefficients in 

Mannings 11n 11 equation 
n = FNO+FNl*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 

RMILE = Rivermile of x-sec 
NPTS e Number of points in the x-sec 

X = x-sec point coordinate 
y = x-sec point coordinate 

FORMAT 

List Directed 

List Directed 

List Directed 

List Directed 

List Directed 

*NOTE: Number 8-11 are inp1 t for each cross section. 

- - - - - - - - - - - - - - -
12. YPT, QPT 

- _, - - -

13.** Q (1 to 12) 

14.** TRIBQ (1 to 12) 
(1 to NTRIB) 

- IF IUBC = 2 - - - - - - - - - - ~ - - - - - - - -

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 

Q = Main channel upstream discharge List Directed** 

TRIBQ = Tributary discharges List Directed** 
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NO. PARAMETERS 

15.** DSY (1 to 12) 

FLOW MJDEL INPUT 

REQUIREMENTS 

DESCRIPTIONS FORMAT 

- IF IDBC = 3 - - - - - - - - - ~ - - - - - - - -

DSY - Downstream depth List Directed** 

**NOT!: Number 13-15 are r peated until discharges for all timestEps have 
been input. Quant ties (Q,TRIBQ & DSY) must be input in ~lroups 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 supply 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 
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NO. 

l. 

2. 

3. 

PARAMETERS 

TITLE 

NX, ITCOM, DTM, ADF 

NTRIB, IOUT, IPNT, 
NREC, IOTYPE 

- - - - - - - - - - - - - - -

4. ITRBX 

SEDIMENT MODEL INPUT 

REQUIREMENTS 

DESCRIPTIONS 

TITLE = 80 character title 

NX • Number of x-secs 
ITCOM E Number of time increments 
DTM = Time increment in minutes 
ADF = Soil detachment coefficient 

for channels (0 to 1) 

NTRIB = Number of tributary 
sediment inflows < 5 

IOUT = General input information 
0 - No printout 
1 = Printout 

IPNT E 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) 

IF NTRIB > 0 - -

ITRBX = X-sec numbers where 
tributary inflows enter 
(in ascending order) 

- - - - - - - - - - - - - - - - - - - - - - - - -

5. WFA, WFB 

6. NSIZES, IBED 

7. DMB 
( 1 to NSIZES) 

8. SPGRAV 
(1 to NSIZES) 

9. PPl - PPlO 

WFA = Space weighting factor ~ .5 
WFB = Time weighting factor ~ .5 

NSIZES = Number of sediment size 
fractions < 10 

lBED • Number of x-sec with specific 
size distributions 

DMB • Size of sediment particles in 
millimeters 

SPGRAV = Specifi~ gravity of 
sediment particles 

PP = Bed material size fraction 
ratios 
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FORMAT 

20A4 

List Directed 

List Directed 

List Directed 

List Directed 

List Directed 

List Directed 

List Directed 

List Directed 



NO. 

10. 

11.* 

12.* 

13.* 

14.* 

*NOTE 

15. 

PARAMETERS 

IBXS, P 
(1 to NSIZES) 
(1 to IBED) 

XSEC 

X, Z, FNO, FNl, FN2 

RMILE, NPTS 

YTBL, PTBL 
(1 to NPTS) 

SEDIMENT MODEL INPUT 

REQUIREMENTS 

DESCRIPTIONS FORMAT 

IBXS = x-sf,c number to which specific List Directed 
bed material size distribution! 
apply 

P = X-sec specific bed material size 
distribution 

XSEC = 20 character X-sec title 

X • uistance in miles 
Z = Thalweg elevation 
FNO, FNl, FN2 = Coefficients in 

Mannings 11n 11 

equ.ation 
N = FNO+FNl*Y+FN2*Y 2 

RMILE = Rivermile of X-sec 
NPTS = Number of points in the depth 

vs wetted perimeter table 

YTBL = Depth 
PTBL "" Wetted Perimeter 

SA4 

List Directed 

List Directed 

List Directed 

11-14 are from a fi e created by the flow model. They are read 
for each x-sec. 

!FLOW, !SED, ILAT, 
IRAT, QRttT 

!FLOW = flow type 
0 = Unsteady flow 
1 = Steady flow 

ISED Upstream sediment inflow type 
0 = Unsteady 
1 = Steady 

ILAT = Lateral sediment inflow type 
0 = Unsteady 
1 = Steady 

IRAT = Upstream sediment inflow 
0 = No rating curve 
1 = Rating curve 

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

91 

List Directed 



NO. PARAMETERS 

16. AS, BS 
(1 to NSIZES) 

- - - -
17. GNOW 

(1 to NSIZES) 

---- -------
18. GLAT 

19~ 

- -- -

20~ 

(1 to NSIZES) 
(l to NTRIB) 

GNEXT 
(1 to NSIZES) 
(NREC to ITCOM) 

GLAT 
(1 to NSIZES) 
(NREC to ITCOM) 

SEDIMENT MODEL INPUT 

REQUIREMENTS 

DESCRIPTIONS FORMAT 

- - - IF !RAT = 1 - - - - - - - - - - ~ - - - - - - - -

AS & BS = Coefficients for upstream 
sediment inflow rating 
curve equati~n 
QSed = AS*Q 
Where Q E Upstream water 

inflow 

QSed = Lbs/sec 

- - - IF IRAT = 0 - - - - -

List Directed 

GNOW = Initial upstream sediment List Directed 
inflow by size class in 
lbs/sec 

-IF NTRIB > 0 - - - - - - - - - - - - - -

GLAT = Initial trib~tary sediment List Directed 
inflow by si~e class for each 
tributary in lbs/sec 

- IF !SED & :RAT = 0 - - - - - - - -

GNEXT = Upstream sediment inflow by 
size class in lbs/sec for 
next time step 

IF NTRIB > 0 & ILAT = 0 - - - -

List Directed 

GLAT = Next time step tributary List Directed 
sediment inflow bv size class 
in lbs/sec for each tributary. 

*NOTE Steps 19-20 are rep ated for each time step, if required. 

NOTE YNOW, YNEXT, QNOW, NEXT, VNOW and VNEXT are input through a direct 
access file which i 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 slmulation. 

This stabilization period can then be skipped when usiqg the 

sediment model. 

The space and time weighting factors WFA and WFB are 

used in the c0mputational scheme of the sediment model. 

Experience has shown that values of O.S for each factor giv~ 

best results. Another variablewith a given values is ADF 

which is used in sediment bedload equation. This variable 

is usually set at 0.7S. Increasing ADF increases transport 

and decreasing it has the opposite effect. The range is 

O<ADF<l. 

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

quired 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 ~ediment 

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. AS and BS are the coefficients used in 

the equation describing this rating curve: Discharge = AS * 

discharge **BS. 
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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 paramet?rs 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 
Equipment Corporation version of FORTRAN 
are underlined. 
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CCI :c;e 1:1:1:1:1: t: 1:1:1:1: I: CCC CCC CCC l: C t: 1: t: t:l: t:!:!; 1: 1; 1: Gl: 1:1:1 ;c; 1:1: I; G 1: I:(:!: C 1: I;!: 1: t: C 
c 
c 
c 
1: 
c 
r: 
c 
c 
c 
c 

SUTRON CORPORATION 

EPA Sl:lllrtl klVI-k SillilY 
- - UN~.AR XI1Pl.ICJ I Fltn IE IHFF~:to;t-:NCt-: 1-:UJLI MllDEL 

VE'HSl liN DAH - ~·3 III·.LH'Ikl-.k' lYHl 

C Ct!:£ L:CC CCC L.Cl: U:t I :1 :c I:I;(;CC C CCC CCCCCCI: I :n; t:l: 1:1:1:1: CCC i:l:CC I: CCC: I:Cr 1: I :c 
1-' R !IIi R 1'111 I" U )lv M tJ [I 
DJM•NSlnN Y<BOltYNC80J,l(401 
I:OMMIIN/:'V fi(HI),:'i) d- (1.11)) d'lX,.IX 
COMI'IUN/fl/ llEL ( H(l l t ki.I'IIH H(! \,GAM< 80 l, f<MU OW), ~ETA ( H(l) 

t:UMMIIti/XSEC/NP IS I '10} t '( TBU 41), ;~()) 'fl I~L< 40, '10 > , Pl flU 41h ',!O) , 
2T'Jfll.(4(1,;.>'(1) 
CllMMOtl/l'li'U:/XHf:l:l~) rHMl:lE 
COMMON I J: MFR, JIT 
Pll'lf"NSIOH U<t~),BSY<\21 
DIM~NSJON TRIBQ(20•l::')rLfHHlU!Ol rflU'\f(4(>l 
fl.tM.,.NSl!ltl UllUl !40) >t-f'll)('\1)) >1-Nl !40! oH'P(40) 
OIMENHlllN Xt40lti<<40),H EV!fl.(ll rNP!>1Ul 
)) ) HUll> X IH! VI-' ~!l!H 40 l , n· I'IS" ( 'It)) 
COMMUN YP11~DirUPfC20l 

LIHH C IH.4 'I Of' F ttl': Ol;) 1 tiff) U·: ( 8) , q T F II Y (H) • 1 Nr U, H 8) 
LOGHI':I '4 lllLF!lHJd0ATE<3J•JTJHtC!l 
Ulli .u:I'\U:t Jol"'E P 
DATA OPE Tl 1:.! 1 >r liF'~ J l.r (? h OPI' ll E 13 )r Off II!;< 4 I I 

14HIH l: • 'IHI:".~OO, 'IH, ~'04, 1H.I/ 
DAH SH !Lt.< 1 l r!;JI' l U'.C~!l r!'lFILE<3l ,SJfll.l· (4 l/ 

1'1HDLI:r4H[~00J4Ht~04>1H.I/ 

DAl 1\ SPI- II E< 1) oSPf ILF< :.o!l r SPf l LE< 3l •Sf"Fil EC4 l I 
1 'IH!H. J.:, 4Ht: <!OO r 4H, <'O'I•l H.l/ 

DA 1 A J' Nl- U.t:. < 1 l , l HI- JU.. ( :n d l'lf J I. 1- ! 3 l • I NF II E (.., 1 I 
1'1H»l.t:,'IHL~OO•'IH,~04,1HJ/ 

lift l1 t qp =0 
SIFIL~<Ell=O 

lil-'1' II E 01) =0 
INFILE(8!=0 
OFH4 (IIFll),.. ~~, TYPI- =' !i!:k'l\ I I:H' , Nt\1'\F"' 'T I: ' 1 
LIR J. H. ( ~, ;~ Y Y l 

399 f- Ot\MA I ( 1 H '' ENHck l Nl-'lll 1- .11 E NAME ' ! 
REAl)( ,h 'I c)tl J t Hit- H.E ( l l , l. ::, r 7 l 

400 FORMAT<4A4J 
WIH n: ( .i, '101 l 

401 1-tlf<MAl(' ENTFR !HJtPin ~(Lt: NI\ME'l 
REfill( .h "lOll) (!Jt'FIL E( l l r! :-::tz I! 
Wl':tn:<.ir4o;;·~ 

41)~~ Fllki'!Al (' t":Nli-.H ll(kt-C I fli:CESS 1-' fLt·:' > 
READ!lr400) <HP~IL~<I>•I~5,/) 

l~kl TfC{t <\1) 0 
40~~ Htki'IA t <' FFn ER NAME Of- I NPIH F H. F. HI HEJ•Milll' l 
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R~nuc~~~OO> <HJFILE!IJrl~5,/) 

Of" EN <liN I l •l! • i \11-"E'"· 1 Nf_W' , Nl'lf'IF.""f't-'f ll. to:) 
UP~:H !UHl T..,:l, TYt>f.""' UU)' t Hfll'tl:' ., I NF! I.Er lolEAI)tiNL 'Y > 
QP~NCUNI1~4tTYPE~'NEW'rNftME~HJFilfl 

C RH'\1) f\tW Pt\Hil l"X ILE 
REA1t(~o49tll TITLE 

4'18 t-I!KHfl I ( t Hfl.., ) 
CALL Ill\ fl: <lit A Tf) 
t:AU. l HtH nii'IE > 
WRilE<3r4Y7) IDATE•ITIHE 
WRiltt6.1Y71 IDftT~oiTlME 

4Y7 ~IIKMAlCIHI•'*******tf.f.t~tt•tttttt***************'-*******'• 
l':U:nu:tr:n:t:· ,;, 
:2' t'tl'/Xo'SUTRON I:OKI-'OKI'lriHN'tl'lXt'*'•/• 
3' :t: L HIE til< !I'll" I u; l1 F HI Ht: IH ..... I':R,.:NCI':' ' 
4' I' I OW Mill II, L t ' , I, 
5' :11',\HX•'Ili'IH.: 'tM\'ldYX•'*'•I• 
6' t.' , ) HX t ' II Mt ! ' , 2A4, 20 X t '*' 'I' 
,. ·~·······••****•*~·········*·············· 8'**************'1/) 

I.RJTEU,-'\YY> rJ:I'l.E 
WR!TF<3•4.,..'i'l IIHE 

1Y'i FU1-<11.''11<lHOt1HI'I4) 
C PRUMI ~M PnRftMETERN 
C IH-·llM~ HH·:P HI Hf.I:IJNOS 

REAII(:'>tltlliT 
C NX=NUMfiER lll' X-Hr_CS IN THF REACH, 
C 1.1.1 ,NO, Ill' I Hit,-. !-i I t-'.1-'S I I'll\ EN 
C NOlll "' IWM kt:k lt~ X- <::fn.. l 0 llf I-'!< .UHI-: n 1111 I • 
C !)-: !'ILL X-S~I;H AHl-. fl) lH·: PI<H!Hu. 
C INJI,... NlJt11lER m l:llN~IANl riUW llH~:Sfi:.I"S Til SK!F' FEFORE 
C ~f.lilt!Nfi'Hi PkHHill.JI' Of· Rl:'SUL.TS. 
C NTRJ~,..NO. Ill' TI\H.HITARHS 
C lllkC-tlf'S lR~.ft/1 !HHHIJIM\Y t:IIN)I J, DUN SFI 1::1; fOR I;I)[IE 
C l=SI'l~ S~ITTNG 

C ~"'1-1\ l I tlli Cl!KVI:: 
r: JzliH' fH (INL Y 
C Jltl<t:-JofltnfSIRt:OIM I:W\ltlHI'IKY Clli-IH.I.I tiJN 
C 1.,!-i.LF- SEiliNii<I<I-_UIJtl\rh CONSTAilT CAR£1 FllllllWHW NI'XTl 
C ;•-t:ntiSlftl'-11 llfJ"IHIRHHHkt-S CIHI!Hf!Nl t:flkil 1-tlll.OW!I•W tiEXl) 
C 3=Y<Th ki:.ftll IN WUH [IJSCHARGrS 
C 11-'tii"'NU. llf' l'li1E HH-Yl'i I<~IW~.F-:N ~'1-<INI tllllS 
C IX!·W lS PAI\AI11-TI'k Ill Stii",.'RI'HH X-SEC PROf'FI\IfloH 1'1-:INl lllrt 
C Sl.-.1 J.XS._, Ill t) Ill H\11-'f'k~:;s, S~.l t.XSI'' ltl 1. ~OR f'kltH l)lll 
C Of' IS A Pftk(lMI-_IH: HI S!WF'RFSS IN~'UT Jlf\lft f'klNIIHIT 
C o-NIJ 1-'I-IUillllJI HI'· HWifl 1'4lA 
C l=I'RJNlfllll Ill· Hll-"lll MirA 

Rt-1'\11( ~~ tll: HIX, HhNillll, H!J I .~11 R.l )'1, l tnct:r I l)l'il:r (f'l'U r I XH~·,o..-

1Rfl:=NX*3 
Of£1HUN1T" I • I YPfY 'N~ W' tNnt1~ ,.sf·~ lLE rl'll:t:f SS" 'll If\1-(; I' r 

1 kt-:l:llki!S In"' lKFC > 
C If' DEPTH IJNL'Y ftr UPSTRt:nM l'iiHINIII'\RYr 1\1-.AH HI AHHIII11'.r\ INITIAL 
C 1.11. SI:HiikGE 

IF (HI ~'it:, f.' II, SHU· 1\11 ( 5t * l Ill Nl T 
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c 
c 

c 

c 

c 
c 
r:: 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

'J:i 

If St:LF St:rTUW [I,S, ll~:t>fHt Rt..:"'l) Hl t:IJNSll'tiH WHH:H RF.L.AH::S 
HNIO 111 HNX-1), !lSI" 1.0 IF RH ATlUN tiNKHUWN 

lt(JD~C.fQ,\)RE:"'D(~•*lDHnT 

IF lUNSIAtn l)f.PIH, kEAfl IN 01-!'>Jii:l'.l) \UII.m: 
lt!IDBC.fU,21k~AD!5•*lDSI)EP 

IF!N!IUT.U: .O!Hil HI 'I!:\ 
RI-.AI) HUM l:lt-:RS llF X- Sl:- t:H nl 1:11'; I>IU N f f:: I) IIIJT • 

REA!l(~,a.) <NPO.)fl.'"1rNUIIT) 
t Ul.,lO 
T!'HIP'"f- H!t:IH 

READ J N X-SH: Ull:t\llllNS AN II PROPERTl ES 
X-sH: IH'tlrt SHIIULIJ at-: li:EAIJ IN SlnRTHm nr IHE llt"SfH:J.:AI1 END 
WIT!-1 l!-11- )('fi XNCRFASINC. FROI'I liPSlRI:'AM 'fH IWWNS'IkEflH 
X " llXSIMlt:f-: lN i"'lLFS. 
Z • lHAIWEG ELEVATION 
FtUhnllt1. FN~! " CtH:·:f-·I'H:lHH!i IIHF.O Hl 'fHE 
EQUATJON NzFNQ+~N'*Y+FN2*Y**2 
11U'II .., lNAl' tM. Ll'llEki'IL INt-'UJWS ns t:FS/Fl 
OL ~f /. APPf H ~ HI !<EACH 1-:.> ETC, r QLAT ( 1> =0, 0 AUil'IYS 
H IIUI'IUIARY l-.rnt-:R!i ilf X-S~<.C• 
LliOl:l = N£l, m 'fRlBUlARY <IN COLS 79&80> 
HU11Bt.k lRX l:l!lli'IRH:S 1- fi:tlli llf>!Hkt!'!l"' friO llF kEAt:H, 
Fl t•W lN TfH}I JS A~S-11111-.It HI I'NII::I-: STREAM BETWHN X-SEC 
Ill:- S HiNfl H:ll Mltl I"RfVl \liJH liP!i rt~Hll1 X -St: 1;, 
AFTFR THE' DAI~ lS 1\E~ll IN - WRITE' IT Tit A FHE 
flit< USE HI I' HE SEJ) HiHll t<llllr lHH PROHRI\1'1. 

IF WI-', rU , 0 I WK) 'If.:< II' :.!lin) 
WIO H ( ,! ,;•Hn) 

296 fOJo<ttn·l < '0 H!l-'111 GkUSS Sl-.n UINS:' l 
C Ullll- 1 HIWIHiH 'l HE Nlll'l~f.:l< IH· X-St-:CS, 

IJO 1 I" 1 • N X 
II:"' I 

C X-!-H; = 20 I:Hf\k:l'li:H-.1.: X-SI'.C II'ILE 
kFf\)1 t:io:-101)) XSEC 

500 1- (lki'IA f ( ~(i-1) 
r-EAP (::., * l X ( I I • I (I I' I' tW ( 1), 1- Nl ( 1) • i-N:.> (I) dll. f\l( I)' LHi 1 k { J l 

C I:HI'If'flji- IJHi II'!Nt:E Hl I'HLH; 10 FEI-.i 
XU )-:";;.>!40.,X<ll 

C ki1IU: -= RlV~.l\IHL~. Ur U-lf.: X-CiEC 
C NPlS = Nl1!1111:k lll' PUHfl!'i IN THE X-SEC 

N .. I'!UC~•*I NH L~•NPrSCll 
NlzfWIS(J) 

C REAll X-Y 1-'!IHif PAIRS AND GAl till ATE 'IH~ CHM-lNEI 
C 111-:0111:-: ttn ll!.i HI I> ~11111\0IJ I HH·: CHI\Htll. I~H J.r:H 
C CRI- ATFS CHfiNNEI GEOMETRY TABU:!'> HJR F\1'1 Ilk f. ll!iE., 

t:flll. CHMlNL ( ~Jl,ll: till" • N:..' I 
C WRf rl-. X-!'>1-Cr RlVI:.kMJLE ANfl Pl•lHI N!IH~I:!Hi FIJR liSt.. JN !:irltl1flll 

NNJftC3t~Ot) XHEC 
WRlli:.C4t501J XSEC 
WNITI-1~•*> XC(),ZCll>I-HOtl>•rHllll•fN~IlJ 

WRlli:C4•*> N"ILE•N2 
:"!01 1- tlR/11'11 ( ~1'14 > 

YI1JNrY I Rl.( I, 1 l 
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t 

c 

c 

l: 
c 
t 

!'10:.> 
'\I) 

1 

2 

DO 410 .J•loN2 
CHAtUif YHfl FIU.It1 f.LHIAlHIN HI ll(l"lH 

YlBU lt.H"'YliJUJ:,.I>-YI11N 
Wli!!TE IIU'TH VSo Wf.lHll NkHO·HR TABU: FUR liSE' IN SEDKOD 

WRIH'(4,$) Yl»Ulr.l>oi>TIH.Ur.J) 
l-ltki1A 'I ( ;>t- l (), :.?> 
I:OHTINUE 
NP1~<J>•N2 
cm1 r 1 HUE 
Rtll'"(l,() 
Dll 2 l"":.hNX 
R<I>=<XCil-XCl-1))/UT 

IF U,S, JHJUNl.lAkY' :- RATINH CUI<VI-.• kUIIl IT - :w t'T~ REtlUlRED 
IFIIU8C.EU.2lR~ftOC~••><YPJ(lJ•UPTCI)rl~1,20> 

WR n F llliTI-'Ul HEAD I NBS 

IF<OP.EO,O> GO lU ~2 

23 F£tkt!AI (lHlt' 
2:.1 tmHlNUE 

FLOW tUWEl INPUT PAkAI'IHFHS' > 

WRITH6,?4>NX 
2'\ 1-tll</1!'11 <tHOr 'till IH' X-St-:tl-1' .ISJ 

WRJT[ (6,~~) IIJrTSTUP 
25 Htki1AI (JHOr'TII1E lNCRFHFtHr Sf.I:Ot.WS'tl'l:?o1r:JX,'TOTAL TlMF.'oF1~.j) 

WkJH-. (6,26) HI 
26 f{lki'IAf OHOr 'NO !IF (lkhlNAlFS fWIIH.II' d9) 

FCHII\II,U .• O>IiU fll 1066 
WRITF<6rfl96)(NJ><U tl.,..l rNUIJl) 

flY6 FIJRI'IIH ( l. Ht) • 'S l I'IIH·:, Vf:\.(1(; li'Y • AH!l I) l ~t:HI'IIWt:: OIJTPIIT 1'1 f X-' • 
2' SF. 1:1 HIHS' • Bl'l l 

11)66 !:UHlHIUE 
WR I H <f., i'IH(I) HUll:, 1 )I}(C 

t41'1(1 HtkMI'\H J HO, 'JUII.INIJAMY t:IHHl.'(l IHN fYI-'~S' 'h' IWSl kE(II'I - - "'' • 
2' !>flY S~.l H Nt.i '/. :: ki\1' Hu; ClJRllto ' ;~ "' llf:-:PTH Utll. Y' •I, 
3' JtliWNS TI<EAM - - 1 "' HI-.U·" !-if. 'I" I OW • ~· ,., 1:11NS I fli-H llr.PlH r ;~ = Y' !1')' , 
4/r' lYI-'1.-. ~t-:U.:CH:ft"'' t L!.' FtlR IIP!HRF-:1''11'1 f\Hll ', L~•' FIIR llllWHSrt~~.'AH') 

If< J IIlli: ,Hl. ~~ l WIO 1 t:: ( 6• 4{.6 HI lNJ T 
'166 FIIHI'\f'llllHih' Hlllll'll. tJ t'll' IJPSI'Rtc:A/1 lHHINOl'li<Y "''•F1~'.t (;FS'l 

IF<JOM~.~U.llWkl1k(6,HHlJDRAT 
l-IH1 HlRM!'Il<lHOt'YOIX)'"'d·.t,o.h' 1!111:.~ Y<NX-U'> 

IF< l llllt:, Ht, :-• l WH l n; (It • HH:~ > HHlli':P 
HH~ FllRMA1<1HOr'l:miHHHII' 1)0\oii'ISO<f.Mt IJEPlH-:',F-'7,~~.· FF.ET'> 

WRIII-Cb,~OOlNTkl~ 

;;:>Ot) I'URMI'Il ( lHtb '/'10, !If l'IHIHIII'IRH:s-:• • f5) 
WRlH Cbr:?OJ J 

7.01 Htk11AHIH0•'1Rlfl, Nil. AT Y.-m'.C, NO,'> 
hll :?.0<! l"1•NX 
IF<LlNIH<IJ,lQ,p)~D 10 20, 
WI<J lt·:<t.,~!tMH. HU!i< l), 1 

~(13 •oi<HATClH .~X•J4tJ~X.I4l 

20:-' t:UNilNUE 
IF< I liJ!I;, Nt-_, :.> > Btl HI Y:i6 
WRHf.C6,lfll) 
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t!:li' 1-fii<HAHlH •'UI'~HU'I".H RAfiHii lA~U:') 

WI\' n n '" H71f > 
t,t lft 1- llkHA I ( J HOt ' llf.f."TH ltl ~CHrti<UE' ) 

WlH lH btH/Y) I ( H' I I .1} >1~1' I <.1)) r.J ol, 'll)) 

tc7'i' H1Rl1ATCH r:IXtF:-..:.>rf>Xr~l.()) 
'I .lio CHH fl NilE 

IFCIXSPoNI'oOl WNITI-Cf>o4Yf>l 
'lYII FUIU'IA f ( 1 H 1 • ' t:RUSS SFC I' ltl~l PRtJPI-:k r r f. S' I I J 

C: INITIAl JZF VfXIOI\'S 
.IX '~~lNX 
DO " )"'J..JX 

6 Y(I)-:(),0 
IF<lX~P.I'UoOJWRI1ECf>•Y~4l 

Y'JI ~ fl11<i~IH <1 HO • 'X -Hf!: PIWP!.-:RT H S PR HII OIH Hl'\S llH·:~l Sllt-'1'1\'f:!SSEll 
2') 

H 0 X!'l". fJh 0 H•n Ill 2l 
llll l l.,t,NX 
II:::J-1 
XHH.I-:S-:X( J )/:-i~!HU.O 
WRllF(f,,~lllrXCIIrXMllES 

31 1-!lkl'lfH UHOr'X-SI:.C NIIHkEk 'd.'l•' IH 'rFH.Or' •T,'rl-ho~'•' Hl:LFS') 
WIU II:. (b> ,it)t)) ll•l >UI.AH I) 

~'-'JO 1-(IRMATOH • 'I rtrEIH'.I TNfi.IIW f(lk 1-:1:-.rtCH' .J4r' Ill' .1:4•' ).!l'rFb.~'• 
2' Cf· S Pl-.R fOUr' I 

WIH H ! f>r:~;o I-NO(} hFN1 0. >r FN2 0 l 
3.l FllRMIH <lH •'EiliMT\IlN IH:'HCRlfC.OW N lS';r-:·; •. ~,, f'LIIH'oFH:.4• 

1' 1HU:S Y PIH!-i'of9,;ir' 01'1~-S Y S!HII'\Rf.li'l 
WMlft lht31) lCI) 

34 Fllki'IAl < 1 H • 'H .. f.V(\1 HIN 01' I.!IWI'.lH 1-"!HN f ON X-SF.(;' • F9, ::') 
WRlTI-<b•;L~-ll 

3~~4 FfiRI':ATCJHOolOX•' [lf.I-'.IH ARf.fl W I'Ft< TIW I.IIll'IH'/) 
1'11:-:~!PlS! \) 
WRJ 'IE (f>r:B::O <Y 0:11.( lr.l) r I'\ I fil. (I r ,1) rPTfCI. (X,./), lll'CL< I • ,I) ,.1,1 dH) 

:'I.'H:i t'IIRi11H OH rtOX•f'U),:;,,:~f'li),O) 

7 C(IN I J NliE 
:.!t t:lll'lllNIJE 

WRJ I 1- < (,,;\~) 
J!':i I'IIMI'I~ I () H 'l) 

C Rfti!J l!:H ~ ~ IH !li:HI'\IW~ VI'\IIIH> I' Ill\ 11A ~ N I:HI'INNEL ANI! AU. TR OcS 
C 1J - Iii\ HI t:HMJNH. UPS l REMI IJ .1 HI:H('IkGE 
C NOH. IHAT lH11 (fi li'IKU.! TU kE AI llHF,.<h NUT I'll Hl1f.,. l)l 
C Hf:MIHW lHI\ l lHE ~lmll'll:.R !IF tl' S /'ll!Hl lH':: liN!'·: !iREf'l fER 
C THAN ·1 HE Nl!l'tiH'.Ii' !II' I J 1'\ESH.f-'l', 
C l'll.SH ~HHE lH1H JF HII:<C " ;~ (J)f.:Pl H l THI'll I Hf: lA fl~~l'\Y WILL 
C CONlfllN IIF.PfHrNUl ]I(!.;(:HI\f.:I7F 

c 
c 

11 1~ 
UlJ 

c 

R~nD<~•a)CU<IJrl~ltl2) 
lF(NHOk.Hl,Olhll HI IU3 
btl 1\J:• l""l•~lriU~ 

REAli H k!'f l ~ IH SCH/'11-:IH; S FIJI-< EAI:H fR OHIT I'I!XY 
ti\JIHJ " lh:11WI•lkY IIJH!:HI"tl':tiE 

REA!l(~tit I< Tl\'1 l!IH !r.ll, ,1,-,l r l;l) 

!:OH I HHIE 
CUNlJNUE 

IF DIIWNSTI\H\1"1 IIH'.IH Vi\IHI-_S WUH I lH£, 
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C RiAD IN fHE F(KSI Jl U~~~H~ 
IF< IJlBI:.FU.~()RI!t\l)(~,u (I)SY! l h 1,.! • J :n 

C IHlTlAl.ll~ ft HAfRIX 
DO 10 J,..l o.IX 
1)11 ll) .1··'1•5 

10 A< lt.I) .. O,O 
K•l 
G=:<?.2 
lt111':R-:O,O 

C AP~·t Y HH:P BAI:Klolrt H.R 1-'Rfii>HI'\!1 I H F!iTI'llCU HH l N l n I'\ I. CflNI111 HINS 
C flR~H P lt:K Atl APf'IWI"IO Al ~ IHII.UIH IRJ::AI1 STt!HT Hili llf·:f'TH 
C IF NIINE" 51-'tCIFJEIIt :\ "llt\FS t;!-<ll l Ci'\1 111·.1-'1 H Hl USED 

lfCIDBt:.EO.~>Y<~*HX>~DHDFP 
lF<J~RC.lU.~>Y<'*NX>~DHYCl) 

C f.~HI'\IH.lSH UI~Tltll DlSt:HI'IRBES 
C OOU1 ,.. HIT I\ I 1.1 .1 HI:Hi'\Rlil-. FOR RE l'lt:H 

lf(lll8t:,£U,llUUUr!l>~UXHIT 

IF< HIJ!t:, fU., 3 HWtl"l ( 1 l ,..II< 1 J 
O(l t41-1.~ 1 '-"2 • NX 

C AD!t l.ATFk/'ll. UH· L!lW 
UOllT< I )-::-OIJ\11! I-1 )tflU\H l ):t;<X(! >-X( 1-\ >) 

C ADII fRlllllli'IRY FUJWr lf MH 
U U. T!HIH 1), H~: ,I) IIJIIIJT ( 1 ).,.,1}()11 f (X HlR IBIH l.lRHH l) •1) 

HM3 C:!lNliNUE 
C FINI• C:Rlllt:AI IIEPl"H I'IT X-S .. :t: HX :tf Y<NXl NOT KNIJWN 

Jf-(XIlBt:.NI-:,tJBII Ill HI-ll! 
02z001JT< NX >*141111"1 ( NX) /G 

C YC :-: t:R n U:ftt IJH'TH 
YC=(I, 0 
ItO 1-lfl::i l,.., 1 • 1 OIJO 
YC•YCtO.l 
CI'\LL JftBLE<HXt1tYI:tDll~f,DPDYl 

RHS" Y(:tYI:tYt:t. HUt! ·u fllii'\T 
l~IHHS.Uf,Q~JHU fO HM6 

14 R 5 1: 111-11 HillE 
HH6 Y Ci."JHX > -=Y€:*3, 

C EXIt':ttUSH 1-U·:Vf"'fliJN ANI.I Hf..f\I)H iH X-Sf.t: NX 
HH41 1-:u:- V(HX l ""'/ UIX HY ( "*tiX l 

Z2.:FU:V ( NX > 
CAll HE I': I• < Y</.tN:O rlllltll ( NX l tHV2•Ht :', Y ( :~t.NX-1 l t FtHI( NY.) • FN\ <NX) t 

2FH;..' ( tiX l •tiX) 
C CVAY;~ " I:IINVEYAtU;t- I'll X-~1-_l: NX 

I:VI'I't ;..' ""''11111 I" ( HX) /Silt.: l ( HF 2 l 
C ADVI'INI:F. IIPHTRf..r<tt X-HEC IH X-!if..C 

tiXttl,.,HX-1 
L=NX 
IJil 1-181 I-:t diXMl 
L=l-1 
XI)F1.'"'X(I.t1. >-:<(L) 

C AS!-\111'\~. 11,:->, lltPlH ""II, so lli·J-'TH 
Y<2*Ll~Y!2*<Ltll) 

C USE NI-.\H!III!'S OERt:"nllN MtlHIID Ill lEii:O H! llN IWSIRI-M1 )l~~·rH 
C HU 1'1111-<E I HAM 11)1) l J"f.kA r ( UHS IH.l.llWED 

DO HHH Nll•ltlOO 
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c 
c 

c 

c 

c 

c 

c 

c 

c 

c 

c 
c 

c 

c 

c 

c 

HYO 

ELEV<I >·""HI.HY<2t.U 
lt-:fU'.I)(L) 

FIN II Hl-.t\!1 1\T IU"firttl'.f\H X-SI'.I: Jct\tlf.ll liN t\SS\IHidl IH'P rH 
llti: }If: I" rH t"Mtl.lt·:l: n: I) ~y NtiHUtl f'IIHI'IliLA 

CALl. Hf.:t\11 '(Y <:!t.U 'IUIIJH U 'HV I , HFI • H ~tL -1 l t 1- N(l ( U 'HU <L. l • 
l~H2<U•l> 

CVAY1. = 1:11NVI'. YAN!:~ I'll ll. !', !->f1:1 HIN 
I:VfiU-:IJOUI<U/!HJRI<Hi-1 > 

GF.UHEliUf: t'WAN HI-
FSt.llPt.••IJOIIJ ( L.) :tliUU l H.H l I U:VflY U!:VI'IY2) 

HLUK~ = HI'I'ID LOHR 
HUISR...,fRl.Ut>t::*XIlEL 

ElliSS • I:.JIUY UIS!' 
8.USK-:Q,tlfl8HIHV2-HVtJ 

IH:iHF.:Il ,.. HIT I'lL n, S. HE flO 
llHH~.I)..,lUHV~~ tHlllSSH:L. USfo 

USHfiJ "' ICITAI ti,Ji, Hf:I'ID 
tiSHI::Il'""ll +HVl 

ERNUW = 1-h:kllH '!HIS ·1 Hti'KlFP 
ERHU!<I.,USHE IJ -IlK HE It 

EX lT LOlli-' H ERR Ilk l'li:I:F.P f I'\ II I.E 
H<f'll!SH:RHOW>.U-:.«>.Cl1lllll l'U HH9 

H Hk!->T :t'l'fERIH fliNt NEWHIN NIH I'II"PUI:t\l'IU·r rt'\M Hf.GOIHl 
UUt'.SS AH!J RU'IIRN 

IF< N ll .IH .J H•ll ltl l-lYO 
oulY"""'Y ( ~·u > 

1-h:lll.ll-- fi.U.Wh: li'IHI llM~HII-_P 
t:HUl.l)..,fRNOW 
n 2n l rY< <!':l HO, :.':iU Cl:t:l.) 
Htl lU HHS 

Sl-.l:lll>m Mill SIIGI:I:.fiH Wll l H kt\ TliiNS - IH'I"I. Y HI' WTUN 1-UI<HUI.A 
ULY~'l. ,y- < ;J;tL) 
Y (:?:f. I.),.. Y ( ?:t:l ) -I- 1\NfJW:t: ( < Y ( ~:t:L l -OLJIY) I< 1-J·:NIIW-f. t.:ULIJ)) 

c;HfJ:l< HI~ TllO T WH 1 llltEI<I'II'ICE 
IF(I\I:t!'(Y(:.!tl l-111 Y:!U .1 f,(I,O(I:.!~llW lll 11~9 

H ( H ~·U.), Ll·., 0 ,I)> Y <~'*I )•q). /'1~01. Y~!l H!ll *<h 0.1 
IF<I'lttH<ULY;.>I./Y(7:t:l.l) ,(if_,;1 ,<1) YC•tLJr-u,f-!tlll L1Yt(l,()1t.tHT 

f:Xt:HI'IHllf lll.U Mill th·.W f:kRIIIUi At!JJ ll ERAH 
EROUI,..FkNilW 
ULJJY-IH.Y'2l 

l4~~ l:l•tn HIUE 
C COtiVHWE.NCF CllHPU H. - 1\IHJI'\NI:I- 'Ill N .. X 'I X -~1- C 
C "Xt:HAHIH·: IJ, S. Mill )l, S, PkOPI-.1-:li.Ep 

t189 COtH IHUE 
(','•"Z 1 
HV?,.,HVl 
HF2"'Hfl 
CVAY~,..t:VAYl 

HH7 t:IIHI J~IIJE 
C eACKlrU: II:. I\ 1-'kiiURt'\11 CII1'11-'L~.ll'o f.'R HH UIIT l N U l I'll lUtHI J I liiNS 

1 II I'll-. ·q HU·J( I!Jl 
lF(HIIlll .(q ,()HHI HI HYl 
IJU HY~! l·' 1r NX 

tlljl;:! tW< J l•I 
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NOlll •NX 
MY1 M1tl 

1"12.,13 
WR11~(6o~2J Tlli'IE 

52 fllk'i"'I'IT<fHO•<'Xr'l"ll'l'". = '•~'"'•(h' HUII~S'l 
sva n t i't:tl. tn . tmur, M:.! '''~~~liT 

WRITI'(A,,A) CNPCIJrl~HirM2) 
311 fllRI'If\1 C lH tl:<, ':<St:X', LH •n:, ''!.• :~X l > 

WRITFI6t365)CXCNP<lllri~HI•M~) 

.\11:-i HIHI'II'IIOH ,/:(,')((1)' ,t:if9,0> 
WRII[(6t~JlC~LI'VCNPCJI)ol•l'll•l'l~l 

:u HIRI'IA1 OH ri'X• 'f.l.t-:V' .t;~t-"9.2> 
WRIIF(6tJIOC Y<~t.tWCJ)),(:-111d1: 1 l 

JH Ftlkl'ltll OH tl>;!b'lli·Yl"H't1.1f-9,2l 
WR l H C ,_';~'I) <llllliT OW! l J >, J :-f'l 1. >11:' l 

.l-\1 HIRI'It'll C 1 H • ~X,' IH <;I:H!'li<IH·.', U~Y, 2 > 
WRITFC6o4AlCY(Y~HPCil-1JrJ:-Mlol'l~) 

46 FllkMIII"C1H ,:~x.'V1:1.111:~1'Y' ,1:U·Y·'~'/J 
IF ( 1"1:.', HI, Nlllll HlO 11t SY 4 
Hl ~HZ+l 
1'1 2 ... 11;~+ 1 3 
HU Ill H93 

B94 r!tNI I NilE 
C SET Ul-' Vl:l.m:HY 1\H)I 11.,: I-'H4 1\ki-:IHH Til ~·ti~S Til !'~.IITI1~.NT l'lllDf.L 
C YPI'I~S ntl)) VPASS M~E WRl rl1-:H lll li!REI:l At:t:UI!-1 H 151\ 

HR~.1:,.1 

I .II l !"> t :~ l · '1 ' N X 
VPA~SCJ):Y(~~l-1) 
YI"!'ISS( ). )c,Y(:.!$1) 

513 I"IIH !lNIIE 
WR ll E < J 'Nkl".C • E Rt\,.. lk(ll ( I Y P r":S!' < l ) , )' = 1 r NX) , Will IT< J > • f,.. 1 • NY.> , 
lCVI"nSSCil•l~trHXll 
litl I 0 ~'83 

~SO WNilt!Ar2kll NR~C 
2kl HII<Mfl I (I ~ kkllf< IIIII\ J NH Wk Ht lll ll X kfi:T At:CH>~ ~ ll .. (l1 I 

1 I tlkH:-. J £4 ) 

'J.W:i t:otll H-IUE 
C lF St.l ~ SF.HlNli LIPSl'I\1-AI'I I<IIIINJ.Ir":IHr SU Fik!H HEPIH 

11- ( Ul~l: ,HJ ,1 l YCHK··•Y C! l 

c **'''***'**''***'*********'''***~**''''**'**'*****t* 
C 11!'\l H I JIU S H F" UIHf' 

c **************'*'*''''······························ 
1111 l.l ,JN-lrlO 
JNf'l "JNt1 

c nu:kr, 111-.m 1 mEs 1 £P 
TIHl-R= 111'1!--.IHIIT 
1\( 1 •. ~).,1.0 
K=K+l 

C Uf'!Hkt-:Afi }<IIIINIIAkY I:I!NJ'l,llliJN 
HCJII><I:,th:.tlGO Ill '1~6 

C TYP~ 1 "' Stl F Kt.Tf{Nh - HH'fH SI-:T AI f-NJI ll .. I.HUP !II\ UllfS,ll.tE 

C U~ 1 Hl-. UJOF-' 
CAl.L rnttl E ( t r :?r YI:Ht<. •Akrii~'UY l 
f ( l )"'IHI0/1"\R 
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YN<l) .. f<J: 
1>11 Ill <t"'S 

.-5fl. Jf( fUBr.Nt- .:lllill HI il:-17 
C lnt- ~ "' t-lflliHH I:UMVE 

CAU ll"'l:ILE <lrJdHIOoYt:t-lKriJI-"IIY) 
I:I"'U lfli!H: o,;.>,YI:HKrAihOPilY> 
FC1l=QUO/AR 
ytl( t)af( l) 
YN<?l"'YI;HK 
IHI Ill 11'58 

.-!!17 CONI HHIE 
c TYPE ~ R O~PTH 

C ALl. ~t:'l Ill-' lliiNf. l"'fH.R X-~u: I Ultf' 
ll~l! t:lll'lll HIIE 

C FilL ~UFI'~fCif.Nt HAlHIX 
C t:UI'IPlnE X-Sr:l: P~OPEHr:U:S t'll IWB1Rf.nt1 I'.Nl.L lit- flkBT F<f.fiCH 

12=2 
Fl -"F NO ( I ltFN I < 1 lIt: H P >+I' N~' < l l U < 12 lIt: 'I'( l:!) 
fPMMY•t-H1(1)t;.>.lfH2ttJtY!12l 
CALl. fi'\)11 1- (h_.rYO/hAk•lii-'JIY) 
t:fiU. 1!\HU: (tr1t'f(,2),liiFrOPI.IY) 
CALl H\I:IU· <lr:~,y(J~'l•f-'rlWUYl 

1'\0VHl"'I\IV l'OP 
POVf.:I\""1-'/AR 
H..,-< P:li I liP/ <nRt!\R) >+ ( JWIJY /fiR) 
DO 1,o; 1"':<!tNX 
ll!\1'1:.1 
IOz:;.>U 
rt..,;..>t(-1 
ll•?U-2 
t:i":.>* l-3 
DX"Xil l-X<I-n 

C COI'IPU1E X-SF.I: t-·h.'OI"EIHIES 1\1 JtllWNSfRH\M 1-NH lll- Rt-1\CH 
C l:tli'IPIIH. 1'1!\l'ltl I NHH N 

FY2=FNO(JJt~NlCIJtYCIOl+FN?Il)tYCIO)*YCJOJ 
fPNMY~•FHI())t~.tfN~IJliY!lOl 

CALl ll'lf\LI-, 0 fl\1>1 r ~ • H Hll, 1'\N? riJf·)ly:n 
t:l'\l.l. I flloll.t: ( l I I'll:! ' 'l o"l' ( I I)) ' II II" hI Wit 'Y 2 l 
CAll lfll(l 1-: () IAfiJJ•l'OOl•r';!rltf'J:I'i':!) 
(I!JV~ I ~'...,!IWU 1tiP2 
POVNA:?•P2/Ah.'2 
H:l=- ( P~HIII":U < :"'H:I.*fiH:I.) l + ( IWUY:U(li·C2 l 

C COH ~ .U; J t N fS IU· I , H, S, llf MIIMI:'N 11111 Flllttl l I fltl 
1'\( !~1 ,2>--Y<! l l-Y < X.il + ,9•M:tli*Y! .i lUtX.nY·Jt. Yt'l.'fl\.11-i:!•U:\ 1./.i,) H\( I l 
A< D, .i J,., r,ro~*!;* '(( l J) tY ( J 3) *J l'ti-'IIV ... :f'ltt!"' ,/~', I :$1-1-'NI'IY.I•X-:•tiH 
lo60't*H*YCljl,YCIJJ$~Y~fYIPOVRftltll,/J,JIHtDX 
A<I~t"'lrtY<IlltY(I3>+.Y06tHtY<llltt-Y2t•Y~tPUV~n?*tC4./J,ltUX+ 

1R<Il 
A( I2t'S l =:.>, tiH, .-.olllt:litY< \ 1 l n < J I In Y:~H Y:"'H'II\JO(f'l:•u < l ./;', l II'H:>*llXt 

1. Y06*tiiY ( J 1 l n! 11 Ut Y<'H'OVHfl?lU < •h I:~, Ut ~'kHl ;~.!<IIX 
c CO£HU.JENIH nr t..H.!-. llr t;I•NifNU.ITY t-JIIUI!JnN 

n<£1•1>~-cnktn...:~> 
A ( J 1 ' ') I =- ltW II' ( R ( l ) - ( Y ! .1 I >+ H J ;q > ) 
111 u ,;o"'-t\<Il•l > 
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IH 11 '~ )r'fOt':ft (to(( l HH C I1 HY€ r:H J l 
t !:Ut:f'F: H:ll-:t'H llf' I'!, H, 1-i, Ill-' Hlll'lf.:N'rtll'l I':OIIt'H £ON 

FC12l~K<JJIYC1~Jt(,~04t6tY(J~JlYCJXJ*~YtFYIPOVWnttCt,/J,JtHt»X+ 

lo906*H*YCJj)tYCI3l*fYtPUURn~t(1,/J,)tFPRMYtOXltY<I~>+RCl>SYCl\)t 

2(,6041HtY(lJJIYC11liFY2tFY2tPIIVNft?l*(l,/~.liH2tDXt,9P6*HtYCI1Jt 
JY ( lU U'Y:!*PIIVRI"''.!:U! 4 ,/~l. >lf'PIH'IY2*1lX) :n! 10 > -/., t!l* C I.! I> -I.( l-1 > H 
4 (, 45ft,;*f YU U.POVRI"'U ( 4, n., > IIIlO tv ( H l ltY< D l+ <, 4~*1lt1' Yi.'IFY~!* 
5PUVRn2at(4,/J,)t»Xl8Y!Ill*YC11J 

C COfF"FlCJF.Nl IIF R,H,S. Ill' !:!INTJtWl'!Y FfHifll'lON 
H U) ..,R! l >* ( I'IIHI'IR~! l-< I(( l J- ( Y< I1 HY < D l > H< l'li~-Tilr'H ( {;n l-OH ( H 

1< Y < U HY ( x:u) lt( 1\R:?-I!W:>:t:Y< HI! H2, 1111. rd < .( l tllX 
11'· CURIIH :0, ~U·: ,() H ( U > ·-•f ( X1 H~~, 'HRJ: RU <1. I RltH 0 dO 

C EXf:HI"'Nhl-. llt'STN~nH ANII LIIIWNSTkl'.i'IH X-SEt 1-'IWPEI< I n:s 
FY-I-Y2 
FPt.:MY"'I-PRI1Y2 
l\fol«I\Fi2 
TOI-'"''IUI-'2 
fHIIJIO =l'llliJNT2 
POVRA=PCIVI<A2 
H,.H2 

16 CllNl JNUE 
C STRUI:HIR~ MI\Hn X f.'IWPf.:kLY 1'111-: IWS'IRI:-f'lM ~!li.INitAf<Y rotHH I \ON 

lHlliJH:.Ht-:.tHHI 10 '1~9 

C TYPt,: t "' St-.IF SHTlNG - Nil I:HI\tHiF.. I<F..IHIIR'fD 
IHI Ill 1 t 11 

4:'19 Jf ( JURC, N"., 2 l Iii! 'Ill ...,,_0 
c rn .. .,: :l .., Rl'l n Nli t:ttt.:vE. 

A<2ol),..(1,0 
1'1 Ch :1.) ·•I), () 
A<2o3l=l,O 
IH~r1>~o.o 

AC2.5l=O.O 
H2l.,YI:HK 
GO HI l J 11 

160 I:OHlUfUE 
C TYP~ J • Pf~lH 

~Hi'\ I HI..,M<!o~)/!'HJr<l) 
A ( 1 t 3 l ,.. A ( 2 , ~· ) - 7 R i'l I J II* 1\ < ;4 ' l l 
1'1<) ,,.>..,1'1(~~•.0-I.HI'IIUit:'l(.~,;!) 

A< l.~D=AC·'•4l-l'kl'llltlttH.ir;O 
1- ( l l ~ ... · < ;•) -lkl'\1' lll~F < 3 l 
A<2tll=O,O 
1\(:.>r'.'l..,O.O 
A<2r3l=l.O 
1'1 (~·.'I) ..,I). 0 

A<2•5>=o.o 
1-' < ;• ) .., ll( K ) 

J JJ 1 I ONT JNIIE 
C DOWN~ I HH\f1 )<tiJIINlil\k Y rmw J I JON 

i'lt ,!tH:-<' :~) .,, , 0 
lF < J IIR!. Ell. 1 )F ( 2f.NX) -ma~ I ~Y< ?t.N)(-~!) 
lf<lUBI:,fU,2>F<2*HX>~UHUEP 
IF ( l)IBI:, 1- U, 3 )t- <:tiNY. l =11!-lY <K l 
I:I'IU. SUI.VE 
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YN (.IX l •RA" (,IX) 
YH LIX-1) "lift"( .IX -1) -l)f-:U .IX-1 U YH LIX l 
KX=.IX-2 
1 .. ( (ltl<t:.EU.l) JI\X-.JX-3 
IFCTUBC.E«.21JKX•JX-4 
H (HI I'll:, f:IJ, .U l:KX,.,,JX•2 
DO 17 I =1 ol KX 
.1-,KX-I+l 
YN I J>•RAM< JI-Dt L ( .1) UN< .1+1 >-RU\t1( .J I HN (,In l 

tl I:UNlJNUE 
C IF SFI.f l't-fl'HH; tWSlf<l'f\1'1 J!UIINI)fiRYo 
C HEf OfPIH FD~ HEll llHE Hl~P. 

IFOII~C.fll.J lvt~HK=YN<21 

c 
c * • t * • * • t * ' • * • * • * t * t • t 
C IJH.IH: l r Y l S lll.IIJ Y' 5 
C DEPlH J~ KIJ~N Y'S 
c • * • • * * * * * • ' • * • • * • * • * * 
c 
C CALCliLAH. (IJlHIJI.UH: t-_l.j, IJ(\l HIN 

IJI) lH 1""1 tHX 
ITAI'I=I 
tALl. Ht~! E (]'I A~ • ;.t • YN P* U r 1'\k ll''l. IIPIIY> 
UOUTCll~YHC~ll-1JiftRlA 

18 El~IJ(ll•Z<Il+YN<:.Otll 
Tl.•l'lt'.""I'HUOIU[IT 
JtllliU'" JN 
IF<I'IIJI.H,II'IIIDtlt'NH ,NF .(!HHJ T!J U12 

C SlOP m·:HIOHfl H-:l) ~IIJMI:l(·.R Ill· I 1HE.HHJ>s I:IEFIII<E llHi lNNlNH t"IUtH!liJT, 
IFIJNH.!H ,.IN) !ill HI 1(1/. 

H' ( ~IIIU 1, B l' ,I) l till I'll 1\'1 

DO !tJ l "'' tNX 
:-it tll-'(ll><l 

NOUI,..NX 
1'1 IH=1 

112=13 
WRI n:<t..:-.ll nutr, 

50 lfO'I:?.rH ,N(tiiT lH:.'rNIIIJT 
WH(l~CA•AA> CNPCIJrl~l'lltH2> 

WRiff<~•~A~lCY.<NP(J))oTrHJrl'll) 
WRllf,(l,;~:n (t-:l.t-.VHlP! 1)), f-:10 ,H::!l 
WR 1 H <I' • J.H l <YN < ;..1'NP < l ) ) t l ,-H t , l'l:'l 
WIH 11-:!At:i'll WIIOI OW< l) l, !~lH rt12) 
WRil~C/.r46lCYNC~tNPCJI-1l•J~I'It•l'l'> 
1f-CH2,fiJ,HUUT!Illl IU 1.112 
111 =1'12+1 
1'\.~ '"'11?. +13 
GO ICI :">0 

10:.1 1;111'1 I J NUE 
C F'A~fi VH III:HY /\Nit DH"IH Til Sl-.llliH'IH HUJ:I~.L 
C IJI'"fiSH ANIJ Y.,t)!iS M<f WR 01 ~'.N liN OIH:Ft:l ftt:r;t-,!ll'i IH.SI\ 

NREl •NI<tJ:+ 1 
IHJ 51"1 l"'ld~X 
VPASHCll•Y<2tl-JJ 
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YPA!UH I I•'\'( 2U) 
S 11 1:01'11 1 HUE 

lFtJH.~O.JOJ RP TO ?0 
WRI1£( 1 'NkECtld~l<,..:.!fl:?l ( <Yf'~SS< l), .l""l. tNX l • UWIIl< I l • I "1 rNY.l, 

1 t VPI'ISS < I ) t I "'1 • HX) l 
tm rn ~·ss 

282 WMITFt~,?~JJ NI<EC 
:.!85 c:tlttTlNIJE 

C £Xt:Hf1Nht, Lilli ANlt Nt.W Tli"'F LH!FS 
Pll H' l"" 1, JX 

19 Y<Il=YNCil 
C READ I'IURE DI"'TA H 1\CEI~IIIRED 

lH .JH,£-:U, IIJHHI 10 20 
lf' <ILl T .J ;-Hill ·w '1 
K=O 
REAit(~•*l <IH 1), lrl, J :n 
JHflfRUJ,f.-:U,IlHill Til 1116 
DO 111~ JPJ•NlRIB 
Rl-.t'll)( !"u 3) < nt UHH l, .1>, .I-' l., \2) 

1 J J 5 CON I l NilE 
'1.116 I:I'NTI NUE 

IF <J fiFLI:, F If. 3) REfill( S, t l , liS Y (.I) , .J'" l • l ~! > 

c ~ •••• , •• ,, •••••• ~···-··························· C ENI'l ftr t'IAJN Tli'IFSTH' UJUP 

t ''**********************'*'''****''*'**'**'''''**** 
11 CONl ftWE 
~0 t:IIH I l HUt 

CALL llA H·: < l Ill\ I FJ 
CI'IU. r UH·: I ! I U'IE) 
WRIIF<~r?H7l lTriF•IflftTr•llll'll 

~'H7 FIIRI'Ifl l (' ' • UU\'1 'I•' Sill NIIH I-I IIW KllUH. t<IIN 1:111"11'-'I.F 1 F_[l', 
1/,YKrJn4r/r9Xr2A4) 

Ht-:r.t-'r7 
WRIIF<~r?HHJ RI'FP 

~HH 1- ~INI'If'll I 1 H , '!I'll> 
CAU f-XIT 
END 
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SUPROUTJNf SOlVE 
t:lll''lt'llnl/1'11 fl ( Rlh !')) '1- OH)) , ti:X, JX 
COI'If'ION/1:1/ DF:U8(1) •'<IIIIUH(I) t!il'\t\(~()) rRKH!f!Ol ,RFTI'ICf!Ol 

C ~U~ktiiiH IH: SIII.IJE HI'Jf.IH*i f\ MIHR I X 
BETA(Il=O.O 
BF.aAc~q..,o.o 

DEl C1l.,AO••I/A0•3l 
Rlf'IKCt)•nct.~J/Act.J> 
GAi'IC 1 >•F< 1 l/A<1,;H 
RMII U) "'II<? • 3) -f'l( :1., l H:DEU 1 l 
DEl< 2 l "'<A< 2' "\ l -I\< 7, 7 >*RLAM <I l ) /f\1'\lH :'. l 
RLf'ti'H 2 l '"fl I;! • ~)) /~1111 <;.! J 
GAI1<2l=<F<2)-tl<:?.t2URfll10) l/Rt\11(2) 
LX..,~!ct<HX-1) 

DO ;:.- J,..~,I.X 

RfTf't(l)"'fl(,•l)-l'ltl•1l*ftFt l.l-2) 
RI"'U (I l =A< J, 3 l -FI£ I A ( l U:IJI:U l-l l _,'l< T. 1 l *RI Al'1 < J -? l 
O~llii~<ACJ,~J-~flft(lJaRLf'IHII-1ll/RMUCll 

RLAK(J).,A<Jo5)/ki'111Cll 
tffii'H l >=c<f < l l-KI-:fl'l< I >*111'111< l-1. l-l'd l, 1 > tflfll't( t-:;>) )/RMUC 1) 

2 CONTINUE 
9 ETA < .I X -1 l "'A < ,I X- J , 7. l -(I( .I X- 1 , 1 ) t l'l F L < .I X- 3 l 
IHtll (.IX -1 l ,.f'l (.IX -l, :o -liE HI(.))( -1) :HWLI .J)( -I) -A LIX- t, 1) 111\t.AI'\ <.JX-3 l 
DEl L I X -l ) :: ( A C I Y.- J • • ) - Fl F'T A (.I Y.- ~ lit R I. 1'\ 1"1 (.I Y.-:.! ) l II\ I'\ U ( , I Y. -l ) 
H~M LJ:< -1).., ( F LIX-1) -RIC rfl( .IX-1 l :1tli~M ( .IX-':H -tH .IX- t • \ ) .fliAI'I ux-:u > /RMU 

l(JY.-t) 
BETO (.IX l .:A ( JX, :u -iH .IX•l > tDEL UX-:!) 
RHH LJX >•A< .IX, ;n -FJFT;\CJX l tllf-:l. LIX-1.) -1'1( .IX, 1. HRLAH< IX-2 > 
GAI"'(JXl•(f(JXl-FIETA<JX>*RAI'I<JX-Jl-l'llJXolJfRAi'I<JX-~ll/k~I(.!Xl 
kLflM! .JX) .:1). 0 
DEL<JXl=O.O 
Rr.l URN 
END 
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SUBROtll I Nt Tl"'ftl E <I' 1 TYI' t YT t x·1 , f!F'JJY > 
C SU~RUlJr HIE fflfU f USES fHf TIIBUS r.R~Afi;:Tl ~y Sli~ROIITIHES 
t: CHANNI. AN II l'f:.Of1 t'INII I'll'_ TF.Rf1 l HI-'S Vf'lk T£1\IR rHANN~ I. f'RUF'f:.k f 11-:j:; 
C Ftlk OIHI'JU:Hr EUVAH11HS IISlH!i UN.,:.;"\1{ Htri-:KPOLIHltlN, 

COI'If1('1N/XSFr.INt'T!H 110 l t Yl Bl < Jl(h 20 >,AT Bl. ( '10 r 70 l, P l~L< 'lOr 2() l , 
2TT81 ('\0t20l 

COI'II'ION YPT<20lr0PTC?0) 
t:tlf1tlllN H l"'f.R t DT 

C (llAGN!If'TJr. PRJNIOIIT 
C WRlrECdrYH) XrrlYP,Yl 

fB FORMAT(' J~'rl2•' IIYt'~',l?•' Yl•'rF7.2) 
tiT 81. '"'HI"T~ I l ) 

C Xi..,Oo 
C RETIIRN 
C GO TO THF TITFFFRFNT SFC:llON!' J.tH'I-_NIIlNii \IN lTYP: 
C 1 "'lUI f J. Hll 1:URVE 
C Z•ARFA TABLE 
C J~WEirfO Pf_KJHEfER fiiBLE 
C 4=Tf1PWJf!TH TnPI.F, 

9 60 TO ClQ,}Q,JOr1Q> ITYP 
10 JF<YT.GT.IlF'T<NTTtl) l Hit Ill 15 

H !Y I , U , QP f H ) l Hll HI 1 3 
NTBt l""NTBL-1 
m1 t t n.,t .tlfRLl 
IF<OPTCJTtJl,HT.O.> fiO TO 11 
WRifF!JtlOOJ lT+l 

100 fllRI'IA f( ' PR£1fiLF 1"1 ENCOIIN lf k~: II J N FUI T UW CllkV!>_ AT (I ( ' .J ~' ' ) ' > 
BU IU ~0 

11 IF"<YT.GF.IlPT<lTl,nNJ•.Yl.U.Ut'HJHl)J fill TO 12 
12 xr~YPT!flltCC!YPl(lltl)-YPltll)l/COPTCtl+\l-OPTCtl)l)* 

+< n-m··T< n J) > 
DPDY~CYPTCIItll-Xll/(U~I(lltt}-YTJ 

RETIJRN 
t~ XT-(YPIIll/OPT<lJJtYT 

DPDYsXT/CYT-OPTCJ)) 
ktliiRN 

15 XT=YPT<NTfiU 
TTHtl- -lllii':RIDT 
W~ITF<3r10~) YTtTTfHE 

JO~ FORHAT<' flJ',;f:Hflkl>f:. m 'rf'H,;•,' Jh Olrl Of EIOIINJ•S rJF RIHHW lnJilf ' 
1'1\r' tl>' lli'1F -• ,f'\,1),' HOII~S') 

Rf 111RN 
20 tHFII l=tHJtl -1 

lHYiol>t:.YTJtl OrHIIH.ll IHl Ill 2:'.1 
lf(YJ,Jf,Ylill (f,1)) hll HI :'3 
!Ill:>~ ,,,,,t)ljj;_) 
lF<YT£11 <I .I HI l ,Gf,O,I lill HI ~1 

w...:Jrf'<.htOll Ir!ltl 
101 FORMAT!' f'ROIHfl"' FNC:OIINtFRF!l IN ARfft Tr.Fitf: 1'\1 Yll<l ('tl?r'•'• 

1 I:.>'' ) 'I 
r.n TO 50 

21 IF<YT.Gf,YTfH(JoJl'•MIIt,YI,tT.YIFIL<JrJf+)l) GO Til.,;; 
2?. xr-.fiiHU IrlT lt<! ((!IIR( I ,1 f+l )-!liTH <T olT) l/('flf'l.( lr l1 t\ l-
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+YiBU 1 rl T>) ll ( YT -Yf81.( J, IT I I) 
DPl'JY"'~IH)jU A rl1 +l 1-:0 1/CYl'~l ( l rtTt\ >-YT> 
R£illkN 

23 XT"'<AHII <Jo1)/Ylftl.<ldllt:YT 
DPOY~XT/!Yf-YT9L!lr1)) 
R£TIJRN 

25 XT=ATf.H.CltNTFtl HC<H-YTai.(JrNTFIUJHTIII(JdH.BUI 
H' ( Yr .1:·:0. YTBU I.IH~U) IHI TO ?,6 
DPDY= ( XT-ATFIL <I r NT FILl I I C YT-Y TBL< I • NTBU > 

'}.II Rt: riJRN 
30 Jf' C YT, GT, YTFIL< J r NTFII. I I HO Til 35 

lF!Yf,Lt..YI'SL<l:rUI Uti HI JJ 
NT£!1 J ,.,NTftl -1 
nn 31 tr~t.NI~L1 

lf'CYTBI <IrJTtl>.fH,(l,) BO Tfl 31 
VNI;~C3t102) lrlftl 

102 FORMAT!' PROBLFM FNrOUNTEH~P IN WETTFD PFRIH~Tf'R TAML~ AT't/r 
1' Yl'IH.C'o!:lr'o'ri~!r')') 

111) Til 50 
31 JF<YT.GF.YTBL<IrlTl.I'INlt.n.t.T.YlftL<IrlTtUJ GO TO 32 
~'\·,• X T..,P ft!L< ! • lT H! < ! I"HlU l rll +1) -P f BL< [ d l)) I< YP:!I. ( l r 1 H 1 >

tYTRLCfrJTJ)I*CYI-YTBl!lriTI>> 
f)f'l)Y..,! t> 1 HL< I ' H + 1)-X f) I ( Y I m. ( ~ r 1T +1 l- Y T I 
RFT\IRN 

33 n.-cpau I, 1 1/Yl sur, :11 >t.n 
rww:,:n 1 c 'f r-YTFIL < l,' > > 
RETllkN 

35 XT,.,~· TRL< J, N fBI. H?, * ( YT -YTBI. (J t NTFtU > 
llPrtY=2, 
RETURN 

40 JF<YJ,(H,YTRUJrNHIL)) lill Tfl "15 
If< Y1 , U:, Yf f:IU I .1. > ) !HI l ll 4 3 
NTel l"'NTFII -1 
1•0 "11 ~T"'t,~HI:lll 

IF<YTRL<ldTtl),HT.O.l lHI Tll Ill 
wwne:<;~,10~> ld.Ht 

I 03 FORMATe' 1-'RIIHLH1 FNCOIHH 1-:1\f.fl IN T!WWllHH Ti\foll.F A I YTRL<'' 
li;,>,',',J::.!.')') 

fll') fl) 50 
41 JF<YT.Gf.YTRI (JrJT),fiNJI.Yl,U.YTBL<JdT+J>) HIJ TO 42 
"'~ X I., f 1 f:ll. ( I , IT ) + C ( ( 11 J.ll. ( l ' l T + l. l -T I Flt < t r l T > l I ( Y l Bl. < l, t r t \ ) -

+ Y Ttlt < t, l T I > > * t YT- Y HJI < J , 11 > l l 
IIPfJ'l' = ( rl fH. C 1 • U+t) -X I) ICY I foiL< 1 r l I H l -YT) 
RETliRN 

43 XT.,<THil<lol)/YlHL<lr1l)t.'ff 
DPDY~XI/tYr-YT~L!I,ll> 

RETURN 
·1~i XI..,TH.tUtrHTRL> 
50 RETliRN 

J.:ND 
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SU8RI'IIITJNI:- HH'II'l n,lhHVoHI- oUoFNO,I-.Nl rr"N~rJ l 
I:OI'It.UH/Xlift:IHf'fSt4t)) tYI"8l.<4lh~Ol ot'l !Bl.CJ\0.::!0) tPT~I ! 40o'J.Ol • 

2'fT81 ( Jl(h 7(1) 
t'li.PHf'l•: l , 1 
El C~""O•l 
CALl TABLf <I•?.rYoAkift•bPI'lYJ 
CALL H'IBLf ( lt ,il Y r P, IWDY> 
R=ARF.A/P 

C R • HY [IRAULJ f; RIHli liS 
ll"'0/1\~EA 

C U = VlL!'ICllYN 
C HU .., V!-'.LIIC: llY HEAD 

HU=ALPHA*ll*ll/(62.349> 
C Hf .., FRlt:TWtl !ROPE 

Hr" ( FNOHNl n+FN?.*UY) U?., :t:U*II/(?., 7?.:t.l<.-.:t: <4 ./3,)) 
~1-:ftiRN 

END 
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SUIRC'IUT Ult. r.HANNU tU drOP • N2 l 
C: SIJIJMIIll'rlH~~ CHAHHL I:IJHPIHUl X-SF.C Mt:Ar TOPWtnlHr fiNO WETTED 
C PERJH~TER FRUM X-~F.t nftTA CXrY PhlNT PAlRR>, 

c 
c: 
c 
c 

c 

c 

c 

c 

599 

602 

AOO 

601 

60., 

604 
?. 

10 

8 

T.!l:HF.MStuH NfiUO> 
COHKON/6FOM~T/X(20)tYC20J 

COKHON/1 tH.t/XSF:r;(S) rRK"!LE 
COI'tMOH/XSF.r/HP TS < -'10> 'Yn~l. C -'\(1' :?()) r t\ Ttl I < -\0 r :?.0 l r P Tf.IL C -\0 t #'0) r 

+T 1'8U40r,Ol 
YTBL • X-SF.r: POINT £lEU~TlOHS 
1'\HH. -: X-St:t: M~EA l:llRRESf'ONOtNG rn YTliL 
PT~l • X-SEC W~TT~D PERIM£1FR rOKRfSFONPJN~ TO Ylf.IL 
Htll. ; X-SEI! l'IIPWUHH t:IIRRI-:SPIIHJHHil rn YTtiL 

ATBU I, 1 ):=0 
PTl!IL< £ r l >=O 
TTBI.< J, 1 )"'0 

READ XrY POINT Pl'llRS. 
READC~rll CX(J)rYCJlrJ~lrNil 

If' HU lliHf'lH !IF lHE !NPIJT Oflll'l lS WANTF:TJ(Of'"O) llO TO 10 
IF<OP.Fn.a> ~h TO 10 

PR .tHl' UIJT THE Hf:t\01-:R I'll'! f) X r Y POUlT PAl RS, 
WRITFCl>r~99l I 
FORH:"l t' ( 1Ht>t I I,' t:fhJHS Sf.r: ftrlN '• 12 > 
WRITE<~r602) XSEC 
FORHftTClH ,\OX,5ft4J 
WRITF(bt600) RMJIE 
FtlRM!\ r ( \H 1 t OX, 'RlUEI':HIUc."'', FR, 2> 
WRITI''((u60U Nl 
FllRM!\TC1H ,ti)X,'Hlll'lf.IER OF PO.fHTS"''ri4l 
WRITF(/.,603) 
FORHftTCt~O,lOX,'X•Y POIHf PAlMS :•1 
DO 2 ,l=lrNl 
WIH 1€Uui.04) XLI) rYCI> 
FORHAT<lH r20X•7Fl0.4J 
t:OtH HUJE 
'1'11AX,.-lOOOO, 
Oil a ,,., 1 .tH 
IFC'I'CJ),GT.YI1ftXI 'I'MAX•'I'CJl 

f'IRRAI'IHF. PIHNl' PftlRS XH AHt:lc.NtiHlfi llRfiF:R(f:IY I::IYVJ, 
K"'O 
Y!'ll H.., l 01)00, 
YHINl,..-10000. 
OU "l l'l«lrNl 
IFCYMINJ,fQ,YI1AXJ GO TO 5 
Dll .~ .I"' h Nl 
IF<YCJJ.LloYMJH.t'ltW,Y<.JLfH.YI'IlNO 1'0 TO 4 
till ro 3 

4 Yl'IU~=Y<JJ 

.I I"' .1 
3 CON1 JNIIE 

K=K+l 
NAO\l,.JJ 
Y11ltH ..,Yl'IIN 
YI1IN=JOOOO. 

::i COI'IfUlUE 
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N2"'K 
YWS::O, 
00 6 .h•2•K 
HY,.,tH'I(Jl 

C YWS = WftTfR ~~~AC~ FOR Uk~ BY SUBR. BEOH 
I~<YWS.EU.Y<HYll «U TO 6 
YWS.,.Y<NY> 

C CALCULATF: THf, X-Sf:C PRCIPF.F:TJES lHHNfi Sllf!R, BF.OK 
~ftl.\. UEOH<YWS,NI•A~~ft,WP~RtTW> 

C ASiHAN X-SF.C PROPF.RTIF.5 Tit PRIWER lf\1:11. E'!-i, 
ATILt .t. ,J) "'I'IRF.A 
PT9L< I • .1 > "'WI-"F.R 
·r nn.< I •• Jl,.TW 

6 CONTJNllE 
YlriS..,-1.0000, 
DO 7 J•l.K 
I'll '"'Nft ( J ) 
IF<YWS,EQ,Y!NYll PO TO 7 
YTBU l t.Jp:y tHY l 
YWS=YOfO 

7 corn !NUE 
RETURN 
F.ND 
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SU8ROUTJNf 6FOM<YWS,N~TStARfArWPF.R,TW) 
t:OI'tl'tUN/I>EtlME T /X ( 21) l , Y (~!I)) 

C SliFIROLITl NE t'F. 01'1 WI U l:r":U:Iltn Tf 1 HI': X-SEC PROPERT Jf: S 
C Ill" ARf./'1, WfHH f'I':IHMt:l'l·:th ANO Tl!PW"(I)'IH f•JR l'ilVI-:/'1 WI'ITER 
t SURFAf.f ELEIII"'TJONS, 
C YWS = WATFR SURFOCF. ELF.VATIONS FOR LISF. JN CI"'U;UI.I"'ll!INS, 
C AR~A ~ X-SfC ftREA 
C WPER ~ X-~F.C WlTT[D PF.R!HfTER 
C HI = X-SEC ruPWtOTH 
C DX ,. lNtRfHt-.NTAL X TIJ!HANCE 
C OY = IHCR~HEHTAL Y OISfANCE 
C DA = JNCRFHF.NlAL f'IRfA 
C J)p -. IHCRJ..Hf.HTAI.. WEHHJ f'ERH1F.TER 

AREA•O, 
WPF.R~O. 

TW=O. 
C IF YWS LDWFR THnN FJRST PT. - GU TO S 

lr<YWS.I.b Y <t)) Bll rll 5 
DP•YWS-Y<U 
WPt=:R,.,WPI'J~tDP 

C LOOP 1 HRI'HJGH NIJMIH'R OF X-!H::r. PTS, 
~ DO tO N~~.HPTS 

DX=X<N>-X<N-11 
C .0" F'T, IS t\BOVf YWS - llO T'J) 6 

IFCYCN),GF.YWSJ 60 TO 6 
C If P.EC~~hlNG PT IS n•nv~ YWS - GO TO 7 

IF!YCN-l),~E.YWK) flU TU 7 
C t:OHPHn: f)fld)Y,f!HD 01" XF Nil IHH-:R~F.r.TltlN PT 

DYAVE=YWS-O.St<Y<N-1ltY!Nll 
OA-.fJX.WYI'\VE 
DY=A~S<Y<Nl-Y<N-l>> 
nP~SORT!DXtOXtDY*DY> 
GO TO 8 

C FIND JNT!RSfCTJON Pl ON DOWNSLOPf, ANP DXZPY 
7 DY..,YWH-Y no 

DX=DX*DYt!Y!N-lJ-Y<riJ 
till fH 9 

C IF f-'RECFFJI:UUi PI l!:> I"'BOVEr tW PRIJPER'IlF.S Cl'lU':UI r.TED -
c HIJ m 10 

6 lF<Y<N-lJ.~f.YWRl ~0 TU 10 
C fi Hit HITf.f<Sf.l:l' HIN l"l IJN liPSl.OH:, AMO (IX :UtY 

DY•YWf--HN-1) 
DX=OX*DY/!Y(N)-Y<N-\)l 

C COI'IPIJT F DA, !'lP 
Y TJ/'l,.,O,S*OX$(lY 

DP•HQRTCDX*DXtDY*DYl 
C SliM ARF.A, WPffi: 1\tW HI 

8 ARfA=ARE:AtDA 
WPf:R,..WI"'t-:Rt[lf> 
TW=TWHIX 

to r.mn wm:: 
C J F YWS UlWI-.R THI"'N Lflf:T PT - lill 1 H ;>O 

lF('(WS.U .• Y<Hf'lS)) GH ru 20 
DP•YW!"-Y<NPTS) 

WPFR,.WPF.R+PP 
:?.Q Rf. fURN 

END 
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Appendix C 

SEDIMENT TRANSPORT MODEL SOURCE CODE 
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cccu:ccccccttccc;r.cr.e;r.r;cc;cc:r.cr.cr.ccccr;cr.cc:r.ec:c:ccc;cr:c:cc:r.c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

SUTROIOI Cflr<PORn T U'IN 
tPft Hr.tOTO R1VER STUDY 
CHANNEL SEDIKFNT ROUTJNR HODEL 

WATF:R ROtiTJN6 JS TIONt. RY A !'n'ARI'ITE LINFAR IKf'I.Ir.JT KIIJ:IFL., 
Wl'll'f.R Dl SI:HARIH-:, IIEP TH 1\ND VEl.UI: 11 'r t\Rf RF.AD UHO fHF. HllT.IEL 
SEDIHF:NT JS ROIITF.TI BY SIZF: USJN6 Kf.YE!i-PF:lf.I<-KIJI.l.f.R flEDI.Ill'lD 
f.QIIATION 1\t-11) 11lllll fIE I) F. I NSTF: Ul f'RilCE I)IIRF. FUR SU!'iPt;NI)f.Jl tOAD 

HAXBUF=i-00 

ccccr. r. r.r. c:r. c:c ccc r.cc ccc r.cc cr. cc r ere r; r:r. r; r: r: 1: r; 1 :f: t: r. r.r; r. r. r;r; r r. r r r r. c cc c cr. r. r: r. 1; r. c 
c 

3!9 

199 

'lOt 

40;> 

PROGRI\H SEMOD 
COHKON/SE'D/P ( 40 r J (I h 1-'tl ( "Ch HI>, TIKR ( 10 J, lltiRtlliR ("(I> 

1 • lU 10 d 0) 1l.l.SIIH' I)Z ( 11)) d'lt)f: d'iPI!~IIV ( 1. 0 h l)t-:NS It()), FUll C 10 J 
2rGNOWC40,JOJ.GN~XTC40•l0JtTRHCAP<lOltCEClOJ 

COtltlllH/dEN/DfHrDfS•»rXrWfAtWF8rS~IrWF.PERrNX 
1tNSXZ~SrNRF.C,JOTYPE 

COtiHUN/TA8/HPTS<~OlrYTBl.C1Qr20>•PT~lC40•20> 
COtiHON/Xi-'ROP/XC .110), 7 C 4(\ >, F"N<H 40> ri'Nl< 110 J tF"N2< 40 I tSLP 
t:OHHtni/HY OR/YHIIIH 10 > ,rUJIIW c 'It)) , VNIIW C 40 >, YHEXT< 40 l, DNI=.:XT ( 40) , 

2VNE.XTCI!Ol 
COMMON/LSFLO/LTRIBCI!OJoHTRlB,ULt\TC\0,5lrJTRPXC5J 
r.OHtiHN/PI:OI-11 I PtH r Pfi.AG 
INTEGER DJAGTrDJAUN 

CUtiHIIH/D 1 (Hj/IH flllT, Dl At>N r 1 Tl 
DIMENSION A~<JOlrB5(10> 
LlltHt:I\L:$'1 ITII1f.C2l zl!)I>JHJ) rtUfi!.fBD di!f\I.E(fp rSPFll ESS) 
LOGJI.AL.*l REEP 
RF.AI.H Hr.ONV r tll:llNV 2 
CALl F:RRSE TC 74,. TRUE,,, f. AI St-. •, , FA I. SE, • , FAl SF.:,, 31 > 
Cf\LI. ERRSE-: T ( b,'h , l RilE, , , f- t'lUiE, , , f t\Ul F., , , F t\UlF:, , t 00) 
~ATA OTFII.EC l> 'OTF Il.f: C? l •0TfJ~I0 F. <3) tOTF Il E ( 4 l I 

1 Hnu: , 'IHh'!o«>o 'IH, ?o4, 'H J 1 
DATA SJFJI.F:C1JrSJFII.fC2ltSlfiLF(3),t;IFJI E<4l/ 

14Hiii.i! r'iAt::fi'So,4Ar:>.d4,1Rj/ 
tliHA SPfJLF.OhSPFJI EC/hSPFJtft3ltSPFJI.f(4l/ 

11HDt.t:•4H[l00r'IHr204r1H]/ 
DAHl fiPFJLC"(S) rSIFJ!.E'(fO .on II.E(Bl/QrOrO/ 
Uf'EHWNIT"''IrlYPf':='St:KAli:H' •NIII1f..,'T l:' > 
WRtff'<4r~99l 
FORKAT<lH r' F.NTFR (!IIJPliT FH,f NAI1f ') 
REAtiC4r'IOl > wrnu-:c I> .t.,:i,7l 
WRHF: < 4 t400! 
FOKHATOH t' •:tHI-:t< HtPliT FU.F: NAHE ') 
REAJ•(4t401 l d0Fii.E<Ilrf=!'lr7) 
fliRHI\ I' ( 4A 1) 
WRlTE(4toii02! 
FORAf\t(iR 'f E'NTF:R NAt!~: (11- Jllkff.T ACCF.SS fll E fF<OH fl OI!!HIIQ'! 
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crops" tot, ssenu;s x), .<•::s,n 
GPIM(llfUT•'• TYP!,.'OLD' rNAIW•fUFll.F.tRt:nDUNLY) 
dP A toAtfe&, ffPI."'' Nti ' , RAMi'. ,.ftff I UO 

c wAffF.(4,46Ml 
40$ FORMAl(' ~NTER NO, OF TJMFSTFP~ TO ~KIP BEFORF ~EBINNJNG't/r 

1' Dlf18NI'lSTU: PIHHTOIIT!;, AND Nil. llF TUt~:STF.:PS FUR DtAGNOSTIG:.') 
C READ<~•*> ~lAOlrPlAGN 
C INPUT NECESSARY IHFdRHATtON 

CAI.l INPDA <JTCIJM) 
lPNTl-'IPNT 
JRECaNXU 
OPENCUNIT=l t TYPF."''OI. n' tNAttF.~•fif'F'rt f t AC;CESS .. ' PJRf r.T' 1 

1 tU~r.n~&mU U>·•tRf't:, RF.Xth!Al.V S 
C INITIALIZf VARJA~tfS 

1::\U. HltTL 
C ROUTJNG FOR FArH Tlttf JNrRF.MFNT 

TUU·:s..,o. 
c 
C IFL.Oiol • FI.Oiol TYPE 
C o "' IIHSTf:I\I)Y t' LOW 
C 1 • STFADY fi.OW 
C ISED ·· Ut>::i rRJ.:flM SJ..:J'!!Mt-:NT HIFI.OW TYPI:: 
C 0 = UN~TEAIIY HIFI.OW 
t: 1 .., SH:fli)Y I NFI.OW 
C ILAT "" I.AlERI'II. SF.:I'IJMI:Nl INFLOW TYPE 
C Q .. IINSl'HII)Y INFLOW 
C 1 • STFAnY !N~LnW 
C l~flr ..., UPS l'R..-cl'ltt HEDl ltt:tff lHFl.UW RI\T UH> CURVE:: 
C 0 = NO RATJNP rUkUE 
C l • RftTlHG CURVE IR USE~ 
C QRAT • UPSTRFAH SElllMF.tH RATING CliRVf CUTOFF PUJNT 
C IF tl<I.IRAT THE:-: IIPSTREI\11 Sf.Dl11~tn INFLOW IS ZERO 
c 

REAll <!'ir*> lFl OWtiSJ::I'I.Jl.ATtJRATrORAT 
IF (IRnr.~U.l) INEO:O 
IF<IF'l.OW,Nf:,O) GO TO 10 
WRlli-C( 1.,/,QO) 

600 FORMAT ('0'r10Xo'IJNIHFAIW FLOW'l 
10 JF(IFLUW,N~.l) 611 JU 12 

WRITF(~rMl) 

601 FORI1r'lr C '0' , 1 QX r 'SH~ADY H.IIW' l 
12 JF<JSFD,N~.O> GO TO 14 

WRtff.C6r61)2l 
602 FORI1AT ('O'olOXr'IINSTf:I'IIIY UPSTRFf!M SFDUU·NT JNHOW'l 

H JFtlSFfl,Nf., U IHl 1'11 16 
WRI n; < h, "0~ l 

603 FORI1AT C'D'•IOXr'STEADY UF~TR~I'II1 SEllll1kNT JNFLDW'l 
U IF tli.IH, NF: ,()) lUI HI 18 

WRllf(~,,.l?.l 

612 FORMAT <'O'olOXr'IINSTEfli•Y I.(ITF.RAI. Sf.OJMJ.Nl JNFtOW'l 
18 lF<lLflT,NI-' .• U HO HI 20 

WRll~<hr61~1 
613 FORMAT C'O',IOXo'!Hfi'\IIY LATFF!I'Il SF.I'IJHF.NT UlfUIW'l 

20 IFCIRAT.NE.l) "" rn 22 
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VftUFU•t610) 
UO F'f'RMAT< '0' tJO)C, 'RATJNfi r.URVt. tlf'STf<FAM SfHtJMf.NT INFLOW') 

11. IRIT~ (6tA1t) URAT 
611 F'ORtUH ( '0' olOXo 'UPSTRF.I"!K SffiHU·tn RATING CIIRUE C'IJTOFT f'l'"' tf"lO,, 

t RI':AD IN NHllt'lf:HT RAT um ·~URVE AT IJ, S, JHliiNt:JARY, 
C USED•A5.nttBS WHfRE Q IS UPHlR~AH WftTEK JNFLPW AND 
C OSED IS lH L8H/SEC. 

c 
c 
c 

c 
c 
c 
c 
c 
c 

c 

IF CJRAT.EQ.l) RFAn <~ot) <A~CHltH~<HltH~,,NSf7F.S> 

YNOW, QNOW I VNOW ARE THF lNITII"!I fiEPTHortJSCMARGF. I V~LOf.lTY 

READO'NRfC) <tYNUW(l>ol""ltNXh(QNOIHl)oJ•1tNX>• 
ltVNOWti)ol~tJNX)) 

501 FORMAT (~fJ0,2) 

A4 

as 
A9 

97 
86 
9!5 

GHOI.l "' IHJUAL SFilJKI':Hl LfiMI <LBStSECl 
ALL RfDIH~NT LOAOH ARE CHI"!N6~D TO FT~/HF.C TO BE 
COHPATI~I. E WITH THf' TRt\HSPORT ANI) CONCF.:NTRATlON 
EUllflfiOHS THAt ARF. USI-:D IN HF.DIKt-:HT ROUTING, 

IF <lRAT,fQ,ll GO TO 88 
RF.nn <~•*> <ON0W(toHltH~t,HS17.F.S) 

DO B4 K= lt HSI1E'S 
GNOWCtrH)~GNOW(\rH)/DEHSCH> 

GO TO 85 
IF CONtnUU.U,QRtlO GO tO 87 
DO B9 H'I•KSXZES 
fiNOW(I,H)~(A~C">*QNDWtllS*9~CI1))/0F.HSCH) 

GO l{l 85 
00 ~~ H~t.HSI7.ES 
GNOWUrH),.O, 
COHf.lNUE 

GLATH • JNITlftl TklBUTtlRY REDJHENT FlfiWNr Jf ANY 
tF<HTRHI.t.F..OlHO Til !'H5 
DO ~~~ 1=1,HlkJB 
RF.tlD(5,S)(0LftTCHrllrH"toHS17.ES) 
DO fl~ 11"'1t NS l"7.F.S 

IH t>Lflr t 11o l) =IlL AT< H, J) /IH·J'IS (H) 
516 CONTINUE 
515 COHTlNUE 

TlHESa(NRFC-J)*PTH 
C THlR JS THE E!FGINNJI46 llf THf Ht\lH TlHf: I. OOP 
c '**********'***~******************************** 

DO 140 lT=NRECtJTtOH 
C 1 'fl~tlH IS !"HI:\ HIIM~I':~ IIF T li'IE~TF.P5, 
t; 

C YNFXTt QNEXT I UHFXl AkF THf PEPTHr niSLHt\RHE J U~LOCITY 
C I'll EtlCH rlHE SfF.P 
c 
~ WRITE THE TIME 

T11'1fS..,T'tHEStDTH 
WR1TFC4rl00) TJHFSolJHf&/~0. 

tOO FllRHI'lT<tH•)r'T.Uh·: '"''rl'11),2r' HIH ll~'rf7,:!o' HRS'l 
f'FLAG•O.O 
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C CHECK FOR 1'1 I AliNil1U :u; t'IU N 1 

ITT""IT 
C IFCITT.FR.t'llAST> JPNT•l 
C IFCITT.nT.OlftijJtOiftUH) tPNTnlPNTl 
C SET PRINT fLAG lf' Tll1f. f. Of< OUTPUT 

J:F Utili)( Hl, lPH f), t-:U, O>I"FI.A!I..,l ,O 
C FOR !'TFAI'IY FI.OW Sf.T YNI':Xl• RNF.XT It V~U:XT TO INJTJftl. VAI.!JF.S 

IF <IFtuw.fa.t> un ro 90 
C REAn lN YNlXT•RNFXT,VNEXT 

HREI:=NRFI:tl 
REAJl(J 'NRFr.> <<YNF:XT<I>•l"l •NX>•<IlNEXT<! ),J,.,loNX>r 
l<VNEXT<t>.l~t.NX)) 

flO Til 91 
C COPY 'NOW' FI.OW PI\Rtii'II:.H.RS TO 'Nf.)(T' FriR ~H:'f!IIY FLOW. 

90 ll(] ~j~? i""'l•NX 
YNEXT(J)•YN('IW(l} 
QNf.XT<I>~ONOW<I> 

92 VNF.XT<II•VNOW(J) 
c 
C GNEXT l GNOW "' Sldlli1F.Nl LOAD n.P:S/SEC> l\T f:A!:H U/'IF. SH.f' 

91 l~llSED.~O.ll 6U TU 93 
IF <JRnT.F.O.ll r.o TO 95 
READ IS•$) CON~XfClrH)JH~t,HSllES> 

C CHANGF LBS/REC TO FT~ISEC. 
llll t l),i 11·' 1 , HS I7.ES 

103 GNf.XTCJoi'II•GNFXT<Jr11l/DFNS<H> 
Hfl TO 96 

C SET SFDfHE-.Nl I.OAI• FUR !HfA(l.Y lNFUlW 
7~ flO 94 H~t•N~IZfS 
9. GN~XT<l•H>•GNOW<l•M) 

llO Til 96 
95 C:ONTINliE 

IF (QNEXTCJ),I.T,QRAT> GO TO 98 
C !:fll.f:IJI.f\lE BNii.XT IJSit!G Sl-:fJlHENT RATING Tl'l8LE, 

DO 97 H~loNSJ7ES 
91 ON~XTC\tl1l•CA~CHl*ONEXTtllSlB~CHJ)/0EHSCH) 

GO TC'I 96 
C 1 F" NO SFD J I'IE'NT I.Oflll, 7.1-.Rn HNFXT, 

9~ no ~9 K~t•tl~J7.ES 

99 GNE'XH ltl'll=O. 
96 r.oNrfNUE 

L: 
C GLAT • TRJ~UlARY SFOJ11fNT FIPW THIS nr, IF ANY, 
C IINtTS ARF. I.JHi/1-lf.C, 

IF<HlRIB.IF.O>~O TO 517 
lF llU'IT,fU,l) til') TO 517 
DO 5l~ I=J,NTRIP 
RF.IITH~' *) <OLIIT< .h t), .1"'1 •NS UES l 

C CHANAE l.BR/S~C Tn FT3/SFC. 
£111 104 H"1•N1il7ES 

104 6LAT<I1oJ>•mA1CHtli/JlFNSCHJ 
~1M CONTINUE 
517 CONTitWE 

C WRITf. TITI F.S FDR RF.!'iUI TR JF PH.Ah Ifi SFT 
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lFCP~LAR.N~.1.0)80 TO 533 
W~ITfC6t110) TJ"~Stli"FR/AO, 

1\0 FOR"f\TClH1t' TI11E~',F10o2o' 111N OR'tF?,2t' HRS') 
11CONV•1, 
HCOHVl,..l. 
IFCJOTYPE,EQ,O) 60 TO 105 
KCilH\h:, 4S.-.59 
11CONV'-'"304.S 
WRlTEC6t609J CRH~Xl€1oi1Jti1ChNUtnFN5CI1ltl1=ltN5JZFSl 

r;rl rn 101 
JO'S WRITE (6•607) CRNEXTClr11Jti1CONV*nENSCI1JoHrloNSJ7FRJ 
607 FURPUH C' 't'IIPSl'RF.f\11 S~DltUiNT lN~UlW <U~S/SF.C) l'r6X.tOFI'1.4J 
609 FORHAT<IH r'UPSTREA11 SFDII1FNT JNFLDW CK6/RECl !',6Xol0Ft1,4l 
10? COHTINilE 

IF !NTRI~.LE.Ol 60 TO 101 
tFCtOfYP~.F.D.1l 60 lU \08 
DO 102 l•ltNTRJB 

102 WRITE (6o60BJ lTR~X(J)tCRLATCH,l>*~FN~CH),I1rloNRllFSl 
6011 fORI1flT C ' '• '~Et:l' • Lh' I.IH, SI-:Ot HJ.:HT l NFI.OW ! L l"'S/SJ:C H' '1X t 

110Ftlo4YI) 
RO TO \01 

108 DO 109 I=1•NTRJB 
109 WR ll£< (. t61 <4) JTRIIX ( J l , ((;LAT 01 .X) *-DF:N!'i HO t:tU;UNVt 11" 1, NS J 7FS) 
6\~ FORMATC1H t'SEC*'rl3,' I.Al. SEDIMENT lNFlnW CKR/~FC) :·,~x. 

110F8 ,..,f) 
\01 f':OHTl NUE 

WRlTF.<I'>tl-0~) 
C WRITE SFDJHlNT RJ7E FRACTIONS, 

IFCtOTYPf,f.O,QJ WRITfCA,606)C~~BCJKJ*MCOHV~r-lK~toNS1tF.SJ 
IF <IOTYPE. FO, J > WR ITF (1, 615 l < OMil LIK HMCUNV2 t .IK:-1, ,._~S J 7f.S > 

6()~ FORI'If'IT (' ' , 'SfU, ' , 'IX, '0' 1 :iX, 'Vld., ' • "'X • 'I;S' t 4X • 'I'; lit\, I•?.' , 3X, 
2'r:IINr:.·, 1oc• cur..n7'>> 

60A FORHflrC' '•' NU.' r1X• 't:FS' ,.n::, 'fT/SEt:• .~~X. 't/<;FC' ,!')X, 'Fl' r4Xr 
2'1'16/1 'tiXtJOFR.5/f) 

6JS FORMATCJH r' NO,'•'X•'I1J/5'r3Xt'M/SF.C't2Xt'KD/5EC'r5Xr'CI1'o4Xt 
1'1'1RIL.'•1XotOFR,4//) 

~33 CONTltiUE 
CALL ROUTE 

C OTAGNOSTlC PRlHTOUT 
C IF ( DIAGT, r.r, JTT ,OR. JIJA6TtDIAI3N, LE', ITH 1111 TO 702 
C WRtTF. ('1,699) 

699 FORMATClH t3Xo'J M r.NOW r.NFXT') 
C 00 7Qt t~toNX 

C DO 70! H=J,NSJZFS 
C WR rTf ( 4, 7«)!)) I .1-h GNilW ( I, 11 h GHF.X T( lt 11 l 

700 FORI1AT<lH t2Xtl,olX•J2t?F~.l) 

701 CONTINUE 
702 CONTINUE 

C EXCHANGF TMf THIF I INf.!'l, 
DO .iOO 1 -,;_,), NX 
YNOW<J>~YNfXT(Jl 

ONGW!tl•ON~XT<Il 
VNOW<ll•VN~XT<Jl 
DO ~01 11~1oNSllES 
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301 GNOW(J,")rQMf.XI~ItftJ 
lOO tl1Ml1NUE 

t ttttttlfflfftttlttfttlftttttt.ttflttltttt.ltfttttN 
C f.HD llF l'hHH rtKF. l.OflP, 

c ·····~~······································ t4o r.rnn t NilE 
11EFP•7 
WRITF.<~r141) ~FfPrPr.EPr~FF.P 

t4t FOR"nr<1H t1<tOXrA1)) 
WRITF<4•142> 

142 FORMAT<' SF.OJI"'FNT MOI'IF.I RUN f.OI'If'I.F.TFI'll ') 
tQU. ntiTF:(lDOT£> 
CAlL lii'ItCITII'I~I 
WRlTF.<~.ta4> IDArf.o!TIME 

11! FOB~A!<~Xt3A1r/o~X.2A4} 
1:AU. F.XIT 
END 
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c 

SIII!IROIITt NE Utt"lln c ,tll;mu 
COKKDN/SF.n/Pt~O,jO),pA(40rl0lrPI1~C!O)oPARI10RC~0) 
l•ZLC40tl0ltllSUMrDZC10)rnDFtSP6RAVCl0JrD~HSCtO>•FV9Cl0) 
2rGNOWC40ol0ltRNfXTC40tlO)tTkHCAPCJO)rCf(JO> 

COI1KOH/Of:N/1HH, Dl'S dHX r WFA, WFJ.h !;Nilr WEPF.R • NX 
1tHSI7£SoHMFCtiOTY~F 

r:OI1HOHITAI!I/HP rs ( 10 > , Y I"IH. PiO t ?.0>, PT8L! 4 0 r 20 l 
COI1110N/XPROP/X ( 40), L< I!Ol rf'NO ( '101 r FHH 40 l, FN2C 40 l t !'tP 
COHI'HlN/lSH.O/t fR I IJ ( 10 l , HTR X )J, OU'IT ( 10, !'i), l TR8:( ( S) 
COHHDN/PCOH/I~NTrPfLftG 

I.OIHr:Al.$1 tT111tc;n dM ftfl) rTITI.F.C20) 
REAL*4 11CONVtMCONU2ti1CONU3rHr:ONU4 
DtHF.HSION XS£r:C5> 
WR ITF <I•' l 7:''0 

c 175 
c 

FORMAT <lH , ' RIII:IROIITlNI-. INPTIA') 

c 
c 

c 
c 
c 
c 
c 
c 
c 
c 

c 
c 
c 
c 
(; 

t 
c 
c 
c 

INPUT ANfi OIITF'tll TITlE 

READ !5rl?Ol TJTlE 
170 FORH~T <~OA4l 

CAll fiATF<IDATFl 
CAI.I. TIHF.<tTIHEl 
~RITFC~oi19l lllnTFoiTIHE 
WRTTE<6ot79l tOftTF.•lTIHE 

J79 FORHAT<1Hl•'*****f.f.ftf******ffttttttfff.*ff.f.tf*f**f.***'• 
+'***''********'*~*'*~'•/• 

180 

612 

1' * SUTRON CORPORnTJON- CHANNFL A~UJH.NT ROtiTTNG HOOFI. *'•/ 
+•' t'o?1X,'D~H::t '•.11\lh~':'JXr'*'•/•' t'•?\Xr'TIME: 'r2A4r24Xr't'r/ 
2r' ******************'-tttttf.tf*********'-****'• 
3'*****'********r•****'l/l 

WRITEC4olBOl TJTlf 
WRlTF. (~r\80) TITLE 
FORHAT <1HOr70A~l 

INPUT AND OUT~UT ~ENFRftt. INFO~HATJON 

ITCOM • NO. OF TIHE INCRFMfNIA TIJ RflliTF WOHR ANO SHliHr.NT 
fll H .., TIHJ:: Hlf:REHF:NT (f1lNIITS:S l 
SNU : KINFHATJf. UlAr:OSITY OF WftTEk X FO~ CFF:FT**'/SEf.l 
l"liH-'·'fUIW SIIII. IJF~f!\f:H, CIJ!-'.F, FllR r:HI'HfHI".I<; (Q,O TO l.Ol 
NX•NUM9ER Of X-S~CS, 

RF:Ail l~rtl NX•ITCnH,flfHoADF 
SNU = 1.0/JOOOOO. 
WRIT F.< II, I,\~ l fll'JF 
FORMAT<' 'r'r:HftNNH SIIJI. llFTACH11F.NT r:fiF.nJc:tF.tH"''oF9.6) 

NfRII!:,HO, OF lR1J!UlM~Y !;UrJMI-:tH Hltl.OW:-><=~ 

10\IT ., GFNI-.RI'll lNPIJT JNFORI1ATIDN 
!) "' HI) PRHifOUT 
1 = F·RJNHliiT 

IPNT = NO. Of TJ11E !'TF:PS FIUWI:f.N F'RJNfOIITS 
NRf.r: "' Ntl, OF HHF. S T ~o:I"S liNT H. S TF.fi{IY FLIIW ( Sl\ l P NREC 

TIMESTFPS IN OJR[CT A~rFRS FJLE> 
I 0 ryp,:: .,. OIITPU f lltiiT S 

0 ~ ENGI.JSH UNiTS 
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C \ • 511"ETRXCJ UNtTS 
REAPC5ot>MTRI~tlffillolPNTrNRFCtiOTYP£ 
lf(lOUToEO.OJ WRITEC6r615) 

615 FORHATC' 'FNFRAL JN~Ul JNFORf'IATION OUTFUr HAS ~E~N ~WPRE~S~H') 
WRtfF.C6o6t0JlPNT 

610 FORHAT<lH o'RI:'!iUI.TS loiJll If. PRINH(I Fllf.MY'ol4o' Tl11HTF.:J.>C!\l') 
WRtTF.I6o~t61 NREC 

616 FORHATC!H ,I4o' TIHFSTEPB ~RE SKIPPEP TO All OW FIOWHODEI.'• 
1' OIITPIIT Til CiiTF.I'\IlY') 
IF<NlRJ~.EQ,O) AD TU 195 

C RF.~I) NOH. 01.- X-SU;S WHt::RE rRUIITI'\RY H.flWS FNTER 
C READ lN ASr.F.HPJHG OROFRo T,F., 1• 3• 6o ~7 F.Tr., 

RF.I'\lH ~h l) ( tTRDX (.I) t.l=-l riHIH In 
WRITEC6o61J) NTRIPoCJTR~XCJ)oJ•JoNTRJ~) 

611 FllRHAf(' ',' IHf.' rJJ.•' 'IIUBIITI'IIHI:'!i f\RF. 1H X-'iF.:r.'i, '.t013) 
195 r.ONTJNUE 

IF<lOfYP~.F.Q,O) WRlT~Iho~lB) 
618 FORf'IAT(1HOo'OUTf'!ll :tS F'Xf'Rf:.SBF.:(I JS F:NfiUSH IIHJT~'> 

tFCIOIYP~.F.D.ll WR1ffl6•h08) 
608 FORHAT<lHO,'OUTPUT 1& FX~Rtssrn JN Sl!HflRJCJ UNJJR•t 

C Sf r FLMS WHU:H HU.JH lfY :<-SF:C:S WliH TRHI SEn lNftOW 

(; 

c 
c 
c 
c 
t: 

c 
c 
c 

c 
c 
c 

c 
c 
c 

DO !i19 J,.1,<40 
I_ TRllH X) =0 

l.'IH' CONTINUE 
DO 520 1~\rNfRIB 
IFCITRBX!JJ,NE.PltTkl~!lTM~XCill=l 

!'120 cntn t HuE 
WRITF !6t?OOJ NXriTrOH•DTH 

~00 FIIRI'I!IT (' 'r///ol«)Xr'NUhiH·.R !IF CROSS St:r:TtOtl'i ='r15ri•10X• 
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1:.!~ 

• 

2 'HUHIIFR OF TI11f. INCki:.HFHTS .-'d~t/o10Xr'THIF. INCRFI"'FNT <f'IHO ='• 
JF~.2) 

INP111 ANI\ tlUTt'IIT WfJ('HT FM":TORR FOR THF: 4 POINT 
F.Xf'UC:U HEIHI'\HH IWIHH!Ii Sf:HJ-ME, 
WFA "' SI-'OI:F WU HHT J.I'\CTIIR < KIIST IlE IJ.. ~!-i THAN OR EOliA I TO 0. ~) 
WFB ..., Ttl'lf WnllHT Fl\t:TIIR CI'IIISl' f.IF. I.F.S'i lHAN llR F.OtJAI. Til O.:n 

INPUT AND OlllPIIT SIJII. IHHA 

If<JOUl.f0,1) WkJTF C~rll9) 

FORI1fiT (' 'o//r\OXo'SOII_ !)fill\') 
NSJ7[!i = NUI"'9FR 0~ RJZF FRAtTIONS 
IB!':n.., NIIHJ!H< flf X-SI-I:S WllH SPF.CIFlC f.IHI 111'\TF.RIAL 

SIZF DJSTRJPIITlONS. 
RF.!ID <~•*> HSllfHtl~ED 
WRITF (6tl?~) NSJZFS 
FORHfiT <' ',//dOX• 'H11111':1EK UF SUF FRAr:TtOHS .,, d5) 

DH~ P RJZF Of R~DIMENT PftRTTCI.F:S CI1Ml 
SPGRfiV = SPI'.r.l F .11: I!NfiV 1 I Y UF Sto: 1.1 HJI:. NT PAR Tl CLES 
DENR "' I'IFNRI TT OF SFfiJ MFIH PARTlTtES ! Sf't.RtW*l-7 ,4) 

R~AO <~•$) IDM!CI)tl~I,HStZ~Sl 
REAl\ <~•*> CSPr.R~II(J),JPJoNSJlFS) 
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lF' ( tOUl,fQ, t) WM!Tf. (fu 115) ( t!IHI( 1) • 1-.1 rHrll O:.b I 
215 FOR"AT <' 't9Xr'Slnl"fH1 SIZES<""' l'r10f9.~) 

IFUO"T,f.Q,U WRtrf: <luoU:l> CSPfiRAUCt>rl"'trNSI?:ESl 
613 FORMAl C' 'o9X,'SPFCIFJC RRAUJTY l't10F~.5) 

DO tOt H~t,NSllES 
C CHANGE SEPJHfNl SIZ~ FROM Mtl TO F~fT AND 
C CA\.Clii.IHF. SEIH KE-:H f tlf.HS H .tF.S, 

DHS<Hl=Ptl~(tl)/30~.8 
nEHS<MI~SP6RAVCHltb?..4 

101 CONTINUF 
DO 20h H~t,HS1ZE~ 
IF <PH~<Ml.RT.0.00021 GO TO 201 

c ~-vll:..,SF:DlHI":tH rnu. vuncnv 
FVll<tl I= ( 3~, 2*<SPGRAU (f1)-l , l tOtiiH H l Ul!) I <1ft. *SHill 
r.n TO 206 

201 FV~!HJ•ISnRT<<2,/3,>*32,2tCRPHRAVCtll-l·l*OH~Ctllt*~+3A.tHNUt*2l 
2-~. $:SHU l /DI'I1H l'tl 

?.0~ CONTINUE 
HCONV=l· 
JF<tnrYPF:.F:a.o> uo ro 207 
1'1CONV:,30~8 

207 Jf(JOtlt.En.t,AND. H'ITYPF.F.C!.()) WIHH (l.tt'-06) !FVPCHI*I1C!1NV• 
11'1'"'1 tH!'IUF.SI 

606 FORMAT (' 'o9Xr 'Fl\l.L Vt-.1 OrJTY ( FT /S"-C l:' olilF9. 5) 
!FClOUT,fO,t,AHD,HHYf'Li-:U.tl t.IRITF: (1,.1,07) CFV'9<11l*HCONV, 

111•1 rNSJZF.Sl 
607 FORI'IAT<lH r9Xo 'Fill L VF.I flt!TY <HISF.:Cl l' d0F9,5l 

C P~PP ~ ~ED "ATERI~L StlF.: FRACfiUN Rl'lTIOS, 
C PP APPLJFS TO AU. ~1-.r:TJOI~~. F' IS X-SF."C ~PI-.CJFtr:, 

NfftD<5,$:)F'P\,PP~tPP3rPP~,pp~,pp6,PP7tPPHrPPY,PP10 

C SET Al.l r:~URS S~CTJONS TO SftKE SIZ¥ nlRT~I~UTtPN 
C PRINT HF.ABER 

c 

IF< JPIIT ,fQ,l l WRITF( 616l 4) 
oH4 FORHI'lT< 1H r9X• '!H·:I} 1'1:'\H:IH!'ll. SHF. lHSTRltii!TtONS') 

DO 130 1""1 tNX 

no 

nt 
1~2 

133 
1'.1.2 

PC t .t l"F'Pl 
P<Ir~l=-F'f>2 
PClrll,.,PP3 
f'(lt41•PP4 
P(t.!'i)'"'Pf'S 
Pti,6l=F'P6 
P0t7l"'f'F'7 
P<ltSl=N-'6 
PC 1 t9)=f'P'I 
P<It101=PP1Q 
r:mHINUE 
If(J~E~.fQ,Ol ~fl TO tl2 
no t .H. ·'"" t, ~flED 

lXS = X-SEC NIII'IJ:!f.R FOR l1U1 111'\H.Rlnl TltSOHl1HTJON 
R£ftDI3•*l 1XfirCPCJXSr~Jtl'l-1rNSJZ~SI 
1'10 13~ 1=1 rNX 
1F<I!1UT,f0,1) WHJTf ~~.1~7) JoiPCJ,I'Ilol'lftJtNfillfSI 
FURI'II'll C' 't9Xr'X-HFC'rl3r' P~R~ENTAOFS I'•IOF9.5J 
DO 1 Qfl 1,..1 tNX 
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IF <N~l7E~.EA.JJ GO TO 106 
C SP~RftSUK UF S~DlKENT IlL£ PERC~NTAn~s. 

SPER•O, 
C DARKOR~ARKOR ~F.PTH AT E~CH X-~Fr., 
C KEf ARKdR DfPTH TO 0 84. 

c 
c 

c 

t 
c 
t; 

c 
c 
c 

c 
c 

DO 104 K•trNSJ7.FS 
~Pf.R~SPF-R+P<lrK> 
IF <SPFR,GE.O,P4J PO TO 105 
SP•':t~1..,!;PER 

104 CONTI NilE 
tOS Kl.:K-1 

D84=(DKB<KJ-DK~<KlJ)/(SPER-SPFRl)t(O,R4-SPEKll+IJHN<Hl) 

tJARKOR<l>-=084 
GO TO 107 

\06 tlR4=tlHB<N~lZF.S> 
DARMOR<JJ•Il84 

107 CONTINUE 
108 CONTINUE 

lo.RtTF.Uir!"i98J 
598 FORMAT(' INPUT CROSS R~CTIONHI'J 

500 

READ IN X-Sfr LDCATJONS ANil PROPERTIES, 
DO ~Q\ ('"'1. .t>IX 

XSFC~20 CHftRftCTFR X-SEC O~SCRlPTION 
RFftO (~rSOO) XSEC 
FORKAT (5A4l 

X-SEC DATA BEGINS AT THF UPSTREAM FNil OF 
THF: !HilDY RF.ACH, 

X = DISTANCE IN MlLFS, 
I ..., THF£ THttUIF'l 1-:l.tVI'lTtON, 
THE COEFF'JriFNTS AF:f FOR THI- f.'fll!Al JON -
N•~NO+fHlt'rtFH2*Y2 

REAfl (5r*l X(J)t7.<Il,FNO<Jl,FN1(JlrFN2<J> 
NPf!:;,-,NUMF.I!:".R tiF PIIHHS XN THF: T!'IBI.F.S, 
RMU f"'X-SF-~r RIV!-.RHJLE 

RF.:ttiH '::'i, :t: > Rl'llLF. ,riPlS t I> 
N1•NPTS<Il 

C READ IN TftRI.F OF W~TTfD PENIH~TFR V~ DFPT~ 
C FOR EAf.H X-Sf.f., 
C YT~~=DEPTH 
C PT~I ~wr:::TTFn PFRli'IFTER 

REAfl <!'io:t:l <Yfl!l (l,,o,f'TBL<J,Jl,J=ltN! l 
WRJTF<4•~99) XSEC 

~99 FORMAT(1H t5A4l 
lF<lfliJT,f:Q,Ol Ol'l PJ 101 
WRITE (6tb02l X!'if:CrltRMl!E 

110:?. FtlRI11'1T (' 't//hlQXr 'f.II::PI~ VS Wffrf.l.l f'F.RtMF.TER TI'\BI.E f'IT '• 
15A4•I•~?X•'X-~F.f.'oi3. 
2/r2.<,X,'RlVF:RHli.F ='rF7.2) 

11CIJNV=l. 
IF<IOTYPE.EQ.Ol r.o Til 3(15 
11r:ONV=.l04B 

30~ IF<IOTYPE.EQ,O) W~JT~<~•609) 
/)09 FORI11'1TC1H rh?.9X,'YlfJI.'rnXt'F'TfiL'•h 
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129Xt'<FTJ',6Xt'CFll'J 
lF(t0fYP£.~0.t) WRITF.(~t&17) 

ll17 FOR HAT <J H t If ''X, 'YTJtl ' , ~X,' PTBI. ' , It 
130Xt'll1)'r7Xr'(l1)') 

WRITE" C6tli03l ( <YTFII.C Jt.IU:I'U:OHVrPTfii.<J r.fHii'tCONV) ,,1 .. 1 rNU 
60~ FORHftT C' 't~2Xt~Fl0,2) 
301 CONTINUE 

(F <tOIIT .EO,()) 011 TO :JO'I 
WRITE C6t600l 

600 FORMAT (' 'o///tl2Xo' X-SF.C X DJST FLEV'/) 
n11 :'40'. l""trNX 
11CONV=1, 
lF!lOTYP~.F.O.tl HCI1NV~.~04B 
WRITE (6,601) JtXCJ)tHCONVr7.Cfl*Kr.ONV 

60\ FORI1flf C' 'rtOXri10,~ll.JoFt1.2J 

302 CONTJNUE 
URtTf. (6,..,05) 

605 FORMAT C' '•//,IOXt'RFSlSTnN~E TO FLOW JS DF.SCRl~F.D BY'o 
2' 11AN~ItN!lS' /\OXt 'f.OUATlOH, HI\NNlNGS N lS E:XPRF.S~ED fiS A', 
J' OUADRATJC FtiNCTJON OF DF.PTH' l 

00 303 I'"'lrNX 
WRITE (6,604) JrFNO(J)o~Nl<l>rFN~<I> 

604 FOf\:11:'\T (' 'rlOXr'X-SI:-:C'.XJ•' 11:'\NNIN!'lS N "''•Fl1,1•' PUIS'r 
2F~.3t' TJI1£S DEPTH Plt1S',FR.3r' TlH~S Df~TH ~QUARF.D'J 

301 r.otHlNUE 
304 CONTINUE 

DTS.,OTtiUO, 
RETURN 
F. Nil 
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c 
c 
c 
c 
c 
c 

c 

c 

c 

,(10 

16 
1!5 

SUIROliTINE INITL 
COPI"ON/S£P/Pt40oJO)tf'A<-40t10),pf1~<J0),£1ARI10RC40) 

h ZU 40 • tO), Zl.SUPI 'Dl ( lf)) d\lW • $PliRAV <tO), 01-:N!i ( 10) 'FVB<tO) 
2o6NOW(40tlOlor.N~Xf<~O•l0ltTRNCAP(l0ltCF<lOl 

COI1KOH/t>F.H/tlJH, n rs' IHX t Wt'll t WFl,!' !;Nllt WF.PF:R • NX 
1tNSl7.f~oNRECtlOTYPE 

C:fli'UtllH/tSFI.0/1. TR UH 40 > , H TR Uh 6UH ( 10, 5) , lTRSX ( 5) 
COKKON/PH 7/7.CUIH 40 t 1 0) t HUll< 40) 
WRll£((.,~00) 

FORHATClH ,• SUBROUTJNF INITL') 

INITIALIZE VARJft~LES 

LOOP THROUGH AU SIZE Cl. ASSF.:S 
tlO 1~ l~t.NStZF:S 

LOOP THROlii"H NO. Of TIUJHITf'IRlES 
[111 t II ,J.,., 1 'HTR Ul 

GLAT=I ATF:Rfll. Sf..lil HffH J NFL OW 
GU'I r< I ,,1):0,0 
CONTINUE 
I';OHTH4UE 

LOOP THROIIr.H NUK~fR OF X-HECS, 
no 10 i"'1oNX 
DO 103 H•ltNSJZES 
TfHH>=O, 
ZL< I rtO=O, 
7.1';1111 11: t K) =0, 0 
TTLD7.(J):O,() 
GNOIH 1 •H>=O ,() 
GNFXf(loK)=O.O 

101 r.O~ITlNUE 
10 CONTINUE 

C ZERO OUT 1\II.JIISTF.f\ PFRCF.HTAGF. PF.R SI7.F (:LfiSS 
'OJJ 30 l..,1,NX 
DO 30 K=1,NSllF.S 

30 Pfl<t,Hl~P<l•H> 
RETURN 
1-:ND 
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c 
c 900 
c 
c 
c 

c 

c 
c 

c 

c 

c 

c 
1.: 
c 

. 

c 601 
602 

c 

c 

I>Uiti\UU I j IU. ftUU I r 

tO"ftON/SED/PC40tl0lrPA(40tl~),pH8C10)rDARHOH<40) 
1• ZU 40,10 >, 'U.SHI"I• OZ< 10) d!tlf ,SPiiR!'IV( tO) • Dt!NS <tO) rfVB ( 10) 
2rGNOWC40tJO)tGNrXTC40tiOlrTHNCAPC10JoCE<10) 
CQI"IHOH/H~H/Ofi"I•OTSrDTXrWFArWFBrSNU•W~P~RrNX 

l•NSlZFSrN~ECtiOTYPE 
r:OI'ti"IOH/TAB/NPT!H40> ,HIJU 'll>r?.O) rPTt:IU40r20) 
COHHON/XPRDP/XC40Jo7<40lrFNOC40JtFNJ(40JoFN2C40loSIP 
COHI"ION/HYDR/YNOWC4d)r0HOWC40),VNOWC40)rYN~XTC40)r0NEXT(40), 

2VNFXH40) 
COfti"ION/DELZ/ZCUI"IC40rJO)rTTL»Z<40) 
C:OHI"ItlN/PI~OittiPNT, N'I.AG 
REAL*4 HCONVrHCONV2rHCONV~rHCONV4 
INT~UER DIAOT.DiftQN 

COHI"ION/DIAG/PIAGTrnlAGNoiTT 
WftlTf:':(br900> 
FORHAT (] H , ' SIIBROUTJNF Rlllll'E') 

''******************************'*'**************** 
LOOP THROUGH THf.: NIII1BF.:R OF X-~Fr.S 

'*****'**************'***'*'******'**************** 
DO JO J"';.'!tNX 
IX• I 
DX•<XCIJ-XCl-ll> 
THX.,QTS/DX 
tJLATeO, 

AAVF = AVERAr.F X-Sfr ARFA, 
ftAVR•O,?~lClQN~XfCI-1)/VHEXTCI-llltiONEXT<ti/VN~XTCI>I 

l+IQNOWCI-lJ/VNOWCJ-lJlt(QNOW(JJ/VNOWCI)J) 
SU "' II:OTT!ll"l !ii.OPt-: ~~~- I~HAHHEL 

SO=<Z<J-11-ZCIJI/nX 
DYDX ~ AU~RAUE DEPfH OIVtD~O BY DX 

DYDX•O,~tCYNFX1<JJ-YNF.XTCY-llJ/DX+O.~tCYNOW<JJ-YNOW<l-1J)/DX 
l'n:t:l -= f.lt:RlVATJ:VI:' IIF Y w.nH RfliPF\:T TO X 

ACCl=C,Sl<ONEXT<J>tVNF.XTCl>-QNfXTCI-l>lVNf.XTCJ-lJ)/(DXtDX) 
14,SfCDHOWCf)$VHOW<r>-QHOWCI-1>tVHOWCJ-1))/(f.lXlOXlJ 
2/(32,2*AAVEJ 

Arr.2 ., DFRIVATIVE OF V WlTH RH>PF.I:T TO T, 
ftCC2~C.~l<UN~XTCIJ-GHOWCil)/QTS 

lt.~t(QNfXTCI-IJ-QNOWCI-lJJ/DTSl/C32,2*ftAVEJ 

Sl.P '"' Sl.llPF. 111: TH!;: EI-IF.ROY riRAJ)F. L tNE 
SLP=SO-OYnX-ACC1-ACr2 

ntnQNOSTlC PRti-ITOUT 
IF(£1JftrtT,fH,JTT.OR.IHAIHt!lJAflN.I.F.ITf) 1'0 T!l 602 
W~lrF.cb,6QI)Sl.~tHU•DYUXtftCCt,nCC2 
FORMAT (' ', 'SI.P•!iOtDYfiXrAr.rt.r.rr?.,..' t:'!El~.~~ 
COHT HillE 
PRFVENT N~r.ATIVE FNfRfiY SLOPFS 

IF ( SU>, U:, 0, 0 > ~1.1"-<SO 

IF C SLP.LE'.O ,('1) SLP,.O.O(l(~(l(l(ll 

C!'II.L. f'E-:r.:t:T ('{X) 

CALL TRANSP (JX,DXl 
C:AU. SROUT( l X, DX > 
DElZ=-0. 

ZCUM = CUKUIATJVF CHANGE IN BfD EIEV FOR ~ACH SFPIHENT SIZE 
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c 

c 

c 

c 
c 

c 
c 

tH II PAUU:IIt.Ait X-SF.t:, 
DO 23 K•J,NSJ7ES 
11';1111< l rl'l l .,zr.lll'l ( J r 1i HD?:! 1'1 J 

DELl ,. TI1TAt CHIINGF. JN X-SF.C IIF..TI El EV THIS TII'If.STf.:P, 
'-~ m:: u:: • tu-: u: to 7.: 01 1 

TTLDZ • CIIKlii.ATIVF.. CHANGE IN BFfl FLf.VnT ION F')lR r.nr.H X-f:EC 
T TI.DZ C I) -:TTL1)7. (1 >+DF.:LZ 
IFCPFI.A6,NF,l,OJGO TO 2~ 

ClOT • TOTAL SF..OII'IENr CONCEHTRftTtON AT X-~EC, 

GTOT .. TOTAl. SETIII'IENT l.OAD AT X-SEC, 
':Tt1T=O. 
GTOT .. O. 

c 
1601 
c 

DIAGNOSTIC PRINTOUT 
IF!DIAGT,OT,JTT,OR.OIAHf+DJAGH,LF,tTTl AO TO 1600 
WRITEC4o1601J <DFNIIMlrl'l•lrNS!l(fil 
~ORHAT<lH tlOX,'D~NS<H>~·,~X•tOEt0.3l 
WRJTE<4•160~) CSPGRIIVCMJ,I'I~l,NSIZfKl 
FOHI'It\TCtH •lOX•'HPURftVCHl~',JXrtOF..\0,3) \602 

1600 DO 200 H=lrNSJZES 

200 
GTOrmOTOTtCOEHSCH>~GHEXTCXoHJJ 
CTOT•CTOTtSPGRAVCKl*CGNFXTCirMJ/QHFXTCill*lO.*t6, 
tU:ONV'"'l• 
KCONV2•1· 
Kc:rntv3"' 1 • 
ltCONV4=1, 
lF<tOTYP~.~O.OJ 00 TO 201 
11CONV=.02El31 
11r:ONV?.,.,, :~048 
11CONV3=.453S9 
HCONV4.,3Q,4B 

201 WRJTFC6,600JJ,QNEXT<JJti1CONVrVNFXT<JJ*H~ONV1•GTOT*ItCONV3, 
1 TTU)Z < .1:) ~HCONV"1, I:TUT, C Zt:IIH (loLL) :t:HCUNV"1, U.·' t, NS llf.S) 

600 FORMAT<' 'oi3•ffl,2•F7o?,F8.~rFB,J,F7o/o1Xt10FR.4) 

2!5 I':ONTtNUE 

c ********************'**'*************************** C EHO OF X-R~I: LOOP 

c *************************************************** 
tO C:I'IHHNUE 

RETURN 
F..ND 
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c 
c 
c 

ttveruJ'tiJ 1 tnlt". r r:.ru'*' t ' 1. 1 

CO"ftPN/$FD/PC40t10)tf>A(40tJO)tDft,(10)rPARftOR<40) 
1, 'tl. C 4Ch 10) t 'tUtu" r 07.t 10) tAOF, SPtllb\IJ ( \0), o.-.NS C tO>, FV8 < \0) 
:.! rGNOW(40r 10) t GMFXT < 40t 10 >, TRM(;flp < 10), GF. < 10 > 

COI'I"ON/Iit::N/OTM r JHS r IHX, WFA, WFB, SNU, loiF.PER, NX 
ltNSlZFStNkF.r.tJOTYPE 

DETFRMlNAlJON OF AIJ,IliSTFI\ PF:RCF:Nl AGF.S DUF.: Til ARftOR ING 

ZtSUt\"'0• 
00 t r1"'lrNSl~ES 

1 ZLSliM•Zl.SUM+ZI <l.tU 
tFC/.LSU",l.ToDARMOR<l)) Ul) TO tOO 
DD 102 M•lrNSlZF.S 

102 PAtlt11)'=£Utot\)/li.SUf1 
RETURN 

tOO 00 \01 r1~ttHS1ZES 
J01 PA<I rf1)•(1,/DARt\OIHJ) >l<ZI <I r11HP< I ri111C[IARI10R( I >-1.1.$1111>) 

RF.rURN 
END 
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c 
c 20(1 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 
c 
c 

300 
c 

301 
299 

c 

c 

t 

c 

c 

(; 

c 
(; 

c 

r. 

SUIROUTIM£ TRAMttP ( l rJ'IXl 
COHHOM/MYDR/YMOWt40ltGMOWI4Q)rVMOW<•OltYNEXT!40ltGMEXT(40lr 

2VND: l ( 40 l 
COHKON/SEJ'I/PC40rJOltf'ti(~OtJOlrPM~ClO),J'IARMOR<40) 

1 • 7.1.( 40,10) • Zl.SIII'h D7. (11)) t f!Dh l'iF'tlRAV <1 Q > • Ot::NS < 10 l , FVtH 10 l 
2tGNOW!40t10ltGN~XT<40tiOJtTRNrAP<I<IlrCEC10l 
COHMON/OEH/OfHtDTStDfXrWFAtW~~~~NUrWfPERrNX 

1rNS1Zf$tNRECriOTYPE 
I':OHHONITtiB/NP rs ( 40), YT)ll.( 41h 20 >, PTf!U 'lOt 20) 
COKf\ON/XPROP/XC40l • 7 ( 40 l • FJ.W< ..,0) tf Nl ( ~0 l tf N?.< 40) tSI.P 
t:ti11HOH/LSFtll/1. fRifH 40 > t H fR I B r GI.I'IH 10' ~ >, lTR~X ( 5 l 
DIH~NSION SHEX'IOlrRCAPClOlrnRU~P(lOltCFClO> 
lNTFr.ER OtAGftO!AAN 

COHKON/DlAG/DJAGl,DlAGNtJlT 
WRtTE<6r200> 
FORHATCIH t' SU~ROUTI~~ TRtiNSP'J 

DETriU'UNF. TRI'\N~f'ORT CAP/ICilY Of FLOW 
DF:TF.IU'Il NIH IOH UF Fl. OW t:OHO tT llli'IS 1 SllCH 1'15 HYORAIJUC J)f.f'TH, 
KEAN VELOCITY, AND ~OUNDARY SH~nR STRESS 
NOH:: EOII!ITlllN RI-:Fr;REN1:f:S fUU·: fROH 'DF..VELOPHtNT OF 11\ltlFL S 

FOR PRF.PJCTJNfi WATF.R ANJ'I SEPJHENT ROUTINfi AND Yl~l D FHOH 
STORH1> ON ,;KAtl WATJ:;RSH~»S", l!Y !HI10NSt 1.1• ANO SH:VEHS, 
1'175. 

CALL TABL lltYN~XTCl>oWEPER> 
HYRAD~QH~XTCtJ/VN~XTil)IW~PER 

DIAGNOSTIC PRIN10Ul 
lt<»ll'lr.T .lil, ITT .nR.IHAtlTtiHAAN,Lf:, lTT> GO TO 299 
WRITEC4t300J 
FORMAT<' I tONi-XTtYNf.XToWF:PERoHYRAiltSLP.-' l 
WRlr~C4r~01J lrOHfXTClJ•YN~XTCllrWF..PFRoHYRAOtSLP 
FORHATClH tl~t4FlO,?t?.Xtf,O,BJ 

COHT I NilE 
V11EAN=VNEXTCI) 
VAVE=.025*CVNlXT<I>+VNFXT<J-li+VNOW<IJtVNOW(J-1)) 

TS -:SfTr Ll Nr. T I 11E 
TSK52BO.*<X<l>-X<l-l ))/VAVE 

YftVE~ tiVERAHE D~PTM 

YAVF:=0,?.5tCYNfXl<J>+YNfXT(J-1J+YNOWCJl+YNOWII-1l) 
HANNtNr.S N 

fN=FNOCJl+FN1CJJtYN~XTCli+FN2<Il*YNFXTCiltYNEXTCil 

FdR~ : FRICTION FACTOR 
FGRR•S,*J2,2*FNtt,,/(,,21*HYRAP*t<l,/!,J) 

RHH .., HA';S JJF.:tH:; tTY llf WI'ITER 
RHO=-f,2,4/~2.2 

TAU • TAU STAR=OVFRAIL SHEAR STRF.~S 
lAII•IRHO/H,J*~fiRR*VH~AHaVNEAH 
TAU~b?..~*HYRAP*~IP 

SV=SHFAR VELOCITY Cf.OTN :'i.18- fi,,l,lS.l 
SV•SORT<TAU/RHOl 

TAUO ~ ~OUNDARY SHFAR HJR~SH CEOlN 5.13 - S,,l .• I S,) 
TAIIQ.,RHO/Q, :tFARR:tVI'U:.ntt*V11F.AN 

SC WAS EXPFRlH~HTALlY »~TERI1JH~O TO ~F: o,o, BY SHIFLOS AND 
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c 

c 
c 

c 
tO_. 

c 
c 
c 
c 
c 

c 
c 
c 
c 

c 
c 
c 

302 
c 

303 
304 

c 
c 
t 

c 

103 
t: 
c 
c 
c 
c 
c 
c 
c 

104 

c 

c 
c 

0.047 IY A~SSI.ER. FUR tlVf.RUMO Fl.OW SC HAS 8HN 8ET AS LOW 
SC•.047 
DO \0~ M~trN~lZES 

TAUC "' CRJT I CAl SHt.nl: STI<f.SS ( f(ll N '5 ,lJ - S • r l. • 1$.) 
TAUC~sct<aPARftVCH>-t.llb2,4$DI'I8ll'll 

SHEX ~ FXCFHS SH~AR 
SHEXCf'l)-.fl'ttiO-TAUC 

ZR = EJHSTflN"$ •w• EXPONENT <E«TN ~.17> 
lR~FVBCI'Il/C0.4t~Vl 

DIAGNO$TJC I INfS 
tFC7.R.nT.t0.) ~R~lo, 

BEll HATOlAI. lOAfl RfiiiTlNG 

lF <SHEX<Hl.l£,0,) 60 TO 105 

DETERI'IlNATJON Of RI'\TJO OF SUSf'ENtlF.fl Fll:'ll 1'11'\H.RlAI. t.OI'\D 

AR = FlNSTF.lN"$ "B" COEFFlCIFNT Cf"lN '5.~~> 
AR=~,$01'18(1'1)/HYRAD 

IF CAR,GT.0.9) GO TO 103 
OIAdNUSTlC PRINJOUT 
lFC DIA6T. l'H, ITT, OR, DJAIH+IliAGN ,l.f, 1 TTl 60 TO 304 
WRlTF.C4r:\02l 
FORI'IAT<' HSJ7ErfVFitSVt7.RtAR~'> 
WRlT~C4rJ03J l'lt~VBCHl,HU.lR,AR 
FORI'IAT<1H tl2r4C?.X,F10.bll 
l':llHTlNUE 

CALL POWER <ZRoARrFJrSJri.OE-?l 
F.t .. ,1\ (~QTH :),.H)- s.,t,lS,> 
SJ., J2 (f.QTH 5,33 !'.,t .• lS.l 
Pf'IAHU • COE~FICIENTH CEOTN ~.~2- s,,L,IS.> 

BHV=2.~tVHfAN/SV 
PP=ARtt<7.R-l,)/(11,bt(\,-AR>t*7Rl 

QSliSP = $1lSPF.HDF.[I LOA (I Ill V J OF.: !I AY llf-.IIU.li'\D ( EQTN 5, 3~) 
tiS liSP ( 1'1) .,f'Pt ( 91'\V:t:f .!+';), 51:SJ) 
If <QSLISPCH),L.T.O, > fl~llSf·(HI=O• 
tm ro t04 
lUHI~P<H>:O, 

DETER111HATJON OF Tt::l'oNSPORTING C:APf\t;JlY 0.· FII:JI 111'\TFRIAl lOAD 
l'tEYF.R-Pt::TER-HUI.I.FR ~· D UlMI fOIIATt ON l Ci liS!-' {I l.lllT ANY OTHER 
SUITAfiLE BED LOAD fflllt\ltON 1'11'\Y At:" SliJI!HTTliTFD. 

SCOFF"' CDEFFJCJFNI HI BEll IIIAfl FUIIAtlON <F:UTN 5.151 
!'ii-:XP = EXPilNf:NT HI St.D liJI'II) flliiAilON CFQTN !'Sot!'.i- ~.,1.,!\S.> 

StOEF=B,/SQRTCRH0)/(SPG~AV<M>t6~.4-b?o4l 
!i>EXP,..,l.S 

OBED ., BEJILOAII < t.IH ~ 5, ";!.7 - !'\, ol. .IS, > 
QAEU=S~OF.FtRH~X(I't)SSSEXP 

TRMC:AP • TOTAL TkANM·OIH l:f'lf'At ITY OF F'I.UW ( $01.1 ll Uf\I.UI'If./TJ I'IF:) 
<rants ti.:~:' 1'. l'l •• ~"- .:;,,, ,!\!;,) 

TRNCAPCH>•CQ8F.:fltQ~USP<M>*UfiEDI*WfPFR 

132 



c 
c 
c 

c 
c 

c 
c 

c 
c 

c 
c 
c 

c 
c 
c 
c 

c 
c 
c 

c 

c 

c 

c 

c 

c 

c 

lOS 

106 

S?9 
S98 

1013 

607 

600 

601 

i\02 

603 

604 

605 

606 

fJO ro 106 
CISUSPC">•O• 
TRNCAP(f'I)•O, 
COHTJNIIE 

OtAr.NO~TtC PRlNTOUT 
IFCDIAGT.~T.JTT.OR.~JABT+DJAGNol ~.ITT> GO TO 598 
WR If F. ( 'h ~'IY) (I , ( riUh:llf> C H l , K•• 1, HS U:t-:!'D ) 
FORKATClH ,'RAW TRAN~. CIIP,f'•J~,~X,10E10,3l 
COHTXNUE 

ADJUST TH£ TRANSPORT CIIPftCJTY 
00 t08 H~lrNStlES 
IFO TRJIH J) .tu:.O) GtATf'I=GI.AT OhLTRU< r l l 
IFCLfRI8([),EU.Ol ULIITHnO,O 

RCAP = TRANSPORT Lft~ftClTY CORRECTED FOR UPSTRFAH AND 
LATF.Rfll. INI"LOW 

RCAP<Hl•TRNCAP!H)-0o5t(r.NF.XTCJ-1oHl+RNOW<J-1oH>l-GLATH 
IF Hll A VII ltABl.f. l.Dil!-11-: SUllo RGAP .. 0, 

lFCZLCitf'll,Lf,O,) RCAP!Ml=O, 
lFCRCAPCHl.LT.O,) RCIIP!H):O, 

FIGURE OUT HIN lRANRPUkl BARED ON SETTLTNG 

CF•CRNCENTRATlDN SFTTLlNG FACTOR 
CFCHl~<YAVE-Q,S*THIFU~(f'I)$,0)/YAVE 

IF<tFCHl.LT.O,) CFCHJ=O, 
lF ( L TRIJ'! C '0, NF.. ()I Ol.fiTI1=1;LAH H, L TRUH I>> 
IF<LTRli!<Ihf'G,Ol Gl AT11•0, 

TRfiN"' IRI'IN$PIIR f I~I'IPACl TY 8Mlt·:l) ON SF. TTLlNG 
TRAN•f.FCMl*CG~fXTCI-lt11l+GLATHl 

SE~ IF TH~ T~IIH$PORT CfiPACITY <fRN~APl IS QOV~RNF.D 8Y: 
ARI10RING <PAlt R(TTI.JNA <TRANlt OR RfHAJNING TRANSPORT 
CAPfl~ tTY ( RCfiP l 

IFC<PACitHl*TRNCAP<H>J,GT.TRANJ TknN~~nCJtHl*TRNf.~P(Ml 
lFCRCAPCHJ.~T.TRAHl fRAHnRCI'IP<MJ 
TRNCAPC11l•TRAN 
Cfli'IT I NUE 

DIAGNOSTir PRJN10UTS 
Jf(lllAOT,(H,Jrf,UR.I)l;'liHfllAI;N,I.I·:.tllJ flO HI 608 
WR1TEC4o6071 ccrF<J>,J~J,NS17.F.S>•TRANl 

FOk11fiTC1H tiOXt'Cf(N)ft'•/X,t0~\0,3r/•lOX,'TRAN='•ElQ,JJ 

WRITF<4,bOOJ CP~<JoMltM~IoNSI7.FSl 
FO~I11'1TC1H •10Xr'PACHI~'•7Xo10FlO,JJ 

WRJTFC4t601JCRCAP<HltK=1tNS17FSl 
FORHI'IT(' 'riOX•'R~I'IPCHJ~',~XolO!tO,Jl 
WRJTFC4,b021<SH~X<Mloi1=1•NSJ7.~Sl 
FOKHfll(' '•liiXo'SHf..XCI'Il"''•~iXt10EtO,Jl 
URITt.(4,~0J><T~NC~~CI1ltM•l•NfiT7f.~l 
FtlRMAT<' ',ll)X, 'l'RNCIIP<Hl=' ,,,)(, 101=:10.3) 
WRlTEt4.b04l(6NfXT<l-lrHlr1'1=1tNSJ7ESl 
FO~HAH' 'tlOXr 'Htlt':XT< 1-t rl1l"'' t10EtO,Jl 
URITE<4r60l'il WII'IIW( 1-l,P'I) tl1"'·1oN!';I7.1-.Sl 
FIIR11AH • •, tox, 'I!NtlW< 1-1 ,,..,. ', tOEto.J> 
URIT£(4o606) HHWW< 1 fl1) tf'l"1oHSI7F.Sl 
FORMAT(' '•lOX,'fiNOWtlrl1l• 'rlO~\O,Jl 

608 RETURN 
F.ND 
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IUJROUTJNf. TAIIII (I r Yl t Xll 
COMMON/TAI/NPTS< 40) t YTIU 40t20) rPTit. ( 40r20l 
NTBL•NPT!lCJ) 
1F CYT.L~.G.l Bl'l TU \05 
IF <YT.GT.YT~LCJrNTBLJ) GO TO 10~ 
IF <YT • U.C, YTI!IU h 1) l tlll Til \03 
NTllll•NTIH.-1 
DO tO\ tTwt,NT9L1 
tF CYTBLClriT+J>,BT.O,) GO TO 101 
WR1TE14t199l 1Tt1 

1ft FORHAT<' PROBI.f.H ENCOUNTf.Rf.ll tN WHTEll Pf.kJIU.lFR TABlE' I 
1' AT YTliLC'ol2r'•'o12r')') 
no rn ?.oo 
IF CYT.GE.YT~LCJrlJ),ANP.Yl.LT.YTRICJriTtlll GO TU 102 

10\ tf1NT1NUE 
102 XT•PTIH.<J tJTHC < <PTRI < J rltt1 l-Pl£11 (J' Ill l/(YTfll CIt ITtll

lYT8LC1rlTl)l*CYT-YTBLC1tiTlJl 
GO Til 104 

103 XT•CPTBLCJt1l/YT~ CJtllJ*YT 
101 R~TURN 
lOS IF CYT.tE.O.l XT.,O. 

tF CYT.LE,O.J R~TURN 
XT=PTBL ( hNTRI lt2. * ( YT-YfBL< 1 tNT flU) 

200 Rf.fiJRN 
END 
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c 
c 

c 

c 
c 
c 

c 

c 

c 
c 

c 
c 

606 

605 
607 

II DF.TFRMIM£8, lNCRf"ASfr I fiOSE SOH. DUE TO ft OW DETACHMENT 
OSOl:l ,. Ot:P rM OF UIUSE KUtl. AODI-:D BY Df:TACHMF:NT 

DSOJL•AJIFt:ZC:At:P ( J, 11> 
tF<AB~CO~QtL).LT,OMBCMt) DSOIL=O, 
Zl<I•Ml•ZLClrMI-DSOll 

COMPUTE THE CONCENTRATION BASED ON THE AVAtLn~Lf LOOSE SOIL 
CF:CMI~<<WEPER*li.ClrM>lt<Ul~TH*DTSltCWfB*GNEXTCt-trMl/VNEXTCt-lllt 
1CC1,-WfB>t<WFAtGNOWCI•Ml/VNUWCJltCl.-W~nJtGNDW<J-JrKJ/VNOW<J-1lJlt 
2DfXtCWFn*RNOWC1tMlt(1,-WFAltCWf~*GHlXTCt-1rKlt 

3Cl.-WFBl*6NOW<l-JrKll))/(CRNFXTCJl/VNfXT<Il~t<ONEXT<IltPTXl> 
OtAr.NOSTlC PRINTOUT 
IFCDIAGT.GT,tTT.OR.OJAGTtDJAGN,LE,ITTl GO TO 607 
WRIT~C.t606l ltMrZLCtrMl 
FORMATC1H tlOXt'RAW 11 C'rf,r'r'tl2r')• 'oFJO,J) 
WRlT~<••AO~> CCf<JlrJ•loHSll~SJ 
FORKATC1H o10Xr'RAW CE<Kl='r~XrlOfJO.~l 
COHT lNIJE 

lF <r.F<K>.IE.O,J r.F<Hl•O, 
tHEXTI~~~CMl*QNEXTCI) 

COHPliTf D7 BIISED ON COHCF.NTRnTION FRUH flli!JVE 
D~<H>~ct,/WEP~R>*<<<<W~fltUNOU<l•M>>+tl.-WFAl*CWFB*GNEXT(l-1•H>+ 
1(1,-WFBl*6NOWCI-1rK)l-CN~XTiltPTXJ-!CNfXTIIVHEXTCJll+ 
2CCWFBJ6N~XTCl-trMl/UMEXTC1-tl+Ct.-Wf»J*CWFft*ONOWClrH>IUNOWCI>+ 
3 <1 , -WFA) *6NOW ( l-1r11> /VtWW <I- I > ) l l+ ( GLA ll'l*f'ITS l > 

I)~ CAW T ~E llRI-:ArER T Hf"'N ZL, <CAN'T I) 1 G Hlll.f. S f)~E:PER THAN 
THF AVAJtAiii.E" LOOSE" SOIL> 

l F ( - \ • * < D 7. ( K > ) , liT , I U l , tO ) 0 7. < K ) "'-1. I. C I r fU 
GNEXT(J,I'Il=CFCKJtQNfXT<lJ 
Zl.( lrHl"'l.L<lrHHDl<l'l) 
GO TO 113 

H.li lL< 1 ri'I)..,/.U 1 tt'l>tDZ01l 
IF (7LCJrKJ,LloOol ZLCltKJ•O, 
GN~XTCJ:I'I)"'fRNCAPCHJ 
GO TO 113 

t t!'i t";otll"HIUE 
UDTX=0•5*CVNOW(l-l>+VN£XT<J-JlJtPTSIPX*~?SO, 
IF C IJIHX, Lf., t, Q) GNEXT! 1 rK) ~liNIIW C I ,H) tliDlX* 

1 CO.S$CBNlXT<I-l•HJt~NO~<l-ltKlJ-~NOW<JtHl> 
1F UJf)l X, GT. t .Ol GHEXH ltiH ""0, 5$ ( ON'"'XT <1-l dO HlHOW( l-l•K> > 
DZ(Hl=O,O 

l)tAr.NO~TtC PRlHTOUT 
lf<DlAGT,IH.lTl.!IR,f.IJIIGTHHAGN,I F:,JTT) ~1'1 TO 113 

c 
111S 
c 
1116 

WRITE(4rllt3l I•H•UDTX,GHEXTI[oHl 
FORHAT ( 1 H r 1 OX r 'IITITX t liNFX T<'' 1::! • 'r '• J i!' ' >"'' '?U 0 • 3 l 
~RIYi(4tl116)UNdW<J-1lrUHEXTII-tlrOTXrDX 

FORHAT<lH t'VNOW<J-1loVNfXT<J-1ltDTXtf1Xs't4F10.3) 

c 
t 
c 

t 

c 

c 

ttl 

601 

602 

603 

f.ONTtNUE 
DJAGNO~Tff PRJNTOUT 
tF<OIA6T.GT,ffT.OR,OIA6ftDtARN.Lf,tTT> DO TO SOS 
WRITE<4t601J<TI7<KlrK=JrMSJ7.fS) 
FURKftl(' ',tox,·D~<Hl•'o/Xo10Ft0.3J 

YIUTE<_,,,_~.D ( ll.( J tHI tK'"l tNSJ1F.S> 
FOJUtAT(' 'r10Xt'ZI.Cl•Kl ... 'r":)Xo10F.\O,J> 
WRJT£(_,,,~~) (f.~(K)oKftJoNRJ7F~l 

FORMn TC ' ' , 1 Q)h ' Cf. ( K ) "' ' , 1 X ' t 0€ t 0 • 3 I 
YR1TFC4r6041 CBNF.XT(Jr"l•K~ltNSllf.S> 

604 FORMAT<' 'otOX•'6NEXr<IoK)•'t2XttOE10,J) 
608 RF.TliRN 

END 
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c 

ltiiROUTINE IROUT C I ti'IX) 
I':ONMON/MYDRIYNOWt40), ONOW( 40) oYNIIWPIO) rYNEXT< 40) tONEXH40), 

2VNt:XTC 40) 
COHHON/SFI'IIP<40tl0)tPA<~~.1~)tPH~<lO>•DARHOR<40> 

lrZU 40t\0) r1.LSIII1•DZC 11)) ti\DFtSPt>RfiiJ( tO) tDF.N~H 10) ,FIJIH 10) 
2rGNOWC40t10)•GNEXT<40tlO>tTkNCAP<'O)•~E<lO) 

t:OHHONIIlJ.:N/tHH • D JS r IH X tlriFA, lrlfo'B t Stm olrlf.PER, NX 
ltNSll~StNRF.r.rJOTYPE 

C:flKHlltl/t. SH.O/URliH 4t)), H fRIIhGI.AH 10, !5), 1TR9X < '5) 
INTF~F.R DJA~Tri'IJAGN 

COHHON/DlAO/D!fiGTrDIAONtlTT 
WR1TE<t.o200) 

c 200 
c 

FORI1ATC1H •' S~~ROUTINE SROUT'J 

c 
c 
c 
c 

DETERMINE SEDIHF.NT rnNCENTRftTJON AND TRftNBPORT RfiTF. RY 
COHPfiRINU THf TRANSPORT CI\PACllY OF THE FLOW TO fHE 
AVAJLI\IHUTY OF SOJL. 

DO 113 H=1rNSJZES 
U ( L TRUH I) • HI:. .o HRA111••GI./'If(H, L TRU ( l)) /DX 
lf<L TRJJI(J) ,Efl.OH>U\TI1•0.0 

C l)l ., r:HANiif. IN Jt0Tf011 t:U:V. T.IIIF: £0 tlFPOSlTlON OR SCOUR 
CNEXTJaTRNCAPCI1l 

t COHPUTF THf D7 PASFD ON THE TWANSPORT CftPACITY 
D?:CI1J~(\,/IriEPER>*<<llWFAt8HOWClt11lltC1.-WFA>*CiriF9lGNEXTII-ltHlt 

l(l,-WF~l*bNOWCI-lrHll-r.N~XlillDTXl-CCHEXTJ/VNFXT<lllt 

2CCWFBSON~XTC1-t•l1l/VHEXTCt-ll+Cl,-WF»ltCWFA*GNOiriCioHl/VNOWCtl+ 

3C1.-WFAl*GNOW<I-J,Hl/VNOWCI-1J))JtCGLATI1*DTSJl 
C DlAANOSTlC PRtHTOUT 
C IF<DlAGT.GT,JTT.OR.DJft~TtDTAGNoLF.olTTl GO TO !99 
C WRlTFC~r400J 11rOlAli1•DZCI1l 

400 FORHATI' FOR Ha',J?.t' I'IATI1='tE10o3t' RfiW l.lHI1l=-'rFHI,J) 
399 r:ONT l NilE 

c 
C IF DZ>Oi AGGRADATION OI;CURS ANI'I TRfiNSPI'IRT RATF tS AT CAPACJTY 
c 

IFCDZCI1l.~E.O.l RO TO 114 
C 7Cn -: AVMI.fiJH.t: I.OUSI" SO II. tiFP I H FOR EACH S I Zt. 
C ZL = I OOSF. SCIJl. I'IFPfH FIIR fnCH SJ1E 

?:CA=Ill 01> +LU t ri'U 
C DIAGNOSTir. PkHHOIIT 
C lfCJ)lAIH,f>f,ITl,IJR.IHAtH+IHAON.I.F..tTT> r.o TO 40~' 

C WRITEC4t401) ZCA 

c 
c 
c 
c 
c 

401 FORI1fHC' 'r10Xr'7Cf\""'r£10.3l 
402 CONTINUE 

IF ZCA>O; AVAJI.AIHLlTY OF Ul!l~F SOH IS GRfATFR THftN 
1'Rf'INSPORT CAI"AC I TY IIF FI.UW AHD THI!.REFORE TRAN<;POI\ "!' RAlF.: IS 
AT CAI-'Af.JTY 

lf!ZCA.GF,O,) GO TO 1l4 
IF!P!toHl,I.F.,O,O,fiND.ZL<lrM>ol.F,O,) 00 HI 115 

C TRANgPI'IRT C:f\PflC tTY Hl GREATFR THfiN AVA I U\lii.F f>llf'f'L Y OF 
C LOOSf. SOU, St'.D.tHf!NT CIIHCt,;Nl'RflT ION UNDF.:R "I HI<; f':ONtllTlON 
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c 

SUIROUTJ ME POWER ( l, lh XJ J , X.J1, CI"NY) 
RF.IIt.U AU 
WRITE< It, '00 > 

c ,00 
c 

FORI1ATUH t' SUJJROUIJNF POWER'> 

c 
t 
c 
t 
c 
c 
c 

c 

THIS SU,ROUliN[ EVAlUATFS JJ ANP J2 INTEARALS 
NOTAr!ONS 
XJl = VALU~ OF J1 IHTF~RAL 
X.l2 = VALli F. OF .I?. l NTF.ARAL 
N • ORDER Of APPROXJ"ATJON t 1 
CONV • t:ONV~~RIIENI:t:: f:RITERION 

N•1 
XJl==O. 
XJ2•0, 
AUi=AI.Ill'i (A) 
C•l· 
1):-Z 
E=Dtl, 
.. "H=t, 
AEX=AUE 
liO TO 102 

101 N•H+l 
C=C*tl/FN 
D=E 
F=D+t. 
FH=FLOATCN) 
AEX=AUE 

102 IF <ABS<E>.l£,0,001l GO TO '03 
X.ll"""X.J 1 +C* ( 1, -A~X >IE 
XJ2•XJ2tC$((1ttX-1,)/Et~2-AFX*AlG/f) 

GO TO 104 
103 XJ1=XJ1-CtALG 

)U?.=X.I?-0, ~nr.•AtGU2 
104 lF <N.EQ.ll GO TO lOS 

C:.l\ •AJ.IlH 1 , -F J t /X,Jl ) 
CJ2•ABSC1.-fJ2/X.I2) 
J F <r: .11 .I.F:. CONV, AND, r: .12 .I f, r.ONV > RF. I HRH 

105 FJl•XJ1 
f.I'--XJ:.! 
GO TO J01 

END 
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Appendix D 

PART 1: FLOW MODEL INPUT 
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SCIOTO RIVER FLDWHODEL - 2ND STOR" EVENT 
3600 
20 83 0 24 1 2 3 2 0 0 
GREENLAWN AVE BRIDGE 
o 683.36 o.ot o o o o 
129.5 20 
0 714. 
40 701. 
200 692.04 
220 691.28 
260 688.32 
280 687.63 
300 687.47 
320 687.2 
340 686.4 
360 686.85 
380 687.3 
400 686.92 
420 694.00 
440 686.45 
460 685.42 
480 683.36 
500 685.15 
520 687.45 
530 688.45 
670 714. 
SYNTHETIC X-SEC tl 
0.77 683.9 0.01 0 0 0 0 
128.65 11 
0 693.9 
5 692.9 
14 691.9 
57 688.9 
89 697.9 
248 683.9 
410 687.9 
438 688.9 
482 691.9 
491 t-92.9 
495 693,9 
SYNTHETIC X-SEC t2 
1.16 6S4.2B o.ot o o o o 
1 ;>8. 21 11 
0 694.28 
5 693.28 
14 692.28 
57 689.28 
ll9 688.28 
248 684.28 
410 688.28 
438 609.28 
4!12 692.28 
4'/1 693,ZB 
415 694.28 
FkANK ROAD BRIDGE 
1.56 683.66 0.04 0 0 0 0 
127.77 16 
60 698.65 
80 688.1 
100 686.74 
120 686.55 
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uo , .... ,, 
180 685.06 
200 686.28 
220 686.2 
240 685.76 
260 685.51 
280 68~.15 
300 686.69 
327 688.1 
.!60 691.65 
400 692.67 
RAILROAD BRII'IGE 
2.52 675.2 0.120 0 0 0 0 
126.7 12 
85 693.5 
100 690. 
105 687.6-
120 684.6 
148 687.8 
180 681.5 
240 678. 
268 678.5 
300 675.2 
337 681.8 
360 688. 
370 694. 
SYNTHETIC X-SEC 

3.510000 
125.600 
240.0000 
280.0000 
300.0000 
320.0000 
340.0000 
Jt.O.OOOO 
380.0000 
400.0000 
440.0000 
460.0000 
490.0000 
520.0000 
540.0000 
st.o.oooo 
580.0000 
600.0000 
620.0000 

X-SEC 11 l-270 
4.570000 
124.4200 
240.0000 
280.0000 
300.0000 
320.0000 
340.0000 
360.0000 
380.0000 
400.0000 
4110.0000 
460.0000 
480.0000 
520o0000 
540.0000 
560.0000 
580.0000 
600.0000 

t3 
677.9000 

17 
6az;eooo 
692.6000 
682.2000 
680.6000 
676.9000 
677.9000 
679.6000 
681.1000 
681.1000 
681.2000 
681.6000 
681.7000 
682.2000 
681.9000 
681.8000 
682.3000 
682.8000 

67!J.90'00 
17 

680.8000 
680.6000 
680.2000 
67S.t.OOO 
676.9000 
675.9000 
677.6000 
679.1000 
679.1000 
679.2000 
679.6000 
679.7000 
680.2000 
679.9000 
679.8000 
680.3000 

0.120 0 0 0 0 

6,6999994E-02 o 0 0 0 
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Jl.-t>El: tU 
5.460000 671.6747 6o6999994E-02 0 0 0 0 
123.4300 14 

0.0000000 677.7747 
20.00000 672.5747 
40.00000 671.9747 
60.00000 671.6747 
80.00000 672.1747 
too.oooo &n.6747 
120.0000 673.0747 
140.0000 673.3747 
160.0000 673.7747 
180.0000 674.7747 
200.0000 675.1747 
220.0000 674.77'17 
240.0000 674.87"'17 
260.000Q 677.7747 

X-SEC tlO 
6.0"'10000 672.1674 6.6999994E-02 0 0 0 0 
122.7900 12 

o.ooooooo 676.6874 
20.00000 673.5875 
40.00000 673.1874 
60.00000 672.4874 
80.00000 672.2874 
100.0000 672.1874 
120.0000 672.4874 
140.0000 673.4874 
160.0000 674.0875 
180.0000 674.8875 
200.0000 675.4874 
220.0000 676.6874 

X-SEC 19 
6.9300000 668.1746 6.6999994E-02 0 0 0 0 
121.8000 12 

o.ooooooo 675.5746 
20.0COOO 670.5746 
40.00000 670.6746 
60.00000 668.1746 
so.ooooo 668.6746 
100.0000 668.4746 
120.0000 66ll.3746 
140.0000 668.5746 
160.0000 669.6746 
180.0000 669.1746 
200.0000 672.5746 
220.0000 675.5746 

X-SEC tB 
7.8000\)0 670.6470 6.6999994E-02 0 0 0 0 
120.8300 16 

o.ooooooo 673.7469 
17.00000 672.8470 
34.00000 672.5470 
51.00000 671.7469 
68.00000 670,9470 
ss.ooooo 670.6470 
102.0000 670.8470 
119.0000 671.7469 
136.0000 671.0470 
153.0000 671.6470 
170.0000 670.9470 
187.0000 670.9470 
204.0000 671.4470 
221.0000 671.7469 
238.0000 672.0470 
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X-SEC 11 
8.510000 662.2869 6o6999994E-02 0 0 0 0 
120.0400 12 

o.ooooooo 672.3869 
20.00000 671.5969 
40.00000 669.1870 
60.00000 666.3869 
80.00000 664.4869 
100.0000 663.3869 
120.0000 662.2869 
140.0000 662.7869 
160.0000 664.1970 
180.0000 666.6870 
200.0000 669.1870 
220.0000 672.3869 

SHADEVlllE BRIDGE 
8. ssoouo. 665.5000 .100 0 0 0 0 
120.0000 9 
160.0000 672.3000 
180.0000 669.7599 
200.0000 668.2599 
220.0000 670.1500 
240.0000 665.4900 
260.0000 670.0200 
300.0000 667.7800 
320.0000 670.5400 
343.0000 672.2500 

X-SEC t6 
9.18000 665.2422 .100 0 0 0 0 
119.3000 11 

o.ooooooo 670.2422 
20.00000 667.3422 
40.00000 666.3422 
60.00000 665.7422 
so.ooooo 665.2422 
100.0000 665.3422 
120.0000 665.4422 
140.0000 665.5422 
160.0000 665.9422 
180.0000 666.4422 
200.0000 670.2422 

X-SEC t5 
9,90000 661.6813 .too 0 0 0 0 
118.5000 14 

o.ooooooo 668.9813 
17.00000 667.2813 
34.00000 667.0813 
51.00000 666.0913 
68.00000 665.1913 
as.ooooo 664.4813 
102.0000 663.9813 
119.0000 663.1813 
136.0000 662.5813 
153.0000 662.0813 
170.0000 661.7913 
187.0000 661.6813 
204.0000 662.4813 
221.0000 668.9813 

X-SEC 14 
10.61000 661.3325 0.100 0 0 0 0 
117.7100 12 

o,ooooooo 667.2325 
18.00000 664.3325 
36.00000 663.9325 
54.00000 663.2325 

- ~ .. -. "' .. - __ ..,_ 
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90.00000 662.2325 
108.0000 661.3325 
126.0000 661.9324 
144.0000 662oU24 
162.0000 663.2325 
tso.oooo 664.6324 
198.0000 667.2325 

X-SEC 13 
11.30000 657.9937 7.4999998E-02 0 0 0 1 
116.9500 14 

o.ooooooo 665.4837 
20.00000 662.7837 
40.00000 661.6937 
60.00000 660.4837 
so.ooooo 661.8837 
too.oooo 661.0837 
120.0000 660.6837 
140.0000 659.7837 
160.0000 659.2837 
180.0000 658.4837 
200.0000 657.9837 
220.0000 658.3837 
240.0000 659.2837 
260.0000 665.4837 

X-SEC t2 
12.060000 654.7855 6.4999998E-02 0 0 0 0 
116.1000 12 

o.ooooooo 6{>4,4855 
20.00000 660.9855 
40.00000 661.1955 
60.00000 660.4855 
SO.OOOOJ 659.0955 
100.0000 657.6855 
120.0000 656.1955 
140.0000 654.8855 
160.0000 655,6855 
180.0000 654.7855 
200.0000 656.2855 
220.0000 664.4855 

X-SEC t1 
12.72000 657,2754 6.4999998£-02 0 0 0 0 
115.3600 17 

o.ooooooo 663.6754 
20.00000 660.8754 
40.00000 659.3754 
60.00000' 659.17!j4 
80.00000 658.9754 
100.0000 658.5754 
120.0000 658.7754 
140.0000 658.7754 
160.0000 658.5754 
180.0000 657.7754 
200.0000 657.2754 
Z20.0000 657.2754 
240.0000 658.3754 
260.0000 658.5754 
280.0000 659.2754 
.300.0000 661.0754 
320.0000 663.6754 

ROUTE 762 &RIDGE 
12.76000 654.6000 6.4999998£-02 0 0 0 0 
115.3200 16 

o.ooooooo 680.0000 
105.0000 663.6000 
120.0000 661.5000 
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160.0000 
180.0000 
200.0000 
220.0000 
240.0000 
260.0000 
280.0000 
300.!>000 
320.0000 
J4t). 0000 
355.0000 
480.0000 
3.309012 
3.757761 
4.168474 
4.515160 
4.907350 
5.249875 
5.945729 
6.597774 
7.218794 
7.820313 
8.401976 
9.976264 
9.545540 
10.04592 
11.50799 
12.92955 
14.34632 
15.76280 
17.21004 
19.72922 

385 385 385 385 
385 385 385 385 

657.0000 
660.9000 
662.6000 
656.4000 
654.6000 
655.3000 
658.5000 
658.9000 
661.6000 
661.6000 
663.6000 
680.0000 
150.0000 
300.0000 
4::0.0000 
600.0000 
800.0000 
1000.000 
1500.000 
2000.000 
2500.000 
3000.000 
3500.000 
4000.000 
4500.000 
sooo.ooo 
6500.000 
9000.000 
9500.000 
11000.00 
12500.00 
15000.00 

385 385 
395 38:5 

155 155 155 155 155 155 
155 lSS 155 155 155 155 
8.4 8.4 6.4 8.4 8.4 8.4 
R.4 8.4 9,4 8,4 8,4 8,4 

JBS 3C5 385 385 385 ··s 
JBS 385 385 385 38' 
15~ 155 155 155 1 ~ 
1~5 155 155 155 1~ 
8.4 8.4 9.4 8.4 8.4 
s.4 a.4 a.4 8.4 a.4 a.~ 

372 362.6 360.3 358.0 355,7 353.4 
356.9 360.4 363.8 367.3 377.9 388.6 
155 155 155 155 155 155 
160 165 170 175 180 185 
8.4 8.4 8.4 9.4 8,4 8.4 
8.4 8.4 8.4 8.4 8,4 B,4 

399.2 409.8 417.2 424.5 450.2 475.9 
475.9 969.1 1095 1242 1249 1264 
190 19~ 200 205 210 220 
234 264 Z95 325 355 386 
9.4 8.4 R,4 8,4 8.4 8,4 
9,4 a.4 o.4 8.4 9,5 a.7 

1235 1228 1143 1001 1008 950 
826,9 833 724 741.7 719,3 701. 
416 447 477 ~19 ~31 537 
~25.7 521.5 495 466 447 425 
9.0 9,3 9.6 9.8 to.o 10.2 
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685.4 669.8 654.3 638.7 632.4 626.2 
619.9 613.6 616.7 619.8 619.8 619.8 
J83 37~ 345 328 321 315 
308 302 296 287 284 291 
to.ts 10.1 to.o 9.9s ''' 9.8 
9,6 9.45 9.3 9.2 9.1 9.05 

619.8 619.8 613.7 607.5 601.4 595.3 
589.2 583.1 577 570.9 564.8 558.7 
279 276 276 276 276 276 
273 272 271 270 268 265 
9.0 8.95 8.9 8.9 8.9 8.9 
&.9 8.9 '·' •• , 8.9 8.9 
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Appendix 0 

PART 2: FLOW MODEL OUTPUT 
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; ·········································•••t•········ I SIHRIIII t:IJRPORr,ttOII :t: 
I t.lNUII IKI"l.ICJl FINITE" IHFH.RFNI:f FIIJW 111l0£L I 
I IHI n: I :.OY-DI·:C-81 I 
* TU1FI 14101124 * 
•••••••••••••••••••••••••••••••••••••••••••••••••••••• 

CROSS SECTION 1 
GREENLAWN AVr ~RlnG 

RlVEMHllE~ 12¥.50 
NUI!IIlf< (IF POINTS• 20 

XtY POINf t'AIRll : 
o.oooo 

40.001)1) 
200.0000 
2::!'1.001)1) 
260.0000 
2JiQ,I)C)I)() 

300.0000 
320.001)0 
34(1,()(100 
360.0000 
Jao.oooo 
40Q.OOQO 
4120.0000 
4140.0000 
416(>,(1000 
490.0000 
50(1.0000 
520o0001) 
::;3o.oooo 
670 • l)l)C)() 

CROSS !:i~:t:TlllN 2 
SYNlHETIG X-SEC 11 

RIVMRI!lLE• 121!.65 
IIUHPFR OF POINTS• 11 

XrY Pllltl'f PAlHS I 
Q.OC>(I(I 

:!j,l)()!)l) 

14 .oooo 
57.0000 
89.!1000 

24!1.01)1)1) 
410.0000 
43Ho000Q 
492.0000 
49t.oooo 
<4f!S.OOOO 

147 

714 ,(1000 
701.0000 
69'2.0400 
M11,7.'Hl0 
6~1'1.3199 
61i1.i>::!99 
697. ·4'100 
61!7,",!000 
696.4000 
61:16.Hl'i00 
697.3000 
loli6,Y~I)() 

6941.0(1()0 
6Hi>.4~00 
68~.41~00 

6IU,:i600 
685.1500 
litv,.,:;oo 
6Bfl.4500 
1 H.oooo 

693.'1'000 
1;9 .• !.9000 
691.9000 
liHfl,9000 
687.9000 
<'oti:{,'J'OOO 
687.9000 
lif1>3,'J'OOO 
691.9000 
li9<!.9000 
693.9000 



-. 

'"·~""'-•• ~ ~ •uJ• -¥ 

SINlH£TIC X·K~C 12 
RlV£R"ILE• 128.21 
NU"P~R Of PDINTS• 11 

XtY PU1Nl fAJMS I 
0. (1(>00 
:~.oooo 

14,(100~ 

:1?.0000 
B'l, tHIOO 

241J,I)OI)O 
<410.0000 
<431'1.01)1)1) 
<48:1.0000 
4'11.01)()1) 
4'15.0000 

CROSS Sf.CTlON 4 
FRANK Rll/\D llld llbE 

RlVER"IL[n 12?,?7 
NU"PER OF POINTSn 16 

X.Y PutNT PAUlS l 
60.!1!100 
ao.oooo 

10(1,0000 
1?.0.001)0 
14(1,0000 
uo.oooo 
180.0000 
200 ,()1)1)0 
220,0000 
240.001)0 
260.0000 
280.0000 
300.0000 
32"/, 0000 
36(1.0(100 
400 ,1)1)1)0 

CROSS !'it::CT HIN 5 
RAHRI'IAII IIRlDOE 

RtUERKIL~n 126,70 
NUI1Jj£R OF PfiJNTS• 12 

XtY POINT PAIRS I 
85. (100(1 

100. f/000 
105.0000 
1 ;;!I) ,1)1)1)0 
141J.OOO(I 
1 BQ ,l)c)l)() 

2'10.(1000 
261'1. 001)0 
300.0000 
331.01)00 
360.0000 
3?0,0UQO 
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1>'111.?1100 
IIY3.~1 1100 

6'l2.2'fl00 
hltY. o~IIOO 
68!.2800 
1>1:1 'I • :.' 1'11)0 
/.81'1.2900 
M!Y.~'I'IOO 

692.2MO 
1>'13 .:'1'100 
694.2800 

1>'111.6500 
1>1111.1000 
681\.7400 
6116.:\:500 
685.5600 
Ml'l.6o!>00 
i\95.0600 
6116. ~11100 
686.2000 
Mi5.7l'i99 
6!!5.509'1 
I, !IS .1:500 
681\.61199 
i>!lfl,lOOO 
1>91.6500 
6Y"J.,b700 

6'13.5000 
IIYQ.OOOO 
i-S7.60!10 
611'1.6000 
6fl7,ft000 
MU • :>oo o 
t-?fl.OOOO 
6?11.!>000 
675.:?000 
61U.8000 
6!.'18.0000 
b'i'o\,0000 



..... .,._ 
~t• .. tiUN • S'I'NlMUJC x-nc n 

RIVlCMIHl.f.• 12:1.60 
NUI1BER OF f'll UITS• 17 

Xol PIU:N r PAIN$ : 
:!411(1.(1000 687.Et000 
280.0Qf)l) t\ti7..ft000 
300.0000 ~fl;.>. :;>0(10 
3 20 • 01)1)0 lttttl.t.OOO 
34110.(1000 678.9000 
360 ,(11)()1) lo77.YQOO 
38(1,0000 679.6000 
400 ,(1(11)0 biH.IOOO 
440.0000 691.1000 
461),001)0 I>IH, J.OOO 
48(1,0000 1.81.6000 
520.0000 6>11.7000 
540.0000 #.8:!.:!000 
!560.1)01)0 61'11 .... 000 
580.0000 681 ,(:4000 
60Q,QOOQ Ml;!.;H>QO 
620.0000 i\82.8000 

CROSS SfCTION 7 
x-sn P 1-270 

Rl VF.!tiUI.E• 1:!4.4112 
MUI1liER OF f'fJINl'S• 17 

X•Y POUH PAIRS . . 
24(1, (l()(l(l 1>80.£<000 
280.0000 bli0.6000 
300.0000 ,f!(l,;.>OOO 

320.0QQO 1>7H.6000 
340.0000 676.9000 
360.0000 67:i.'!l000 
380.0000 677.6000 
'IOO.OOOC 67'>'.1000 
41140.0000 679.1000 
460.0000 i>7Y, :0.>000 
480.0000 679.6000 
5';!0,()1)()0 1>7'1.7000 
54110.0000 t-1!10, :?O<•O 
560.0000 b7'f.9000 
580.0000 679.R000 
600.0000 690. ;iOOO 
620.0000 6R0.9000 

CROSS st:r.HllN 8 
x-sr.t tu 

RIVf.RKll •.. ,. lJ.:i,•U 
NUK~ER OF POJNTS• 14 

Xr Y f'lllNT PAUS : 
o.ouoo 117?.7747 

20.0000 6?:.!.~746 

40.0(100 671.9711? 
60.01)<)0 611.674? 
80.0000 1'17~.1747 

100.0000 6?:.!.6?4? 
120.0000 ,.,3.0?46 
140.01}1)1) 1>7~ .. ~747 
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CROSS SEI':H UN 9 

160.0000 
JIIQ,OOQO 

200.0000 
2:00.001)0 
240.0000 
260.1)000 

k-~M; 110 
ftiUF.R11ll£~ 127.79 
NU11~lR PF POINTS• 12 

lCtY PUtNT !"AI ItS l 
o.oooo 

20.11001) 
40o(l(l(l(l 
60.0000 
80.(1(1(10 

too.oo•>o 
12Cio0000 
144 • 00 1)1) 

uo.oooo 
UIO ,0001) 
2ou.ooco 
220.001)0 

CROSS SECTION 10 
X-&F.C t9 

RIV~RI1ILE~ 121.80 
NUI1FIF.. R Of POINTS= 12 

X•Y POINf ~AJRS I 

CROSS SECT HIN 11 
x-src •• 

o.aooo 
20.0001) 
4(). (1(1(1(1 

60 ,1)1)1)1) 
8().0(1(10 

lOll .oo•>t:> 
120 .()000 
140.0000 
16(1,(1(10() 
180.1)1)1)1) 
20(•,0000 
221).01)1)1) 

RIU~RI1tLE• 120.83 
NU11~~k Of POINT~• 16 

XrY PIIINT PAlkS l 
(),(>(1(1() 

17.0000 
34.(1(1(10 
51. Ol)OO 
68.(1(100 
8'$.1)000 

102.0000 
11"' .oooo 
136.0000 
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loi'3.771f7 
1.14 .1'1117 
67!h 1747 ... , .. ,, .. , 
1>74,f1747 
'-1"1.7'1H 

6'16. ltH74 
67:S.:IR15 
t-73. J fl'/lf 
1.7'!,41474 
67';:.?1'174 
67'J.,lll74 
672. 4!474 
673.111'174 
674,0!'175 
.o;7'1,Hl'l75 
675.4874 
676.61'1'74 

67'$.57'16 
6!0.5746 
t-70.6'746 
lll,lf,\746 
t.t.f!.6746 
61>R.,II745 
668.3746 
I>At!.S746 
,<.f>f!.t.746 
.......... 1.746 
672.5746 
t.7S.!'i746 

673.146'1 
1.7~! .1'14 70 
t-77..:1470 
M1.7469 
670.9470 
6/0o61f70 
670.8470 
A/1,1469 
1'71.(1<170 



CROSS Sf.CTIIIN 12 
X-M:C 17 

17(1,(1000 
•• 7.1)000 
204.0000 
221.1)1)1)1) 
::!311.0000 
2:'l:l.0001) 

RIVF:RtHI.t:,. 121),ro• 
NU"kfR Of POINTS• 12 

XoY POINl ~AIR& I 

CROSS SfCTJilN 13 

0,(1(1{1(1 
:10 ,()1)1)1) 
40. (10(10 
60.001)0 
eo.oooo 

100.01)1)1) 
120,0000 
140.001)4) 
uo.oooo 
tao .O!i•Hl 
2or..oooo 
220.001)0 

SHADEVJll.£ 'klPBE 
RIUENHILE• 1~0.00 
NUH~lR OF POINT~• 9 

XrY POlHT PAIRS I 

670.9470 
670,\1470 
.e-71.4470 
A/1,74~9 

672.0470 
A73.l469 

A7:l,Jfl68 
A71,:'\S69 
i>A'I,J870 
"""·~~68 
l-li4.•Hii-9 
t.t.J,JI:l68 
"'62.:!S69 
ltt.~•.7S69 

1>6-4 .1fl70 
MA.nS70 
1>69.!870 
6!2.:i~68 

16CI.tWOCI 67:.?.3(100 
180,0000 A6V.7599 
200.0000 66fl.2599 
220.0000 t.70.lSOO 

I:RIJS~ Sfr:TlUN 14 
X-~EC 16 

240.0000 
::!6fl.<l000 
30!1,0000 
3:!0.0000 
343.0000 

RtVER"Ilf• 119.30 
NUHBF.R OF POINTS• 11 

x.v PUlNI I"AII!S 1 
o.oooo 

20. 01)1)1) 
40. (1(100 
60 .001)0 
90. ()(100 

100.001)0 
120.0000 
141),1)01)0 
UO.OCIOO 
uo.oooo 
200.0000 
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61>!<.49(10 
6"10.0':'00 
1-67.7800 
ft71).~41)0 

67?.250() 

670.:0:'122 
667 .. i422 
666.34/2 
t.I.>S, 7422 
61'>':!1.2422 
M~i. :i422 
665.44"'2 
6AS.!'i422 
lo65.9U2 
11 ... 11.'1422 
,!;?~~:':> 



CROIM SECTION lS 
x-~~:t es 

Rtv.-:Fi:ntl.•-• llH,SO 
NUft~FR OF POINTS• 14 

)(,y PtliNT I'AlRS : 

CROSS SEC fiilN 16 
x-sF.c; u 

0. 00(10 
17.0001) 
34. (!(l(l() 
51.0000 
6fl.00(l0 
8":..0000 

10:7.0000 
11'1.0001) 
13 .... 0000 
1 !..1. 0001) 
1?0.0000 
18/.0000 
20"1.0000 
2:!1.()000 

RlVF.RHII.t:• 117,71 
NUn~FR Of POiNTS• 12 

XoY POINT PAIRS : 

CROSS SEC T1 nil 17 
x-s~:r.; n 

(),(1(1()(1 

1FJ , I)C)I) 0 

36.(1(100 
54 ,4)1)()0 
n.oooo 
90.0000 

108.0000 
126 ,()()4)1) 

144 .oooo 
16<' ,1)1)1)0 

18(1,0000 
l'i't!. 1)1)1)1) 

RlVF.RftlLf• ltA.95 
HUftkER Or PUJNTS• 14 

XoT PUtNT PAIRS : 
0. ()(l(l(l 

20. 1)!)4)1) 
4(1 ,(1(>00 
60.0000 
8(),(1(100 

10<) ,1)01)0 
120.0000 
140.001)0 
16(1,0000 
liJO,OI)I)() 
200.0000 
220.0000 
'2.fi(I,O(I00 
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6t.fl,\'HlJ 

""' 7. ~!''11 J 
t-t-7.0R 1 J 
,,,,1)1'11:> 
6/oS,JRIJ 
1>111,'1~1! 

66~.9HIJ 

MS.hHJ 
lo6:',SB1J 
(,A~', <>Hll 
661. 7R1! 
i>b1.hiol1J 
66::!. 41113 
/ol,l.J. Y~13 

111.7.:U:?5 
IIMI, ;~:n:s 
6t.~.a~?.:s 

6b:i. ;l.!25 
6t.2.7J25 
1.6:.!. ;!325 
b(.J,JJ~5 

M! .• Yl211 
66::!.4l~ll 

M:i.:!325 
6611·63711 
M7.'.132S 

1.6:'\.1111:~6 

A-!>~.7~37 
661.68~7 

,l,llc), '11'1!6 
661.81'1~7 
61.\.0H37 
660.6837 
~~~v.7a37 
659 o::!fl:~7 
lo~tt.4U6 

657 .91!36 
lo:'ltt • .tll31 
io~'i'.?P~7 



CROSS SHflUN 18 
ll•&t:r; 12 

RlUtNKI~~· 11A·10 
NUK~FR OF POiNTS• 12 

lCrY PUlHT ~AIRS I 

CROSS SECHIIN 19 
x-sf;r. tl 

0. ()(1()('1 

::!0. 001)1) 
40. (>(>(10 
60.0001) 
80.(1(100 

100.001)0 
1::!!1.0000 
HO.OI)I)I) 

160.0000 
l~tll:,OO!)O 

::!00.0000 
2';!0.()()1)1) 

RIVERKILEN l\~.36 
NUKHF.R OF POINTS• 17 

XrY POINT PAINS ; 
O.O(IOO 

::!0.00()() 
.. 0.(1(>(10 
6:1. 1)()1)() 

so.oooo 
101). 001)0 
120.0000 
140.001)1) 
160.0000 
180.0000 
200.0000 
::!~0.001)1) 

::!4(1.0000 
::!60.1)<)0() 
::!80.0000 
300.0001) 
3::!0.0000 

CROSS sn: riilN 20 
ROlll'F. 76?. loiUOUE' 

RIVF.~11IU:• 11~.32 

NUKlo~R OF POINTS• 16 

XrY POlNl I" A HIS : 
0,(1(1(1(1 

10:';.001)0 
120.0000 
140.0001) 
160.0000 
uo.oooo 
200.0000 
220.0000 
?4t• .nnnn 
::!611. !)Qt)l) 

::!80.00()0 
Joo.oooo 
32fl.0(100 
34(),()1)1)0 
3$!1.0000 
481).0000 
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6!-"·"115$ 
t.6t),'#t155 
661.1955 
""'),.,~:;s 
t>r-9.01:15 .. 
h:'t/.M!55 
656 .18~5 
A!'.t-1. H~5!) 
6S~~68S~ 
h~>'l• 7R~5 

t-51>.:!1'155 
M>t.'ltl~5 

663.t-7!i4 
llbtJ,H754 
1>~9.375'1 
bjY,t754 
1>!'11.9/'!'13 
.'1!113.~75 .. 
t-58. 775'1 
6~iH. 7754 
6:;!!.57~4 
651.7754 
f:.S7.27!"4 
1157. ;~7'>4 
(:.58.37:'14 
llt>H,57~4 

~59.:2754 
1,61.0754 
663.6:1!'14 

6!<0,0()00 
nh.!. bOOO 
661.5000 
1>!17.'1000 
(:.57,()000 
nii0.9000 
1>62.6000 
6:i6.11000 
,.~;-:.4 .. Annn 
... ~~ ... <1}00 
t>SII.~ooo 

~~~8.'1000 

1>1>1 .6000 
111>1.1>000 
61>3.6000 
ltRQ ,1)01)0 



fLOW ftODF.l UtPCif PARAKfTF.RS 

TIKF. lMCREKFNTt SF:CONI•S 3600.0 TOTAl THU: 

NO f.IF llRlliHAT£!1 ROUTED 81 

liOIIHl'IARY tONilHION l'Yf'F:S 
UPSTREAit - - l • SF:l F' !'iETUNr. :;.> • kAllNr. r.IIRVFr ;, 
OIIM\I;TR[Atl • - \ e Sf.l.F' Sf'TI'IHIIr 1. "' t;OHSTANl llff'THo 
TYPE SEl£CTLfl• 2 F'CIR IW!>l'RI:Ah ANJI ~ F'Oli lliiWMIHRI:A 

MOo OF lllt~IIIARlES• 1 

TRJP, NOo Al x-st.r.. NO, 
1 17 

Uf'SlR~It RATING TAIII.E 

llEPTM Otst:HARGE 
J,;n ISO, 
3.76 :iOO. 
<4.17 450. 
4.5:! ~oo. 

4.91 BOO. 
:5.2:5 1000, 
s.Y5 1500. 
6.60 2000. 
1.22 2500, 
7.82 ~~000. 

8.<10 3500, 
8.98 4000, 
9.55 4500. 

10.05 liOOO. 
11.~1 6500, 
12.93 8000. 
J 4. :~:; 9500. 
15.76 11000. 
17 .:u 12500. 
19.73 t~ooo. 
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crwss SECTION F'ROF"£Rl JF:S 

X-SF.!: HIIMitF.R l AT 
t.ATF.RAL JNF't.OY FOR REACH 
[QlJATlllN ftE!U:Iolt IUHti H l!i 
ELEVATION OF LOYF.ST POJNT 

DEPTH 

o.oo 
1.79 
:!.06 
3.04 
3.09 
3.49 
J,St. 
3.84 
3.94 
4.09 
4.Jl 
4o27 
4.'i'6 
s.ot 
7.'12 
8.68 

o, Fl. O.DO !'IlLES 
o 10 1 JH o.oo crs P~R 

D.OlQ ~LUS DoOOOQ fl~EI Y 
oM x-sr.c ~~3.36 

o. 
13. 
44. 
99. 

103. 
139. 
147. 
1H4, 
zoo. 
'226. 
230. 
:.!61. 
·US. 
446. 

1227. 
1474, 
2193. 
!il'i33. 

Y PUl 

o. 
19. 
43. 
70. 
75. 

TllP IHOTH 

o. 
37. 
~2. 
70. 
?S. 

10.64 
17.64 
30.64 13:SZO, 

107. 
113. 
JSt. 
170, 
l!l3. 
185. 
-~o8, 

239. 
1.42. 
313. 
&42. 
399, 
~ ... 3. 
678. 

107. 
113. 
Hi 1 • 
169. 
\1!3. 
194. 
-~o7. 

238. 
241. 
311. 
339. 
39:5. 
li:"i9. 
670. 

X-SEC Nll!'lf;IEM 2 Al' 4066. t-'£, 0. '!7 1'1 I LES 

FOOT 
PLUS 

LATERAL INFLOW FOk Rf:ACH J TO 2 JS 0.00 CFS PER FOOT 
EQIJIHlllH D~SI':RlBHIH H IS Oo010 PI.IIS Q,!)t)l)() TIMf:S Y PLUS 
ELF.UATION OF LOYfST PUJNl ~M X-SFC 6N3,90 

DEPTH 

o.oo 
4.oo 
s.oo 
e.oo 
9.(1() 

10.00 

o. 
642. 
993. 

;.!#"!67. 
2744. 
:i234. 

W P~R 

o. 
3~1. 

381. 
468. 
486. 
'196. 

TUP WHITH 

o. 
321. 
381. 
'I~Q. 

486. 
195. 

X-SEC HUMBER 3 AT ~125, rT. 1.16 MJLF.S 
LATERAl. lHFLOW FOR REACH ~! lU 3 Hi 0, 00 CFS PIER 
EQUATION DESCRl&JHR H IS 0.010 PLUS 0.0000 TJHF.B Y 
ELEUAHIIN !It I.Oiolf,;ST POlH'f UN X-St:t: 6H4, 28 

DEHH 

o.oo 
4,()0 
5.oo 
a.oo 
9.00 

10.00 

ARf.A 

o. 
64:;.>, 
9'1'3. 

2267. 
J!/44. 
323-4. 

W PFR 

o. 
321. 
M3l. 
468. 
486. 
49~. 

TOP WJPTH 

o. 
321. 
.!81. 
468. 
496. 
495. 

X-&EC MUHI€• 4 AT 8237, Flo 1.~6 I'IILES 

FOOT 
F'l.U5i 

LATERAl. INFL.t:tW FOR RF.ACH 3 TO 4 JS 0, 00 CFS PER FOtiT 
EOUATlllN DUiCRUIHtl N U. 0.040 Pl.U$ 1),0000 TINES Y PUIS 
£L£VATI0tf OF' LOWEST POJtiT ON X•fU:C 61'13.66 
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0.000 T!l'lf.S Y ~OIIARED 

o.OOO TJME!'i Y SllllnkED 

<f, 000 TINES Y SOIIARED 



o.oo o. o. o. 
0.40 6. 29. 29. 
o ....... 9, 32. 32. 
0.85 27. 71. ?t. 
(),90 31. 78. 18 • 
1.10 ....... 104. \03. 
J .~ ... 104, 14':!\. 14S, 
1.62 lt6, 11>9. H,9, 
1.99 163. ne. 178. 
:!.OJ Hl9. lVS. l9~. 

2.(18 199, 201· 201. 
3 .... 4 !'iO ... , <!4?. ;>47, 

6.¥9 1"51, 288. 28?. 
a.o1 1165. .i30. :i2Y. 

1J,Y9 3764. 349. J•o. 

Jt-,;J::I: NUIUIER S AT tnoll. FT. ;!.:--:! 1\tLES 
LATFRAL INFU:IU FOR R£ACH 4 TO !> IS o.oo rn; PFR FOOT 
EOIJArhlN flESI:RlBUili N IS o.t:.>o Pl. US 1),1)01)1) THU:S y f'ttl!'l o.ooo T Hlf.$ Y SOUAF.:ED 
ELf.YAUDN OF LOWEST POINl' ON X-Sf.C t-75.20 

DEPTH AREA Ill I'ER liiP WIDTH 

o.oo o. o. o. 
2.80 60. 43. '13. 
J,JO 92. ea. 87. 
6.30 4!$6. 156. 1!'l5. 
6.60 :'iOJ, 1:';9. 159. 
9 .... 0 981. 11'!5. UlJ, 

12.40 1632. 253. 251. 
12.60 11.83. :!57. 'l~S. 

12.&0 1734. 259. 256. 
t4.80 :tlS3, 267. "li::IJ. 
1(1.30 3211. 289. 294. 
18.80 :!3!53. 291. ·zas. 

X-SEC NUI'IBER 6 AT 18!433, Ff, 3.!>1 t'IJ L£5 
LAT£RAL I NFUlW FOR REACH s 1'0 " IS O.tlO Cl'!l. Pt:R FOOT 
EQUATION DESCRI~JH& H IS 0.120 PlU!> o.oooo TitlES y I'L Ilk o.ooo TitlES y S£lUAIU'D 
ELEVATlOM UF l.IIWEST !"OINT UN X-SF:I: 1>71.90 

DEPTH AREA w p~;R TOP WIDTH 

o.oo o. o. o. 
1.00 !6. J2. 32. 
1.70 44. 49. 48. 
2.7(1 lOS, 74. 73. 
3.20 14:5. 86. ~6. 

3.3(1 158. 149. 147. 
3.70 222. 173. \73. 
3.90 242. 214. 214. 
3.90 263. :,0\9, :!19. 
4.00 287. 249. 248. 
4.30 :~-!18. :7.96. 1.96. 
...... o 398. 305. 305 • 
4.70 494. :'32. :332. 
4.90 56:';. 380. 380. 

X-SEC NIJI'IIlER 7 AT 2'1130. fT, 'l.:i7 tlli.ES 
LATf.RAL INFlOW fOR REACH 6 TO 7 rs o.oo CFS Pf.ll fOUl 
EQUATION DE!iiCfU IUNii N IS 0.01.7 PLUS o.oooo TlftES y PUIS 0.000 THIES Y $QIJ#IRED 
ELEVATION OF LOWtsT POINT OM X-SEC 61S,f0 

D'F:PTH AREA ~!_!:'!.~!., __ JllP wrnTH 
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.... oo o • .. o • 
1.00 16. 3:!. :~~. 
s.?o 44. •UiJ, 48. 
:!.70 105. 74. 7l. 
3.20 145. 86. 86. 
J,JO 158. 148. \.U. 
J,70 2~2. 173. 113. 
3.80 242. "2\4, ;~14. 

J,90 263. 219. ::!19. 
4.00 297. ;>49. 149. 
4,JO 368. 296. :!96. 
4.40 398, .lOS. :sos. 
4.7(1 <494. 332. 332. 
4.90 $hS. ~UJO, ;\1!0, 

X-SFC HUftBER 8 AT 281-129. Fl. 5,4(. HILES 
I.ATF.RAI. !NF'LnW FOR RliAI:H 7 YO H rs o.oo I':Fl; p":R FOOT 
(OUATlOH llESCRIBING N IS 0.0/.7 f'lliH (0. 0000 TJiiF.f> y PUIS o.ooo TlliES y SO!IAREO 
ELE\IAllOH IIF t.OWES r •'111M I ON X-SEC 1>71.67 

llEf'TH AREA w f'ER lOP WJllTH 

o.oo o. o. o. 
o.:so 5. 32. 3::!. 
o.so \J, 47. 47. 
0.90 37. 76. 76. 
1.00 45. ao. ao. 
1.40 81. 102. 102. 
1.70 115. 123. 1'23. 
2. 10 169. 145. 145. 
3.10 :s::~s. 169. \68, 
3.20 344. 199. 199. 
3.50 408, 232. 232. 
6.10 104S, 261. 260. 

X-SEC NUPif!Eiil: "t AT ~HHY1. F'io 6,1)4 HILES 
LAU:RAI. INFlOW FOR REACH B TO 9 IS 0.00 CFS PER f[l[ll 
EOUAtlllN OESCt<llllHII fl !S I), t)h ;r PLUS Q,QI)I)Q rtH.,:s y Pl.lJS o.ooo TIKES Y SOUAREO 
ELEVATION OF LOWEST POINT C•N x-sr.c 612.U 

llEPTH A~EA lol I" f. I'! TllP WIDTH 

o.oo o. o. o. 
OolO 1. '27. <!7. 
0.30 10. 60. 60. 
1.00 1..4. 94. 94. 
1.30 9S. us. us. 
1.40 \07. 1":!3. t::!J. 
lo\'0 174. 143. 143. 
:2.70 298. 169. 168. 
3.3(1 407. 192. 192. ... so 654 • ~~20. 2?.0. 

x-SEr. NUKIIER 10 AT 3"'~'1'0, f'T, 6.Y~ KH.E'S 
LATERAL lNFI.OW FUR :iF.ACM 9 lU Hl lS o.oo Cf'S PliR FOOT 
EOUATJON DESr.RIBlNG H IS (1,067 fo'LltS o.oooo TTHF.S y PLUS o.ooo TlHfS y SQUARED 
ELF.VATION lJF I.IIWt.ST PUlNl UN X-SEC 668.\7 

DEPTH AREA w Pf:R Hit' WJIHH 

o.oo o. o. o. 
0.20 1. to. 10. 
Oo30 ... ..... 44 • 
0.40 '· "'· 69. 
o.so \8, 1 (14, 104. 
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........ il 

4!.40 :;>"''· \48. l<t?. 
:z.~ 285. 170. 169. 
4.40 624. 1R9, tMR, 
?.<It() 1236. 221. 220. 

X-~EC Nlll'lf!I':R 11 AT 411M4. n·. ?.1-!0 1'111.[5 
LATERAL lHfU'III FOR REAlH 10 TO J1 JS 0.00 CFS P£R 
EQIJAliON Dt:SI:RIUHii .. IS 1),1)67 PUIS Q. Ql)l)() THitS 't 
ELEYATliiN OF l.Oioi£ST Pill NT !IH X-SEC 670.1>5 

DF.PTH I'IREA II Pf:R TOP ll!tiTH 

o.oo o. o. o. 
Oo20 3. ~a. 29. 
0.30 6. 36· 36. 
o.ao 45. to2. \02. 
1· (10 68. 126. 126. 
t.to Slo \45. 144. 
1.:10 97. 1?8. 178. 
lo40 \34. 193. 193. 
lo'i'O 235. 209. 209. 
2·~0 :101' ·n9. ~~9. 

3.10 519. 255. 255. 

X-SEC N1Jit8F..R 12 IH 44'13:4. ff, s. ::i\ l'lli.ES 
LATERAL lHFLOW FOR REAL:H 11 TO 1:.! IIi 0.00 C:FS PER 
EOIJAltON llf'it:Rlllltlli H IS 1),1)67 Pl. US <) ,1)<)00 Tll'lfS Y 
ELEVAliON OF LOWEST POINT ON x-sr.t: 662.;:>9 

DEPTH AREA w PER TtlP WIDTH 

o.oo o. o. o. 
o.so 7. 29. '-'· 1.10 31. ""'· '19. 
lo90 80. 75. 75. 
2.20 103. 93. 82. 
4.10 'l93. 1t8. 118. 
4.40 329. 123. 122. 
6.90 1\!32. \61. 1,1,.(), 
9.30 1108. 196. 195. 

10.10 1274. 221- 220. 

X-SEC HUl1BER 1~ AT 4514'1. FT. B.fMS l'ltl.£5 
LATERAl. 1NI'U1W F\l~ l(fACH 12 -ru 1:-1 l:l 1),00 t:Fc; Pt-:R 
[QUATJOH l'lE'~CRlJONii N IS <>.! 00 Pl. US o.oooo THII:'S y 
ElEVAHilH m· LOW!;: liT t"llHH 014 X-liF.I: hh:\,SO 

DEPTH AREA W Pf.R TO!' WUHH 

o.oo o. o. o. :!., ... ~3. 20. ;:!0. 
2.77 36. :n. 36. 
4.27 155. 124. 123. 
4.'53 1139. ne. \ .3-!>. 
4.66 207. 142. 140. 
:s.os :!63. us. \'16. 
6·76 544. 184. 193. 
6.81 S53, 185. taJ. 

X-SEC MUftBER 14 AT 48470, f'T, 't-.19 l'lll.ES 
lATERAL lNFLUW FOR Rf.AGH 13 lll \4 lS 0, 00 CF!) Pf.R 
EOUATJON DE'&ClUING N IS 0.100 PI.Uii 0.0()00 THIES Y 
EL£YATtON llf UlWEtll' POINT liN X-Kf.C UlS,24 

U PHI 1 n~ l.lllrTH 
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FrliiT 
PLUS 

FOOT 
PlUS 

FOOT 
Pl.ll!i 

FOOT 
PLUS 

o.ooo Tll'ltS y SOIIAF<Eil 

o.ooo Tli'IES y 'iDUARED 

o.ooo TJI'IES y hiiUI'IkED 

0.000 TlMU Y S!IUARED 



o.o41 o. o. o. 
0.1('1 1. 24. ::!~. 
0.20 "· "8· <18. o.Jo 11. 72. n. 
0.!10 27. 90, 90. 
0.70 47. 107. 107. 
1.10 9!1. 1l6. t'l6. 
t.zo 109, 142. 142. 
z.to '2417, 16!1. \65. 
5.(!(1 776. 201. 200. 

't -SF:!:: MtiiHIER Hi AT :>}.;.'!7~. Fl. 9,'10 IHI.ES 
tAT£f::AL IMFt.OW FOR R£1\rH ,., TO IS rs o.oo E:F5 Pf.R FOOT 
EOIJAf1lll<l flf.'SI;RIJIHIH tl lS Q,lOO f'UJS tl,OiltlO 1 !Kf:!'i y PLII~ o.ooo TUES y 'iOHARED 
EU'.VAl JON OF tOUF'ST Phi NT ON X-!>F.C 661.1>8 

DEPTH AREA w F'f.R TIIP WIDTH 

o.oo o. o. o. 
o.to 1· l'l'. t9. 
0.410 10. 43. 43. 
o.ao :~2. 65. 65. 
0.90 38. 68. 68. 
t.so 95. 87. 87. 
2.30 162. 106. 106· 
2.80 219. t2l5. t~4. 
3.SO 313. 1441. 143. 
41o40 450. 163. t62. 
5.40 623. 183. 182. 
5.60 661. "201. 200, 
7.30 1018. 222. 221. 

X-SEC NUKl!f.R 16 AT ~61)~!1. 1-'T • 10.6\ HILES 
LATERAL INF'LOW F'OR RE'ACH 15 TO lb JS o.oo CFS PF.R FOUl 
EOIJATlON Ot:SCR!J!:HIIt N lS 0.11)0 PlUS I). 01)1)() Tti\Eii 'I PUIS o.ooo Tll\l:'.S 'I SOIJARED 
EL.EVATlDN DF t.OWEST POINT ON x-sr.c 6111.33 

DEPTH AREA w F'f.f! TllP lllDTH 

u.oo o. o. o. 
Oo60 9. 30. 30. 
0.90 21. 417. 47. 
lo10 31. 61. 61. 
1,4(1 52. 79. 79. 
1.90 99. 108. 108. 
2.50 1:'2. 134. 134. 
3.oo ";!44. 1!)8, 1!'18. 
3.30 293. 164. 164. 
5.90 763. 199. \98. 

X-stc: NU118ER 17 AT S'i't-64. FT. 11.30 HILES 
LATERAl. INFLOW F llR RIOAl:H 16 TO 1 ., Hi (),1)() CI'S PF.R FOOT 
EQUATION liESCRIIIJNl• N JS Oo07!i PLUS o.oooo TIHES 'I' PLUS o.ooo TJI\£S y SQUt.REll 
ELEVATION OF LOUESl I"IIIN'r liN X-Sf.C M:i/,YB 

[lEPTH ARf.A u PU.: TOP WliJTH 

o.oo o. o. o. 
0.40 1. 36. 36. 
o.:so 11. 42. 42. 
1.:!.0 60. so. eo. 
1.80 10$. 102. \02. 
2-50 183. 120. 119. 
2.10 208. 131. 131. 
". 1,. ?A?. 11\"\. 1~4 
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W•IV ... ; .. #V'U• ,.·,tv• 
3.90 417. 213. 212 • ...... 617. '232. 2~J 1. 
?.50 1280. 261· 260. 

X-SEC MUKl<ER 18 Ar t.lA7'/, t'T, 1;,',06 MILES 
LAtfRAL INFLOW FOR RfAC:H I? Ttl HI JS 0.00 CF"S I'FR FIIOT 
EQUATION llESf.Rl8lMll If IS 0. QMI Pt. US l),l)l)lhl TlKt:S Y PUIS U,OOO Tli\I''.S Y SOIJAREO 
£L£VAT10M Of LOWEST POINT l'IN X-I>F:C 654.79 

DEPTH AREA w Ptlt TOP WIOTH 

o.oo o. o. o. 
o.to o. •• .... 
o."'o 27. 6'1. 64. 
lo40 63. 79. 79. 
1.~0 71. 81. 81. 
2.90 ;~oo. 104. 103. 
4.3(1 362. 12.8. 127. 
5o70 5!56. 151. 150. 
6.:?o 635. 167. 166. 
6.40 670. 19'1. 193. 
9.'/0 U:i2. 222· 220. 

X-SEr. MUKBER 19 AT 67162. r r. 1'.1,72 1111.£5 
LATERAL lHF"t.OII FOR REACH 18 TO 19 IS o.oo CF"f> PER F'OOT 
EOUATlllN Df.!'lCR llllHU H IS U .OA!S PUIS 0 ,()1)1)0 Tllif.S Y PI-liS 0.000 TIMES Y SQUARED 
ELf.VATlOH OF' LOIIF.ST F'UJHT OH X-SEC 657.28 

DEPTH AREA w PUt TllP WIOTH 

o.oo o. o. o. 
o.:so 17. 49. 49. 
lolO 54. 75. 75. 
1.30 72. too. too. 
loSO 98, 1!56. 156. 
1o70 134. l'llo t91. 
lo'IO 175, 217. 211. 
:z.oo 197. :230. :no. 
2.1!'1 221. 241' :'41. 
3.60 610. 7.78. 278. 
J.so 666, 282. 281. 
6.40 1448. 321. 320. 

X-SEC ttUI'II!ER 20 Ill' 6731:(. F'''. 17..7t. HILES 
LATERAL INFLOW FllR REACH 19 f!l ::'!0 IS 0 ,QO Ct-S Pt:R FOOT 
EQUATION DESCRI~tNG N IS 0,065 PLUS o.oooo TII'IF.S Y Pl. US 0. 000 l ftlf.S Y S!Hif\I':ED 
ELEVATION OF UlWESr f'UlNf UN X-SI.'G M'i'l, 60 

PEP1H ARf.A w PF.R TOP WliJlH 

o.oo o. o. o. 
o.1o 10, :za. 28. 
1.80 51. '17. '11. 
2.<1(1 81· 53. 53. 
2.80 t07. 79. "18. 
3.90 205. 101. 100. 
4.30 zso. 126· 1?5. 
6o30 541. 168. 166. 
6.90 646. tas. t!i3. 
7.00 665, 188. 186. 
8.oo aas. ;.'!38. 235. 
9.()0 1128. 253. 250. 

25.40 7114. 485. 480. 
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A I ! I 'It 'IVn#i, tll.l.lt "'·"' t.t.!l/0 t lll: •. t.1 t .l'll·~IJ. I.IIHI'I'o ·lllfU, .16i:t'llllt ......... 44'1'J.l. 4:t144o 
EL.E\1 617.27 4111>.90 686.(17 Mtl .. 311 t.fi!'I,Ot. 614.5:!1 1\8(1.:1':\ ''"·"It ,,,06 o\75. Jl2 673.31 "'' ,,, 471.57 

liEI"TH ;~. '" iloOCI ;;!,59 :!,72 9.96 .... 6:5 ~.33 s.ot a.ee 7.14 2.67 9.41 1,,01 
DI!II:HARGE 356.90 356,1)4 3!17.0:) 357.:.>7 360.62 ;tt,;t. 'Ill J6R.0:4 an.u 37!'1.04 376.:11 379.::!2 381.:?2 311.41 

VEUlCtT"r t.a:z Oo74 1),86 t .os • 0.33 o.3o Oo97 Oo48 0.11 O,J:z 0,92 0.34 •••• . 
XSH~ J4 15 16 11 ' 18 19 20 
X Ill o\IH7Q, !5:.!;;!7;;!, :161);!1, !'1'166'1. /d/,77. 1,7ilo<!, 67l73. 
ELFV 669.07 667.6'2 1>6So6L 663.'1'1. l>t.:\,:>1 61..\.0:1' 663.00 

DEPTH :J,78 !i,94 'lo27 !'1.73 Bo42 !'1.74 ft. 40 
lltt::r:HARGE 382.9'2 384.34 3115.0:1 5114. ~:'i ,.,3.67 !143.90 !54Jd7 

VF.I.IIClTY Oo69' 0.153 1),82 0,64 o.so Oo43 o.s5 

Tl"E ., 32, HOURS 
XSH 1 2 3 4 5 6 7 B 9 10 II 12 u 
XII l 1), _,Ot.t.. 6US, 11237. t l.ll)l!. tll5.l:!. <!'IUO, ~HA;!9, 31891;. :16!590, 41\114. 44VJJ, 4'!1 144. 
ELFV 6R7.;>9 6flll,\'l 6B6,BH 111M. :u• (1.85.0~ 694,54 t.IIO, 2:! 1>11> ·"" 1'.76.04 675.30 67~ ... , 671.67 671 .ss 

L<EPTH ~~. 93 .1. 01 ;>.60 ~.72 9.85 .... 6'1 4.32 4o98 3.86 7 .tJ ~.65 9,J9 6o0ll 
DISCHARGE 363.80 361.30 360.5'1 360.18 360.86 :11'.1.02 311;..6/, 31\6.67 368.95 370.29 373.23 37:">.98 376.1.0 

VEI.IIClTY 1.83 !),75 o.B6 t.05 0.33 0.29 0.9'7 Oo47 0.71 Oo31 o,9l 0.33 •••• 
xsrr. "' 15 l6 17 IB 19 20 
XI ll 1Hll71)o 5.127).. ~6021. :l'>'66'1. t.:,~on. 67t6:>. 117.173. 
Eli'V 669.00 t-117,1,0 66:;.61 663.'13 ...... ~.?:.! (lf,;1,02 663o00 

DEPTH ;!.76 !i.9'1 4.27 ~.7::i "t.-43 !;.74 1':1·40 
DISCHARGE :378.41 380,94 3112.4:\ MH,bO 550.94 551.09 !550·23 
VF.:t.ur:nv 0.69 Otli2 0.82 1).65 0.51 0.44 O.lS6 

TillE " 34, HOURS 
XSF.C 1 2 3 4 5 6 7 8 9 10 11 12 13 

.... X<Il 1), 4<)116. 612:j, H2:1/, t:n•!t.. 19:>;13. ~41 :10. :.!8929. llll91, :u\'590. 4111'14. 449'33. 45144 • 
0'> ELF.V bR7.33 686.93 6116.9(1 6Rft,40 61\:5.07 684.55 68(1, :.11 676,64 67(1..03 675,,9 67'!>.:!7 671.64 671,52 .... Df.I"TH :i.97 :!.03 -~. 62 ?..74 9.87 6.65 ... 31 4.96 3.9'1 7.12 2.63 9'.36 6.02 

DIS!;HARGE 317.90 369.77 Mfl.19 367.12 Jt.!i.U 362.25 36loU'I 363.13 364.44 365.30 367 tlSfl 370.4{, 370.S6 
lif.UICtTY 1.84 1),76 4),88 1.06 I),J4 Oo29 0.97 0.47 0.70 o.3t 0.91 0.33 o.aa 

xsrc 14 15 16 17 19 19 20 
X!ll 4H'I71), 5:>;.'7'1., 5f>Q}1, 5'/1,1>1. 1,.'.1,77. 1,7\62. 67373. 
Elf.V 6t.a.9'7 6f>1,S1 66:'>.60 t.6:4. l-1 bt..l.22 6.t.J,(l2 66'J,OO 

DF:PHI ~4. 73 :>.89 4.27 !),76 1).43 5.74 1).40 
lliSf.HARGE 373.08 376.2:'. n&.:n 557.116 557.11 5:17.:!3 5~6.51 

VEUlf.HY 0.69 0,52 0.81 (),65 o. !!1 0.45 llo:'i7 

T Il'lf. • J6, HOURS 
XSF.r. 1 2 3 " 5: 6 7 8 9 10 ll 12 13 
X! 1l 1), 'l<ll>f>. 61.:!h. lf~!.n. 1 ~.11)(,. lll:i:l:i. :.!41:10. ;'fll'l?.9. 31991, 3"-'!'190. 4t194. 44'l'JJ. 45144, 
ELFV 687.39 68b.97 6flb.9'1 6fl6.44 685.10 6R4 .~.a 6H(l,:/2 (1.71>.63 676.02 675.29 673.;"6 671.62 671.50 

[IF.PTH '1.03 .~ .07 1..66 :;>,78 9o90 llo68 4.32 4.96 :So84 7.12 2.61 9,JJ 6.00 
DISr;HARGE 399.20 387.69 3R4.91 382.9'9 J76. 9;\ 369'.9'(1 364o66 363.62 363.44 363.33 364.01!' 366.:;>6 J#-6.18 
VE:I.lll~ tTY t.8::; 0.79' 1),90 1.07 0.35 Oo30 0.97 Q,47 0.70 Oo31 0.91 o.33 0,87 

XSF.C 14 15 16 17 19 19 20 
X!ll 411'174!, 5~!~~72. :l60;'1. :lV.I\64. t.Jio77. 6716?.. 67373. 
ELFV 61,(1,94 667.54 665. !'\'/ 6t.3.i'S tf..6:l. ~~! 663.0:;> (.63.00 

llEF'TH :~. 70 s.s6 4.~6 !'1.77 A.44 !').74 llo 40 
DISf.HARGE 369.33 371.45 J73.~;1 :"(1.;>,99 5~2.4/ 56.-.'[.fl r.u. 93 

VELtiCITY 1),68 0.!12 o.eo 1),66 0.52 0.45 0.57 

TIItf. • 39, HOURS 
XS£C 1 2 3 4 5 6 7 8 ' 10 t1 12 13 
X I II I)' 1n116. I. t ~f~) I 9:!1'/, t:f.IQ6. 1H5.1J, ~'1UI), ;!111\129. ;na'l't. 36590. 4111'14. 44933. 45144. 
ELFV 697.'14 697.03 M17,00 686.50 6A~,Jii 6fi'I.M 6RO.::!:'I t.7io.6'!t 1>76,04 675.30 673.26 671.61 671.49 

ltEPlH 4.08 J.ll :lo72 ,.84 9.96 6. 71 4.35 4.98 3.85 7.13 1o6l 9.32 !So99 
DU.tHARGE 417.20 40io.35 403.40 401.~1 3'12.6(1 ~11.2.99' 374.44 3119'.~0 31'.7.34 366.00 364.41'. 36~.06 364.76 

VEUlCtH' t .86 o.u 1),93 t ,09 1).36 0.31 ().98 0.48 0,71 0.31 0.91 0.33 0.87 



TUtF: " 0. HOURS 
KSEC ' 2 3 4 5 6 1 8 ., lO II l2 u 
X Ill 1}, ~Oit6. 6\;>S, tt:>:17. LUOI\, UiS.U, :>4 131). ?.H11:!9. 31R91, :16~90, 41 tB4. 44933. 45144. 
ElEIJ 686. 6~ 6AA.S2 6€'6.41 r.a .... :n 6114.94 1>1'1~.'19 679.79 A76.~UI 1>75o24 4174.38 677.6~ 671.57 671,'.$1 

[lfPTH .\. ~' ;>.62 ~·. 19 ;~.55 9.H .... 39 1.99 4.71 :t.06 6.21 2o00 9.29 6,01 
DISCHARGE 3!15,00 31<!..00 ~115.00 ~115.(10 lfl:'i,OO 311:>.00 3Hl'i .C>h :ut:-i. ou 38!'1.00 38:'i.OO 385.0(1 385,00 385.00 

VEl.Ut:tTY .~. 18 1),92 1.09 l '26 0.36 0.34 1.49 0.55 1.06 0.39 lo50 0.35 o.tt 

XSFC 14 Hi 16 17 18 19 20 
X Ill 4lH71), 5~!~ ,~,. St.O:>t. :>Yi>o'!o\, 1>:\1.77. l,]\1\'l, 6]:.73. 
ELFIJ 61>11.9?. 1'1>7.43 116~.37 663.67 6113.;>() ... ,.:!.01 663.00 

DE f>l H :!.68 :>.7'5 1.04 !'io64 9.42 !'l.74 11.40 
DltlrHARGE 38'5,00 3Rl'i.llh 385.00 51Ud)(l Mo.oo :'\<1(1,()() :'\40.00 

VF.t.nr. t n 0,7;:> 1),'56 <),90 0.66 0.50 (),4] 1),55 

TI"F • 24. HOURS 
XSEC 1 2 3 4 5 6 7 9 9 10 ·u 12 13 
X(J) I)' 41)61\. 612:-it 8•':17. l3.10A, 185:\:i. ?.41 :\ll. ?,118~9. 31891. 36590. 4tt84, 44933, 45144. 
ELE\1 687.31 686.~7 t.f16,94 6tlb.46 6fl:'i,t!o l-114.60 6RO.?.B fo7A.13 67b.! 1 675.35 673.34 6]1.72 671.60 

[lff'TH 
·'· 95 3.07 :>.66 '2.80 9.95 l>o70 4.38 5.06 3.92 7.17 2.69 9.43 6.10 

DISCHARGE Jn.oo 379.95 31H.I7 Jlll.fll\ 383.21- 384.74 ;iH!';, 91 JHA,l\3 3fl6 .1~0 387.':\5 3fl7.91'\o 397.39 387.6l 
VF:l.!H':ll't 1 .a .. 1),77 1),99 1 .06 o.J'.S 0. 31 1).98 0,49 0.72 0.33 0.92 0.34 0.89 

XSF.C 14 15 16 17 tB l'i' '0 
XIII -11'1'171), ~2.'1". ~ht);!l· !'IYI>M. 1!3677. 1>7U2. A'l'J73. 
El.£V 669.03 667,61 1-6:'·.59 663.?0 6113.2(1 ... (,J,(I~ ... 63.00 

[IEF'TH .i. 79 :i. '1l 1.26 ~. 7:! 1'1. 42 '5..74 ~'~· ~() 
DISCHARGE 38bo60 394.55 392.82 536,YH 5;i .... !'1:! 5JA,b4 535.98 

IJU.111:1TY 0.70 o,SJ 1),82 0,64 0.49 Q.43 0,55 .... 
0'\ u~tr • 26. HOURS 
N XSEC 1 2 3 4 5 6 7 9 9 10 11 t2 13 

X<U 1), 41),\A, 61'ni. 11:~.r1. 1J;i06. li!:~i'.\3. )."Lillo :7.118;7.9. 3HI91, lo!o$90. 41\84. 44933. 45144. 
ELEV 687.28 bBI\,93 1\RI-,91 (,fib.~:;> 61'15.!2 684.58 bflO, ;~7 ,, .... 73 A76 .I 0 1'\7'5.34 673.34 1171.72 671.60 

l>EPTH -~. 9~ ,i. 03 :.!.63 :.'.76 9.9::! 6.68 4.37 5.05 1.91 7.17 2.69 9.43 I> .tO 
DUrHARGE 360.30 31-5.97 3b7oR7 =~"". 1 ;;> 373.44 371'1.1 1 :Ui?.t!'i JH'I,;!'I ~fl'5.14 385.97 386.11<1 387.00 387.18 
vum: t TY loQ3 1),7!5 1),87 t .05 0.3'1 0.30 0.98 1).49 o, 72 0.32 0.92 0.34 0.89 

XSFC 14 15 16 17 18 19 70 
)(( ll olll17t), ~:.!;'7~. ~t.o:•t, ~""""· 1>.\1>77. 1>1\1>:>. A731J, 
ELfV 669.04 t.b1,A:?. 61-l'\.60 b63.71 66,\.21 A6:o..oz ~-~~~.00 

I•Ef'TH J,79 :;.94 4.27 'L 73 11,42 "J.74 !1. 40 
DJ!'rt.fARGE 386.99 386.19 38!\,1\4 5'10, o:1 5:~9 .!H s:w.B" 5:!9. ~·3 

V(UlCtTY 1),70 ().53 o.e::- 0.64 0.50 0.43 o.ss 

Tl"f.: .. 28. HOURS 
XSEC 1 2 3 4 5 6 7 8 9 10 11 12 13 
XC I l !), 41) ..... ,. "1 ;·~. HJ.i(], tJ.\1)6. J 1151:1. .~'II :It), 21lll?'i. :S1R9t, :Jb:'i90. 41184. 44931. 451114. 
ELEV 687.'17 6fll>. 111 ... 11/..FIR I>Rh .:19 6H!I.o<t 684.56 llli0.2~ 1\li>.'Jt b7/.,0il 1>7:>.33 b73.J:\ 671.71 671.59 

liEf' TH ;~.9t .1.01 .... 1>0 ~~. 73 9.99 11.66 1.35 '),0] ~.90 7.16 2.68 9.42 6.09 
DISCHARGE 3'!\'5.70 J59.~'S lb0.411 3111, 2A J6S.77 37(1.5\1 :nS.'IO ~79.1:7 31H ,03 387..13 :?oftJ,99 3B'S.03 38'5.24 

VF.:Ult:tll' 1. 82 1),74 1}.96 t .05 0.34 0.30 0.98 0.48 0.72 0.32 Oo92 0.34 0.89 

xsrr. I 'I 15 16 17 18 19 '0 
lct II '1>1'171), '!J'l?.l'J. 561lil. !IIIItH. ... ... 1,77. 1171.',;>, 1.7.173. 
ElfiJ 6<!-9.03 ""7 • t.:l Mi:0.61 663.:11 ... 11;1. 21 M.:~.Q2 1>113.00 

Dl'.:f'TH ·'· 79 !';.94 4.27 ').73 11.42 s.7'1 Ho40 
DISCHARGE 3B'!I.fl3 386.03 391>,01 540.<t9 !>40,9-1 :'>4(1.9!1 540.R6' 

VF.I ur.n 'f t),69 o.s3 u.a:z (),64 o.so 0.43 o.5~i 

Tl ltf. • JO, HOliRS 
xsrr 1 2 l 4 ~ ;:. 'f n .. 



.... 
"' l..r,) 

XSfC 
)(( 1) 

ELf II 
llEP'fH 

DUCHAF>GE 
11Elllf.1TY 

Tl"f • 40. 
XSEC 
)((]) 

nrv 
(lEf'lH 

PlllrHARGE 
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TIMFr • 41• HOURI 
XSEC 1 2 3 4 !I 6 7 • 9 10 lt 12 13 
XU) 1), 40A6, 11\?.li. 1'1231. 1:\.4011. Hl~i.IJ, :1. '1\ ;14). 2118~9. lHI91, 36'590. 411114. 44933. 45144. 
EL£1J i-S9o94 688.94 t.a9.7H 6811.1111 6117.2;! 60:'io73 691 ... ~ t.71,(1A 616.97 67~.119 673.1'1!'> 6n.24 672ol1 

llEPTH ~.sa Jj,94 4.50 4.tt?. 12.02 7.93 !I.JJ 1.1.18 4.79 7.70 J.20 9.95 6.61 
DISCHARGE 123:!.00 1189.47 UfiK,O:i ll~:l.411 1~42.99 982.07 avo.:;>;~ 760.38 697.~1 Ml ,a:! ,, .:SI 517.!18 512 ... 
Uf.lii~ITY :l,,lJ t .:n \.45 1.32 o, 67' 1),59 \.22 0.71 Oo98 0.49 t.os 0.42 ()," 

XSEC J4 HI 16 17 18 19 20 
xtll 411oll71), 5227:.!. :lfiO:!lo !1\1/iM, 6.1677. 67162. 67373. 
ELEV 669.31! lofo'lo 71 66to.OS 6t.4.4~ 6(,:1,9:1 663.62 663.60 

DEPTH 4.13 ft.09 '1.71 6.46 9.04 6.34 9.00 
DISCHARGE 479.30 450.82 427.~8 £!01>,24 736.14 b46.:19 61>'1. 79 

VEUltlTY u.7a 0.59 o.78 0.79 0.61 0.45 o.:~9 

Tlflf. • 50, HOURS 
XSEC 1 2 3 4 5 6 7 8 9 10 11 12 u 
X<ll 4), 41)1\6. 6l~!i. al:t'l. t:JJ06. lll"5:u. :1H:l•), ~$1A29. 311!91. :16590. 41184. 44933. 45144. 
Elf \I 691'1.91 688.95 Allfi,'l'O 6Hf1,6!. 697.4'1 6~:'i.79 61H,50 678.40 677.46 676.27 t-74.37 67?..81'1 672.75 

DEPTH ~.45 :'ioO!'i 'lo62 4.99 12.24 7.89 !$o60 6o72 ~.27 8.to 3.72 10.59 7.:z5 
DISCHARGE 1143.00 11!\l.t- ... 11~1-. J7 3146.40 1102.89 10IM.ll5 10'19.17 96".1.15 915.20 lt59.~3 7R5,l5 707.08 697.71 

IJELllCtTY 2.10 1.14 1.35 t.25 0.69 0.64 \.26 o.eo 1.11 0.62 1.16 o.:u 1.10 

XSEC 14 15 16 11 19 19 20 
XC 1) 4lH/O, snn. :il\4):/.t. :'l'i6Ao1, "'"""· 1.716:1. 67373. 
EI.E\1 669o9:'i 6AH.~1 666.50 665,00 664.4:! t-64.22 664.::>0 

DEPTH 4.71 J,,5J :),16 7.02 9.61 6.94 9.60 
Dtsf;HARGE 630.06 56:>.01 SJI,fH 931>.~0 849.19 761..:!:?. 7Hit,f,1 

IIEUitlTY 0.87 0.66 o.sl 0.81 0.63 0.47 0.51! 

Tlftl' "' 52. HOURS .... 
XSF.C 1 2 3 4 5 6 1 8 9 10 11 12 13 "' ~ Xlll 0). 4t)lt6. 1>12:1. a'.':n. 1 ~-~06. Ht5.\:s. :1.'\lJO, 2111!29. 3UI9l. 36590. 41184. 44933. 4::1144. 
ELEV 688.62 688.82 6~9.7'1 6fJH.~~ 61'17.~9 68~.7::! l>fll. 60 679.69 677.76 671>.55 1>74.81 673.47 673.34 

toEF"lH :;,;zt. 11.92 4.49 4.117 12. 19 7.82 5o70 7.02 ~.57 8.38 4,17 t1. 19 7.84 
lHSCHARGE 11l08o00 1031 ,5(1 to:s9.7o 1050,96 1066.99 108:'i.~:> 109'0.62 10~4.6~ l!IJS,Sfl I 001.18 9'57.19 981.91 883.80 

UEl.IICtTY ..!.04 1.07 t.29 t .19 0.67 0.6:l \o26 0.82 1o16 0.69 1.21 o.sa 1.19 

XSEC 14 l:l 16 17 18 19 20 
X ( 1) 1H4JQ, !)?,~?;!. ~bO:.!l, l'iY11 ... 4, 6Mo77o b?U?.. ft7J7J, 
ELEV 670.6~ 66ti .fl!l 1>67.11 665,56 6t.4.90 664.62 61>4.60 

DEPTH ~.40 7.:;!0 ~.79 7.:'17 !0.11 7.34 10,00 
DISCHARGE 819.46 731 .39 1\~9.!U 11~1.76 1087.6fl IOJ:I>,90 1042.70 

IIEI.IlC I TY 1),96 o.73 (),89 0,89 o. 7:5 0.59 o.1o 

TlltF • 54, HOURS 
XSEC 1 2 3 .. s 6 7 8 9 10 11 l2 1l 
)(( ll I)' illll/o, U2S, 8<1J'l. l:l.11)6. lll!'i.i3. <'4130. ?.HB:-'9, :JtR91, 36590. 41194. 44933. 451411. 
ELfV 698.31 688·1>~ I>Hfi.5H 699.~4 697.;'!4 685 old I>HI.~II 679.76 677.95 6'llo.66 61'r..07 6n.s~ 673.72 

I•Ef'TH 4.9'5 11.73 4.30 4.611 1:0.04 7o7l 5o6B 7.09 ~.66 9.49 .-.42 11.56 1:1.22 
DIS(;HARGE e:u. 80 91 9.!'16 931>.4H 961.41'1 1005.32 10311.00 1(1(,1. 76 101\I.~:S 1(1,0,1. 07 1049.45 1035.70 91.19.(15 996.$7 

IJEUIC:ITY 2.00 1,02 I, 2':1 1.15 0.65 0.64 t. 23 0.81 1.11 0.71 1.21 0.62 1.23 

xsrc 14 15 16 17 18 19 20 
)((1) .11114}1), !"j,.,"' ... ~7.,. :tl>n~•t • !\'116114. "J,I,C,77, 1>1\b?, b7173. 
EL£1J 671 "7 1\69.19 667.6] 66!1.9'4 f.lt~.;t(l 664.~3 1> ... 4.80 

DEPTH !1.93 ?.81 1..~9 ?.u. 10.42 7.!'\"t 14), 20 
DISCHARGE 9S5.25 997..47 El:\6. 6:1 1H6.99 131fl.72 1336.!1?. I J(J9 ,17 

UEltltiTY o.99 1),79 1.00 0.96 0.87 0.74 o.94 

Tlltt: • 56. HOURS 
XSEC 1 2 3 4 5 6 7 8 ' 10 II 12 13 
)I (II ... ... , ... "'· /ol:'!'J. tti:u. IJ:i<l6, JII~;H. :.041:10, }tiR;>9, l1A91, :u~'lo, 4\ liU, 44'lJ3 • 45144. 
F.l[V 688>12 6Ak.:i1 IIRR,JI l>Rfl.o,. 6flllo9H 6R~o47 IIIII, 4\1 678,6R 1>17.811 f>'16.1o!'> 1>1'!"•. 14 67J.t9 67:r: 17 

PEPTH 4.76 4.47 •• OJ 4.40 l\.78 7.'57 ~.59 7.C:H :"i,61 A.47 4.!10 1 I ,70 ~.J7 



lllSI:HAkGE 774.00 8011,44 1'121 ..... , R!'l4ol'-l 914.61J 9!'1A,41 992.:i4 1014.1.7 10:.1!'1.17 1031.49 t03fldf 1071.,(./< IOJ1,77 
vnor. t n "'' a.oo lo26 \.12 Oo61 o.u l o20 0.79 lol4 0.70 ... , 0.63 lo21 

XSEC 14 15 l6 17 18 19 20 
)(( t) 11H7tl. l'>·nn. :ilol):_ll' l'iY6A~. ... ..... 77. 6716?.. fo7:J73. 
ELfU 671.44 669,EIJ 667,911 66/..011 61.'5.27 664.93 I\A4of!O 

(IEf'TH "·20 "·14 fooS4 1'1.10 10.49 7.!'>6 10.20 
DSSr.HI\IHiE 1011.62 tEll .o1 9'5'5o3:'i 1447.13 14:.9.65 1442.65 1437.04 

VEI.Ilf:ITY 1. 00 o.st 1.07 1 .01 0.94 0.19 o.t2 

TIKf. • SB· HOURS 
KSfC 1 2 3 4 5 6 7 8 9 10 II 12 13 
)((I) I)' 40AII, At:,l:l, 1!?.37. l 3:\0A, 11153.1. ;, '11:!0. ?.IIR?.t, 11891. J65?0. 4\184. 4493J. 45144. 
ELEV 668.11 688,17 61'1R. u 687.83 69bo74 69:'io3J. 61!1.37 679.5?. 1>71.61. (li't .. '54 61'5 d)fl 613.'Ho 613.84 

DEPTH '1.75 ... 27 .h83 4. 17 l t. S4 7o43 5.47 6o84 !5.47 e.36 4.43 11.67 8.14 
DISCHARGE 718.30 75t.64 79!'1.71 797.'}9 839.!'1;~ 973 .;~o 9o8 .n 9'11.56 'f~B.27 974.97 993.'11 IOOO.O!i 1004.30 
VEtil!: tTY lo96 t .03 \o28 t.tJ Oo':IB o,s7 1.16 Oo76 tolO 0.67 1.16 0.62 1.21 

ICSEC 14 1':1 16 17 18 19 20 
Xt ll otli471), 5:!::!72. :)61):/.1. :'iY6M. 1,:.677. 6716?.. 67.173. 
Elf.V 67S.-49 669.93 667.93 1166 d>l:l 66'5.27 664otlJ 6f14,f10 

llEPTH 6o24 fl.2'5 1..60 l'loi.O \0.49 ?.~l:t 11'1.20 
DISf;HARGE 1005.4:'; 1000 .!)'! 996.16 14H.68 1'1'15.77 144r..:.w 1'1 .. 5.91 

IJEI.IlCITY 0.98 Oo8l 1.10 1.01 0.95 0.79 0.92 

ll"E"' 60. HOURS 
XSEC 1 2 3 4 5 6 7 8 9 10 11 12 13 
)((I) C), 4!}61.. Al:I.S. R~:\1, lJ.IOt,, 1nr.;1:i. 2'1\ ;\c). 2111'1;1,9. l1991. :16590. 41184. 44933. '15144. 
ELEV 688.01 61:1R,(I~ 6fi7.9E. 687.6!'1 61:16.54 t.llS,;>J. 681.25 67A.3J 617.119 676.39 674.94 673.92 673.70 

DF.f'TH '1.68 '1.12 J.68 :s .v9 t t. 34 7.33 l'ioJS 6.66 5.30 9.22 4.29 t 1. 53 8.20 
.... DISCHARGE 6i<5.40 71~.13 737.:'19 73flo40 779.<111 B06.33 835,65 8AH.b1 fll15.to4 906.02 9?.9,HI 947ofl0 950.22 
a- Vf.l.OI;l TY t .94 1 .os t.25 t olJ 0.56 0.54 t.14 Oo73 t .07 Oo64 1.13 o.~.o loll 

""" XSEC I 'I 15 16 17 18 19 70 
)((l) "'fl'l]l), ~~~7~~. 5AO:!lo ~;"'""'". 1>!1>77. 6?\62. (,J:\73. 

ELEV 671.39 669.89 667.fll> 661..00 665.2'1 66"',8:1 664.90 
DEF·TH A.l:i H,l\l .... 52 1!..1)1 10.45 ],')~ 10.20 

DISCHARGE 962.24 97?..73 981.63 lJ?:.\,:>5 Ul-l:i.Ofi 1:!79. 01'1 1385.67 
VEI.JlCITY 0,96 0.80 t .11 0.97 0.91 0.76 o.8a 

Tlt!f • 62. HOURS 
XSEC 1 2 3 4 5 6 7 8 9 10 l1 12 13 
X<Il c), 1!}A6o "t:>:l. 8~1 17. t:uor.. tB:Ll3, <~1LW. 288?.'1. llll91. 36590. 41184. 44933. 45144. 
ELEV 687.91> 6B7.fl<il 687.1'14 697.~1 6f!6,U 1\.R:'i o16 6fl1.15 611!.11\ 677.32 676.:>4 674.7fl 673.64 673.$2 

DEPTH 4.62 .!.99 :1.56 :! ,fl:i l 1. 17 7.26 So25 6.48 !5.14 a.o1 4.13 u.Js 1'1.02 
DISCHARGE 6~'1.30 679.05 696.21· 6t7.03 n:o.ta 751.45 175.15 (1(15 ,., fl:t0.5!'1 839.97 962.77 81'15.98 887.11 

VEUIC IT\' t .93 1o06 t. 22 t.l4 0.53 0.51 1 .u 0.70 \.03 0.61 lolO 0.57 \.14 

XSEC 14 lS 16 17 18 19 20 
)((l) 111170. !'inn. 560;tl. l>'ihl>4. ..,367?. 671..,2. 67173. 
EU'\1 671.<?3 669.74 661.73 665.90 665.19 1-64. f!;4 6il4d~O 

DEPTH !').9B 1'1.06 .., • 40 ,,.,., 10.40 7.~') 10.20 
DIHC'HARGE 904.03 97?..10 f37.06 129o,n; 1300.51> 1:.!95.70 1302.90 
VEI.IIf;ITY o.9J o.78 t.09 0.93 o.e6 0.71 0.83 

TUI£ " 64. HOURS 
XSEC 1 2 3 4 s 6 7 8 9 10 It 12 13 
)(.( ll o. .,., ... ,, lollS. tt?:IJ. 11:\C)I,, 18l'J.n, :•4 t ;\I). ;tflfi:>V, 11891. 3Ml90, 4111'14. 44933. 45144, 
ELf;\/ 687.94 6B7 • 79 6117.74 68?.39 6Rb.~:\ 6!15 oiO 6111.0/> f,71!.(tl 1>77 .J fj 676. 11 674.6l 673.45 613.33 

I•Ef·Tti 1.~8 .1.89 ;1. 46 :\ .. /.i Jl,Ol :1.20 ~.16 .... 3J 11.99 7.94 lo97 11.U 7.83 
lliSC'HA~GE 63i!o40 6!'1:1.20 660oBB 6t.l.64 6!18.51 ?OS. 71 12t-..,0 751.56 7M'i.06 7!11.70 fl(l2.~0 9?.5.63 826.21 

VEUU:tTY 1.92 t .os 1.19 t .14 o.s2 0,49 \.09 0.68 t.oo o.s8 1.08 0.55 1.12 

xsrc 14 15 16 ll' 18 " 20 
)(( 1) 41''171), 5~!, 7'.l. ~hi);.! I. 1\Vf>.<,-t. .-,.IJ,77, ..,111>2. l\7l?J. -(LF:V 671.04 669.!'>1> 6t!o7,!r.ll 665.?9 66!'•.1" />,_4,B~ t.64.PO 



llt.t'IH ~.IV i'o88 ltt25 7.8t tO,J6 ?.~, tOo20 
!tUCHARGE 844.U 8!1.4.90 1181.63 1209.11~ 1:'1!'1.44 1:.011.12 t~u.os 

UEI.OI':l'JY 1),90 1),75 \,06 0.89 0.81 o.t.? Oo?8 

TI"F. • 66, HOURS 
XSEC l .2 J .. 5 6 7 8 ' 10 11 l2 lJ 
l!l I II 1), 4<)116. t.l ;>!'i, .. ~:41. ' U:lObo l!~l'i:n, ~41;10. .l.IU129, J1R9l, 16!'190. 41 to.. 44933. 4~1144. 
ElfV 687o9J i-R7,7J 697.61'1 61'17.~1 6R6d7 6815.06 6RO, 9Y 611,1'17 677.0/. 611'.01 674o4R "'~·'' 613.16 

l•E I"TH 1.55 a.83 l.40 :1. l'!i !0.92 7ol6 5.09 6.20 4.87 7,BJ 3.83 10.99 ,,,. 
DISCHARGE 619.90 634,'H 438.4(!1 6;:\9 .J 4 6!'1£1.49 670.~5 ,.., .... 42 707.47 ?J8.911 732.39 750.14 771.50 nt." 

VElOCITY 1.91 I, OJ 1.17 1 .14 o.so 0.47 1.08 0.66 0.98 o.:s5 l .06 o.s3 loOf 

XSEr. 14 15 16 l1 18 19 ;>O 
)(( tl 4R1170. !'~·~?.??., :-i61);.! l. !'J91,M, ,,....,77. 47lb'2. h7:'173. 
EtEV 670.85 669.;!;9 6t-?.44 665· 71 61>:'1.11 664,1f::O 664.110 

r•Ef'TH s .... o 7.71 6 .tl 7. ;~:~ 10.32 7.~5 t0.20 
PIS\.HARGE 788.91 809.46 926.04 u:l9.t"' Jl44.97 t140, IS 114~.91 

VELOCITY o.8o o.n l.OJ 0.85 0,71 0.63 o.7J 

Tlltf. • 68• HOURS 
XSEC 1 2 3 4 s 6 7 8 ., 10 11 12 IJ 
XI I) 1), 40t.6. lot:.!!>. 111:17. 1:\.l06. 1 Q:);~:i. .'4t.lf). 211929. 3\891 • lo'l590. 41184. 44933. 45144. 
ELEV 687·91 «'-~7.69 687.64 697',76 6HI',O':'i 685.04 690.•14 ~tn.n 676.96 /.75.92 674.~~ /i.73.J2 613.00 

DEF'TH -1.55 :\,79 .1. 36 :t. 61) 10.85 7.14 5.04 6.09 4.?7 ?.74 3.71 IO,Sl ?.50 
DISCHARGE 616.70 622.60 624.44 624.91 637.71 64:'\,;'!J 6\'iC\.,~iR 673.16 682.2?. 1>92.60 707.13 725.55 725.61 

VEUU;ny \. 91 1 .02 1.16 1.14 0.49 0.46 t. 06 0.64 0.96 0.53 1.05 0.51 1.07 

XSEC 14 1S 16 17 18 19 20 
)((f) 48471). 52<~7~. ::i/oll2t. ':'i'i,0,64. 6:1677. 67162. 67:HJ, 
ELEV 670.67 669.22 66?.32 665.6J 6/oS,Oif /o/o4.82 6 ... 4.80 

[IEPTH 5.4J 7.54 5.98 7.Mi 10.29 ?."14 tU.20 
DISCHARGE 740.96 759.85 77!'., JS 1<175. 4~ 101!0,:>1 1 ou.. 14 J0R0,78 - VEI.OI:tTY 0.86 0.71 0.9'1 0.82 0.?3 0.59 0.69 0'\ 

0'\ 
Tlnf: " 10, HOURS 

XSEC 1 2 3 .. 5 6 7 9 9 10 11 12 13 
X Ill <), '\1}1>1>. 61 ~!!i. ll2:il. ~~.!on. ll!:iJ:~. 24 1.11). 2H929. l1R91, :'16";90. 4tlll4. 44933. 45144. 
ElEV 687.91 697.6!1 687.63 697.?.'1 6f!I.,OJ 685.03 6HO, 9<• 6i'?,6Y 676.89 675.96 614o:i!fo 671.99 672.88 

[lEf'lH 4o55 :1 o7B :~. 35 ~'. ~.~ l0.8l 7.13 !5.00 I,. 01 4.70 7.69 3.61 10.71 7.39 
lllSCHAFlGF 619.80 621.15 62?.16 1>27.40 628.34 6:l>Oo17 6:11•.94 649.03 655.3fl 662.71 t-73.72 689.69 698.67 
vE.t.or:nr 1·9~ 1 ,OJ 1.16 1.15 0.49 0.45 t .06 0.63 0.94 0.51 1 .04 0.49 t.os 

XSEC 14 15 16 17 19 19 20 
X< tJ 4H'I/O, !';;}.;!]}., ~6o·u. !'iYhlt4. 63677. 67U2, 67373. 
ElE\1 670.53 669.07 6t-7.20 665.~7 t-11!'-.o:-. 61>4.112 664.80 

DEf'TH ~.29 7.39 5,97 7,!-tR t0.26 7."i4 t0.20 
DISCHARGE 701.5?. 111.91 731.77 l01Ro43 1 0? 1. 94 )011•.37 1022.;'0 
VElOI';I TY o.s1 0.69 0.97 0.79 0.69 0.56 tl.6S 

nn£ • 72, HOURS 
XSEC 1 2 3 4 5 6 7 9 9 10 l1 12 13 
)(( J) o. 41)111>. Ill.'~. !l~.n. 13.iOI>o IR:'\3;\, ;~4 LIO, 2Ra:•9. :'111191. l.r.S9o. 4t 11'14. 44933. 45144· 
ELEV 697.91 68'/.t-7 687.62 bB7.23 6flt>.OO 6B~.o~ t.HO.Afi 617 .... 4 1'7b.83 b75. 91 i-74.19 672.119 671.78 

DEF·TH .,.~s 3,77 :!.34 :l.~7 10.90 7.13 4.98 !';,96 4.65 7.64 3.54 10.61 7.28 
IH!'f;HAR!\E 619.80 620.7fl 6:?1.0:? 6::>!.11 62l.:i0 1'23.i>7 6'lho3/ 6JJ,HO 637.fll 1>4::>.;n 649.87 661.22 661.03 

VF..I.III'; t lY t.91 t, OJ 1.16 1.15 0. '1'1 Oo44 l. 05 0.63 0.93 0.50 1·03 0.48 t.o:s 

XSEC 14 15 16 17 18 19 ;oo 
X Ill -.Hnn. r.:~;-7~. :-it.ll,'l. SYIII>il, ~>Hn. I,Jll,;>, 1,7:'173. 
E:LEV 670o40 i-1'~!<.94 667.1() bit.'!..!');~ f./o!'j,(l.\ C\.11~ ,R;> U.4.110 

[•Ef·TH "lol6 7.u, 'io71 7.:-t'l 10.~5 7. *'~4 lll.20 
DISCHAFIGf 67t.n 686.00 697.n Y7fl,1'7 9111. 10 971'1.37 9Rl .J 9 

\/[I 01;1 lY Q,SJ 1),68 1),94 0.76 0.67 o,54 Oo6J 

Tl"r • 74. HOURS 
XSEC l 1 3 4 5 6 7 Fl 9 10 11 12 u 



xtll I)' .o!Oioll, 614'!1, H"7.,,7. 1:\.ll)<\. llltl.l.~. J•U;tl), lltll .. 9, :\tlt91. l~!\90. Ulll4, 449:13, 45144. 
£Ltll 687.90 687.66 687.61 ""'·'' 685.99 1>11~.04 6HO,fl"l ,.,,,., 671>.81 H'5.79 674.14 67::l.82 671..71 

llEI'lll 4.'54 ,\, 76 :t,J3 J.:s ... !.0.79 ?.14 4.97 ~.93 4.62 ?,U 3.49 10.:54 7.:u 
IIUC.t!AR6£ 613.70 617.79 6JA,4t. 618.:11 620.00 610,04 6::1.;.\.l 6~5.41 677.66 1130.03 634.54 647.~J 64~ .... 

VF.IOr.tlY I, 91 1. 02 1.16 \ol'5 0.48 0.44 t. 05 Oo62 0,92 0,49 lo03 0.47 1.0:1 

XSEC t4 15 u 17 18 19 20 
X ttl 4~1171), ~.':>?<!. !IMU. !1'111114. ,~ ... 77. ...71 ... 2. 117173. 
ELF II 670.31 6i>A.Rl· 667.03 l>l>:'i. 49 l>h~. 0~~ H4,AI 6M.AO 

l•Ef·TH !';.06 7. 15 !',,69 7.!'11) to.:?l 7.~4 10.20 
IU£HARGE 649.97 661 ,lUI 1>70.94 94fi.JJ 949.70 947.71 919.70 

VEI.OI:llY 0.82 !1.67 0.92 0.74 0,65 0.52 o.u 

TIME • 76, HOURS 
xsr.c 1 2 l 4 5 6 7 8 9 10 11 12 u 
)I;( ll 1), 40116. lll~:i. H?.t'l, t.\~011. J Al'i.l;i, ?.4131), 2fiA29, 311'191. 36'1'10. 41194. 44933. 45144. 
ELEV 687.8!1 687.64 687.59 lo£17.20 685.97 M~5.0:i 6HO.Rh 611.'59 676.1'9 1175.78 6 74 "1 672.11\ 672.66 

t•E F'TH 4.52 :l.H :i,Jl ~.~'\ 10.77 7.13 ... 96 5.91 4.60 1.60 3.46 10.49 7.16 
lUll;: ItA ROE 601.40 607.87 f,(l9,3l'i 609.45 61:?.8H 614.9:'> 617.21. 6:>0.07 621.:'11> 6:?2. 11 625.38 630.53 630.20 

IIEI nr.nr \.90 1 .01 ld5 I ,15 0.48 0.43 t .os 0.62 0.92 0.49 1.03 0.46 1.02 

XS£C t4 15 16 17 18 19 20 
X I tl "IIH-:'::1, !'12272. !16"'>;}1, 59M>4. ... ~,11. !>71 ... 2 • 67:J7J. 
ELEV 670.24 668.75 6M •• 91 61>5.'16 6f>!'\,()l 664.1'11 664,f10 

DEPtH 4.99 7.07 :-1.64 7olltl tO, 22 7."54 10.20 
DtsrHARGE 635.67 b44.16 /<~0.80 9'l7.75 9:7'8.7-=' 927.35 9::!8.72 

\IEI.OC ll'f 0.82 1).66 ,91 o.n o.OJ 0.51 1),59 

liiiE • 79, HOliRS 
XSFr 1 2 3 4 5 6 7 8 9 to 11 12 1l 
X< 1) 1), 406li. 61;!~. 11237. t:U06, 19"113. i!4t30. 2Hf!29, ltR9l. 36'!590. 4\\84. 44933. 45144. 

..... EL£11 687.85 687.62 687.57 1>87.17 685.9:-i i>A!i,O::> loHO.fl:'l 6-77.57 671>.78 67'5.77 674.08 671.75 67:-!.U 

"' llEf'TH 4.49 ~.72 :~.29 J.!'it to.n; 7.12 4.95 5.90 4.59 ?.59 3.44 10.46 7.1J 
~ DISCIIARGE 589.20 597 .I 5 598,78 598.96 fo(l~o9:! 1>07.47 /.11.17 614.33 bl5.9:'1 616.81 6HI,99 62;?.~3 6:?2.3:5 

VEtllr.tTY \,90 1. 00 1.13 I o14 0.47 Oo•IJ \ .os o.&2 0.91 Oo48 1.02 Oo46 t .02 

:KSEC 14 15 l6 17 18 19 20 
XIO .,11.,10. ~#!272. !11>021 • 59 ... 1>4. 67.677. 67t"l2. 67173. 
EL£V 670.19 668.69 io66,U ""~. 4:4 bt.5.00 1>64.81 1>114.1!0 

DEPTH 4.94 7.01 !'1,60 7.'1 ... \0.22 7.~4 tn. 20 
DISCHARGE 6'2.6.67 1>32.31'. 637.01 911.00 911.91 9lO.~b 911.87 

VEI.I1C1T¥ o.e2 0.66 0,90 Oo72 0.62 0.50 o.sa 

Tltlf. • 80, HOURS 
xsrc ' 2 3 4 :5 6 7 8 9 10 l1 12 13 
)( (I) t), 4066. ii125. H237, u:~o6. 19:>1:1. ?.4\ ;10, 2HA~9. 31891. 3Ml90, 41184, 44933. 45144. 
ELE\1 687.82 687.59 61\7.55 687.14 6RS,92 i>RS,Ol 690.8~ 677.55 676.76 675.76 674.07 67'1.72 672.60 

DEPTH 4.46 .l.69 3.27 ~.49 )0.72 7.11 4,93 !'ioBB 4.57 1.58 3.42 10.43 7.10 
DIStHARGE sn.oo Sl\5.42 587.20 51!7.4:1 :093.51 '!•97.96 lo02,79 6011.1!9 60R.97 610,23 612."15 6Hi.96 615.73 
uum:nv 1.90 1),99 1.12 1.14 0,47 0.43 1 .04 Oo61 0.91 0,48 1.02 0.46 1.02 

XSEC 14 15 16 17 1B 19 20 
XIII 48471), 5~212· 5110:;>1. 596114. ... 3671. ... 7\ ... 2. 67373 • 
ELF II i-70.15 661!.65 1>6i>,90 1>65.43 bll!•oOO 664.1\l 6114,RO 

DEPTH 4.90 ,<;,'17 "1.57 7 • .,4 10.21 ?.~ .. 10.20 
DISCHARGE 619.20 1>1.3.'55 627,03 991!.60 899. IS H9A,27 999.11 

VEI.OI:!TY 0.82 1),66 1),89 ". 71 0.61 o.so 0.57 

TitlE" • 82, HOURS 
XSEC l 2 l .. 5 6 1 8 9 10 11 12 13 
)((I) 1), 401>1 •• 1112:1. H?.J7, 133011. lA~J.~, 241:10. 299?.9. 31991, 36590. 4\184. 44'133. 45144. 
nrv 687.79 6fl7.56- 697,52 687 .u 1-S!'i.llll 6R4,99 680,1\2 677.52 "'"·'"' 6715.74 674.04 &72.69 672.57 

IIEf'TH 4.43 .t.66 .1.24 ~~ ... ~ to.u 7.09 4.92 ~.as 4.5::1 7.57 3.40 \Oo41 7.07 
DISCHARGE 564.80 157l.lt 575.21 151:'1. ~0 582.JB 51'17.04 592.60 597.6'\ 600.24 602.06 605,27 i-08.61 608,56 

IIEl.Uf:llY 1.90 f),98 1.11 ''"' o.46 0.42 1.04 o .. u o.to o.41 1,02 0.45 1.01 
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ELEII 687.'17 686.90 616.87 611t.,;iR 61'1!'1.06 u~.ss MIO,;:tJ 676,68 676.06 675.32 613.31 ,.,,,,, 671.57 
DEPTH l. 91 :..oo ;'.59 :>.72 9.96 ~.65 1.33 !1. 01 :l.ea 7.14 2.67 9.41 6.01 

lJ lt\1; HARG£ 356.90 356.8'4 ~l!l7.01'1 ~!17.'11 360.62 J6:•. 94 36fi,O:l 37:!.69 37!'1.04 :!176.!'1t 379.22 381.1.2 3liJ. 47 
UEtllClTV t. 82 0.?4 Q,86 t .os o.:n Oo30 (), 97 0.48 0.71 0.32 0.92 0.34 0.81 

X Sf:(: 14 15 16 17 HI 19 20 
XC 1) "1:1'170. :'1'.!27?.. :'160:!1. :'iVM>1• .... 1/177. ~71~1. 67l73 • 
EU:V 669.02 667.6",1 665,61 6f>:!,T.!. 611~.~~ 663.02 i-63.00 

l'":PTH :J, 78 ~.'14 4.27 !'!.73 a.42 !'1.74 1'1.40 
DUC:HARGE 392.92 384.34 3f15,05 544.?!'1 5113.67 MJ,t'IO !'143 .I 7 

lllti.IIC tTY Oo69 1),53 1),82 0.64 o.so o."'J o.ss 
TtMF.: • 32. HOURS 

XSFC 1 2 3 4 5 6 7 8 9 10 l1 12 13 
X!ll 1), 'l06i>. 6U!i. H;!:li'. t:uo6, lRl'.i.U, :l<tt:m. 'lllfl29. :n~91. 165'10. 41184. 44933. 45144. 
El.EV 687.29 6R6,91 61!6.81i 686,3k 1-85.05 6t'l-4o!'l4 6H0.2:1. 676.66 676.04 67!'1.30 6n:.;9 671.67 671.55 

l!Ef>TH :t. 93 .i .01 ... 60 2.72 9.85 6.64 ... 32 4.'18 3.86 7.13 2.65 9,38 6.05 
DUI{;HARG£ 363.80 361.~0 :!1/IO,!'iY 360.19 360.86 ;~.\1.(12 :46:>.66 366.67 368.85 370.?9 373,;>3 37\5.'18 376.20 

Vtl.IICtTV 1.83 I), 7!1 1),86 \ .os o,JJ Ot29 0.'17 0.47 0.71 0,31 0.91 0.33 0.88 

XSEC 14 15 16 17 18 19 20 
XU) 11U7t}, 5227<'. l)h!)~ 1. l'l'i6M. ld677, 6716?.. 67.173. 
E.LEV 669.0(1 i-67.1>0 665.61 611:1.'13 66~.27 (>63.0:?. 663.00 

DEPTH :t. 76 :it'i'l 4.27 !5.75 1!.43 "!!. 74 llo40 
DISC:HARGE. 378.41 380.94 lH2.-1:1 ~:'11.1>0 \5!'10.94 551.09 550.1.3 
uuur.n'r 1),69 Oo52 0.82 0.65 o.::a 0.44 o.s6 

TUtE " 34, HOURS 
XSEr. 1 2 3 4 5 6 1 8 9 10 l1 12 13 
XU) I) • 41>6~. 612::>' 1:!?.:!7. U3Q6, 19:>:,3. ~41.!0. ~9112'1. 311191. '31>590. 4U8'1. 44933. 4!1144. 
Elf:V lo87. :n 686,93 bllt..'l'(l 686.40 695.07 (.84.:'05 liHCI,:ll 676.64 t-76.03 67\5,;>9 t-7~.27 6.?1.64 671.52 ..... 

DF.PTH :!.97 :!, OJ :lo62 ?..74 '1.87 6.65 4.31 ... 96 3.84 7.12 2.63 9.36 6.02 a-
\C) DUt;HARGE 377.90 369.71 36R.19 367.::>2 365. t:l 3 ... 2.25 361.()4 36~L13 364.4-1 365.30 367.58 370.46 370.56 

VF.UICHY 1.84 0,?6 o.88 1.06 0.3'1 0.29 0.97 0.4? 0.70 0.31 0.91 0.33 o.es 

XSEC 14 15 16 17 28 19 20 
XI Il 4H4?0. 52?.7·<. ~60llt 5'ilt64. ""·""''· o\7162, 1>7373. 
ELF:V 668,97 667.57 665.60 6f>:~. '14 611:1.:.>2 t.t-3.02 66~.00 

llEPTM :~. 73 :i.89 4.27 l'j, 76 8.43 s.74 13o40 
DHI&HARBE 373.08 376.2:'"1 37fl.?.7 !)57.1>6 557.11 557.:.!3 :'156.51 

YUOClTY 0.69 0.52 0.81 Oo65 o.st Ot43 1),57 

Tlftf: .. 36, HOURS 
XSEC 1 2 J 4 5 6 7 8 9 10 11 12 13 
)((I) •1. """"· /il:.!lio 1'1:.>3?. 13.106. ltl~i:l:i. :14131). :lHII~9, 318'1'1. 1.1,!';'10. 4tl8'4. 44933' 45144. 
Elf:V 697.3'1 686.97 bl'l6,94 _.,Rf>,44 685.10 6fl4.:'>8 6fi0,:;>2 676.6~ 676.0:! 675.29 673.::>6 671.62 671.50 

DEPTH .... 03 ,\,07 lo66 :?..79 9,90 6.68 4.32 4.96 1o84 7ol2 '2.61 9.33 6.00 
DISCHARGE 399.20 387.1>9 JR4.!U 38:<'.99 ~76.9:~ 31>'1.?0 31>4.66 363.6?. 363.~4 363.33 36'1.08 :\66.26 366.18 

VEI.IICtTY t .as 1).79 1),90 1.07 o.Js 1).30 0.97 0.47 0.70 0.31 0.91 0.33 0.87 

XSFC 14 15 16 17 18 19 20 
X!ll "'H171), !'i:l:l.72. ~60:.>1. :'i9Mo4. (13.1,77. I>?U:l, ... 7373. 
El.EV 6118 ...... 667o::i'4 t-6:1 .l'IV 61i;:\,"/5 6113.:?.:.! 663.0:! 61>3.00 

DEPTH ;i. 70 !1.86 ... u. 5.77 8.44 !';.74 R.40 
DUCHARGE. 368.33 371.4~ 313.5:\ 'S6f.99 562.47 562.5& 561.'1'3 

YELOClTY 0.68 0.52 o.ao 0.66 0.52 0.45 o.s? 

TIMF. • 39, HOURS 
XSH 1 2 3 4 5 6 1 8 9 10 11 12 13 
X <I) Q, '\1)66. 0 t ~~:-.. R:.>11, I :i.lli/1 • 1H5.13, l.11.il)' ;!RIJ:l.9. :HR9t, :'56590. 41194. 44933. 45144. 
ELF.V 6(117.44 697.03 687.00 686.50 6R5.16 btl'\ .61 680.2~ 616.t.'5 676.04 675.30 673.26 671 .61 671.49 

DEPTH 4o08 3.13 ~.72 ?..84 9.96 6. 71 4o35 4.98 3.85 7.13 2.61 9.32 ~.99 

DISI:HARGE -417.20 -406.3!'i 403.40 401.~1 3'12.6(1 :!182.99 374.44 3 ... 9.~0 :u7.34 366.00 3t\4,46 36~.06 364.76 
V£lllClTY 1.86 o.at 1),93 1.09 o.36 Oo31 0,99 0,48 0.7t 0.31 0.91 0.33 o.t7 



Xltl 41141'0. !'12272. !J61)<! 1 • !'1Yfolt4, 1,:1617. lt7U'2 • 6'1.11:1. 
£LEV 61-8.92 667d\1 AAl'i,S'I 1.1.~.71. ,,,(. ~J 1>6~.07 61>3.00 

DEPTH ;,,6, ~.83 1.25 ~. 78 e ..... !'1.74 f1,40 
DIICMARGE 365.79 ~6Ff.07 Jt-9.54 5t.a. 85 56E!.7.>1 56f1,;116 567.63 

VE:l.OCTTY 0.69 0.52 1), 79 0.66 o.s2 0.45 o.:sa 
liME • 40, HOURS 

XSEC 1 2 3 " 5 ~ 7 8 9 10 11 12 l3 
Xtll 1), 41)61.. 61 t:l. H:l.il' • 1 ,l;i()lt. 1115-n. ?,jjlJI), lllll'l'/. :J\R91, :1:6!190, 4\184. 44933. 45144. 
El£\1 687.53 687.011 697.05 696,l'it. t.li:'l.::.>:i I>IH .t-5 6fiO,;l'R 676.1>9 676.(17 675.32 673.:17 671.62 &7l.:SO 

DEPTH "'17 .i .18 2.77 ;,!,'/0 lO,OJ 6.75 4o3B ~.02 1.98 7.15 2.63 9.34 ,.oo 
DISCHARGE 450.7.0 41.6.35 4:!'2.611 420.4~ 469.89 399.24 388.79 380.4:.? ~76.43 373.86 31>9.85 31>8.20 367.69 

UEllll:tTY t. 86 0,8J 1),95 t.1() Oo37 0.31 0.99 0.49 0.72 0.32 0.92 0.33 o.8t 

XSEC 14 15 16 17 18 19 20 
Xct> ~11171), 5;1').7"),, :-1111):.11. ~'II,J,JI, 6.!1.77. 67162. 117.t73. 
ELF.V 669.92 6t-7.:'i0 66!'>.5'1 111>3.7FI 61>3.23 t.t-3,0:.> 6nJ.clo 

DEPTH :!.68 ~.82 4.26 5.79 8o45 5.74 a.oto 
DISCHARGE 366.95 367.45 367.75 576.71 575.81t 576.01 575.03 

VEI.OCllY (),69 0.52 {), 19 0.67 0.53 Oo46 0.59 

TIM " 47., HOURS 
XSI':C 1 2 J 4 5 6 1 8 9 10 11 12 13 
X!Il 1), 401t6. lll:!S, 11:?.37. u:Hl6. 111:53~. 2'1131). 2H829. :!11'191. !6590. 41184. 44933· 45144· 
ELEV 687.59 687.tfl 687.14 68 .... 66 6fl5,3:4 684.71 680.33 676.7:1 6'16.12 675.35 673.31 671.66 671.54 

DEPTH 1.23 :t.28 2.86 3.011 10 ,lJ '·81 4.43 5.o8 3.93 7.18 2.66 9.37 6.04 
DJICHARGE 4'15.90 461,98 457.3'1 'IM.11> 4~E!.91> 423.97 409,59 391t.6'1 390.71 397,0R ;JH0.56 376.29 375.64 
UEL111~1TY 1 .aa 1),88 1),99 t.l2 0.39 O,JJ 1.00 o.so 0.73 0,33 0.92 0.34 0.88 

XSEC 14 15 16 17 18 19 20 
X<l) 119470. 52272. !>110}.1, l'i96M. 6.5677. 67tlo2. 67373. ..... ELEV 668.94 66"1.50 66'5 .... 2 61>3.82 663.25 663.0:7. 663.00 ..... DEPTH 3.70 ~.82 4.28 5.84 8.47 5.75 8.40 0 

PUCHARGE 372.78 371.37 369.76 &00.31 597.39 597.82 594.74 
YELIJClTY 0.69 0.53 1)>79 0.69 0.54 0.48 0.61 

Tlltl' .. H, HOURS 
XSEC 1 2 3 4 5 6 7 8 9 10 11 12 13 
X<O 1), "10611. 61:!:'1. H:?.:!;.t, 13306. tas:n. :.1113(), 2H8?.9, 3\991, 36:590. 41184. 44933. 45144. 
ELEV 688.74 697.9!'1 687.89 .-.87.:ut M1'5,Rli 61'14.96 680.47 676.8R t-7t-.21 67:5.41 6'l?o.37 671.73 671.60 

DEPTH ~.38 4.05 ::1.61 3.n 10.66 7.06 4.57 5.21 4.02 7.23 2.72 9.44 6.10 
DISCHARGE 1095.00 869.28 792.91') 7FIO.o3 64~.92 545.60 4"11. 82 435. u. 420.86 413.94 400.5(1 397..04 390.88 

UEI.IlCtTY 2.08 lo32 t.37 1. 35 0.51 0.39 t .05 o.s3 0.76 0.34 0.94 0.34 0.90 

XSEC 14 15 16 17 18 19 20 
X! 0 '\114]1), 52272. :IM?.t, 5\lltM, b:t,/,77. 67\62. 67.173. 
ELEV 668.99 667.52 66:'i.7(1 663.94 663.30 663,(1:7. 663.00 

DEPTH 3.75 5.84 4.37 ~.95 8.51 5.75 I). 40 
DISCHARGE 394,9tt 381 .27 376.94 663.95 i-55.98 656.55 618.95 

U:t:Lil c lT y 0.70 0.54 llo78 0.74 0.59 0.52 Q,66 

TI"F. • 46, HOURS 
XSEC 1 2 3 4 5 6 7 8 9 10 11 12 13 
XC Il 1), IIOitll, llt?.S. a2:no. U.lC)6, 11~:i:S;i, 24130. ".'!tiQ;/,9, 31991. 36590. 4\184. 44933. 45144. 
ELEV 689.9 ... 699.55 688.47 ioflfi,(lfl 6f1(,,611 611~.5:7. 680.87 67'/,19 676.44 675.54 6i'~.51 671.8$ 671.76 

DEPTH ::1.60 4o65 1.19 11.12 1\.48 7.62 4o97 5.51 4.25 7.37 2.86 9.59 6.26 
DISCHARGE 1249.00 1154 .u H25.77 1075.4::> 904.?.9 741.76 6'13.46 527.40 491.77 '1711.66 "148. 76 4290:57 426.10 

VEI.OI;ITY 2.13 1.33 1.59 t.1o 0.63 0.46 t .09 0.58 0.83 o.n Oo97 0.37 0.92 

xsrr. 14 15 16 17 18 19 20 
XI I) 48170, :);;!272. 51>02\, :'lY ... t.-1. 6:1677. 67\62. 67373. 
ELEU 6&9.11 t-67.59 665.82 664 .I 0 663.41 t.t.l.J 3 663.10 

DEPTH 3.86 :;.91 4.49 6.11 8.63 s.es a.so 
DISC:H4UIGE 412.31 401.46 J91.95 73:.'.03 709.46 682.60 t.fl9,;t(l 

VEI.OCITY 0,?2 o.ss 0.77 0,78 Oo6J 0.53 0.69 



TIHf • ~~. HOURS 
XSEC 1 2 3 4 '5 6 7 1'1 9 10 ll 12 l3 
XIII 1), 40Moo •\\:.!: •• tl~':l/. 11.401>. \ll~i.IJ, J.'ILII), '<!MII;>9, ~H19lo 36590. 4111t4. 449]3. 4'5144, 
EI..£V 1<88.9~ 688,84 681lo7!1 i>IUI. 1111 6117.l:.> 61Hi,73 Mu.n 6'l7of:t6 676.97 "7~.1111 673.8!'· 672.:1.4 672.11 

llEPTH !j,sa ....... '1.50 4. M'l t'2.02 7.83 !5.33 "'Ill 4o78 7.70 3,:!0 9.95 6o61 
DlSCHA!itGE 1235.00 1189.41 111111,0:~ ll!>J.46 1042.99 987.07 EIYO, 2:\ 760.38 697.!11 641.82 !111.~1 517.58 512·89 

VEUICtTY loll lo22 t.45 1 .32 Oo67 0.59 t .:!2 0.71 Oo98 0.49 1.05 0.42 0,99 

XSEC 14 15 16 17 18 19 20 
xco 411170, ~'li"?:l. :),1,1);11. !i-f"""· ldl!77, 1>7162, 67373. 
ELEV 669oJB 66"1.71 666.0~ 664.45 663 ,8:i 663.62 663.1<0 

DEPTH 4olJ l>o09 '1.71 6.46 9.04 6.3'1 9.oo 
OISCHAfiGE ~79.30 450.82 .. ,7,311 906.:!'1 736,1co\ 64b.29 ,.,.,,,, 

IJEllltlT'I' llo7B 0.59 lloi'B Oo79 0.61 Oo45 0.59 

T!Mf. • SO, HOURS 
XSEC 1 2 3 4 5 6 7 8 9 10 l1 12 l3 
XOI Q. '106/t. 612~. fl;/.~7. 1:\306. 11'!~:\,S, ZHJI), 211R2Y, 311'191, 36590. oH\84. 44933, 45144. 
ELF.V 691.'1. t'll 688.95 t.l!fl.9(1 M11!.6!'> 687.4'1 68!'1.79 1!-fU ,50 671'1.40 677.U 676.27 674.37 672,88 671.75 

DEPTH !'),45 5.05 'lo62 .-.'19 1'2.24 7.89 5.60 6.72 5,27 8.to 3o72 10.59 7.25 
DISCHARGE ll .. J,OO 1l5J..66 1HJ6ol "I 11-46,40 1102.89 1M~6.'15 10'19.17 9t.2.15 915,:;>(1 1159.83 71!:5./5 707.08 697.73 

VEUlCll'l' ;1.,10 lo14 \.35 t .25 0.69 Oo64 \.26 o.eo 1.11 o. 62 1.16 0.51 1.10 

XSEC 14 15 16 17 18 19 20 
X <I> 111'1/1), !'i:.!272. 511<)1.1 + t)'f.t,6'1. 63677. 67162. 67:173. 
ELEV 669.95 t.ltfi,;!1 666.50 665,00 664,42 66 ... 22 6/tco\.20 

DEPTH 4.71 o!oo53 5.16 7.02 9o6co\ 6.94 9.60 
DISCHARGE 630.06 565.01 511.111 936.~0 849.19 766.22 786.61 

IJEI.OCIT'I' 0.87 Oo66 1),81 Oo81 Oo63 (),47 o.58 

ll"E " 52• HOURS 

'""" 
XSFC 1 2 3 4 5 6 7 B 9 10 11 12 13 

""" 
X<ll 1), 41)/t/t + 612~. t~·lJi' • 13.,06. 19~33. :.!UJO, 2t!R29. 3tR91• 36590. 41 taco\. Alco\933. 45144. 

'""" ELEV 688.62 688.92 61:'le.n llf1Ao5~ 687.39 685.72 6tH.60 678.69 677.76 676.55 674.81 673,co\7 673.3co\ 
DEPTH ~.26 'lo92 1\,49 .-.a1 12.19 7.82 !11. 70 7.02 5.57 8.38 4.17 11.19 i'o84 

DISCHARGE too8.oo 1031.50 1039.70 1050.96 1066.99 1085.~2 1090.62 1054.65 1(135.5fl 1001.18 957.18 881.91 883.80 
IJEUII~tTY 2.04 1.07 1.28 1.19 Oo67 ().65 \o26 ().82 lo16 0.69 1.21 o.58 lol9 

XSEC 14 15 16 17 18 19 20 
)((l) '11111"/1), ~~~7~~ ~ !lltQ:t1. 5'161>'1. lt;\677. A7i.t,2, 67373. 
ELE!J 670.65 i<6f!,Bfl 667.11 665.'56 664.90 66111.62 664.60 

DEPTH ~.40 7.20 So78 7.!'17 10 .u 7.3.11 to.oo 
DISCHARGE 819.46 731.39 6'59. S~\ lll\1.76 1087.68 1(136.90 10112.70 

YELOCll'l' 1).96 0,73 0.89 0.89 Oo7'5 (),59 0.70 

TlHF " s ... HOURS 
XSEC 1 2 3 4 5 6 7 8 9 10 11 12 13 
)((l) 1), 11>116. 612li. 1'1237. LU06, 1 1'15.~3. l'1130. '288?.9. 31891.. 36590. 41\Bco\, 44933. "51 H. 
El£\1 688.31 68fl,lo3 6f18,'5H 6Bf1,34 687.24 685,61 6H1,5k 678.76 677.85 1176.66 675.(17 67:.o..B5 673.72 

DEPTH 4.9'5 11.73 co\o30 "·"~'~ 12.04 i'o71 So68 7o08 So66 9.49 4o42 11.56 a.22 
Dtsr:HIIRGE 826.80 9J9o51t 9311.41:1 9bl ... a 100'5.32 1038.00 l<l61.76 1061.35 1061.07 1049.4!'1 1035.70 989.85 996.57 
Y£lllC t TV }.,00 1.02 lo25 \o1'5 0.65 0.64 t.23 o.st 1.17 o.7t 1.21 0,62 1.23 

XSEC 14 Hi i6 17 1B 19 20 
X(l) "'l'l•l/0, !';?,~72. :-iM):;.l, :'i'f6M. 6.!677. 1,7\6';!. 1>7:'173. 
ElfV 671.17 /o6'foil9 667.6? 665,94 .!>1>5.:"0 664 .!13 lo64,f10 

DEPTH n.93 7.81 6.29 7.'11, 10,42 7o!'iS 11}, 20 
DUCHARG£ 955.25 992 ... 7 8:\t-. 6:~ 1346.89 131S. 72 13J.It,:'J2 l3(19ol7 

\lfl.llClT'I' (),99 (),79 t.oo 0.96 o.s? o.74 OoB'I 

TU'E " 56o HOliRS 
XSEC 1 2 3 4 5 6 7 8 9 10 I 1 12 13 
XCI) I)' 401>1>. 61:':-i. s~~;o. 13:11)6, 1853.$. :>4130, 2118:>9. :ne9t. 16590. 4\1R4, 44933, 45144. 
EU:U 688.12 698.37 6RR,:H 61'11!. 06 61'16.911 685.47 6111 ...... 678,68 t.n.aa 676.65 lo?:'\,14 67J.t9 6?3.87 

DEPTH 4.1/. 4o4i' 4.03 ..... 1) 1\,78 ?.57 ,,Sf ?,01 5.61 11:.47 4.50 u.?o th37 



vtt.or.tn t.96 t .oo 1.26 t.t2 Oo61 0.61 t.20 0,79 , .... o.?o 1.19 0.63 a.u 
XSEC "' 15 16 17 18 19 20 
l((l) 'IH47Q, !'i<!:!J;!, !l<\1);!1. :w.t.t.'l. 6Mt77. 67\67.. 1>7:373. 
EU'V 671.414 669.83 6/>7,9H ,,,.,08 M-~.27 664.9:1 664.80 

DEPTH 4.20 Rol4 .... , .. ".10 10.49 7.56 10.20 
DUr:HARGE 1011.62 991,07 9!1!1,3!'1 1447.13 14:19, Mi 1442.65 t4n.o4 

1111.nr::nY 1.00 o.st 1.07 1.01 0.94 0.?9 0.92 

TI"E • 58, HOURS 
XSf'C 1 2 J 4 s 6 7 8 ' 10 H 12 u 
)(( 1) 1), 41)66, 61:.!5. 82~7. 1 :\;lot.. 1 85~.1. 24131), 2RR29, 3\891. 36590. 4\184. 44'133· 45144. 
ELEV 688.11 688.17 6119.1 t 6117.83 68/.."' n~.:n t.IU ,37 678.52 617.(;1. A16,!14 61~.011 613.f6 673.14 

DEPTH 4.75 ... 27 J .!!3 4.11 1\.54 7.43 !5.47 6.84 !5.47 9.36 4.43 u.67 e,J,. 
DISCHARGE 7JB,JO 759.64 78!1.71 787.:?9 838. !1;4 973,;10 908.73 941.56 Y!'i8o27 974.87 993.;1) 1000.05 J004ol0 
vnucnv 1.96 1.03 \.28 t.u o.5a 0.57 1.16 0.76 t.to 0.6? lol6 0.62 lo21 

XSEC H 15 16 17 18 19 20 
XUl '18470. 5;!272. :i6tl2t. :l¥1>1>4. U677. J,7162. 61.173. 
ELF.V 671.49 669.93 667.9~ 666.0~ 665.27 664.93 6it4.80 

DEPTH 6.24 8.25 .... 60 8.10 \(),49 7.')6 11), 20 
DlSf:HARGE 1005.45 1000.5'1 996.16 1444.68 1'145.7"1 14145.39 1·'145. 91 

IIE:lOClTY 0.98 o.8t t.to 1 .ot 0.95 0,19 0.92 

TIME • 60, HCHIRS 
XSEC 1 2 3 4 5 6 7 8 9 to J1 12 13 
X Ill 1), 4061>. 6125. 8237. 1~:401',. 18533. :.'!4\Jt), 7.81329. 31891. :S6590. 41184. 44933. 45144. 
ELEV 698.04 61Ui,02 697.96 687.6!1 6A60:'.i4 685.:?.3 681."15 678.33 6'17,49 676.39 l>74.9'1 673.92 673.70 

DEPTH 4.68 ... 12 3.68 :S.'I9 ll. 34 7.33 5o35 6.66 5.30 8.22 4.'29 tl.53 8.20 
DIICHIIRGE 685.40 715.13 737.59 7311.'10 779.'16 806.33 835.6!1 8611.t.l 985.64 906.02 9:?.9.18 947.80 950.22 

IIEl.OCtlY \,94 1.05 t.25 t .13 0.56 0.54 t.14 0.73 t.07 0.64 1.13 0.60 loll 

.... 
XSEC 1'1 15 16 17 18 19 20 ~ 

N )((1) 48410. :s22n. !ii'JO:tt. ~Y'I'J64. 6:~677. 67162. /o7~?3. 

ELEV 671.39 669.99 667,96 6t.I>.OO 665.24 664.83 664.90 
DEPTH 6.15 11.19 6.52 s.ut to. 45 7.~5 10.20 

DISCHARGE 962.24 972.73 981.63 1373.;>5 tllfJ,Ofl t:H9 .oa 1385.67 
IIEI.OCITY 0.96 o.so t.u 0.97 0.91 0.76 o.aa 

Tl"£ " 62· HOURS 
XSEC 1 2 3 4 s 6 7 8 9 10 11 12 13 
)((I) 1), <1066. 6\:l!i. 8237. 1~J06. t8l;JJ. }."1;10, 281!'?.'1. 3\991. 36590. 41194. 44933. 45144. 
ELEV 687.98 ,.,7,89 1>87.84 687.51 686.3'1 685.16 6f!l .1 s 678.11. it17ol:.! 676.24 674.78 673.1.4 673.52 

DEPTH 4.62 J.99 :J.56 :5, H:i 11.17 7.26 5.25 6.48 5.14 8.07 4.13 11.35 a.oz 
DISCHARGE 654.30 679.05 696.26 697,03 730.18 751.45 775.75 8(1!1,1'\ 820.5!1 839.97 862'.77 885.98 887.11 

vti.OtlTY 1.93 1.06 1.22 t.14 0.53 o.st t .11 0.70 1.03 0.61 1.10 0.57 t.t4 

XSEC 14 15 16 17 18 19 20 
)((I) 413470. 5:.'!:>77.. tibtl;.>l. 591>64. 63677. 67\62, 67:'73. 
£L£V 671.23 669.74 61.7.73 61.!'>.90 665.19 6t-4.fiJ I>M.80 

DEPTH 5.98 8.06 6.40 7.Y't 10.40 7.')!) t0.20 
DISCHARGE 904.03 9:?2.10 937.06 l:lotO, 75 J3(10.5it !295.70 1302.90 

VELOCITY 0,93 o.78 t .09 0.93 0.86 o.?t o.e3 

Till£ • 64, HOURS 
ICSEC 1 2 3 4 5 6 7 8 9 10 11 12 l3 
)((I) 1), 'lQ6io. 61Z~. tl''!:li'. 13306, 185.1:1. ~4t:,o. :.198:>'>'. 3\891. 31>590. 41194. 44933. 45144. 
ELEV 687.9'\ 687,79 687.74 697,39 6~6.::>:\ 69!\ .to 681.06 /,7H.tl1 617.18 676,11 674.6:> 673.45 673.33 

DEPTH 4.58 :1.89 ~.46 3.73 11.03 7.20 5.16 6.33 4 .9'1 7.94 3.97 11.16 7.83 
DlSt:HIIRGE 632.40 65!1.20 660,88 M1.64 688.51 705.7f 726.20 751.56 765.06 781.70 8(12.30 825.63 826.21 

VELOCITY t.92 t .05 1.19 t.14 0.52 0,49 \.09 0.68 t.oo o.s8 1.08 0.55 1.12 

XSEC 14 15 16 17 18 19 20 
)(ct) 411'170. 52?.72. ~AO?.l, 5'166'1. ·ft:5677. 67U2, 67373. 
ELF.V 671.0.4 66?.56 io67.511 665.79 665.14 6/.4,82 664.80 



IUSt.IMRGE: ..... u IA4,tO 181.63 l:tOI'I,II:t .,.~.44 I :Ill .I 2 1'-16.85 
\l£1.1lCITl 1),90 0.75 t .ot. o.at o.at o .. n o.,.. 

TIM • 66, HOURS 
XSEC 1 2 3 4 5 6 1 8 9 10 II l2 13 
XII) t), 401>11. At<!~. lf)37, 13:104. lAS:n. :.14 t :to. <!ttfl29. 31R91, 16590. 41184. 44933, 45144. 
EL£11 687.91 6R7,7;t 687.68 1'87,:\l 686.17 68!!1.06 680.99 677.1'17 677.06 671>,01 674.4R 671.27 673.16 

DEI"lH ... 5'5 :~.83 :\.40 :t. 6!> 10.92: 7.16 s.o9 6.20 4.87 7.83 3.83 10.99 ?.66 
DliCHAR6E 619.90 634.94 6;tf1,41< 1'39.14 658.49 670.!'>!'> 686.42 707.47 718.8R 732.39 750.14 771.'50 771.79 
\l£ll1C ITY 1. 91 1.03 1.17 1.14 0.50 0.47 1.08 0.66 0.98 0.55 1.06 o.s3 1.09 

X SEt 14 U'i 16 11 18 19 20 
)((1) 4Ril70, l"f~·n~. 560;,Jl, !'J'!II,I,'I, lo.\1,17. 1,111>2. 1,7173. 
ELEU 670.85 669,39 667.44 665.71 665.11 664.112 664.90 

DEPTH 5.60 7.71 6.11 7.7:1 10.32 7.55 10.20 
DISCHARGE 798.91 809.46 826.04 !1:1.9.16 1144.97 1140.75 1145.91 

UEI.OCITY o.88 0.73 t .OJ 1).85 o. 77 0.63 0.73 

TIM£ • 68, HOURS 
XSEC l 2 3 4 5 6 7 8 9 10 11 12 u 
)((J) o. 4066. 6125. tl:>.l7. U.l06. te:;;u. HUO, 111829. 31891. 36590. 41184. 44933. 4'5144. 
ELEU 687.91 687,#.9 687.64 687.?6 686.05 685.04 680.9"' t.n.n A7b.96 675.92 674.3:'1 673.12 673.00 

DEPtH 4.55 :\.79 .\.36 :\, ,.,, 10.85 7.14 5.04 6.09 4.77 ?.74 3.71 10.83 7.50 
DISCHARGE 616.70 622.60 624.44 6:?4.'11 637.71 645.1.3 6li6o:'IR 613.16 682.27. 692.60 707.1 J 725.55 725.68 
Yt:LOI~tTY' t. 91 1.02 t.u \.14 0.49 0.46 lo06 Oo64 0.96 o.5J 1·05 o.5t 1.07 

XSEC 14 15 16 17 18 19 20 
Xtl) 48470. 52272. 56021. !'1~1,64, 6;~677. 67\62· 67:173. 
ELEU 670.67 669.22 667.32 665.63 665.011 664.82 664.80 

DEPTH 5.43 7.54 5.98 7.6!> 10.29 7.54 10.20 
..... DliCHAR6E 740.96 759.85 775.15 1(17:1.43 1080.:11 1076.14 IOR0.7B 
-....! VEI.OttTT 0.86 0.71 0.99 0.82 0.73 o.59 Oo69 ....., 

TIM£ ~ 70, HOURS 
XSEC 1 2 3 4 5 6 7 1,1 9 10 11 12 13 
)((J) 1), 1066. 612S, 82:SI, t:l.SOh, 1R:i3:\, 241JI), 7.8929. 31891. 16590. 4\184. 44933. 4'5144. 
ELEV 687.9J 687.68 687.63 697.2"1 686.01 685.03 6110.9(1 677.69 676.88 675.86 674.:!1. 67'1.99 672.88 

DEPTH "1.55 :s, 79 :s .35 =~.!ill 10.81 7.13 !').00 6.01 4.70 7o68 3.61 \0.71 7.38 
DliCHARGF 619.80 621.75 621..11- 622.40 628.34 630.77 6:11·. 9'1 649,03 655.38 ""-·11 673.72 688.69 698.67 

\I£LOttTY \.91 1.03 1.16 t.t5 0.49 0.45 \.06 0.63 0.94 o.:u 1.04 0.49 1.05 

XSEC 14 15 16 l1 18 19 20 
X!tl 4114/0. !'.1227;,!, ~60'21. 5'11>64. 63671. 6116?.. 67373. 
ELEY 670.53 669.07 667.20 665.57 665.0~ 66JI,fl2 664.80 

liEI"TH ~.28 7.39 5,87 7.:'i8 t0.26 7.!"14 t0.20 
DISCHARGE 701.52 717.94 731.77 10JR,43 1021.94 JOU!,J7 1022.20 

YE:LOCITT 0,84 0.69 0.97 0.78 0.69 0.56 1),65 

Tilt£ .. 72, HOURS 
XSEC 1 2 3 4 5 6 7 9 9 10 11 12 13 
X<Il o. 41)b.ll. 11\;'5. H2SI, 13~101>. 18!'13;1. ?.41.\0. 2R829, 311191. 36590. 4\\84. 44933. 45144. 
ELEU 687.91 687.67 687.62 #.81.23 6116.00 685.03 6110.88 677.#.4 67o!o.83 675.81 674.19 67::!.89 672.78 

DEPTH -..5s 3.77 3.34 3.!'17 tQ.80 7.13 4.98 5.96 '1.65 7.64 3.54 \0.61 :>.28 
DISf~HARGE 619.80 620.78 621.02 6:?1 .J 1 623.50 623.67 6~6.3/ 633.80 637.81 642.37 649.87 661.:12 661.03 

Uf:L!ICt TY t.91 t.03 1.16 t.ts 0.49 0.44 t .05 0.63 0.93 0.50 t.o3 0.48 t.OJ 

XSEC 14 15 16 l1 18 19 20 
)((1) 111470. 52277. :">60<'1. 5Y61t4, o\.\677. 671'>'2. 67173. 
ELEU 670.40 661'<.94 667.10 665.!'>2 66$,('1:\ 61'4.112 /'64.80 

DEPTH !\.16 ?.~. '), 77 7.54 10.25 ?,",;4 10.20 
•ISCHARGE 671.32 686.00 697.n Y7f1,67 981.10 978.37 981.19 

VEI.OC1TY 0.83 1).68 1),94 0.76 o.67 o.54 0.63 

Tilt£ • 74, HOURS 
XSEC 1 2 3 4 5 6 7 " 9 10 u n 13 

l 



ELEY 617.90 687.66 687.61 t.R1,// 615.99 61!15.04 6110.117 677.,1 676.81 us. 7t 674.14 671.,12 672.71 
llEPTH ... , .. ·'·'' :1.33 :l:.~ ... 10.19 7.14 4,97 !$.93 4o62 7.62 3.49 t0.54 7.21 

Dtsi;HARI'l£ 613.70 617.79 blfl.'l" "J~.:H 620.00 t.?0.04 t.:.!I,;U 6::!5.41 6?7.66 1>30.03 634.54 642.51 647.14 
VF..I.!ltt TY t .91 1.02 \.16 t.15 Oo48 Oo'l4 t .os 0.62 Oo92 0.49 1o03 0.47 1.03 

XSEC 14 15 16 17 18 19 20 
X!ll 18471). !5?.?72. l'ii>O~!l • :i91olo4. ...~1>77. 1>7\1>2. 117:J73. 
EL£V 670.31 /<611,113 667.0~ 6/o:'i.49 loh!'\.O:t ...... 4.111 61o4.~0 

DEPTH !5.06 7.15 !5.69 7.51) 10.23 7o!'S4 \0,20 
DISCHARGE 649.97 661.flfl 670.94 9411.13 9419.70 947.71 949.70 

UEI.OCITY 0.82 0.67 0.92 0.74 0.65 o.52 Oo61 

TI"E • 76, HOURS 
XSEC 1 2 3 .. s 6 1 8 9 10 11 12 tl 
XC l) o. 410611. 617li. !!:'.ti'. t.~JIIM, 1 R5.~:i. ::!4131), ::!RR29. :ua9t. 36!'190. 41194. 414933. 451441. 
EL£\1 697.911 687.64 697.59 6117.20 695.97 Ms:l.<•:t 6110.116 677.'59 676.79 67'5.78 6 74.11 672.71:1 672.66 

DEPTH 4.52 J.74 :i. 31 ~d'i'l 10.17 7.13 4.96 5.91 4.60 7.60 3.46 10.49 7.16 
DISCHARGE 601.40 607.1:17 609.~:'1 609.45 612'.811 614. 9!) 617.211 620.07 621.54 6:12.71 625oJ8 630.'53 630.20 

UElOCtTY t.9o t.Ol 1.15 1.15 0.'18 Oo43 \ .os Oo62 o.92 0.49 lo03 0.46 t.02 

XSEC 14 1'5 16 11 19 19 20 
X!t> 11'1470. !'Inn. :'161):.> 1. !'19Aio4. ...:1 ... 77. 6711>2. b7113. 
EL£\1 670.24 668.75 66(,,97 h65.46 66:'\.!)1 664,(\1 664.1'!0 

DEPTH 4.99 7.07 ~.64 7.41! t0.22 7.54 10.20 
DISCHARGE 635.67 6414.16 6!'10,(1(1 927.75 9:>8.7!1 927.~5 928.72 

UEI.OCITY 0.82 0.66 1),91 Oo73 0.63 0.51 Q,S9 

TIKE • 78, HOliRS 
xsrc 1 2 3 4 5 6 7 8 9 10 11 12 13 
X<ll 1), 4066. 6 t ;J!'j. H;>:\7, t:uo6. 1R!S~3. :.>4tJO, 211~29. 3\1191. 36590. 4\184. 44933. 451414. 
ELEV 687.85 687.62 M17.57 t-87.17 68:".9::i 685.0:? 6110,(1:'. 677.57 676.711 675.77 674.09 67'1.75 672.63 

llEPTH 4.49 3,72 :~. 29 J.~t 10.75 7.12 4.95 5.90 4.59 7.59 3.44 10.46 7.13 ...... 
DISCHARGE 589.20 597.15 599.79 S9B.91o 6(13.9:.! 607.47 611.17 614.33 t-15.95 616.81 618.99 t-22.113 622.3S ~ 

~ VELilCtTY \,90 1.00 loll t.t4 0.47 0.43 \ .os 0.62 0.91 0.49 t.02 0.46 1.02 

XSEC 14 15 16 17 19 19 20 
X ( ll 411411), :-1;!;!72. :;61)?.1 • !5961>4. 1>3677. 1>7\62. 1>1373. 
ELEV 670.19 668.69 1>66.93 665.44 6h5.00 664.81 664.110 

DEPTH 4.941 7.01 !'1.60 7.41> \0.22 7.!14 \1),20 
DISCHARGE 626.67 t.J2,M 637.01 911.00 911.91 910.5t. 911.87 

VEI.OCITY 0.82 0,66 o.9o 0.72 0.62 o.50 o.5a 

Tl "f. "' 80. HOURS 
xsrc l 2 3 ., 5 6 7 8 9 10 l1 12 13 
)((J) 1), 41)66. 61:.1!:>. !l;!:n. n:~ol>. tfl:il:i. '.'10\0. '2!18'29. JlR91. 31>590. 41184. 44933. 4'5144. 
ElE\1 687.92 687.:'>9 6117.55 687ol<4 6!15.9:! (.115.01 680,(1:-l: 677.:5!5 676.76 675.76 674.07 67'1.72 67::!.60 

DEPTH ~.4~ 3.69 3.27 3.18 10.72 7.11 4.93 s.8a ... 57 7.58 3o42 10.43 7.10 
DISCHARGE 577.00 585.42 587.20 587.4:1 ~'i'~.:H 597.96 602.79 606.89 60Ao97 610.23 612.75 615.96 615.73 

UF.llltlTY 1.90 0,99 1.12 1 • 14 0.4, 0.43 \.04 0.61 Oo91 0.419 lo02 0.46 lo02 

XSEC 14 15 16 17 18 19 20 
)((1) 48470. !5;~:!72. :)6021. 59i>lo4. 1>3677. 1>711>2. 67:'173. 
ElF:V 670.15 66ll.6:'i 1>66.90 61>5.43 6h5.00 664.!11 664,AO 

DEPTH 4.90 .... 97 l'io57 7.44 10.21 7.54 10.20 
DISCHARGE 619.20 t-23.55 627.03 R9llo60 899.1:1 R99.n 899.11 

VELOCtTY 1).92 1),66 0.99 o. 71 0.61 o.so 0.57 

TI"£ • 82, HO\IRS 
XSEC 1 2 3 .. 5 6 7 B 9 10 11 12 13 
XII> 1), 4066. 61 ~~;:j. 11?:17. 1330/o, 1853.1. ~41JO, 2811::!9. 3t89t. 36590. 41 Ul4, 44933. 4S144. 
ELF:V 697.79 6ll7.51> 687.52 687 oll 6115.11!1 611'1.99 680,(12 677.52 676.7'1 1>75.74 674.04 672.69 672.57 

DEPTH 4.43 :1.66 ~{. 24 .~. '15 10.68 7.09 4.92 !'S.9s ... ss 7.57 3.40 \0.41 7.07 
DISCHARGE 564.80 573.311 575.21 ~15.50 582.18 :'1~7.04 :'191.60 597.6'1 600.24 602.06 605.27 608.61 608.S6 

UEI.OClTY lofO 0.98 1.11 lol4 0.46 0,42 lo04 0.61 0,90 0.417 1.02 0.45 1.01 
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Appendix D 

PART 3: SEDIMENT MODEL INPUT 
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SClOTD RIVER SEDIH£NT HDPfl - 2NP 510RH EVENT 
20 8;.! 1.0 .75 
0 l 1 24 0 
.s .s 
10 '5 
20 Hi 5.8 1.3 .~o .315 .J79 .sus .o~9 .o?o 
2o6ft 2.6~ 2oA5 2.6~ 2.6~ 2o65 2o6~ 2,65 2o6S Zo65 
.60 ,,5 .1 0.03 0.070 0 0 0 0 0 
4 .~o .20 o o o o o o o o 
7 oBO ,20 0 0 0 0 0 0 0 0 
11 .80 .20 0 0 0 0 0 0 0 0 
tJ .~o .?o o o o o o o o o 
14 .ao .20 o o o o o o o o 
GRfFNLAWN AVf DkJOG 
o.ooooooo 683.~600 

129.~000 19 
o.ooooooo o.ooooooo 

1.189978 3/.5~033 
2oPS9998 42,549?4 
J,OJY978 70,1Hl56 
3.0R9966 75.06396 
3.499990 l01.4H97 
3,559998 113.1644 
J,YJY966 1~1.1351 
3.¥40002 170.0170 
4.0H9966 taJ.Jl2J 
4ol09965 18'5,1131 
4.26Y9~B ~0/,6~37 

4.9~9961 238.6?.15 
~.Uh9966 ~12o4473 
7.919983 313.0517 
8.679993 J41.J~87 
10.64001 399.!?43 
17.64001 S6J,3094 
30.64001 677.7782 

SYNTHE'f !1: X-St-:t: U 
40bS,i-OO 
12H.1,500 

o.ooooooo 
4. !)1)0000 
!),(l(lOOOO 
a.oooooo 
9,000000 
10.00000 

693.'1000 
6 

o.ooooooo 
;-1n. OY97 
381.1332 
466 I ;~.~?0 
496.4506 
4Y~ • .'J727 

SYNTHFTIC X-SEC 
6124.900 
12H,J.!100 

12 
684.:?~00 

6 
o.ooooooo 
4.000000 
'5.000000 
a.oooooo 
<;,(1()0000 
10.00000 

FRANK ROAD 
8236.900 
121.7700 

0, (lOOOOOO 
0.400()24-4 
0.4~99902 

0.1!499756 

o.ooooooo 
:521.. 0997 
381.1332 
I\MI.:i:i98 
486.4506 
49:i.6727 

FIRJI'IG£ 
683.6...00 

15 
o.ooooooo 

lS.YOJ.19 
32.39102 
lO, YY.i37 

9.999999Bf.-03 0.0000000 

9.9¥99Y98E-03 0.0000000 

o.ooooooo 

3.9999999f:-02 o.ooooooo 
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0. (1(1(10(1(10 

o.ooooooo 
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1.0'1'1976 10.i.5151 
t.:'i39978 14~.3779 
1.619995 UY, 3!531 
t.k900J5 178.331'9 
2 .1)~!9968 l94.tHl73 
2, OlH1017 201.1155 
3.440002 241.~~i88 

6.9H9990 288.0;{79 
8.010010 J;H),;?.;02 
13.91'1999 349.0341 

FIA.t LRIJAO BRXJJGE 
13305.60 675.:?000 Ooi:?OOOOO 0.0(100000 o.ooooooo 
1211.7000 12 

O,(lOOOOOO o.ooooooo 
2.~00049 4:~. :?.4052 
3. ;(00049 87,5:')238 
6. ~i00049 t!ib.lt\19 
6.t-00037 159,•U32 
9.400024 11'1<\.111,62 
12.'1('1001 253.4409 
12,1,()()04 ?.!SJI.'Ih86 
12 .1Hl005 2'58.6992 
14.~0005 '1.61. ~()83 
18.:i0005 289.4140 
18.fl!)005 'l'J!O,H858 

SYNTHETIC x-sr.c: t3 
185~1.80 677.'1000 0. l 2(1()(100 o.ooooooo o.ooooooo 
12:}.6000 14 

o.ooooooo o.ooooooo 
1.000000 .H, H:li.OJ 
1.700012 48.36:?18 
2.100012 n.ti4001 
3.200012 86.49547 
3. <199988 14/,/494 
3. '/(10012 172.7698 
3.799988 ').14 .0:.!36 
3.'>'(10024 219.2808 
4.000000 ~4~.\1353 

4.?99988 296. :~060 
4. 1000?.4 30~dt12 
4.'100012 33;;>,;q~9 

-4.Y00024 .H.J0,:-!194 
X-l'Fr e l-270 

24l ~!9.60 675.9000 6.699998/F-o:?. o.ooooooo o.ooooooo 
12'1.4200 1.4 

0, (l(J(tOOOO o.ooooooo 
1.000000 .H, B.$~~03 
1,/(100]:? 48.36218 
2o700012 T'o,j4001 
3.700012 86.49547 
3. ~·-;>9988 \4/,7494 
3.700012 17:?.7696 
3 ,/'>''f9BB ·1.14. w.~36 
3.900024 219oi'SOB 
4.000000 'HH, !i:~53 
4. :•99998 296.3060 
4.41)0024 .U)!l. :H 12 
4, /(l(IOl:? 332.3159 
4.900024 :5HI)..S194 

X-Sf[: tll 
28tl:.?f!.ft0 671.6747 (;.. • .!-999'>'87£-02 o.ooooooo o.ooooooo 
12.i.4JOO 12 

0.00(10000 o.ooooooo 
Oo2'>'Y9!'!78 .L~ ,1)1)~51 

o.:-;oooooo 46.t-'181<4 
t 1 
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s.oooooo I0,4:.tJ30 
•• ~,99963 10?,,1)148 

lo70001'- 123.:?09<\ 
2.0~9976 \-44' lil)29 
3.099976 168.((019 
3 .. ~0()012 t99.:,W47 
3o500000 23?..-4904 
6.099976 :,!I.!), 9413 

x-~rr. uo 
31(«91 .20 67'1. !874 6.69999B7F.-02 o.ooooooo o.ooooooo 
12'.:!, 7900 10 

o.ooooooo o.ooooooo 
9, 9975!'HMI!:-02 <!ho6hll31 
0.2'1''1'9878 60.00350 

1.000000 94 ,1):'1:~49 
1.2'i'9988 115.0399 
1.400085 1'J.;~.:HJ23 

1.'1'00085 143.3181 
2.100073 \6H.~571 
3.~99989 192.4829 
4.500000 2?.0. ;4535 

X-Sr:(; t9 
36~90.40 668.1746 6o6999987E-02 0. 000(1000 o.ooooooo 
121.~000 10 

0,(1000000 o.ooooooo 
0.2000122 ~.hl:i538 

o.?999879 44.41954 
0.40002-44 69. 2:~589 
0.5000000 104.039'1' 

1.01)0000 t?~. Q773 
2.4000:?4 147.7Ht2 
2.!:)00000 thY ,5:~32 
4 o"'\100?.4 188.7041 
7.400024 :?.<!1. '}.~71 

X-SF.r. te 
41Hl4.00 670.t-470 6.69Y'i'9H'lF.-02 o.ooooooo o.ooooooo 
120.f!l00 l1 

0,(1000000 0. 0000(100 
o. ",21)00122 ?.li, ;U743 
0.2'1'19878 35.99510 
0.79991':178 \0?..~~18 

1 ' (1(1(1(100 126.3909 
l,Oo;>9915 \44, ~Ht,36 
1.~00012 177.8725 
1 • .,000:?4 193.4585 
1.'1000~4 ~1)'/.1190 

2.?00012 22'i'.D~7 

3.099915 '-!ti5. ~!)50 
X-SH: t7 
449~2.90 66?.2969 6o.l.999ll!i7f:'-02 (1, (1000000 o.ooooooo 
1:!0.1)400 to 

o.ooooooo o.ooooooo 
o.soooooo 'J.'I, UHO 

1.0'19976 48. 6''1'10 1 
1.'100085 /4.6~438 

2.200012 82,SU74 
4 ,<)99976 U /.Y418 
4.400085 1:?2.5258 
6.91)0085 tloO. 7121 
9.:?99988 196.0462 
10.09998 ;.!2lol:l59 

SHAJJF.VJll E BRIDGE 
45144.00 665.5000 9,9999'1'94E-02 0. (1(100000 o.ooooooo 
120.0000 9 

o.ooooooo o.ooooooo 
- ""''"'_....,__.,.. ~~ .. -.......... -

l 
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2.71-9897 36.83953 
4,'.!.1;9897 1:.H.cM97 
"\.5?9968 13],'/4~3 

4.11~9973 t 41. 1>1-129 
S ,(Ui999R 147.f.313 
6.'/1,0010 UIJ\ • :?.1,72 
6.fl09998 184.7139 

X-SEI: u 
'184'10.40 665.74,:? 9.99Y9Y94F.-07 o.ooooooo 0.00()()(1(1(' 
11Y ,3000 10 

o.ooooooo o.ooooooo 
9.9975:5Hi,f-0?. ::!J\.00052 
0.::0000122 48.00~49 

0.2'199878 7'l,00101 
o.~oooooo 90.00900 
0.7000122 106,MUJ 

1.0Y9976 136.0235 
1,}.00012 14~~. 0:.~95 

2.099976 164.87:?6 
s.oooooo ?.00.11182 

X-l'>FC t5 
522'12.00 661.6813 9.99Y9994F.-02 o.ooooooo o.ooooooo 
11H .~000 13 

o.ooooooo o.ooooooo 
9, 9Y 7551MF. -O'l t'J.1U16 
0.4000::044 42.51300 
o, 7'N997B h4.h2639 
u.vooo::>4-4 68.30921 

t.:-ooooo 86.99976 
2, ~!Y9988 106.2586 
2.799988 1 ~!4. ht.59 
3.~00000 143.11404 
4.~00024 t.H,Uf43 
5.4(10024 183.0138 
5.~'19976 ::!tH), ~)'/48 
7.?.Y9988 222.4197 

x-s~:c t4 
56(l:.•o. BO 661. :i~'25 9. 9999';9'\F.-(1:.! o.ooooooo 0. 00(10(100 
117.7100 10 

o.ooooooo o.ooooooo 
0.5999146 :io. [)2}.95 
0.9000?44 46.84061 

1.099915 "'l.. 2~~1125 
1.400024 78.904!'8 
1.900024 lOH.0'/11 
2.~.(10000 13~.Mlfl9 

J.oooooo 15H.2743 
3. ?.99927 16 4 .<l;;Ho 
5.'100024 19H.~613 

X-SfC t3 
591.64.00 657,..,.B;\b 7 ,4999996E'-O;! 0. ()(1000(!0 0.00(10000 
111..9")0() 12 

o.ooooooo o.ooooooo 
0.4000244 :u .. 0!)99B 
o.soooooo 4z:>.n4l2 

1 •• ~ooon flO .Cl1649 
1. f!(l(I0-49 101.'1-414 
2, ::;•)OQOO l.t'/.6'/61 
2.700012 131.00-48 
3.1.000:\7 164.'11>73 
J,](l(l()j;> 200.4146 
3,9QOOH 21~~.6007 

-4. f!00049 232.0286 
7.~00000 ·~l,l,;Q85 

x-~r.r. t2 
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111..1000 11 
O,OOitOOOO o.ooooooo 
0, tQOO:l66 :\. :Sil:l.} 93 
0.9000:?'14 64.40385 

1.40002'1 7)1.79186 
1.500000 81.47137 

2.9()0024 to.~.at111 
4.1'99998 127.6207 
'5.700012 \Sl,Jb02 
c..J00012 16l-.9'/:?'l 
6.400024 tY4,3790 
9.7000l2 222.?.216 

X-S"t; t1 
671111.59 657.:H5-4 6.4999YYHF.-02 o.ooooooo o.ooooooo 
115.:\600 1.2 

o.ooooooo o.ooooooo 
o,,C)!)t)000 -4'1.11110 

1. (199976 75.04((()9 
1.199988 1()1),!)535 
1. ~(1(1000 155.7770 
1.6'19951 1'11.4'139 
l.k99963 217.21;>9 
2.000000 2.~() ,1)/63 
2. (199976 241.1891 
3.:"1'19976 ·u7.Y794 
3.799998 291.1>534 
{,.~~Y9963 ~\1.0. ~)741 

ROUT£ 762 BRIDGE 
67:\/?,RO 654.6000 6. 4999Y91if-o~· o.ooooooo o.ooooooo 
11!-i. :uoo 13 

o.ooooooo o.ooooooo 
o.7ooot22 ?.7 .~~~! 165 

lo/'199BEI 47.05535 
2.400024 :"i·,!,HIYT3 
2.7999BP. 78.85580 
3.900024 100.1!'587 
4.?'19988 126.1948 
6. :~99988 t MI. 3070 
6.900024 184,H910 
7.000000 tR7.Hl74 
9.000000 237.11407 
9.0110000 :~5~!.6196 
25.40002 484.9640 

0 0 I) 0 0 
(.) 0 0 0 0 0 0 0 0 .7 
0 0 () 0 I) () () 0 () .67 
0 0 0 0 0 0 0 0 0 .67 
0 0 () 0 () 0 0 0 I) .67 
0 (l 0 0 0 () 0 0 0 .1>7 
0 0 0 () () 0 () 0 0 .67 
0 (I 0 0 0 0 0 0 0 .1-7 
0 0 !) 0 C) () 0 0 0 .1>7 
0 () 0 0 0 0 0 0 0 .... a 
0 0 () () 0 0 0 0 () ,..,a 
0 (I 0 () 0 0 0 0 () .71 
0 0 0 0 !) (J 0 0 0 .71 
0 () 0 0 0 0 0 0 0 l"' • ;;J 

0 0 0 0 0 () 0 0 0 7"' .... 
(I 0 0 0 0 0 0 0 0 ,78 
0 !) Q 0 t) 0 () 0 l) .71! 
0 () (l 0 0 0 0 0 0 .84 
0 0 0 () 0 0 () () 0 .84 
0 0 0 0 0 0 0 0 0 .90 
0 0 0 0 () 0 () 0 () ,95 
0 (l 0 0 0 0 0 0 0 43.6 
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0 0 0 0 0 0 0 0 0 };1.3 
0 () !) () t) 0 () f) t) :1.~ 

0 0 () 0 0 0 0 0 0 o.s 
0 0 t) 0 0 0 () 0 0 ~~. 4 
0 0 () 0 0 0 0 (\ 0 4.2 
() 0 0 () (j (j ,. f) I) .! • 1 
0 0 0 0 0 0 0 0 0 I , 1'18 
0 0 () 0 0 () 0 0 0 ).88 
0 0 () 0 0 0 0 () () t.~s 

0 () l.l !) !) () () () () 1. 55 
0 0 (l () 0 0 0 0 0 1.36 
0 0 0 () () 0 0 C) 0 ! ,36 
0 () 0 0 0 0 0 0 () 1. 35 
0 0 I) 0 I) 0 I) I) () 1.3::i 
0 0 n o 0 0 0 0 0 ! ·'8 
0 0 0 0 0 !) () () 0 1.28 
0 0 0 0 () 0 0 0 0 1.22 
0 0 0 0 I) t) () 0 !) 1,,22 
0 0 () 0 0 0 0 0 0 1.18 
0 0 0 () () I) () () () lo 18 
0 0 0 0 0 0 0 0 0 1.16 
0 0 () () 0 0 0 () 0 ',16 
0 0 0 0 0 0 () 0 () 1.] 6 

0 0 0 0 I) 0 0 I) 0 1.16 
0 0 () 0 0 0 0 0 0 I .16 
0 () 0 () I) () C) () 0 l.16 
() 0 0 0 0 () 0 0 0 l .16 
0 0 0 0 0 () f) 0 !) 1 .16 
() () (l 0 () 0 0 0 0 I, 1 S 
(l 0 0 0 () () 0 () () l.15 
() 0 (l 0 0 () 0 () 0 l .13 
0 0 () () () I) 0 0 () 1 '13 
0 0 () 0 0 0 0 0 () J .l 0 
0 0 0 () I) I) 0 I) C) l .to 
0 0 () 0 0 0 0 0 0 l .oa 
0 0 0 I) I) I) () 0 I) l.os 
0 () (l 0 0 0 0 0 0 1.06 
0 () I) () I) () I) I) 0 l. 06 
0 0 () () 0 0 0 0 0 l ,06 
0 () (l !) I) 0 () C) 0 1.06 
0 0 0 0 0 0 0 0 0 l .06 
0 0 0 !) () I) () () (J l ,06 
0 0 0 0 0 0 0 0 0 ~.ot. 

0 0 0 0 0 0 0 0 0 1.06 
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t !!IITIUIN t:URf>URIHWN - CHI'INNH Hf:ltti1~Nr tl!lllr!Nti 11JliJEI. t 
C DATF: 30-DEf:-HI t 
t IHIH tllllV:Jll t 
••••••••••••••••••••••••••••••••••••• , •• tttftttttt•••••****'' 

SCtllfll RJVFR 'H.IIHIFNI IWnt't - ,!Ntl Sl!IIHI >.V.CNT 
CHANNFl SOil llF 1 AI HllfNT COEffiC lENT~ 0 ./~OHOO 
RI':Sill.l'l Wtl.l l!E PIHNlUl tVI-:t!Y 1 f111J::'iHP(Sl 

24 tr 11ES TFPS ARE Sill Pf"FII TIJ ALl hW H OW/10!lfl [HIT I'll! HI !i l H'HIY 

OUTPIJf IS !CXI'kES!:H:Il IS F:NtH.ISH UNITS 

NUIII!FR OF fRill<~ SFfTIUNS ,. 70 
N1Jt1flt:k II~ I H1t !Nr.N>:f'F.NlS ~ 1'12 
TIME 1NCRFI1FNT <111Nl =~0.00 

SOIL HillA 

NU11~ER OF StlE FRACTIONS m 10 
SEOJNf"T Sl7fS IN/1) : 2o.oooon 1s.ooooo !1.!10000 1.30000 
SPEI:H 11: HRAVI TY : ~', f>;)<JOO 2.f>:i000 -,~.f>:'i()/)1) :~. 6!)000 
fAll VELOCITY Cfl/SEC)I l, ~:':t<"O l. 3190!1 O,fi!JH3 0.374116 
l!En liA1F.:k\•)L SIH. IIJ:llR.!Hllf !UNS 
X-SFC 1 F'FRCFNTA(,Ef) : 0.6(1(100 O.;'fiOOO 0.1()000 0. 0.~(>0(1 
x-s~ 1: ~ ~'ERCENl Ml~: s : t). 6041<)0 n. ~~5ooo l),!Oill)l) I). 0"\t)l)l) 
X-SfC 3 PERCENTABFS : Q,f,(/(1()0 (),/!1000 o. 10()00 0. (l;j(l(l(l 

x-sft: 1 Pr.RCFNTI\UUi : l),!ii)I)IJ<) f). ~~t)Qt)l) (),1)!)1)01) o.onooo 
X-!>U: 5 PERCENTAGES : (1. 1\0(10(1 () .:'!'jOOO 0.10000 0 ,03(1(1(1 
x-sn: .!. Hkt:fiiTt\liUl l 0. /,Qt)t)l) 0. ~1"!-J "'IJl)t) tl, l tlOtH) I). 0)30111) 

X-!-fC 7 I'U.:ffiH AIJFS : Q,RO{IUO <• ~ :.A{)(l(J.,_· (l,Q(lOOO o.ooooo 
)(-SI':I; H P~.kt:~ Nll\llfS I 1), /,1)1)01) 1), :•so•>o . -10000 !) • 0301)() 
X-f>F.r. 9 F'FRLFNTfHiFS : 0. 60000 0 '~.'5-00(1 O,. ''l(IO 0,(13000 
X -SF I: It) P~.R!:EIIT I'H>Hi : 1),1\l)l)t)f) I),;'!;Ot)l) r), too~ !l.o:~ooo 

X-5Ff II PFRCfNTAhFR : O.ROOOO 0.20000 (),()(1(10() 00000 
X-HE!: 1~' F'~kr;~.NTI\HF\l : I) ,/,!)1)1)1) l),;,>:;l)t)f) 0 ,100<)\l 1), At)() 

X-hFf 13 PFRfFNTAAFH I (I,ROOOO 0.20000 0,0(1000 (l,(l(h·. 

X-Sfl: l'l PHii:FNll\!i~.S : f),l:ll)l)t)l) o. :•ol)ll!) 1),0()01)1) 1),001)1)0 
X-!>FC l!i f'FRLFNTA6fS : o.~ooooo (),:?'5000 0.10000 (l, o:woo 
X-S~I: 16 P~RCfNlftHES : t),j\t)l)l)t} o. ~~:--•ooo 1),100<)0 1),1)~00() 

x-sn: 17 I'H\I:ftn A!;FS I 0.60000 o.:>~ooo 0.10000 0. 0.!!100 
X-SH HI n:t<1:~.Nli\Hf S : 1),/>1)1)1)1) l),:'"i()tlt) l),l!Hl<lO 0.0.1001) 
X-&FC 19 F'ERLFNTAO~S : 0,60000 o.?:-.ooo 0,10000 0.03000 
X-sH: ~I) PEt:!CFIHI\IiE!i : <).1101)1)0 0, ;>~t)I)O (), 10000 o.o:;ooo 

VEPTH VS WFlJfD PfRIHETFR fA~l.F AT DREEm.AWN AVE BRIOG 
X-SEC 1 

RIVFRNILE: ~ 129.~0 

YHtl PHIL 
<FTl O'Tl 
0,00 O,QI) 
!,/V 37,~5 

o.~n<•oo (J,Jl~OO 0.17900 Oo11!50 0.0~900 o.o:>ooo 
~.,~ooo ·l,f>">OOO :?.65000 ~.65000 ?..65000 2.65000 
o.:>o7:t:! O.J 'IHrll o.o7~!'JA 0 ,()3~i6::t 0.01!06 (!,001;>7 

(1,0?000 o.ooooc• (>.00000 o.ooooo o.ooooo o.ooooo 
1),0:;>01)0 o.ooooo o.ooooo o.ooooo o.ooooo o.ooooo 
o.ozooo o.ooooo o.ooooo o.ooooo (1,00000 o.ooooo 
o.ooooo o.ooooo o.ooooo 0,1)0000 o.ooooo o.ooooo 
o.o:woo o.ooooo o.ooooo o.ooooo o.ooooo o.ooooo 
o.o.•o•H> o.tlQOIJO o.ooooo o.ooooo o.ooooo o.ooooo 
0.000(1{1 o.ooooo o.ooooo o.aooo<• (1,00000 (>,0(l000 
0.02000 o.ooooo o.ooooo 0. 1)0000 o.ooooo o.oooao 
0.0,00(1 (1,0000() o.ooooo o.ooooo (1,000(1(1 o.ooooo 
Q,tJ?IlOO o.ooooo o.ooooo o,ooooo o.ooooo o.ooooo 
o.ooooo o.ooooo o.ooooo o.ooooo o.ooooo o.ooooo 
!),0,<)1)0 1),1)()01)0 o.ooooo o.ooooo o.ooooo o.ooooo 
0. 0(1(1(10 0.0000(1 o.ooooo o.ooooo o.ooooo 0.000(00 

f\0000 o.•>oooo o.ooooo o.ooooo o.ooooo o.ooooo 
o."', ··o o.ooooo o.ooooo o.ooooo o.ooooo o.ooooo 
0. 0~~041\,. "1,00000 o.ooooo o.ooooo o.ooooo " "00<'0 
(l. 02000 ()I \,1 '"Lt\() o.ooooo o.oooon n · 0\~~~v o.ooooo 
I) ,Q}t)<)O o.ooooo \! + ... "' "".,i 'd ~.uoooo o.ooooo o.ooooo 
o.o;woo (1,(1(1(100 o.ooooo o.ooooo o.ooooo (1, 00000 
1),();11)00 (),1)0000 o.ooooo o.ooooo o.ooooo o.ooooo 



3.04 1o.tB 
3,09 7!>.06 
J,<4.,. 107,49 
3.:>1, 't :~ .t 6 
J,!l1 1 ~1.44 
J,Y4 1/iJ,O;! 
•1. OY 11'1;\,;U 
4. 11 1 ~f~j il J t 
4.:21 207.65 
4.'11!, ".IlL 62 
~.OY 2<4i'.4S 
7 .Y#~ ~t:I.OS 
6.6H 341.73 

10.114 IYY, 12 
17.('.4 ~6;1.31 

30.1.4 1,7/.76 

DEf'TH VS WETTED f'fkli'U.H-R lAl!LI:. AI !:>YNTHFTJC X-SF:I': tl 
X-5~.1: ::> 

RIV~RMilE E 129.65 

YTBL PHIL 
<FT> <FT) 
o.oo o.oo 
4.00 371. 10 
s.oo ~Hl.lJ 

e.oo 4('.!'1,34 
9.0() 41!1..45 

10.00 495.67 

DEPlH VS ~~~r~D P~N~~~T~R Tft~l~ nT SYNTHETIC X-H~C t2 
X-!;;;hl: 3 

RIVEKHILE • 1~~.21 

YTFil. f'TBI 
!FTl (Ff) 

o.oo o.oo 
4,<)0 :1n.1o 
:;,0(1 3!ll .I J 
a.oo 46H, 34 
9,ov 486.45 

10, C)l) , ... ~.67 

DEPTH VS i.IFTH'Il PFRJHETFR TAI!I F AT FRANK 1\UArt l!kii•GE 
x-sH: 4 

RIVFRH!LE 177.77 

YTIR PTIIL 
<FTJ (f't) 

o.oo o.oo 
Q.-10 28.90 
0.49 :!·.•,Ja 
o.s~ 70.99 
0 ,9() 7J.sa 
lo Hl 103.~2 

l • :>'I 11::..31! 
1. 6;! 169.35 
!.If?' l/>1. 33 
2.0,< 194.99 
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.1.14 
6.99 
e.ot 

13.99 

.... ,.~ .. 
21!1lt.04 
330.2'1 
.H'I'.OJ 

DEPTH YS WFTlfll F'FR!KETER TMilf Af 1<1'1111<111\ll f!I<IDGE 
x-su: :s 

RIVlRKiL£ • 126.70 

YTiiiL I' Till 
(ff) !FTI 
o.oo I),I')Q 

2.90 43.24 
3.30 H/,5'5 
6.3(1 156.1'5 
6ot.O 159.41 
9.10 Hl4,67 

12.40 :?:".3.44 
12.60 257.47 
l':'.HO ·''•!!. 70 
14 .liO 267.21 
18.30 289.41 
11l.HO )'Ill), 89 

DEPlH VS WFTTED PERIIIFHR fAI«Lf Al !>YNTHF.l JC X-SfC tJ 
X-SH; b 

RIY~RIIJIF m 1?~.60 

YTIIL f'TEtL 
(f'Tl (fl) 
o.oo o.oo 
},()(1 31. B3 
1.70 ~!1.36 

~.i'O 73.54 
3.20 at..-;,o 
3. ,it) t47.7S 
3.70 17?.77 
J,BO 214.02 
J,;>l) ;'19. 21l 
4, ()(I ?48.54 
4.:!0 ;""". 31 

'" 40 
305.31 

4.70 332.32 
.q,vo -1~0.32 

DEPTH YS W~TT~P PFRIHFTFR TABIF AT X-SFC Q l-270 
x-s~:t: 

RIVfRIIlLE 

YTIIL 
!FTI 
o.oo 
1.00 
1.70 
~!.10 

3.20 
3,,,0 
3.7(1 
J,tj(j 

7 

f'TIJL 
(ffl 
o.oo 

3t.Fil 
1!1.36 
7J,:J4 
>11>.50 

147.75 
172.17 
'11.02 
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.... uv ,.;-tU • ..J1 

4,,Ul 29.\,31 
11.40 305.31 
11.7(1 3~:!.32 

4.Yo .nto.32 

DEPTH VS WFTlfO PFIUIUTER TA.Tilf AT x-~<~ r t11 
X-H!:C B 

RlVU!HII £ " 1:?3.43 

YTBL t"Tl:ll 
I F'l) (FTI 
o.oo t>.OO 
0.30 ]2,01 
0.50 46.611 
0.90 /6.0:! 
1.0(1 80.42 
1,4{} \0'?.01 
1,/0 1,3,21 
2.10 144.80 
3 ,to l 6R .!lO 
3.20 199.20 
3 .!t<• :?32. 49 
6.UI '/60.94 

DEPTH vs loiETTED PFF:! KfHR TABlE AT X-SEC t10 
X-Sfl: 9 

RIVFRKH f "' 122.79 

YT!lL I"Tl!L 
<FTl <FT> 
o.oo o.oo 
o.1o 26.67 
0.311 60.00 
1.00 '1'4.03 
1 •• ~(l U5.04 
1,4!) !:'!.1.38 
1.90 14J,J2 
2.70 168.56 
3.:so ),9~.48 

-4.!itl 220.35 

DEP!H VS WFTTE[l PFR!HFlFk TAillE AT X-SF.C t9 
x-s~:1: \0 

RIVFRHTl E t:?I.HO 

YTEIL PHIL 
IF II (FT) 

o.oo o.oo 
o.:-o 9.62 
0,30 44.42 

;,o, 40 69.24 
0,5(1 !04.04 
1 ,()(l 128.08 
2.~1) \17.72 
2.~() 169.53 
4.40 188.70 
7 .1t) 'VI,,30 
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DEPTH YS WI'Tlfll F'FRIHHER TAPlf AI 

X-Sf~l: 11 
R l V!'Rf'll L£ .. 17(1ot<J 

YTBL Pltll 
(fl) (fl) 

o.oo o,oo 
o.:>u 28.34 
o.;\o 3~~90 

o.11o to~.1s 

1.00 116.39 
ldO 144.56 
1. ~~0 t J7. 87 
1.4() 193.46 
1. 9(1 209.12 
:2, t~O n~.t4 

J .to 255.:?0 

DEPTH VS WFTTFD FFRJ11ETFR TAt<IF AI 
x-s~t: 12 

RIVFRHILE = 120,04 

YTllL PTilL 
<FTl <FT> 
o.oo o.oo 
o~so ;!9.11 
1.10 48.63 
1.90 14.6S 
2.?0 82.::13 
4. l(l 117.94 
4.40 u~.SJ 
6.90 160.71 
9.30 196.05 

lO.;.n ';!2\.13 

DEPTH VS WFtt•o PfRiftfTfR TAI<l~F AT 
x-su: 13 

RIVFRftlLE 120.00 

Hill PTBL 
(flJ <FT> 
o.oo o.oo 
2./9 20.46 
2.77 .i6. 84 
4. '2l 124.04 
4.!'1.1 137.75 

"·""' , 1\.68 
5.0:-'i 147.63 
6o76 184.27 
6.11\ )}!4.71 

DEPlH VS WETTED PERJftFl~R lA~l~ AI 
x-~n: 14 

RIVfRHilf ~ 119,30 

VTI!L YTI<l 
(FT) <FT> 
o.oo <),00 
0.10 24.00 
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X-!\FC t6 



u.~u iiiiiU .. \IU 

0.30 7-•.oo 
o.::.n 90.01 
l),l'O 1011.68 
1 • 10 t.v •• o:? 
1.20 1112.03 
2.10 164.81 
~j.t)t) :.'00.62 

DEPTH VS \IF:l TF:D PF'IU11FlfR TA!Ilf AT X-t<fC t:S 
x-sH: 15 

RIVUtii!LE " J18.50 

YT!:IL PUL 
( F'l l < f'T l 
o.oo o.oo 
o. 1{1 19. ll 
0.40 42.51 
o.ao ~4.63 
(),90 68.31 
t.:so !l/.00 
:".,<\0 106.26 
2.1'10 124.67 
3.~0 \4.!.64 
4.40 1 ... :: • 18 
5. <I(} lSJ.Ol 
:S,IIQ -~00. 57 
7. ;l(l 2~2.42 

llEYlH us WETTED P£Rf11FHR lAili f AI X-SFC t4 
X-Sfl: \6 

RIVf'RIIll F "' II 7, 71 

YT!IL PUL 
IFTl (f'f) 
o.oo o.oo 
0 ,1'(1 30.02 
0.90 ~1\.94 

1 • l () 61.2'1 
1.40 lH.90 
l , Y(l 106.07 
2.~1) \11.92 
3.00 159.27 
J,30 164.()3 
::i,YI) 1'11'1.56 

DEPTH vs \lfllf!l F'FIH11FTFR TA!<l E AT X-!'FC t3 
x-sfx 17 

IUVH:P'IJl F " 116.95 

YlllL ~·T!<L 

<FTl lrtl 
o.oo o.oo 
(),4(> 36.01 
o.:'io 4:!t23 
1.30 Hll.05 
t.so I 01. 74 
2.~0 119.68 
:!'.10 t:ll.OO 
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'"''. j v 
3.70 200.41 
J,<jll) ;>1.0.60 
'I of:'!() 232.03 
7t!':it) N>l ,JJ 

DEPTH US WfTTFD PFRJHFTER lADLE AI 
x-s~:1: ta 

RIV~RHJLf ~ ll6.t0 

YTkL I"T kl 
!FTI <FT> 
o.oo <l.OO 
0.10 J,S6 
o.9o 64.40 
1.40 /11.00 
1 "''50 81.47 
2.YO 103.88 
4 •. ~1) \~7.62 

5.70 1~1.36 

6.:.10 166.97 
6.10 194.38 
9. 7(1 2~~.;.t2 

DEPTH US WFTTFD PFRIHF1FR TAkLE AT 
x-su: t9 

RIV~RHJI.f 115.36 

YTBL PTI<L 
<FTl IFTJ 
o.oo 1),01) 

o.so 49.11 
1.10 75.05 
1. ;il) 100.05 
1.~(1 155.78 
t.lo 1':1\.49 
t. '1(1 ;>!7 .:!1 
2-00 2 o.oa 
2.1.0 11' 19 
J,6(1 ,./7.98 
J,!'l(l 291.65 
6,41) .J;~0.57 

DEPTH VS Wr:TTI'I'I ~·FRIHETFR fAkLF Al 
x-sE.1: 20 

RIUFRI'HLE 11~.32 

'1H<l ~·TBL 

!FTl (f'T) 

o.oo o.oo 
o.7o 27.87 
loBO ,;.06 
~.40 '52.88 
2oBO 78.86 
J,'JII) tl)tl,76 
4. 3(> 126. 19 
6.Y.o 1613.31 
6.90 l>t4.89 
7.00 1!17.68 
E.l•O 237.84 
'1·01) ,~,,)'. 62 

25.40 484.96 
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x-sn: X !liST Fl F.V 

o.ooo t-ll3.~ ... 
2 -\06~ • • 1.00 l>ll:l.90 
J 61:'~.1'h>O 61'!4.?R 
4 a.~ :H. o~-1 oo nl-!;1,66 
5 13305.600 67~.:>0 

6 111~:i;>. 799 n//,90 
7 ;·~ 1?9. 600 675.90 
9 ;~I!Hlll. 799 111\.67 
9 .l1R9l.199 672.19 

1() J6~YO, :\99 61>11.17 
11 411!14.0(10 t-70.6!5 
p -\1'/3'/,797 l>t.l.::'9 
13 45144.1JOO 665.50 
14 11HI0-.499 nbio24 
15 52272.000 661.68 
16 :-ti>0<'<),797 1>1>1.33 
17 59664.000 657.913 
U! 6M>l~>.791 6~4.7'9 

19 ;!.7161.~86 657.:>1'1 
20 1>7.Pl.797 11:'11.60 

RESISTAHC:F Tfl FU•W ~~ DFSCRI llt.ll ~y MMmiNGS 
EQUIIilUN. Ml\tiN I ~IBS N IS EXPReS!i~.IJ AS A OllfiiiRI\Tll: F IINI: T lllN IIF r•F.I-'TH 

x- sH: l MANNJNHS N {l,QlO PillS o.ooo TlMU> lt~PTH Pl. liS o.ooo TIHFS PFPTH Sl!IIAI<~D 
X-SF.!: .. MANNINHS N o.oto PUIS 1),000 TH1t<; IWPfH PUIS tl,OOO ftHl'S OF.PTH SIJIJARED 
x-src 3 MANNINHS N "' (1,010 PUIS o.ooo Tf11f:S M.PrH PillS o.ooo Tl.ME S llH'lH SIIIJI\RH• 
x-sn 1 111\t!H!NHS N 1),1)'10 PUIS 1),0()() .- T Hf<; III':PIH Pill'; tl.OOO Ttl'\ lOS llF.PTH SllllARED 
x- src 5 tiANNlNh!i N 0.170 PLIIS o.ooo T111~S lli:Pl H Pl. US o.ooo THiFS rtfPTH S!IUARFD 
X-SEI: 6 MAtH/ t Nllli N <),l'J.O PUIS (),()f){) TtHH> OJ.:P IH Pl. US (),()!)() T tlif'S IJf.PTH SQUARED 
X-SFC 7 11ANNIN!iS N (l, 06/ PUIS o.ooo Tll1ffi !IEPTH PI US 0.00(1 lll'lf:!l ~FPTH SfUIAI':f.D 
X-SF:C II I'IMIN(tl!l<; N (),1)67 f'l.llli f!,O)OO TIIU.S fiE;PIH t·t us f),t)I)O Tli'IES OEPfH !'\OIJARED 
X-SFr. 9 MANNI NbS N " 0.067 PlUS o.ooo T\1'\tS llH'lH Pl.llfi o.ooo T\MU; P~.PlH SOUARED 
x-s~.c lt) HANt!IN!rli N ll.<lll I PillS 1).()()0 lTtiH\ I•F:PlH t>UJS (),()1)1) TI111'S IJI':PTH SOIJAREl) 
x-sn:: 11 111\NIHNiiS N " () .0~7 Pl. liS o.ooo Tli'IFS !lfPTH PlUS (l. ()(l(l l'lHf:!> II~:PTH SWJAI':f.ll 
x-su: l'l l'IMitl I tllill N I), ll/o/ PI liS o.ooo Tl11~. <; O~P I H 1'1.11!\ I) • ()I)!) Ttnf:!:l DEPTH SOIJARI':D 
X-HC 13 11ANNJNhS N 0.100 PI liS 0 ,()(!() fltiJ.f; [IEPIH PUIS 0. 00(1 Tll'lf.:S l'lEPTH SOUARE'l) 
x-sn: 14 MANNlNiiS N - t),lLJO f'Uill 1),000 TJHI-:S flf:t> I H f'Uill 1),1)1)0 TlMfS OF.:PTH SOIJARED 
X-SFC 15 MANNI NtiS N o. J 00 PUIS (l,(I(IO TIMFS [tfPTH PI US (1,(!(10 l'IMf.:S Df:PTH StllJARFD 
X-SEC ,.., HANNI Nll!l N t), II)!) ~·UJ<; 1),1)00 TIMES flt·:Pr H f'I.IIS (). 1)1)0 TlHF:S lli':PTH SOIJARF.:D 
x-sFr 17 MANNINiiS N 0.07~; PillS (!,(l(l() THI~S l>~.P lH PillS 0. 00(1 llMFS l'lf:PTH SOUARED 
x-s~:t Ill HANIHN!ill N t) • f) I,~~ f'l.llll o.ooo TTI'I~:~ TI>.PTH Pl.ll:i l),llOO TIME'S DF.:PTH SOIJARED 
x-src 19 MANN I NliS N Oo06!:> PittS o.ono llHES DFPTH PIUS (l,O(l(l TlHf:!i 01-:PTH SOIIARED 
X-M·t: :'t) HMWlN!iS N t) 1 ()/)~, l'l.llll t),t)OO l IIIE'i nr:P r H PUIS (),1)1)0 rii1f.S llf:PTH SOIIARED 

UNSTFA(JY FlOW 

UNSTEADY UPSTRFAH HlP111iNI INflOW 

UNS fFI\UY I. A IHCI\l. Sf.IIJ HUH INH .OW 

UPSTRFAI1 SE~IHFNT RATINR CIIRVf CUtOFF PI• 0.00 
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